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Functional gastrointestinal diseases (FGID) refer to gastroin-
testinal diseases without known organic causes. They are
well defined in a number of Rome criteria [1]. Because
of unknown/unclear causes of the diseases, each of them
is defined based on symptoms and presentations of symp-
toms. In the esophagus, common FGID include swallow-
ing disorders, such as functional dysphasia, reflux diseases,
such as gastrointestinal reflux, and hypersensitive esophagus,
such as noncardiac chest pain. In the stomach, functional
dyspepsia and gastroparesis are two major functional dis-
orders. Abdominal pain with unclear causes or functional
abdominal pain is also one common problem in FGID.
FGID in the intestine include intestinal pseudo-obstruction,
postoperative ileus, and irritable bowel syndrome. Diarrhea
and constipation may involve both colon and rectum. FGID
are very common in general population and account for 40%
or more of patients seen at gastroenterology clinics.

Although the prevalence of FGID is high in general
population, there have been limited treatment options since
the pathophysiologies of various FGID are unclear. Currently,
most treatments are given to relieve symptoms rather than
underlying causes of the disease. Therefore, patients are not
satisfied with conventional medical therapies and commonly
seek alternative and complementary intervention. Based on
various surveys, the use of alternative and complementary
medicine ranges from 5% up to 70% in general population
and 40% in pediatric patients, 50% in patients with inflam-
matory bowel diseases, and more than 50% in patients with
irritable bowel syndrome [2–6].

Acupuncture, herbal medicine, and behavioral therapies
are common alternative and complementary methods used
for treating FGID and other diseases. Acupuncture is one
of major Traditional Chinese Medicine (TCM) methods
that has been practiced for several thousand years. It has
been successful in treating various gastrointestinal diseases,
especially FGID [7]. While acupuncture is widely used in
clinical practice, academic research has adopted a method of
electroacupuncture. In the initial method of electroacupunc-
ture, electrical current was applied to generate local muscle
contractions at the acupuncture point to mimic manual
manipulation of acupuncture needles. The purpose of such
an electroacupuncture method is to perform acupuncture in
a uniform way. Although this may not be ideal for clinical
practice that requires individualized treatment and modi-
fication of manipulation of acupuncture based on patient’s
reaction, such as “de qi,” it does serve the purpose of a
uniform treatment. In recent years, the concept of neuro-
modulation (typically referring to electrical nerve stimula-
tion therapy) has been adopted to electroacupuncture; that
is, acupuncturists, probably mostly researchers, have been
paying attention to stimulation parameters and outcome
measurements similar to neuromodulation. This is expected
to greatly enhance the effectiveness of acupuncture in various
applications andmake it amore viable therapy.Most recently,
another novel method of electroacupuncture has been intro-
duced: a method called transcutaneous electroacupuncture
or transcutaneous electrical acustimulation (TEA) [8–12]. In
this method, acupuncture needles are replaced with surface
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electrodes and electrical stimulation is performed via surface
electrodes placed at the acupuncture points. While the
replacement of acupuncture needles with surface electrodes
might reduce the penetration depth of electrical current, it
brings the treatment from a doctor’s office to patient’s home,
allowing more frequent administration of the therapy. In
this issue, such a method was applied to treat patients with
refractory gastroesophageal reflux (L. Meng et al.).

While acupuncture or electroacupuncture gains popular-
ity in Western countries, there are regulatory hurdles for the
use of herbal medicine in Western countries and therefore
most of clinical practice and research have been limited in
Eastern counties. Two most commonly used methods in
herbal medicine include the use of well-established formulas,
such as Si-Mo-tang, Liu-Jun-Zi-Tang, Daikenchuto, and the
use of combination of various herbals [6]. In addition to
continuing to explore clinical efficacies, recent research in
herbal medicine has been focused on its biological and
molecular mechanisms, such as those included in this special
issue (X. Ma et al., Z. Wu et al., and Y. Lu et al.).

Behavioral therapies are also commonly used in the
treatment of FGID, such as meditation, relaxation exercise,
and biofeedback training. While mechanisms involved in
the ameliorating effects of behavioral therapies are largely
unknown, most of relaxation therapies are designed to sup-
press sympathetic overactivity and balance sympathetic and
parasympathetic activities. Sympathetic overactivity and/or
sympathovagal imbalance has been reported in patients with
FGID, such as functional dyspepsia and irritable bowel
syndrome [13, 14]. Unfortunately, none of papers included in
this special issue is on behavioral therapies.

A total of 9 studies are included in this special issue,
ranging from the esophagus to the colon. L. Meng et al.
reported a clinical study using transcutaneous electrical
stimulation at acupuncture points for the treatment of
refractory gastroesophageal reflux. Significant improvement
in symptoms of reflux was noted, probably attributed to its
enhancive effect on the pressure of the lower esophageal
sphincter. In patients with refractory gastroesophageal reflux,
the noninvasive and home-based TEA therapy may be added
to the conventional proton pump inhibitor therapy. Two
studies reported the use of herbal medicine for treating
gastric diseases. In an animal study by V. Bespalov et al., a
tablet of Conifer Green Needle Complex was found effective
in treating precancerous gastric lesion. In an in vitro study
by Z. Wu et al., a Chinese herbal medicine, Aurantii fructus
immaturus flavonoid was reported to reduce contractility of
pyloric circular smooth muscle in a dose-dependent manner
in rats via the regulatory pathway of NO/cGMP/protein
kinase G/Ca2+. The effectiveness of Chinese herbal medicine
in the treatment of functional abdominal pain was reported
in a systematic review (T. Liu et al.): it revealed that the
most commonly single herbal medicine was Radix Ginseng
and the most commonly used herbal formula was Si-Mo-
Tang. The treatment of irritable bowel syndrome is the
most common topic of this special issue with two original
preclinical mechanistic studies and two meta-analyses of
clinical trials. In one animal study, X. Ma et al. reported
the ameliorating effect of Tong-Xie-Yao-Fang on diarrhea

and cellular mechanisms in a rodent model of diarrhea-
dominant irritable bowel syndrome. A meta-analysis by J.-J.
Zhu et al. reported effectiveness of Chinese Herbal Medicine
in improving diarrhea, global symptoms, and abdominal pain
in patientswith diarrhea-dominant irritable bowel syndrome.
Another meta-analysis by Z. Yang et al. reported that mox-
ibustion might be effective in treating diarrhea-dominant
irritable bowel syndrome compared with pharmacological
medications. However, further large, rigorously designed
trials are needed due to insufficient methodological rigor in
the included trials.

Jiande D. Z. Chen
Jieyun Yin

Xiaohua Hou
Toku Takahashi
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D. Kaye, “Use and acceptance of complementary and alternative
medicine among the general population andmedical personnel:
a systematic review,” Ochsner Journal, vol. 12, no. 1, pp. 45–56,
2012.

[3] A. M. Vlieger, M. Blink, E. Tromp, andM. A. Benninga, “Use of
complementary and alternative medicine by pediatric patients
with functional and organic gastrointestinal diseases: results
from a multicenter survey,” Pediatrics, vol. 122, no. 2, pp. e446–
e451, 2008.

[4] L. Langmead, M. Chitnis, and D. S. Rampton, “Use of comple-
mentary therapies by patients with IBDmay indicate psychoso-
cial distress,” Inflammatory Bowel Diseases, vol. 8, no. 3, pp. 174–
179, 2002.

[5] S. C. Kong, D. P. Hurlstone, C. Y. Pocock et al., “The incidence
of self-prescribed oral complementary and alternativemedicine
use by patients with gastrointestinal diseases,” Journal of Clinical
Gastroenterology, vol. 39, no. 2, pp. 138–141, 2005.

[6] L. A. Lee, J. Chen, and J. Yin, “Complementary and alternative
medicine for gastroparesis,” Gastroenterology Clinics of North
America, vol. 44, no. 1, pp. 137–150, 2015.

[7] J. Yin and J. D. Z. Chen, “Gastrointestinal motility disorders and
acupuncture,” Autonomic Neuroscience: Basic and Clinical, vol.
157, no. 1-2, pp. 31–37, 2010.

[8] Z. Huang, N. Zhang, F. Xu, J. Yin, N. Dai, and J. D. Chen,
“Ameliorating effect of transcutaneous electroacupuncture on
impaired gastric accommodation induced by cold meal in
healthy subjects,” Journal of Gastroenterology and Hepatology,
vol. 31, no. 3, pp. 561–566, 2016.

[9] N. Zhang, G. Song, J. Chen et al., “Ameliorating effects and
autonomicmechanisms of needle-less transcutaneous electrical
stimulation at ST36 on stress-induced impairment in gastric
slowwaves,” Journal of Gastroenterology andHepatology, vol. 30,
no. 11, pp. 1574–1581, 2015.

[10] T. Ji, X. Li, L. Lin et al., “An alternative to current thera-
pies of functional dyspepsia: self-administrated transcutaneous
electroacupuncture improves dyspeptic symptoms,” Evidence-
Based Complementary and Alternative Medicine, vol. 2014,
Article ID 832523, 7 pages, 2014.



Evidence-Based Complementary and Alternative Medicine 3

[11] N. Zhang, Z. Huang, F. Xu et al., “Transcutaneous neuro-
modulation at posterior tibial nerve and ST36 for chronic
constipation,” Evidence-based Complementary and Alternative
Medicine, vol. 2014, Article ID 560802, 7 pages, 2014.

[12] X. Zhang, H.-F. Jin, Y.-H. Fan, B. Lu, L.-N. Meng, and J.
D. Z. Chen, “Effects and mechanisms of transcutaneous elec-
troacupuncture on chemotherapy-induced nausea and vomit-
ing,” Evidence-Based Complementary and Alternative Medicine,
vol. 2014, Article ID 860631, 6 pages, 2014.

[13] K. Dal, O. S. Deveci, M. Kucukazman et al., “Decreased
parasympathetic activity in patients with functional dyspepsia,”
European Journal of Gastroenterology and Hepatology, vol. 26,
no. 7, pp. 748–752, 2014.

[14] S. Fukudo, “IBS: autonomic dysregulation in IBS,” Nature
Reviews Gastroenterology & Hepatology, vol. 10, no. 10, pp. 569–
571, 2013.



Research Article
The Effect of Tong-Xie-Yao-Fang on Intestinal Mucosal Mast
Cells in Postinfectious Irritable Bowel Syndrome Rats

Xiangxue Ma,1,2 Xiaoge Wang,2,3 Nan Kang,1,2 Ting Chen,2 Haijie Ji,2 Lin Lv,2 Xiaolan Yin,2

Yaxin Tian,2 Rui Zheng,4 Yuanzhi Duan,2 Fengyun Wang,2 and Xudong Tang2

1Graduate School, Beijing University of Chinese Medicine, No. 11, Bei San Huan Dong Lu, Chaoyang District, Beijing 100029, China
2Gastroenterology Department, XiyuanHospital, China Academy of ChineseMedical Sciences, 1 Xi Yuan Yard Road, Haidian District,
Beijing 100091, China
3The First Affiliated Hospital of Henan University of TCM, Zhengzhou, Henan 450000, China
4Department of Pharmaceutical Preparation, Xiyuan Hospital, China Academy of Chinese Medical Sciences, 1 Xi Yuan Yard Road,
Beijing 100091, China

Correspondence should be addressed to Fengyun Wang; wfy811@163.com and Xudong Tang; txdly@sina.com

Received 18 April 2016; Accepted 14 December 2016; Published 26 February 2017

Academic Editor: Jiande D. Z. Chen

Copyright © 2017 Xiangxue Ma et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. To investigate the effects of Tong-Xie-Yao-Fang (TXYF) on intestinal mucosal mast cells in rats with postinfectious
irritable bowel syndrome (PI-IBS). Design. PI-IBS rat models were established using a multistimulation paradigm.Then, rats were
treated with TXYF intragastrically at doses of 2.5, 5.0, and 10.0 g⋅kg−1⋅d−1 for 14 days, respectively. Intestinal sensitivity was assessed
based on abdominal withdrawal reflex (AWR) scores and fecal water content (FWC).Mast cell counts and the immunofluorescence
of tryptase and c-Fos in intestinal mucosa were measured; and serum IL-1𝛽, TNF-𝛼, and histamine levels were determined. Results.
AWR reactivity and FWC which were significantly increased could be observed in PI-IBS rats. Remarkably increased mast cell
activation ratio in intestinal mucosa, together with increased serum TNF-𝛼 and histamine levels, could also be seen in PI-IBS rats;
furthermore, PI-IBS-induced changes in mast cell activation and level of serum TNF-𝛼 and histamine could be reversed by TXYF
treatment. Meanwhile, tryptase and c-Fos expression were also downregulated. Conclusion. TXYF improves PI-IBS symptoms by
alleviating behavioral hyperalgesia and antidiarrhea, the underlying mechanism of which involves the inhibitory effects of TXYF
on activating mucosal mast cells, downregulating tryptase and c-Fos expression, and reducing serum TNF-𝛼 and histamine levels.

1. Introduction

Irritable bowel syndrome (IBS) is a common gastrointestinal
disorder that manifests as abdominal discomfort and altered
bowel habits, but IBS-related abnormalities are not obvious
during routine diagnostic tests [1]. IBS-related symptoms
in some patients may be secondary to acute gastroenteritis,
and such phenomenon is known as postinfectious IBS (PI-
IBS), which exhibits characteristics that are similar to those
of diarrhea-predominant IBS (IBS-D), accounting for 4%
to 31% of IBS patients [2–5]. Thus, PI-IBS has attracted
growing attention due to its clear onset and well-defined
pathophysiological changes, which may help to explain the
occurrence of IBS [6].

Mast cells are immune cells that are widely distributed
in the gastrointestinal tract, the cytoplasm of which is
rich in endocrine granules that will synthesize and release
various bioactive media and factors in response to stimuli,
including histamine, 5-hydroxytryptamine (5-HT), tryptase,
prostaglandins, and cytokines. The extensive actions of these
active media will increase responses of the enteric nervous
system and irritate the sensory afferent nerve pathways thus
inducing visceral hyperalgesia and intestinal kinetic imbal-
ance. As is reported previously [7, 8], the number of intestinal
mucosal mast cells and tryptase levels in IBS patients are
higher than those in healthy subjects, among which, the
proliferation and activation of colonicmast cells are positively
correlatedwith the degrees of abdominal pain and abdominal
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distension in IBS patients [9]. Intestinal mucosal mast cells
are close to the route of intestinal nerve fibers in position;
furthermore, membranes of a small amount of mast cells are
even connected to those of nerve fiber cells, thus rendering
a pivotal role of mast cells in the occurrence of PI-IBS
[10].

Tong-Xie-Yao-Fang (TXYF), a prescription in traditional
Chinesemedicine (TCM) that has been extensively applied in
relieving IBS-associated symptoms since the Yuan Dynasty
[11], is comprised of Atractylodes rhizome, white peony root,
dried old orange peel, and ledebouriella root. It has been
demonstrated in preliminary experiments that TXYF has
significant analgesic effects on IBS rats by regulating 5-HT
in the periphery and corticotropin-releasing factor (CRF)
in the center [12]. TXYF has been shown in a preliminary
clinical study to demonstrate an antipain and antidiarrhea
effect on IBS-D patients [13]; besides, it can also regulate
cytokine levels in the colonic mucosa, which may account
for a potential molecular mechanism of its effect on IBS-D
[14]. However, the precise mechanism underlying the action
of TXYF remains to be fully illuminated yet.

Thus, further investigation may provide insights into the
systemic pharmacological repair mechanisms of TXYF. The
present study aimed to evaluate the effects of TXYF on mast
cell activation in PI-IBS rat models.

2. Materials and Methods

2.1. Animals. Adult pregnant Sprague-Dawley rats with the
weight of 220 to 230 g, which were provided by Beijing
Weitonglihua Experimental Animal Technology Co., Ltd.
(Beijing, China), were housed in the animal room of labo-
ratory and maintained under the following conditions: the
temperature of 23 ± 2∘C, the humidity of 65% ± 5%, and a
12 h/12 h light/dark cycle (lighting from 7:30 to 19:30). The
animals were provided with food and water ad libitum. Only
male newborn rats were used. All experimental protocols
described here were approved by the Ethics Review Com-
mittee at Animal Experimentation of XiyuanHospital, China
Academy of Chinese Medical Sciences.

2.2. Experimental Medicine. The ingredients of TXYF were
shown as follows: Rhizoma Atractylodis macrocephalae (18 g),
Radix Paeoniae alba (12 g), Pericarpium citri reticulatae (9 g),
and Radix saposhnikoviae (6 g), which were the daily clinical
doses for humans. TXYF was prepared by the Department
of Pharmaceutical Preparation of Xiyuan Hospital in accor-
dance with good manufacturing practices and was main-
tained at room temperature. All herbs were purchased from
qualified suppliers in China.

Both disodium cromoglycate (DSCG) and 2,4,6-trini-
trobenzenesulfonic acid solution (TNBS) were bought from
Sigma-Aldrich (St. Louis, MO, USA). Interleukin- (IL-)
1𝛽 and tumor necrosis factor- (TNF-) 𝛼 enzyme-linked
immunosorbent assay (ELISA) kits were obtained from
SenXiong Bioengineering Institute (Shanghai, China). His-
tamine ELISA kit was purchased from GenWay Biotech Inc.
(Ebioscience, San Diego, CA, USA).

2.3. Experimental Design. This experiment aimed to test
whether TXYF could inhibit mast cell activation in PI-IBS
rat models. Rats were randomly divided into 6 groups with
8 rats in each group, namely, normal group in which the
normal rats were treated with saline, as well as model group,
TXYF-L, TXYF-M, TXYF-H, andDSCGgroups, inwhich PI-
IBS rats were treated with saline, low-dose TXYF, medium-
dose TXYF, high-dose TXYF, and DSCG, respectively. Rats
in TXYF medication groups were administered with TXYF
at doses of 2.5, 5.0, and 10 g/kg intragastrically (ig) once
daily for 14 consecutive days. Normal andmodel groups were
administered with saline. The doses of TXYF used here were
calculated according to the clinical doses of raw materials.
Abdominal withdrawal reflex (AWR) and fecal water content
(FWC) in rats were measured after 2 weeks of treatment;
subsequently, all rats were sacrificed to collect colons. Each
segment of proximal colon (4 cm in length; 1-2 cm away
from caecum) was harvested and divided into 2 parts, with
the proximal part being used for mast cell observation and
the transverse one for MCT and c-Fos immunofluorescence
assay. Serum was collected for detecting IL-1𝛽, TNF-𝛼, and
histamine levels.

2.4. Neonatal Maternal Separation (NMS). Neonatal mater-
nal separation (NMS) was performed according to a reported
procedure [15, 16]. Briefly, litters were removed from their
maternity cages to adjacent cages at 9:00–12:00 am from day
2 postnatally (abbreviated as PN2, the same below) to PN14,
and those in normal group were housed together with their
mothers. Pups with the same sex or in the same group were
housed together after they were weaned (with 4 pups in a
cage). Male adult pups from NMS group were randomly
divided into 5 groups (𝑛 = 8) on PN30, which were PI-IBS
model group, PI-IBS + TXYF-H group (10 g/kg), PI-IBS +
TXYF-M group (5 g/kg), PI-IBS + TXYF-L group (2.5 g/kg),
and PI-IBS + DSCG group (0.1 g/kg).

2.5. Induction of Colitis Using TNBS. Colitis was induced
in rats after pentobarbital anesthesia based on a previously
published method, which was intrarectal administration of
0.8mL TNBS solution (5mg per rat) in 50% ethanol on
PN42 [17]. The control rats were given 0.8mL of 50%
ethanol vehicle. All solutionswere delivered via a soft catheter
introduced 8 cm beyond the anus.

2.6. Chronic Unpredictable Mild Stress (CUMS). After recov-
ery from TNBS modeling for 2 weeks, CUMS modeling was
performed as follows [18, 19]: (1) water-fasting for 24 h, (2)
fasting for 24 h, (3) reverse day/night cycle (dark treatment
from 7:00 to 19:00, lighting from 19:00 to 7:00 on next
day), (4) cold stress (rats were put into a transparent barrel
containing ice water at 4∘C at the depth of 15 cm for 5min),
(5) heat stress (rats were put into a thermostat at 45∘C for
5min), (6) pain induction (rats were put into an observation
cage, the tails of whichwere clipped at 1 cm from the distal tip,
and the strength should be as appropriate as to make the rat
scream), and (7) horizontal oscillation (rats were placed into
a horizontal oscillator at high-speed (110/min) for 15min).
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Each type of stress was performed daily for 21 consecutive
days.

2.7. AWR. Colorectal distension (CRD) was administered as
previously described one day after CUMS and one day after
TXYFmedication, andAWR scores of all rats were quantified
[20]. Specifically, a latex double-lumen catheter attached to a
balloon dilator (2mm in diameter) was used.The balloonwas
vaseline-coated and inserted into the descending colon with
the distal tip locating at the site 8 cm away from the anus,
and CRD was maintained by water injection. The rats were
placed in small lucite cubicles and allowed to wake up and
adapt for 15min. CRD was repeated for 3 times to achieve
an accurate measurement. AWR responses were measured
by blind observers as according to the following standard: 0
points: no behavioral response to CRD; 1 point: simple head
movement followed by immobility; 2 points: contraction of
abdominal muscles; 3 points: lifting of the abdomen; and 4
points: arching of body and lifting of pelvic structures. CRD
was calculated as the amount of injectedwaterwhen theAWR
score was 3.

2.8. Open-Field Test. Rats were placed individually in the
middle of an open-field apparatus (height: 40.0 cm; length:
100.0 cm; width: 100.0 cm). Specifically, 25 squares (20.0 cm
× 20.0 cm) were delineated on the floor, and the number of
times when the rat crossed between squares was measured
by two observers independently who were blind to the
experimental groups over a 10min period [21, 22]. Crossing,
a measure of locomotion, was quantified when the rat moved
all four legs from one quadrant to another. The open-field
apparatus was carefully cleaned after each trial.

2.9. Measurement of Serum IL-1𝛽, TNF-𝛼, and Histamine
Levels. Serum IL-1𝛽, TNF-𝛼, and histamine levels were
measured using commercial ELISA kits according to the
manufacturer’s instructions.

2.10. Mast Cell Counts. Proximal colonic tissues were pre-
pared as paraffin slices (5–10 um), which were then dewaxed
and hydrated; subsequently, they were soaked in 70% alcohol
for 1-2min, followed by staining with dripping toluidine blue
for 5–10min and washing with tap water; later they were
rapidly dehydrated with acetone for 20–30 s, treated with
dimethylbenzene for vitrification and sealed with neutral gel.
Three fields of view (FOV) were randomly selected from each
slice. Next, 6 rats from each group were selected, immune-
positive cells were determined on Image Pro Plus 6.0, and
images were obtained using a 400x microscope. Five FOVs
were randomly selected from each slice to determine the
average count of positive cells.

2.11. Immunofluorescence of MCT and c-Fos. Whole-mount
preparations of slices were incubated in 10% normal don-
key serum in PBS for 30 minutes at room temperature
to suppress nonspecific binding of immunoglobulin. The
tissues were then placed in a humidified chamber for
double-immunofluorescence staining, which was processed

as follows: incubating the tissue in the mixture of primary
antibodies (anti-MCT antibody and anti-c-Fos antibody)
from different species for 24 hours at room temperature
for double labeling. After being incubated with the primary
antibodies, the tissues were washed with PBS for 5min for
3 times, transferred to a humidified chamber, and incubated
in the mixture of appropriate secondary antibodies at room
temperature for 1 hour. The double-labeling sections were
incubated with fluorescent goat anti-rabbit fluorescein isoth-
iocyanate (FITC) and goat anti-mouse TRITC secondary
antibody. Tetramethyl rhodamine iso-thiocyanate- (TRITC-)
and fluorescein isothiocyanate- (FITC-) marked antigens
(TRITC-marked red cells were MCT-positive cells, and
FITC-marked green cells were c-Fos-positive cells) in slice
tissues were observed under fluorescence microscope at the
wavelength of 546 and 490 nm, respectively, and images at
400x fluorescence microscope were obtained.

2.12. Data Quantification and Statistical Analysis. The data
were expressed as 𝑥 ± 𝑠. Data conforming to normal distri-
bution and variance homogeneity were tested via one-factor
analysis of variance (ANOVA) and compared in pairs by least
significant difference (LSD). Data not according with normal
distribution or variance homogeneity were assessed using
the multiple independent-sample Kruskal-Wallis 𝐻 test (a
nonparametric test) and compared in pairs using theKruskal-
Wallis single-factor ANOVA.The same group before and after
intervention was assessed via paired 𝑇-test. Significance level
was set at 𝑃 < 0.05.

3. Results

3.1. Weight. The weight in all medication groups and model
groups before medication was significantly lower than that in
normal group (𝑃 < 0.05), while that in each group after med-
ication increased relative to that before medication, but the
difference between all medication groups and model group
was of no statistical significance (𝑃 > 0.05) (Figure 1(a)).

3.2. FWC. Fecal water content of rats in all medication
groups and model group was notably higher than that in
normal group before medication. In terms of intragroup
comparison before and after medication, fecal water content
in each medication group was lower after medication than
before, except for the TXYF-L group, and changes in sodium
cromoglycate group were the most obvious (𝑃 < 0.05). But
the difference in fecal water content between all medication
groups andmodel groupwas of no statistical significance after
medication (Figure 1(b)).

3.3. Grasping Force. Grasping force of rats in all medication
groups was lower than that in normal group before medica-
tion (𝑃 < 0.05); that inmodel groupwasmarkedly lower than
that in normal group after medication (𝑃 < 0.05); compared
with model group, that in TXYF-H group and TXYF-M
was distinctly improved (all 𝑃 < 0.05), and difference in
grasping force between TXYF-L group as well as DSCG
group and model group was of no statistical significance
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Figure 1: Effects of TXYF on body weight, fecal water content, grasping force, AWR, and locomotor activity in PI-IBS rats. (a) Rats’ body
weight, (b) fecal water content, (c) grasping force, (d) water injection quantity at an AWR score of 3, and (e, f) locomotor activity in control
and TXYF treated groups. Mean ± SD. 𝑛 = 8. ∗𝑃 < 0.05 versus normal. #𝑃 < 0.05 versus model.
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Figure 2: Histamine, TNF-𝛼, and IL-1𝛽 expression in PI-IBS rats serum. Data are presented as the mean ± SD. 𝑛 = 8. ∗𝑃 < 0.05; ∗∗𝑃 < 0.01
versus normal; ##𝑃 < 0.01 versus model.

(𝑃 > 0.05). It suggested that high- and moderate-dose TXYF
could improve the grasping force in rats (Figure 1(c)).

3.4. AWR. AWR of rats in each group was outstandingly
lower than that in normal group before medication (𝑃 <
0.05); compared with model group, that in TXYF-M group
and DSCG group was remarkably increased (both 𝑃 < 0.05)
after medication. When comparing the difference before
and after medication, that in TXYF-M and TXYF-L groups,
together with DSCG group, was notably increased after
mediation than before (𝑃 < 0.05), suggesting that all
medication groups had increased AWR in PI-IBS model
rats, with effects of TXYF-M being the most outstanding
(Figure 1(d)).

3.5. Open-Field Test. Results of open-field test revealed that
model group was markedly lower than normal group (𝑃 <
0.05), while TXYF-L group was remarkably higher than
model group (𝑃 < 0.05) in terms of total frequency
difference, indicating that low-dose TXYF could increase the
total frequency difference. From the point of view of total
crossing distance, that in model group was outstandingly

lower than that in normal group (𝑃 < 0.05), and that in
TXYF-L group and DSCG group was apparently higher than
that inmodel group (both𝑃 < 0.05), demonstrating that low-
dose TXYF and DSCG could enhance total crossing distance.
There was no significant difference with regard to number
of crossings in the middle area. Low-dose TXYF and DSCG
could increase total number of crossings and total crossing
distance in PI-IBS model rats, and the former had superior
effects to the latter (Figures 1(e) and 1(f)).

3.6. ELISA of IL-1𝛽, TNF-𝛼, and Histamine

(1) Histamine Levels. Serum histamine levels were signifi-
cantly higher in the model group compared with the normal
group (𝑃 < 0.05) and were significantly smaller in the TXYF-
H, TXYF-M, TXYF-L, and DSCG groups compared with the
model group (all 𝑃 < 0.05).This finding indicated that three-
factor modeling significantly improved the serum histamine
contents in rats, and the TXYF-H, TXYF-M, TXYF-L, and
DSCG groups significantly reduced serum histamine con-
tents in the model group. There was no significant difference
among the medicated groups (Figure 2(a)).
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(2) TNF-𝛼 Levels. Serum TNF-𝛼 levels were significantly
increased in the model group and all medicated groups
compared with the normal group (all 𝑃 < 0.05). Three-factor
modeling (NMS + TNBS + CUMS) enhanced the action of
rat serum TNF-𝛼, which was not significantly affected by any
of the medications (Figure 2(b)).

(3) IL-𝛽 Levels. No significant difference was found between
any two groups (𝑃 > 0.05), indicating that three-factor
modeling, TXYF, orDSCGdoes not significantly affect serum
IL-𝛽 levels in rats (Figure 2(c)).

3.7. Mast Cell Staining Count. Results of toluidine blue stain-
ing indicated that dispersedly distributed mast cells (MCs)
could be seen in lamina propria and submucosa of proximal
colonic mucosa under light microscope; the MCs were oval
or fusiform, with the cytoplasm being stained purple and
nucleus blue; those without degranulation were intact, with
uniform cytoplasm that was stained purple, while those
with degranulation had irregular morphology, with lighter
cytoplasm color, and purple granular materials could be seen
around cells. Average MC count under each high power field
(×400) is as follows: MC count in proximal colon in model
group was remarkably increased relative to normal group
(𝑃 < 0.01); compared with model group, that in TXYF-M
and TXYF-L groups and DSCG group was notably decreased
(𝑃 < 0.01), while that in TXYF-H and TXYF-M groups
was distinctly lower than that in DSCG group (𝑃 < 0.05).
It is suggested that three-factor modeling could remarkably
enhance MC count in proximal colonic mucosa of rats (𝑃 <
0.01) and that high and moderate TXYF, as well as sodium
cromoglycate, could significantly reduce colonic mucosa MC
count in PI-IBS rats (𝑃 < 0.01), with the effects of high-
and moderate-dose TXYF being superior to those of DSCG
(Figures 3 and 4).

3.8. MCT and c-Fos Detected via Immunofluorescence. Dis-
persedly distributed MCT positive cells (red fluorescence)
could be seen in lamina propria and submucosa of proximal
colonic mucosa under fluorescence microscope; MCT was

mainly expressed in the cytoplasm, and MCT positive cells
were mostly ring-shaped under fluorescence microscope
since nuclei in the center of cells could not be stained, while
c-Fos protein wasmainly expressed in nuclei ofMCT positive
cells or in nuclei of surrounding neurons (green fluores-
cence). Under each high power field (×400), fluorescence
optical densities of MCT and c-Fos in model group were
remarkably higher than those in normal group (𝑃 < 0.05);
fluorescence optical density of c-Fos in TXYF-L, TXYF-M,
and TXYF-H groups, as well as DSCG group, was markedly
lower than that in model group (all 𝑃 < 0.01); that of MCT
in TXYF-L, TXYF-M, and TXYF-H groups, as well as DSCG
group, was outstandingly lower than that in model group
(all 𝑃 < 0.01), but the difference in all medication groups
was of no statistical significance. It is suggested that low-,
moderate-, and high-dose TXYF, as well as DSCG, could
inhibit expression of MCT and c-Fos (Figures 5 and 6).

4. Discussion

It is indicated in this research that TXYF contributes to
relieving the visceral hypersensitivity in PI-IBS rat models
by inhibiting the activation of mast cells and regulating the
expression of MCT and c-Fos, as well as the levels of TNF-𝛼
and histamine.

Though the detailed pathological mechanism of IBS
remains unclear currently, both stress and psychological
factors are regarded as essential factors affecting IBS [23].
In addition, low-grade inflammation has been increasingly
recognized to play a significant role in the development of
IBS secondary to acute gastroenteritis [24, 25]. Meanwhile,
complex interactions among gut, immune system, and ner-
vous system will impact the development and progression of
IBS, as is suggested in previous research; therefore, an appro-
priate animal model is necessary to accurately describe the
pathophysiological process of IBS. It has been suggested in
previous studies that PI-IBS rat model can be developed with
stimulation of 3-factor modeling (namely, NMS, TNBS, and
CUMS) in accordance with the related symptoms, including
visceral hypersensitivity, high fecal water content, anxiety,
depression, andmild colitis [16].Therefore, 3-factormodeling
rats can adequately reflect the typical characteristics of PI-
IBS.

