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Abstract

BACKGROUND

Gastroesophageal reflux disease (GERD) has a high prevalence worldwide, and its
incidence is increasing annually. Modified Xiaochaihu Decoction (MXD) could
relieve the symptoms of GERD, but the effects of MXD on GERD manifestations
and relapse prevention need to be further explained. Therefore, we performed a
prospective, double-blind, and double-simulation study.

AIM
To verify the efficacy of MXD for GERD and its effect on esophageal motility.

METHODS

Using randomization, double-blinding, and a simulation design, 288 participants
with GERD were randomized to the treatment group and control group and
received herbs (MXD) plus omeprazole simulation and omeprazole plus herbs
simulation, respectively, for 4 wk. The GERD-Q scale score and esophageal
manometry were measured at baseline, after treatment, and at 1 mo and 3 mo
follow-up visits when medication was complete to evaluate recurrence indicators.

RESULTS
The GERD-Q scale score in both groups decreased significantly compared to those
before treatment (P < 0.01). However, no significant difference was observed
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between the two groups (P > 0.05). Esophageal manometry showed that
participants with lower esophageal sphincter pressure reduction and the
proportion of ineffective swallowing (more than 50%) improved in both groups
from baseline (P < 0.01), especially in the treatment group (P < 0.05). The
percentage of small intermittent contractions, large intermittent contractions, and
increased pre-phase contractions in the treatment group significantly improved
compared with baseline (P < 0.05) but did not improve in the control group (P >
0.05). There was no significant difference between the groups after treatment (P >
0.05). The percentage of weak esophageal contractility (distal contractile integral <
450 mmHg s cm), improved in both groups (P < 0.01), but no significant
difference was observed between the groups after treatment (P > 0.05). The
relapse rate in the treatment group was lower than that in the control group at the
1 mo (P <0.01) and 3 mo follow-up (P < 0.05).

CONCLUSION

MXD has a similar therapeutic effect to omeprazole in mild-to-moderate GERD.
The therapeutic effect may be related to increased pressure in the lower
esophageal sphincter and reduced ineffective swallowing.

Key Words: Gastroesophageal reflux disease; Traditional Chinese medicine; Esophageal
sphincter pressure; Gastroesophageal reflux disease-Q scale score; Modified Xiaochaihu
Decoction

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This multicenter, randomized, double-blind, double-simulation study proved
that Modified Xiaochaihu Decoction has a similar therapeutic effect to omeprazole in
the treatment of patients with typical symptoms of gastroesophageal reflux disease and
reflux esophagitis grades A and B. Modified Xiaochaihu Decoction was superior to
omeprazole in improving lower esophageal sphincter resting pressure and reducing
ineffective esophagus swallowing. The recurrence rate of symptoms was significantly
lower than that of omeprazole within 1 mo and 3 mo after completing treatment.
Modified Xiaochaihu Decoction may be an alternative treatment to proton pump
inhibitor maintenance in patients with gastroesophageal reflux disease.

Citation: Li Z, Tao L, Zhang SS, Sun XH, Chen SN, Wu J. Modified Xiaochaihu Decoction for
gastroesophageal reflux disease: A randomized double-simulation controlled trial. World J
Gastroenterol 2021; 27(28): 4710-4721

URL: https://www.wjgnet.com/1007-9327/full/v27/i28/4710.htm

DOI: https://dx.doi.org/10.3748/wjg.v27.i28.4710

INTRODUCTION

Gastroesophageal reflux disease (GERD) has a high prevalence worldwide, and its
incidence is increasing annually[1]. Impaired esophageal and gastric motor function as
well as reduced resting pressure of the lower esophageal sphincter are considered to
be involved in the pathogenesis of GERD. Chemical drugs can help relieve the
symptoms and eliminate inflammation, but the relapse rate is high. It is reported that
esophagitis and other symptoms are 80% and 90%, respectively, 6 mo after proton
pump inhibitor (PPI) withdrawal[2]; therefore, many patients require long-term
maintenance medication. Our previous observations showed that Modified
Xiaochaihu Decoction (MXD) could relieve the symptoms of GERD[3]. The present
study aimed to evaluate the effects of MXD on GERD manifestations and relapse
prevention and to determine its underlying mechanism, from the aspect of esophageal
motion, using a prospective, double-blind, and double-simulation design compared
with omeprazole.
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MATERIALS AND METHODS

Patients

This is a prospective, double-blind, and double-simulation study, which was
sponsored by Beijing Hospital of Traditional Chinese Medicine of Capital Medical
University and conducted in Peking Union Medical College Hospital, Beijing Shijitan
Hospital of Capital Medical University, and Shengjing Hospital of China Medical
University from January 2015 to December 2019.

Ethical permission
The study was reviewed and approved by the Ethics Committee of Beijing Hospital of

Traditional Chinese Medicine of Capital Medical University. The trial registration
number is ISRCTN17685397.

Diagnostic criteria
Participants who met the standard of the “Chinese Experts Opinion on Gastroeso-
phageal Reflux Disease”[2] were considered for inclusion in the study.

The inclusion criteria were: (1) patients aged 18-65 years; (2) satisfied the diagnostic
criteria for GERD; and (3) GERD-Q score 2 8, with A-B esophagitis under gastroscopy.

Exclusion criteria were: (1) a history of gastric, esophageal, and duodenal surgery;
(2) presence of Zollinger-Ellison syndrome or primary esophageal motility disease; (3)
suspected or confirmed to have a malignant disease or have early warning symptoms;
(4) use of PPI or H2 receptor blockers within 2 wk before enrollment; (5) serious
primary heart, liver, lung, kidney, pancreas, or other serious diseases that would affect
their survival; (6) disabled patients (blind, deaf, dumb, mentally retarded, mentally
disabled, physically disabled) as required by law; (7) suspected or confirmed history of
alcohol and drug abuse; (8) allergies, such as those with a history of allergies to two or
more drugs or food; or known allergies to the ingredients of MXD; and (9) pregnant
and lactating women.

Sample size estimation

The sample-size calculation in this design was based on a non-inferiority test with a 1:1
comparison principle. Using the one-sided test, according to previous literature
reports and research results, the formula: [n1 =n2 =2 (Z, + Z) 2P (1-P)/82, Z, = 1.645,
Z,=0845P = 0.65, & = -0.15; n1 = n2 approximately 125] was used. In this study, the
expulsion rate was designed to be 15%, the sample content required for each group
was 144, and a total of 288 samples were required.

Randomization and allocation concealment

Randomization into the treatment or control group was performed with a 1:1
allocation ratio. Balanced treatment assignments were achieved by block random-
ization. This process was performed using SAS 9.4 software to generate a random
sequence. The block length was eight. Now that there were four units and a total of
288 subjects, each unit was assigned 72 connecting consecutive codes and the corres-
ponding allocation to treatment or control.

Participants in the treatment group were given herbal granules (2 packets/d, one
packet at a time with 200 mL water, before meals) combined with omeprazole
simulation tablets produced by Jiangyin Tianjiang Pharmaceutical Co., Ltd. The
traditional Chinese medicine (TCM) prescriptions were mainly composed of
Bupleurum 10 g, Codonopsis 15 g, fried Atractylodes 12 g, Coptis chinensis 10 g, Flos
insulae 10 g, and fried Raphani 15 g. Omeprazole placebo was produced by Lunan
New Times Pharmaceutical Co., Ltd.) and was taken orally, 20 mg each time, once on
an empty stomach in the morning.

Participants in the control group were given omeprazole enteric-coated tablets
combined with an herbal granule placebo. The herbal granule placebo was produced
by Jiangyin Tianjiang Pharmaceutical Co., Ltd. The simulated MXD placebo contained
2.5% of the dose of the original formula, with a color correction agent, seasoning agent,
starch, dextrin, and other auxiliary materials added. After spray drying, crushing,
screening, mixing, granulation, and packaging, the granule simulation agent was
placed in bags. The appearance, characteristics, and odor were the same as those of the
actual herbal medicine and contained 10.3 g/bag (produced by Jiangyin Tianjiang
Pharmaceutical Co., Ltd.). Omeprazole enteric-coated tablets (Lunan New Times
Pharmaceutical Co., Ltd., SFDA approval No. 008140505) were taken orally, 20 mg
each time, once on an empty stomach in the morning,.
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All medications in both groups were administered for 4 wk, and all participants had
a washout period of 2 wk before taking the medication.

Blinding

The blind codes were sealed separately and kept by those who were not directly
involved in this clinical trial. Doctors and patients were blind to the medicine. The
medicine and placebos were packaged in the same outer packaging, and their
appearance, color, and characteristics were consistent. Both were made by the same
manufacturer.

Esophageal manometry
The ManoScan360TM gastrointestinal dynamic high-resolution esophageal
manometry system (Given Imaging, United States) and a solid-state surrounding
pressure measuring electrode catheter with 36 pressure measuring channels was used.
Adjacent channels were spaced 1 cm apart, and each channel had 12 surround
pressure points. The recorded data were analyzed with ManoView Analysis software.
The patient underwent a high-resolution manometry test after fasting for at least 8
h, and the pressure-measuring catheter was inserted through the nasal cavity. The
depth of the catheter was adjusted so that the display screen showed two high-
pressure areas at the proximal and distal ends of the esophagus, the upper esophageal
sphincter, and the lower esophageal sphincter (LES), and the catheter was fixed at the
nasal wing. During the examination, the patient was placed in the supine position and
adapted for 5 min. The basal pressure level in the esophagus was recorded, and the
patient swallowed 10 times with 5 mL each time. The interval between two swallows
was at least 30 s, and the patient remained awake throughout the recording.

Study endpoints

Primary endpoints: The primary endpoint of this study was the GERD-Q scale score.
Positive symptom scoring may reflect the frequency of heartburn and reflux
symptoms and scored 0, 1, 2, 3 points according to “0 d,” “1 d,” “2-3 d,” or “4-7 d”
with a maximum score of 6 points. Negative symptom scoring may reflect the
frequency of central abdominal pain and nausea and scored 3, 2, 1, 0 points according
to”0d,” “1d,” “2-3d,” or “4-7 d” with a maximum score of 6. Positive impact scoring
may reflect the frequency of heartburn or reflux affecting sleep and the frequency of
patients taking extra over-the-counter drugs such as antacids and scored 0, 1, 2, 3
points according to “0 d,” “1 d,” “2-3 d,” and “4-7 d” with a maximum score of 6
points. The highest total score of the 6 questions was 18 points. Scores were recorded
before medication and at the second and fourth weeks of medication, and follow-up
scores were recorded at the first and third month after medication was complete.

Secondary endpoints: Lower esophageal sphincter pressure (LESP), the percentage of
ineffective swallowing > 50%, percentage of small peristaltic interruption, percentage
of large peristaltic interruption, distal contractile integral (DCI), and percentage of
early contractions were the secondary endpoints. As not all participants in the study
had abnormal esophageal manometry indicators, only those with abnormalities at
baseline were measured before and after completion of medication. Indices of
esophageal manometry were recorded before and 4 wk after treatment.

Follow-up

Follow-up was performed at 1 mo and 3 mo after completion of medication, and the
number and percentage of patients who were not on medication, on maintenance
medication, intermittent medication, and on-demand medication were recorded in the
treatment group and the control group.

Statistical analysis

SAS9.4 software (Beijing Hospital of TCM Version, Order Number: 9C1X]JD) was used
for statistical analysis. mean + SD were used to describe the continuous variables.
Frequency and percentage were used to describe the categorical variables. Statistical
tests were performed using the bilateral test, and a P value < 0.05 was considered
statistically significant. Measurement data were analyzed using the t-test or Wilcoxon
A rank-sum test. For comparisons within groups, the paired f-test or Wilcoxon signed-
, rank test was used. For comparisons between groups, categorical variables were
analyzed using the x* test and Fisher’s exact test, and continuous variables were
analyzed using analysis of variance if normally distributed, or using the nonpara-
O metric test if non-normally distributed. For repeated measurements at several time
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points between groups, the repeated measures analysis of variance or the generalized
estimating equation was used.

RESULTS

Patient characteristics

A total of 288 patients were included in this study and were divided into the treatment
group and the control group, with 144 cases in each group. Twenty-eight patients in
the treatment group were excluded, including 1 patient with adverse reactions
(systemic pruritus after taking the medicine, and the symptoms subsided after 2 d of
withdrawal), 14 cases left the study due to personal reasons, and 13 cases left due to
dissatisfaction with the treatment; of the 14 patients excluded in the control group, 9
patients left the study due to personal reasons, 5 patients left due to dissatisfaction,
and a total of 246 patients completed the study (Figure 1).

One hundred and sixteen patients were included in the treatment group, 50 males
and 66 females, aged 18-65 years, with an average age of 50.30 + 10.38 years. Disease
course ranged from 1 mo to 36.67 years. One hundred and thirty patients were
included in the control group, 64 males and 66 females, aged 24-65 years, with an
average age of 50.48 + 11.71 years. Disease course ranged from 2 mo to 20 years. There
were no statistically significant differences between the two groups of patients in
terms of gender, age, and duration of illness.

GERD-Q scale scoring

There were significant differences (P < 0.01) within the treatment group in relation to
withdrawal of medication before treatment and treatment at 2 wk, 4 wk, 1 mo, and 3
mo. In the control group there were significant differences (P < 0.01) in relation to
withdrawal of medication before treatment compared with treatment at 2 wk, 4 wk, 1
mo, and 3 mo. There were no significant differences between the treatment group and
the control group during treatment and follow-up visits (Table 1).

Indicators of esophageal manometry

With regard to post-treatment changes in patients with reduced LESP before
treatment, post-treatment LESP was higher than pre-treatment LESP in both the
treatment group and control group, and there was a significant difference between the
groups (P < 0.01); there was also a significant difference between the two groups after
treatment (P < 0.01) (Table 2 and Figure 2).

Changes in patients with small intermittent contractions

The post-treatment proportion of small intermittent contractions in the treatment
group was reduced compared with that before treatment, and the difference was
statistically significant (P < 0.05). There was no significant difference within the control
group before and after treatment (P > 0.05), and there was no significant difference
between the two groups after treatment (P > 0.05) (Table 3).

Changes in patients with increased large intermittent contractions

The post-treatment proportion of large intermittent contractions in the treatment
group was reduced compared with that before treatment, and the difference was
statistically significant (P < 0.05). There was no significant difference within the control
group before and after treatment (P > 0.05), and there was no significant difference
between the two groups after treatment (P > 0.05) (Table 4).

Changes in patients with ineffective swallowing > 50%

The post-treatment proportion of ineffective swallowing in the treatment group and
control group was reduced compared with that before treatment. The difference was
statistically significant in the two group (P < 0.01), and the difference was statistically
significant in the two groups after treatment (P < 0.05) (Table 5).

Changes in patients with pre-phase contractions
The post-treatment proportion of pre-phase contractions in the treatment group was
reduced compared with that before treatment, and the difference was statistically
significant (P < 0.05). There was no significant difference within the control group
before and after treatment (P > 0.05), and there was no significant difference between
the two groups after treatment (P > 0.05) (Table 6).
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Table 1 Gastroesophageal reflux disease-Q scale scoring changes

Treatment, n =116 Control, n=130 Mean difference (95% confidence interval) P value
Before treatment 10.53 £2.01 1010+ 1.64 0.434 (0.067 to 0.077) 0.077
2 wk treatment 8.25+1.85 7.99 +1.85° 0.266 (0.100 to 0.112) 0.108
4 wk treatment 7.36 +1.71° 7.2141.63" 0.147 (0.463 to 0.483) 0.469
1 mo withdrawal 759 +1.82° 7.59 +1.47° 0.003 (0.301 to 0.309) 0301
3 mo withdrawal 7.56 +1.78" 7.44 £1.54° 0.114 (0.826 to 0.841) 0.837

P <0.01, 2 wk treatment, 4 wk treatment, 1 mo of withdrawal, 3 mo of withdrawal were compared with before treatment.

