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We aimed to evaluate clinical symptoms in diarrhea predominant irritable bowel syndrome (IBS-D) receiving
berberine hydrochloride in a randomized double-blind placebo-controlled clinical trial. Overall, 196 patients with
IBS-D were recruited for this study; consequently, 132 patients randomized to receive daily 400mg of berberine
hydrochloride, delivered twice daily or placebo for 8weeks followed by a 4-week washout period. After a 2-week
run-in period, diarrhea, abdominal pain, urgent need for defecation frequency and any adverse events were
recorded daily. Prior to administration of the medication and after completing the treatment, assessment of
IBS symptom scores, depression and anxiety scale scores and the IBS scale for quality of life (QOL) was carried
out. The effects of berberine hydrochloride on IBS-D, defined by a reduction of diarrhea frequency (P= 0.032),
abdominal pain frequency (P< 0.01) and urgent need for defecation frequency (P< 0.01), were significantly
more pronounced in the berberine group than the placebo group in the 8weeks of treatment. A trend of
improvement (P< 0.05) was observed with berberine hydrochloride for IBS symptom score, depression score
and anxiety score and the IBSQOL, compared with placebo. At last, berberine hydrochloride was well tolerated.
So we concluded that berberine hydrochloride is well tolerated and reduces IBS-D symptoms, which effectively
improved patients QOL. Copyright © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION

Irritable bowel syndrome (IBS) is a highly prevalent func-
tional disorder, which reduces patients’ quality of life.With
a female gender predilection, the prevalence of IBS diag-
nosed by the Rome III criteria in the general population
is 1.1–29.2%, and IBSwith diarrhea (IBS-D), as a subtype,
accounts for 23.4% (95% CI 8.4%–42.6%) of patients
with IBS (Cirillo and Capasso, 2015; Lovell and Ford,
2012;Oshima and Miwa, 2015). Currently, the mechanism
of IBS-D pathogenesis is incompletely understood.
However, altered bowel motility, visceral hypersensitivity,
mucosal immune activation, increased mucosal per-
meability, enteric neuromuscular dysfunction, abnormal
brain-gut interactions, alteration in the gut microbiome
and psychological disturbance have been hypothesized
(Camilleri, 2013; Zheng and Tang, 2015).
Because IBS-D likely consists of several different dis-

ease states, current treatment is focused upon the patient’s
most bothersome symptoms. Various drug categories (an-
tispasmodics, dopamine antagonists, 5-HT3 antagonists,
sedatives, antibiotics, probiotics and herbal medicines),
modifications in diet and lifestyle, and complementary
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and alternative therapies have been proposed as a symp-
tomatic treatment (Lazaraki et al., 2014; Teschke et al.,
2015). However, to date there is no definite effective cure
for all of IBS-D symptoms.

Berberine, as a traditional Chinese medicine isolated
from Chinese Goldthread Rhizome, has been used exten-
sively for the treatment of diarrhea. Initially, some studies
have demonstrated its significant antimicrobial activity
(Sun et al., 2014a). However, in the following studies,
berberine has been recognized for its anti-diarrheal effect,
in particular secretory diarrhea. Zhang Y et al. (Zhang
et al., 2012) found that berberine increased the expression
of Na+/H+ exchanger3 (NHE3) and aquaporin4 (AQP4),
suggesting that berberine may exhibit its anti-diarrheal
effect partially by enhancing the absorption of Na+ and
water from the intestinal lumen. Moreover, berberine
significantly increased the nociceptive threshold in rats,
partly through nitric oxide (NO)-mediated pathways
(Tang et al., 2013). Recently, we found (Feng et al., 2013)
that berberine plays an inhibiting role on gastrointestinal
(GI) motility in rodents, which is supported by evidences
from intestinal myoelectric activities and upperGI Transit.
The mechanism of berberine action was discovered to be
closely related to that of the endogenous opioid system
(EOS). Finally, Chen DP (Chen et al., 2013) reported that
berberine induced bidirectional motility regulation on rat
jejunum,which needed the presence of the enteric nervous
system depending on the influx of extracellular Ca(2+).