As is reported previously, compared with control group
and noninfected IBS tissues, increased mast cell counts can
be seen in duodenum, jejunum, distal ileum, colon, and
rectum mucosa of PI-IBS patients; the increasing degree
of which is positively correlated with the severity of IBS
symptoms [26]. Mast cells, which may play a vital role
in the pathophysiological process of IBS, are probably an
intermediate medium affecting the interrelation and inter-
action between the intestinal tract and nervous system.
Mast cell-derived active substances, such as histamine, 5-HT,
tryptase, prostaglandins, cytokines, and leukotriene, which
are most likely to act on the enteric nervous system, can
potentially activate visceral afferent nerves [27], resulting in
gastrointestinal discomfort and hypersensitivity [28]. Among
all substances released by mast cells, tryptase, which is
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Figure 4: Mast cells were detected with toluidine blue stain (the red arrow indicated the mast cells).

stored in small particles of mast cell cytoplasm, may play a
specific role in the transmission of neuronal information. As
a major bioactive molecule and a specific mark of activating
degranulation [29], tryptase can act in a way that is similar
to the activated mast cells [30] that can secrete inflammatory
media TNF-𝛼 and IL-1𝛽. Systemic evaluation of clinical
literature indicates that, compared with normal participants,
IBS patients have distinctly increased serum TNF-𝛼 and IL-
1𝛽 levels; particularly, IL-1𝛽 level is notably increased in PI-
IBS patients [31]. In addition to remarkably increased IL-
1𝛽 level in PI-IBS patients, TNF-𝛼 level is also significantly
elevated in IBS patients [32]. TNF-𝛼 and IL-6 are regarded as
the most important inflammatory cytokines in IBS patients.
Outstandingly elevated levels of IL-8, IL-10, IL-1𝛽, and TGF-
1𝛽 can be observed in IBS patients, among which, distinctly
elevated IL-1𝛽 expression can also be seen in PI-IBS patients
particularly [33].

c-Fos, a nuclear phosphorylated protein, is mainly acti-
vated and transcriptionally translated by c-Fos protoonco-
gene in nucleus after cell irritation. c-Fos protooncogenes are
usually poorly expressed; however, they can be briefly and
quickly expressed upon the onset of external stimuli, so as
to synthesize c-Fos protein, thus playing important roles in
cell proliferation, differentiation, and signal conduction. As
is reported recently, expression of c-Fos protein in the central
nervous system and gastrointestinal intermuscular neural
cells is crucial in the transfer of visceral pain information
[34, 35]. c-Fos expression in mast cells also plays a key role
in the proliferation and signal conduction of mast cells [36].

IBS-D belongs to the category of “diarrhea,” “abdominal
pain,” and “depression disease” in accordance with TCM

classification; one major pathogenesis of which is liver-
spleen disharmony. TXYF, a representative prescription for
the treatment of abdominal pain and diarrhea, is consistent
with the rules of “regulating liver functions and rectifying the
spleen,” and thus it is widely applied in the clinical treatment
of IBS-D. PI-IBS rat models in this study are associated
with symptoms such as visceral hypersensitivity, high FWC,
anxiety, depression, and slight colitis, which are coincided
with liver-qi stagnation and spleen deficiency in TCM.

The experimental results show that proximal colonicmast
cell counts are significantly greater in PI-IBS rats compared
with normal rats, which is consistent with results in the
existing research. Both TXYF and DSCG can reduce mast
cell counts, and, specifically, both high-dose and medium-
dose TXYF are more effective than DSCG. ODs of c-Fos and
MCT are both remarkably higher in model group relative
to normal group, but they are markedly lower in all med-
ication groups compared with model group. The histamine
level detected by ELISA is significantly higher in model
group compared with normal group, but that is significantly
smaller in all medication groups when comparing to model
group, indicating that TXYF can significantly reduce serum
histamine level in PI-IBS rats. DSCG is a blocking agent
against mast cell degranulation, which inhibits Ca2+ from
entering mast cells and contributes to temporally stabilizing
mast cells without degranulation [37, 38], thus exerting an
inhibitory effect on inflammatory and immune responses.
DSCG, which is originally used to treat bronchial asthma, has
been shown in recent studies to significantly block intestinal
mast cell degranulation. Thus, DSCG is selected as a positive
control in this paper. We find that DSCG has remarkable
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inhibitory effects on the proliferation of mast cells in PI-
IBS rats; furthermore, MCT, c-Fos, and histamine levels are
related to the activation of mast cells. In comparison, TXYF
outperforms DSCG in reducing the proliferation of mast
cells, but there is no significant difference in the inhibition
of mast cell degranulation between the two. Serum TNF-𝛼
level in PI-IBS rats is significantly elevated, but TXYF shows
no significant effect on it. No significant difference in IL-𝛽
level can be seen among all groups, indicating that none of
model, TXYF, or DSCG can significantly affect serum IL-𝛽
level in rats. In conclusion, the PI-IBS rat model developed
in this study is characterized by visceral hypersensitivity,
the intestinal dynamic changes of which are consistent with
the manifestations of PI-IBS, thus demonstrating that it is
an ideal model. The effects of different doses of TXYF on
the manifestations and serological indices in model rats
are predominantly consistent with those in other studies.
Moreover, TXYF can significantly inhibit the proliferation
and degranulation of colonic mucosal mast cells in model
rats; besides, it has higher overall therapeutic effects than
those observed in DSCG.

5. Conclusions

TXYF improves PI-IBS symptoms by relieving behavioral
hyperalgesia and antidiarrhea, the underlying mechanism of
which involves the inhibitory effects of TXYF on activat-
ing mucosal mast cells, downregulating tryptase and c-fos
expression, as well as reducing serum TNF-𝛼 and histamine
levels.
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Objectives. Helicobacter pylori infection is common and can lead to precancerous gastric lesions. Standard antibiotic therapy has a
failure rate of more than 25% from antibiotic resistance. The primary aim of this observational pilot study was to test the feasibility
of a large-scale clinical trial of Conifer Green Needle Complex (CGNC) to treat precancerous gastric lesions. Secondary aims were
to investigate H. pylori infection, stomach function, and histopathology of the gastric mucosa. Methods. A tablet form of CGNC
(extracted from Pinus sylvestris and Picea abies (L) Karst) was prescribed to 26 patients with precancerous gastric lesions (two
tablets, 100mg CGNC/tablet, three times per day for six months). Another 24 patients received no treatment. Results. Compared
with control patients, CGNC-treated patients showed total or partial regression (using the quantitative Rome III diagnostic criteria)
of dyspeptic symptoms (92.3%, 𝑝 < 0.0001), eradication ofH. pylori infection (57.1%, 𝑝 < 0.03), a reduction in endoscopic signs of
gastritis (92.3%,𝑝 < 0.001), an increase of pepsinogen-pepsin in the gastric juice (57.7%,𝑝 < 0.05), and total regression or reduction
in the degree of intestinal metaplasia (46.2%, 𝑝 < 0.05) and lymphoplasmacytic infiltration (53.8%, 𝑝 < 0.05). Conclusions. This
study justifies a randomised-controlled trial with CGNC in patients with atrophic gastritis.

1. Introduction

Stomach cancer is still the fourth most common cancer and
the second most common cause of cancer-related deaths. For
all primary stomach cancer patients, the five-year survival
rate varies between 8.4 and 32.1% depending on the country,
and in most countries it does not exceed 30% [1].

Although the aetiology of stomach cancer is thought to
be multifactorial, Helicobacter pylori infection is the most
important risk factor [2, 3] and World Health Organization

has classified H. pylori as a Class I carcinogen for gastric
cancer [4]. Numerous studies have established the clear con-
nection between H. pylori infection and the development of
gastric adenocarcinoma and lymphoma of the gastricmucosa
[5, 6]. H. pylori infects half of the world’s population. H.
pylori colonisation causes inflammation of the gastricmucosa
leading to gastric precancerous lesions such as atrophy,
intestinal metaplasia, and dysplasia [7]. Clinical symptoms
of disease appear only in 10–20% of those infected. These
diseases include peptic ulcers of the duodenum and stomach,

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2016, Article ID 3848409, 12 pages
http://dx.doi.org/10.1155/2016/3848409

http://dx.doi.org/10.1155/2016/3848409


2 Evidence-Based Complementary and Alternative Medicine

acute gastritis, chronic nonatrophic and atrophic gastritis,
adenocarcinoma, and B-cellular gastric lymphoma [8].

Factors that lead to the regression of precancerous
gastric lesions break the cascade of gastric carcinogenesis
and can serve as an effective measure for prevention of
cancer. However, total regression of intestinal metaplasia is
impossible to be guaranteed because the mucosa is subjected
to sampling errors when selecting sites for biopsy. Therefore,
the quantitative evaluation of the risk of stomach cancer in
patients with precancerous lesions in the gastric mucosa is
hard to evaluate. In recent times, noninvasive and serological
diagnostic markers of H. pylori and atrophic gastritis have
been developed [9]. However, the direct diagnosis of H.
pylori, atrophic gastritis, intestinal metaplasia, and dysplasia
(by morphological analysis of biopsy material obtained dur-
ing gastroscopy) is widely used and was the main diagnostic
tool in this trial.

Eradicating H. pylori and thus reducing risk of gastric
cancer have become more difficult. Because of antibiotic
resistance, standard antibiotic therapy does not eradicate H.
pylori eradication in more than 25% of people [8]. For this
reason, there is increasing interest in other treatment options,
including phytotherapies [10].

Conifer needle extract has been used for decades in
Russia for its antibacterial, antifungal, antiviral, and anti-
inflammatory activity. In 2000, the composition of a product
called Coniferous Chlorophyll Carotene Paste (CCCP) was
controlled by a Russian State Standard (GOST). The compo-
nents of CCCP include chlorophyll derivatives, carotenoids,
phytosterols, polyprenols, and vitamins E and K1 and other
compounds [11]. A more advanced and pure isolate with a
highly controlled composition is now available and is known
by the TGA Australian Approved Name (AAN) Conifer
Green Needle Complex (CGNC) and Bioeffective� A.

CGNC is a unique complex with antioxidant and antibac-
terial activity. Antibacterial and antifungal activities along
with antioxidant activities are thought to contribute to anti-
cancer activity [12]. The fact that CGNC has all of these
activities contributes to its therapeutic effect.There is a range
of evidence suggesting that components of CGNC might
be associated with reducing the risk of cancer, including
evidence for chlorophyll derivatives [7, 13–16], carotenoids
[17–19], phytosterols [20–22], squalene [23], and vitamin E
[24]. Vitamin K1, a component of CGNC, might have a role
in decreasing the risk of hepatocellular cancer [25], although
the role of vitamin K2 remains unclear [26, 27].

While the effectiveness of the components of CGNC
is important, it is the synergistic effects of the complex
that is of interest for this study. CGNC has antimicrobial
activity, suppressing H. pylori in vitro [28, 29], as well as
83 other strains of bacteria and 16 strains of Candida [30].
The strong antioxidant activity of CGNC contributes to its
effectiveness as a hepatoprotector in rats in a model of liver
damage with carbon tetrachloride [31]. CCCP could also be
effective in reducing the risk of malignant disease [32]. In
addition, in patients with atrophic gastritis, CCCP increased
the production of hydrochloric acid and pepsin-pepsinogen
in stomach mucosa, as well as improving endoscopic signs of
precancerous changes [33].

In light of these previous studies, this study is a concur-
rent examination of signs of atrophic gastritis and infection
with H. pylori in patients. The effect of CGNC on H. pylori
in stomach mucosa was examined as well as the clinical
and endoscopic signs of gastritis, stomach function, atrophy,
intestinal metaplasia, and dysplasia of gastric mucosa in
patients with precancerous gastric lesions.The results suggest
that it is important to conduct a larger randomised-controlled
trial with CGNC in patients with atrophic gastritis.

2. Materials and Methods

2.1. Test Substance. CCCP was originally prepared and char-
acterised by F. T. Solodky and A. L. Agranat at the Leningrad
Forest TechnicalAcademy in the 1930s.Thebiologically active
nutritional additive (BANA), Lesmin, was manufactured by
Fitolon Ltd., St. Petersburg, Russia. Lesmin tablets contain
the equivalent of 100mg CGNC on a dry basis per tablet, a
formulation which has a lower concentration than the TGA-
approved Bioeffective A (320mg CGNC) in Australia.

CGNC is prepared as follows. Freshly collected, small
branches of Pinus sylvestris and Picea abies (L) Karst, in the
weight ratio of 55 : 45, were extracted using a hydrocarbon
solvent. Concentrated dewaxed extract, free of hydrocarbon
and light essential oils, was saponified using diluted alkali
with further water dilution to pH 8-9.The resulting substance
is a dark green viscous paste comprising several hundred
components called CGNC. CGNC of Bioeffective A is an
Australian TGA-approved therapeutic substance for oral and
topical application as a strong antioxidant with an oxygen
radical absorbance capacity (ORAC 5.0) as determined at the
Brunswick Laboratories (USA) [34].

The primary components present are resin acids (ca.
20%w/w) comprising mainly bicyclic and tricyclic diterpene
acids, terpenoid alcohols (ca. 19%w/w), higher fatty acids
(HFA) (ca. 10%w/w), esters of higher fatty acids (ca. 9%w/w),
and polyprenols (ca. 1.5%w/w). Other significant compo-
nents include phytosterols (ca. 0.9%w/w), carotenoids (ca.
0.4%w/w), chlorophyll derivatives (ca. 0.6–1.2%w/w), vita-
min E acetate (ca. 127𝜇g/g), and vitamin K1 (ca. 12 𝜇g/g).The
balance of CGNC is 40% water. The composition of CGNC
is controlled by an Australian TGA Draft Compositional
Guideline.

2.2. Recruitment of Subjects. The study was approved by the
Ethics Committee of the N. N. Petrov Research Institute
of Oncology. The research in humans followed the guide-
lines of the Declaration of Helsinki 1975, revised Tokyo
1989.

Recruitment of patients was conducted at the oncology
hospital of the N. N. Petrov Research Institute of Oncology
between 2007 and 2009. The patients were admitted to
the hospital for examination of potential stomach cancer.
Those patients were considered for the study if a diagnosis
of stomach cancer was excluded by fibrogastroscopy but
symptoms of chronic atrophic gastritis were found. Patients
were included in the trial if they satisfied the inclusion
criteria and gave written informed consent after having the
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requirements of the trial and the consent process discussed
with them during consultation with a clinician.

Patients included were men and women aged 40 to 65
years who had complaints of dyspepsia symptoms, endo-
scopic signs of chronic gastritis with atrophy of the gastric
mucosa, and a diagnosis of chronic atrophic gastritis proven
by histology. Patients who previously had treatment for
H. pylori were excluded from the trial. Patients were also
excluded from the trial if they were pregnant and lactating or
hadmalignant tumours, active infection, or fever or were cur-
rently receiving antibiotics, nonsteroidal anti-inflammatory
drugs, proton pump inhibitors, or othermedications affecting
the stomachmucosa.Thenumber of patients involved in each
stage of the recruitment is shown in a flow diagram (Figure 1),
as suggested by the STROBE guidelines [35].

According to the practice adopted at N. N. Petrov
Research Institute of Oncology, patients diagnosed with
atrophic gastritis and other precancerous changes are subject
to patient care to ensure timely detection of the development
of gastric cancer. For this study, we compared the CGNC
treatment with the true clinical alternative (usual care). For
this group of patients, “no treatment” was the clinical alterna-
tive.Using “no treatment” as the control allowedus to observe
both the specific and nonspecific effects of the CGNC. All
recruited patients had no indications for treatment; thus no
treatment in control group is ethically justified. The authors
understand that there is debate around the use of placebos
[36, 37]; however, if this observational study indicates the
feasibility for a randomised-controlled trial, placebos would
be integrated into the future study design.

Patients in both groups had an appointment with a doctor
once a month to assess their condition; the doctor asked
questions about patients’ diet and other lifestyle factors to
ensure that these had not changed the trial.

2.3. Treatment of Subjects. Patients received 600mg per day
of CGNC (two Lesmin tablets, three times per day) before
food for six months.The control group received no treatment
at all. In the treatment group, the patients received treatment
for one month and then attended an appointment where
they answered a questionnaire about the compliance with the
treatment regimen.The protocol called for patients who were
not compliant with treatment regimens to be excluded from
the trial, although this did not occur. However, dropouts did
occur, with one patient from the treatment group and three
patients from the control group dropping out of their own
accord and not completing the trial.

Fifty-four patients participated in this study, with 27
patients in each group. One group of patients was assigned to
take CGNC therapy. The other was the control group, where
patients did not receive any treatment. The trial continued
for six months and after the four patient dropouts, the 50
remaining patients attended all the scheduled examinations.
Thus, the CGNC treatment group consisted of 26 patients,
whereas the untreated control group consisted of 24 patients.

2.4. Safety Monitoring. Side effects were evaluated using a
questionnaire filled in by the medical practitioner during

consultations with the patients at each monthly visit. The
questions were mainly based on discussion of any symptoms
of the gastrointestinal tract, the urinary system, the repro-
ductive organs, the nervous system, the skin, and any other
symptoms not covered by the specific questions.

2.5. Clinical Evaluation of Subjects. All the examinations
listed below were conducted in patients before the com-
mencement of the therapy or the monitoring period (in the
control group) and also at 6 months (at completion of the
trial).

A quantitative evaluation scale with four grades (no
symptoms, 1st degree symptoms, 2nd degree symptoms, and
3rd degree symptoms) was developed for each examina-
tion based on the standard Rome III diagnostic criteria
for functional gastrointestinal disorders. Analysis of clinical
symptoms of dyspepsia included evaluation of pain in the
stomach area, the feeling of heaviness in the epigastric area,
nausea, eructation, and other pathological symptoms of the
gastrointestinal tract. The symptoms were given one of four
grades, which were then allocated points from one to five
on a Likert scale. A grade of no symptoms was given one
point on the Likert scale; a grade of 1st degree symptoms
(infrequent/intermittent symptoms, less than once per week,
which were weak to moderate and short-lasting) was given
two points; a grade of 2nd degree symptoms (periodic
symptoms, at least once per week but not every day, which
weremoderate, weak, and short-term)was given three points;
a grade of 3rd degree symptoms (frequent symptoms, almost
every day, which were moderately severe and prolonged) was
given four points; a grade of 3rd degree symptoms (where
symptoms caused extreme discomfort and disturbed daily
activities and sleep and required the patient to rest) was given
a score of five points.

2.6. Fibrogastroscopy. Examination was carried out using
a video endoscope manufactured by Olympus (Japan). All
patients had the endoscopic examination in the morning on
an empty stomach. During gastroscopy of the patients, the
following samples were taken: gastric juice, not less than 4
biopsy samples from the antral section and not less than two
biopsy samples from the corner, and body of the stomach. In
cases where lesions were identified in other sections of the
stomach, biopsy samples were taken from those sections as
well.

The endoscopic pattern of the stomach mucosa was
evaluated using the following criteria (hyperaemia, oedema,
thinning, and granularity): (i) light hyperaemia in the form of
individual small foci in a single section (1st degree), moderate
focal hyperaemia predominantly located in a single section
(2nd degree), and intensive hyperaemia evenly spread in all
sections of the stomach (3rd degree); (ii) light oedema pre-
dominantly in a single section (1st degree), moderate oedema
predominantly in one or two sections (2nd degree), and
marked oedema in all sections of the stomach (3rd degree);
(iii) light thinning predominantly in the antral section with
weakened peristalsis and a visible vascular pattern in separate
sections of the mucosa (1st degree), moderate thinning in



4 Evidence-Based Complementary and Alternative Medicine

Patients examined
for stomach cancer
n = 65

Assessed for eligibility
n = 65

Not assessed for eligibility
n = 0

Excluded (total = 11)

(i) Previous treatment for H. pylori (n = 0)

(ii) Pregnant (n = 2)

(iv) Presence of malignant tumours (n = 4)

(vii) Treatment with antibiotics, nonsteroidal anti-inflammatory drugs, proton pump inhibitors,

(2) Eligible but not recruited (n = 3)

Dropouts (chose to discontinue) (n = 4)

CGNC treatment group n = 1

Untreated controls n = 3

Total recruited n = 54

CGNC treatment group
n = 26

Untreated controls
n = 24

Data available for
analysis

(1) Not eligible (n = 8)

(iii) Lactating (n = 0)

(v) Active infection (n = 0)

or other medication affecting the stomach mucosa (n = 0)

Refused to participate (n = 3)

(vi) Nonchronic atrophic gastritis (n = 2)

Figure 1: Flow diagram showing the number of individuals at each stage of the study. CGNC: Conifer Green Needle Complex.
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the antral section with a visible vascular pattern and sluggish
peristalsis and some flatness of the folds in the body of the
stomach (2nd degree), and manifest thinning in the antral
section with a clear vascular pattern and no peristaltic waves,
flatness of folds and sluggish peristalsis in the stomach body
(3rd degree); (iv) weak granularity predominantly in the
antral section in the form of small flat papules (1-2mm in
diameter) located in separate sections of the mucosa (1st
degree), moderate granularity predominantly in the antral
section in a form of papules of 2-3mm in diameter and 3mm
tall (2nd degree), and expressed granularity of the mucosa in
the antral and/or other sections in a form of “cobble-stone
pavement” (3rd degree).

2.7. Analysis of Functional Activity of the Stomach. The pH
of the gastric juice was measured at a dilution of 1 : 10, using
a pH-meter and standard calibrating buffer solutions. Bio-
chemical analysis of pepsinogen-pepsin in the mucosa and
gastric juice was carried out using photofilms, as described in
our earlier publication [38].

2.8. Cytological Evaluation. Material for cytological analysis
was obtained during fibrogastroscopy using samples from
gastric mucosa, sampled during biopsy. After fixation in 96%
alcohol, two smears were stained with haematoxylin and
eosin. The presence of intestinal metaplasia cells, dysplasia
cells, and lymphocytes and plasma cells was evaluated during
cytological analysis as per the following classification: in
single cells (1st degree), in single layers of cells (2nd degree),
and in many layers of cells (3rd degree).

2.9. Histological Evaluation. Samples of gastric mucosal tis-
sue, taken during biopsy, were stained with haematoxylin
and eosin. Histological analysis was used for evaluation of
the degree and type of intestinal metaplasia (complete or
incomplete), the degree of neutrophilic (lymphoplasmacytic)
infiltration, and the degree of atrophy according to the
updated Sydney classification and gradation of gastritis [39]
with identification of four degrees (0, none; 1, mild; 2,
moderate; and 3,marked). Intestinalmetaplasia was classified
as follows: mild (1st degree), in cases of a few individual foci
of metaplasia in the preparation; moderate (2nd degree), in
cases of group foci of metaplasia; and marked (3rd degree),
in cases of a predominance of foci of metaplasia or total
metaplasia. Lymphoplasmacytic infiltration was classified
as follows: mild (1st degree), individual evenly distributed
lymphocytes and plasma cells in the mucosal layer; moderate
(2nd degree), homogeneously friable infiltration of amucosal
layer by lymphocytes and plasma cells; and marked (3rd
degree), dense infiltration of a mucosal layer by lymphocytes
and plasma cells. Gastric mucosal atrophy was classified as
mild, moderate, and marked, using a visual-analogue scale
[39].

Dysplasia was classified as follows: mild dysplasia (1st
degree), extension of pits, increased diameter and hyperchro-
matosis of nuclei, an increase of nuclear-cytoplasmic ratios,
glands that are partially overlaid by adenomatous epithelium,
and rare multirowed structure; moderate dysplasia (2nd

degree), marked extension of pits, increased diameter and
hyperchromatosis of nuclei, increased nuclear-cytoplasmic
ratios, glands that are often overlaid by adenomatous epithe-
lium, frequent multirowed structure; and marked dysplasia
(3rd degree), the outer side of the glands that is overlaid by
basophilic columnar cells with prolonged nuclei, presence
of goblet cells, in some cases papillomatous outgrowth of
epithelium, on the inner side, pyloric glands or intestinal
crypts, cellular atypia, anisokaryosis, nuclear hyperchro-
matosis, sharp increase of nuclear-cytoplasmic ratios, and
widespread pseudostratification.

2.10. Determination of H. pylori Infection. During gas-
troscopy and immediately after obtaining biopsy samples
with one piece of tissue from the antral section, a rapid
urease test for detecting H. pylori was carried out using
Helicobacter pylori test kits (HelPyl test) manufactured at
Ama Ltd., St. Petersburg, Russia. The HelPyl test strip was
placed on microscope slides and the biopsy material was
placed onto the test strip’s surface. The time of visible colour
change fromyellow to blue in the contact zonewith the biopsy
material was registered. In cases when the colour shift took
less than three minutes, the test was considered as positive.
For cytological analysis, two smears of biopsy material from
the antral section of the stomach were fixed in 96% alcohol
and then stained by azor-eosin as per the Leishman method
for detection of H. pylori. H. pylori was also detected during
histological analysis of biopsymaterial from the antral section
of the stomach. A patient was considered to be infected if
the quick urease test was confirmed by detection of H. pylori
by histological and/or cytological analysis of biopsy material
from the antral section of the stomach.

2.11. Statistical Analysis. Given that this is a pilot feasibility
study for effectiveness of the treatment, the strategy for
allocation of subjects was paired selection of patients (sex-
and age-matched, ±3 years) who had similar symptoms of
dyspepsia and endoscopic signs of chronic atrophic gastritis,
followed by allocation to groups using random sampling.
Matching is a valid approach that can help reduce confound-
ing bias in observational studies [40]. The random sampling
procedure was conducted using a table of random numbers
generated by the Statistica program. Although this type of
matching followed by random sampling cannot take into
account all confounding factors, it can be particularly useful
with small sample sizes.

Statistical analysis of the results was conducted using 𝜒2
criterion and Fisher’s exact test, with significance set at 𝑝 <
0.05.

3. Results

3.1. Characteristics of Patients Prior to Treatment. All patients
had baseline clinical symptoms of dyspepsia. Most often, the
patients had several symptoms such as pain in the gastric
area, a feeling of heaviness in the epigastric area, nausea,
eructation, flatulence, and bowel disorders. In all examined
patients, gastroscopy revealed symptoms of chronic atrophic



6 Evidence-Based Complementary and Alternative Medicine

Table 1: Characteristics of patients before treatment.

Parameters Group of patients
Treatment with CGNC Control

Number of patients (𝑛) 26 24
Women (𝑛) 19 18
Men (𝑛) 7 6
Average age, years, mean ± standard deviation of the mean 59.9 ± 2.4 60.7 ± 2.2
Symptoms of dyspepsia, 𝑛 (% of patients) 26 (100%) 24 (100%)
Endoscopic signs of atrophic gastritis, 𝑛 (% of patients) 26 (100%) 24 (100%)
Antrum: chronic atrophic gastritis, 𝑛 (% of patients) 23 (88.5%) 21 (87.5%)
Antrum and corpus chronic atrophic gastritis, 𝑛 (% of patients) 3 (11.5%) 3 (12.5%)
Gastric adenomatous polyps, 𝑛 (% of patients) 7 (26.9%) 7 (29.2%)
H. pylori infection, 𝑛 (% of patients) 14 (53.8%) 13 (54.2%)
Increased gastric juice pH, 𝑛 (% of patients) 24 (92.3%) 22 (91.7%)
Decreased pepsinogen-pepsin activity in gastric juice, 𝑛 (% of patients) 23 (88.5%) 22 (91.7%)
Decreased pepsinogen-pepsin activity in gastric mucosa, 𝑛 (% of patients) 20 (76.9%) 20 (83.3%)
Atrophy of gastric mucosa, 𝑛 (% of patients)

All degrees 26 (100%) 24 (100%)
Mild 17 (65.4%) 15 (62.5%)
Moderate 8 (30.8%) 7 (29.2%)
Severe 1 (3.8%) 2 (8.3%)

Intestinal metaplasia at histological and cytological examinations, 𝑛 (% of patients)
All grades 16 (61.5%) 17 (70.8%)
Degree 1 7 (43.7%) 7 (41.2%)
Degree 2 6 (37.5%) 8 (47.1%)
Degree 3 3 (18.7%) 2 (11.8%)

Dysplasia 3 (11.5%) 3 (12.5%)
Lymphoplasmacytic infiltration at histological and cytological examination, 𝑛 (% of patients)

All degrees 26 (100%) 24 (100%)
Degree 1 12 (46.2%) 12 (50%)
Degree 2 6 (23.1%) 3 (12.5%)
Degree 3 8 (30.8%) 9 (37.5%)

gastritis with atrophy predominantly in the antral section of
the stomach (Table 1). In all patients, atrophy of the gastric
mucosa was confirmed by histological analysis. In most of
the cases, patients were diagnosed with a mild-to-moderate
degree of atrophy and only a few patients had the marked
degree. Adenomatous polyps of the stomach mucosa were
found in 26.9% of the patients selected for experimental
group and 29.2% of the patients in the control group.H. pylori
infection was registered in 53.8% and 54.2%, respectively.
Mild ormoderate dysplasia was found in 11.5% of the patients
selected in the CGNC treatment group and 12.5% of the
patients in the control group (Table 1).

Stomach function was analysed based on the production
of hydrochloric acid (normal pH of the gastric juice is
1.6–1.8) and pepsinogen-pepsin levels (the normal level of
pepsinogen-pepsin in the gastric juice and stomach mucosa
is 100–120mg/100mL and 100–120mg/g of tissue, resp.) [38].
In all patients, stomach function was decreased compared
with healthy parameters (the normal range) as exhibited by
an increase in the pH of the gastric juice and/or a reduced
level of pepsinogen-pepsin in the gastric juice and/or gastric
mucosa.

Histological and cytological analysis showed intestinal
metaplasia of the 1st, 2nd, or 3rd degree in 61.5% and 70.8% of
the patients, respectively, from the above-mentioned groups.
In almost all cases, intestinal metaplasia was complete and it
was incomplete in only three cases.

3.2. Symptoms of Dyspepsia and Endoscopic Signs of Gastritis
After Treatment. A six-month course of CGNC therapy
resulted in the complete regression or significant reduction
of symptoms of dyspepsia in 92.3% of the patients compared
with 12.5% of untreated controls (Table 2, 𝑝 = 0.00000,
Fisher’s exact test). If patients had not shown any symptoms
of pathological dyspepsia for at least one last month, they
were considered to have complete regression of dyspepsia
symptoms. If the intensity of dyspepsia symptoms weakened
or if some of the symptoms disappeared altogether for at least
onemonth, then the patientswere considered to have a partial
regression of dyspepsia symptoms. There were no changes
observed in 7.7% of CGNC-treated patients compared with
58.3% of untreated controls (Table 2, 𝑝 = 0.00013, Fisher’s
exact test). There were 0% of CGNC-treated patients with
worsening of symptoms compared with 29.2% of untreated
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Table 2: Symptoms of dyspepsia and endoscopic signs of gastritis in
patients after six months in the treatment (600mg per day CGNC)
and control groups.

Parameters Group of patients
CGNC Control

Number of patients (𝑛) 26 24
Symptoms of dyspepsia, 𝑛 (% of
patients)

Regression 24 (92.3%)∗ 3 (12.5%)
No shifts 2 (7.7%)∗ 14 (58.3%)
Progression 0∗ 7 (29.2%)

Endoscopic signs of gastritis, 𝑛 (% of
patients)

Regression 24 (92.3%)∗ 4 (16.7%)
No shifts 2 (7.7%)∗ 16 (66.7%)
Progression 0∗ 4 (16.7%)

∗Statistically significant difference between CGNC and control groups, 𝑝 <
0.05–0.001.

controls (Table 2, 𝑝 = 0.00347, Fisher’s exact test). Before
the CGNC treatment, bowel disorders were recorded in 18
patients (14 patients with constipation and 4 patients with
diarrhoea). CGNC therapy resulted in normalisation of bowel
activity in 17 of the 18 patients.

After CGNC therapy, the improvement of the endoscopic
pattern of the stomach mucosa (reduction of hyperaemia,
oedema, thinning, and granulation of the stomach mucosa)
was observed in 92.3% of the patients, no changes were found
in 7.7%, and no worsening of the condition was found in
any patient. At the same time, in the control group, these
parameters were 16.7%, 66.7%, and 16.7%, respectively. Thus,
for these parameters, the differences between the treatment
and control groups were statistically significant (Table 2,
𝑝 = 0.00000, 0.00001, and 0.04614, respectively, Fisher’s exact
test).

Before treatment with CGNC, endoscopic observation
of atrophic gastritis in the antral section of the stomach
showed a pattern of hyperaemia and mucosal thinning
(Figure 2(a) shows a representative example). After treatment
with CGNC, regression of hyperaemia and improvement
of mucosal thinning could be seen (Figure 2(b) shows a
representative example).

3.3. H. pylori Infection. While this pilot study’s primary aim
was to examine precancerous gastric lesions, a preliminary
examination ofH. pylori infection in the patients with gastric
lesions was also performed. Prior to treatment, 14 patients
from the treatment group and 13 patients from the control
group were identified withH. pylori infection (Table 3). After
six months of CGNC therapy (at this lower concentration of
CGNC), H. pylori infection could no longer be observed in 8
of the 14 (57.1%) infected patients compared with two of the
13 (15.4%) infected patients in the control, untreated group
(Table 3, 𝑝 = 0.0277, Fisher’s exact test).

Table 3: Detection ofH. pylori infection in patients with precancer-
ous gastric lesions after six months in the treatment (600mg per day
CGNC) and control groups.

Parameters Group of patients
CGNC Control

Number of patients with H. pylori
infection before treatment (𝑛) 14 13

H. pylori detection by rapid urease test
and microscopic identification after 6
months, 𝑛 (% of patients)

No detection 8 (57.1%)∗ 2 (15.4%)
Detection 6 (42.9%)∗ 11 (84.6%)

∗Statistically significant difference between CGNC and control groups, 𝑝 <
0.05.

Table 4: Functional activity of the stomach in patients after six
months in the treatment (600mg per day CGNC) and control
groups.