Table 2 Changes in patients with reduced lower esophageal sphincter pressure

Treatment, n =39 Control, n=41 P value
Pre-treatment, mmHg 7.99+292 8.26 £2.97 0.646
Post-treatment, mmHg 16.15 +4.90"" 13.23£3.71° 0.003
Mean difference (95% confidence interval) -8.158 (0.000 to 0.000) -4.917 (0.000 to 0.000)
P value 0 0.000"

P <0.01, compared with pre-treatment in the group.
bP < 0.05, compared with the control group after treatment.

Table 3 Changes in patients with small intermittent contractions

Treatment, n = 52 Control, n =49 P value
Pre-treatment, % 30.48 £10.39 33.67 £9.50 0.077
Post-treatment, % 27.11+847° 29.79 £8.77 0.063
Mean difference (95% confidence interval) 3.365 (0.035 to 0.043) 3.469 (0.057 to 0.066)
P value 0.037 0.051

bP < 0.05, compared with pre-treatment in the group.

Table 4 Changes in patients with large intermittent contractions

Treatment,n=7 Control, n=9 P value
Pre-treatment, % 22.85+7.55 18.88 £ 6.00 0.261
Post-treatment, % 17.14 +4.87" 15.55 +5.27 0.529
Mean difference (95% confidence interval) 5.714 (0.119 to 0.132) 3.333 (0.237 to 0.254)
P value 0.046 0.083

bP < (.05, compared with pre-treatment in the group.

Changes in patients with DCI less than 450 mmHg-s-cm

The post-treatment value of DCI in the treatment group and control group both
increased compared with the values before treatment, and the difference was statist-
ically significant in the group (P < 0.01). There was no significant difference in the two
groups after treatment (P > 0.05) (Table 7).
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Table 5 Changes in patients with ineffective swallowing > 50%

Treatment, n = 49 Control, n=48 P value
Pre-treatment, % 85.30 £15.42 83.12+17.03 0.647
Post-treatment, % 63.46 +21.07" 72.29 +21.52° 0.016
Mean difference (95% confidence interval) 21.837 (0.000 to 0.000) 10.833 (0.002 to 0.004)
P value 0 0.003

% P < 0.01, compared with pre-treatment in the group.
PP < 0.05, compared with the control group after treatment.

Table 6 Changes in patients with increased pre-phase contractions
-

Treatment, n =21 Control, n=25 P value
Pre-treatment, % 24.52+8.04 26.00 +£8.16 0.503
Post-treatment, % 19.04 + 6.24" 23204748 0.052
Mean difference (95% confidence interval) 5.476 (0.025 to 0.032) 2.800 (-1.894 to 7.494)
P value 0.035 0.23

bp <0.05, compared with pre-treatment in the group.

Table 7 Changes in patients with distal contractile integral less than 450 mmHg's-cm

Treatment, n =23 Control, n=23 P value
Pre-treatment, mmHg s tm 237.80 + 87.62 243.97 +86.53 0.373
Post-treatment, mmHg s cm 417.53 +128.22" 400.26 +136.63" 0.111
Mean difference (95% confidence interval) -179.731 (0.000 to 0.000) -156.283 (0.000 to 0.000)
P value 0 0

PP < 0.05, compared with pre-treatment in the group.

Efficacy in reducing recurrence rate
Patients were followed up at 1 mo after completing treatment, and a significant
difference was observed between the treatment group and the control group (P < 0.01)
(Table 8).

Patients were followed up at 3 mo after completing treatment, and a significant
difference was observed between the treatment group and the control group (P < 0.05)
(Table 9).

DISCUSSION

This multicenter, randomized, double-blind, double-simulation study proved that
MXD has a similar therapeutic effect to omeprazole in the treatment of patients with
|I typical symptoms of GERD and reflux esophagitis grades A and B. MXD was superior

to omeprazole in improving LES resting pressure and reducing ineffective esophagus
swallowing. The recurrence rate of symptoms was significantly lower than that of
: omeprazole within 1 mo and 3 mo after completing treatment. MXD may be an
y alternative treatment to PPl maintenance in patients with GERD.

GERD-Q scale scoring has high diagnostic accuracy in GERD and can evaluate
quality of life and treatment response[4-6]. The results of this study showed that the
GERD-Q scale scores in the two groups revealed significant changes before and after
treatment, while there was no significant difference between the two groups indicating
that MXD and the PPI omeprazole had equivalent clinical efficacy in improving the
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Table 8 Follow-up results at 1 mo after completing treatment, n (%)

Treatment, n =116 Control, n=130 P value
Not on medication 97 (83.6)" 86 (66.2) 0.002
Maintenance medication 12 (10.3) 16 (12.3) -
Intermittent medication 1(0.9) 14 (10.8) -
On-demand medication 6(5.2) 14 (10.8) -

5P < 0.05, compared with pre-treatment in the group.

Table 9 Follow-up results at 3 mo after completing treatment, n (%)

e Treatment, n=116 Control, n=130 P value
Not on medication 85 (73.3)" 71 (54.6) 0
Maintenance medication 14 (12.1) 25(19.2)
Intermittent medication 6(5.2) 9(6.9)
On-demand medication 11 (9.5) 25 (19.2)

bp< 0.05, compared with pre-treatment in the group.

Ilmol |3mo]

Registration number:
ISRCTN17685397

Beijing Hospital of
Traditional Chinese

Medicine Fulfilling the
inclusion/exclusion
) ) . criteria Treatment group ) Treatment group
Peking Union Medical | > (n= 144) > (n=116)

College Hospital
Randomized
(:n= (2’?5 I Shedding cases
Beijing Shijitan Hospital { (n=28) L

Shedding cases || Esophageal
(n=14) manometry
Shengjing Hospital
,| Placebo group || Control group
(n=144) (n=130)

Figure 1 Study flow chart. GERD: Gastroesophageal reflux disease.

symptoms of GERD.

Esophageal dysfunction is a common cause of GERD. Abnormal dysfunction is
mainly reflected in the weakened esophageal anti-reflux barrier function and
esophageal clearance function. This study only compared abnormal esophageal
motility indicators before and after treatment to explore the possible mechanism of
MXD in the treatment of GERD. The results showed that MXD increased the LES
resting pressure, enhanced the esophageal barrier effect, reduced ineffective
contractions to improve esophageal clearance, reduced pre-phase contractions to
adjust the coordination of esophageal movement, and improved esophageal clearance
function. LES is an important component of the esophageal anti-reflux barrier, and its
pressure is higher than that in the stomach to prevent the reflux of gastrointestinal
?)‘ content into the esophagus. It has been confirmed that LESP in GERD patients is

] significantly lower than in normal individuals[7]. When LESP decreases, the contents
of the stomach and duodenum are more easily refluxed into the esophagus.

The research by Hu et al[8] showed that LES pressure decreases with the severity of
acid reflux, and the decrease in LESP results in a significant increase in the incidence of
| 4 hiatal hernia. Food in the esophagus is mainly propelled by peristalsis. When
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Figure 2 High-resolution esophageal manometry before and after treatment. The results in A and B were from the same patient in the treatment group.
A: High-resolution esophageal manometry before treatment; B: High-resolution esophageal manometry 3 mo after treatment.
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peristalsis is interrupted, the transmission and clearance functions of the esophagus in
terms of the food bolus and reflux content are impaired, resulting in weakened
clearance of the esophagus. Ribolsi et al[9] confirmed that esophageal peristalsis
interruption in patients with GERD is associated with increased acid exposure in the
supine position and increased reflux clearance time.

The Chicago esophageal dyskinesia classification released in 2015 defined
swallowing with DCI < 450 mmHg 's em as ineffective swallowing and ineffective
esophageal motility as > 50% of ineffective swallowing[10]. Frequent ineffective
peristalsis of the esophagus can lead to impaired esophageal clearance and prolong the
exposure duration of the food bolus and reflux content in the esophagus[11], thereby
stimulating reflux symptoms. Liu et al[12] showed that GERD symptoms were closely
related to DCI and ineffective esophageal peristalsis. With the widespread application
of pH monitoring, the results of existing research show that ineffective esophageal
peristalsis will lead to longer reflux time in both the supine and upright position and
prolong average acid clearance time[8,13]. In addition, the pre-phase contractions of
the esophagus will block passage of the food bolus and impair the peristaltic function
of the esophagus. If the food bolus remains in the esophagus for an extended period, it
will also increase stimulation of the esophageal mucosa. It can be inferred that MXD
improved the patients’ symptoms via the above effects.

The difficulty in the treatment of GERD lies in its high recurrence rate. Some studies
have shown that in patients with GERD who take PPIs for 4-8 wk that the recurrence
rate is 26.0%-47.8%, and the recurrence rate is 30.4% during the 1 year follow-up[14-
16]. The follow-up visits in the present study were conducted at 1 mo and 3 mo after
completing treatment. Patients not on medication, on maintenance medication,
intermittent medication, and on-demand medication were assessed. It was found that
the recurrence rate following TCM was low, and its ongoing efficacy was significantly
better than omeprazole. The results of this study indicated that by increasing the
resting pressure of the LES, improving ineffective swallowing, and reducing pre-phase
contractions, the mechanism of reflux is partially corrected, and MXD can lower the
recurrence rate.

It is generally accepted that the pathophysiology of GERD mainly involves inflam-
mation and the immune response[17-19]. Modern pharmacological studies have
shown that MXD has anti-inflammatory, antioxidant, and immunomodulatory
activity. Saikoside, the active component of bupleurum has significant anti-inflam-
matory, immunoregulatory, and neuroregulatory effects[20]. Studies have shown that
saikoside can significantly reduce the expression of tumor necrosis factor-a,
interleukin-1, and interleukin-6 and can inhibit the production of nitric oxide, thereby
contributing to its anti-inflammatory effects, and saikoside is an effective NF-«xB
channel inhibitor[21,22]. Studies have shown that inulin fructan extracted from the
roots of Codonopsis has anti-inflammatory and anti-oxidant effects. Li et al[23] studied
the protective effect of inulin fructan on ethanol-induced acute gastric ulcers in rats,
and the results showed that inulin fructan significantly increased the activity of
superoxide dismutase and glutathione peroxidase in gastric tissue in a dose-
dependent manner and reduced the content of malondialdehyde and nitric oxide,
thereby protecting the gastric mucosa. In addition, the active component Berberine
from Coptis chinensis also has similar anti-inflammatory and antioxidant effects[24],
and it has been shown that Berberine has a killing effect on Helicobacter pylori[25].
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CONCLUSION

This study had the following limitations: the research only compared clinical
symptoms, and pH monitoring before and after treatment was not carried out. In
addition, the treatment duration was 4 wk, which was insufficient. It is considered that
the course of treatment should be extended to 8 wk as this would be more conducive
to symptom relief and resolution of inflammation. The next phase in this research is to
extend the course of treatment and carry out in-depth observations on the effect of
MXD on acid reflux.

In the present study, the number of drop-outs in the TCM group was higher, most
of which were due to severe acid-refractory heartburn symptoms, and the TCM did
not take effect quickly. Due to the double-blind and double-simulation design of the
study, we believe that the results objectively demonstrate the effects of MXD and
omeprazole on clinical symptoms and esophageal dynamics in GERD patients and
provide evidence-based data for GERD patients to receive further treatment.
Therefore, it is recommended that patients with reflux symptoms without serious or
reflux esophagitis belonging to class A-B be treated with TCM, and for patients with
severe symptoms of acid reflux and heartburn, which require quick relief, both
Chinese and Western medicine is suggested to obtain more satisfactory efficacy.

ARTICLE HIGHLIGHTS

Research background

Gastroesophageal reflux disease (GERD) has a high prevalence worldwide, and its
incidence is increasing annually. According to the preliminary experiment of the
research group, Modified Xiaochaihu Decoction (MXD) could relieve the symptoms of
GERD.

Research motivation

The effects of MXD on GERD manifestations and relapse prevention need to be further
explained. Therefore, we performed a prospective, double-blind, and double-
simulation study.

Research objectives
To verify the efficacy of MXD for GERD and its effect on esophageal motility.

Research methods

Using randomization, double-blinding, and a simulation design to compare the
GERD-Q scale score and esophageal manometry between patients under the treatment
of MXD (treatment group) and omeprazole (control group).

Research results

In total, 288 patients were divided into the treatment group and control group. The
GERD-Q scale score in both groups decreased significantly compared to those before
treatment (P < 0.01). However, no significant difference was observed between the two
groups (P > 0.05). Esophageal manometry showed that participants with sphincter
pressure reduction and the proportion of ineffective swallowing (more than 50%)
improved in both groups from baseline (P < 0.01), especially in the treatment group (P
< 0.05). The percentage of small intermittent contractions, large intermittent
contractions, and increased pre-phase contractions in the treatment group significantly
improved compared with baseline (P < 0.05) but did not improve in the control group
(P > 0.05). The percentage of weak esophageal contractility (distal contractile integral <
450 mmHg s cm) improved in both groups (P < 0.01). The relapse rate in the treatment
group was lower than that in the control group at the 1 mo (P < 0.01) and 3 mo follow-
up (P < 0.05).

Research conclusions

MXD has a similar therapeutic effect to omeprazole in mild-to-moderate GERD. The
therapeutic effect may be related to increased pressure in the lower esophageal
sphincter and reduced ineffective swallowing.
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Research perspectives
Our results supported that MXD has a similar therapeutic effect to omeprazole in
mild-to-moderate GERD and could improve esophageal motility.
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DSS-Induced Colitis and Remodel Gut
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Shengsheng Zhang'* and Chao Li**
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Inflalmmatory bowel disease (IBD) is a refractory disorder characterized by chronic and
recurrent inflammation. The progression and pathogenesis of IBD is closely related to
oxidative stress and irregularly high concentrations of reactive oxygen species (ROS). A
new oxidation-responsive nano prodrug was constructed from a phenylboronic esters-
modified carboxylmethyl chitosan (OC-B) conjugated with berberine (BBR) that degrades
selectively in response to ROS. The optimized micelles exhibited well-controlled
physiochemical properties and stability in a physiological environment. OC-B-BBR
micelles could effectively encapsulate the anti-inflammatory drug berberine and exhibit
ideal H,O,-triggered release behavior as confirmed by in vitro drug loading and release
studies. The in vivo anti-inflammatory effect and regulation of gut microbiota caused by it
were explored in mice with colitis induced by dextran sodium sulfate (DSS). The results
showed that OC-B-BBR significantly ameliorated colitis symptoms and colon damage by
regulating the expression levels of IL-6 and remodeling gut microbiota. In summary, this
study exhibited a novel BBR-loaded Carboxylmethyl Chitosan nano delivery system which
may represent a promising approach for improving IBD treatment.