These findings provided a theoretical foundation and
experimental evidence for berberine’s clinical application
in treating GI disorders, in particular in the treatment
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of IBS-D. Therefore the aim of this study was to in-
vestigate whether oral administration of berberine
hydrochloride is effective in alleviating IBS-D symp-
toms in a randomized double-blind placebo-controlled
clinical trial.
METHODS

Patients. The study was conducted in accordance with the
ethical principles of the 1975 Declaration of Helsinki,
and the study protocol was approved by local committee
of bioethics of Tenth People’s Hospital of Shanghai (No.
SHSY-IEC-pap-14-12). Verbal and written consent was
obtained from each patient.
Between May 2011 and Jan. 2015, 196 patients with

IBS-D, aged 18–65 years, were recruited for this study
from the Tenth People’s Hospital of Shanghai, Tongji
University School of Medicine, Shanghai, China. All pa-
tients fulfilled the inclusion criteria based on the Rome
III classification system (Drossman, 2006), as supervised
by an experienced gastroenterologist. Age, gender, em-
ployment status, tobacco smoking, duration of IBS
symptoms, family history of IBS, use of alternative ther-
apy and symptom severity (mild: can be ignored but
does not affect life style; moderate: cannot be ignored
but does not affect life style; severe: affects life style;
very severe: markedly affects life style) were recorded
at the beginning of the study.
Study design. This was a 14-week single-center double
blind placebo controlled clinical study. Patients were
asked not to take any medications known to alter GI
tract function or relieve pain conditions, and to report
all psychoactive drugs, such as sedatives and antidepres-
sants within a month before and during the study. The
following patients were excluded from the study (i)
pregnant or breast-feeding women; (ii) subjects with
organic GI, anal, hepatic or other systemic disorders;
(iii) patients with previous GI surgery history, or (iv)
history of cerebral disease or surgery.
Patients who met the inclusion criteria were recruited

and randomized into two groups, after 2-week run-in, to
receive either berberine hydrochloride (totally 400mg;
per 200mg oral, twice daily) or an identically appearing
placebo (Vitamin C tablet, totally 400mg; per 200mg
oral, twice daily) for 8weeks, products both from Shang-
hai Sine Tianping Pharmaceutical Co., Ltd. Four week
was taken to follow-up (Fig. 1).
Figure 1. Study design. A 14-week study including a run-in, treat-
ment and follow-up.

Copyright © 2015 John Wiley & Sons, Ltd.
During the treatment and follow-up period, subjects
were asked to record diarrhea frequency, abdominal
pain frequency, urgent need for defecation frequency
and any adverse events, which recorded daily and
assessed each week. Just prior to administration of the
medication and after completing the 8-week course of
the treatment, all patients were reviewed and asked to
complete several questionnaires. These questionnaires
had been previously validated and used to assess the fre-
quency and severity of GI symptoms, like the Birming-
ham IBS symptom score, which comprised a self
completed questionnaire consisted of 14 questions
based on the frequency of IBS related symptoms (each
question had a standard response scale with symptoms
all being measured on a 6-point scale ranging from
0=never to 5=all the time) (Roalfe et al., 2008).
Furthermore, the hospital anxiety and depression scale
(HAD) (Snaith and Zigmond, 1986) and the IBS special
scale for quality of life (QOL) (IBSQOL) (Drossman
et al., 2000) were used. Specifically, IBSQOL consisted
of 34 items, reflecting respective condition in domains
of anxiety, conflict behavior, somatic character, health
concerning, dietary restriction, social response, hetero-
sexual concept and family relationship. Each item was
differentiated into five grades (none=5, mild=4, mod-
erate =3, lean to severe= 2 and severe=1). The sums
of symptom severities were used to compute the IBS
symptom and the anxiety/depression scores.
Statistics. PRISM 5.0 (GraphPad Software Inc., La
Jolla, CA, USA) was used for statistical analyses.
Intra-individual pre- and post-therapy scores for IBS
symptoms, QOL, anxiety and depression were analyzed
by Student’s t-test and Mann–Whitney U-test. One-way
analysis of variance (ANOVA) followed by Student–
Newman–Keuls post hoc test was used for analysis of
multiple treatment means. P values< 0.05 were consid-
ered significant. The data are expressed as means±SE.
RESULTS

Study cohort

Out of a total of 196 enrolled patients, 32 patients were
excluded, including 18 patients who did not meet the
criteria, and 14 patients declined to participate. The re-
maining 164 patients were ultimately included in the
study and received the treatment in berberine and pla-
cebo group (Fig. 2). Each group was allocated randomly
with 82 patients.