Parameters Group of patients
CGNC Control

Number of patients 26 24
Gastric juice pH, 𝑛 (% of patients)

Decreasing 8 (30.8%) 4 (16.7%)
No shifts 14 (53.8%) 9 (37.5%)
Increasing 4 (15.4%)∗ 11 (45.8%)

Pepsinogen-pepsin activity in gastric
juice, 𝑛 (% of patients)

Increasing 15 (57.7%)∗ 7 (29.2%)
No shifts 7 (26.9%)∗ 13 (54.2%)
Decreasing 4 (15.4%) 4 (16.7%)

∗Statistically significant difference between CGNC and control groups, 𝑝 <
0.05.

3.4. Functional Activity of the StomachAfterCGNCTreatment.
CGNC treatment improved the functional activity of the
stomach in the patients (Table 4). As a result of six months of
therapy with CGNC, the pH of gastric juice decreased back
towards normal levels (improved) in 30.8% of the patients,
whereas a decrease in the pH of gastric juice was only
observed in 16.7% of patients in the control group. However,
this difference was not statistically significant. On the other
hand, in the CGNC group following treatment, an increase
in the pH of gastric juice (i.e., worsening) was found only in
15.4%of the patients, whereas in the control group an increase
in the pH gastric juice was found in 45.8% of patients. This
difference was statistically different (Table 4, 𝑝 = 0.01658,
Fisher’s exact test).

After CGNC therapy the activity of pepsinogen-pepsin
in the gastric juice increased (improvement) in 57.7% of
the patients, whereas in the control group 29.2% of patients
had an increase in activity. This difference was statistically
significant (Table 4, 𝜒2 = 4.12140, 𝑝 < 0.05). Moreover, in
eight (30.8%) patients, the activity of pepsinogen-pepsin in
the gastric juice was restored to normal levels as a result of the
CGNC therapy. After six months, there was no statistically
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(a) (b)

Figure 2: Typical examples of endoscopic observational patterns of atrophic gastritis in the antral section of the stomach in patients before
(a) and after (b) treatment with Conifer Green Needle Complex.

Table 5: Morphological features of the stomach mucosa in patients
in the treatment (600mg per day CGNC) and control groups after
six months.

Parameters Group of patients
CGNC Control

Number of patients (𝑛) 26 24
Intestinal metaplasia at histological
and cytological examinations, 𝑛 (% of
patients)
Regression 12 (46.2%)∗ 4 (16.7%)
No shifts 9 (34.6%) 12 (50%)
Progression 5 (19.2%) 8 (33.3%)

Lymphoplasmacytic infiltration at
histological and cytological
examination, 𝑛 (% of patients)
Decreasing 14 (53.8%)∗ 5 (20.8%)
No shifts 8 (30.8%) 13 (54.2%)
Increasing 4 (15.4%) 6 (25%)

∗Statistically significant difference between CGNC and control groups, 𝑝 <
0.05.

significant difference in changes of the pepsinogen-pepsin
level in the stomachmucosa between the experimental group
and control group.

3.5. Morphological Features of Gastritis, Atrophy, and Pre-
cancerous Lesions. CGNC treatment reduced the degree of
intestinal metaplasia and lymphoplasmacytic infiltration in
patients (Table 5). Histological and/or cytological analysis
of the biopsy samples of the gastric mucosa revealed that
the CGNC therapy resulted in a decrease of the degree of
intestinal metaplasia (or its total regression in samples taken)

in 46.2% of patients compared with a decrease in only 16.7%
of control, untreated patients (𝑝 = 0.02085, Fisher’s exact
test). This difference is statistically significant. Histological
and/or cytological analysis of biopsy samples from gastric
mucosa also demonstrated that CGNC therapy led to a
reduction of the degree of lymphoplasmacytic infiltration in
53.8% of the patients compared with only 20.8% in control,
untreated patients (𝜒2 = 5.77304, 𝑝 < 0.05). This difference
is statistically significant.

A typical example of histology shows completemetaplasia
in the antral section of the stomach during atrophic gastritis
before treatment with CGNC (Figure 3(a)). After treatment
with CGNC, regression of metaplasia was typically observed
(Figure 3(b)).

After six months, there were no significant changes in the
parameters of atrophy or dysplasia of gastric mucosa either
in the CGNC group or in the control group. No significant
differences between the groups were registered.

3.6. Assessment of Side Effects of CGNC. All patients tolerated
CGNC well. There were no cases of any clinically significant
toxic or adverse reactions.

4. Discussion

Use of CGNC in patients with chronic atrophic gastritis
resulted in significant (in comparison with the control
patients) regression of dyspeptic symptoms, endoscopic signs
of chronic gastritis, and H. pylori infection; decreased pH
and increased pepsinogen-pepsin level in gastric juice; and
decreased the degree of intestinal metaplasia and lympho-
plasmacytic infiltration in gastric mucosa.

No improvement, or worsening, of these parameters was
found in most patients from the control group over the
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(a) (b)

Figure 3: Typical examples of histological analysis of biopsy sample from the antral section of the stomach showed intestinal metaplasia
before treatment with Conifer Green Needle Complex (a) and total regression of intestinal metaplasia after treatment (b).

six months. However, improvement of intestinal metaplasia
and histologic gastritis was observed in a small number of
patients in the control group after six months of observation.
This is most likely due to the natural course of chronic
gastritis, where some patients can have spontaneous short-
term improvement as shown in histologic assessment of
intestinal metaplasia and gastritis.

The six-month course of CGNC therapy did not have any
significant effect on the histological parameters of atrophy.
Despite the marked therapeutic effects of CGNC on the clin-
ical symptoms of dyspepsia, the endoscopic signs of gastritis,
stomach function and inflammation of the gastric mucosa
in patients with chronic atrophic gastritis, and the degree
of atrophy of gastric mucosa did not significantly change.
This suggests perhaps that morphological restructuring of
the gastric mucosa, in terms of the reduction of atrophy,
requires a longer course of treatment, although this will
require further investigation during a larger study.

Therapeutic activity of CGNC in patients with atrophic
gastritis is related to the activity of chlorophyll derivatives,
carotenoids, vitamin E, phytosterols, and other substances
included into the so-called phytoncide conifer complex [41–
46]. Chlorophyll and phytoncidal complex (neutral com-
ponents, free acids especially resin acids, and volatile oils)
have antibacterial and antifungal activity that likely explains
the capacity of CGNC to eradicate H. pylori infection.
Carotenoids stimulate immune reactions against H. pylori
[47]. In patients with chronic gastritis andH. pylori infection,
the content of 𝛽-carotene in gastric juice was significantly
lower than that in uninfected patients [48]. Meta-analysis
of 51 studies of the effect of eradication of H. pylori on
chronic gastritis was conducted, leading to the conclusion
that such eradication suppresses the activity of gastritis
and inflammation in practically all patients and in some
patients such suppression has a positive effect on atrophy and
intestinal metaplasia [49].

Recently, due to an increase in antibiotic resistance,
standard antibiotics do not clear H. pylori in more than 25%
of people, generating renewed interest in novel eradication
regimens and targets [8]. The identified property of CGNC

to eradicate H. pylori infection can have a significant clin-
ical importance. Some phytosubstances have a capacity to
suppress H. pylori [10]. However, phytotherapy has not been
used in clinical practice for the eradication of H. pylori.
CGNC could be used for increasing the effectiveness of
the standard H. pylori eradication therapy, treatment of H.
pylori infections that have developed resistance to antibiotics,
and the prevention of recurrence of the infection after the
standard treatment. It seems that pathogenicmicroorganisms
do not develop resistance to the phytoncidalmulticomponent
complex, CGNC,which eradicatesH. pylori. It is important to
conduct specific clinical trials using more tests for H. pylori
diagnosis in order to obtain convincing proof of the ability
of CGNC to eradicate H. pylori. This pilot study showed
eradication ofH. pylori in 57.1% of patients with precancerous
gastric lesions using the Lesmin formulation with a lower
concentration of CGNC. Given the limitations of this small
pilot study,we are encouraged thatmore comprehensive stud-
ies of patients with H. pylori (with and without concomitant
gastric lesions) are justified using the more concentrated
capsule form of CGNC known as Bioeffective A.

Chronic inflammation and free radical damage are
playing a significant role in the pathogenesis of gastritis
including atrophic gastritis. Clinical investigation of patients
with chronic nonatrophic and atrophic gastritis revealed the
accumulation of potentially mutagenic and carcinogenic
oxidant damage of DNA in cells of the gastric mucosa [50].
Suppression of inflammation and lipid peroxidation has
a positive effect on the course of chronic nonatrophic
and atrophic gastritis. A synergistic effect of chlorophyll,
carotenoids, vitaminE, phytosterols, and other active ingredi-
ents contained in CGNC possesses strong anti-inflammatory
and antioxidant properties which reduce lymphoplasmacytic
infiltration of the gastric mucosa and as a result improves the
morphological and functional condition of the stomach in
patients with atrophic gastritis.

Several clinical interventional trials of antioxidants con-
tained in CGNC were conducted in patients with precancer-
ous conditions of the stomach. In Columbia, a country with
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a high incidence of stomach cancer, a randomised placebo-
controlled study of antioxidants, used for the treatment
of precancerous gastric lesions, was conducted. Use of 𝛽-
carotene for 3–6 years led to regression of multifocal atrophy
and/or intestinal metaplasia [51]. Use of vitamin E led to the
regression of intestinal metaplasia in the gastric mucosa in
patients with atrophic gastritis [52].

5. Conclusion

In summary, the results from this observational pilot study
suggest that it would be feasible and important to conduct
a larger randomised-controlled trial with CGNC in patients
with atrophic gastritis to examine treatment of precancerous
lesions and secondary prevention of stomach cancer.
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Objective. To investigate effects and possible mechanisms of transcutaneous electrical acustimulation (TEA) performed by a
wearable watch-size stimulator for refractory gastroesophageal reflux disease (RGERD). Methods. Twenty patients diagnosed
as RGERD were enrolled in the study and randomly divided into four groups: esomeprazole group (Group A), esomeprazole
combined with TEA group (Group B), esomeprazole combined with sham-TEA group (Group C), and esomeprazole combined
with domperidone group (Group D). HRM and 24 h pH-impedance monitoring and GerdQ score were used to measure related
indexes before and after treatment. Results. (1) TEA significantly increased LESP, compared with PPI treatment only or PPI plus
sham-TEA. After pairwise comparison, LESP of Group Bwas increasedmore thanGroupA (𝑃 = 0.008) or GroupC (𝑃 = 0.021). (2)
PPI plus TEA decreased not only the number of acid reflux episodes but also the number of weak acid reflux episodes (𝑃 = 0.005).
(3) Heartburn and reflux symptoms were improved more with PPI + TEA than with PPI treatment only or PPI plus sham-TEA
(GerdQ scores, 𝑃 = 0.001). Conclusion. TEA can improve symptoms in RGERD patients by increasing LESP and decreasing events
of weak acid reflux and acid reflux; addition of TEA to esomeprazole significantly enhances the effect of TEA.

1. Introduction

Gastroesophageal reflux disease (GERD) is defined as a
condition that appears when the reflux of stomach contents
causes troublesome symptoms and/or complications. The
incidence of the disease is gradually increased. Although the
emergence of PPI therapy for GERD has greatly helped, there
are still some patients whose symptoms cannot be alleviated
after PPI therapy. A concept “refractory gastroesophageal
reflux disease” (RGERD) has been proposed. According to
2013 US GERD guidelines, patients who do not respond to
a 8–12 weeks’ course of acid-suppressive therapy with PPI
twice daily and the fact that the GERD associated symptoms
still exist and affect the quality of life or GERD associated
symptoms’ improvements are less than 50% can be diagnosed
as RGERD [1].

Doubling proton pump inhibitors (PPIs) dose represents
the mainstay of treatment for RGERD [2]. Other nonmedical

treatment options including endoscopic therapy and surgical
approaches could be considered, according to individual
patient characteristics. Transoral incisionless fundoplication
(TIF) and Stretta are emerging endoscopic therapies with
minimal side-effects [3–6]. Another recent method, LES
electrical stimulation therapy (LES-EST), which uses an
implanted stimulation system is showing someunique advan-
tages, especially for those with ineffective esophageal motility
or aperistalsis or those who are unable to undergo traditional
antireflux surgery. However, these promising therapies are all
invasive and their long-term efficacy and safety need further
evaluation.

Acupuncture has been proved to have a good effect for
GERD. Adding acupuncture was more effective when com-
pared with doubling the PPI dose in controlling symptoms
in GERD patients who were unresponsive to standard-dose
PPI [7]. Electroacupuncture (EA) was found to enhance
the gastric peristalsis and accelerate gastric emptying and
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improve esophageal peristalsis, as delayed gastric emptying
has also been shown to contribute to failure of PPI once daily
[8, 9].

Currently, transcutaneous electrical acustimulation
(TEA), a noninvasive and needleless method that is different
from traditional electroacupuncture, has been proposed
[10–13]. It can be used at home and administrated daily and
evenmore than one time daily which could make the therapy
more effective. TEA was reported to markedly improve
dyspepsia symptoms [12]. However, it is unknown whether
TEA is effective for RGERD.This present study was designed
to investigate effects and possible mechanisms of TEA for
RGERD.

2. Materials and Methods

2.1. Patients. Twenty patients with RGERD seen at the
Gastroenterology clinic of The First Affiliated Hospital of
Zhejiang Chinese Medical University from February 2013
to June 2014 participated in the study. The protocol was
approved by Ethics Committee ofTheFirst AffiliatedHospital
of Zhejiang Chinese Medical University. All the patients had
reflux-related symptoms for at least one year and failed to
respond to a 8–12 weeks’ course of acid suppression with PPI
twice daily.

Inclusion criteria were outpatients at the age of 16–
70 years. Exclusion criteria included severe cerebrovascular
disease, hepatic or renal failure, and hematopoietic system
disease; women during pregnancy and lactation; and peptic
ulcers, esophageal or gastric polyps, esophageal cancer, gas-
tric dysplasia, gastric cancer, or previous upper gastrointesti-
nal surgery such as subtotal gastrectomy.

2.2. Measurements

(1) Esophageal High-Resolution Manometry (HRM). All par-
ticipants underwent electronic gastroscopy before HRM
test (ManoScan 360, Given Imaging/Sierra Scientific Instru-
ments, USA). Manometric data were analyzed by ManoView
Analysis (Sierra Scientific Instruments). After fasting for 8 h,
esophageal catheter was inserted transnasally after pressure
calibration. When the upper esophageal sphincter (UES),
esophageal body, esophagogastric junction (EGJ), and gastric
pressure were simultaneously displayed on the screen, the
catheter was fixed. After being placed in supine position,
participants were asked to stop swallowing within 30-s and
then swallow boluses of 5mL of water, which were injected
into their mouth by using a syringe [14].

High-resolution manometry (HRM) was used to detect
LES resting pressure (<13mmHg was abnormal) and
esophageal motility. According to the Chicago Classification
V3.0, esophageal motility disorders include ineffective
esophageal motility (IEM) and fragmented peristalsis. IEM is
≥50% ineffective swallows. Ineffective swallows can be failed
or weak (distal contractile integral (DCI) < 450Hg⋅cm⋅s).
Fragmented peristalsis is large break (>5 cm length) in the
20-mmHg isobaric contour with DCI > 450Hg⋅cm⋅s [14].

(2) 24 h pH-Impedance Monitoring. Before treatment, par-
ticipants stopped using PPI and prokinetics more than one

Figure 1: The wearable watch-size stimulator.

week before 24 h pH-impedance monitoring; after treatment,
the test was performed under medication in over 8 h fast-
ing status. Esophageal manometry was performed first to
determine the distance from nostrils to lower esophageal
sphincter (LES). Then, the pH electrode was placed at 5 cm
above LES. pH and impedance data were recorded by a digital
data logger (Given Imaging/Sierra Scientific Instruments,
USA). Once the pH recording was initiated, participants
were instructed to assume normal daily activities and dietary
practices. Patients documented in a diary their ingestion,
sleep periods, and the occurrence of GERD related symptoms
[15].

The analysis was performed for DeMeester score, total
reflux episodes, acid reflux episodes (pH ≤ 4), weak acid
reflux episodes (4< pH< 7), and nonacid reflux episodes (pH
≥ 7).The normal range is as follows: DeMeester score ≤ 14.72,
acid reflux ≤ 55 times, weak acid reflux ≤ 26 times, nonacid
reflux ≤ 1 time, and total reflux episodes ≤ 73 times.

(3) GERDQ Questionnaire [16]. Patients were asked to recall
symptoms present during the last 7 days and complete the
questionnaire which included A: heartburn and regurgita-
tion, B: a pain in the center of the upper stomach and nausea,
and C: sleep disturbances and taking additional medication.
A + B + C ≥ 8 indicated a positive test.

2.3. Study Design. The study was designed as a randomized
controlled, single blind, prospective trial. Enrolled patients
were randomly allocated into 4 groups and received 4-week
treatment.

Group A was as follows: esomeprazole 20mg, twice daily.
Group Bwas as follows: esomeprazole 20mg twice daily +

TEA (Zusanli, Neiguan) 25Hz 5mA 30min twice daily using
a watch-size stimulator (MedKinetic, Ningbo, China). The
device is shown in Figure 1.

It can be attached to the arm and leg. The stimulation
parameters were programmed via a computer by the investi-
gator. However, the patient was able to adjust the stimulation
output current to a level that is sensible but tolerable.

GroupCwas as follows: esomeprazole 20mg twice daily +
Sham-TEA, 25Hz 5Am 30min, twice daily.

Group D was as follows: esomeprazole 20mg twice
daily + domperidone 10mg 3 times/day.
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Acupoints are as follows:

(1) Zusanli: It is located 5mm below and lateral to the
anterior tubercle of the tibia.

(2) Neiguan: It is located 1.5–2.0 cm above the wrist
crease between the tendons of the flexor carpi radialis
and the palmaris longus.

(3) Sham-TEA: It is virtual acupoint, nonchannel noncol-
lateral acupoint 2 cm near Zusanli or Neiguan.

High-resolutionmanometry (HRM) and 24 h pH-impedance
monitoring were used to observe LES relaxing pressure and
esophageal clearance capacity and analyze reflux of RGERD
patients in each group before and after treatment. GERDQ
score was recorded to evaluate the improvement of RGERD
symptoms.

2.4. Statistical Analysis. SPSS17.0 statistical software (SPSS
Inc., Chicago, IL, USA) was used for data analysis. Measure-
ment data are expressed as mean ± standard deviation or
median (25th percentile, 75th percentile). Multiple paramet-
ric groups were compared using the one-way ANOVA test
(normal distribution) or nonparametric test (not normal),
pre- and posttreatment were evaluated using paired 𝑡-test;
count data were compared with rate or percentage (%) and
𝑋
2 test was used for comparison between groups. 𝑃 values of

0.05 or less were considered to be statistically significant.

3. Results

Twenty patients (11M, 9 F; mean age: 51.5 ± 13.8 versus 46.7 ±
12.4) were recruited into the study. Among the 20 patients,
7 patients (35%) had hypotensive LESP and 13 patients
(65%) had esophageal peristalsis disorders. The median of
DeMeester score is 4 (1.1–16.8), while the median of acid
reflux, weak acid reflux, nonacid reflux was 11 (4–17), 27 (7–
42), and 8 (2–16), respectively.

3.1. Effects of TEA on Esophageal Motility. TEA significantly
increased LESP, and this increase was not noted in any other
group. As shown in Figure 2, a 52.2% increase in LESP can
be appreciated in patients treated with PPI + TEA (𝑡 = 5.91,
𝑃 = 0.004).

The posttreatment changes in LESP among groups were
statistically significant (𝐹 = 3.57, 𝑃 = 0.038); the change in
the PPI+TEAgroupwas significantly higher compared to the
PPI group (𝑃 = 0.008) or the PPI + TEA group (𝑃 = 0.021)
but not the PPI + Dom group (𝑃 > 0.05).

None of the treatments resulted in any significant changes
in esophageal contractile activities, such as esophageal motil-
ity disorders (IEM) and fragmented peristalsis.

3.2. Effects of TEA on Acid and Weak Acid Reflux. While
acid reflux was reduced in all groups, weak acid reflux was
suppressed only in the group treated with TEA. As shown in
Figure 3, the number of acid reflux episodes was significantly
reduced in all 4 groups of patients, as PPI was given in
all groups. No difference was noted in the potency of acid
suppression among the 4 groups. However, a change in weak
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Figure 2: Low esophageal pressure before and after the treatment
in different groups. A significant increase was noted only in patients
treated with TEA (∗𝑃 = 0.004).
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Figure 3: The acid reflux episodes of all the groups decreased after
treatment (∗𝑃 < 0.05). The change of the acid reflux episodes was
not significantly different among groups (𝑃 > 0.05).

acid refluxwas observed only in the patients treatedwithTEA
(𝑃 = 0.011 before versus after treatment inGroup PPI + TEA,
Figure 4).The treatment-induced changes in weak acid reflux
were significantly different among the 4 groups (𝐹 = 6.34,
𝑃 = 0.005). Pairwise comparison revealed that the decrease in
weak acid reflux in Group PPI + TEAwas significantly higher
compared to Group PPI (𝑃 = 0.001) or Group PPI + Sham
(𝑃 = 0.023) but not Group PPI + Dom (𝑃 > 0.05).

However, a number of other parameters, including
DeMeester score, total reflux events, and nonacid reflux
events, were not significantly different before and after any
treatment (𝑃 > 0.05).

3.3. Effects of TEA on Symptoms. All treatments resulted
in significant improvement in reflux-related symptoms,
reflected as a decrease in the GERDQ score (Figure 5, 𝑃 <
0.05 before versus after treatment for all groups). However,
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Figure 4: The weak acid reflux episodes of Group B and Group D
decreased after treatment (∗𝑃 < 0.05).
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Figure 5: The GERDQ scores of all the groups decreased after
treatment (∗𝑃 < 0.05).

a significant difference was noted in the treatment-induced
reduction in the GERDQ scores among the 4 groups (𝐹 =
7.59, 𝑃 = 0.001); pairwise comparison showed that this
decrease in Group PPT + TEA was significantly higher
compared to Group PPI (𝑃 = 0.001) or Group PPI + Sham
(𝑃 = 0.001) but not Group PPI + Dom (𝑃 > 0.05).

4. Discussion

In this study, we found that TEA significantly increased LESP
and reduced weak acidreflux. All treatments, especially PPI
+ TEA, resulted in significant improvement in reflux-related
symptoms.

Previous studies have demonstrated that up to 40% of
GERD patients had a lack of response to a standard PPI dose
once daily [1]. Doubling PPI dose represents the mainstay of
treatment for RGERD. Switching to another PPI is another
common and cost-effective approach. But it has certain
limitations because symptoms may be related to weak acid

reflux or nonacid reflux. The decline in antireflux defense
mechanisms plays a major role in RGERD patients. Medical
treatment has been primarily focused on reducing transient
lower esophageal sphincter relaxation rate or attenuating
esophageal pain perception using visceral analgesics [6].
Improving LES function and esophageal peristalsis is consid-
ered as a potential new therapeutic method.

Acupuncture has been applied for the treatment of
various digestive diseases. It was found to enhance gastric
peristalsis and accelerate gastric emptying as delayed gastric
emptying has also been shown to contribute to failure of PPI
once daily [8, 9]. Adding acupuncture to the standard PPT
therapy was found to be more effective when compared with
doubling the PPI dose in controlling symptoms in GERD
patients who were unresponsive to standard-dose PPI [7].
Needleless TEA does not damage the skin and prevent the
spread of infection or disease so that is more easily accepted
in clinic. Patients can carry instruments with them that make
it convenient for their self-management.

In our study, high-resolution manometry (HRM) was
used to observe the changes of esophageal motility in static
and dynamic way. As the esophagogastric junction (EGJ)
is an important barrier to defense against gastroesophageal
reflux occurrence, including the LES and crura of diaphragm,
the decline of antireflux defense mechanisms especially
hypotensive lower esophageal sphincter plays a major role
in RGERD patients. A latest research shows that a short-
term electrical stimulation of the lower esophageal sphincter
increases sphincter pressure in patientswithGERD [17]. After
TEA, LESP was increased significantly.

In addition, 24-hour pH-impedance monitoring was
performed for acid reflux episodes, weak acid reflux episodes,
and nonacid reflux episodes. Weak acidic reflux, in large
multicenter studies, has been recognized as one of the main
mechanisms underlying PPI failure in patients with regurgi-
tation and atypical GERD symptoms [18–20]. Antacids can
reduce the number of acid reflux episodes, but the weak
acid reflux and nonacid reflux episodes are correspondingly
increased. Our results showed that weak acid reflux was
suppressed only in the group treated with TEA while acid
reflux was reduced in all groups.

The possible mechanism involved in the improvement of
reflux with the addition of TEA is believed to be attributed
to the increase in the LESP. Although not investigated in the
present study, previous findings using similarmethod of TEA
or electroacupuncture at ST36 and/or PC6 led us to speculate
the following mechanisms and pathways [10–12]. TEA at
ST36/PC6 activates peroneal and median nerves, which
leads to the activation of spinal afferent neurons [21]. The
spinal neural signal activates neurons in the nuclear tractus
solitarius, resulting in enhanced vagal efferent outflow at the
dorsal motor nucleus of the vagus [22, 23]. The increased
vagal efferent activity stimulates release of acetylcholine at the
lower esophageal sphincter, resulting in an increased LESP. In
addition to the increase in LESP, other possible mechanisms
may involve gastric emptying and gastric accommodation.
In patients with functional dyspepsia, TEA using the same
method as in this study was shown to accelerate gastric
emptying [12] and improve gastric accommodation [10]
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also mediated via the vagal pathway. Since delayed gastric
emptying and impaired gastric accommodation are known
to induce gastroesophageal reflux, the improvement in these
abnormalities might lead to the improvement of the reflux.

In summary, needleless TEA using a watch-size wearable
device may improve reflux-related symptoms in patients with
refractory GERD by increasing LESP and reducing weak acid
and acid reflux. Large-scale clinical studies are warranted to
explore therapeutic role of TEA for refractory GERD.
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Objective. To explore the efficacy of Chinese herbal medicine in treating diarrhea-predominant irritable bowel syndrome (D-IBS).
Methods. Four English and fourChinese databaseswere searched throughNovember, 2015. Randomized, double-blind and placebo-
controlled trials were selected. Data extraction and quality evaluation were performed by two authors independently. RevMan 5.2.0
software was applied to analyze the data of included trials. Results. A total of 14 trials involving 1551 patients were included. Meta-
analysis demonstrated superior global symptom improvement (RR = 1.62; 95% CI 1.31, 2.00; 𝑃 < 0.00001; number needed to treat
= 3.6), abdominal pain improvement (RR = 1.95; 95% CI 1.61, 2.35; 𝑃 < 0.00001), diarrhea improvement (RR = 1.87; 95% CI 1.60,
2.20; 𝑃 < 0.00001), pain threshold assessment (MD = 54.53; 95% CI 38.76, 70.30; 𝑃 < 0.00001), and lower IBS Symptom Severity
Score (SMD = −1.01; 95% CI −1.72, −0.30; 𝑃 = 0.005), when compared with placebo, while for defecation threshold assessment,
quality of life, and adverse events, no differences were found between treatment groups and controlled groups. Conclusion. This
meta-analysis shows that Chinese herbal medicine is an effective and safe treatment for D-IBS. However, due to the small sample
size and high heterogeneity, further studies are required.

1. Introduction

Irritable bowel syndrome (IBS), themost common functional
gastrointestinal disorder across the world, is characterized
by recurrent abdominal pain or discomfort associated with
disturbances in defecation and could not be explained by
any structural or anatomical abnormality [1, 2]. According
to the different bowel behaviors, IBS could be divided into
four subtypes, namely IBS-C (constipation-predominant),
IBS-D (diarrhea-predominant), IBS-M (mixed), and IBS-U
(unspecified) [2], among which IBS-D is the major subtype
[3]. With the high prevalence of 14%∼28% among Europe [4]

and 0.82%∼11.5% in China [5, 6], it has serious influences
on the quality of life of patients and costs a large amount of
medical resources (1007.3 million in 2004), which is close to
25% of the total cost of all functional GI disorders (3988.8
million) [7].

Although with a great progress in the understanding of
IBS [8], conventional treatments, including antidiarrheals,
antispasmodics, antidepressants, probiotics and psycholog-
ical treatments [9–12], were still limited in clinic because
of side effects, costly medication expenses, and high relapse
rates [13] and seemed to be unsuccessful to improve the
quality of IBS patients’ life [14].
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Hence, an increasing number of patients (from 16%
in 1986 to 51% in 2005) tend to use complementary and
alternative medicine (CAM) [15]. Chinese herbal medicine
(CHM), the major part of CAM and characterized by
syndrome differentiation and treatment, has widely been
accepted during last few decades [16]. Several clinical trials
have been conducted, but the results were inconsistent [15,
17–19]. Although several systematic reviews have shown a
therapeutic benefit, the efficacy of CHM was still controver-
sial due to the poor qualities of the original studies, and these
authors also emphasized that it was premature to recommend
herbal medicines for routine use in IBS [20, 21].

Recently, a high quality meta-analysis, which focused on
soothing the liver and invigorating the spleen therapy, has
demonstrated CHM is an effective treatment for IBS-D [22].
According to a literature review, spleen-stomach weakness
(57.5%), yang deficiency of the spleen and kidney (52.5%),
stagnation of liver qi, and deficiency of the spleen (52.5%)
are the most common Traditional Chinese Medicine (TCM)
syndromes in IBS-D [23]. In other words, soothing the liver,
invigorating the spleen, and warming the kidney are the
main therapies for IBS-D. Given all the information, a meta-
analysis of randomized, double-blind, placebo-controlled
trials is required to confirm whether CHM is beneficial to
IBS-D patients.

2. Methods

The registered protocol of this systematic review could be
found in the PROSPERO database (http://www.crd.york.ac
.uk/PROSPERO/display record.asp?ID=CRD42015029540).

2.1. Search Strategy. Two researchers searched four English
electronic databases and four Chinese electronic databases
from their establishments through November 2015, includ-
ing PubMed, Web of Science, Cochrane Library, Embase,
Chinese Biomedicine (CBM), China National Knowledge
Infrastructure (CNKI), Chinese Scientific Journals Database
(VIP), and WanFang Database. Conference proceedings and
dissertations which involved unpublished trials were also
searched from CNKI and WanFang databases.

The following search terms, or the Chinese equivalent for
Chinese databases, were used singly and combinedly depend-
ing on which database was searched: “Irritable Bowel Syn-
drome”, “Irritable Bowel Syndromes”, “Syndrome, Irritable
Bowel”, “Syndromes, Irritable Bowel”, “Traditional Chinese
Medicine”, “Medicine, Chinese Traditional”, “Chinese Tradi-
tional Medicine”, “Chinese Medicine, Traditional”, “TCM”,
“Herbal Medicine”, “Medicine, Herbal”, “herb∗”, “random-
ized”, “placebo”, “double-blind” and “double-blinded”.

#1 Search (((((Irritable Bowel Syndrome [MeSH
Terms]) OR Irritable Bowel Syndrome [Title/
Abstract]) OR Irritable Bowel Syndromes [Title/
Abstract]) OR “Syndrome, Irritable Bowel” [Title/
Abstract]) OR “Syndromes, Irritable Bowel” [Title/
Abstract]).
#2 Search ((((((((((Traditional Chinese Medicine
[Title/Abstract]) OR “ChineseMedicine, Traditional”

[Title/Abstract]) OR “Medicine, Chinese Traditional”
[Title/Abstract]) OR Chinese Traditional Medicine
[Title/Abstract]) OR Herbal Medicine [MeSH
Terms]) OR Herbal Medicine [Title/Abstract]) OR
“Medicine, Herbal” [Title/Abstract]) OR TCM [Title/
Abstract]) OR herb∗ [Title/Abstract]) OR “Medicine,
Chinese Traditional” [Mesh]).
#3 Search ((randomized [Title/Abstract]) AND
placebo [Title/Abstract]) AND ((double-blind [Title/
Abstract]) OR double-blinded [Title/Abstract]).
#1 and #2 and #3.

3. Inclusion/Exclusion Criteria

3.1. Types of Studies. Studies, performed as randomized,
double-blind, placebo-controlled trials, which compared the
efficacy and safety of CHM with placebo for IBS-D were
included. English and Chinese were applied as language
restriction.

3.2. Types of Participants. Patients were diagnosed with IBS-
D according to the ROME I, II, or III criteria.

3.3. Types of Interventions. Orally administered CHM, in any
preparations like capsules, decoctions, extracted granules,
and oral liquids, were used alone in the treatment groups.The
controlled groups only received placebos which were similar
to the herbal medicines in taste, smell, and look. Treatment
durations were not limited.

3.4. Types of Outcome Measures. Primary outcomes were
global syndrome improvement, IBS Symptom Severity Score
(SSS). Secondary outcomes were abdominal pain improve-
ment, diarrhea improvement, visceral hypersensitivity assess-
ment, quality of life, and adverse events.

4. Study Selection and Data Extraction

According to the inclusion and exclusion criteria, study selec-
tion and data extraction were carried out by two researchers
independently. The detailed information including diagnos-
tic criteria for IBS-D, TCM syndrome, TCM therapy, pop-
ulation, baseline characteristics, details of the interventions,
followup time, and outcomemeasurements were extracted to
form a conclusive table. Any divergences were resolved by
discussion and consensus with a third researcher.