Keywords: berberine, nanoparticles, colitis, drug delivery, gut microbiota

INTRODUCTION

Inflammatory bowel disease (IBD) is a refractory gastrointestinal disorder characterized by
chronic and recurrent inflammation. Ulcerative colitis (UC) and Crohn’s disease (CD) are the
two main forms of IBD (Kaser et al., 2010). IBD has a high incidence in the United States (more
than 1 million) and in Western Europe (2.5 million), and has evolved into a widespread disease
with increasing prevalence all over the world (Kaplan, 2015). The pathogenesis of IBD is still not
fully understood, but it is mainly considered to be associated with environmental factors, host
genetic susceptibility, changes in intestinal flora and intestinal epithelial barrier dysfunction,
and other factors (Zundler and Neurath, 2015). Oxidative stress plays an essential role in the
pathogenesis and progression of IBD (Tian et al., 2017), and leads to excessive ROS
accumulation. Biopsies from patients with IBD demonstrate abnormally high levels of ROS
at the site of the lesion, with mucosal ROS concentrations increasing from 10- to 100-fold
(Simmonds et al., 1992; Lih-Brody et al., 1996).
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Although there is no clear evidence of a relationship between
IBD and mortality, there is no doubt that IBD has an adverse
impact on the quality of life of patients. Many drugs are available
for the treatment of UC including 5-Aminosalicylic acid, steroids,
immunosuppressant, probiotics, biological agents, herbal
medicines, and so on. Ulcerative colitis can be cured with
FMT in patients who do not respond to other more accessible
treatments. However, IBD is difficult to cure permanently at
present. Taking medicine inevitably brings about many adverse
reactions and consumes a lot of medical resources (Shivaji et al.,
2019; Wilke et al., 2020).

Berberine (BBR) is an isoquinoline alkaloid, often used as an
antidiarrheal, derived from the rhizome of Coptis chinensis
(“Huang-Lian” in Chinese) of the Ranunculaceae family.
Recently, BBR and its derivatives have been examined for use
in IBD treatment (Massironi et al., 2013; Wakuda et al., 2013). It
is worth noting that BBR may alleviate intestinal inflammation
through different mechanisms. It seems to be related to the
regulation of the Treg/Thl7 balance by modifying gut
microbiota (Cui et al., 2018). In addition, BBR could identify
bitter taste receptors on intestinal Tuft cells and activate IL-25-
ILC2-IL-13 immune pathway to impair damaged intestinal tract
by promoting differentiation of intestinal stem cells (Xiong et al.,
2021). There is also a broad space to improve the efficacy and
bioavailability of BBR. For example, its absolute bioavailability
has been reported to be less than 1% (Chae et al.,, 2008; Chen et al.,
2011) and the plasma level of BBR is very low, although the
significant pharmacological effects of BBR have been observed in
clinic (Hua et al., 2007).

A targeted drug delivery system can ensure that the drug is
released only at the intestinal inflammation site instead of healthy
tissue. Targeting and selectivity are achieved by the abnormally
high concentration of ROS in the inflammation site (Wilson et al.,
20105 Zhang et al., 2016). Because the nanosized targeted delivery
system will mainly accumulate in the inflamed part of the
intestine, it is considered to be an excellent idea for the
treatment of IBD (Lamprecht et al, 2001). Santos’ group
reported a nano-in-micro composite to achieve an oxidation-
responsive delivery of rifaximin (RIF) for IBD treatment. RIF
mediates changes in epithelial cell physiology and reduces
bacterial attachment and internalization, and also antagonized
the effects of tumor necrosis factor-a on intestinal epithelial cells
by activating pregnane X receptor, which inhibits nuclear factor-
kB-mediated  proinflammatory mediators and  induces
detoxification genes. RIF-loaded nanoparticles have been
prepared by phenylboronic esters-modified dextran (OxiDEX).
Under physiologically relevant H,O, concentrations, the
nanoparticles exhibited a high degree of H,O,-responsive
degradation ability and controlled drug release (Bertoni et al,
2018). Nanoparticles are likely to adjust the properties of drugs,
such as stability, solubility, and release ability, and their surface is
easily modified to introduce targeting ligands, and even adjust
surface characteristics, including surface charge and adhesion
properties. Consequently, we here proposed a functional prodrug
micelle as an inflammation-targeted drug, which was comprised
of BBR covalent linked to biocompatible carboxylmethyl chitosan
by aryl boronic ester as responsive linker. This nanosystem was
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adopted so that chitosan-based prodrug micelles could effectively
deliver berberine to inflamed tissue by ROS responsive
mechanism, improving its bioavailability in the specific site
(Figure 1). Compared with the RIF-loaded delivery system,
BBR in the current system was covalently linked to the carrier
by unique catechol group, which can precisely achieve ROS-
responsive and prevent the premature release of drugs in the
delivery process. The synthesis and physiochemical properties of
polymeric OC-B-BBR were explored to optimize micelle
structure. The ability of the system to release berberine in
physiological and simulated ROS overexpression medium was
also investigated. In vivo anti-inflammatory effect and regulation
of gut microbiota by it were explored in mice with colitis induced
by dextran sodium sulfate (DSS), which showed features in
common with ulcerative colitis in humans.

MATERIALS AND METHODS

Materials
Carboxylmethyl chitosan (OC, Mw = 37kDa, degree of
deacetylation = 88.7%) was purchased from Macklin.

Berberine (BBR) was purchased from Saen Chemical
Technology Co., Ltd. The Spectra/Por 1 dialysis membrane
(MWCO: 3,500) was purchased from Spectrum Laboratories.
All the other reagents and solvents were provided by Beijing
Chemical Reagent Co., Ltd. and used without further purification.
A Bruker AV-400 nuclear magnetic resonance spectroscope was
used to record all NMR spectra at 400 MHz in CDClI; (unless
otherwise specified). An Agilent 6540 UHD Q-TOF MS (analyzed
ions up to m/z 6,000) equipped with a gas nebulizer probe was
used to record data of High-resolution mass spectra (HRMS).
DSS was purchased from MP Biomedicals Co., Ltd. TNF-a and
IL-6 enzyme-linked immunosorbent assay (ELISA) kits were
purchased from Wuhan servicebio technology Co., Ltd. TGF-$
and IL-23 ELISA Kkits were purchased from Multisciences
(LIANKE) Biotech Co., Ltd.

~ o
Carboxymotny! chitasan =

=

Catochol Phanylborate

0C-B-BBR T

Inflamed area

Healthy area

FIGURE 1 | The schematic presentation of OC-B-BBR prodrug micelles
structure and their inflamed-selective anti-inflammatory drug delivery by ROS-
triggered mechanism.
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Preparation of OC-B-BBR Micelles
Phloroglucinol (2.5 g, 19.8 mmol) was dissolved in 60% H,SO,

(50 ml) and stirred at room temperature until the raw materials
were completely dissolved to form a colorless solution. Berberine
(2.5 g, 74 mmol) was added to the above solution, and the
mixture was stirred at 95°C for 15 min. Then the reaction was
transferred to the saturated NaCl solution and stirred at room
temperature for 2 h. The solution was filtered, and the filter cake
was dissolved with methanol. The resulted solution was
concentrated in vacuo and washed by ethyl acetate for twice.
The solution was then filtered again, upon which the compound
demethyleneberberine was obtained as a dark red solid (yield
90%). 1H-NMR (400Mz, DMSO-dq): 8/ppm = 3.105-3.136 (t,
2H, - CH,), 4.070 (s, 3H, - CHs), 4.095 (s, 3H, - CHs), 4.898-4.929
(t, 2H, - CH.), 6.884 (s, H, Ph-H), 7.557 (s, H, Ph-H), 8.052-8.075
(d, H, Ph-H), 8.173-8.196 (d, H, Ph-H), 8.768 (s, H, Ph-H), 9.432
(bs, H, -OH), 9.857 (s, H, Ph-H), 10.246 (bs, H, -OH).

We dissolved carboxymethyl chitosan (OC, 128 mg,
0.24 mmol) and 0.2ml of tetramethylguanidine in 15ml
deionized water, then stirred the mixture for 30 min 4-
nitrophenyl [4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
phenyl]methyl ester (NBC, 0.2 g, 0.501 mmol) was dissolved in
5ml THF, which was added dropwise to the above mixture at
25°C. After the reaction was finished, the solution was dialyzed
against water for 2 days. The product OC-B was obtained by
lyophilization.

The OC-B-BBR micelles were prepared using dialysis method.
In brief, OC-B (20 mg) was dissolved in 8.4 ml deionized water
and saturated NaHCO; was added to adjust pH = 8. Then 3 ml
DMA was added to the above solution with stirring for 10 min at
room temperature. 10 mg of demethyleneberberine dissolved in
methanol (2 ml) were slowly added to the mixture, then stirred
for 8 h at 25°C. The resulting solution was dialyzed against water/
methanol (1,000 : 2, v/v) for 2 days (molecular weight cut off
3,500 Da) to remove by-products, and then lyophilized to obtain
a dry reddish brown flocculent product of OC-B-BBR micelles
(60 mg).

Characterization of Physiochemical

Properties

Gel permeation chromatography (GPC) (TDK 302, Viscotek,
USA) was used to determine the molecular weight distribution of
the analytes, in which the mobile phase was water. A Zetasizer
Nano instrument (Zetaplus, Brookhaven, USA) and a HeeNe
laser (633 nm) were used to measure the particle size of micelles
by dynamic light scattering (DLS) to collect optical
measurements. All analytes were suspended in pH 7.4 PBS at
a concentration of 1 mg mL™" in DLS measurement. S-4700 cold
field emission scanning electron microscope (SEM, Hitachi,
Japan) was used to analyze the surface morphology of
polymeric products and obtain SEM images. Double-sided
tape was used to mount the sample for SEM to the metal post,
and a thin layer of gold was sputtered under vacuum. For zeta
potential measurement, a Nano-ZS ZEN3600 particle sizer
(Malvern Instruments) was used.
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The encapsulation efficiency (EE) and loading capacity (LC) of
OC-B-BBR micelle were depicted as Eqs. 1 and 2, respectively.

weight of Barberine in micelle
EE (%) =

100% 1
weight of Barberine feed x ’ W

weight of encapsulated Berberine

LC(%) = x100%  (2)

total weight of micelle

In Vitro Drug Release of Micelles

A dialysis membrane was used to evaluate the release of OC-B-
BBR micelles under sink conditions. For simulated ROS released
study, H,O, with different concentrations was added into
phosphate-buffer solution (PBS, pH 7.4) as the release media.
In brief, 2 mg of OC-B-BBR micelles (DS = 13.1%) were kept in a
dialysis bag (MWCO: 3.5 kDa), sealed and placed in 200 ml of
release medium, and continuously shook at 100 rpm at 37°C. 1 ml
of buffer solution was collected at various time intervals, and 1 ml
of fresh medium was added in time after each collection. The
cumulative amounts of berberine were determined by Waters
Alliance HPLC (UV-detector, A = 360 nm, C-18 column, eluent:
0.2% phosphoric acid in water: acetonitrile (36:64, v/v), flow rate:
1.0 ml min™?).

Animal Experiments and Dosage

Information

Animal experiments were designed according to ARRIVE 2.0
Guideline. C57BL/6 ] mice aged 6-8 weeks were obtained from
the SPF (Beijing) Biotechnology Co., Ltd (permission number:
SCXK (jing) 2019-0,010). The mice were cultured under standard
conditions (temperature of 20-26°C, relative humidity of
40-70%, light-dark cycle of 12/12 h, clean bedding, free access
to water, and standard dry pellet diet). After a week of adaptive
feeding, the mice were randomly divided into four groups, with
eight mice in each group. The groups were as follows: 1) Control
group, continually fed water alone for 10 days; 2) DSS group,
colitis was induced with 3% DSS, which was added to their
drinking water for 6 days, on the fourth day, started to use
normal saline for gavage for 7days; 3) OC-B-BBR group,
colitis was induced with 3% DSS, which was added to their
drinking water for 6 days, on the fourth day, started to use
nano-berberine for gavage (30 mgkg '-d™') for 7days; 4)
Mesalazine group, colitis was induced with 3% DSS for 6 days,
on the fourth day, started to use mesalazine for gavage
(100 mg kg™") for 7 days.

Animal studies were performed according to the NTH Guide
for the Care and Use of Laboratory Animals and were approved
by Animal Care and Use Committee of Beijing Hospital of
traditional Chinese Medicine, Capital Medical University.

Disease Activity Index (DAI)

The body weight, stool viscidity, and fecal occult blood were
observed daily, and the DAI (Yan et al., 2018) of the mice were
measured, including body weight loss (the percentage of weight loss
relative to the initial body weight, where 0 score = none, 1 score =
1%-5%, 2 score = 5%-10%, 3 score = 10%-20%, 4 score => 20%),
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stool viscidity (0 score = normal, 2 score = loose, 4 score = diarrhea),
and fecal occult blood (0 score = no blood, 1 score = +, 2 score = ++,
3 score = +++, 4 score = gross bleeding). DAI = (body mass index +
stool viscidity + bleeding)/3.

Sample Collection and Measurement

Colons and spleens were excised from sacrificed mice, and then
the length of colons and weight of the spleens were measured. The
spleen index = wet weight of the spleen (mg)/the bodyweight (g).
Feces were collected for 16 S ribosomal RNA (16SrRNA) analysis.
Portions of the colon were fixed in 10% formalin and then
embedded in paraffin sections for hematoxylin-eosin (H&E)
staining. A portion of that colon was store at -80°Cfor ELISA
analysis.

Intestinal Mucosal Injury Index Analysis

The colons were dissected to observe the damages on intestinal
mucosa. The extent of the damage was graded by colonic mucosa
damage index (CMDI) (Yan et al., 2018), scored as follows: 0, no
injury to the colonic mucosa; 1, the surface of intestinal mucosa is
smooth, no erosion or ulcer, but with mild hyperemia and edema;
2, has congestion and edema, the mucosa is coarse and granular,
with erosion or intestinal adhesion; 3, necrosis and ulcers
appeared on the surface of intestinal mucosa, which also has
high congestion and edema (the maximum longitudinal diameter
of the ulcer is shorter than 1.0 cm), moreover, the intestinal wall
surface has necrosis and inflammation or the hyperplasia of
intestinal wall; and 4, the maximum longitudinal diameter of
ulcer is longer than 1.0 cm, or with total intestinal wall necrosis
more severe than 3 points.

Histological Analysis

H&E stained sections of colonic tissue was determined by two
independent, blinded investigators following a scoring system for
inflammation-associated histological changes in the colon (Wirtz
et al,, 2007). The scoring system for inflammation-associated
histological changes in the colon was: 0, No evidence of
inflammation; 1, Low level of inflammation with scattered
infiltrating mononuclear cells (1-2 foci); 2, Moderate
inflammation with multiple foci; 3, High level of inflammation
with increased vascular density and marked wall thickening; and
4, Maximal severity of inflammation with transmural leukocyte
infiltration and loss of goblet cells.

ELISA Analysis

Levels of TNF-a (purchased from Wuhan servicebio technology
Co., Ltd.), IL-6 (purchased from Wuhan servicebio technology
Co., Ltd.), TGF-B (purchased from Multisciences (LIANKE)
Biotech Co., Ltd.), and IL-23 (purchased from Multisciences
(LIANKE) Biotech Co., Ltd.) in colon tissue were quantified
using ELISA kits according to the instructions.

16SrNA Analysis

Magpure stool DNA KF kit B (Magen, China) was used to extract
genomic DNA from feces. 30ng of qualified genomic DNA
samples and corresponding fusion primers were used to
configure the PCR reaction system. The v3-v4 region of 16 S
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rRNA of genomic DNA was amplified by setting the PCR reaction
parameters. The PCR products were purified with agencourt
ampure XP magnetic beads, dissolved in elusion buffer,
labeled, and completed the establishment of the library.
Agilent 2,100 Bioanalyzer was used to detect the fragment
range and concentration of the library. According to the size
of inserted fragments, hiseq platform was selected for sequencing.
After getting off the machine, the data were filtered, and the reads
were spliced into tags through the overlap relationship between
reads. Under the given similarity, tags were aggregated into out,
and the OTU representative sequences were compared with the
database by RDP classifer (V2.2) software for species annotation,
and the confidence threshold was set to 0.6. Based on OTU and
annotation results, species complexity analysis, species diversity
analysis, and correlation analysis were carried out.