Subsequently, 12 patients were excluded in berberine
group: 5 patients because of voluntary withdrawal and 7
patients because of protocol deviation. In protocol
deviation, 5 patients used an antibiotic, 1 patient had
accidental trauma and 1 was diagnosed with nephropathy
during the trial. Twenty patients were excluded in placebo
group: 9 patients because of voluntary withdrawal and 11
patients because of protocol deviation, in which 7 patients
used an antibiotic and 2 patients used an anti-depressant.
The other 2 patients were diagnosed with carcinoma in
gastrointestinal tract (both diagnosed during study time
with endoscopic submucosal dissection for gastrointestinal
Phytother. Res. 29: 1822–1827 (2015)



Figure 2. Flow diagram of the IBS-D patient cohort.
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neoplasm). Thus, 70 patients in berberine group and 62 in
placebo group completed the study.
Patients ranged in age from 19 to 61 years in berber-

ine group and from 18 to 65 years in placebo group.
No differences were observed between groups with
respect to any of the baseline characteristics (Table 1).
Effect on bowel symptoms

Table 2 shows the effect of berberine hydrochloride and
placebo on diarrhea frequency in IBS-D patients. In
Table 1. Baseline characteristics of study individuals

Berberine group N=70

Median (range), yr 37.4 (19–61)
Female (%) 51(72.9)
Smoker (%) 37(52.9)
Family history of IBS (%) 10(14.3)
Duration of IBS (%)
1–5 yr 37(52.9)
6–10 yr 18(25.7)
>11 yr 15(21.4)

Employment (%)
Employed 51(72.9)
Unemployed 12(17.1)
Retired 7(10.0)

Severity of symptoms (%)
Mild 3(4.3)
Moderate 22(31.4)
Severe 36(51.4)
Very severe 9(12.9)

Alternative therapy for IBS (%) 65(92.9)

Copyright © 2015 John Wiley & Sons, Ltd.
berberine group, diarrhea frequency was significantly
reduced in patients after 8-week berberine hydroch-
loride treatment compared with the baseline value
(P< 0.01). On week 12, no berberine hydrochloride
taken for follow-up 4weeks, the diarrhea frequency in-
creased compared with the week 8(P< 0.05). But in pla-
cebo group, no different was found among different
weeks (P>0.05). Then, intergroup compared on week
8, the diarrhea frequency of berberine group was lower
than that of placebo group (P=0.032).

The urgent need for defecation frequency recorded
every week showed almost homogeneity on baseline of
Placebo group N=62 P value

36.1 (18–65) 0.231
43(69.4) 0.529
32(51.6) 0.886
4(6.5) 0.145

34(54.8) 0.820
18(29.0) 0.669
10(16.1) 0.438

46(74.2) 0.862
10(16.1) 0.876
6(9.7) 0.951

1(1.6) 0.371
17(27.4) 0.614
35(56.5) 0.563
9(14.5) 0.782

59(95.2) 0.580

Phytother. Res. 29: 1822–1827 (2015)



Table 2. Evolution of diarrhea frequency during the study in berberine and placebo group

Berberine group Mean ± SE Placebo group Mean ± SE P value intragroup

Week 0 4.67 ± 0.52 4.19 ± 0.89 0.606
Week 8 (end point of treatment) 1.39 ± 0.80 3.55 ± 0.66 0.032
Week 12 (end point of follow-up) 3.58 ± 0.73 3.81 ± 0.54 0.805
P value (WK0 vs. WK8) P<0.01 P>0.05
P value (WK8 vs. WK12) P<0.05 P>0.05