4.1. Assessment of Risk Bias. Using the Cochrane risk of
bias tool, the methodological qualities of included trials
were evaluated by two researchers, respectively [24]. The
judgment of the other bias includes comparable baseline
characteristic, for-profit, and inclusion and exclusion criteria
into consideration. Disagreements were resolved through
discussion and consensus with a third researcher.

4.2. Data Analysis. RevMan 5.3 was the utilized software
to analyze the data. We took dichotomous data as Relative



Evidence-Based Complementary and Alternative Medicine 3

Id
en

tifi
ca

tio
n

Sc
re

en
in

g
El

ig
ib

ili
ty

In
clu

de
d

Web of Science (n = 61), Cochrane Library (n = 25),
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(n = 41)

Studies included in
qualitative synthesis

(n = 15)
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24 reviews
5 used western medicines
3 animal studies
3 IBS-C
2 study protocols

Full-text articles excluded (n = 26)

17 not IBS-D
7 duplicate publications
2 with incomplete data

Figure 1: Flow chart and study selection.

Risk (RR) and continuous variables as Mean Difference
(MD) with 95% Confidence Intervals (CI). Standardized
Mean Difference (SMD) analyses were performed when
different measurement scales were used. Only the first phase
outcome data were analyzed in cross-over trials. Both the
Chi-squared (𝜒2) test and 𝐼-squared (𝐼2) statistic were used
for the assessment of heterogeneity [25]. If a significant
heterogeneity existed (𝐼2 > 50% or 𝑃 < 0.05), a random effect
model was performed to calculate the pooled RR. Otherwise,
a fixed effect model was used [26]. In order to inquire
into the origin of heterogeneity among studies, a sensitivity
analysis was conducted by omitting one trial successively.
The Number Needed to Treat (NNT) was calculated as the
reciprocal of the therapeutic gain. Subgroup analysis for
different TCM therapies was performed when the necessary
data were available.

5. Result

5.1. Study and Selection. A total of 196 citations were iden-
tified for initial search and 15 articles, in which 2 articles
[29, 30] reported 1 trial, were involved at last (Figure 1).

5.2. Description of Study. The 15 articles, 12 journal papers,
3 dissertations, and 1 conference proceeding contained 1551
subjects (922 in trail group and 629 in control group).
Among them 4 studies were conducted in Australia [27],
Korean [39], Hong Kong [18] and Chinese Mainland [37],
respectively, and published in English. The remaining [28–
36, 38, 40] were all completed in China and published in
Chinese. All of the trials had 2 arms, except 1 trial [27] that
had 3 arms, standard, individualized, and placebo group.
Three TCM therapies, soothing the liver and invigorating
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
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Figure 2: Methodological quality assessment of the risk of bias for each included study.

the spleen (SLIS), warming the kidney and invigorating the
spleen (WKIS), and individualized therapies were involved.
Table 1 showed the detailed information of the included trials.
The ingredients of herbal formulae were listed in Table 2.

5.3. Methodological Quality. All included studies
were designed as randomized studies. Ten studies
[18, 27, 28, 31, 33–35, 38–40] used random number tables or
lists, 1 study [29, 30] used draw by lots, while the remaining
3 did not mention the specific methods. We tried to contact
the authors and they confirmed that 2 studies [36, 37] used
random number tables, but the others [32] did not respond.
All the studies used sealed envelopes except 2 [29, 32] which
had no details about the blending method and did not
respond to our emails. 11 trials [18, 27, 31, 33–40] reported
drop-out of patients, but Intention-to-Treat (ITT) analyses
were not performed in 4 trials [27, 36–38], in which we
just managed to complete it for 1 trial [37]. Although all
trials reported all the outcome measurements mentioned in
the methods, we evaluated them as unclear risk due to the
inaccessibility of the protocols except 1 trial [39]. For other
bias, 6 studies [18, 27, 31, 34, 39, 40] were rated as unclear risk
because of the lack of ages and disease durations (Figure 2).

5.4. Global Symptom Improvement. Seven trials [18, 27, 28, 33,
36, 37, 40] reported the global symptom improvement and
1 trial [27] was counted as two comparisons because it had
three arms. A total of 815 patients (431 in CHM groups and
384 in placebo groups) were included in the analysis. With
a statistical significance, the result demonstrated that CHM
had a superior efficacy in global symptom improvement
than placebo (RR = 1.62; 95% CI 1.31, 2.00; 𝑃 < 0.00001)
(Figure 3(a)). A 28.1% of therapeutic gain was exhibited
between the comparison of CHM and placebo (72.9% versus
44.8%; NNT = 3.6) (Table 3). A sensitivity test was conducted
due to the high heterogeneity (𝐼2 = 59%, 𝑃 = 0.02). It showed
that Leung et al.’s [18] study may be the major origin of the
heterogeneity. After omitting Leung et al.’s study, the result

still supported the previous consequence (RR = 1.82; 95% CI
1.60, 2.08; 𝑃 < 0.00001) with a low heterogeneity (𝐼2 = 0%,
𝑃 = 0.50) (Figure 3(b)).

In addition, a subgroup analysis was implemented
according to the different therapies. The result showed that
WKIS therapy (RR = 2.06; 95% CI 1.71, 2.47; 𝑃 < 0.00001)
and SLIS therapy (RR = 1.42; 95% CI 1.08, 1.86; 𝑃 = 0.01)
bothwere effective comparedwith placebo (Figure 4). But the
heterogeneity was still significant in SLIS group (𝐼2 = 57%,
𝑃 = 0.06), originating from Leung et al.’s [18] study again.

5.5. IBS-SSS. 5 studies [27, 33, 35, 36, 38] including 6
comparisons reported the IBS-SSS. The reduction of the SSS
showed that the severity of IBS symptoms was substantially
relieved by CHM compared to placebo (SMD= −1.01; 95%CI
−1.72, −0.30; 𝑃 = 0.005) (Figure 5(a)). The heterogeneity was
high (𝐼2 = 88%, 𝑃 < 0.00001). Sensitivity test indicated that
Li’s [36] study may be the main contribution. After exclusion
of Li’s study the heterogeneity decreased straightly (𝐼2 = 0%,
𝑃 = 0.56) while the result was not obviously altered (SMD =
−0.67; 95% CI −0.93, −0.41; 𝑃 < 0.00001) (Figure 5(b)).

5.6. Abdominal Pain Improvement. Three studies [28, 31, 34]
reported the abdominal pain improvement.With a significant
difference, CHM had a better abdominal pain improvement
than placebo (RR = 1.95; 95% CI 1.61, 2.35; 𝑃 < 0.00001)
and no observed heterogeneity existed (𝐼2 = 0%, 𝑃 = 0.61)
(Figure 6).

5.7. Diarrhea Improvement. Four studies [28, 31, 33, 34]
reported diarrhea improvement. CHM showed conspicuous
improvement for diarrhea compared with placebo (RR = 1.87;
95% CI 1.60, 2.20; 𝑃 < 0.00001). No obvious heterogeneity
was seen (𝐼2=0%, 𝑃 = 0.83) (Figure 7).

5.8. Visceral Hypersensitivity Assessment (Pain Threshold and
Defecation Threshold). Two studies [30, 32] used anorec-
tal manometry to evaluate the visceral hypersensitivity of
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Table 3: Global symptom improvement, CHM versus placebo.

Therapy Study Response rate, % (response/𝑁) Therapeutic gain, % NNT RR (95% CI)
CHM Placebo

Individualized Bensoussan et al. 1998 [27]I 47.4 (18/38) 29.4 (5/17) 18.0 5.6 1.61 (0.72, 3.62)
SLIS 65.2 (152/233) 46.9 (97/207) 18.3 5.5 1.42 (1.08, 1.86)

Bensoussan et al. 1998 [27]S 67.4 (29/43) 33.3 (6/18) 34.1 2.9 2.02 (1.02, 4.02)
Leung et al. 2006 [18] 35.0 (21/60) 44.1 (26/59) −9.1 — 0.79 (0.51, 1.24)
Li et al. 2010 [33] 83.3 (25/30) 60.0 (18/30) 23.3 4.3 1.39 (1.00, 1.94)
Li et al. 2014 [40] 72.5 (58/80) 45.0 (36/80) 27.5 3.6 1.61 (1.22, 2.13)
Luo 2002 [28] 95.0 (19/20) 55.0 (11/20) 40.0 2.5 1.73 (1.15, 2.60)

WKIS 90.0 (144/160) 43.8 (70/160) 46.2 2.2 2.06 (1.71, 2.47)
Li 2011 [36] 92.5 (37/40) 42.5 (17/40) 50.0 2 2.18 (1.50, 3.15)

Su et al. 2013 [37] 89.2 (107/120) 44.2 (53/120) 45.0 2.2 2.02 (1.64, 2.49)
Total 72.9 (314/431) 44.8 (172/384) 28.1 3.6 1.62 (1.31, 2.49)
CHM, Chinese herbal medicine; NNT, number needed to treat; RR, relative risk; SLIS, soothing the liver and invigorating the spleen; WKIS, warming the
kidney and invigorating the spleen; I, individualized group; S, standard group.
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Bensoussan et al. S 1998
Leung et al. 2006
Li 2011
Li et al. 2010
Li et al. 2014
Luo 2002
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Heterogeneity: 𝜏2 = 0.05; 𝜒2 = 17.17, df = 7 (P = 0.02); I2 = 59%

Test for overall effect: Z = 4.47 (P < 0.00001)
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Figure 3: (a) Forest plot of global symptom improvement in patients with IBS-D treated with CHM compared to placebo. (b) Sensitivity
analysis was performed by omitting one study.

patients. CHM showed a superior improvement in pain
threshold than placebo (MD = 54.53; 95% CI 38.76, 70.30;
𝑃 < 0.00001) with a moderate heterogeneity (𝐼2 = 39%,
𝑃 = 0.20) (Figure 8(a)). As for defecation threshold, the result
did not show a significant improvement than placebo (MD =
17.59; 95% CI −4.60, 39.77; 𝑃 = 0.12). And the heterogeneity
was high (𝐼2 = 59%, 𝑃 = 0.12) (Figure 8(b)).

5.9. IBS-QOL Score. Three studies assessed the quality of
life of the patients. Two [35, 39] used the IBS Quality of
Life Questionnaire (IBS-QOL), while the other [18] used the
validated Hong Kong Chinese version of the Short Form 36
(SF-36). Because of the different instruments, we pooled two
studies. No advantage has been found in CHM compared
with placebo (MD = −4.58; 95% CI −14.29, 5.13; 𝑃 = 0.36).
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Figure 4: Forest plot of global symptom improvement in patients with IBS-D treated with CHM compared to placebo, subgroup analysis.

No observed heterogeneity was seen (𝐼2 = 0%, 𝑃 = 0.80)
(Figure 9). In addition, Leung et al.’s [18] study also showed no
remarkable difference in the health-related life betweenCHM
and placebo group.

5.10. Adverse Events. Ten studies mentioned the adverse
events and 5 [33, 35–38] reported no adverse event occurred.
Bensoussan et al. [27] reported 2 patients withdrew due
to upper gastrointestinal discomfort and headaches, respec-
tively, in standard treatment group. Wang et al. [31] reported
1 flush and abdominal pain case. Leung et al. [18] reported
2 patients had skin rash and thyroiditis in TCM group and 1
had facial nerve palsy in placebo group. In Chen et al.’s study
[34], 2 mild nausea and mild pruritus cases were noted. And
2 cases of headache, 1 case of low-back pain, and 1 case of
dysmenorrhea were reported by Ko et al. [39]. No difference
of adverse events was observed between CHM and placebo.

6. Discussion

6.1. Main Findings. This meta-analysis investigated the effi-
cacy of CHM in the treatment of IBS in comparison to
placebo. The results demonstrated that CHM had superior
improvements in global symptom (RR = 1.62), IBS-SSS (SMD
= −1.01), diarrhea (RR = 1.87), abdominal pain (RR = 1.95),

and pain threshold (MD = 54.53), with no superiority in
quality of life, defecation threshold, and a seldom adverse
events occurrence.

In subgroup analysis SLIS, WKIS and individualized
groups’ therapeutic gains over placebo were 18.3%, 46.2%,
and 18.8%, and the NNT were 5.5, 2.2, and 5.6, respectively.
That being said, WKIS seemed to be the best therapy for IBS-
D. But aswe all know, syndromedifferentiation and treatment
are the core of TCM. The efficacy of TCM derives from the
accuracy of syndrome differentiation [23]. In Bensoussan et
al.’s [27] study, no significant difference was noticed between
the standard group and individualized group at the end of the
8-week procedure. But the individualized group maintained
a better improvement after a 14-week followup. Therefore,
using TCM syndrome differentiation is still required to
enhance the pertinence of treatment.

Anorectal manometry was used to assess the visceral
hypersensitivity. CHM could significantly increase the pain
threshold. That meant CHM could reduce visceral pain.
While meta-analysis did not show an advantage in defecation
threshold between CHM and placebo, both of the two studies
showed that the CHM groups had significant improvements
while placebo groups had not. In Shen et al.’s [30] study, the
initial defecation threshold in CHMgroup (79.29±34.11mL)
was lower than the placebo group (87.00 ± 21.00mL).
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Figure 5: (a) Forest plot of IBS-SSS improvement in patients with IBS-D treated with CHM compared to placebo. (b) Sensitivity analysis was
performed by omitting one study.
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Figure 6: Forest plot of abdominal pain improvement in patients with IBS-D treated with CHM compared to placebo.

Study or subgroup
CHM

280

19
25

352 90

329

20
29

50

11
12

113 64.9%

9.6%
10.7%

1.92 [1.56, 2.38]

1.73 [1.15, 2.60]
2.01 [1.28, 3.16]

0.20.1 0.5 1 2 5 10
Favours [experimental]Favours [control]

20
28

Events EventsTotal Total
Placebo

Weight
Risk ratio Risk ratio

M-H, fixed, 95% CIM-H, fixed, 95% CI

408 191 100.0% 1.87 [1.60, 2.20]

Chen et al. 2010

Luo 2002
Wang et al. 2006

Total events
Total (95% CI)

28 17 14.8% 1.65 [1.19, 2.28]3030Li et al. 2010

Heterogeneity: 𝜒2 = 0.90, df = 3 (P = 0.83); I2 = 0%

Test for overall effect: Z = 7.72 (P < 0.00001)

Figure 7: Forest plot of diarrhea improvement in patients with IBS-D treated with CHM compared to placebo.
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Figure 8: (a) Forest plot of pain threshold improvement in patients with IBS-D treated with CHM compared to placebo. (b) Forest plot of
defecation threshold improvement in patients with IBS-D treated with CHM compared to placebo.
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Figure 9: Forest plot of IBS-QOL score in patients with IBS-D treated with CHM compared to placebo.

AlthoughCHM significantly improved the threshold (97.00±
28.30mL) after the treatment, it was approximated to the
placebo group (94.64 ± 37.15mL). However, due to the small
samples, it is difficult to determine a conclusion on this issue.

Substantial heterogeneity was found in global symptom
improvement and IBS-SSS. The sensitive tests indicated that
Leung et al.’s [18] study and Li’s [36] study were the main
causes separately. After checking all the studies carefully,
three differences were found between Leung et al.’s study and
the others’. First of all, in Leung et al.’s formula, two heat-
clearing herbs, Portulaca oleracea (Ma Chi Xian) and Coptis
chinensis (Huang Lian), were added in. These herbs were not
suitable for the syndrome of liver qi stagnation and spleen
deficiency and could lead to diarrhea. In addition, Leung et
al.’s study has the lowest response rate (35.0% in CHM group;
44.1% in placebo group) and the highest withdrawal rate
(23.3% in CHM group; 16.9% in placebo group) compared
with the others. These might result from the inappropriate
formula and could account for the heterogeneity.

In Li’s study, the disease durations were shorter than the
other four studies [29, 33, 35, 38]. This may contribute to

the heterogeneity mostly. In addition, the different TCM syn-
dromes and therapies also could be a matter of heterogeneity.

6.2. Interpretation. With the deepening of the research, an
increasing number of mechanisms of CHM in treating IBS-D
were revealed. The effective targets included the regulation
of hormones and cytokines in the enteric nervous system,
the adjustment of the brain-gut axis, and the modulation
of the gut motility [41]. Besides, in Ko et al.’s [39] study,
Huo Xiang Zheng Qi San (a CHM formula) showed a
tendency to have a lower Firmicutes/Bacteroidetes ratio
and intestinal permeability index, which could relieve the
IBS symptoms. Increased expressions of CD45+ and CD3+
and a decreased CD4+/CD8+ ratio, meaning an immunity
disorder, were found in IBS rats, while CHM, which acted
to warming the kidney and invigorating the spleen, could
reduce the expressions of CD45+ and CD3+ and increase the
CD4+/CD8+ ratio, indicating a regulative effect in immune
response [42].

Cheng [32] and Shen et al. [30] studies both showed an
improvement in visceral hypersensitivity, which was caused
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by a variety of factors and was believed to have a large
contribution to the genesis of IBS [43]. This result may
through the reduction of serotonin (5-HT) both in serum and
enteric mucosa [32] lead to a relief of visceral pain [30].

6.3. Strengths and Limitations. Several strengths were con-
tained in this meta-analysis. First, this is a systematic review
on a significant issue of human health. Second, the inclusion
and exclusion criteria were strict and the methodological
quality of the included trials was commonly rated as high
after a rigorously assessment. Furthermore, a standard pro-
tocol of this meta-analysis was registered and published in
PROSPERO database. However, this meta-analysis still had
some limitations. First, because of the strict inclusion criteria,
the suitable trials were few and the sample sizes were small.
Second, 12 out of 14 trials were carried out in China and
10 studies were printed in Chinese. A funnel plot analysis
was not performed successfully due to inadequate number
of included studies in meta-analysis, so potential publication
biasmay exist.Third, owing to insufficient suitable literatures,
this meta-analysis did not involve other TCM syndromes
such as cold-heat in complexity and spleen-stomach weak-
ness. Fourth, the course of treatment, ranging from 3 to 16
weeks, as well as the follow-up duration, from 2 to 14 weeks,
was not long enough to appraise the efficacy and safety of
CHM.

6.4. Implications for Further Study. Although all the studies
were generally well designed, several issues still should
be addressed to improve the methodological quality of
the clinical studies. First, a sample size calculation should
be performed before enrollment. Second, randomization,
allocation concealment, and blinding methods should be
described expressly and reported fully in the article. Third,
withdrawal/dropout during the study and use of ITT analysis
should be reported clearly. Fourth, due to the relapsed nature
of IBS, a sufficient followup duration is required to evaluate
the long-term efficacy. Fifth, a link of a registered protocol is
required in the article.

7. Conclusion

From the above, this meta-analysis demonstrates that SLIS
andWKIS are feasible, effective, and safe treatments superior
to placebo in improving global symptoms, IBS-SSS, abdom-
inal pain, diarrhea, and visceral hypersensitivity with IBS-
D. However, due to the small sample size and the high
heterogeneity, a confirmative conclusion is still premature. In
future studies, larger sample sizes and longer courses should
be undertaken to perfect the studies.
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Background. There is limited research investigating the composition of the gastrointestinal microbiota in individuals with celiac
disease (CoeD) reporting only partial symptom improvement despite adherence to a strict gluten-free diet (GFD). The aim of this
research was to determine if the gastrointestinal microbiota could be altered by probiotic bacteria and provide a potential new
therapy for this subgroup.Methods. A multicentre RCT was conducted between January and August 2011 in Australia. Participants
included 45 people with CoeD reporting only partial symptom improvement despite adherence to a strict GFD for a minimum of
12months. Participants took 5 g of VSL#� probiotic formulation (𝑛 = 23) or 5 g placebo (𝑛 = 22) orally twice daily for 12 weeks.The
main outcome measured was the efficacy of the probiotic formula in altering faecal microbiota counts between baseline and week
12. Safety was determined by safety blood and monitoring adverse events. Results. SPSS�multivariate repeated measures analysis
(95th confidence level) revealed no statistically significant changes between the groups in the faecal microbiota counts or blood
safety measures over the course of the study. Conclusion. The probiotic formula when taken orally over the 12-week period did not
significantly alter the microbiota measured in this population. The trial was registered with Australian and New Zealand Clinical
Trials Register ACTRN12610000630011.

1. Introduction

The microbiome and its role in celiac disease (CoeD) are
currently under intensive investigation. A major goal of
this research is to determine the roles played by specific
components of the gut microbiota in this condition and to
investigate the potential for beneficial therapeutic interven-
tion [1–10].

To date, the study populations have been primarily infants
and children with CoeD [1–9]. More recently, two studies
have been conducted investigating the intestinal microbiota
of adults with the condition [10, 11]. A comprehensive picture
of the CoeD microbiome is yet to be identified due to
differing techniques employed to analyse small intestinal
mucosal and luminal microbiota. In general, the majority of
studies report a reduction in Bifidobacteria species and/or
Lactobacillus species relative to gram negative bacteria. This
specific bacterial distribution produces a cytokine profile

similar to that known to be induced by the ingestion of gliadin
in CoeD patients with increased interferon gamma (IFN-𝛾),
tumour necrosis factor alpha (TNF-𝛼), and interleukin 12 (IL-
12) [12]. These findings have triggered in vitro investigations
of potential benefits from probiotic strains.

Specific strains of Bifidobacterium genus, B. bifidum IAT-
ES2 and B. longum ATCC 15707, have been demonstrated
in vitro to protect against the inflammatory response and
mucosal damage caused by gliadin peptides [13].This in vitro
study indicated that the two Bifidobacteria strains could exert
immunoregulatory effects caused by an altered microbiota
by reducing the release of the inflammatory cytokines IFN-𝛾
andTNF-𝛼 and increasing interleukin 10 (IL-10) in peripheral
blood mononuclear cells. Additionally, B. lactis has also been
shown to contribute to mucosal protection by reducing the
toxic effect of wheat gliadin on intestinal epithelial cells and
small intestinal villous architecture [14].
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To our knowledge only one human clinical trial has been
conducted looking at the effects of probiotic supplementation
in CoeD. A single strain of B. infantis failed to produce
an improvement in intestinal permeability in active CoeD,
possibly due to the limited duration of the trial which was
conducted over 3 weeks [15].

The aim of this study was to examine the effects of a
probiotic supplement on the CoeD microbiota. We selected
the multispecies probiotic VSL#3 which has been found to
hydrolyse gliadin polypeptides and reduce the toxic prop-
erties of wheat flour and was superior to other commercial
available multistrain probiotics [16]. VSL#3 has also been
shown to promote and maintain remission and alter the
microbiota of individuals with other gastrointestinal patholo-
gies including ulcerative colitis and pouchitis [17, 18] and
stimulate the expression of the “house-keeping” molecules
transforming growth factor beta-1 (TGF𝛽-1) and claudin-2 in
Caco-2 cells which are involved in mucosal protection [19].

2. Methods

2.1. Study Design. This multicentre study was a randomised,
double-blinded, and placebo-controlled trial over 12-week
period.

The study was approved by the Human Research Ethics
Committee of Southern Cross University (ethics approval
number ECN-10-008). The research was conducted in com-
pliance with GCP and in accordance with the guidelines
of the Australian National Health and Medical Research
Council and the Declaration of Helsinki (as revised in 2004).
The trial was registered with the Australian and New Zealand
Clinical Trials Register (ACTRN12610000630011).

2.2. Study Population. The study targeted people with CoeD
who were still being troubled by symptoms despite reporting
adherence to a strict gluten-free diet (GFD) for the pre-
vious twelve months. Participants were recruited through
the New South Wales Coeliac Association email database
which invited respondents who still experienced persistent
symptoms despite a GFD to contact the study coordinator.
All participants received a study information sheet outlining
the study and signed an informed consent form agreeing to
participate.

Inclusion criteria were (a) being between 18 and 70 years
of age; (b) CoeD confirmed by small bowel biopsy more
than twelve months before enrolling in the study; and (c)
being currently on a GFD and for at least twelve months.
It was suggested post hoc that normalisation of serology
(tissue transglutaminase (tTg) antibodies and/or endomysial
antibodies) and/or evidence of partial or complete villous
architecture repair as an additional inclusion factor would
have provided greater homogeneity of the study population.
Sensitivity analysis was undertaken on the inclusion criteria
a priori and with the effect of this post hoc addition.

Individuals were excluded if they (a) were pregnant; (b)
were less than 18 years of age; (c) were diagnosed with
CoeD in the preceding 12 months; (d) were consuming
a diet containing gluten; (e) were diagnosed with major
gastrointestinal pathology (e.g., Crohn’s disease or ulcerative

colitis); (f) had short bowel syndrome; (g) had recent oral
or bowel surgery; (h) had cancer, were HIV-positive, were
active alcoholic, and/or had illicit drug dependence, (i) use
nonsteroidal anti-inflammatory drugs, steroids, or antibiotics
in the four weeks before the start of the trial; (j) had clinical
abnormalities in serum urea, electrolytes, creatinine, or liver
function values; and (k) were unwilling to comply with the
study protocol or in the opinion of the investigators could
compromise the study.

A power calculation using PASS 2008 was undertaken
using data from a pilot study. It was estimated that sample
sizes of 19 per group would have 80% power to detect
differences between groups with a mean change of 2.5 with
standard deviations of the changes of 3.0 in each group at
𝑝 = 0.05 (1-tailed). Forty-five participants were recruited to
accommodate for a possibly 20% drop-out rate.

2.3. Randomisation and Blinding. Participants were ran-
domly allocated into a treatment or a placebo group.
The randomisation schedule was prepared by an indepen-
dent academic using a computer-generated blocked random
sequence.The code was kept by the independent academic in
an inaccessible locked computer file. The preparations were
distributed in numerical order, matching the participants’
enrolment number with the number on the intervention
label. Opaque code break envelopes were produced to deal
with any serious adverse effects and kept by the unit’s research
coordinator, who was not involved in themanagement of this
trial, and accessed by the researchers on an as needed basis.
The codewas not broken until the trial was completed and the
database was locked.The code was broken in two steps, firstly
allocation to group A or B to allow blinded statistical analysis
and secondly into actual treatment allocation on completion
of the analysis.

The researchers, the participants, and the statistician were
blinded to treatment allocation.

2.4. Study Medication. The study preparation VSL#3 [VSL
Pharma,USA]was a sachet of a proprietary blend of probiotic
bacteria containing 450 billion viable lyophilised bacteria
Streptococcus thermophilus, Bifidobacterium breve, Bifidobac-
terium longum, Bifidobacterium infantis, Lactobacillus aci-
dophilus, Lactobacillus plantarum, Lactobacillus paracasei,
and Lactobacillus delbrueckii subsp. bulgaricus. The prepara-
tion is not listed on the Australian Register of Therapeutic
Goods (TGA) and was subject to a CTN notification.

A placebo was made up with the same excipient base as
the active formulation, which is maltose derived from corn,
and was identical in size, weight, and packaging to the active
medicine.

Study preparations were taking one sachet orally with
water or juice with both the morning and evening meals for
12 weeks. Instructions were given to use noncarbonated and
nonheated beverages.

2.5. Outcome Measures. The primary efficacy outcome mea-
sure was microbial counts and a comparison between base-
line and end of the study of predominant, pathogenic, and
opportunistic bacteria (colony forming units (CFUs) per
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Table 1: Targeted microbiota.

Predominant bacteria Opportunistic bacteria
and fungi

Pathogenic bacteria Parasites

Bacteroides sp. Achromobacter Helicobacter sp. Blastocystis hominis
Clostridia sp. Alcaligenes sp. Campylobacter sp. Cryptosporidium sp.
Prevotella sp. Aeromonas sp. Clostridium difficile Entamoeba sp.
Fusobacteria sp. Bacillus sp. E. coliH1:O157 Entamoeba histolytica
Streptomyces sp. Citrobacter sp. Entamoeba coli
Mycoplasma sp. Enterobacter sp. Dientamoeba fragilis
Lactobacillus sp. Klebsiella oxytoca Endolimax nana
Bifidobacterium sp. Klebsiella pneumoniae Trichomonas sp.
Escherichia coli Morganella morganii Giardia intestinalis

Pseudomonas sp. Ascaris lumbricoides

Salmonella sp. Enterobius vermicularis

Staphylococcus aureus Necator americanus

Saccharomyces sp. Strongyloides sp.

Candida albicans Taenia solium

Geotrichum sp. Trichuris trichiura

Rhodotorula sp. Schistosoma mansoni
Clonorchis sinensis

gram of faeces), yeasts (parts per gram of faeces), and
detection or nondetection of parasites.

Secondary efficacy outcome measures included urinary
metabolomics and faecal lactoferrin.

Safety outcomemeasurements included safety blood (full
blood count, liver function tests, and urea, creatinine, and
electrolytes values) and adverse event monitoring.

All measurements were taken at baseline and at the end
of the 12-week study period.

2.6. Microbiology. Participants collected a faecal specimen
and placed it into three conical tubes; one containing forma-
lin, another containing culture and sensitivity media, and the
third conical containing a nucleic acid extraction buffer. The
refrigerated specimens were sent toMetametrix� Laboratory
(Duluth, Atlanta, GA, USA) for microscopic and molecular
analysis as described by Scott et al. [20].The targetmicrobiota
included in the analysis are presented in Table 1.

2.7. Urinary Metabolomics. Urinary organic acids that
are products of dietary, bacterial, protozoal, or fungal
metabolism in the luminal gut were measured as 𝜇g/mL at
baseline and again at week twelve in both treatment arms
(placebo and probiotic-supplemented group) by Metametrix
Laboratory (Atlanta, GA, USA).

Participants collected a first morning midstream sam-
ple after initial voiding (10–12mL). The participants were
instructed to freeze the urine specimen after collection.
Women were asked not to collect specimens when menstru-
ating. Frozen specimens were transported to the laboratory
using refrigerated transport.

2.8. Faecal Lactoferrin. On receipt of faecal samples at
Metametrix Laboratory, and before DNA-PCR analysis, fae-
cal samples were assessed specifically for lactoferrin. The
methodology employed is now proprietary to Genova Diag-
nostic Laboratories (Asheville, North Carolina, USA).

2.8.1. Adherence to a Gluten-Free Diet (GFD): The Three-Day
Diet Diary. A three-day diet diary instrument was employed
to assess adherence to a GFD. Participants were asked to list
what they had consumed, including foods, fluids, and med-
ications and their brand names and how they had prepared
or purchased them, that is, at home or at a food outlet, over
a three-day period at baseline and during week six and week
twelve.The diet diary was then analysed for sources of gluten,
in conjunction with an in-depth nutritionist consultation
(conducted by Joanna Harnett). If foods containing gluten
were reported in the initial diet diary or in the nutritional
consultation, participants were excluded. At weeks six and 12,
gluten was recorded and considered a confounding factor in
the analysis.

2.9. Safety Assessment

2.9.1. Safety Blood. Safety blood measures (full blood count,
liver function test, and electrolytes, urea, and creatinine
values) were undertaken at baseline and at the end of
the study. Blood was collected by a trained phlebotomist
and analysed by laboratories accredited with the National
Association of Testing Authorities (NATA), Sonic Health
Care Laboratories in Sydney (Sonic-Douglas Hanly Moir),
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Wollongong (Southern IML Pathology) and the North Coast
of New South Wales (Sullivan & Nicolaides).

2.9.2. Adverse Events. Participants were required to immedi-
ately report to the study coordinator any events, medication
additions, or changes. Details of ill health events andmedica-
tion changes were recorded and discussed by telephone and
at the final interview. Serious ill health and severe stress, for
example, hospitalisation, were grounds for withdrawal from
the trial and reported as serious adverse events.

2.10. Compliance. All remaining sachets were returned to
the study site at the final interview and counted. It was
assumed that any sachets not returned had been taken. Full
compliance was equivalent to one sachet taken twice daily
for twelve weeks (168 sachets). Compliance was recorded as
doses missed out of a total of 168 sachets.

2.11. Statistical Analysis. The statistical packages used were
SPSS PASW�Statistics GradPack 18 and version 20 SPSS.
Significance was assumed if 𝑝 ≤ 0.05.

Basic descriptive statistics were conducted to describe
the characteristics of the sample population and check the
variables for any violation of the assumptions underlying the
statistical techniques planned to answer the research ques-
tions. Demographic and health indicator data were analysed
using independent t-tests, analysis of variance (ANOVA),
and chi-square in order to determine the homogeneity of
the allocation of participants to placebo and active treatment
groups.

The primary outcome was the existence of changes in
faecal microorganisms from baseline to week twelve for the
two groups. Analysis of quantitative counts of predominant
bacteria and phyla classes was conducted with a two-way
repeated measures ANOVA, with the repeated time factor
baseline and week twelve, and between subject treatment
groups (probiotic or placebo), where the interaction of time
and group effect was the main interest. Some variables were
not normally distributed and therefore did not meet the
assumptions of parametric statistical tests. If skewness was
deemed to be nonnormal, that is, greater or less than zero
[21], transformation of data was conducted.Where indicated,
a logarithmic transformation log 10(𝑥)was conducted before
an ANOVA.

Analysis of binary data for pathogenic and opportunistic
bacteria,mycology, andparasiteswas conductedwith a Logis-
tic Generalised Estimated Equation (GEE) with a repeated
time factor baseline and week twelve and between groups
(probiotic or placebo), where the interaction of time and
group was the main effect.