Statistical Analysis

Multiple groups were compared by one-way analysis of variance
(ANOVA). t-test or Mann-Whitney U-test was used to compare
the two groups. Data were expressed as mean * standard
deviation (SD). p < 0.05 was considered statistically significant.

RESULTS

Design and Synthesis of Berberine
Nanomicelle

Carboxylmethyl chitosan was chosen as a carrier to improve
solubility and biocompatibility of micelles for drug delivery.
Stimuli-responsive phenyl borate ester as a linker conjugated
berberine to carboxylmethyl chitosan by effective aminolysis
reaction. The synthesis route of the nanocarrier OC-B-BBR
was depicted in Supplementary Scheme S1. Initially, NBC was
prepared according to previous reports (Jourden and Cohen,
2010; Chung et al., 2018), as a key intermediate for linking glycol
chitosan and berberine. Phenyl boronate moiety was linked to 2-
NH, on carboxylmethyl chitosan by aminolysis, and
subsequently borate ester was then easily hydrolyzed under
alkaline conditions to give OC-B. A simple strategy was
proposed to conjugate berberine by its unique catechol
structure. The exposed boronic acid group can spontaneously
react with catechol in water to form stable borate ester (OC-B-
BBR). The successful synthesis of OC-B-BBR nanocarrier was
confirmed by 1H NMR spectra. The characterization of OC and
OC-B was also presented as controls to better assign the proton
signals of berberine in OC-B-BBR (Supplementary Figures
$1-83). The amphiphilic OC-B-BBR conjugates readily formed
self-assembled micelles in an aqueous environment. In mild
excess ROS environment, the stimuli-responsive borate ester
was broken to release berberine molecules.

Physicochemical Properties of Micelles

The physiochemical properties of nanocarriers should be
carefully considered to achieve target special delivery of the
particles. The primary concerns, including degree of substitute
(DS), particle size, encapsulation efficiency (EE), and loading
capacity (LC), were determined as shown in Table 1. The feed
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TABLE 1 | Physiochemical properties of OC, OC-NBC, and OC-B-BBR.

Berberine Nanodrugs on IBD

Samples M,, (Da) + SD M, (Da) + SD M,,/M, + SD Particle PDI® + SD EE (%)° + SD LC (%)® + SD
size (nm) + SD
oC 37,695 + 1,348 17,127 £+ 1,128 22+02 2 - -
OC-NBC 54,985 + 2,350 22,982 + 2,140 24 +03 222.7 + 26.4 0.42 £ 0.12 - -
OC-NBC-BBR 17,049 + 929 14,497 + 827 1.2+0.1 230.2 + 18.1 0.22 + 0.09 67.5+4.4 181 +1.6
%no data.
polydispersity index.
“Encapsulation efficiency, see section Materials and Methods for calculation.
”Loading capacity, see section Materials and Methods for calculation.
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FIGURE 2 | (A) SEM images of the different polymers. (B) The changes in OC-B-BBR nanoparticle size in pH 7.4 medium. (C) The changes in surface charges and
PDI (D) In vitro drug release profiles of berberine. The OC-B-BBR micelle was incubated in pH = 7.4 buffer without H,O, (black dot), 10 uM H,0; (red square), and 1 mM
H-O, (wine square), as measured through HPLC.

ratio of the reaction was changed to adjust the DS of berberine,
which can greatly affect the self-assembly behavior and
hydrophilic-lipophilic balance of the micelles. Phenyl boronic
ester was firstly grafted to OC with different DSs ranged from
10.08 to 26.02%, and the mean diameters of the micelles,
measured by DLS, were in the 120-140 nm range. The poor
solubility of berberine and reactivity of phenolic hydroxyl
(alcoholic hydroxyl was more likely to react with phenylboric
acid), to a large extent, limited the increase of DS. The optimized
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OC-B-BBR (DS = 13.6%) was used to evaluate the subsequent
drug release and in vivo anti-inflammatory efficacy.

The nanoscale morphology of the obtained structure was
shown by electron microscope images. As shown in Figure 2A
by SEM measurement, OC and blank OC-B were spherical
nanoparticles (about 100 nm) and cross-linked. The micelles of
OC-B-BBR maintained good microsphere morphology, as shown
in Figure 2A in different scales. The average particle size of the
nanoparticles was about 130 nm, and slightly larger than the
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FIGURE 3 | OC-B-BBR ameliorated DSS-induced colitis in mice. Results represent mean + SD; n = 8, *p < 0.05; **p < 0.01. (A) disease activity indexes (DAI); (B)
Spleen index; (C) Colon picture; (D) Colon length; (E) Colonic mucosa damage index (CMDI) score; (F) Histological score; (G) H&E staining of sections displayed colonic
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carrier OC-B. The change trends of particle size measured by DLS
were basically the same as that measured by SEM. For the specific
data of particle size, the DLS results were slightly larger than the
SEM results. This was mainly because the structure was in a
hydrated state during DLS measurement, which made the size of
the structure larger.

Subsequently, the stabilities of OC-B-BBR micelles were
monitored on the basis of variation in sizes and surface
charges. In pH = 74 medium, the micelles showed
insignificant changes in size and a negligible decrease in zeta
potential in 5 days (Figures 2B,C), suggesting the good stability
of the micelles that was essential for a prolonged blood half-life
in vivo.

In Vitro Drug Release Profile

The drug release profiles in physiological and simulated ROS
environment were explored. As shown in Figure 2D without
H,0,, less than 20% berberine was released in 72 h incubation at
pH 7.4, indicating that the micelles had satisfactory stability
around physiological conditions. When 10uM H,0, was
added in the micelles system, 50% of berberine was collected
in 24 h incubation, indicating the ROS-sensitivity of OC-B-BBR
micelles. At least 65% of the drugs were released over the tested
time. The same assays were performed again with 1 mM H,0,
incubation, and the rate of berberine release sharply increased.
More than 90% of the drugs can be released in 24 h incubation,
showing the sensitivity to excess ROS. The sustained and
thorough release indicated that the nanomicelles have a
favorable response ability in inflamed tissues with high levels
of ROS, which promoted drug delivery efficacy.

OC-B-BBR Showed a Potential Role in
Ameliorating the Colitis Induced by DSS in
Mice

To study the effect of OC-B-BBR in colitis, five parameters, DAI,
colon length, spleen index, CMDI score, and histological score,
were evaluated. Mice in the DSS group presented more severe
colitis than mice in the OC-B-BBR group, as evidenced by a
significant increasing of DAI (Figure 3A) and spleen index
(p < 0.01) (Figure 3B), and shortening of the colon (p < 0.05)
(Figures 3C,D). The damage on intestinal mucosa by visual
inspection in the DSS group presented significantly higher
congestion and edema, more serious erosion or intestinal
adhesion, bigger ulcers, and higher CDMI score (p < 0.01)
(Figure 3E) compared with the OC-B-BBR group. Similarly,
the inflammatory cell infiltration and histological score of
H&E staining sections of colon tissue in the DSS group were
significantly higher compared with the OC-B-BBR group (p <
0.01) (Figures 3F,G). There were no significant differences
between the OC-B-BBR and mesalazine group in the DAI,
colon length, spleen index, or CMDI score. The histological
scores of the OC-B-BBR group were significantly lower than
that of the mesalazine group (p < 0.05). Above all, OC-B-BBR
could effectively ameliorate DSS-induced colitis in mice and may
have potential advantages over mesalazine.
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OC-B-BBR Suppressed the Secretion of
Some Inflammatory Cytokines in
DSS-Induced Mice

Excessive production of proinflammatory cytokines lead to the
progression and exacerbation of colitis. To understand the anti-
inflammatory effect of OC-B-BBR, we measured the levels of
proinflammatory cytokines in the colon homogenates by ELISA.
The results showed that the levels of TNF-a and IL-6 were
significantly increased after DSS-induced (p < 0.05 or
p < 0.01). The increase of IL-6 was significantly reduced by
OC-B-BBR treatment (p < 0.01), while the increase of TNF-a was
significantly reduced by mesalazine treatment (p < 0.05). There
were no significant differences of TGF-p and IL-23 in the four
groups (Figures 3H-K).

OC-B-BBR Modified Gut Microbiota
a-diversity analysis reflected the richness and diversity of
microbial communities, including a series of statistical analysis
indexes. The Chao and ACE indexes are used to estimate the
microbial richness, while Shannon index is used to estimate the
microbial diversity. The ACE index of DSS group was
significantly lower than that of the normal group, of which the
OC-B-BBR group and mesalazine group were significantly
increased (p < 0.05) (Figure 4A). Although the Chao index
did not increase significantly, the increase in species richness
was demonstrated to some extent (Figure 4A). Shannon index
showed no significant difference among the four groups
(Figure 4A). No apparent clustering was observed in principal
component analysis (PCA) (Figure 4B) or principal coordinate
analysis (PCoA) (Figure 4B) among the normal group, DSS
group, OC-B-BBR group, or mesalazine group.

At phylum level, the compositions of gut microbiota in each
group were shown in Figure 4C. Compared with the normal
group, the relative abundance of Bacteroidetes, Deferribacteres,
and Proteobacteria in the DSS group increased significantly, while
the relative abundance of Firmicutes and Verrucomicrobia
decreased significantly (p < 0.05 or p < 0.01) (Figures 4D,E).
Compared with the DSS group, the relative abundance of
Firmicutes increased significantly in the OC-B-BBR group,
while the relative abundance of Proteobacteria decreased (p <
0.05) (Figure 4F). There was no significant difference between the
DSS group and mesalazine group (Figure 4G).

At genus level, the compositions of gut microbiota in each
group were shown in Figure 4H. Compared with the normal
group, the relative abundance of Bacteroides, Escherichia,
Helicobacter, and so on increased significantly in the DSS
group, while the relative abundance of Akkermansia and
Coprococcus decreased significantly (p < 0.05 or p < 0.01)
(Figure 4I). Compared with DSS group, the relative
abundance of Bacteroides and  Escherichia  decreased
significantly in the OC-B-BBR group (p < 0.05) (Figure 4J).
There was no significant difference between the DSS group and
mesalazine group (Figure 4K).

LEfSe linear discriminant analysis (LDA) was used to
discriminate the significant different species (LDA>4, p <
0.05). The higher the LDA score, the greater effect of the
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relative abundance of species on the difference. There were
significant differences in the composition of key species
among the four groups. A LEfSe taxonomic cladogram
represented key bacterial alterations. Different colors of purple,
blue, red, and green respectively represent the NC, model, OC-B-
BBR, and mesalazine groups. Each small circle at different
taxonomic levels represents a taxon at that level, and the
diameter of the small circle is proportional to the relative
abundance (Figure 4L).

DISCUSSION

Chinese herbal medicine treatment of inflammatory bowel
disease has a long history in China and around the world
(Zhao et al., 2017). However, due to the low content of active
ingredients and oral bioavailability, the further improvement of
the curative effect of Chinese herbal medicine is limited. The
development of targeted drug delivery based on nano technology
presents a new approach for natural drugs extracted from
Chinese herbal medicine in the treatment of IBD.

Chitosan is a natural polymer of living organisms, which
provides a basis for the construction of functional polymer
biomaterials ~ with  biological  properties and unique
physicochemical properties, biocompatibility, and
biodegradability. In particular, through the controlled
functionalization of some simple borate parts, we can obtain
an intelligent system for specific site drug delivery with certain
required response characteristics, such as ROS response (Maji
etal,, 2015). Herein, based on ROS responsiveness, we designed a
new type of chitosan nanocarrier to achieve targeted drug delivery
to inflammation sites. The ROS responsive group, which can
effectively deliver the encapsulated BBR to the inflammatory site
by ROS-triggered release in the microenvironment of oxidative
stress, was formed by the self-assembly of amphiphilic
carboxymethyl chitosan and phenylborate side groups. The
selectivity of phenylborate as the linker was mainly due to its
ROS responsiveness and biocompatibility, as well as convenient
conjugation with drugs via catechol moiety. Many natural anti-
inflammatory drugs contained catechol, such as quercetin and
rutin. Thus, the current design provided a realistic and general
strategy for constructing catechol-based responsive nanodrug
delivery system.

Dynamic light scattering (DLS) was used to evaluate the size
and polydispersity index (PDI) of the OC-B-BBR micelles. The
hydrodynamic average size was about 220 nm, with a relatively
similar particle size distribution of 0.22 (Table 1). However, in the
case of the empty nanocarrier OC-B, the detected particle size
distribution was slightly wider at 0.42, due to the weak
hydrophobicity in the core without drugs. This result was
consistent with the observation on SEM. In the subsequent
stability tests, the relatively intact micelles were obtained in a
few days by DLS and zeta potential analysis, which provided a
vital guarantee for stable drug delivery before reaching the
inflammatory site.

Here our results showed that OC-B-BBR alleviated DSS-
induced colitis in mice. Compared with the DSS group, after

Frontiers in Pharmacology | www:.frontiersin.org

Berberine Nanodrugs on IBD

OC-B-BBR treatment the DAI score and spleen index was
decreased, the colon length was increased, and the damage to
the colon (congestion, edema, erosion, ulcer or inflammatory cell
infiltration etc) was reversed. A particular concern was that
histological scores were significantly lower in the OC-B-BBR
group than in the mesalazine group, while there were no
significant differences between the two groups on other
indicators. This showed that for histological healing OC-B-
BBR may have had potential advantages over mesalazine.
Histological deep healing is the highest goal of clinical
treatment for IBD patients. A recent systematic review and
meta-analysis revealed that patients who achieved endoscopic
and histological remission have a significantly lower risk of
clinical relapse than patients who achieved clinical remission
(Yoon et al, 2020). The proinflammatory cytokines levels
correlate with the severity of colitis. Our results showed that
OC-B-BBR treatment inhibited the release of IL-6, while
mesalazine treatment inhibited the release of TNF-a. It
suggests that OC-B-BBR and mesalazine may exert anti-
inflammatory effects through different pathways.

The pathogenesis of IBD is complicated and not clear. It is now
accepted that a complex interplay of genetic and environmental
factors and gut microbiota lead to abnormal immune responses
and chronic colitis (Nishida et al., 2018). Compared with healthy
people, IBD patients had less bacteria with anti-inflammatory
capacities and more bacteria with inflammatory capacities
(Peterson et al, 2008). The most recognized changes were a
decrease in the diversity of the intestinal microbial community, a
decrease in abundance of Firmicutes, and increases in abundance
of Proteobacteria and Bacteroidetes (Manichanh et al., 2006;
Walker et al, 2011). Our results showed that OC-B-BBR
increased the community richness of gut microbiota decreased
by DSS induction. At phylum and genus level, compared with the
DSS group, the relative abundance of Firmicutes was increased,
while the relative abundance of Proteobacteria, Bacteroides, and
Escherichia was decreased in the OC-B-BBR group. In the DSS
group, the ratio of Firmicutes and Bacteroidetes was inverted, and
OC-B-BBR treatment was shown to restore its normal trend. OC-
B-BBR treatment shifted the microbiome toward a “healthy”
phenotype. The relative abundance of species in the
mesalazine group were not significantly different from the DSS
group. OC-B-BBR may attenuate DSS-induced colitis by
modulating the composition of bacterial communities. In
future studies, we need to explore the mechanism of OC-B-BBR
inhibiting inflammation by regulating gut microbiota.