Figure 4. Abdominal pain frequency analyzed in berberine and pla-
cebo groups. Abdominal pain recordings revealed a reduction of
frequency in both groups throughout the 8weeks of treatment
period. Significant differences were observed when the pain fre-
quency in different week (*P<0.01, **P<0.01, ***P<0.001)
compared with baseline (WK0). Intergroup analysis, berberine
group vs. placeboWK6 (#P<0.05), WK7 and WK8 (##P<0.01).
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two-group in Fig. 3. Berberine hydrochloride not pla-
cebo led to significant reduction of urgent need for
defecation frequency. Compared with baseline value,
berberine hydrochloride significantly decreased the ur-
gent need for defecation frequency on WK4 (P< 0.01),
WK5 (P<0.01), WK6 (P<0.001), WK7 (P<0.001)
and WK8 (P<0.001). While intergroup, berberine
hydrochloride effectively reduced the urgent need for
defecation frequency compared with placebo on WK4
(P< 0.05), WK5 (P< 0.05), WK6 (P< 0.01), WK7
(P< 0.01) and WK8 (P<0.01).
As shown in Fig. 4, abdominal pain revealed a reduc-

tion of the frequency in both groups throughout the
8weeks of treatment (WK0–WK8). In berberine group,
significant difference were found on pain frequency com-
pared with baseline on WK3 (P<0.05),WK4(P<0.05),
WK5(P< 0.01), WK6 (P<0.01), WK7(P< 0.001) and
WK8 (P<0.001). While in placebo group, significant
difference was also shown compared with baseline
on WK4(P<0.05), WK5(P< 0.01), WK6(P<0.01),
WK7(P< 0.01) and WK8 (P< 0.01). Furthermore, the
decrease of abdominal pain frequency on WK8 in
berberine group represented a mean 64.6% (1.54
± 0.26 vs. 4.35± 0.58) reduction compared with the ini-
tial WK0 abdominal pain frequency. While in placebo
group, the reduction of pain frequency was 29.4%
(2.88± 0.37 vs. 4.08± 0.23). Finally, in the intergroup
analysis of the reduction pain frequency, berberine
hydrochloride was significantly stronger than placebo on
WK6 (P<0.05), WK7 (P< 0.01) and WK8 (P< 0.01).
Figure 3. Urgent need for defecation frequency analyzed in berber-
ine and placebo groups. Berberine, but not placebo group, sig-
nificantly decreased the urgent need for defecation frequency
compared with baseline (WK0) on WK4 (**P<0.01), WK5
(**P<0.01), WK6 (***P<0.001), WK7 (***P<0.001) and WK8
(***P<0.001). Berberine hydrochloride effectively reduced the
urgent need for defecation frequency compared with placebo group
on WK4 (#P<0.05), WK5 (#P<0.05), WK6 (##P<0.01), WK7
(##P<0.01) and WK8 (##P<0.01).

Copyright © 2015 John Wiley & Sons, Ltd.
Quality of life

As shown in Table 3, after 8-week treatment, berberine
hydrochloride not only significantly decreased overall
IBS symptom score, anxiety score and depression score
(P< 0.01), but also increased QOL score (P< 0.05), com-
pared with baseline values. In placebo group, all assessed
scores did not change after the treatment (P> 0.05).
Furthermore, intergroup overall IBS symptoms score,
anxiety score and depression score were significantly
lower after berberine hydrochloride treatment than
placebo (P<0.05), while the QOL score was higher com-
pared berberine hydrochloride treatment with placebo
(P< 0.05).

Of note, eight patients reported slightly upset stomach
after oral berberine hydrochloride. However, all these
patients recovered about one or two week’s follow-up.
No other adverse side effects were observed.
DISCUSSION

The present randomized double-blind placebo-controlled
study demonstrates that berberine hydrochloride is a
safe traditional Chinese herb medicine that can relieve
symptoms in IBS-D patients fulfilling the Rome III
criteria. This 14-week clinical trial was performed ac-
cording to the recommended design of trials for IBS
(Miller, 2014).