3. Results

3.1. Demographics. Seventy-five people were screened by
phone against the inclusion and exclusion criteria. This
resulted in 45 in-person interviews and 45 subsequent enrol-
ments (37 females and 8 males) between the two study sites;
Sydney (𝑛 = 31) and Lismore (𝑛 = 14). The mean age of

the participants at baseline was 47.3 years. The participants
resided in New South Wales (𝑛 = 43) and the Australian
Capital Territory (𝑛 = 2) of Australia.

3.2. Participant’s Clinical Characteristics. All participantsmet
the diagnostic criteria/definition of CoeD outlined by The
Australian Coeliac Association. All participants reported
partial symptom improvement in response to the GFD but
were troubled by some residual gastrointestinal symptoms
and fatigue. Symptomsweremild tomoderate, as rated froma
baseline validated Celiac Disease Questionnaire (CDQ) [22].
The symptoms measured included urgency to defecate, loose
stools, abdominal discomfort and cramping, bloating and
flatulence, incomplete defecation, eructation, and nausea.

With the exception of two participants, all participants
reported the normalisation of serology. Not all participants
who reported normalisation of serology after 12-month
adherence to a GFD had a follow-up biopsy (see Table 2). A
baseline clinical assessment determined the absence of red
flags, that is, severe and persistent symptoms, unexplained
weight loss or fever, blood in the stool, or black stools. All
participants were under the care of a medical doctor or
gastroenterologist.

Withdrawals.Three participants withdrew in the intervention
stage of the clinical trial. Two participants from the placebo
group had difficulty in complyingwith the study protocol and
one participant in the probiotic group withdrew due to the
study medication worsening their constipation.

Serious Adverse Events. There were three serious adverse
events reported during the study, all of whom were taking
placebo and each case was deemed unlikely to be associated
with the study medication. One 51-year-old female had an
allergic reaction resulting in angioedema at week 6 of the
trial requiring oral steroids; she continued taking the study
medication and reported it to the study supervisors at week
12. A 31-year-old female travelling in Europe broke her
thumb and wrist and also developed pneumonia requiring
hospitalisation which was reported at the end of the trial.
A 61-year-old female had routine surgery soon after trial
completion which was complicated by bilateral deep vein
thrombosis. All data of the three participant was retained
in the dataset as they had a complete set of results prior to
reporting the adverse events. Furthermore, the events were
deemed unlikely to be related to the placebo medication.

3.3. Adverse Events. VSL#3 was generally well tolerated with
two participants on the placebo and two participants on the
active arm reporting mild bloating.

3.4. Compliance. The results of an independent t-test showed
that there was no significant difference (𝑝 = 0.488) between
the placebo group (𝑛 = 21) and the active group (𝑛 = 21) in
number of dosesmissed. Compliance in this studywas 95.2%.

3.5. Final Dataset. Complete data was analysed for forty-two
participants between 18 and 74 years of age (yoa), with amean
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Table 2: Comparison of demographic health indicators.

Demographic and health indicators
𝑛 (%) Placebo (𝑛 = 21) Probiotic (𝑛 = 21) 𝑝 value

Age mean (±SD) 47.5 (±12.87) 47.1 (±16.06) 0.924
Gender: males 4 (18) 3 (14) 0.946
Gender: females 17 (77) 18 (85) 0.946
Proton pump inhibitor use 4 (18) 4 (19) 0.271
Antidepressant use 4 (18) 3 (14) 0.644
Anti-inflammatory use 2 (9) 2 (9) 0.964
No family history of CD 13 (59) 16 (76) 0.474
Family history of CD 9 (40) 7 (33) 0.474
No improvement of villous architecture
>12 months of GFD 1 (4) 1 (4) 0.975

Partial improvement of villous
architecture after >12 months of GFD 8 (36) 12 (57) 0.975

Full villous architecture restoration after
>12 months of GFD 5 (22) 5 (23) 0.975

No follow-up biopsy conducted 5 (22) 5 (23) 0.975
Having a tonsillectomy 11 (50) 12 (57) 0.843
Breast-feeding for 6–12 months 8 (36) 8 (38) 0.887
>3 course of antibiotics in first 12 months
of life 13 (59) 13 (61) 0.975

>3 respiratory infections in first 12
months of life 13 (59) 15 (71) 0.975

Known food intolerance other than
gluten 11 (50) 12 (57) 0.843

No known food intolerance other than
gluten 11 (50) 11 (52) 0.887

age of 47.5; 21 participants in the active group between 18
and 74 yoa, mean age of 47.1 (±16.06) years, with a mean
body mass index (BMI) of 23.64 kg/m2; and 21 participants
in the placebo group between 23 and 66 yoa, mean age of 47.5
(±12.87) years, and a mean BMI of 23.2 kg/m2.

The two groups did not differ significantly (𝑝 ≥ 0.05)
in any of the comparisons measured at baseline including
age, gender, medication use, family history of CoeD, degree
of villous architecture recovery, food intolerance, and early
childhood microbiome influences (Table 2).

Forty participants reported partial to full normalisation
of serology (𝑛 = 30) or villous architecture repair (𝑛 = 10)
prior to the study commencing. One participant in the active
group and one participant in the placebo group reported
persistent villous atrophy accompanied by mild to moderate
gastrointestinal symptoms.

A sensitivity analysis for homogeneity was conducted by
removing the two participants with persistent villous atrophy.
The removal of their data did not alter any of the comparative
microbiota reported.

3.6. Predominant, Opportunistic, and Pathogenic Bacteria.
Descriptive statistics for the predominant bacteria showed
that only Streptomyces sp. (𝑝 = 0.058) differed between
the two groups at baseline and week 12. At week 12 only,

Mycoplasma sp. (𝑝 = 0.026) differed between the two groups
(Table 3). The results of repeated measure ANOVA showed
a significant change in the counts of Streptomyces sp. (𝑝 =
0.02) by the treatment effect (Table 4). The bacterial species
Bifidobacteria (𝑝 = 0.001) showed a significant reduction and
Escherichia coli (𝑝 = 0.005) showed a significant increase over
time. Estimated means and results of Bonferonni-adjusted
pairwise comparisons showed a significant time response of
the predominant bacteria Bifidobacteria sp. and Escherichia
coli (Table 5).

Generalised Estimated Equations (GEE) showed a
decrease in the detection rate of H. pylori over time in
both groups to be close to reaching significance (𝑝 < 0.08)
(Table 6).

There was no significant difference for our principal
comparison of interest, the time by treatment effect for any
predominant (Table 4), opportunistic, or pathogenic bacteria
measured (Table 7).

3.7. Mycology. Results of the cross tabulations showed that
the probiotic group had significantly higher prevalence of
Saccharomyces sp. at baseline (𝑝 = 0.02) than the placebo
group (Table 6). The results of the logistic GEE for mycology
showed that Saccharomyces sp. counts reduced significantly
with treatment (𝑝 = 0.04).Therewas no significant difference
by time and treatment for any fungi measured (Table 7).
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Table 3: Descriptive statistics for the counts of predominant bacteria between treatment groups by measurement occasion.

Predominant bacterial
species measures Week Probiotic group: counts of CFU/g faeces Placebo group: counts of CFU/g faeces

𝑛 Mean SD Min Max 𝑛 Mean SD Min Max

Bacteroides sp. 0 23 4.1 2.72 1.7 11.9 22 4.0 2.29 1.5 8.0
12 21 5.6 5.39 1.9 24.0 21 4.6 2.57 1.7 12.4

Clostridia sp. 0 23 4.4 2.09 1.8 9.1 22 3.8 1.62 1.9 7.4
12 21 4.4 2.93 1.6 10.7 21 4.6 2.42 1.4 9.9

Prevotella sp. 0 23 4.2 2.59 1.5 13.6 22 3.2 1.67 1.6 7.4
12 21 3.3 1.73 1.7 8.5 21 2.9 1.33 1.7 5.8

Fusobacteria sp. 0 23 4.5 3.51 1.9 13.2 22 4.3 3.06 1.7 13.4
12 21 4.9 7.18 1.4 34.8 21 3.8 2.84 1.3 10.2

Streptomyces sp. 0 23 3.9 1.98 1.7 9.9 22 3.0 1.34 1.6 6.7
12 21 4.1 2.15 1.5 9.2 21 3.2 2.04 1.7 9.8

Mycoplasma sp. 0 23 3.3 1.34 1.6 6.4 22 3.4 1.73 1.7 8.3
12 21 4.3 2.46 1.9 9.8 21 2.9 1.13 1.6 5.4

Lactobacillus sp. 0 23 4.3 2.30 1.8 11.3 22 6.5 6.41 1.8 29.8
12 21 4.6 3.48 1.5 17.3 21 6.2 6.63 2.1 32.0

Bifidobacteria sp. 0 23 5.2 2.91 2.2 11.8 22 5.1 2.41 1.8 9.5
12 21 4.8 3.22 1.9 15.2 21 3.4 1.45 1.5 7.6

Escherichia coli sp. 0 23 3.7 1.92 1.6 8.3 22 3.3 1.44 1.6 6.4
12 21 5.0 2.86 1.5 11.7 21 4.0 2.36 1.7 10.2

Predominant bacterial
total counts

0 23 38.06 8.95 23.3 58.7 22 36.8 10.75 23.6 75.3
12 21 41.34 15.35 22.3 73.4 21 36.0 12.18 24.5 68.0

A count of 4.1 = 4.1 E7 CFU/g is read as 41 million colony forming units per gram of faeces.

Table 4: ANOVA predominant bacteria results, 𝑝 values (log
10
transformed data).

Predominant bacteria Treatment Time Time by treatment
Bacteroides sp. 0.686 0.198 0.992
Clostridia sp. 0.831 0.589 0.162
Prevotella sp. 0.279 0.800 0.279
Fusobacteria sp. 0.772 0.270 0.806
Streptomyces sp. 0.022 0.794 0.990
Mycoplasma sp. 0.097 0.719 0.106
Lactobacillus sp. 0.239 0.880 0.656
Bifidobacteria sp. 0.245 0.001 0.137
Escherichia coli sp. 0.235 0.051 0.516
Total counts of predominant bacterial sp. 0.252 0.877 0.458

Table 5: Bonferroni-adjusted pairwise comparisons of predominant bacteria measures that changed significantly with time.

Predominant bacteria Week Mean SD Lower CI (95%) Upper CI (95%) Multiple
comparison

Bifidobacteria sp. 1 5.40 E7 0.412 0.443 2.109 1 vs 12
𝑝 = 0.00412 4.12 E7 0.386 3.340 4.904

Escherichia coli 1 3.662 E7 0.265 3.129 4.195 1 vs 12
𝑝 = 0.03612 4.551 E7 0.405 3.713 5.349

Mean counts expressed as E7 CFU/g (e.g., 5.40 E7 is read as 54 million colony forming units per gram of faeces).
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Table 6: Cross tabulations: detection rate of parasites, pathogenic bacteria, opportunistic bacteria, and fungi between treatment groups by
measurement occasions.

Parasite Week
Probiotic group Placebo group

Chi-square fisher exact testNot detected
𝑛 (%)

Detected
𝑛 (%)

Not detected
𝑛 (%)

Detected
𝑛 (%)

General parasite 0 2 (8.7) 21 (91.3) 2 (9.1) 20 (90.9) 0.679
12 5 (23.8) 16 (76.2) 6 (28.6) 15 (71.4) 0.500

Parasite unknown taxonomy 0 3 (13) 20 (87) 2 (9.1) 20 (90.9) 0.522
12 7 (33.3) 14 (66.6) 8 (38.1) 13 (61.9) 0.500

Blastocystis hominis 0 20 (87) 3 (13) 17 (77.3) 5 (22.7) 0.324
12 20 (95.2) 1 (4.8) 17 (81) 4 (19) 0.172

Dientamoeba sp. 0 22 (95.7) 1 (4.3) 21 (95.5) 1 (4.5) 0.744
12 21 (100) 0 (0) 20 (95.2) 1 (4.8) 0.500

Necator americanus
(Hookworm)

0 21 (91.3) 2 (8.7) 21 (95.5) 1 (4.5) 0.517
12 19 (90.5) 2 (9.5) 20 (95.2) 1 (4.5) 0.500

Trichuris sp.
(Whipworm)

0 21 (91.3) 2 (8.7) 22 (100) 0 (0) 0.256
12 19 (90.5) 2 (9.5) 21 (100) 0 (0) 0.244

Enterobius vermicularis
(Pinworm)

0 22 (95.7) 1 (4.3) 19 (86.4) 3 (13.6) 0.287
12 21/100 0/0 19/90.5 2 (9.5) 0.244

H. pylori 0 16 (69.6) 7 (31.4) 12 (54.5) 10 (45.5) 0.398
12 16 (76.2) 5 (32.8) 15 (71.4) 6 (29.6) 0.533

Escherichia haemorrhagic coli 0 20 (87.0) 3 (13) 21 (95.5) 1 (4.5) 0.405
12 18 (85.7) 3 (13.3) 21 (100) 0 (0) 0.357

Streptococcus sp. 0 1 (4.5) 21 (95.5) 0 (0) 20 (100) 0.524
12 0 (0) 21 (100) 1 (5.3) 18 (94.7) 0.475

Enterococcus sp. 0 4 (19) 17 (81) 3 (15) 17 (85) 0.529
12 9 (47.4) 10 (52.6) 9 (50) 9 (50) 0.567

Aeromonas sp. 0 23 (100) 0 (0) 21 (95.5) 1 (4.5) 0.489
12 20 (95.2) 1 (4.8) 21 (100) 0 (0) 0.500

Klebsiella oxytoca 0 22 (95.7) 1 (4.3) 22 (100) 0 (0) 0.511
12 21 (100) 0 (0) 21 (100) 0 (0) UAC

Achromobacter sp. 0 22 (95.7) 1 (4.3) 22 (100) 0 (0) 0.511
12 21 (100) 0 (0) 19 (90.5) 2 (9.5) 0.500

Bacillus sp. 0 23 (100) 0 (0) 20 (90.9) 2 (9.1) 0.335
12 21 (100) 0 (0) 21 (100) 0 (0) UAC

Morganella morganii 0 22 (95.7) 1 (4.3) 21 (95.5) 1 (4.5) 0.368
12 20 (95.2) 1 (4.8) 21 (100) 0 (0) 0.500

Citrobacter sp. 0 22 (95.7) 1 (4.3) 22 (100) 0 (0) 0.511
12 21 (100) 0 (0) 21 (100) 0 (0) UAC

Total opportunistic bacteria
detected

0 20 (87) 3 (13) 18 (81.8) 4 (18.2) 0.474
12 18 (85.7) 3 (14.3) 19 (90.5) 2 (9.5) 0.500

Candida sp. 0 18 (78.3) 5 (21.7) 12 (54.5) 9 (40.9) 0.190
12 17 (81) 4 (19) 13 (61.9) 8 (38.1) 0.306

Sacharromyces sp. 0 19 (82.6) 4 (17.4) 11 (50) 11 (50) 0.020
12 17 (81) 4 (19) 14 (66.7) 7 (33.3) 0.242

UAC denotes “unable to calculate” due to the specified organisms not being present in any participants in one or both treatment arms.
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Table 7: GEE 𝑝 values for the opportunistic and pathogenic bacteria, fungi, and parasites.

Bacteria Treatment Time Time by treatment
Total opportunistic bacteria 0.95 0.65 0.52
Morganella morganii UAC UAC UAC
Citrobacter UAC UAC UAC
Aeromonas sp. 0.98 UAC UAC
Klebsiella pneumonia UAC UAC UAC
Staphylococcus sp. UAC UAC UAC
Achromobacter sp. 0.97 UAC UAC
Klebsiella oxytoca UAC UAC UAC
Helicobacter pylori 0.42 0.08 0.59
Enterohemorrhagic E. coli UAC UAC UAC
Candida sp. 0.06 0.53 0.88
Saccharomyces sp. 0.04 0.41 0.34
General Parasite DNA detected with known
taxonomy 0.830 0.016 0.841

Blastocystis hominis 0.211 0.137 0.343
Dientamoeba sp. UAC UAC UAC
Parasite taxonomy unavailable 0.892 0.002 0.514
Trichuris trichiura UAC UAC UAC
Enterobius vermicularis UAC UAC UAC
Necator americanus 0.583 0.094 0.565
UAC denotes “unable to calculate” due to the specified organisms not being present in any participants in one or both treatment arms.

3.8. Parasites. There was no difference between groups in
the detection rate of parasites (Table 6). The logistic GEE
results showed the general parasite incidence (𝑝 = 0.002) and
parasites with an unknown taxonomy (𝑝 = 0.01) reduced
significantly over time (𝑝 < 0.016) in both groups with no
significant difference for treatment or time for any parasites
measured (Table 7).

3.9. Urinary Organic Acids. A significant time by treatment
effect for the reduction of urinary D-lactate measures (𝑝 =
0.004) was observed between groups at week 12 with a
decrease in the probiotic group compared to the placebo.

3.10. Blood Safety Parameters. A statistically significant time
by treatment and treatment effect was observed for blood
urea levels. Analysis for outliers showed skewing by one
participant’s urea result being elevated at both baseline and
week 12; therefore, this was unlikely to be a group effect.
Sensitivity analysis with this participant excluded did not
yield any statistical significance.

4. Discussion

This is the first human study to have measured the microbio-
logical effects of a multiple species gram-positive probiotic in
individuals with CoeD. The results demonstrated no signifi-
cant differences between the active and placebo groups in the
primary outcome measure and faecal microflora counts.

These results differed significantly from the positive
outcomes reported in other conditions measuring the effect

of VSL#3 on the microbiota of patients with ulcerative colitis
[23] and pouchitis [24].

The results of the gastrointestinal microbiome reported
in this study were supported by the results of a secondary
outcome measure that evaluated the participant’s symptoms
and quality of life. The questions included in the validated
CoeD specific questionnaire developed by Häuser and col-
leagues [22] are presented in the Appendix. No clinically
significant improvement in symptoms was observed between
groups. This finding will be reported in detail elsewhere.
Briefly here, scores were calculated using scores obtained
from participants’ self-reporting. Participants were asked to
score twenty-eight questions on a scale of 1–7 at baseline
and at weeks four, eight, twelve, and 16 of the study period.
The questions were categorised into four subscales (emotion,
worry, and social and gastrointestinal symptoms). The four
subscales’ scores were then calculated to provide a score for
the individual areas of interest.The collective total score of the
four subscales was calculated at baseline and at week twelve.

A number of potential limitations need to be considered
when interpreting the results of this study including pop-
ulation homogeneity, laboratory methodology, study med-
ication, dose and duration of therapy, blinding, microbial
survival, and potential placebo interference. Each of thesewill
be discussed briefly.

It is known that that causes of persistent symptoms in
treated CoeD are relatively heterogeneous [25]. A recent
meta-analysis reported 30% of individuals with CoeD
reported IBS-type symptoms despite adherence to a GFD
[26]. Furthermore, altered duodenal microflora has been
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proposed as a potential cause of persistent symptoms [10],
and that treatment with probiotics and/or prebiotics could
be useful [27]. Nevertheless, the homogeneity of this study
may have been compromised through our global treatment
approach and the inclusion of participants whose residual
symptoms may have been from multiple nonserious causes.
Based on the evidence available at the time this study
was conducted, it was considered that probiotics may play
a beneficial role in the general causes of mild-moderate
persistent symptoms in individuals with CoeD [25, 28–30].
Probiotics have been demonstrated to be beneficial in small
intestinal bacterial overgrowth [31]; lactose intolerance [32];
pancreatic insufficiency [33]; poorly absorbed short chain
carbohydrates [34]; intestinal permeability [35]; and irritable
bowel syndrome [36]. Future studies could consider each
of these causes as a specific subgroup. The homogeneity of
the study population may have been further compromised
by relying on self-reporting of serology and biopsy results
following adherence to a GFD.

Transportation of specimens is often raised as a potential
methodological concern. Poor transportation practices may
result in the continued growth of organisms, which in turn
may lead to a significant change in the balance of microbes
present. Many aerobes will grow at the expense of anaerobes
in nutrient broth transport media. This limitation was over-
come in this present study by using formalin and nucleic
acid extraction buffer which prevents continued growth of
organisms [20], thus improving the capacity to detect and
quantify anaerobic bacteria.

A contribution from this study was the analysis of yeasts
and fungi and parasites. A real limitation of this present
study was that the laboratory assessment of faecal specimens
did not include counts of Streptococcus sp. and Enterococcus
sp. as the laboratory had not established algorithms for
the quantitative computation of these microorganisms. This
resulted in not being able to report the recoverable numbers
of Streptococcus sp. which is a constituent of VSL#3.

A variety of molecular techniques have been employed
to explore the bacterial communities in the gastrointestinal
tracts of individuals with CoeD [3, 4, 37] yielding similar
results to our baselinemeasures.The analysis of both baseline
and follow-up specimens was conducted as one batch to
improve scientific rigor and reduce any risk of bias. As with
all methodologies, it is important to consider the validity of
the results reported against the specificity and experimental
variability of the method employed [38]. The scientific rigor
of this study could have been further enhanced by having
a second laboratory replicate and validate the laboratory
methods on a random set of samples.

A potential limitation is nonviability of the study med-
ication. We undertook a range of quality assurance process
to ensure that this was unlikely including verification of our
randomisation coding; independent laboratory analysis of
biological viability of the active probiotic and the placebo;
and verification that manufacturers, transporters, and par-
ticipants had stored the study medication in refrigerated
conditions.

There are few human studies that have measured the
faecal microbial composition changes in response to the

administration of VSL#3. In the prevention of pouchitis,
one study reported a significant increase in lactobacilli, Bifi-
dobacteria, and S. thermophilus after 6 months of treatment
of 900 billion CFUs per day of VSL#3 that correlated with
improvement in other disease indices [39]. This was at the
same dose as used in this study but double the duration.
Three studies in ulcerative colitis have demonstrated positive
changes in disease indices after administration of VSL#3 [40–
42]. Two administered 3600 billion CFUs per day for 8 weeks
and one 1800CFUs for 12 weeks. All of these studies used
double to four times the dosage used in our study which is
an important factor to consider in future research.

Since the completion of this study, the literature regarding
the efficacy of different treatment periods for probiotics has
emerged. Ritchie and Romanuk’s [43] meta-analysis reported
efficacy for treatments of one to two weeks, three to four
weeks, and five to eight weeks, with treatments of nine to 24
weeks having significantly higher efficacy than those of three
to four weeks. These findings were supportive of our earlier
decision to give VSL#3 for a 12-week period.

Sachets of the study materials were opened by the study
coordinator (Joanna Harnett) at the end of the study and the
appearance of the powders differed in colour and texture.
These changes may or may not have been there since the
commencement of the study and we recommend that other
researchers using probiotics seek quality assurance of the
identical nature of the active and placebo and any changes
over time from the manufacturer. While we considered that
it was unlikely that participants would be aware of any
differences between the active and placebo powders as they
were dispensed in individual sachets, we are aware that these
differences affect the veracity of the blinding procedure.

It is perplexing as to why no difference in the faecal
counts of theBifidobacteria and Lactobacillus species between
groups was observed. It is plausible that the probiotic species
did not survive the physiological environment of the upper
gastrointestinal tract [44]. Viable counts of bacteria need to
make their way to the small and large intestine, where they
exert their beneficial effects [45]. The buffering capacity of
food on the survival of probiotic microbes during gastroin-
testinal transit has been proposed suggesting that nonenteric
coated bacterial probiotic products should be taken with or
just before a meal and that the meal should contain some fats
[46].Wedid not control fat content in this studywhich should
be considered in future research. Further studies would be
advised to consider trialling enteric coated probiotic formulas
with meals containing fat to aid in circumventing digestive
acids and enzymes.

Another possible explanation for seeing no difference in
the faecal microbial counts between groups, while largely
speculative, is that the placebo may have exerted an effect on
the microbiological measures. Both groups received maltose,
as either 6 g in the placebo armor 2.4 gmaltose as an excipient
in the active arm. Energy sources enable a complex cycle of
cross-feeding, growth, and metabolic activity. Maltose is a
disaccharide and technically a food source, and theoretically
any microbiological changes it may have caused could have
masqueraded as a time effect in both groups, rather than a
time by treatment effect. Individuals with CoeD frequently
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have a transient disaccharidase lactase deficiency [25]; how-
ever, less was known regarding disaccharidase maltase defi-
ciency in this population. Since the completion of this trial,
children with CoeD with intact villi were shown to have
significant disaccharidase deficiencies, including a maltase
deficiency [47]. Although a number of positive outcome
RCTs have been published using VSL#3 using maltose as a
placebo, it is important to note that these studies were in
patient populations who have not been reported as having a
higher prevalence of disaccharidase deficiencies [41, 48, 49].

Paradoxically, all three bacterial species of VSL#3 are
major producers of lactic acid; yet their administration for
twelve weeks appears to have led to a decrease in lactate.
Lactate accumulates only when there is fast fermentation. If
substrates are fermented slowly, D-lactate is converted into
beneficial short chain fatty acids (SCFAs) [50]. One possible
explanation is that VSL#3 changed the fermentation rate of
the intestinal milieu but we are able to neither attribute that
change to a specific organism nor prove it. Further studies
should considermeasuring changes to faecal SCFAs. Another
possible explanation is that there was a D-lactate-producing
organism, which we did notmeasure, reducing in numbers in
response to the administration of the probiotic.

Decreases in Faecal H. pylori over time across the entire
group nearly reached significance. This suggests that per-
haps some participants may have had a transient infection.
Transient H. pylori infection with spontaneous resolution,
without intervention, has been described [51] H. pylori is the
most successful human pathogen, infecting an estimated 50%
of the global population [51]. H. pylori is rightly classified
as a formidable pathogen and is the first bacterium to be
classified as a carcinogen by the World Health Organisation:
it infects up to half the world’s population, although disease
is the exception rather than the rule [52]. In a clinical setting,
further information regarding the significance of the faecal
detection of H. pylori would be obtained from the results
of a urea breath test and faecal antigens [51] which may be
valuable additions to a research protocol.

5. Conclusion

VSL#3 did not significantly change the gastrointestinal
microbial counts measured in a subgroup of individuals
with CoeD with persistent symptoms at 900CFUs over 12
weeks. Future research should look at increasing the dosage
and duration to determine if these factors were responsible
for this negative result. Further research is required to
understand whether the reductions observed in urinary D-
lactate have any specific metabolomic significance.

Appendix

The Celiac Disease Questionnaire CDQ:
Health-Related Quality of Life Index for Adult
Patients with Celiac Disease

This questionnaire has been developed to find out how
you have been feeling during the last two weeks. You will

be asked about symptoms related to your celiac disease,
your general well-being, and your mood. The questionnaire
includes 28 questions. Each question offers seven possible
answers ranked (1) to (7). Please read each question carefully
and tick the answer that best describes how you felt during the
past two weeks. If an item does not apply to you (e.g., sexual
activity), please leave the question unanswered.

(1) How many times during the past two weeks was your
life affected by a sudden urge to visit a bathroom for a bowel
movement?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(2) How often during the last two weeks did you feel
physically exhausted or fatigued?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(3) How often during the last two weeks have you felt
frustrated, impatient, or restless?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(4) How many times during the last two weeks did you
refuse or avoid an invitation for dinner with friends or
relatives due to your celiac disease?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time
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(5) How often during the last two weeks have your bowel
movements been loose?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(6)Howmuch intellectual energy did you have during the
last two weeks?

(1) No energy at all
(2) Very little energy
(3) Little energy
(4) Some energy
(5) A moderate amount of energy
(6) Lots of energy
(7) I was full of energy

(7) How many times during the last two weeks were
you concerned that your children could inherit or may have
inherited your celiac disease?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(8) How many times during the last two weeks have you
been troubled by cramps in your abdomen?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(9) Did you encounter any difficulties with recreational
activities or sports due to your celiac disease during the last
two weeks?

(1) Extreme difficulties, no activities possible
(2) Very considerable difficulties
(3) Considerable difficulties
(4) Some difficulties

(5) Minor difficulties
(6) Hardly any difficulties
(7) No difficulties, celiac disease did not affect my recre-

ational activities or sports

(10) How often during the last two weeks did you feel
depressed or discouraged?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(11) How many times during the last two weeks did you
suffer from bloating or flatulence?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(12) People with celiac disease often have worries and
fears related to their disease. How many times during the
last two weeks did you worry about or were afraid of getting
cancer as a result of your celiac disease?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(13) How many times during the last two weeks were you
affected by a feeling of incomplete bowel evacuation?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(14) How often during the last two weeks have you felt
relaxed and free of tension?
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(1) None of the time
(2) Hardly any of the time
(3) A little of the time
(4) Some of the time
(5) A good bit of the time
(6) Most of the time
(7) All of the time

(15) How many times during the last two weeks did you
feel isolated from or excluded by others due to your celiac
disease?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(16) Howmuch of the time during the last twoweeks have
you felt tearful or upset?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(17) How many times during the last two weeks did you
suffer from repeated belching?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(18) To what extent did your celiac disease restrict your
sexual activity during the last two weeks?

(1) No sex due to celiac disease
(2) Considerable restraint due to celiac disease
(3) Moderate restraint due to celiac disease
(4) Some restraint due to celiac disease
(5) Little restraint due to celiac disease
(6) Almost no restraint due to celiac disease

(7) No restraint due to celiac disease

(19) How many times during the last two weeks did you
suffer from nausea or retching?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(20) How many times during the last two weeks did you
feel that important people such as members of your family
or friends showed a lack of understanding for your celiac
disease?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(21) How satisfied, happy, or pleased have you been with
your personal life you during the last two weeks?

(1) Very unsatisfied, mostly unhappy
(2) Generally unsatisfied, unhappy
(3) Somewhat unsatisfied, unhappy
(4) Generally satisfied, pleased
(5) Most of the time satisfied, happy
(6) Most of the time very satisfied, happy
(7) Very satisfied, could not be happier or more pleased

(22) How many times during the last two weeks did
you feel that colleagues or superiors showed a lack of
understanding for your celiac disease?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(23) How many times during the last two weeks did you
feel limited in your professional training or career by your
celiac disease?

(1) All of the time
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(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(24) How many times during the last two weeks did you
feel burdened by the expenses and time required obtaining
gluten-free food?

Modified.Howmany times during the last two weeks did you
feel burdened by difficulties obtaining gluten-free food?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(25) How many times during the last two weeks did
you feel burdened by problems with your health or pension
insurance provider regardingmeeting the costs of gluten-free
food or other celiac therapies?

Modified.Howmany times during the last two weeks did you
feel burdened by problems regarding financing (e.g., costs,
prescription, and reimbursement) gluten-free food or other
celiac therapies?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(26) How many times during the last two weeks did you
experience lack of expertise regarding celiac disease from
your doctors?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(27) How many times during the last two weeks did you
worry that your celiac disease was diagnosed too late?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

(28) How many times during the last two weeks did you
suffer from fear of medical examinations in relation to your
celiac disease, for example, blood withdrawal or enteroscopy?

(1) All of the time
(2) Most of the time
(3) A good bit of the time
(4) Some of the time
(5) A little of the time
(6) Hardly any of the time
(7) None of the time

CDQ-Realization and Interpretation

Instructions to the Investigator and the Patient. The CDQ is
presented to the patient that he can find the instructions of
how to answer the questions at the beginning of the ques-
tionnaire. It takes about 10 minutes to answer the questions.
The patient should be instructed to answer the questions by
himself and not to ask any other persons such as partners. If
the patient has completed the CDQ, the investigator should
control that all questions are answered and ask if the patient
has any questions regarding the CDQ and its interpretation.

Interpretation of the CDQ. The subscale scores result from an
addition of the items of the respective subscale. Figure 1 can
be used to calculate the scores.

Test Interpretation. The subscale scores range between 0
and 49 in each subscale. The total score ranges between 0
and 196. High scores are indicative of a high health-related
quality of life; low scores indicate a reduced health-related
quality of life. Up to 1 missing item of each subscale can
be substituted by the individual median of the other items
of the subscale. If more than 1 item of one scale is not
answered, the scores cannot be used for scientific studies.
Gender differences (women with celiac disease as well as
women in the general population report lower HRQOL than
men, Häuser et al. [22]) should be considered. In case of
group comparisons and different sex ratios compared to the
German sample, the scores should be adjusted by multiple
regression analysis. If multiple measurements (such as those
in intervention studies) are performed, differences of ≥12
within the total score and ≥3 within each subscore can be
regarded to be a minimum important clinical difference
for intraindividual comparisons. For comparisons of groups,
changes of ≥1/2 standard deviation can be regarded to be a
minimum important clinical difference [53].
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Emotion (E)

Social (S)

Worries (Wo)

Gastrointestinal (GI)

6

Total (To)

10 14 16 21+ + + + + +63Item 2

18 20 22 23+ + + + + +159Item 4

25 26 27 28+ + + + + +2412Item 7

11 13 17 19+ + + + + +85Item 1

E S Wo GI+ + +

= E

= S

= Wo

= GI

= To

Figure 1

Copyright. The use of the CDQ for clinical studies without
license fees is possible after written confirmation of the
authors of the CDQ. Requests should be send to whaeuser@
klinikum-saarbruecken.de.