CONCLUSIONS

In summary, BBR was conjugated to carboxylmethyl chitosan by
aryl boronic ester, giving a potential ROS responsive for an
effective delivery of drugs to the inflammatory tissue. OC-B-
BBR as carboxylmethyl chitosan nanomicelles were prepared and
characterized, which ameliorates DSS-induced colitis and
remodels gut microbiota. The novel natural drug nano
delivery system may represent a promising approach for
improving IBD treatment.
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Abstract

Functional constipation (FC) is common, yet the etiology is not clear. Accumulating evidence suggests an association between
FC and abnormal gut microbiota. The relationship between the gut microbiota and the gut transit is likely bidirectional. This
review summarizes the current evidence regarding the impact of gut microbiota on the pathogenesis of FC. By modulating the
colonic motility, secretion, and absorption, gut microbiota may contribute to the development of FC through microbial
metabolic activities involving bile acids, short-chain fatty acids, 5-hydroxytryptamine, and methane. In support of the key
roles of the gut microbiota in FC, treatment with probiotics, prebiotics, synbiotics, and traditional Chinese medicine often
result in compositional and functional changes in the gut microbiota. Further studies on the pathogenesis of FC and the
therapeutic mechanism of microecological agents will provide a knowledge base for better management of FC.

Key words: gut microbiota; functional constipation; bile acids; SCFA; serotonin; traditional Chinese medicine

Introduction

Functional constipation (FC) refers to constipation without an
organic etiology [1, 2]. Patients with FC have symptoms of pre-
dominantly difficult, infrequent, or a feeling of incomplete defe-
cation, which may be accompanied by abdominal pain and
bloating. FC has a significant impact on patients’ quality of life.
According to the Rome IV criteria, to diagnose FC [3] (Figure 1),
the patient must have one of the following conditions for more
than 6 months and have two or more of the following conditions
within the last 3months: (i) sensation of straining during >25%
of defecations, (ii) lumpy or hard stools of >25% of defecations
(Bristol stool type 1 and 2) [4], (iii) sensation of incomplete

evacuation during >25% of defecations, (iv) sensation of anorec-
tal obstruction/blockage during >25% of defecations, (v) manual
maneuvers for >25% of defecations, and (vi) fewer than three
spontaneous bowel movements per week. In addition, diagnosis
of FC should meet the requirement that loose stools are rarely
present without using laxatives and that irritable bowel syn-
drome (IBS) is not diagnosed at the same time.

A recent demographic survey of 6,300 cases from three coun-
tries showed that the prevalence of FC was 6.9% (95% confi-
dence interval [CI], 5.8%-8.0%) in the USA, 7.9% (95% CI, 6.7%—
9.1%) in Canada and 8.6% (95% ClI, 7.4%-9.9%) in the UK, accord-
ing to the Rome IV criteria [5]. Globally, the prevalence of FC
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Figure 1.Diagnosis of functional constipation according to the Rome IV criteria.

from 1947 to 2010 was 14% (95% CI, 12.0%-17.0%) according to
the Rome I, II, III criteria or another informal diagnostic stan-
dard. South Asia and East Asia had the lowest prevalence of
11% (95% CI, 7.0%-15.0%), while South America had the highest
prevalence of 18% (95% CI, 15.0%-22.0%). Caution needs to be
exercised in comparing the incidences of FC in different coun-
tries since the diagnosis criteria and the methods for data col-
lection may differ among studies. FC is positively associated
with age and more frequently occurs in people who are
>60years old [6]. The pathophysiology of FC remains unknown,
but it is generally considered to be multifactorial. Recognized
pathophysiological factors include genetic traits; lifestyle in-
cluding diet, fluid intake, physical activity; colonic dismotility;
psychological factors such as anxiety and depression; and the
gut microbiota, which is the main focus of this review.
Traditionally, three types of FC have been recognized: normal-
transit constipation (NTC), slow-transit constipation (STC)
and rectal-evacuation disorders [7]. The majority of FC patients
have NTC (65%), followed by evacuation disorder (30%) and STC
(5%) [8].

The first choices for FC treatment are nonpharmacological
interventions including education on toileting posture and be-
havior, dietary recommendations, and regular physical activity
[9]. Ohlsson and Manjer [10] showed that the lack of exercise
and regular diet habit are independent risk factors for gastroin-
testinal symptoms in patients with functional gastrointestinal
diseases. Traditional pharmacological treatments include os-
motic laxatives and stimulant laxatives. Polyethylene glycol
(PEG), the most frequently used osmotic laxative for FC,
increases fecal volume and promotes intestinal peristalsis.
Many studies have shown that PEG increases the frequency of
defecation and has fewer side effects [11]. Therefore, PEG can be
used as a long-term first-line treatment. In contrast, although
stimulant laxatives can make a fast improvement in stool con-
sistency and frequency, they should not be used for >4 weeks
considering the possible adverse effects [12]. New therapeutic
agents, including prosecretory agents (e.g. linaclotide), seroto-
nergic agents (e.g. 5-hydroxytryptamine 4 agonist), cholinester-
ase inhibitors (e.g. pyridostigmine), and bile-acid (BA) regulators
(e.g. elobixibat) etc. may improve FC symptoms by promoting
colon secretion and enhancing gastrointestinal motility [9].
Other treatment options with evidence for efficacy include bio-
feedback therapy [13], transanal irrigation [14], surgical inter-
ventions [15, 16], and neuromodulation [14]. Despite all these
intervention options, 40% of pediatric [17] and more than half of
adult FC patients [18-20] are dissatisfied with the treatments
due to the lack of efficacy and adverse effects. Therefore, new
management strategies have been explored. One of the possible
intervention targets is the gut microbiome, which was sup-
ported by the observation that interventions with probiotics,
prebiotics, and fecal-microbiota transplantation improved
colonic transit and defecation frequency [21-23]. Herein, we

summarize the current knowledge on the potential contribution
of the gut microbiota in the pathogenesis of FC.

Intestinal flora characteristics of patients with FC

Zoppi et al. [24] pioneered the study of the gut microbiota in FC
using culture-based microbiological methods in 1998. They
reported that constipation in children was associated with in-
creased abundance in clostridia and bifidobacteria in the gut
compared to healthy controls. Later, Khalif et al. [25] conducted
a similar study with adult patients, still using culture-based mi-
crobiological methods, and reported that the abundances of
Bifidobacterium and Lactobacillus were lower in constipated
patients than in the controls. The opposite observations regard-
ing the abundance of bifidobacteria may be explained by the
pathophysiological differences between pediatric and adult
patients. It is also important to note that culture-based methods
tend to cause inaccurate observations in microbiota study be-
cause: (i) many species are not cultured, (ii) strict anaerobes die
in an oxygenated environment and therefore tend to be under-
estimated, and (iii) in vitro culture changes the original structure
of the microbiota.

In around 2015, Kim et al. [26] studied the microbiota of FC
using a culture-independent method: the quantitative real-time
polymerase chain reaction method. They reported that
Bifidobacterium and Bacteroides species were decreased in the fe-
ces of FC. Although the methodology that Kim et al. [26] used is
one large step more advanced than those reported in most stud-
ies on this topic, we have now progressed to the era of high-
throughput sequencing and we conducted the first 16S rRNA se-
quencing study of the gut microbiota with adolescent FC
patients [27]. Because we excluded those patients treated with
antibiotics or proton-pump inhibitors, which are known to im-
pact the gut microbiota, we were able to identify significant
changes in the gut microbial composition of FC at every taxo-
nomic level, with a relatively small sample size. At the genus
level, the microbiota of FC exhibited a decreased abundance of
Prevotella and increased abundance of Coprococcus, Ruminococcus,
Blautia, Anaerotruncus, and Clostridium. Prevotella encodes a large
set of enzymes for fiber metabolism [28] and is known for its as-
sociation with dietary fibers [29]. Therefore, the decreased
abundance of Prevotella in FC is consistent with the observation
that FC patients usually have a low-fiber diet [30, 31]. In contrast
to the findings of previous studies, conventional probiotic gen-
era Lactobacillus and Bifidobacterium exhibited a trend for in-
creased abundance in FC. At the community level, increased
species richness was observed in the gut of FC, likely because of
the prolonged incubation time of the gut microbiota in the pres-
ence of FC.

Recently, Mancabelli et al. [32] examined the gut microbial
composition of adult FC patients using both the 16S rRNA se-
quencing and the whole-genome sequencing methods. Their
16S rRNA sequencing data indicated that the gut microbiota of
FC patients was depleted of Bacteroides, Roseburia, and
Coprococcus 3, which would predict a decreased level of short-
chain fatty acid (SCFA) production. However, their whole-
genome sequencing data did not validate this functional
change.

Apparently, at this time, there is no consensus on the gut
microbial structure characteristic of FC patients. Inconsistent
observations may have been the consequences of the cultural
and demographical differences of the study cohorts, different
analysis techniques, and possible evolution of the disease over

PETEAFREE R0 (www.hpyloricn) BRKZESHM (www.diagoso.net)

120z 1snbny o1 uo 1s8nb Aq 998Z£9/5£0qe0b/0nseB/E601 0L /I0p/ajoIIe-80uBAPE/0NSEE /W00 dNO"oIWapeI.//:SdlY WOl pepeojumod




time. Table 1 summarizes several typical studies on the struc-
tural change in the gut microbiota in patients with FC.

The relationship between the gut microbiota and the gut
transit is likely bidirectional. Prolonged colonic transit in FC
may facilitate the amplification and colonization of slow-
growing species, leading to profound structural and functional
alterations of the entire microecology. On the other hand, envi-
ronmental factors may cause alterations in the gut microbiota,
which, in turn, may contribute to the pathogenesis of FC
through microbial metabolic activities.

The contribution of intestinal flora in the
pathophysiological mechanism of FC

The current hypothesis is that the gut microbiota contributes to
the pathogenesis of FC. This was supported by the observations
that many risk factors of FC including age, diet, obesity, and
stress have a large impact on the gut microbiota [33-35]. Thus, it
is speculated that these risk factors may cause FC through
mechanisms involving altered gut microbiota. The underlying
mechanisms are the focus of the current review (Figure 2).

Mechanisms involving BAs

Primary BAs are initially produced in the liver. Normally, most
BAs are reabsorbed into the small intestine while ~5% may ar-
rive at the colon, where primary BAs are deconjugated and
modified into secondary BAs by the gut microbiota [36, 37].

BAs may participate in the pathophysiology of FC through
their effect on intestinal motility and colonic fluid transport. BAs
are known to stimulate the release of 5-hydroxytryptamine (5-
HT) and calcitonin gene-related peptide from enterochromaffin

Table 1. Structural changes in gut microbiota in functional constipation
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cells and intrinsic primary afferent neurons by activating the G
protein-coupled BA receptor (TGRS), leading to the bowel peristal-
tic reflex [38, 39]. Several studies on FC patients treated with an il-
eal BA transporter inhibitor (elobixibat) demonstrated a causal
relationship between elevated BA level and improved colonic
transit [40-43].

There are direct and indirect mechanisms for BAs to stimu-
late fluid transport. BAs stimulate Cl~ secretion and inhibit Na*
absorption from colonic epithelial cells through regulation of
the ion pumps, exchangers, and transporters [44]. In addition,
BAs may indirectly stimulate colonic secretion through their ef-
fect on local neurons [45] and immune cells [46].

Animal studies suggest that it is the deconjugated BAs that
impact colonic transit. BAs are conjugated with glycine or tau-
rine before being secreted from hepatocytes. After arriving at
the colon, BAs are deconjugated by bacterial bile salt hydrolase
before further modification. Microbial transplantation studies
in mice indicated that altered microbiota affects gastrointesti-
nal transit, through its impact on BA deconjugation [47, 48]. It is
noteworthy that the microbial metabolisms of BAs are different
between mice and humans, thus the mice studies remain to be
validated in humans.

Several mechanisms have been proposed to explain how
BAs mediate the microbial effects on FC. First, the gut micro-
biota may affect gastrointestinal transit through its regulation
of BA synthesis. The gut microbiota is equipped with enzymes
for the production of secondary BAs, which may suppress the
FGF19- and FXR-mediated signaling, leading to the induction of
CYP7A1 [49, 50], and consequently elevated de novo BA synthesis
and improved colonic transit. To test this hypothesis, an inte-
grated study on the colonic BA profiles, the abundances of BA

Reference Year Methods Inclusion criteria Patients Controls Outcomes
Zoppi et al. [24] 1998  Microbial culture Stool frequency Children (n=28, Children (n=14, Bifidobacterial”
less than one mean age mean age Lactobacilli]
per 48h and 9.5 years) 7.9 years) Bacteroides|
hard stool Clostridial’
consistency
Khalif et al. [25] 2005  Microbial culture Rome II Adults (n=57, Adults (n=25) Bifidobacterium|
mean age Lactobacillus |
42.2years) Bacteroides|
Clostridium |
Kim et al. [26] 2015  gRT-PCR Rome III Adults (n=30, Adults (n=30, Bifidobacterium|’
mean age mean age Lactobacillus |
35 years) 32years) Bacteroides |
Clostridium |
Zhueet al. [27) 2014  16S rRNA Clinical practice Children (n=8, Children (n =14, Prevotella|” Coprococcus|”
guideline de- mean age mean age Ruminococcus?’
veloped by the 11.8 years) 13.2years) Blautiat’
North Anaerotruncus|’
American Clostridium '
Society for
Pediatric
Gastroenterolo-
gy, Hepatology
and Nutrition
Mancabellietal. [32] 2017  16S rRNA and Rome III Adults (n =68, Adults (n=44, Bacteroides| Roseburia)”
shotgun mean age mean age Coprococcus 3|
metagenomics 44 years) 39years) Faecalibacteriumi’
*P<0.05.
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Figure 2.Potential molecular mechanisms for the gut microbiota that contribute to the pathogenesis of functional constipation (FC). (1) Bile acids (BAs) stimulate bowel
movement and colonic secretion and suppress colonic absorption. The gut microbiota impacts these processes by regulating the BA levels, as well as the sulfation of
BAs, which abolishes the effects of BAs on colonic transit. (2) Elevated levels of short-chain fatty acids (SCFAs), the major group of microbial fermentation products,
stimulate electrolyte absorption and suppress mucin secretion, thus contributing to the pathogenesis of FC. The effect of SCFA on colonic motility is a controversial
topic. (3) 5-hydroxytryptamine (5-HT) stimulates colonic motility. The gut microbiota regulates the level of 5-HT through several mechanisms and thereby affects the
pathogenesis of FC. (4) Methane produced by the gut microbiota reduces bowel movement. 5-HTP, 5-hydroxytryptophan.

metabolizing bacteria, and the cell biology of the colonic epithe-
lium is required.

Another mechanism for the gut microbiota to influence FC is
through its impact on BA sulfation, which abolishes the effect
of the BAs on fluid transport [51, 52]. BA sulfation likely occurred
in hepatocytes, while colonic bacterial bile salt sulfatase may
desulfate BA, empowering its effect to stimulate colonic secre-
tion and transit, and consequently improve colonic fluid trans-
port [53]. Future study may characterize the abundances of
sulfated BAs in the gut of patients with FC and its association
with sulfatase-encoding bacteria.