Based on our data, 164 IBS-D patients were random-
ized and treated for 8weeks with either berberine
Phytother. Res. 29: 1822–1827 (2015)



Table 3. Pre-treatment and post-treatment scores for IBS symptoms of patient in both the berberine and placebo groups (mean ± SE)

Berberine (n=70) Placebo (n=62)

Before (0WK) After (8WK) P Before (0WK) After (8WK) P

Overall IBS score 46.63 ± 5.33 30.13 ± 5.02*# *<0.01 47.75 ± 3.49 41.00 ± 10.13 >0.05
#<0.05

Anxiety score 9.88 ± 0.72 6.63 ± 0.60*# *<0.01 10.25 ± 1.03 9.66 ± 0.75 >0.05
#<0.05

Depression score 11.38 ± 0.94 6.75 ± 0.59 *# *<0.01 11.50 ± 0.98 10.13 ± 1.22 >0.05
#<0.05

QOL score 122.20 ± 12.36 158.47 ± 6.29*# *<0.05 126.63 ± 15.52 131.57 ± 11.58 >0.05
#<0.05

*P<0.01 or P>0.05 when compared with baseline values.
#P<0.05 when compared between groups.
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hydrochloride at a daily dose of 400mg, or placebo; only
70 cases in berberine group and 62 in placebo group
completed the study because of patients withdrawal
and protocol deviation. Because the berberine hydro-
chloride optimal dose on IBS-D remains to be unclearly
established, our dose choice was absolutely based on
the known active concentrations safely used in human.
One study reported the effective dose of berberine
hydrochloride patient daily intake to anti-diarrhea on
Vibrio cholerae and Escherichia coli infection was
400mg (Rabbani, 1996).
For centuries, berberine has been used to treat

diarrhea and gastroenteritis in East Asian countries be-
cause of its antimicrobial, antimotility, anti-permeability
and antisecretory properties (Chen et al., 2014; Menees
et al., 2012). Therefore diarrhea and urgent need for
defecation frequency were chosen as the primary
end-point in the present study. The 2-week prospec-
tive baseline observation period ensured that patients
were currently symptomatic, with a comparable diar-
rhea and urgent need for defecation frequency in both
the active and placebo groups. After 8weeks of
treatment, the reduction of diarrhea and urgent need
defecation frequency was more significant in patients
receiving berberine hydrochloride than in the placebo
group. However, the improved action of placebo on
IBS-D symptom was also found in our clinical trial.
Of note, literature reported that a significant propor-
tion of IBS patients receiving placebo also respond
to therapy. According to a study by Ford and
Moayyedi, the placebo response rate in randomized
clinical trials conducted in Europe may vary from 0 to
91.7%, with a mean value of 43% (Ford and Moayyedi,
2010).
In our research, the reduction of abdominal pain fre-

quency in the berberine group represented about
64.6% after 8-week treatment, compared with the base-
line value. During the 8weeks of treatment, changes in
the abdominal pain frequency had similar tendency in
two groups. However, the effect of berberine hydro-
chloride was significantly stronger than that of placebo.
It supports a potential action of berberine on visceral
analgesia. This hypothesis is consistent with previous
findings obtained in rats where the antinociceptive
effect of berberine on visceral hypersensitivity ap-
peared after the treatment (Tang et al., 2013). Of note,
the analgesic action of berberine may be associated
with, at least in part, nitric oxide (NO) pathway,
Copyright © 2015 John Wiley & Sons, Ltd.
antioxidative effects and antiinflammatory (Kim, 2015;
Kim and Kim, 2013).