Literature. See [22, 53].
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This study was designed to investigate the effect of Aurantii fructus immaturus flavonoid (AFIF) on the contraction of isolated
gastric smooth muscle in rats and explore its underlying mechanisms. Isolated antral longitudinal smooth muscle strip (ALSMS)
and pyloric circular smooth muscle strip (PCSMS) of rats were suspended in tissue chambers. The responses of ALSMS and
PCSMS to administration of AFIF were observed. Cyclic guanosine monophosphate (cGMP) and protein kinase G (PKG)
levels of PCSMS were measured by ELISA kits. In this study, AFIF showed no significant effect on ALSMS contraction, but it
dose-dependently reduced the mean contraction amplitude of PCSMS. When the concentration of AFIF reached 3000 𝜇g/mL,
6000 𝜇g/mL, and 10000 𝜇g/mL, its inhibitory effect on PCSMS contraction was significant. This effect of AFIF was weakened in
Ca2+-rich environment. And N𝜔-nitro-L-arginine methyl (L-NAME), the inhibitor of nitric oxide synthase (NOS), significantly
inhibited AFIF’s action in comparison with control (𝑃 < 0.05). After incubation with AFIF for 30 min, levels of cGMP and PKG
in PCSMS were significantly increased compared with control (𝑃 < 0.05). Our results suggest that AFIF has a dose-dependent
diastolic effect on PCSMS in rats, which may be related to the regulatory pathway of NO/cGMP/PKG/Ca2+.

1. Introduction

Functional dyspepsia (FD) is a disease defined as persistent
or recurrent postprandial upper abdominal discomfort and
epigastric pain in the absence of any organic, systemic, or
metabolic diseases in the Rome III criteria [1]. According to a
systemic review, FD has a high prevalence of 11.5%∼14.5% all
over the world [2], and it markedly reduces patients’ quality
of life [3, 4]. Gastric emptying dysfunction is recognized as
one of the pathogenic factors of FD and causes the main
clinical symptoms of this disease [5]. Unfortunately, existing
prokinetic drugs are still not satisfactory to promote the
symptoms of FD.

Recently, therapeutic effects of Chinese herbals and their
extracts on FD have been paid a close attention [6]. Aurantii
fructus immaturus (AFI), the dry fruit of Citrus aurantium L.
andCitrus sinensisOsbeck, is one of themainChinese herbals
to treat gastrointestinal disorders. Previous study has shown

that AFI contributes to the treatment of FD [7]. As the major
effective constituent of AFI [8], Aurantii fructus immaturus
flavonoid (AFIF) can promote gastric empting process in FD
rats [9]. However, the mechanism of the therapeutic effect of
AFIF is not yet clear, and AFIF’s action on isolated gastric
muscle strips has not been reported.

As we know, antrum and pylorus are two important
functional units in gastric emptying process. The normal
conduct of gastric emptying process depends on the contrac-
tion of antral muscle, the relaxing of pyloric muscle, and the
coordination of these two functional units. And the pathway
of NO/cGMP/PKG contributes to the regulation of gastric
muscle contraction by regulating Ca2+ influx process.

In this paper, we studied AFIF’s action on isolated antral
muscle strips and pyloric muscle strips in rats to investigate
whether it promotes antral muscle contraction or weak-
ens pyloric muscle contraction. To explore the connection
between AFIF’s action and the influx of extracellular Ca2+,
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we studied AFIF’s action in different Ca2+ environment.
To explore the mechanisms of AFIF’s action based on
NO/cGMP/PKG pathway, we studied the effect of L-NAME
on AFIF’s action and measured the cGMP and PKG levels of
muscle strips after AFIF incubation.

2. Materials

2.1. Animals. Male Sprague-Dawley rats, obtained from the
Vital River Laboratories, China, and weighing 290–310 g,
were used. The animals were accommodated in suitable con-
ditions (at 22∘C and fed ad libitum).The study was conducted
in accordance with the principles of the National Institute of
Health Guide for the Care and Use of Laboratory Animals,
and permission was received from the local ethics committee
of Beijing Hospital of Traditional Chinese Medicine.

2.2. Drugs and Reagents. AFIF (batch number: 20140305,
made and identified by Jiangxi Qingfeng Pharmaceutical
Co., Ltd. for Drug Control) was dispensed into different
concentrations with Krebs solution, respectively. The follow-
ing reagents were used: acetylcholine chloride (batch num-
ber: A6625, Sigma-Aldrich Co. LLC), neostigmine bromide
(batch number: N2001, Sigma-Aldrich Co. LLC), atropine
sulfate (batch number: 1306281, Beijing Hospital of Tradi-
tional Chinese Medicine), and N𝜔-nitro-L-arginine methyl
(L-NAME, batch number: N5751, Sigma-Aldrich Co. LLC).
Krebs solution had the following composition in mmol/L:
NaCl 120.6, KCl 5.9, NaH

2
PO
4
1.2, MgCl

2
1.2, NaHCO

3

15.4, CaCl
2
2.5, and C

6
H
12
O
6
11.5. Rat cyclic guanosine

monophosphate (cGMP) ELISA kit (batch number: KGE003,
R&D systems) and rat protein kinase G (PKG) ELISA kit
(batch number: EY-(Ela)-2763, Shanghai Yi Yan Biological
Technology Co., Ltd., China) were used to measure the levels
of cGMP and PKG.

2.3. Apparatus. CH-1015 super thermostatic bath was from
Shanghai Yueping Scientific Instrument Co., Ltd., China.
Flowing apparatuswas fromAD Instruments, Australia:MLT
02021D external isometric force transducer, PL 3508-0028
four-channel recorder, ML 0146/C-V Panlab Four-Chamber
Organ Bath, ML110 Powerlab amplifier, and PowerLab/4SP
data processing and analysis system.

3. Methods

3.1. Tissue Preparation. All rats were fasted with free access to
water for 20 hours. Each rat was hit to lose consciousness and
the whole stomach was removed. The stomach was opened
along greater curvature and rinsed with Krebs solution.
Muscle strips (8mm × 2mm) cut parallel to longitudinal
fibers of the antrum were named as antral longitudinal
smooth muscle strips (ALSMS), and muscle strips (8mm
× 2mm) cut parallel to circular fibers of the pylorus were
named as pyloric circular smooth muscle strips (PCSMS)
[10]. Each strip with the mucosa removed was suspended in a
tissue chamber containing 15mL Krebs solution, constantly
warmed by circulating water jacked at 37∘C and supplied
with a mixed gas of 95% O

2
and 5% CO

2
. One end of each

strip was fixed to a hook on the bottom of the chamber
while the other end was connected by a thread to an external
isometric force transducer (MLT 02021D) at the top. Each
strip was subjected to 1 g load tension and washed with 15mL
Krebs solution every 15 minutes. The contractions of strips
were simultaneously recorded by PL 3508-0028 four-channel
recorder and analyzed by PowerLab/4SP data processing and
analysis system. After equilibrating for 1 h to get a stable
baseline, whose mean contraction amplitude was recognized
as 100%, 5 𝜇L of normal saline (NS) was added as control
(AFIF concentration was 0𝜇g/mL). Tissue preparation was
done before each experiment.

3.2. Experiments

3.2.1. AFIF’s Effect on the Contraction of Gastric Smooth
Muscle Strips. AFIF was added to the bath continuously
at intervals of 5min, so that the cumulative concentra-
tion of AFIF in each chamber reached 3 𝜇g/mL, 30 𝜇g/mL,
300 𝜇g/mL, 3000𝜇g/mL, 6000𝜇g/mL, and 10000 𝜇g/mL step
by step; the contraction amplitude and contractile frequency
of each strip were observed.

3.2.2. Effect of Extracellular Ca2+ Concentration on AFIF’s
Action. 15mL of Ca2+-lack Krebs solution (Ca2+ concentra-
tion was 1.25mmol/L) or Ca2+-rich Krebs solution (Ca2+
concentration was 5mmol/L) was put into each chamber
instead of normal Krebs solution (Ca2+ concentration was
2.5mmol/L).ThenAFIFwas added to each bath continuously
at intervals of 5min, so that the cumulative concentra-
tion of AFIF in each chamber reached 3 𝜇g/mL, 30 𝜇g/mL,
300 𝜇g/mL, 3000 𝜇g/mL, 6000𝜇g/mL, and 10000𝜇g/mL.The
PCSMS contraction amplitude and contractile frequency
were observed.

3.2.3. AFIF’s Action on Abnormal Contraction of Gastric
Muscle Strips. Acetylcholine chloride (0.35 𝜇mol/L), neostig-
mine (1 𝜇mol/L), or atropine (1 𝜇mol/L) was added to the
bath, respectively, to induce the abnormal contraction of
PCSMS before AFIF administration. Then AFIF was added
to each bath continuously at intervals of 5min, so that the
cumulative concentration of AFIF in each chamber reached
3 𝜇g/mL, 30 𝜇g/mL, 300𝜇g/mL, 3000 𝜇g/mL, 6000𝜇g/mL,
and 10000𝜇g/mL. The PCSMS contraction amplitude and
contractile frequency were observed.

3.2.4. Effect of L-NAME on AFIF’s Action. Strips were
incubated with L-NAME (10−4mol/L) for 20min before
AFIF administration. Then AFIF was added to each bath
continuously at intervals of 5min, so that the cumulative
concentration of AFIF in each chamber reached 3000 𝜇g/mL,
6000𝜇g/mL, and 10000𝜇g/mL.The contraction amplitude of
each PCSMS was observed.

3.2.5. AFIF’s Effect on cGMP and PKG Levels of Gastric
Muscle Strips. AFIF (6000𝜇g/mL) or NS was added to each
chamber containing PCSMS after the incubation for 30min.
Then cGMP and PKG levels of these PCSMS were measured.
The testing procedures were carried out according to the
instructions of ELISA kits.
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Figure 1: AFIF’s action on the mean contraction amplitude of
ALSMS. 𝑛 = 9. The administration of AFIF (3 𝜇g/mL, 30 𝜇g/mL,
300 𝜇g/mL, 3000 𝜇g/mL, 6000 𝜇g/mL, and 10000 𝜇g/mL) did not
change the mean contraction amplitude of ALSMS significantly
compared with control.
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Figure 2: Effect of AFIF on spontaneous contraction of ALSMS
recorded by PL 3508-0028 four-channel recorder. AFIF showed no
significant influence on ALSMS contraction. Neither the mean con-
traction amplitude nor the mean contractile frequency of ALSMS
changed significantly.

3.3. Statistical Analysis. All experimental data were analyzed
with one-way analysis of variance or independent 𝑡-test using
SPSS 20.0 software (SPSS, Chicago, IL, USA) and expressed as
mean ± SD. 𝑃 < 0.05 was considered statistically significant.

4. Results

4.1. AFIF Showed No Significant Effect on the Contraction of
ALSMS. Administration of AFIF affects neither the mean
contraction amplitude (Figures 1 and 2) nor the mean con-
tractile frequency (Table 1 and Figure 2) of ALSMS.

4.2. AFIF Had a Concentration-Dependent Inhibitory Action
on the Mean Contraction Amplitude of PCSMS, Which Was
Negatively Correlated with Ca2+ Concentration. The mean
contraction amplitude of PCSMS was decreased by AFIF
treatment compared with control. This effect of AFIF was
concentration-dependent, which became significant when
the concentration of AFIF reached 3000𝜇g/mL, 6000𝜇g/mL,
and 10000 𝜇g/mL (𝑃 < 0.05,𝑃 < 0.01) (Table 2 and Figure 4).
This diastolic effect of AFIF on PCSMS was most obvious
in Ca2+-lack environment, and high Ca2+ concentration
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Figure 3: AFIF’s action on PCSMS contraction amplitude is neg-
atively correlated with Ca2+ concentration. 𝑛 = 10, b

𝑃 < 0.01

versus Ca2+-normal environment. AFIF’s action on PCSMS was
most obvious in low Ca2+ environment, and the high concentration
of Ca2+ weakened the diastolic effect of AFIF on PCSMS. When
AFIF concentration reached 10000 𝜇g/mL, the PCSMS contraction
amplitude in low Ca2+ environment was significantly lower than
Ca2+-normal environment (𝑃 < 0.01), while the PCSMS contrac-
tion amplitude in high Ca2+ environment was significantly higher
compared with the Ca2+-normal environment (𝑃 < 0.01).

Table 1: AFIF’s action on the mean contractile frequency of ALSMS
(mean ± SD).

Administration 𝑁
Mean contractile frequency
(beat per minute, BPM)

NS (control) 9 6.26 ± 0.60
AFIF, 3𝜇g/mL 9 6.39 ± 0.97
AFIF, 30𝜇g/mL 9 6.03 ± 0.49
AFIF, 300 𝜇g/mL 9 5.88 ± 0.75
AFIF, 3000 𝜇g/mL 9 5.96 ± 1.23
AFIF, 6000𝜇g/mL 9 5.69 ± 0.81
AFIF, 10000𝜇g/mL 9 5.46 ± 0.88

significantly weakened AFIF’s action (𝑃 < 0.01) (Figures 3
and 4).

4.3. AFIF (10000 𝜇g/mL) Showed an Inhibitory Action on
the Mean Contractile Frequency of PCSMS. AFIF showed a
concentration-dependent inhibitory action on themean con-
tractile frequency of PCSMS, but it is significant only when
the concentration of AFIF reached 10000 𝜇g/mL (Table 3).

4.4. AFIF Corrected the Enhanced Contraction Amplitude of
PCSMS Induced by Acetylcholine Chloride or Neostigmine and
Further Reduced the Diminished Contraction Amplitude of
PCSMS Induced by Atropine. Pretreatment of acetylcholine
chloride (0.35 𝜇mol/L) and neostigmine (1 𝜇mol/L) increased
the baseline of PCSMS contraction amplitude, while atropine
(1 𝜇mol/L) decreased it. AFIF corrected the enhanced con-
traction of PCSMS induced by acetylcholine chloride or
neostigmine and further reduced the diminished contraction
amplitude of PCSMS induced by atropine (Table 4).
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Table 2: AFIF concentration dependently reduced the mean contraction amplitude of PCSMS in different Ca2+ environment (mean ± SD).

Administration 𝑁
Mean contraction amplitude (%)

Ca2+-lack Ca2+-normal Ca2+-rich
NS (control) 10 100.03 ± 3.40 101.81 ± 3.35 97.38 ± 7.35
AFIF, 3 𝜇g/mL 10 98.06 ± 4.97 97.60 ± 2.92 98.26 ± 6.47
AFIF, 30 𝜇g/mL 10 95.04 ± 11.34 95.39 ± 7.71 93.92 ± 5.16
AFIF, 300 𝜇g/mL 10 84.47 ± 19.37 82.88 ± 19.89 81.85 ± 10.32
AFIF, 3000 𝜇g/mL 10 59.96 ± 22.09b 52.60 ± 17.82b 70.95 ± 22.02a

AFIF, 6000 𝜇g/mL 10 34.15 ± 31.03b 40.58 ± 18.29b 47.45 ± 17.39b

AFIF, 10000 𝜇g/mL 10 3.96 ± 9.00b 24.31 ± 16.90b 34.78 ± 16.33b
a
𝑃 < 0.05 and b

𝑃 < 0.01 versus control.

Table 3: AFIF’s action on the mean contractile frequency of PCSMS (mean ± SD).

Administration 𝑁
Mean contractile frequency (beat per minute, BPM)

Ca2+-lack Ca2+-normal Ca2+-rich
NS (control) 10 3.58 ± 0.79 3.57 ± 0.56 4.30 ± 0.83
AFIF, 3 𝜇g/mL 10 3.63 ± 0.74 3.52 ± 0.53 4.37 ± 0.96
AFIF, 30 𝜇g/mL 10 3.68 ± 0.90 3.49 ± 0.54 4.28 ± 0.81
AFIF, 300 𝜇g/mL 10 3.57 ± 0.60 3.39 ± 0.74 4.37 ± 0.91
AFIF, 3000 𝜇g/mL 10 3.62 ± 1.47 3.49 ± 1.09 4.69 ± 0.89
AFIF, 6000 𝜇g/mL 10 2.16 ± 2.10 3.0 ± 0.96 4.16 ± 0.74
AFIF, 10000 𝜇g/mL 10 0.62 ± 1.40b 1.63 ± 1.30b 2.75 ± 1.60b
b
𝑃 < 0.01 versus control.

Table 4: Effect of AFIF on mean contraction amplitude of PCSMS after pretreatments of Ach, neostigmine, or atropine (mean ± SD).

Administration 𝑁
Mean contraction amplitude (%)

Acetylcholine chloride Neostigmine Atropine
Pretreatment 7 197.15 ± 35.45 501.95 ± 109.74 70.89 ± 11.04
AFIF, 3 𝜇g/mL 7 156.05 ± 17.67 422.00 ± 153.11 72.54 ± 13.81
AFIF, 30 𝜇g/mL 7 154.02 ± 24.67 418.91 ± 128.05 70.80 ± 14.47
AFIF, 300 𝜇g/mL 7 156.94 ± 28.02 384.70 ± 79.80 67.23 ± 17.47
AFIF, 3000 𝜇g/mL 7 130.39 ± 19.52b 299.94 ± 82.59a 45.08 ± 14.38b

AFIF, 6000 𝜇g/mL 7 90.40 ± 22.20b 166.69 ± 76.85b 38.80 ± 19.69b

AFIF, 10000 𝜇g/mL 7 52.64 ± 23.01b 76.62 ± 65.47b 15.03 ± 22.90b
a
𝑃 < 0.05 and b

𝑃 < 0.01 versus pretreatment.

4.5. AFIF ShowedNo Significant Effect on theMeanContractile
Frequency of PCSMS after the Pretreatment of Acetylcholine
Chloride, Neostigmine, or Atropine. AFIF showed no signif-
icant inhibitory effect on the mean contractile frequency of
PCSMS after pretreatment (Table 5).

4.6. L-NAME Significantly Weakened AFIF’s Action on the
Contraction Amplitude of PCSMS. Comparing to the incu-
bation of NS (control), L-NAME (10−4mol/L, 20min) signif-
icantly reduced the relaxation of PCSMS induced by AFIF
(Figure 5).

4.7. AFIF Significantly Increased the cGMP and PKG
Levels of PCSMS. Comparing with NS incubation, AFIF
(6000𝜇g/mL) incubation for 30min significantly increased
the cGMP and PKG levels of PCSMS measured by ELISA
kits (𝑃 < 0.01, 𝑃 < 0.05) (Table 6).

5. Discussion

Recently, Chinese herbals have been paid a close attention
as effective treatments of functional dyspepsia [6], and
some of them have been proved to regulate the contrac-
tion of gastrointestinal isolated muscle strips [10–12]. AFI,
a member of the family Rutaceae, named as “Zhishi” in
Chinese medicine, is used to “Po-Qi Chu-Pi (regulating qi-
flowing and treating fullness)” and improve the symptoms of
dyspepsia. It has been proved to promote gastric emptying
process [13] and becomes a commonly used drug for the
treatment of functional dyspepsia. It also has been verified
by in vitro experiment that AFI decreases the contractility
of isolated gastric muscle strips in rats [14]. AFIF, the major
effective constituent of AFI [8], has been reported to promote
gastric emptying in rats as well [9]. However, themechanisms
of AFIF’s therapeutic effect have not been clarified, and
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Table 5: Effect of AFIF on mean contractile frequency of PCSMS after pretreatments of Ach, neostigmine, or atropine (mean ± SD).

Administration 𝑁
Mean contractile frequency (beat per minute, BPM)

Acetylcholine chloride Neostigmine Atropine
Pretreatment 7 4.36 ± 1.51 5.26 ± 1.48 4.11 ± 0.85
AFIF, 3 𝜇g/mL 7 4.43 ± 1.43 5.63 ± 2.24 4.11 ± 0.70
AFIF, 30 𝜇g/mL 7 4.25 ± 1.49 5.04 ± 0.78 4.15 ± 0.67
AFIF, 300 𝜇g/mL 7 4.23 ± 1.41 4.51 ± 0.60 4.18 ± 0.54
AFIF, 3000 𝜇g/mL 7 4.55 ± 1.35 4.19 ± 0.39 4.28 ± 0.77
AFIF, 6000 𝜇g/mL 7 4.24 ± 1.30 4.05 ± 0.88 3.48 ± 1.52
AFIF, 10000 𝜇g/mL 7 3.52 ± 2.05 3.36 ± 1.59 1.37 ± 1.76
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Figure 4: Effect of AFIF on spontaneous contraction of PCSMS
in different Ca2+ environment recorded by PL 3508-0028 four-
channel recorder. Low concentration (below 3000 𝜇g/mL) of AFIF
had no influence on PCSMS contraction. When the concentration
of AFIF reached 3000 𝜇g/mL, 6000 𝜇g/mL, and 10000 𝜇g/mL, AFIF
decreased the mean contraction amplitude of PCSMS clearly. The
diastolic effect of AFIF on PCSMS was most obvious in Ca2+-lack
environment, and high Ca2+ concentration clearly weakened AFIF’s
action.

AFIF’s action on isolated gastric muscle strips has not been
published yet.

Gastric emptying dysfunction is considered to be an
important pathogenic factor in functional dyspepsia, which
induces clinical symptoms of FD [5, 15]. However, existing
prokinetic agents are not always satisfactory to promote
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Figure 5: AFIF’s action on PCSMS contraction amplitude after
the pretreatment of L-NAME. 𝑛 = 6, b

𝑃 < 0.01 versus control.
Neither L-NAME nor NS significantly changed the baseline of
PCSMS contraction amplitude (𝑃 > 0.05). However, after the
incubation of L-NAME for 20min, the effect of AFIF on PCSMS
contraction amplitude was inhibited. When AFIF concentration
reached 3000 𝜇g/mL, 6000 𝜇g/mL, and 10000 𝜇g/mL, the mean
contraction amplitude of PCSMS incubated with L-NAME was
significantly higher than control (𝑃 < 0.01).

Table 6: Effect of AFIF incubation on the cGMP and PKG levels of
PCSMS (mean ± SD).

Incubation 𝑁 cGMP (pg/mg) PKG (nM/mg)
NS 7 1.51 ± 0.15 27.41 ± 3.53
AFIF (6000 𝜇g/mL) 7 1.78 ± 0.12b 31.60 ± 3.44a
a
𝑃 < 0.05 and b

𝑃 < 0.01 versus control.

the gastric emptying process of FD patients. Recent studies
confirmed that some FD patients’ gastric contractility is
hyper rather than diminished [16], and the hyper pyloric
contractility can cause the dysfunction of gastric emptying
[17, 18]. Some experts argued that pylorus is an independent
unit of resistance in gastric emptying process [19], and
relaxing pyloric sphincter muscle is a feasible way to regulate
gastrointestinal motility and improve FD symptoms [20].
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As we know, the intracellular Ca2+ homeostasis is the
basis for maintaining normal contraction and relaxation of
smooth muscle. Extracellular Ca2+ can be charged or dis-
charged by muscle cells through the cell membrane, leading
to the increase or decrease of intracellular Ca2+ concentra-
tion, which causes the contraction or relaxation of smooth
muscle. It is well known that nitric oxide (NO) is one of the
most important regulatory factors in alimentary tract which
adjust the gastrointestinal motility. It activates intracellular
guanylate cyclase to catalyze guanosine triphosphate (GTP)
and generate cGMP, which further activates PKG to prevent
the influx of extracellular Ca2+ and induces a decrease of
intracellular Ca2+ concentration, causing smooth muscle
relaxation. The reported study also demonstrated that NOS
decreases Ca2+ concentration in muscle cells by upregulating
cGMP level [21].

Previous animal experiments have proved that AFIF
upregulates NO concentration in serum [22] and NO can
accelerate gastric emptying by inhibiting the contraction of
pylorus [23]. According to a recent study [24], Poncirus fruc-
tus, another member of the family Rutaceae which is closely
related to AFI, can reduce the smooth muscle contraction
of experiment animals, and this action can be significantly
inhibited by L-NAME.

In this study, AFIF did not show any significant effect on
the contraction of ALSMS, but it showed a concentration-
dependent inhibitory action on the spontaneous contraction
of PCSMS. AFIF’s inhibitory action on the mean contraction
amplitude of PCSMS was significant when its concentration
reached 3000 𝜇g/mL, 6000𝜇g/mL, and 10000 𝜇g/mL. And
its effect on the contractile frequency of PCSMS was sig-
nificant only when its concentration reached 10000 𝜇g/mL.
In another experiment, we used Ach and neostigmine to
induce the enhancing of PCSMS contraction which can
partly simulate the abnormally enhanced contraction of
pylorus. In this experiment, AFIF effectively corrected the
pathological condition of PCSMS contraction. Our research
also showed that AFIF’s action was negatively correlated with
Ca2+ concentration in the bath, which demonstrated that
the diastolic effect of AFIF on PCSMS is likely to be related
to inhibiting extracellular Ca2+ influx and downregulating
intracellular Ca2+ concentration. Our results also showed
that L-NAME significantly weakened AFIF’s diastolic effect
on PCSMS contraction. And AFIF (6000𝜇g/mL) incubation
increased the levels of cGMP and PKG in PCSMS signif-
icantly. These results demonstrated that the diastolic effect
of AFIF on PCSMS is probably achieved by activating NOS
and associated with upregulating cGMP and PKG levels.
However, the specific composition of AFIF working in this
process still remains to be further studied.

6. Conclusions

As themajor effective constituent of AFI, AFIF has a diastolic
effect on PCSMS. This effect of AFIF is closely related to
activating NOS, upregulating cGMP and PKG levels, and
downregulating intracellular Ca2+ concentration of smooth
muscle. Our study may partly elucidate the mechanism of

AFIF’s action in the treatment of FD and provide some ideas
for the complementary and alternative therapies.
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TongXie-YaoFang (TXYF) can effectively alleviate the symptoms of diarrhea-predominant irritable bowel syndrome (D-IBS)
patients. However, the curative mechanism has not been fully clarified.The study was designed to investigate the effect of TXYF on
the colonic ion transport induced by serotonin (5-HT) in D-IBS rats. A method of multiple stress (neonatal maternal separation
(NMS) combined with restraint stress (RS)) was used to induce the D-IBS model. The model rats were randomly divided into
two groups: NMS + RS group and TXYF-formula group, and the normal control (no handling) rats were classified as NH
group. In the NMS + RS group, the change of short-circuit current (Δ𝐼sc) induced by 5-HT was lower than that in the NH
and TXYF-formula groups. After removing of the extracellular Cl− or HCO

3

− or basolateral Na+ or blocking the cystic fibrosis
transmembrane conductance regulator (CFTR), Na+-K+-2Cl− cotransporter (NKCC), Na+-HCO

3

− cotransporter, Cl−/HCO
3

−

exchanger, K+ channel, or Na+/K+-ATPase, respectively, there was no difference in 5-HT-induced Δ𝐼sc among the three groups.
These data suggest that TXYF can regulate 5-HT-induced Cl− and HCO

3

− secretion, possibly mediated by the combined action of
CFTR, NKCC, Na+-HCO

3

− cotransporter, Cl−/HCO
3

− exchanger, K+ channel, and Na+/K+-ATPase.

1. Introduction

Diarrhea-predominant irritable bowel syndrome (D-IBS)
is a chronic functional gastrointestinal disease, which is
characterized by abdominal pain/discomfort and diarrhea
without the demonstrable pathological evidence according to
Rome III criteria [1]. As one of the most frequent subtypes of
IBS patients, the D-IBS patients have lower quality of life than
the other subtypes [2, 3]. However, as amultifactorial disease,
the pathogenesis of D-IBS is complex and has not been
fully understood as yet. Hence, the therapeutic effect has not
been satisfactory for patients, although multiple medications
have been developed as the optional therapies including
loperamide, bile acid sequestrants, antispasmodics, tricyclic
antidepressants, and rifaximin [4–9]. Currently, a series of
randomized controlled trials have shown that Traditional
Chinese Medicine (TCM) such as the representative for-
mula TongXie-YaoFang (TXYF) can significantly alleviate the
symptoms and improve the quality of life in D-IBS patients

[10, 11]. However, the mechanism of the therapeutic effect has
not been known, which limits the application of TXYF on a
larger scale.

Serotonin (5-HT) is an important monoamine neu-
rotransmitter in the brain-gut axis, which makes a great
contribution to the onset and development of D-IBS. The
hyperactivity of 5-HT has been found in D-IBS patients,
which is recognized to be related with the disturbed vis-
ceral sensitivity, epithelium secretion, and smooth muscle
contraction [12–14]. In the physiological studies, it has been
shown that 5-HT as a potent secretagogue produces a signif-
icant effect on the intestinal ion transport including Cl− or
HCO
3

− secretion via multiple ion channels, cotransporters,
and exchangers such as the cystic fibrosis transmembrane
conductance regulator (CFTR), Na+-K+-2Cl− cotransporter
(NKCC), Na+-HCO

3

− cotransporter, Cl−/HCO
3

− exchanger,
or K+ channel, all of which are related to the creation of
osmotic pressure for dragging fluid into the enteric cavity
[15, 16]. At present, much work has confirmed the changes of
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5-HT-induced intestinal ion transport under stress [17] or in
diarrheal diseases [18]. However, in D-IBS as a disease which
is closely related to chronic stress and could be manifested by
the symptom of diarrhea [19], it still remains unclear whether
the altered ion transport induced by 5-HT is present. Further
whether TXYF-formula can work on the ion transport also
needs to be explored. Hence, the aims of this study were to
investigate the effect of TXYF on 5-HT-induced ion transport
in D-IBS rats and meanwhile explore the related mechanism.

2. Materials and Methods

2.1. Animals. Sprague-Dawley male rats (postnatal day 1)
were obtained from Vital River Laboratories Animal Tech-
nology Co., Ltd. (Beijing, China), and kept in Dongzhimen
Hospital Affiliated to Beijing University of ChineseMedicine.
All the rats were housed under a 12-hour light/dark cycle
(lights on at 8:00 a.m.) with a standard temperature (21–
23∘C) and humidity (50% ± 5%) and had access to food and
water ad libitum. In this study, female rats were excluded to
eliminate the possible effects of estrogen or the other female
hormones on the secretory and sensory responses in the
intestine [20]. All manipulations were performed between
8:00 a.m. and 11:00 a.m. every day to minimize the influence
of circadian rhythms. On postnatal day 22, all the litters were
weaned and kept in the individual cages with 3-4 pups per
cage.

The study was performed according to the institutional
ethical guidelines and conformed to the requirements of
the Institutional Animal Care and Use Committee of Bei-
jing University of Chinese Medicine. All animal care and
experimental procedureswere approved by theAnimal Ethics
Committee of Dongzhimen Hospital Affiliated to Beijing
University of Chinese Medicine.

2.2. Neonatal Maternal Separation (NMS) Combined with
Restraint Stress (RS). On postnatal days 2–21, the neonatal
maternal separation was conducted as previously described
[21, 22]: the NMS + RS litters were removed from their home
cages and separated from their maternal rats for 3 hours each
day. During the period of separation, the litters stayed alone
in the compartments, where the temperature was maintained
at 23 ± 0.5∘C in a thermally regulated facility. The litters were
returned to their home cages immediately after separation.
The normal control litters remained in their home cages with
their maternal rats all the time.

On postnatal days 50–59, the restraint stress was per-
formed as follows [23, 24]: the NMS + RS rats were placed
in a transparent plastic restraint cylinder (4 × 4 × 18 cm3) for
3 hours, in which they couldmove forward and backward but
could not turn around.

2.3. TXYF Composition and Administration. TXYF-for-
mula was composed of the following traditional Chinese
herbal medicines as recorded by the “Formulas of Chi-
nese Medicine” [25]: Baizhu (Rhizoma Atractylodis Macro-
cephalae) 93.75 g, Baishao (Radix Paeoniae Alba) 62.5 g,
Chenpi (Pericarpium Citri Reticulatae) 46.875 g, and

Fangfeng (Radix Saposhnikoviae) 31.25 g, which were com-
posed in 6 : 4 : 3 : 2 proportion. All raw materials in the for-
mula were examined according to the quality control criteria
in the Chinese Pharmacopoeia [26]. It was manufactured by
the Preparation Room for TCM of the Beijing Hospital of
Traditional Chinese Medicine.

The NMS + RS rats were divided into two groups (NMS
+ RS group and TXYF-formula group), and the normal
control (no handling) rats were classified as NH group.
From postnatal day 60, the rats in the TXYF-formula group
were given intragastric administration with TXYF-formula
(4.92 g/100 g/d). And the NH group and NMS + RS group
were given distilled water. The delivery volumes in each
group were always 2mL/100 g/d, serving twice a day, for 14
consecutive days.

2.4. Reagents and Apparatuses. The preparation of Krebs-
Henseleit solution (K-HS, in mmol/L) was as follows: NaCl
117, KCl 4.7, MgCl

2

1.2, NaHCO
3

24.8, KH
2

PO
4

1.2, CaCl
2

2.56, and glucose 11.1; K-HS without Cl−: NaCl, KCl, MgCl
2

,
and CaCl

2

were replaced by sodium gluconate, potassium
gluconate, magnesium gluconate, and calcium gluconate,
respectively; K-HS without HCO

3

−: NaHCO
3

was replaced
by NaCl and the solution was buffered with 10mmol/L
HEPES-free acid, bubbled with 100% O

2

; K-HS without Cl−
and HCO

3

−: sodium gluconate took the place of NaCl and
NaHCO

3

and potassium gluconate, magnesium gluconate,
and calcium gluconate took the place of KCl, MgCl

2

, and
CaCl
2

, respectively, with being buffered with 10mmol/L
HEPES and gassed with 100% O

2

; K-HS without Na+:
N-methyl-D-glucamine chloride (NMDGCl) and choline
HCO
3

took the place of NaCl and NaHCO
3

, respectively. If
needed, the osmolality was adjusted to 290mOsmol/L with
D-mannitol.