Mechanisms involving SCFAs

SCFAs including acetate, propionate, and butyrate are the major
fermentation products of the gut microbiota. Elevated levels of
SCFAs are found in the stools of FC patients. Jalanka et al. [54]
reported that the level of fecal acetate in FC patients was 2.2-
fold higher than that in healthy controls, and that the levels of
acetate, butyrate, and propionate were associated with the tran-
sit time in constipated patients. Iso-butyrate levels were also
significantly higher in FC subjects than in healthy subjects [55].
SCFAs may contribute to the pathogenesis of FC by regulat-
ing colonic electrolyte absorption and secretion. SCFAs, espe-
cially butyrate, stimulate electrolyte absorption. The
stimulation of Na* and Cl~ absorption by mucosal butyrate was
greater than that by propionate and acetate [56]. The effect of
butyrate on mucin secretion takes a biphasic mode: butyrate
stimulation of mucin section peaks at 5mM of butyrate. At con-
centrations of >5mM, butyrate is inversely correlated with mu-
cin section [57]. These results consistently support the roles of
elevated SCFAs in increased electrolyte absorption and de-
creased mucin secretion. On the other hand, the effect of SCFAs

on colonic motility is controversial. In some studies, SCFAs in-
creased colonic motility in rats [58, 59], whereas other studies
reported opposite observations [60, 61]. Several gaps and pitfalls
are to be addressed to understand the role of SCFAs in FC. First,
SCFAs measured in the published studies represent what were
not absorbed, whereas the relevant SCFAs are those in contact
with the SCFA receptors. Second, the working concentrations in
different species likely vary and caution is needed when inter-
preting observations made in studies using SCFA concentra-
tions that are far higher than physiological concentrations.
Third, the long-term effects of SCFAs on the neural structure
are important and need to be considered when interpreting the
SCFA effects on colonic secretion, absorption, and motility [59].

Studies on the structure of the gut microbiota seem to sup-
port a role for SCFAs in the pathogenesis of FC. Butyrate-
producing genera, Roseburia and Faecalibacterium, were increased
in adolescent FC according to 16S rRNA sequencing studies [27,
62]. In a similar 16S rRNA sequencing study for adult FC
patients, Mancabelli et al. [32] reported that Faecalibacterium is el-
evated in FC. However, their data indicated that other butyrate-
producing bacteria Roseburia and Coprococcus 3 were depleted in
FC. Shotgun metagenomic sequencing by Mancabelli et al. [32]
does not support altered SCFA production in FC, which may be
explained by very small sample size. Further study integrating
microbiome survey, metabolome analysis, colonic absorption,
secretion, and colonic motility is warranted to understand the
role of the gut microbiota in promoting FC through altered SCFA
production.

Mechanisms involving 5-HT

Produced by enterochromaffin cells, 5-HT is an abundant neuro-
transmitter in the enteric nervous system. Although it is a
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controversial subject, a significant amount of evidence suggests
that 5-HT stimulates colonic motility through its receptors 5-
HT3 and 5-HT4 [63]. For example, prucalopride, a highly selec-
tive agonist for serotonin 5-HT4 receptor, increases the number
of bowel movements per week in adults with chronic FC [64].
Thus, the gut microbiota may impact the gut motility by regu-
lating the production of 5-HT. Theoretically, the gut microbiota
may regulate the production of 5-HT via several mechanisms.
First, the gut microbiota influences the growth of colon entero-
chromaffin cells, suggested by the upregulation of 5-HT-posi-
tive enterochromaffin cells in germ-free rats [65]. In contrast to
that of rats, the gut microbiota of mice and humans seem to
have an opposite effect on 5-HT production. Mediated by micro-
bial metabolites, indigenous spore-forming bacteria (Sp) from
the mouse and human microbiota promote 5-HT biosynthesis
from colonic ECs [66]. Independent studies have suggested that
microbial metabolites BAs and SCFAs may induce the release of
S5-HT from enterochromaffin cells [38, 39, 67].

A recent study suggests a different mechanism. Cao et al. [68]
reported that the gut microbiota of FC patients upregulates the
expression of serotonin transporter, which removes 5-HT from
the gut. This causes decreased colonic transit and FC. It is note-
worthy that the authors stated several times that they per-
formed a 16S pyrosequencing study, but provided a description
of illumina Miseq sequencing in the method section [68].

Finally, the gut microbiota may influence 5-HT production
by regulating tryptophan metabolism in the gut [69]. For exam-
ple, the gut microbiota may upregulate the production of indole
and kynurenine from tryptophan, thereby reducing the sub-
strate for the production of 5-HT and consequently leading to
FC.

A fundamental gap in the study of 5-HT in FC is whether
mucosal 5-HT is altered in FC patients. While some studies
reported decreased 5-HT [64, 70], there were reports that the 5-
HT level was not altered [71] or was increased in FC [72].
Vigorous studies are needed to validate the role of 5-HT in me-
diating the effect of gut microbiota on the pathogenesis of FC.

Mechanisms involving methane

It has long been proposed that methanogenic gut microbiota
causes constipation by reducing bowel movements [73]. The hy-
pothesis has been supported by the observations that FC
patients carry gut microbiota enriched with methanogenic bac-
teria [74, 75]. In line with this, in patients with constipation-
predominant IBS, treatment with antibiotics reduced the meth-
anogenic bacteria in the gut microbiota and led to improved
symptoms [76]. However, it is worth noting that no control was
used in this retrospective study. On the other hand, one study
reported that in patients with FC, methane production was as-
sociated with the gut microbial composition, but not with con-
stipation or colonic transit [77]. Caution is also required to
interpret these data as all of the 25 patients with constipation
included 13 FC, 6 IBS with constipation, and 6 mixed IBS.
Intervention studies with more strict inclusion criteria and a
larger sample size are needed to clarify the role of methano-
genic bacteria in FC.

FC treatments targeting the gut microbiota

In support of the roles of the gut microbiota in the pathogenesis
of FC, various microbial interventions including probiotics, pre-
biotics, synbiotics, and traditional Chinese medicine (TCM) have
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shown beneficial effects on FC. In addition, some of the inter-
vention studies support the mechanisms discussed above.

Probiotics

Probiotics, the most widely used microecologics, are effective in
treating a wide variety of diseases by regulating the immune re-
sponse, preventing the colonization of pathogens, improving
gut barrier function, and reducing stress and anxiety, etc. [78].
Although individual studies have reported varied efficacies [79,
80], an earlier systemic review and meta-analysis of random-
ized-controlled trials indicated that probiotics may improve the
whole-gut transit time, stool frequency, and stool consistency;
Bifidobacterium lactis showed better efficacies than Lactobacillus
casei Shirota [81]. A more recent systemic review and meta-
analysis arrived at a similar conclusion that probiotics increase
stool frequency and decrease intestinal transit time in FC
patients [82]. Most recently, a meta-analysis of randomized-
controlled trials of probiotics on FC concluded that probiotics
consisting of multispecies, not single species such as B. lactis or
B. longum alone, significantly reduced the whole-gut transit
time, increased the defecation frequency, improved stool con-
sistency, and decreased bloating [83]. It is worth noting that pro-
biotics are likely to have a greater effect on the small bowel
than on the colon, as the small bowel has far fewer competing
bacteria. One study showed that probiotics reduced both the
small-bowel transit time and the colonic transit time [84]. It is
possible that the shortened small-bowel transit would increase
the inflow to the colon and would consequently accelerate co-
lonic transit.

However, similar studies with pediatric patients do not sup-
port the efficacy of probiotics on pediatric FC [85, 86]. The differ-
ence between adult and pediatric patients with FC in response
to probiotics may be related to different microbial compositions
in adult and pediatric subjects: while adult patients with FC
exhibited a decreased abundance of Bifidobacterium [26], adoles-
cent patients with FC exhibited a trend for elevated abundance
of Bifidobacterium and Lactobacillus [27].

To explore the different effects of probiotic strains in FC,
Wang et al. [87] treated constipated mice with B. longum, B. infan-
tis, B. animalis, B. bifidum, B. adolescentis, and B. breve, respec-
tively. They observed that B. longum, B. infantis, and B. bifidum
were the most effective strains to relieve constipation. The im-
proved symptoms were attributed to increased abundance of
Lactobacillus and reduced levels of pathogenic bacteria (Alistipes,
Odoribacter, and Clostridium). It is important to note that a ran-
domized, double-blind, placebo-controlled probiotics treatment
trial on FC is rare. In one of these trials, Ibarra et al. [88] reported
no difference between probiotics and the placebo in primary
analysis, but in a post hoc analysis, they reported that B. ani-
malis subsp. lactis HNO19 (HNO19) increased the frequency of
spontaneous defecations and reduced the degree of straining in
FC patients.

Prebiotics

Prebiotics refers to non-digestible food ingredients that benefi-
cially affect the host by selectively stimulating the growth and/
or activity of one or a limited number of bacteria in the colon
[89]. Recently, a randomized placebo-controlled trial of prebiot-
ics for the treatment of FC was reported. UG1601, composed of
inulin, lactitol, and aloe vera gel, was used to treat female
patients with mild chronic FC [90]. Although UG1601 seemed to
be more effective than placebo in improving abdominal and
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fecal symptoms, statistical significance was not achieved. Other
interesting observations include reduced levels of serum cluster
of differentiation 14 (CD14) and lipopolysaccharide (LPS), and in-
creased abundance of Roseburia hominis, a butyrate-producing
bacterium, upon UG1601 treatment.

D-tagatose is a monosaccharide often used as a food supple-
ment. Liang et al. [91] found that high-dose d-tagatose restored
the gastrointestinal transit rate of constipated mice induced by
loperamide to a similar level of that of control mice, and im-
proved the overall defecation condition including fecal weight,
fecal number, and time to the first black-stool defecation. These
therapeutic effects were attributed to the increased levels of ex-
citatory neurotransmitters (Ach and SP) and the reduced level
of inhibitory neurotransmitters (NO). The therapeutic mecha-
nisms of d-tagatose may also involve the gut microbiota as the
prebiotic therapy restored the composition of the intestinal
flora.

Similarly, partially hydrolysed guar gum (HHGG), a fiber sup-
plement, was shown to increase the fecal water content and en-
hance the small-intestinal transit of loperamide-induced
constipated mice [92]. The therapeutic effects may be mediated
by the gut microbiota as the prebiotics caused significant
changes in the gut microbiota and elevated production of
SCFAs.

Another popular prebiotics, f-glucan, is a polysaccharide
widely found in yeast, fungus, and plants. Chen et al. [93] used
the fp-glucan extracted from bread yeast cells to treat
loperamide-induced constipated mice and found enhanced in-
testinal motility. The pharmacological effect of -glucan may be
mediated by the enhanced expression of epithelial tight junc-
tion proteins (zonula occludens-1 and mucin-2) and neurotrans-
mitters (acetylcholinesterase and serotonin). The gut
microbiota was likely involved in the therapeutic effect of -glu-
can as it restored the intestinal flora of the constipated mice to-
ward a normal composition.

Although efficacies were shown with the loperamide-
induced mice model, these prebiotics remain to be validated in
randomized, double-blind, placebo-controlled trials.

Synbiotics

Synbiotics are combinations of probiotics and prebiotics, which
may exhibit synergistic effects of both components [94]. In a pi-
lot randomized, double-blind, controlled trial of a small sample
size, synbiotic supplement Psyllogel Megafermenti improved
defecation and decreased ITT [95]. However, in another ran-
domized, double-blind, placebo-controlled trial with a larger
sample size, no significant effect was found for a synbiotic com-
posed of B. lactis BB12, L. plantarum LPO1, and inulin-
oligofructose [96]. A more recent trial using a combination of
polydextrose and L. helveticus found beneficial effects on intesti-
nal transit and fecal pH, but no significant advantage was found
with this synbiotic compared with L. helveticus alone [97].
Perhaps different types of synbiotics have different therapeutic
efficacies on FC. More clinical trials are needed to identify effec-
tive synbiotics and to confirm the therapeutic effects.

TCM

Several TCM herbs and formulations are effective for FC. The
hemp seed soft capsule (HSSC) was developed from the ancient
traditional prescription ‘hemp seed pill’, which consists of
Semen Cannabis, Magnolia officinalis, Fructus Aurantii Immaturus,
Radix Paeoniae Alba, Almond, and Rheum rhabarbarum. As a
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representative prescription of TCM in the treatment of constipa-
tion [98], the hemp seed pill has been known to improve colonic
secretion and transit [99]. With loperamide-induced constipated
rats, Lu et al. [100] showed that HSSC increased the fecal wet
weight and water content, which was attributed to the com-
bined actions of cAMP-dependent and Ca®‘-dependent Cl~
channels, NKCC, Na*-HCO3~ co-transporter, or Cl /HCO3~
exchanger.

Recently, the gut microbiota has been often reported to par-
ticipate in the therapeutic effects of these herbs and formula-
tions. Invented in the Qing Dynasty ~300years ago, Zengye
decoction (ZYD) has been used to cure ‘dryness’ by promoting
the production of body fluids according to TCM theory. Liu et al.
[101] examined the effect of ZYD on the gut microbiota of con-
stipated rats. They found that ZYD restored the composition of
the gut microbiota toward a normal state by reducing the abun-
dance of Helicobacteraceae, Desulfovibrionaceae, Ruminococcaceae,
Lactobacillaceae, Prevotellaceae, and Dorea, while increasing the
abundance of Aeromonadaceae, Oxalobacteraceae, Veillonellaceae,
Clostridiaceae, and Roseburia. Metabolomic analysis revealed that
ZYD caused microbial changes in the metabolism of energy,
amino acids, methane, and glutathione.

Records of mulberry fruit for the treatment of constipation
and other digestive diseases date back to 200 BC. According to
TCM theory, mulberry fruit can be used to treat ‘yin’ deficiency.
Hu et al. [102] used the mulberry fruit to treat diphenoxylate-
induced constipated mice and found that the treatment in-
creased the fecal water content, shortened the first red-stool
defecation time, and increased the gastric-intestinal transit
rate. The mulberry-fruit treatment caused alterations in the gut
microbiota, with increased abundance of Lactobacillus,
Bifidobacterium, and Eubacterium, and decreased abundance of
Helicobacter, Alloprevotella, and Prevotellaceae. The compositional
change in the microbiota was accompanied by decreased ex-
pression of aquaporin genes (Aqp3, Aqp4, Aqp8, and AqP9), re-
duced levels of inhibitory neurotransmitters, and increased
levels of excitatory neurotransmitters and SCFAs, suggesting a
therapeutic mechanism whereby mulberry fruit causes a
change in the microbiota, leading to changes in microbial
metabolites, which, in turn, improves colonic motility and
secretion.

Sennoside A, the main active constituent of Da-Huang-Gan-
Cao-Tang (Daiokanzoto, DKT), is converted by microbial $-glu-
cosidases to generate rheinanthrone, the molecule with laxative
activity. Because of the close connection between sennoside A
and the gut microbiota, it was hypothesized that the therapeu-
tic effect of sennoside A depends on the composition and func-
tion of the gut microbiota, which was proved in mice carrying
different types of gut microbiota. Takayama et al. [103] proposed
that different types of gut microbiota represent different
‘patterns’ defined by TCM and therefore they established a
model to investigate the biological mechanisms behind the per-
sonalized medicinal practices in TCM. In DKT, sennoside A is
mainly found in its herbal component of rhubarb. In fact, many
other TCM formulations for the treatment of FC have a compo-
nent of rhubarb, which was shown to increase intestinal secre-
tion and improve stool consistency [104].