Relatively recently, Kulkarni (Kulkarni and Dhir,
2010) has reviewed that berberine had protective effect
in Alzheimer’s, cerebral ischemia, mental depression,
schizophrenia and anxiety. In our study, therapeutic
efficacy of berberine was associated with decreased
IBS symptoms scores, lower anxiety and depression
scores, suggesting that the beneficial effects of ber-
berine hydrochloride in IBS-D may be related to its
action not only in the gut, but also in the central ner-
vous system. Studies have shown that berberine has
antidepressant-like effect in forced swim and tail-
suspension test, and anxiolytic effect in black and white
test and the elevated plus-maze test. Evidence from the
literature outlined that berberine has inhibitory action
on monoamine oxidase enzyme (Kong et al., 2001;
Peng et al., 2007). Then it was well documented that
monoamineoxidase inhibitors increase the concen-
trations of norepinephrine, serotonin (5-HT) and
dopamine in the brain and have antidepressant and an-
xiolytic effects (Peng et al., 2004). Moreover, nitric
oxide pathway and/or sigma receptors may be involved
in mediating berberine antidepressant-like activity in
mouse forced swim test (Kulkarni and Dhir, 2008).
Lee et al. (2012) reported that berberine administration
significantly reduced morphine withdrawal-associated
depression- and anxiety-like behavior following dis-
continuation of repeated morphine administration in
rats, possibly through modulation of hypothalamic
corticotrophin-releasing factor and the central norad-
renergic system. Recently, one of the reports (Sun
et al., 2014b) deduced that the inhibition of organic
cation transporter 2 (OCT2) and 3 (OCT3) was possi-
bly implicated in the mechanism of antidepressant-like
action of berberine.

Finally, it is known that IBS-D has a severe impact on
the quality of life (QOL), which is in turn correlated
with the appearance of IBS symptoms. The improve-
ment of QOL score by berberine hydrochloride ob-
served in this trial was significant. However, the
mechanism of action of berberine on IBS-D patients’
quality of life still needs further investigation.

In conclusion, berberine hydrochloride, conveniently
delivered, is well tolerated and reduces diarrhea fre-
quency, abdominal pain frequency, and overall IBS-D
symptoms score as well as anxiety and depression
scores; consequently, berberine improves the quality of
Phytother. Res. 29: 1822–1827 (2015)
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life of IBS-D patients. Further studies should be war-
ranted to confirm that berberine hydrochloride is a
new promising candidate to improve the symptom of
discomfort in IBS-D.
Acknowledgements

This work supported by grants awarded to Dr. Chunqiu Chen from
the National Science Foundation of China, No. 81170345 and by
bilateral cooperation project between China and Poland from the
Ministry of Science and Technology (Chunqiu Chen and Jakub
Fichna No. 36-25, 2015)
Copyright © 2015 John Wiley & Sons, Ltd.
AUTHOR CONTRIBUTIONS

Chen C and Tao C both did the most clinical trial and
wrote the manuscript. Liu Z designed this research.
Liu Z, Lu M and Pan Q helped to collect subject docu-
ments and clinical data. Zheng L and Li Q helped to
do data analysis. Song Z and Fichna J revised the re-
search and manuscript.
Conflict of Interest

The authors have declared that there is no conflict of interest.
REFERENCES
Camilleri M. 2013. Current and future pharmacological treatments
for diarrhea-predominant irritable bowel syndrome. Expert
Opin Pharmacother 14: 1151–1160.

Chen DP, Xiong YJ, Lv BC, et al. 2013. Effects of berberine on rat
jejunal motility. J Pharm Pharmacol 65: 734–744.

Chen C, Yu Z, Li Y, et al. 2014. Effects of berberine in the gastro-
intestinal tract—a review of actions and therapeutic implica-
tions. Am J Chin Med 42: 1053–1070.

Cirillo C, Capasso R. 2015. Constipation and botanical medicines:
an overview. Phytother Res doi:10.1002/ptr.5410.

Drossman DA. 2006. The functional gastrointestinal disorders and
the Rome III process. Gastroenterology 130:1377–1390.

Drossman DA, Patrick DL, Whitehead WE, et al. 2000. Further
validation of the IBS-QOL: a disease-specific quality-of-life
questionnaire. Am J Gastroenterol 95: 999–1007.

Feng Y, Li Y, Chen C, et al. 2013. Inhibiting roles of berberine in gut
movement of rodents are related to activation of the endoge-
nous opioid system. Phytother Res 27: 1564–1571.

Ford AC, Moayyedi P. 2010. Meta-analysis: factors affecting pla-
cebo response rate in the irritable bowel syndrome. Aliment
Pharmacol Ther 32: 144–158.

Kim HJ. 2015. Berberine ameliorates allodynia induced by chronic
constriction injury of the sciatic nerve in rats. J Med Food 18:
909–915.