The following were used: 5-HT, batch number:
1001156278; indomethacin, batch number: 1001087688;N-phe-
nylanthranilic acid (DPC), batch number: 101078880;
CFTR(inh)-172, batch number: 6311; glibenclamide, batch
number: 1001068037; 4,4-diisothiocyano-2,2-stilbenedisul-
fonic acid (DIDS), batch number: 1001339605; bumetanide,
batch number: 101016760; amiloride, batch number: 101093389;
4-acetamido-4-isothiocyanatostilbene-2,2-disulfonic acid
(SITS), batch number: 1001208418; BaCl

2

, batch number:
1398; ouabain, batch number: 101354363. All reagents were
purchased from Sigma-AldrichCo.

A multichannel voltage-current clamp (VCC MC6) was
purchased from Physiologic Instruments Corporation; the
bridge amplifier (ML228) and the recording and analysis
system for the physiological data (Power Lab)were purchased
from AD Instruments Corporation.

2.5. Tissue Preparation. After treatment, all the rats in the
three groups were killed with the method of cervical dislo-
cation. The distal colon (6-7 cm from the anus) was removed
quickly, cut longitudinally along the mesenteric border, and
flushed with ice-cold K-HS. The tissue with the mucosal side
down was fixed onto a petri dish with silica gel in the bottom.
The petri dish was filled with ice-cold K-HS containing
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95% oxygen and 5% carbon dioxide. The serosal, muscular,
and submucous layers were carefully separated from the
mucosal layer with fine tweezers under a microscope. Then
themucosal layer was cut into small sheets with areas of more
than 0.5 cm2 for further measurement. Two sheets could be
obtained from one segment of the distal colon.

2.6. Ussing Chamber Experiment. The mucosal preparations
from the distal colon were mounted in the Ussing chamber
to measure the short-circuit current (𝐼sc). K-HS (5mL)
was injected into the two adjacent compartments of Ussing
chamber, respectively, with circulating 95% oxygen and 5%
carbon dioxide; the pH was maintained at 7.35–7.45 and the
temperature was at 37∘C. The tissues were left to incubate
for 60min to stabilize the electrical parameters. The voltage
across the tissues was clamped to zero and the basal 𝐼sc
was measured. After adding the drugs or blockers to the
basolateral or apical side for 30min, 5-HT (10 𝜇mol L−1) was
added to the basolateral side. 𝐼sc were recorded continu-
ously by a chart recorder. The changes in 𝐼sc (Δ𝐼sc) were
calculated to evaluate the ion transport by the difference
value before and after 5-HT stimulation and were normalized
as current per unit area of mucosa (𝜇A/cm2). To measure
the transmembrane resistance, electrical stimulation of 1mV
was applied and the resistance was calculated according to
Ohm’s Law. Indomethacin (10 𝜇mol L−1) was routinely added
to the basolateral side of the tissue to block the influence of
endogenous prostaglandins in the experiment [27].

2.7. Statistical Analysis. The statistical analyses were per-
formed by using SPSS 17.0 software (SPSS, Chicago, IL,
USA) and each value was expressed as means ± SEM. All
the original data in the study was distributed normally
and conformed to homogeneity of variance. The differences
among the three groupswere analyzed using one-way analysis
of variance (ANOVA) followed by least-significant difference
(LSD) test to compare the differences between two groups.
𝑃 < 0.05 was considered statistically significant.

3. Results

3.1. Effect of TXYF on the Basic Electrophysiological Properties
and 5-HT-InducedΔIsc. There were no significant differences
in the basal 𝐼sc, potential difference (PD), and transmem-
brane resistance (TR) among the three groups (𝑃 > 0.05,
Figures 1(a)–1(c)). After addition of 5-HT (10 𝜇mol L−1) in
the basolateral side, Δ𝐼sc in the NMS + RS group was reduced
more than that in the NH group; after treatment with TXYF,
Δ𝐼sc in the TXYF-formula group was significantly increased
compared with the NMS + RS group (𝑃 < 0.01, Figure 1(d)).

3.2. Effects of TXYF on 5-HT-Induced ΔIsc after Removal
of Cl−, HCO3

−, or Na+ from K-HS. When the Cl− and
HCO
3

− were removed from K-HS, respectively, there was no
significant difference in 5-HT-induced Δ𝐼sc among the three
groups; in the Cl−- and HCO

3

−-free K-HS, no significant
difference was found among the three groups as well (𝑃 >
0.05, Figure 2(a)). In addition, after removing the apical Na+

from K-HS, 5-HT-induced Δ𝐼sc was lower in the NMS + RS
group compared with the NH group (𝑃 < 0.01, Figure 2(b))
andTXYF-formula group (𝑃 < 0.05, Figure 2(b)). In contrast,
when the Na+-free K-HS was applied to the basolateral side
of the colonic mucosa, no significant difference was found
in 5-HT-induced Δ𝐼sc among the three groups (𝑃 > 0.05,
Figure 2(c)).

3.3. Effects of TXYF on the 5-HT-Induced ΔIsc after Appli-
cation of the Channel Blockers. Following the apical appli-
cation of a nonselective Cl− channel blocker, namely, DPC
(1mmol L−1), or glibenclamide (1mmol L−1) or CFTR(inh)-
172 (100 𝜇mol L−1), known as the cystic fibrosis transmem-
brane conductance regulator (CFTR) blockers, Δ𝐼sc induced
by 5-HT had no significant differences among the three
groups (𝑃 > 0.05, Figure 3(a)). In contrast, after a
Ca2+-dependent Cl− channel (CaCC) blocker, namely, DIDS
(500𝜇mol L−1), was added to the apical side, 5-HT-induced
Δ𝐼sc remained lower in the NMS + RS group than that in
the TXYF-formula group and NH group (𝑃 < 0.01, Fig-
ure 3(a)). Similarly, with the apical application of amiloride
(100 𝜇mol L−1), an epithelial Na+ channel (ENaC) blocker,
Δ𝐼sc induced by 5-HT was higher in NH and TXYF-formula
groups than that in NMS + RS group (𝑃 < 0.05, Figure 3(b)).
However, after basolateral application of the K+ channel
inhibitor, namely, BaCl

2

(5mmol L−1), there was no statistical
difference in 5-HT-inducedΔ𝐼sc among the three groups (𝑃 >
0.05, Figure 3(c)).

3.4. Effects of TXYF on the 5-HT-InducedΔIsc after Application
of the Cotransporter or Exchanger Inhibitors. In the presence
of bumetanide (100 𝜇mol L−1) in the basolateral side, an
inhibitor of Na+-K+-2Cl− cotransporter (NKCC), there was
no significant difference among the three groups in Δ𝐼sc
induced by 5-HT (𝑃 > 0.05, Figure 4). After the basolateral
addition of SITS (100 𝜇mol L−1), an inhibitor of Na+-HCO

3

−

cotransporter or Cl−/HCO
3

− exchanger, Δ𝐼sc induced by 5-
HThadno significant difference among the three groups (𝑃 >
0.05, Figure 4). Similarly, after the basolateral side was treated
with ouabain (1mmol L−1), a Na+/K+-ATPase inhibitor, Δ𝐼sc
was statistically insignificant among the three groups (𝑃 >
0.05, Figure 4).

4. Discussion

In the present study, it was found that TXYF could reg-
ulate the secretory maladjustment of Cl− and HCO

3

− in
D-IBS rats; when the colonic mucosa was pretreated with
the inhibitors of CFTR, NKCC, Na+-HCO

3

− cotransporter,
Cl−/HCO

3

− exchanger, K+ channel, or Na+/K+-ATPase, no
difference between TXYF and NMS + RS groups was found,
indicating that TXYF could regulate the anion transport via
these elements as CFTR, NKCC, Na+-HCO

3

− cotransporter,
Cl−/HCO

3

− exchanger, K+ channel, and Na+/K+-ATPase.
TXYF as a popular formula in TCM was first recorded

in Dan Brook Heart Law, which is a comprehensive med-
ical book edited in Yuan Dynasty. Four Chinese herbs are
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Figure 1: Comparison of basal electrophysiological properties and 5-HT-induced Δ𝐼sc of colonic mucosa among the three groups (means ±
SEM, 𝑛 = 18). Basal 𝐼sc (a); basal potential difference (PD) (b); basal transmembrane resistance (TR) (c); Δ𝐼sc induced by 5-HT (d). ∗𝑃 < 0.01
versus NH group; 𝑃 < 0.01 versus NMS + RS group.

included in the prescription, which are Baizhu (three Taels),
Baishao (two Taels), Chenpi (one and a half Taels), and
Fangfeng (one Tael). TXYF is a representative formula for
antidiarrhea and analgesia and recognized to be an alternative
therapy for D-IBS. A clinical study performed by Pan et al.
[10] showed that TXYF could significantly relieve the abdom-
inal pain/discomfort and improved the stool property in D-
IBS patients. A recent animal experiment also demonstrated
that TXYF could increase the pain threshold and decrease the
number of fecal pellets in IBS rats [28]. However, the curative
mechanism has not been clear although much work has been
done.

At present, although the pathogenesis of D-IBS has not
been understood clearly, the dysfunction of the brain-gut axis
has been recognized as one of themost important pathophys-
iologies, which is mainly regulated by a variety of brain-gut
peptides including 5-HT [29]. In D-IBS patients, increased
platelet-depleted plasma 5-HT concentration under fasting
and fed conditions was found [13]. Besides, in an animal
experiment, the 5-HT level in the distal colon, spinal cord,

and hypothalamus rose in D-IBS model rats as well [30],
which demonstrated that the upregulated level of 5-HT
contributed to the onset of D-IBS. In addition to regulating
intestinal motility and sensitivity, 5-HT as a potent intestinal
secretagogue plays an important role in maintaining the
balance of intestinal electrolyte and fluid, which is related to
the occurrence of diarrhea [31]. In our study, when exogenous
5-HT was added to the basolateral side of colonic mucosa,
𝐼sc increased in all the three groups. Besides, in NMS + RS
group, a decline in Δ𝐼sc was elicited compared with the NH
group.The result could be supported by another in vitro study
conducted by Goldhill et al. [32], in which it was found that
the wrap restraint stress rats displayed a reduced response to
5-HT. Further, after treatment with the TXYF-formula, the
mucosal response to 5-HT was restored to the similar level
to that observed in NH group, which showed that TXYF-
formulawas able to regulate the alteration of colonic secretion
induced by 5-HT in D-IBS rats.

However, interestingly, the secretion induced by 5-HT
in the colonic mucosa of the NMS + RS group was lower
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Figure 2: Comparison of 5-HT-induced Δ𝐼sc of colonic mucosa in Cl−-free, HCO
3

−-free, or Cl−- and HCO
3

−-free (a); apical Na+-free (b);
basolateral Na+-free (c) K-HS among the three groups (means ± SEM, 𝑛 = 6). ∗𝑃 < 0.01 versus NH group; 𝑃 < 0.05 versus NMS + RS
group.

than that in the NH group and TXYF-formula group, which
seemed contradictory to the hypersecretion of diarrhea.
Consider the possible reason that may be attributed to the
differences between in vivo and in vitro tests and related to
increase of 5-HT level or desensitization of 5-HT receptors
in the D-IBS rats. As in our previous study, the increased 5-
HT level and decreased 5-HT

4

receptor expression in D-IBS
rats have been demonstrated [33], but the specificmechanism
needed further discussion.

It is well known that, under normal conditions, Cl−
transport is the key link in maintaining the balance of
the intestinal electrolyte, which is secreted into the enteric
cavity and generates the osmotic driving force for water [34].
The general process of Cl− secretion has been elaborated
by Frizzell and Hanrahan [35]: the Cl− enters across the
basolateral membrane mediated by NKCC and is secreted

into the enteric cavity from the apical side via cAMP- and
Ca2+-dependent Cl− channels. In the present study, we found
that TXYF-formula was able to regulate the secretion of Cl−
induced by 5-HT. The supporting evidence was displayed as
follows: (1) in the normal K-HS, 5-HT-induced Δ𝐼sc in the
NMS+RS group differed significantly from that in theTXYF-
formula group, but when the extracellular Cl− was removed,
the difference disappeared; (2) after the apical application of
CFTR blockers or basolateral application of NKCC inhibitor
in the tissue, Δ𝐼sc had no statistical difference between the
NMS + RS group and TXYF-formula group. Besides, these
results also showed that CFTR and NKCC participated in the
effect of TXYF on the colonic Cl− transport. However, when
the CaCC was blocked, the statistical difference between the
NMS + RS group and TXYF-formula group still remained,
which implied that TXYF-formula regulated 5-HT-induced
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Figure 3: Comparison of 5-HT-induced Δ𝐼sc of colonic mucosa after apical application of DPC, a nonselective Cl− channel blocker;
glibenclamide or CFTR(inh)-172, the cAMP-independent Cl− channel blockers; and DIDS, a Ca2+-independent Cl− channel blocker (a);
apical application of amiloride, an epithelial Na+ channel blocker (b); basolateral application of BaCl

2

, a K+ channel inhibitor (c) among the
three groups (means ± SEM, 𝑛 = 6). ∗𝑃 < 0.05 and ∗∗𝑃 < 0.01 versus NH group; 𝑃 < 0.05 and 𝑃 < 0.01 versus NMS + RS group.

Cl− secretion via cAMP-dependent Cl− channels instead
of CaCC. The inference was supported by a physiological
experiment, in which it was shown that CaCC had no effect
on the 5-HT-induced Cl− secretion in the rat colon [15].

In a recent experiment, it has been shown that HCO
3

−

secretion induced by 5-HT was present in the rat colon [16].
In our study, in addition to the regulation of Cl− secretion, we
found that TXYF also altered HCO

3

− secretion in the colonic
mucosa.When the extracellularHCO

3

−was removed orNa+-
HCO
3

− cotransporter or Cl−/HCO
3

− exchanger was blocked,
5-HT-induced Δ𝐼sc did not differ between the NMS + RS
group and TXYF-formula group. Besides, the same result
was obtained when the extracellular Cl− and HCO

3

− were
both removed.Thus, it was demonstrated that TXYF-formula
could alter the colonic secretion by regulating the transport of
both Cl− and HCO

3

−.
Besides, we further explored more possible regulatory

mechanisms of TXYF on the anion secretion and found
that, in addition to the specific channels, transporters, and

exchangers, the transport of K+ and basolateral Na+ were
involved in the secretion of Cl− and HCO

3

−, which was
demonstrated by the following evidence. (1) The previous
study has reported that the basolateral K+ conductance can
maintain the electrical driving force for the anion secretion
[35]. In our study, in the presence of the nonselective K+
channel blocker (BaCl

2

), the 5-HT-induced Δ𝐼sc was similar
between the NMS + RS group and TXYF-formula group,
which suggested that the effect of TXYF on anion secretion
might be related with the basolateral K+ transport. However,
because at least two types of K+ channels had been found,
the precise regulatory subtypes needed further studies. (2)
In addition to the K+ transport, it was also found that
the basolateral Na+ participated in the process, which was
associated with the generation of electrochemical driving
force for anion secretion [36]. As shown in our study, after
removal of the basolateral Na+ or in the presence of the Na+-
K+-ATPase inhibitor (ouabain), 5-HT-induced Δ𝐼sc did not
differ between the TXYF-formula and NMS + RS groups,
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Figure 4: Comparison of 5-HT-induced Δ𝐼sc of colonic mucosa in the basolateral presence of Na+-K+-2Cl− cotransporter (NKCC) inhibitor,
bumetanide;Na+-HCO

3

− cotransporter or Cl−/HCO
3

− exchanger inhibitor, SITS;Na+/K+-ATPase inhibitor, ouabain, among the three groups
(means ± SEM, 𝑛 = 6).

indicating that the regulation of TXYFon anion secretionwas
partly dependent on the basolateral Na+ transport.

Moreover, in our study, we also investigated the effect of
TXYF on Na+ absorption. After removal of the apical Na+ or
application of the epithelial Na+ channel blocker (amiloride),
Δ𝐼sc still differed between the NMS + RS group and TXYF-
formula group. Therefore, it can be seen that TXYF-formula
had little effect on the Na+ absorption. That was probably
because, in the physiological condition, the Na+ absorption
played a tiny role in the 5-HT-induced secretory response in
the rat colon, as reported by Ning et al. [15].

In conclusion, the present study has demonstrated that
TXYF was able to regulate 5-HT-induced Cl− and HCO

3

−

secretion in D-IBS-like rats, possibly mediated by the trans-
port elements as CFTR, NKCC, Na+-HCO

3

− cotransporter,
Cl−/HCO

3

− exchanger, K+ channel, and Na+/K+-ATPase, at
least in part.
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Functional abdominal pain syndrome (FAPS) is one of the less common functional gastrointestinal disorders. Conventional therapy
has unsatisfactory response to it so people turn to Chinese medicine for help. Currently, we reviewed the whole picture of Chinese
herbal medicine (CHM) clinical and basic application in the treatment of FAPS, especially the traditional Chinesemedicine (TCM)
syndrome, the single herb, and Chinese medicine formulae, thus to provide a solid base to further develop evidence-based study
for this common gastrointestinal complaint in the future. We developed the search strategy and set the inclusion and exclusion
criteria for article search. From the included articles, we totally retrieved 586 records according to our searching criteria, of which
16 were duplicate records and 291 were excluded for reasons of irrelevance. The full text of 279 articles was retrieved for detailed
assessment, of which 123 were excluded for various reasons.The number one used single herb is Radix Ginseng.Themost common
syndrome was liver qi depression. The most frequently used classic formula was Si-Mo-Tang. This reflected the true situation of
clinical practice of Chinese medicine practitioners and could be further systematically synthesized as key points of the therapeutic
research for FAPS.

1. Introduction

Functional abdominal pain syndrome (FAPS) is one of the
less common functional gastrointestinal disorders [1]. It also
has less investigation compared to other functional digestive
disorders, namely, irritable bowel disorder (IBS) and func-
tional constipation (FC). The disorder is characterized by
continuous, almost continuous, or at least frequently recur-
rent abdominal pain that is poorly related to bowel habits and
often not well localized [2]. Until currently, the definition and
diagnosis of FAPS have only been recognized. The Rome III
classification has symptom-based criteria to diagnose FAPS
[3]. Diagnostic criteria (criteria fulfilled for the last 3 months
with symptom onset at least 6 months before diagnosis) for
functional abdominal pain syndrome must include all of the
following:

(1) Continuous or nearly continuous abdominal pain.
(2) No or only occasional relationship of pain with phys-

iological events (e.g., eating, defecation, or menses).

(3) Some loss of daily functioning.
(4) The pain is not feigned (e.g., malingering).
(5) Insufficient symptoms to meet criteria for another

functional gastrointestinal disorder that would
explain the pain.

Another feature about it is that FAPS appears highly related to
alterations in endogenous pain modulation systems, which is
consistent with dysfunction of descending pain modulation
and cortical pain modulation circuits.

The epidemiology of FAPS is very limited because of the
lack of available data and the difficulties in establishing a
diagnosis that can be differentiated from other more com-
mon functional gastrointestinal disorders [4]. Some research
indicated that the prevalence of FAPS ranges from 0.5%
to 2% in North America and a female predominance was
noted (F :M = 1 : 1.5). A substantial proportion of patients are
referred to gastroenterology practices and medical centers;
they have a disproportionate number of health care visits
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and often undergo numerous diagnostic procedures and
treatments.

The clinical manifestation is characterized by the pres-
ence of continuous or frequently recurrent abdominal pain
associated with loss of daily functioning [3]. FAPS is better
understood as an abnormal perception of normal (regula-
tory) gut function, instead of a true motility disorder. There-
fore, patients with FAPS will not typically experience relief
of pain after defecation (a pattern that is characteristic for
irritable bowel syndrome [IBS]), supporting the contention
that disturbances in bowel motility do not fully explain the
pain [1, 2, 4, 5]. In contrast to other functional gastroin-
testinal disorders, treatments for patients with conventional
medicine are empirical and not based on results from well-
designed clinical trials. It focuses on establishing an effective
patient-physician relationship, following a general treatment
approach, and offering more specific management that often
encompasses a combination of treatment options [1–7]. So
far, there is no satisfactory therapy for FAPS andmany people
seek Chinese medicine (CM) for help.

According to CM, FAPS usually belongs to the CM
syndrome of “abdominal pain,” which related to exogenous
evils, intemperate diet, yang deficiency, and liver qi stagna-
tion. In summary, FAPS in CM could be classified into two
main types. One is excessive syndrome, including exogenous
evils, intemperate diet, dampness-heat, and qi stagnation;
the other is deficient syndrome, including yang deficiency
and qi deficiency. When exogenous cold and wind attack the
abdomen or excessive raw and cold foods injure the stomach
or abdomen, all these will impair and block qi movement.
Such blockage will lead to abdominal pain. Dampness and
heat will also invade and lodge qi movement [8].

The treatment of CM for FAPS is based on the criteria
of syndrome differentiation [9]. In general, herbal treatment
and acupuncture are the main two approaches. In this paper,
we will focus on Chinese herbal medicine (CHM), especially
the single herb, Chinese medicine formulae, CM syndromes,
and their related Chinese medicine syndrome. The key
clinical syndromes of FAPS include fivemain types, which are
blockage by cold, qi stagnation, dampness-heat, yang deficiency,
and qi deficiency. The first three types belong to excessive
syndromes and the latter two types belong to deficient syn-
drome. When treating abdominal pain, be careful to identify
the affected meridian, ascertain whether it is due to qi or to
cold or heat, and differentiate between excessive and defi-
cient syndrome. For abdominal pain of excessive syndrome
emphasize expulsion of disease evil and relief of blockage
[10–12]. For abdominal pain of deficient syndrome emphasize
warm-augmentation of yang and qi [13–15]. Based on these
principles, syndrome-based CHM treatments given to FAPS
patients generally include (i) warming the interior organ and
dispelling cold; (ii) unblocking the liver, reliving stagnation,
and regulating qimovement; (iii) cooling heat, dry dampness,
relieving stagnation; (iv) warming the stomach and intestine,
augmenting qi, and strengthening the spleen to stop pain; (v)
nourishing the vital energy of spleen qi [16–20].

In this review article, we mainly presented a Chinese
medical view about the etiology and therapy of FAPS,
investigate the clinical study on CM for FAPS to reveal the

single herbs, Chinese medicine formula, internal application
of CM, and so forth, and tried to discuss the scientific basis of
CM so as to provide a better understanding of CM for FAPS.

2. Material and Methods

Many CHM interventions have been applied for the treat-
ment of FAPS. However, these reports of the clinical study
lacked the benefits of individual interventions or individual
types of interventions. Another problem is that since the
field of FAPS is still not emphasized by both scientists
and clinicians, the research in FAPS has very low quality.
There is limited evidence-based information from studies
specifically designed for the treatment of FAPS. In order to
investigate the whole picture of CHM applications in the
treatment of FAPS based on syndrome-based differentiation,
especially the single herbs, Chinese medicine formula, and
CM syndrome, we systematically reviewed all the available
data from current databases including clinical trials, clinical
observational studies, case studies, and case reports. Based
on the large data sets of conventional medicine literature
(PubMed, Ovid, etc.) and traditional Chinese medicine
literature (SinoMed, CNKI, etc.), we also applied data slicing
algorithm in textmining [20].Through all the comprehensive
data searching and synthesis, we aim to investigate the
current clinical practice situation of CHM for FAPS and also
the basic research of CHM for FAPS.

2.1. Literatures Search. Primary electronic database search is
listed as below: all EBM reviews, including Cochrane DSR,
ACP Journal Club, DARE, CCTR, CMR, HTA, andNHSEED
(from inception to Dec. 2015); Embase 1980–Dec. 2015;
Embase Classic 1947 to Dec. 2015; PubMed (from inception
to Dec. 2015); Ovid MEDLINE(R) 1950–Dec. 2015; Ovid
OLDMEDLINE(R) 1948–1965; SinoMed (1978–Dec. 2015);
China Journals Full-Text Database (1994–Dec. 2015); CBM
Disc (1979–Dec. 2015). Secondary hand search included bibli-
ographic references of identified literatures, textbooks, review
articles, and meta-analyses. The search strategy in the study
included (abdominal pain∗ OR chronic abdominal pain∗
OR functional abdominal pain∗) AND (herb∗ OR herbal
medicine∗ OR traditional Chinese medicine OR Chinese
medicine OR herbal medicine OR complementary medicine
OR naturopathy).

All Chinese-to-English translations were deduced pri-
marily from theWorldHealth Organization (WHO) Evidence-
Based Complementary and AlternativeMedicine International
Standard Terminologies on Traditional Medicine in the West-
ern Pacific Region [21].

2.2. Interventions to Be Included. Studies of CHM inter-
ventions including but not limited to all forms of herbal
treatment (single herb, classical formulae, new formulae,
herb-derived products, and combination products) should be
included.

2.3. Trials to Be Included. The trials to be included were
as follows: (1) quasi or randomized controlled trials;
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(2) observational clinical studies; (3) case series or case
reports; (4) other types of appropriate research methods.

2.4. Data to Be Considered. The data to be considered was as
follows: (1) study subjects of any age and gender with FAPS;
(2) objective measures by laboratory or imaging techniques;
(3) measurement from other informants or nursing staff or
patients.

2.5. Data Extraction. Two authors searched the databases
and selected the relevant publications independently. If there
were any disagreements about the eligibility of a study, the
two authors would check the study against the selection crite-
ria, discuss its eligibility, and come to a further decision. One
author extracted the data and the other checked the extracted
data. For each study, the following variables were extracted:
study design, sample size, mode of recruitment, sampling and
diagnostic procedure, inclusion and exclusion criteria, and
participants’ characteristics including age, gender, and dura-
tion. TCM patterns, TCM treatment principles, treatment
regimen, and outcome of TCM treatments were obtained.

2.6. Quality Assessment. For RCTs of CHM, methodological
quality will be assessed using the Jadad scale. The Jadad scale
evaluates a study in terms of the description of random-
ization, blinding, and dropouts. Points are awarded if the
study is described as randomized, 1 point; has an appropriate
randomization method, 1 point; is described as double-blind,
1 point; uses appropriate blinding method, 1 point; and has
description of withdrawals and dropouts, 1 point. The Jadad
scale ranges from 1 to 5, and RCTs with a score from 3 to 5 are
regarded as better quality trials.

2.7. Text Data Mining. Besides the systematic literature
searching, we also conducted text data mining. The text data
mining was conducted by filtering the biomedical literature
on FAPS in SinoMed (http://www.sinomed.ac.cn/) on Feb.
25, 2016, and we downloaded associated literature data set
containing items. We also applied dictionary-based data
slicing algorithm which is constructed on the principle of
cooccurrence; we filtered the downloaded literature data
with traditional Chinese medicine associated keywords, for
example, Chinese herbal medicine, Chinese patent medicine,
and TCM syndrome which are collected from textbooks and
the Internet [20]. This data mining is a good supplement for
literature searching since it will provide some insights into the
quantitative relationship between the individual herbs and
formula in the treatment of FAPS.

3. Results and Discussion

3.1. Clinical Study and Chinese Medicine Interventions for
FAPS. Totally, we accessed 586 records according to our
searching criteria, of which 16 were duplicate records and
291 were excluded for reasons of irrelevance. The full text
of 279 articles was retrieved for detailed assessment, of
which 123 were excluded for various reasons (Figure 1). Of
the included 156 studies which fulfilled the inclusion and

586 records identified through
database searching and other
sources’ searching

279 records of full text
accessed for eligibility

156 studies examined CHM
interventions for FAPS with
diagnosis

Combined
with Chinese
medicine
(n = 70)

Chinese
medicine
formula
(n = 68)

Chinese
medicine
proprietary
(n = 18)

Failure or retrieve = 14
External use of CHM = 46

Without CM syndrome
diagnosis = 28

Animal study or other 
experiment = 81

= 16Duplicated papers
Irrelevant papers = 291

Figure 1: Flowchart of literature selection logistics.

exclusion criteria, 68 were on Chinese medicine formula, 18
were on Chinese medicine proprietary, and 70 were on a
combination of Chinese herbal medicine with conventional
treatment. Sample size of the 156 studies ranged from 30 to
210.

3.2. TCM Syndrome Category and Treatment Criteria. From
the included articles, we totally retrieved 53 different TCM
syndrome diagnoses from 156 individual studies. The most
common pattern was liver qi depression, which was diagnosed
in 407 subjects (frequency among all the studies = 37,
percentage among the top five diagnoses = 32.5%); it was
followed by liver qi invading the stomach (subjects = 217,
frequency = 24, 21.1%), liver depression and spleen deficiency
(subjects = 189, frequency = 21, 18.4%), qi stagnation due
to cold (subjects = 167, frequency = 16, 14.0%), and spleen-
stomach deficiency cold (subjects = 148, frequency = 14.0%).
The results were listed in Table 1.

In all the commonly applied TCM syndromes, we could
analyze that, among the top five syndromes, three belonged
to excessive syndrome and the other could be categorized
as combination of deficiency and sufficiency or deficient
syndrome. The result was consistent with other studies by
other researchers of syndrome distribution among FAPS
patients, especially the elderly and children [17–19].

3.3. TCM Single Herbs and TCM Syndrome-Based Chinese
Herbal Formulae. The top ten most frequently used herbs
and their action were listed in Table 2. The top ten single
herbs are RadixGinseng, RhizomaAtractylodisMacrocepha-
lae, Pericarpium Citri Reticulatae, Semen Arecae, Lignum
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Table 1: Top five most commonly used TCM syndromes for FAPS.

TCM syndrome Therapeutic principle

Number of
subjects

diagnosed with
the diagnosis

Number of
frequency

among all the
studies

Percentage among the total
syndrome (53)/top 5 syndrome

diagnoses

Liver qi depression
肝气郁结

Soothe the liver and
regulate qi 407 37 69.5%/32.5%

Liver qi invading the stomach
肝胃不和

Harmonize the liver
and stomach 217 24 45.3%/21.1%

Liver depression and spleen
deficiency
肝郁脾虚

Soothe the liver and
fortify the spleen 189 21 39.6%/18.4%

Qi stagnation due to cold
congealing
寒凝气滞

Dissipate cold and
move qi 167 16 30.2%/14.0%

Spleen-stomach deficiency cold
脾胃虚寒

Warm the middle and
dissipate cold 148 16 30.2%/14.0%

Aquilariae Resinatum, Radix Linderae, Rhizoma Corydalis,
Radix Aucklandiae, Rhizoma Zingiberis Recens, and Radix
Glycyrrhizae. Among 68 studies on Chinese herbal formulae,
the most frequently used Chinese herbal formulae based on
syndrome diagnosis were Si-Mo-Tang and its modification
(number of frequency among all the studies, 𝑁 = 28, per-
centage among the top five formulae, 𝑝 = 24.6%). It was
the same as Tong-Xie-Yao-Fang (𝑁 = 28, 𝑝 = 24.6%) and
followed by Wen-Dan-Tang (𝑁 = 21, 𝑝 = 18.4%), Xiang-
Sha-Liu-Jun-Zi-Tang (𝑁 = 19, 𝑝 = 16.7%), and Xiao-Yao-
San (𝑁 = 18, 𝑝 = 15.8%). The most five commonly used
TCM syndrome-based Chinese herbal formulae and their
indications were summarized in Table 3. From this summary,
we could clearly notice that the frequency of single herbs is
consistent with the combination of the mostly used Chinese
herbal formulae.The datamining of Chinese herbal formulae
and single herbs was very helpful for us to further discover
the mechanisms of TCM in the treatment of FAPS and its
potential new combination.

Attention should also be paid to the fact that many
studies regarding Chinese herbal formula or Chinese herbal
medicine proprietary did not provide the standard criteria
or even the complete diagnosis criteria of the syndrome. The
results from these studies could not be compared or repeated
if the diagnostic criteria varied or were penurious.

3.4. Pharmacological Study of Chinese Herbal Medicine on
FAPS. Although abundant clinical studies, which has been
elaborated as above, have investigated the efficacy of Chinese
herbal medicine in treating FAPS, studies on its scientific evi-
dence are not yet available.Thismay be due to the insufficient
understanding of the pathophysiology of FAPS, as well as
a scientifically convincing preclinical model being available.
Few pathophysiological studies were conducted particularly
on clinical FAPS patients, as it is not easy, in a biomedical
aspect, to completely discriminate the pathological features
of FAPS from those of severe IBS. Indeed, patients with FAPS
have a great similarity in symptoms to those with severe
IBS. Both FAPS and IBS patients are commonly suffering

chronic abdominal pain, which is a multidimensional sen-
sation of sensory, emotional, and cognitive experience. The
chronic pain could be explained by the neurophysiological
malfunction at the afferent, spinal, and central nerve systems
(CNS) [22]. Illustration of the neurophysiological basis of
chronic pain in FAPS is scarce; however, data derived from
studies on patients with severe IBS revealed that perception
of chronic pain comes from a central hypersensitivity and
hypervigilance of central turnup of abnormal peripheral
input of the gut. The perception of pain can be peripheral
or central in alternative scenarios, which reflect either eval-
uated transmission by gut afferents in response to various
stimuli or evoked interpretation of normal transmit accurate
information by the CNS [4]. Compared with IBS, with which
patients have a certain degree of disorder in peripheral input,
FAPS is rendered by predominantly central pathophysiology.
A recent study conducted with adults with IBS and FAPS
observed that an IBS patient has lowered rectal thresholds in
response to rectal balloon distention, while a FAPS patient
renders normal perceptual thresholds, indicating the great
role of CNS upregulation of incoming afferent signals in
perception of chronic pain in FAPS patients [23]. Grover
and Drossman summarized the following mechanisms that
dominate pathophysiology of chronic pain: (1) ascending
visceral pain transmission; (2) peripheral amplification of
afferent signals; (3) descending pain modulation; and (4)
central amplification and psychiatric factors [2].