TCM usually takes the form of a complex composition and is
multi-targeting. Understanding the links between changes in
the composition of the intestinal flora, the altered gene expres-
sion of the intestines, and the metabolites produced after TCM
therapy requires further investigation.
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Conclusions

Microecological imbalance is an important feature in FC, which
may contribute to the pathogenesis via multiple mechanisms
mediated by microbial metabolites including BAs, SCFAs, 5-HT,
and methane. The therapeutic effects of probiotics, prebiotics,
synbiotics, and TCM often involve compositional and functional
changes in the gut microbiota. Further studies on the pathome-
chanisms of FC and the therapeutic mechanisms of microeco-
logical agents will provide a knowledge base for better
management of FC patients. Given the very different diet and
the gut microbiota of laboratory animals compared to those of
humans, understanding the therapeutic efficacy and the mech-
anisms of microecological agents may require adequately pow-
ered mechanistic clinical trials with FC patients.
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AEIRBRE A 91.4%, BIEERBRZEA 83.5%, HAET
SEMAIEREMERZE 33 5] (HRVGE A 93.9%), &fIE
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TH BT RE S+ ARFRENERSREENE
SFER
e BENBREZE—MARETRILABEMAIRLK
ZEHRHNE N EEFREBE L, HAFSWIET
HBREFEVIRERE, AHDEEEG LEBRERBEAES
EIR, IR0 B BE LA IRKER . ERINE IR R
ABEHEBREBENAERR, JREFBRANE
FBRENRKREER, EIXTi BT R LN TE
REEESE, FNHREBTEBERET . IRFU BT
Eaalr &3 H. pylori BERRIEE B KRB NFE,
REBIRAMIMEETWABER, FHA1IA D ZE ]2
HEER+A8. MAERRN. BE CYP2C19 A
~ | RNERIRS H. pylori BXRETT RERIRBRZEMNERN
| FE, NMEFHEFBEHEE RN —TERE.
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5 i FR [ BB A = 9 R ARBR IS T A9E K i

PRA R B9 E B R
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TR BHTHMEZEMNWHEXRAS, @ETE
(Helicobacter pylori,H. pylor) IR BR R ZFE T fE, LR
F, EIHE H. pylori B EEF, B H. pylori Ty Z55h,
T HMEZEM RN H. pylori 1RER.

BEY: 22 H. pylori FIIRHRER AT BB X Im PR A
N AHRX 2015 F 1 AE 12 B&T AR F
E— I EERRIZH 264 5 H. pylori XM I8 M B %
FSE{ M5 (Peptic ulcer disease, PUD) EBE#ITT
O, BEWD 34 ECA RCA F1 RCM (R:
20 mg FIHME E: 40 mg IRZEERME C: 05 g I
ER A 109 FMEFEM A M: 04 g FIEK). FrEE
EITREAR B 1ERITERE 4 AREE 14
IR PR =356 (14C-urea breath test, 14C-UBT), %4
R =40 FEED H. pylori RERSTF<40 5 8F

(85.7% vs 54.7%, P=0.002) .




FEMIBTRREER =40 £5 H. pylor BIRBEZ
BEMAX (OR458,P=0.003), +EFHHRHEES H.
pylori IRBERIPESTERZEE (79% vs. 60%, P =
0.012),
it ERE H. pylor REBERITNINE R, +18
RBEEN H pylori REXRSTFERBESE, H
pylori RERIEFF 5 MERIT K.




Efficacy of bismuth-based quadruple therapy
for eradication of Helicobacter pylori infection
based on previous antibiotic exposure: A
large-scale prospective, single-center clinical

trial in China

Jing-Jing Zhou 1,2 | Xiao Shi 1,2 | Shao-Peng Zheng 1,2 | Dan

Tang 1,2 |Ting Cail,2 |

Yao Yao 1,2 | Fen Wang 1,2
Abstract
Objective: This study aims to evaluate the efficacy and
safety of three bismuth-based quadruple regimens for
eradication of Helicobacter pylori (H pylori) infection in
a large number of H pylori-positive patients with or
without previous eradication therapy.
Methods: Consecutive adult patients with H pylori
Infection, regardless of previous eradication therapy,
were eligible for the present study. Three bismuth-
based quad-ruple regimens were selected according
to the past history of antibiotics use: (A) esomeprazole,
| | amoxicillin, clarithromycin, and colloidal bismuth
tartrate;




(B) esomeprazole, amoxicillin, furazolidone, and
colloidal bismuth tartrate; and (C) esomeprazole,
doxycycline, furazolidone, and colloidal bismuth
tartrate. All patients received a 14-day course of
treatment, and 13 C/ 14 C urea breath test was utilized
at four weeks after the completion of treatment to
determine the H pylori eradication. Then, the
eradication rates were calculated in terms of intention-
to-treat (ITT) and per-protocol(PP) analyses. Adverse
events (AEs) were recorded during the treatment.
Results: Overall, 1,226 patients were recruited, and 331,
57, and 838 patients were allocated to receive
regimens A, B, and C, respectively. The H pylori
eradication rates were 84.0%, 82.5%, and 82.9% (ITT) and
94.6%, 92.2%, and 93.7% (PP), respectively,in regimens A,
B, and C. However, there was no significant difference
among these three regimens. The incidence of AEs was
4.6% for all patients during the study, that is, 3.3%, 10.5%,
and 4.7% for regimens A, B, and C, respectively. All AEs
were mild and recovered at the follow-up visit.
Conclusion: All three bismuth-based quadruple
regimens based on the previous antibiotic use can
achieve satisfactory eradication rates for H pylori
| Infection and are safe.
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& FEH M E (Helicobacter pylori, H. pylori)
BAR BRI A SUAESR, FEEBEERKEERE, Xk
TEBRFZREMEERERRHERX, ESAREENKRA
EZRB X
HEY: HFITAEEE H. pylori 5B ZRERNEEMEZ
HERMZER
Jiik: AN 2019 £F 12 B & 2021 £ 7 Betiz T
ZERECAR, EEIfT H. pylori FiianBie N R B
RARERENESE., BBIERRTAEMHIEZREMS
®. EAEMRE. BHEEREMBER/ LEAEE. B
4 28; B H. pylori EERIRIEIIE D BIE R 2 ABH M. FH
M2, FAMAESRES NI B 24, | BIASEE
HA CagA (+) VacA (+). CagA (+) VacA (-).
CagA (-) VacA (+) 3/ MIE#H#FTEER . ZitDHAR
5] H. pylori Etk5S B EMETRAVER
R HIWAN 5133 FIEBE, HP BRRFEEK K 60.6%, &
2 HP BRERMSEEMOR A BREAE (78.6%) . 1BMHE
AMEBRA (78.3%) . ‘B REZA (76.8%) . 181 IE
EmMEBRAE (52.5%), FHHP BRLKLLE, ZRE
L EITEEN (P<0.05), HAUE M REE. B ES
MHBRAE. BREA HP BRERYXTIBHEZEEMHB R
8 ERBGIFE (P<005).
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(78.2%) . BMEm M BERA (72.2%) . JHUM RHBHA
(68.7%) . BMHIAFEBEMB KA (46.7%), FAHEELER,

EZSHSHITFENX (P<0.05), HAEkMERA. 18

MEHEMBLRA. BBALN | BIRLARKTFIBMIESE

AMBRAE, ZFEFITFENX (P<0.05); ZHARE

WA | B H. pylori BERERELE, ZREFHITERX (P

<0.05), HAB{kMRZZE CagA. VacA MR B

EZETEMEEREMB LA, EZFEHITFERX (P<

0.05),

210 BEERS H. pylori BB EMHEX, BHEH™

BB IR, WELHE R, BHEREMEEL. B

5 H. pylori BREMEETEMHEERFHEBRRARAENE

Y], H pylori BREEXES,; #HET 18, | & H. pylor

ERSGSEUEMERE. BHEEMHER. BE, | B

H. pylori 7 CagA. VacA M E# G LR, 518M43E

EZHEMB LRI, ERZSBUBLERE,
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pylori should be offered treatment

All patients with a positive test of active infection with H.
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Statement 1: We recommend that all patients with

active H. pyloriinfection be treated.

BRd1: PRSI R R R E AR R iaTT

El-Serag et al. Clin Gastroenterol Hepatol 2018 Mar 17.
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Review article: the global emergence of Helicobacter
pylori antibiotic resistance
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(N=550 (n=309 (n=108 (n=8D (n=46
FH i 86. 2% 88. 2% 83. 6% 86. 2% 90. 6% 60-70%
mhBE  55.4% 40. 3% 65. 8% 75. 6% 81. 9% 20-45%
EERVE  43.5% 39. 8% 42. 6% 52. 9% 62. 3% 30-45%
i L 7 Ak 2. 5% 1.8% 2. 1% 2. 6% 6. 4% 0-5%
PR Mg s ] 1. 4% 0. 8% 1.5% 0. 9% 3. 8% 0-1%
IEZ S 3. 5% 0% 5. 7% 6. 0% 6. 7% 0-5%
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PR Mg s ] 1. 4% 0. 8% 1.5% 0. 9% 3. 8% 0-1%
IEZ S 3. 5% 0% 5. 7% 6. 0% 6. 7% 0-5%
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‘| Bismuth improves PPl-based triple
therapy for H. pylori eradication

Peter Malfertheiner
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Efficacy of bismuth-based quadruple therapy for eradication
of Helicobacter pylori infection based on previous antibiotic
exposure: A large-scale prospective, single-center clinical trial
in China

Eradication rate YN
Successful %F' 1 FTHE
Regimen eradication ITT (95% Cl) PP (95% Cl) PRI
s, RAA
A(n=331) 278 84.0% (80.1%-87.9%) 94.6% (92.5%-97.5%) ﬁfﬁi%éﬂ/ﬁ\
B(n=57) 47 82.5% (72.0%-92.0%) 92.2% (84.6%-99.5%) E]’\] £ }fu Y Eééjj
SboE it
N =
First-line regimen 624 82.9% (80.2%-85.6%) 94.5% (92.8%-96.2%) %/ﬂgg p
(n=753) e
Rescue regimen 71 83.5% (75.6%-91.4%) 86.6% (79.2%-94.0%)
(h=85)
A B R T MR B AR 5 R B FEP R R R MR 4B 1R R 35 e T B A e P e A R S A Y R 5
C: HRER BB WP TG 3F Feir bk 1 T e R 1 1 5 AR 40 - ZHOU J J, SHI X, ZHENG S P, et al.lelicobacter, 2020, 25(6): ol2755

HPr s BN ORTERR A RERRE ., REWWPIRERRTH

WA EEREA AR Z018ETH-202EE7H)

PP4y#7 ITTSHr

Hp#R & 2 97. 4% (189/194 90. 4% (189/209)

WALRE Q0R) : B—HBR YFAREnw d MEAK 9 RHEE 90 #7 4 BRRE
WERRE (148) : F_ME UARERHW b REHE O KBREE

> ;ﬁ%ﬂ@@@oﬁﬁﬁ&ﬁ%é%@&%\ RE e AF Ao G IT T 3R, WRER
S i

> BEWT, EHETNERTRRN AT EE KRN E, B4
B Y 245 1 BT 2 A

T EBE AR SR RE



a4 B B 3£ F P R B IR PR, WD H K IE

Kifi o e WRBRR H.pylori #F552/%

215
pid BIEC THC TN PRy
AZH 18 132 81 54.0 61.4
BZH 13 137 115 76.7° 83.91
C2H 14 136 106 70.71 77.91
D#H 10 140 130 86.714 92,302
XE ~ - - 41.872 42.443
P{f - - - 0.000 0.000
S . (D5 Az (0 FIRPTHERE  EREEERN  WIUEREEN RO SOPERIFEA TR
A% LOg/AR, 2/ 500 mg/IR, 2¥/d 20 mg/¥K, 2/ 200 mg/¥K, 2/ - 10d
B4 1.0 g/, 23/ 500 mg/k, 2¢/d 20 mg/¥R, 2/ 200 mg/iX, 2 ¥K/d - 14d
cH 1.0 gk, 2/ 500 mg/¥%, 2¥/d 20 mg/iK, 2/ 200 mg/ix, 2/ 1.0 g/, 3/d 10d
D4 1.0 g%, 2¢/d 500 mg/Ix , 2%/ 20 mg/iR, 2/ 200 mg/iK, 2/ 1.0 g/, 3/ 14d

20204 — T 28 A= & % Bh & S 771 VU B 77 V2 AR Ik iy 1T A B8 Y I B BF 7 L o Mg
e 600 ), FERARAEFHHAHpREBERITB6. 7% PPI2. 3%

CLT RIS, SRIRme, A8 S8, 5o, Bl . A A A ) DU IDE T AR R e IR AT B (I AR 7 (0D
PPE PR 2% &, 2021, 31(01) 168 ~73.

B: BETHHKLEEZSENMELIRTT

¢ —HfTi ® —HiTik

s o NEEER IRaT " AMBRT
)
P01 Pe0.001 P44 P=0.019
97.80% 97.80% 1C0% 93.20% 94.30%
. 80.0% 80.0%
0% 68% 70.90% =
6% £0%
4 0%
0% 0%
% L 0% <
ITT PP ITT PP

TER—ZiaITER"&ialy, Hp B HiarRiRIFRIIS TiRES. (2014DDW)



eI TR MELIRT SRR 48T EFX R ERHp T3

BT R Bl % HRER B Zh MRER R RERE
2 TEIRYT 1023 936 87 91. 5%
MEIRTY 130 127 3 97. T

X2 6. 155
PlE 0.013

M EEREEAAR 2019FE1A-202ETH)

P{E<0.05, MAZREFERIITFENX,
MR T R e RIhEES,

AR #EHp 75 B K% B 4 WA L a8 T

HpREREia AT HpRESaY T AE

SRR R R0 96. 4% (54/56)
SIEREEE R0 91. 4% (32/35)
HEVRVER R ORBR R =310 85. 7% (24/28)

MAEEEERHELAR Z019E1H-202EETH)



| WA SUR ROE G ME I 1 B TR AT E R R IA TR I,

2 ik aTr e, HRERRLIN

TR %)
F1T14R B ER AR tid &R0 W = BEE G5 3ER) 2 ki
tid &5

15728k E+Tc+F+Bi:E40 mg tid&RT: RAKEEEL150 mg tid; &
A7 Tc 500 mg tid &J5:F100 mg tid &)5

F19742K  FHEB R L 2k tid &R AU S BEEE (BEIEE) 2k
tid &g AR BEE 100 mg tid &q7

SCHRACUR: W EI R, AT, WK, VA I el TRAT BRI T I LBIRIE [T, 1B B 2 FUEE 22 2% 3, 2018, 27 (06) : 717-720.

Ho R BR 5 T80 F3- /% AR BR B 18] 1 43

BEORIRBRIATT KW /G BORR BRI TT BORTHRO18F X EH W AR B A 0OW) A7 —
RIWEEE, REFETRMFEERRBRIGTHRERI70% M—MA. ZANABIAETT
IR R A BO%ER -

s ‘ - —&aIT AR BRI ERTEE, BA
DI BT =B F R R E—thialrts
## (N=259) T (HER 20 mg/bid HRGRETRMGR
" BT SEPUH 1 g/bid H R 500 mg/bid) 4H1: 7-10K/5 (n=35)
. BM135 . _
- TSR 525 (EE 27-81) 2 11 BIE (n=44)

4H3: 31 A5 (n=82)
4H4: 6-12HJ5 (n=98)

161 GRS B[] HRBEENE HRE P
7-10R 9/35 25.7 /
IRz 14/44 31.8 /
INAE 31/82 37.8 /
6-12™HJE 69/88 70. 4 0.01

Di Mario F, et al. 2018 DDW Abstract Tu1315.