Kim SO, Kim HJ. 2013. Berberine ameliorates cold and mechanical
allodynia in a rat model of diabetic neuropathy. J Med Food
16: 511–517.

Kong LD, Cheng CH, Tan RX. 2001. Monoamine oxidase inhibitors
from rhizoma of Coptis chinensis. Planta Med 67: 74–76.

Kulkarni SK, Dhir A. 2008. On the mechanism of antidepressant-like
action of berberine chloride. Eur J Pharmacol 589: 163–172.

Kulkarni SK, Dhir A. 2010. Berberine: a plant alkaloid with
therapeutic potential for central nervous system disorders.
Phytother Res 24: 317–324.

Lazaraki G, Chatzimavroudis G, Katsinelos P. 2014. Recent
advances in pharmacological treatment of irritable bowel
syndrome. World J Gastroenterol 20: 8867–8885.

Lee B, Sur B, Yeom M, et al. 2012. Effect of berberine on
depression- and anxiety-like behaviors and activation of the
noradrenergic system induced by development of morphine
dependence in rats. Korean J Physiol Pharmacol 16: 379–386.

Lovell RM, Ford AC. 2012. Effect of gender on prevalence of irrita-
ble bowel syndrome in the community: systematic review and
meta-analysis. Am J Gastroenterol 107: 991–1000.
Menees S, Saad R, Chey WD. 2012. Agents that act luminally to
treat diarrhoea and constipation. Nat Rev Gastroenterol
Hepatol 9: 661–674.

Miller LE. 2014. Study design considerations for irritable
bowel syndrome clinical trials. Ann Gastroenterol 27:
338–345.

Oshima T, Miwa H. 2015. Epidemiology of functional gastrointes-
tinal disorders in Japan and in the world. J Neurogastroenterol
Motil 21: 320–329.

Peng WH, Wu CR, Chen CS, et al. 2004. Anxiolytic effect of ber-
berine on exploratory activity of the mouse in two experimen-
tal anxiety models: interaction with drugs acting at 5-HT
receptors. Life Sci 75: 2451–2462.

Peng WH, Lo KL, Lee YH, et al. 2007. Berberine produces
antidepressant-like effects in the forced swim test and in the
tail suspension test in mice. Life Sci 81: 933–938.

Rabbani GH. 1996. Mechanism and treatment of diarrhoea due to
Vibrio cholerae and Escherichia coli: roles of drugs and prosta-
glandins. Dan Med Bull 43: 173–185.

Roalfe AK, Roberts LM, and Wilson S. 2008. Evaluation of the
Birmingham IBS symptom questionnaire. BMC Gastroenterol
8: 30.

Snaith RP, Zigmond AS. 1986. The hospital anxiety and depression
scale. Br Med J (Clin Res Ed) 292: 344.

Sun N, Chan FY, Lu YJ, et al. 2014a. Rational design of berberine-
based FtsZ inhibitors with broad-spectrum antibacterial activ-
ity. PLoS One 9: e97514.

Sun S, Wang K, Lei H, et al. 2014b. Inhibition of organic cation
transporter 2 and 3 may be involved in the mechanism
of the antidepressant-like action of berberine. Prog
Neuropsychopharmacol Biol Psychiatry 49: 1–6.

Tang QL, Lai NL, Zhong YF, et al. 2013. Antinociceptive effect of
berberine on visceral hypersensitivity in rats. World J
Gastroenterol 19: 4582–4589.

Teschke R, Wolff A, Frenzel C, et al. 2015. Herbal traditional
Chinese medicine and its evidence base in gastrointestinal
disorders. World J Gastroenterol 21: 4466–4490.

Zhang Y, Wang X, Sha S, et al. 2012. Berberine increases the
expression of NHE3 and AQP4 in sennosideA-induced diar-
rhoea model. Fitoterapia 83: 1014–1022.

Zheng Z, Tang H. 2015. Decreased neuroplasticity may play a role in
irritable bowel syndrome: implication from the comorbidity of
depression and irritable bowel syndrome. J Neurogastroenterol
Motil 21: 298–299.
Phytother. Res. 29: 1822–1827 (2015)