Scanty information is available about establishment of
an animal model of FAPS, which imposes restriction on the
pharmacological study of potential therapy for the disorder.
An animal model has been established by slow-release emul-
sion of morphine (10mg/kg) for 8 days to develop narcotic
bowel-like syndrome [24]. Although it was claimed to be a
successful animal model recently [4], this established model
does not specifically imitate the pathophysiological condition
of FAPS as far as possible [24]. The insufficient development
of a preclinical FAPS model largely limits the scientific study
of Chinese herbal medicine. Although clinical experiences
of ancient and modern Chinese medicine physicians have
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Table 3: Summary of the top five most frequently used Chinese herbal formulae for FAPS based on syndrome diagnosis.

English name in pinyin Composition in
pinyin TCM syndrome Number of frequency

among all the studies Actions in Chinese medicine

Si-Mo-Tang

Ren Shen
Bin Lang
Chen Xiang
Wu Yao

Liver qi
depression 28 Activate qi; lower adverse qi; ease

the chest and disperse stagnation

Tong-Xie-Yao-Fang

Bai Zhu
Bai Shao
Chen Pi
Fang Feng

Liver depression
and spleen
deficiency

28
Reinforce the spleen; reduce the
liver; relieve pain and stop
diarrhea

Wen-Dan-Tang

Ban Xia
Ju Hong
Fu Ling
Gan Cao
Sheng Jiang
Zhu Ru
Zhi Shi
Da Zao

21
Regulate qi; remove phlegm;
clear gallbladder heat and
harmonize the stomach

Xiang-Sha-Liu-Jun-Zi-Tang

Ren Shen
Bai Zhu
Fu Lin
Ban Xia
Chen Pi
Mu Xiang
Sha Ren
Gan Cao

19
Replenish qi to invigorate the
spleen; activate qi and eliminate
phlegm

Xiao-Yao-San

Chai Hu
Dang Gui
Bai Shao
Bai Zhu
Fu Ling
Gan Cao
Bo He
Sheng Jiang

Liver depression
and spleen
deficiency

18
Soothe the liver to relieve
depression; invigorate the spleen
and nourish blood

addressed the effective use of medicinal herbs in treating
FAPS, most of preclinical study cannot well discriminate the
pharmacological effect of Chinese herbal medicine in patho-
physiological context. In this case, we include laboratory tests
that were studied on the relief of FAPS-associated symptoms
by Chinese herbal medicine. Both pure compounds naturally
occurring in medicinal herbs, extracts of single herb and
composite herbal formula, were included.

3.4.1. Chinese Herbal Medicine as Antinociceptive with Cen-
tral Regulation. In a study with classical Chinese medicine
formula Tong-Xie-Yao-Fang (TXYF), Hu and colleagues
revealed that the formula can significantly relieve experimen-
tal visceral hypersensitivity. TXYF significantly decreased
serotonin (5-HT) levels in serum and corticotrophin releas-
ing factor (CRF) concentrations in the brain. The pharmaco-
logical effect of TXYF is largely dependent on the substance
P (SP) expression in the colon mucosa, indicating that the
activity of TXYF is associated with central mechanism of
brain-gut axis regulation through decreasing the expression
of 5-HT and SP in the periphery and that of CRF in
the center [25]. Methanol extract of Kaempferia galangal

(200mg/kg, p.o.)markedly demonstrated the antinociceptive
action to relieve abdominal pain. Both central and peripheral
mechanism are involved. The extracts may act as agonist of
opioid receptors [26]. Extract of Hedyotis corymbosa (Linn.)
Lam. (50–200mg/kg, p.o.) exhibits antinociceptive effect and
can relieve abdominal pain in an opioid receptor-dependent
manner, which indicates an involvement of central and
peripheral mechanism of action [27]. The fractions (ethanol,
ethyl acetate, chloroform, and n-hexane) and crude ethyl
acetate extract ofCarpolobia lutea (Polygalaceae) (770mg/kg,
i.p.) can potently relieve abdominal pain in an animal model.
Its mechanism of action can be both central and periph-
eral. The neurogenic (0–5min) algesia was significantly
blocked by the extract, indicating that it can act through
opioid receptors which weremore centrally than peripherally
located. However, reduction on proinflammatory factors by
Carpolobia lutea treatment reveals its peripheral antinoci-
ceptive effect [28]. Senecio rufinervis essential oil has central
and peripheral analgesic effect to relieve abdominal pain.
However, the central effect of this essential oil is not as
potent as the peripheral one because it does not exhibit
any sedative or muscle relaxant property [29]. Carvacrol (5-
isopropyl-2-methylphenol), a monoterpenic phenol present
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in the essential oil of oregano and thyme, exhibited suppres-
sion of abdominal pain in an animal model (50–100mg/kg,
p.o.). Mechanistic study revealed that though the phar-
macological effect of carvacrol is not mediated by opioid
receptor or NO, it can definitely reduce centrally associated
intestine neurogenic pain, indicating its antinociceptive effect
might involve central regulation [30]. Wang et al. studied
the antinociceptive effect of tanshinone IIA on visceral
pain induced by chronic pancreatitis (CP). Tanshinone IIA
attenuates CP-induced pain via downregulation of spinal
high mobility group box 1 (HMGB1) protein and Toll-like
receptor 4 (TLR4) expression in the spinal cord, indicating
a central regulation underlying its antinociceptive effect [31].

3.4.2. Chinese Herbal Medicine Alleviates Abdominal Pain
Majorly by Peripheral Mechanism. Tjong and colleague
found that extract of Coptidis Rhizoma can reduce irritable
bowel syndrome- (IBS-) associated pain. Coptidis Rhizoma
increased pain threshold response and attenuated Elec-
tromyogram (EMG) activity via lowering 5-HT release and
cholecystokinin (CCK) expression in the colon, which in
turn peripherally reduced visceral perception [32]. Lepidium
sativum crude extract (100–300mg/kg, p.o.) exhibits anti-
spasmodic activities. Study on an isolated rat ileum indicated
that this effect could be regional and blockade of muscarinic
receptors and calcium channels may be involved [33]. Oral
administration of Cyperus rotundus extracts (400mg/kg,
p.o.) reduces abdominal pain in mice, which may be associ-
ated with a peripheral inhibition of the effect or the release
of endogenous substances (arachidonic acid metabolites)
that excite pain nerve endings [34]. Friedelin (40mg/kg,
p.o.) isolated from Azima tetracantha Lam. can suppress
abdominal pain in an animal model. This effect could not
be blocked by naloxone, indicating that opioid receptor is
not involved and the antinociceptive effect of friedelin may
be peripheral [35]. Marrubiin (30.0 𝜇mol/kg, i.p.) isolated
fromMarrubium vulgare has potent antinociceptive effect in
relieving abdominal pain. This effect of marrubiin cannot be
related to the inhibition of cyclooxygenase products derived
from the arachidonic acid pathway or the participation of
the opioid system. Analysis using different models revealed
that the pharmacological effect of marrubiin may involve
peripheral mechanism [36].

3.4.3. Chinese Herbal Medicine That Directly Treats Visceral
Pain. A Chinese medicine compound formula, Sunqingwan
watered pill (SWP), can reduce abdominal pain caused by
ulcerative colitis. The anticolitis effect of SWP may be largely
dependent on its protection on the colon through anti-
inflammatory mechanisms [37]. Another Chinese medicine
formula SWT5 and its component herbs Angelica root,
chamomile flower, and liquorice root produce antispasmodic
activities to relieve upper abdominal pain. The mechanism
underlying its effect is independent of the nerve system as fast
sodium channel blocker tetrodotoxin, the synaptic transmis-
sion blocker𝜔-conotoxinGVIA, ormuscarinergic antagonist
atropine has minimal block on its pharmacological action.
It may involve a direct regulation of smooth muscle cells

of the stomach to exert multiple, region-specific effects on
gastric motility [38]. Ganoderma lucidum polysaccharides
have potent activity in relieving chronic pancreatitis-induced
abdominal pain, which could be associatedwith reduced pro-
duction of inflammatory cytokines such as interleukin-1 beta
(IL-1𝛽) and interferon-gamma (INF-𝛾) [39]. Glycycoumarin,
a known component of Radix Glycyrrhizae, exhibits potent
antispasmodic activities on the smooth muscle of the mouse
jejunum.This pharmacological effect may be associated with
intracellular accumulation of cAMP through the inhibition
of PDEs, especially isozyme 3 [40]. Isoliquiritigenin, one of
the antispasmodic principles of Glycyrrhiza uralensis roots,
has similar antispasmodic effect on the mouse jejunum, the
mechanism of which is yet independent of accumulation of
cAMP/cGMP or inhibition of PDEs [41].

3.4.4. Anti-Inflammation-Mediated Relief of Abdominal Pain
by Chinese Herbal Medicine. Ethanolic extract from Pluchea
sagittalis (Lam.) Cabrera (500–700mg/kg) exhibits antinoci-
ceptive effect at inflammatory phase but not neurogenic
phase, as demonstrated by the differential pharmacological
activities of the extract in acetic acid-induced abdominal
pain model and formalin- or glutamate-induced nocicep-
tion model. The effect of this extract may be associated
with its blockade of expression of proinflammatory factors
and activation of its downstream pathways [42]. Extract of
Patrinia villosa (50–100mg/kg, p.o.) showed inhibition of
acetic acid-induced abdominal pain in mice, which could be
associated with reduced liberation of inflammatory cytokines
including interleukin-6 (IL-6), interleukin-8 (IL-8), and
tumour necrosis factor-alpha (TNF-𝛼) [43]. Hydroalcoholic
extract (1000mg/kg) of Neurolaena lobata (L.) R. Br. and its
chloroform- andhexane-partitioned fractions (100mgkg/kg)
can relieve abdominal pain. This effect is not similar to the
action of morphine, indicating a mechanism independent of
central or peripheral regulation may be involved. It has been
postulated that inhibition of inflammatory factors, such as 5-
HT, PEG, and histamine, may mediate its pharmacological
effect [44]. Crude extract, fractions, and compounds isolated
from Piper tuberculatum (3–300mg/kg p.o.) have antinoci-
ceptive effect in reducing acetic acid-induced abdominal
constriction. This pharmacological action could be due to
inhibition of the release of TNF-𝛼, IL-1𝛽, and IL-8 by
resident peritoneal cells [45]. Triglycerides (TFC) of the
fermented mushroom of Coprinus comatus (10–30mg/kg,
p.o.) have potent analgesic activity on abdominal pain. This
is not related to noninflammatory, central perception of
pain but may be dependent on the peripheral reduction of
proinflammatory cytokines such as TNF-𝛼, IL-1𝛽, VEGF-𝛼,
and IL-17 [46].

4. Conclusion

The investigation of CHM treatment for FAPS patients was
very limited due to the lack of the clinical studies and also
the situation is the same as the basic research so far. In
order to describe the enough information in this disorder, we
retrieved the data from different designs of clinical studies,
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ranging from case reports and cohort studies to quasi or ran-
domized controlled trials; the quality of these studies was var-
ious andwe could notmake quantitative comparison. Despite
the limitations, our study for the first time summarized the
important and practicable data concerning the whole picture
of CHM applications in the treatment of FAPS. More high
quality studies both clinical and basic research concerning
the integration of CM syndrome differentiation and disease
with standard and repeatable treatment procedure should be
further conducted.
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“Region-specific effects of STW 5 (Iberogast�) and its compo-
nents in gastric fundus, corpus and antrum,”Phytomedicine, vol.
13, supplement 1, pp. 90–99, 2006.

[39] K. Li, M. Yu, Y. Hu et al., “Three kinds of Ganoderma lucidum
polysaccharides attenuateDDC-induced chronic pancreatitis in
mice,”Chemico-Biological Interactions, vol. 247, pp. 30–38, 2016.

[40] Y. Sato, T. Akao, J.-X. He et al., “Glycycoumarin from Gly-
cyrrhizae Radix acts as a potent antispasmodic through inhi-
bition of phosphodiesterase 3,” Journal of Ethnopharmacology,
vol. 105, no. 3, pp. 409–414, 2006.

[41] Y. Sato, J.-X. He, H. Nagai, T. Tani, and T. Akao, “Isoliquir-
itigenin, one of the antispasmodic principles of Glycyrrhiza
ularensis roots, acts in the lower part of intestine,”Biological and
Pharmaceutical Bulletin, vol. 30, no. 1, pp. 145–149, 2007.

[42] S. M. Figueredo, F. P. Do Nascimento, C. S. Freitas et al.,
“Antinociceptive and gastroprotective actions of ethanolic
extract from Pluchea sagittalis (Lam.) Cabrera,” Journal of
Ethnopharmacology, vol. 135, no. 3, pp. 603–609, 2011.

[43] Y. Zheng, Y. Jin, H.-B. Zhu, S.-T. Xu, Y.-X. Xia, and Y.
Huang, “The anti-inflammatory and anti-nociceptive activities
of Patrinia villosa and its mechanism on the proinflammatory
cytokines of rats with pelvic inflammation,” African Journal of
Traditional, Complementary and Alternative Medicines, vol. 9,
no. 3, pp. 295–302, 2012.

[44] J. S. Gracioso, M. Q. Paulo, C. A. Hiruma Lima, and A. R. M.
Souza Brito, “Antinociceptive effect in mice of a hydroalcoholic
extract ofNeurolaena lobata (L.) R. Br. and its organic fractions,”
Journal of Pharmacy and Pharmacology, vol. 50, no. 12, pp. 1425–
1429, 1998.

[45] R. V. Rodrigues, D. Lanznaster, D. T. Longhi Balbinot, V. D. M.
Gadotti, V. A. Facundo, and A. R. S. Santos, “Antinociceptive
effect of crude extract, fractions and three alkaloids obtained
from fruits of Piper tuberculatum,” Biological and Pharmaceuti-
cal Bulletin, vol. 32, no. 10, pp. 1809–1812, 2009.

[46] J. Ren, J.-L. Shi, C.-C. Han, Z.-Q. Liu, and J.-Y. Guo, “Isola-
tion and biological activity of triglycerides of the fermented
mushroom of Coprinus Comatus,” BMC Complementary and
Alternative Medicine, vol. 12, article 52, 2012.



Review Article
Moxibustion for Diarrhea-Predominant Irritable
Bowel Syndrome: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials

Bozong Tang,1,2 Jianliang Zhang,2 Zongguo Yang,2 Yunfei Lu,2

Qingnian Xu,2 Xiaorong Chen,2 and Jiang Lin1

1Shuguang Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai 200021, China
2Shanghai Public Health Clinical Center, Shanghai 201508, China

Correspondence should be addressed to Xiaorong Chen; xiaorong3chen@163.com and Jiang Lin; lin jiang@hotmail.com

Received 20 December 2015; Revised 4 April 2016; Accepted 20 April 2016

Academic Editor: Jiande D. Z. Chen

Copyright © 2016 Bozong Tang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. The complementary and alternative medicines in treatment of diarrhea-predominant irritable bowel syndrome
(IBS-D) are controversial. Methods. We searched PubMed, Ovid Embase, Web of Science, Cochrane Library databases, CNKI,
WanfangDatabase, CBM,VIP, andAMED for randomized controlled trials (RCTs) ofmoxibustion comparedwith pharmacological
medications in patients with IBS-D. A meta-analysis was performed using both fixed and random-effects models based on
heterogeneity across studies.Results. In total, 568 patients in 7 randomized controlled trialswere randomly treatedwithmoxibustion
and pharmacological medications. The improvement of global IBS-D symptoms and overall scores was significant (𝑃 = 0.0001
and 𝑃 < 0.0001, resp.) in patients treated by moxibustion only compared to pharmacological medications. The specific IBS-D
symptoms of abdominal pain, abdominal distension, abnormal stool, and defecation frequency were alleviated in patients treated
by moxibustion compared to pharmacological medications, but no significance was found except for abdominal distension and
defecation frequency (𝑃 = 0.03 and 𝑃 = 0.02, resp.). There were no serious adverse events related to moxibustion. Conclusions.
Moxibustion appears to be effective in treating IBS-D compared with pharmacological medications. However, further large,
rigorously designed trials are warranted due to insufficient methodological rigor in the included trials.

1. Introduction

Irritable bowel syndrome (IBS) is a chronic, recurrent func-
tional gastrointestinal (GI) disorder characterized by altered
bowel habits and abdominal pain or discomfort [1]. The
prevalence of IBS ranges from 5% to 20% in the general
population worldwide [2]. The high prevalence of IBS results
in a substantial socioeconomic burden through decreased
work productivity and quality of life and increased direct
and indirect healthcare costs [3–5]. The direct and indirect
healthcare costs related to IBS in the United States have been
steadily increasing and amounted to 1.35 billion dollars in
2003 [6]. The worldwide health costs associated with IBS are
estimated to exceed 200 billion dollars [7].

The etiology and pathophysiology of IBS remain less
understood. Abnormal intestinal motility, visceral hyper-
sensitivity, abnormal neurohormonal responses to stimuli
or stress, and alteration of normal intestinal microflora are
related to IBS [1]. The available western medications mainly
target symptom relief, such as antispasmodics, fiber supple-
mentation, and antidepressants. Due to limited therapeutic
efficacy and the side effects of western medications, up to
51% of IBS patients, especially IBS-D patients, are interested
in complementary and alternative medicine (CAM) [8, 9].
Moxibustion is a type of CAM approach that stimulates
specific points to improve general health and treat chronic
conditions with heat generated by burning dried mugwort
(Artemisia vulgaris) leaves [10].
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The average incidence of diarrhea-predominant IBS (IBS-
D) is quite high and is showing an increasing trend; it seri-
ously impacts the life quality of patients [11]. InCAMpractice,
most IBS-D patients have a deficiency of both the spleen and
stomach, insufficiency of the kidney yang, and incoordina-
tion between the liver and the spleen which are suitable for
moxibustion therapy [12]. Although a meta-analysis showed
that moxibustion can improve global symptoms of IBS, no
systematic study has evaluated the effectiveness of moxi-
bustion treatment for IBS-D [13]. Moreover, some studies
including acupuncture or pharmacological medications may
influence results [14, 15].

Therefore, we conducted a systematic review and meta-
analysis to evaluate all the currently available randomized
controlled trials (RCTs) of moxibustion compared with phar-
macological medications for symptom improvement in IBS-
D patients.

2. Materials and Methods

2.1. Search Strategy. We searched the following electronic
databases through March 2015: PubMed, Ovid Embase,
Web of Science, and Cochrane Library databases, Chi-
nese National Knowledge Infrastructure (CNKI) Database,
Wanfang Database, Chinese Biomedical (CBM) Database,
Chinese Science and Technology Periodical Database (VIP),
andAllied andComplementaryMedicineDatabase (AMED).
We used a combination of medical subject headings with-
out language limitation: irritable bowel syndrome (IBS),
diarrhea, diarrhea-predominant irritable bowel syndrome,
moxibustion,moxibustion therapy,moxa-moxibustion,warm-
moxibustion, complementary therapies, Chinese medicine,
traditional medicine, alternative medicine, complementary
medicine, randomized controlled trial, and controlled clinical

trial. Reference lists from trials selected by electronic search-
ing and conference compilations were manually searched.
The literature search was conducted by Bozong Tang and
Zongguo Yang independently.

2.2. Study Selection. Two authors independently selected
trials and discussed inconsistencies. Articles that met the
following criteria were included: (1) randomized controlled
trials; (2) patients with chronic IBS-D; (3) intervention that
was moxibustion compared with western medications; (4)
studies that measured improvement of symptoms or scores;
and (5) available full text. Studies that included other treat-
ments influencing the curative effect of moxibustion, includ-
ing acupuncture and electroacupuncture, were excluded.

2.3. Data Extraction and Quality Assessment. Two reviewers
screened all the retrieved trials independently and extracted
the following content: publication data, study design, sample
size, subject characteristics, treatment protocol, and outcome
measurement.The methodological qualities of all the eligible
RCTs were assessed independently by two reviewers accord-
ing to Cochrane Collaboration’s tool described in Handbook
version 5.1.0 [22]. Two authors (Bozong Tang and Zongguo
Yang) assessed the quality independently, and inconsistency
was discussed with a third review author (Jiang Lin) who
acted as an arbiter.

2.4. Statistical Methods. Data were processed in accordance
with the Cochrane Handbook [22]. Intervention effects
were presented with odds ratios (ORs) and 95% confidence
intervals (CIs) for dichotomous data and mean differences
(MDs) and 95% CIs for continuous data. Continuous data
of subgroups of each study were pooled using the following
formula [23]:

SD = √
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− 1) SD2

1
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− 1
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where SDs were the standard deviations,𝑁s were the sample
sizes, and𝑀s were the means.

Heterogeneity across studies was informally assessed by
visual inspection of forest plots and formally estimated by
Cochran’s 𝑄 test, which uses a chi-square distribution to
make inferences about the null hypothesis of homogeneity
(considered significant at 𝑃 < 0.10). A rough guide to our
interpretation of 𝐼2 was as follows:

(i) At 0–40%, it may not be important.
(ii) At 30–60%, it may represent moderate heterogeneity.
(iii) At 50–90%, it may represent substantial heterogene-

ity.
(iv) At 75–100%, it reflects considerable heterogeneity [22,

24].

If the eligibility of any study in the meta-analysis was
dubious because of incomplete data, a sensitivity analysis was
performed. If there was no heterogeneity among the trials,
a fixed effects model would be applied in a meta-analysis.
If there was heterogeneity among the trials, a random-
effects model would be used instead in the meta-analysis. A
description analysis was performed if the quantitative data
could not be pooled. Review Manage (RevMan) version 5.3
software was used for data analysis.

3. Results

3.1. Study and Patient Characteristics. After primarily search-
ing in 7 databases, 165 papers were found. However, 144
papers were excluded due to ineligibility after reviewing the
titles and the abstracts. Additional 14 papers were excluded
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Figure 1: Flow diagram of the study selection process.

due to duplication and unavailable information on partic-
ipants, interventions, and outcomes. Finally, 7 randomized
controlled trials [12, 16–21] were included in this review: 3
trials published in English journals and 4 trials published
in Chinese journals (Figure 1). A total of 568 patients were
randomly treated with moxibustion or a pharmacological
medication. The baseline characteristics of patients included
in this meta-analysis are described in Table 1.

3.2. Methodological Quality Assessment. All studies included
in this meta-analysis were randomized controlled trials. Four
studies [12, 16–18] did not report the method of random-
ization, whereas the other three reported a randomization
number sequence or adaptive minimization randomization
scheme [19–21]. Except for Ma et al.’s study using the
single blind method, all the other studies did not adopt
a blind method. These studies had high performance bias
and detection bias. Selective reporting was found in Chen
and Wang’s study [20] because it did not present the ITT
analysis data.The other potential biases were unclear in these
trials (Figure 2). Because all the studies were conducted in
China and clinical outcomes of overall IBS-D symptoms and
scores were subjective, we cautiously drew the conclusion
that publication bias might have been present in this meta-
analysis.

3.3. Overall IBS-D Symptoms or Scores. The efficacy of
moxibustion treatment alone was compared with that of
pharmacological medication treatment in 7 studies [12, 16–
21]. Improvement of global IBS-D symptoms was reported in
4 studies [16, 17, 19, 20], and improvement of IBS-D scores
was reported in the other 3 studies [17, 18, 21]. There was
no significant heterogeneity among the included studies [16–
21] (𝑃 = 0.97, 𝐼2 = 0%). A random-effect model was
applied to compare the efficacy of moxibustion treatment
and medication treatment. The effects of moxibustion on the
improvement of the effective rate of overall IBS-D symptoms
and the overall IBS-D symptoms scores were both superior to
those ofmedication (𝑃 = 0.0002, Figure 3(a), and𝑃 = 0.0001,
Figure 3(b)).

3.4. Specific IBS-D Symptoms. Improvement of specific IBS-
D symptoms such as abdominal pain, abdominal distension,
abnormal stool, and defecation frequency was reported in
2 studies [17, 19]. The heterogeneity of abdominal pain,
abdominal distension, abnormal stool, and defecation fre-
quency among the included studies was not significant
before treatment (𝑃 = 0.69, 𝑃 = 0.94, 𝑃 = 0.78,
and 𝑃 = 0.54, resp.). However, the heterogeneity of the
specific symptoms, except for defecation frequency, was
significant after treatment.Thus, a random-effects model was



4 Evidence-Based Complementary and Alternative Medicine

Table 1: Baseline characteristics of included randomized controlled trials for IBS-D.

Study
year

Number of
patients

Publishing
language Diagnostic criteria

Criteria for
improvement in
overall IBS-D
symptoms

Time point for
outcome
assessment

Moxibustion
treatment(s)

Control
treatment(s)

Ni and Lu
2001 [12] 56 English

Negative GI
investigations and
standards for clinical
diagnosis for IBS
from 1986
National conference
for chronic diarrhea

Change of total
IBS symptom
score
(predefined)

15 days (EoT) Fixed points Nifedipinum,
10mg t.i.d.

Zhang et al.
2007 [16] 60 Chinese Rome II

≥30%
improvement in
global IBS
symptoms

2 weeks (EoT)
Ginger-
partitioned and
fixed points

Diet, psychiatric,
and antidiarrheal
therapy
Enterosoluble
glutamine 0.4 g
t.i.d. or Smecta 3 g
t.i.d. or probiotics
630mg t.i.d.

Jin
2009 [17] 78 Chinese Rome II

≥30%
improvement in
global IBS
symptoms

30 days (EoT)

Traditional
Chinese
ointments-
partitioned and
fixed points

Berberine
hydrochloride 2
tablets t.i.d.

Sheng et al.
2011 [18] 40 English Rome III

≥30%
improvement in
global IBS
symptoms

4 weeks (EoT
and 1-month
follow-up)

Herbal cone-
partitioned and
fixed points

Pinaverium
bromide 50mg
t.i.d.

Chu et al.
2011 [19] 60 Chinese Rome II and TCM

criteria

≥30%
improvement in
global IBS
symptoms

15 days (EoT)
Syndrome
differentiation
and treatment

Loperamide 2mg
b.i.d.

Chen and
Wang
2013 [20]

64 Chinese Rome III

≥50%
improvement in
global IBS
symptoms

30 days (EoT) Fixed points
Trimebutine
maleate tablets
100mg t.i.d.

Ma et al.
2013 [21] 210 English Rome III GSRS total score 4 weeks (EoT)

Medicamental
pulverata-
partitioned and
fixed points

Pinaverium
bromide 50mg
t.i.d.

IBS-D: diarrhea-predominant IBS; t.i.d.: three times a day; GSRS: gastrointestinal symptom rating scale; EoT: end of treatment; TCM: traditional Chinese
medicine.

applied to compare the efficacy ofmoxibustion treatment and
medication treatment. There was no significant difference in
improvement of abdominal pain and abnormal stool between
the two treatments (𝑃 = 0.21 and 𝑃 = 0.95, Figures 4(a) and
4(c)). However, the improvement of abdominal distension
and defecation frequency with moxibustion treatment was
superior to medication treatment (𝑃 = 0.02 and 𝑃 = 0.02,
Figures 4(b) and 4(d)).

3.5. Adverse Events. Only one trial reported two cases of
mild-to-moderate allergy related to moxibustion, which dis-
appeared after stopping the treatment [21].The other six trials
did not report adverse events.

4. Discussion

IBS is a functional gastrointestinal disorder characterized
by chronic or recurrent abdominal pain and/or abdominal
discomfort associated with abnormal bowel movement [1].
The diagnosis of IBS is currently based on the presence of
characteristic symptoms (abdominal pain/discomfort, bloat-
ing/distension, and alterations in defecatory function) and in
the absence of organic diseases of the gastrointestinal tract
[25, 26]. According to the symptoms, IBS can be divided into
different subtypes. Based on the Rome III diagnostic criteria
that is currently widely used, IBS is classified into four sub-
types including IBS-D, IBS-C (constipation-predominant),
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Figure 2: Risk of bias assessment.
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Study
or subgroup
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Odds ratio
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Figure 3: Improvement of overall IBS-D symptoms and scores.

IBS-M (mixed), and IBS-U (unspecified), whereas IBS-D is
the most common subtype in China [1, 27, 28].

The pathophysiology of IBS includes abnormal intesti-
nal motility, visceral hypersensitivity, psychosocial distress,
neuromodulation disorder in postinfection, and imbal-
anced gut microbiota [29]. Antispasmodics, antidiarrheals,
5-hydroxytryptamine 3 (5-HT

3
) receptor antagonist [30],

probiotics [31], selective serotonin reuptake inhibitors [29],
and antibiotics [32] are used to treat IBS-D. Antispasmodics
plus stool consistency modifiers are the first-line options to
treat the major symptoms and defecation. However, several
systematic reviews conducted by the American College of
GastroenterologyTask Force showed poor quality of evidence
that particular antispasmodics and antidiarrheals can reduce
defecation frequency but that they cannot affect the overall
symptoms of IBS; 5-HT

3
agonists carry a possible risk

of ischemic colitis and cardiovascular events [1]. A meta-
analysis reported that the response rate to placebo was 42.6%,
which was similar to that of conventional pharmacological
medication [33]. Therefore, the unsatisfactory therapeutic
efficacy and side effects of conventional pharmacological

medication are influencing researchers to try to find more
effective and safer therapies in CAM.

Moxibustion is not only a treatment approach of CAM
but also an important component of traditional Chinese
medicine (TCM). There are several types of moxibustion
including scarring moxibustion (burning moxa on the skin),
warming moxibustion (burning moxa above the skin), and
herb-partition moxibustion (indirect burning interposed by
various materials). Warming moxibustion is the most practi-
cal and convenient approach in clinical practice [34]. Accord-
ing to TCM theory, moxibustion warms the interior and
dissipates the cold, regulates qi and resolves stasis, softens and
dissolves mass, resuscitates yang, and warms and activates
the meridians. Previous studies indicate that moxibustion
could relieve chronic visceral hyperalgesia (CVH) by acti-
vating the spinal dynorphin and orphanin-FQ system [34],
decreasing hypothalamic corticotrophin releasing hormone
levels [35], and decreasing prokineticin-1 and prokineticin
receptor-1 expression [36]. Moxibustion also could enhance
the pain threshold and restore sensitivity by decreasing 5-
hydroxytryptamine concentration in the colon tissue [37].
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(b) Abdominal distension
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(c) Abdominal stool

Figure 4: Continued.
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(d) Defecation frequency

Figure 4: Improvement of specific IBS-D symptoms.

A clinical study observed the change in colonic mucosal
5-HT
3
among IBS-D patients and assessed the efficacy of

herb-partitionedmoxibustion.The results showed that IBS-D
patients had a significantly increased expression of 5-HT

3
in

the colonic mucosa, whereas herb-partitioned moxibustion
simultaneously improved IBS-D symptoms and downregu-
lated the level of 5-HT

3
[37].

Our meta-analysis showed that moxibustion could
improve global IBS-D patient symptoms and scores, which
was consistent with previous studies [38, 39]. In our meta-
analysis, Jin and Chu et al. [17, 19] reported that moxibustion
could relieve diarrhea and abdominal pain in IBS-D patients,
which was in accordance with the results of Liu andWu et al.
[37, 40]. However, the improvement of abdominal pain and
abnormal stool was not significantly different in our meta-
analysis with moxibustion treatment, whereas abdominal
distension and defecation frequency improved significantly.
These findings might be associated with different frequencies
of intervention, duration of study, patient age, duration of
run-in period, male-to-female ratio, the number of patients
in the treatment group or control group, or the number of
doctor visits.

Systematic reviews andmeta-analyses are often limited by
the quality of the included studies. First, the sample size is
small, in which only 568 patients were included in both mox-
ibustion and pharmacological medication groups. Second,
the treatment mode and the duration were not equivalent;
thus, we could not confirm how long moxibustion treatment
is required to achieve a benefit when treating IBS-D. Third,
because the assessment of improved symptoms of IBS-D was
not the same, it was difficult to accurately assess the effect
of moxibustion. Fourth, because only one study reported the
side effects of moxibustion, we could not assess the overall
side effects during treatment of IBS-D. Fifth, the quality
of the present evidence is limited considering that most of

the included studies were given a high risk of performance
bias for key methodological elements of adequate random
sequence generation and allocation concealment. Finally,
no studies reported an improvement in quality of life for
IBS-D patients, which is correlated with the appearance of
symptoms, protracted time, and severity of the disease [41,
42].

This meta-analysis showed that moxibustion might be
beneficial for IBS-D patients. However, this review had some
limitations. The data are insufficient to recommend the
method as a first-line treatment or to establish the quality
of life and long-term results. Therefore, further research is
required to more accurately assess the results of moxibustion
for treating IBS-D.
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