HplGJT FTRERE : K57 E R B FE Ak

. Wik BEAE s - FN=Vra
e ARG B X it it ) WITHE o B%)
Yang % 2019 Lifi KA PR 116 BRI 20 mg+BISEPTHR 750 mg H 4RO ITT:87.9% 6.3
14d PP:91.1%
SHAINEH WG 116 VR FATME 20 mg+BFTZETEAK 1000 mg+ S HBEH  1TT:89.7% 228
500 mg+547] 1 g H 20 AR 14 d PP:91.2%
Yud§ 2019 bifF R4 WG 80 WA 4T 40 mg H 2 Y+F 557 1000 mg H 3 ITT:92.5% 75
WA 14d PP:96.1%
R A PR 80 WA T 40 mg+T ST HK 1000 mg+5477] 600 1TT:88.8% 113
mg H2W Ok 14d PP:93.3%
Wei-Chen %™ 2019708  Sili4l R 120 VR4 40 mg H 3 WAHBT LT 750 mg H 4 ITT:91.7% 9.7
HHK WO 14d PP:95.7%
B pIpAL MR 120 BRAZ e hn 40 mg+ STHTEEHE 500 mg+PIZEFE MR ITT:86.7% 275
1 g+ S00 mg H 2R C1lE 14 d PP:92%
HIFS R 201917 A WiH 55 VR IR 20 mg H 2 +PFTSEPEAR 1000 mg H 3 80.8% 58
WOR 14 d
YR Wik 55 RAIERIE 20 mg+FTBEFG R 1000 me+ERHEMEA 81% 189
100 mg H 2 +HRIAE H HE2 R H 3 DR 14 d
Yang %™ 2015 E KR4 Wif 150 UL 20 me+ T3 PG FK 750 mg H 4 X OR 95.3% 230
B LK 14d
PYEEEH iR 150 UL 20 mg+FSEPE R 1000 mg H 2 R 85.3% 332
10d
Yang 4 2015 KGR it 59 i UL H7 4 20 mg+ BT 5575 bk 750 mg H 4 YR 89.3% 28.6
LK 14d
PYEELH it 59 DL 20 mg+BTSEPGAK 1000 mg H 2R AR 51.8% 352
10d
Seung 4= 2011 86E KR4 WG 104 74 30 mg H 3 Y ZEPE AL 750 mg H 33 183
=HEA WG 104 Pl S A 1000 mg+ SERIEE H 500 mg+ 22 RAimE 82.8% 356

30 me H 2%

B HIHpIE T LR

WIFFEUESE, KGRI XU
J5 AR A5 DY A =
BT FIFEIRCR, H
il LD, B A I

[11#h 5%, Moussa Harouna Koumba, F4JH, 515 =, HKiE
P R 7 SR AEAR AR | TR AT 1 v R ke (7]
S A RN AE, 2021, 41(01) :64-67+71.

PPI group

Vonoprazan group P value

Primary
eradication
therapy

ITT analysis

PP analysis
Secondary
eradication
therapy

ITT analysis

PP analysis

73.2% (1259/1720)
76.4% (1259/1647)

89.9% (347/386)
92.8% (347/374)

85.7% (287/335) < 0.0001
90.3% (287/318) < 0.0001

89.4% (59/66) 0.87
96.7% (59/61) 04

RGP A [VPZ40meh B E PG M 500meA+7 1. B FH00mg R, TR
PPI%E P B FHAM500mgH P25 FH00mg 2 R/F N/ L & WER ME,TR
U EFRA—LEIT, ZREBIT RN BT ks J6)T TSGR

GCIEESE S

ik RWNBVRApBITERE R, TREN -EZNREGY

[1]Shinya Yamada, Takumiawakami,et,al.Usefulnessf vonoprazap a potassium iorcompetitive acid blocker,
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Figure 2. Comparison of Helicobacter pylon eradication rates in the VPZ and RPZ groups in [a] ITT analysis;
and (b) PP analysis. Number of patients is shown in parentheses, 5% Cls are shown in square brackets

P values were calculated by Fisher's exact test

Cl, confidence interval; [TT, intention to treat; PP, per profecol; RPZ, rabeprazole; VPZ, vonoprazan

WIER A (VPZ) HVPZA0mgR+F B PGk AMPO 1500mg+ Al mk
(MN2) 500mg7Z<]
F MHiMe (RPZ) H[RPZ20mgR+AMPC1500mgF+MNZ500mgh )

Zi: FAZRRTHTREATH. NBIRM ELREDER

of Helicobacter pylori[J] WorldGistrointestPharmacol Ther 2016 November 6; 7(4): 55855

for primary eradication

[2]MarikoHojo, DaisukeAsaoka et,al Randomized controlled study on the effects of triple therapy includingrazanor
rabeprazole for the seconlline treatment of Helicobacter pylori infection[JHer Adv Gastroenterol2020, Vol. 13- 11
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Hp SHEKGRREB AR S

Hp e BKA AR BRI BRI R

Hp EEIEKA LRI HIFNIRR

Hp SEh KRR B R RIAB TS Xiangya ) *HHK-THEZER
Hp Sd/0JmEX (F—&: 1994 &)
o ARYISR: 111 6B0REE, 74HEEXRE, BAEMY 45-65%,

- IRER: BOwAE 66/1(59%) BHp, XJRRAE 2941(39%) BHp., HRET—L
BUORIIEKRERE, HpSRURHIXRINESRITEEN.

- (EESRIHEN Hp SROREX, AJRER Hp BERS ERINSIEREER NATEL

Odds ratio for coronary heart disease among men who were seropositive for H pylori

Effect of H pylori adjusted for:* Odds ratio (95% CI) X (1dp p Value
Unadjusted 2:28 (1:25 to 4°15) 7-35 0-007
Age, and risk factorst 2:26 (1-15 to 4-44) 5-71 0-02
Age, risk factors, and current 2:15 (1-07 to 4-29) 4-73 0-03
social class

Age, risk factors, current social 2:08 (1-03 to 4-20) 4-23 0-04
class and father’s occupation

Age, risk factors, current social 1-90 (0-91 to 3-97) 2-97 0-09

class and father’s occupation,
housing density, and hot water
supply in the childhood home

* Adjusted by multiple logistic regression.
+Smoking history, age at starting smoking, lifetime cigarette consumption, history of high blood
pressure, history of diabetes.

Mendall M A,Goggin P M,Molineaux N et al. Relation of Helicobacter pylori infection and coronary heart disease.[J] .Br Heart J, 1994, 71: 437-9.
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Chronic infections and coronary heart disease: is
there a link?

FTLASC BN 9 FE R R BEE SIS R B e le E AR

N=bal
1E673<0

Danesh J,Collins R,Peto R,Chronic infections and coronary heart disease: is there a link?[J] .Lancet, 1997, 350: 430 -6.
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Figure 1. Prevalence of Helicobacter pylori infection and of
cytotoxin-associated gene-A (CagA)-positive or CagA-negative
strains in patients and controls.

R OB CagARRME R R ST IEFEXIHRA

Pasceri V,Cammarota G,Patti G et al. Association of virulent Helicobacter pylori strains with ischemic heart disease.[J] .Cir

Figure 2. Adjusted oddsratios for ischemic heart disease asso-
ciated with infection by cytotoxin-associated gene-A (CagA)-
positive and CagA-negative Helicobacter pylori. IHD indicates
ischemic heart disease; HP, Helicobacter pylori.

CagABRRMERBGRIN M OIVEAIX G R TS

culation, 1998, 97: 1675-9.
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Hp SRk R IRAITER LR

Hp XS5/ LmTRIGHISZI  (20014F)

—XEEMERFEI%LALAEE.

TABLE 3. Seropositivity to Various Pathogens and Risk of Fatal
Cardiovascular Event

Positive Serclogy, % P

l)*znh— Uur to

C Survivors
F‘..'.' ogen (n=78) in=232) ,,'J.r';','?'ffa? Adpsted™ HR @5% O
ub.“ Ig[ Vé;Ja ,":I 7 0.06 03 1.4 l[l 7-3.00
HSV-1, G 49 92.7 0.s o3 3.010.6-22.9)
HSV-2, 156G 256 135 0.003 0045 2000140
EBV, oG 100 88.7 03 oss cea
EBV. IgA s 138 0.001 Q007 2.8 1.5-5.00
C pnewmoniee, 1gG 346 847 0.899 (X} 0.9 (0.5-2.0)
C pnouwmonae, IgA 462 486 0.7 04 0.8 10.4-1.4)
H pyéard, IgG i7a BO.6 08 o3 0.7 (0.4-1 .4}
H pyfort. IgA 40 277 om o002 250 .8-44
M poeumonvas, G 577 5989 0.8 os 0.8 {0.5-1.5)
M poeumonvae, 1D 167 123 03 a3 1.510.7-3.2)
H infenzae gt a1 741 0.1 os 1.3 D.7-2.7)

Becauss of noomplete data of CRP and sjection fraction. 1053l was 795 for the adisied aralyses

“Adjpssted for age, sex, pressnce of absence of over smoking, disbetes, HDL cholesterol
(continuous variatée|, number of nvasye tre . antilypertensive reatment and statin
intake at enrclimet, CRP {logarithmically transiormed contiruous variables), and ejection fracton
(=30%)

Rupprecht H J,Blankenberg S,Bickel C et al. Impact of viral and bacterial infectious burden on long

1018FEEKR, BE

culation, 1998, 97: 1675 -9.
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AHA Jowrmak Jonrmal Wlenmason LI Sebyeons Foomre Resouiion 8 B

@ rea ez Iimpact of Viral and Bacterlal Infectious Burden on Long-Term Prognests in
e Patients With Coronary Artery Disease

* HpRERE /R EE FE ARG E

 {EEHENHp BEE BB ELAYE
A, E)5HEtENRNEREFENE
1ER.

-term prognosis in patients with coronary artery disease.[J] .Circulation, 2001, 104: 25-31.
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- AR 138G R EST S E e

o ey Cytotoxin-Associated GeneA-Positive Mellcobacter pylor Strains Are

+ BZH: 61 Wﬂl L\f}ﬁ'fiﬁ%ﬂ@*ﬁ%%% o) Associated With Atheroscherotic Stroke
o IJABRZE: 151 1§U{EF§AE$ m D G AT A A e R

.......

80,00 @ Controls
@ Large vessel stroke

« ZHANHPIRMRRBES.

70,00

jor + BRI EESRAAIICag AR SR
FORMAEEE, hRE EHZIEI%SURE\@H
. « R ARIE AR RAY IS EER,

Prevalence of infection by CagA-positive H pylon in patients and control subjects. *P<0.01 in comparison to
controls and to patients with cardicembolic stroke.

Pietroiusti Antonio,Diomedi Marina,Silvestrini Mauro et al. Cytotoxin -associated gene -A--positive Helicobacter pylori strains ar e associated with atherosclerotic stroke.[J] .Circulation, 2002, 106: 580 -4.

SN . xiangya ) +HKRF HE=ER
Hp SENBRGREE B RORE S ASS

Hp SEikE5iRD (20114F)
« BIKEEHIRSD BEII CTIONSR & EE bk BRI — IS ea .

0%y 7C BR 2 BEBR B fer
1-99%» B2 PR T T
100-399%) HREBEER T Fer
=400%> FEE IR fa o7

© AERARBEIERH BIRESEIMSHIRD IR R, RHp BERZCADRYRIAEIREE,
B5RHIEHKEN (0 <BEKRS <100) 1BX.

Park Min Jung,Choi Seung Ho,Kim Donghee et al. Association between Helicobacter pylori Seropositivity and the Coronary Artery Calcium Score in a Screening Population.[J] .Gut Liver, 2011, 5: 321 -7.
Lee M,Baek H,Park JS et al. Current Helicobacter pylori infection is significantly associated with subclinical coronary ather osclerosis in healthy subjects: Across  -sectional study.[J] .PLoS ONE, 2018, 13: e0193646.
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MALT lymphoma

Gastric cancer

. Duodenal ulcer

MANRIREFIFIRRIAZFAIMIRNA
gastritis: 45; duodenal ulcer. 8;
gastric cancer. 54; MALT lymphoma 249,

FERE2MERPRIAEZERIIEB4 T mMIRNA,
X341 miRNAS : hsa-let-7¢, hsa-miR-

349 miRNAY K E1E7 65 MEE A

TERN=fARZEmIRNA
GFERRER RZ R

FHR Y NE=ER
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Xiangya

BMN765MEERE T HERO M RBRAIERERE:

RUBRLS R AITNRER :
- PE,
+  RNARGHIBHFERAIRER,

5:(')4 #0 hsa-miR-551bEIRT HINTE 3 MESwE - DNERFNAS.
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Polaprezinc combined with clarithromycin based triple
therapy for Helicobacter pylori associated gastritis: A
prospective, multicenter, randomized clinical trial

Bei Tan', Han-Qing Luo”, Hong Xu®, Nong-Hua Lv’, Rui-Hua Shi*, He-Sheng
Luo’, Jian Sheng Li°, Jian-Lin Ren’, Yi-You Zou®, Yan-Qing Li’, Feng Ji*, Jing-
Yuan Fang", Jia Ming Qian”

The efficacy and safety of polaprezinc combined with triple
therapy was compared with triple therapy alone in the
eradication of Helicobacter pylori. A randomized, parallel-
group, open label, controlled, prospective multicenter
study was conducted in 11 cities in China. Treat ment-naive
patients with H. pylor~associated gastritis were randomly
assigned to one of three arms for a 14-day treatment: Arm
A triple therapy (omeprazole 20 mg, amoxicillin 1 g, and
clarithromycin 500 mg, each twice daily) plus polaprezinc
/5 mg twice daily; Arm B triple therapy plus polaprezinc
150 mg twice daily, or Arm C triple therapy alone. The rate
of H. pylori eradication was the primary endpoint.
Secondary endpoints were symptom improvement and
lower incidence of adverse events. 303 patients completed
the study— 106, 96, and 101 patients in Arms A, B, and C,

respectively.




Intention-to-treat (ITT) analysis showed that the rate of H.
pylori eradication was significantly higher for Arms A
(77.0%) and B (75.9%) compared to Arm C (58.6%) (P < 0.01),
whereas there was no difference between Arms A and B (P
= 0.90). Per-protocol (PP) analysis showed that the rate of
H. pylori eradication was significantly higher for Arms A
(81.1%) and B (83.3%) compared to Arm C (61.4%) (P < 0.01),
whereas there was no significant difference between Arms
A and B (P = 0.62). All three groups reported significant
symptom improvement at 7/, 14, and 28 days after
treatment, compared to baseline (P < 0.0001). The adverse
event rate for Arm B (5.1%) was higher than for Arms A
(2.8%) (P = 0.04) and C (1.9%) (P = 0.02). There were no
serious adverse events In ny group. It appears that
standard dose polaprezinc combined with triple therapy
can signifl cantly improve the H. pylori eradication rate,
without an increase in toxicity.

Tan B, Luo H-Q, Xu H, Lv N-H, Shi R-H, Luo H-S, et al. (2017) Polaprezinc
combined with clarithromycin-based triple therapy for Helicobacter pylori-
associated gastritis: A prospective, multicenter, randomized clinical trial. PLoS

ONE 12 (4): e0175625.

https://doi.org/10.1371/journal. pone.0175625
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Abstract An effective eradication therapy of Helicobacter pylori (H. pylori) should | be used for the first time. In
this study, we assessed whether tailored therapy based on antibiotic susceptibility testing is more effective than
traditional therapy. We also evaluated the factors that cause treatment failure in high-resistance areas. For this
multicenter trial, we recruited 467 H. pylori-positive pati The pati were randomly assigned to receive
tailored triple therapy (TATT), tailored bismuth-containing quadruple therapy (TABQT), or trndmonal bismuth-
containing quadruple therapy (TRBQT). For the TATT and TABQT groups, antibiotic selection proceeded via
susceptibility testing using an agar-dilution test. The pnnents in the TRBQT group were given amoxicillin,
clarithromycin, prazole, and bi h. S ler was defined as a negative '*C-urea breath test
at least eight weeks after the treatment ended. Susceptibility testing was conducted using an agar-dilution test. The
eradication rate was ex d via i ion-to-treat (ITT) and per-protocol (PP) analyses. The clarithromycin,
levofl and metronidazole resi rates were 26.12%, 28.69%, and 96.79%, respectively. Resistance

t icillin and furazolid was rare. The eradication rates for TATT, TRBQT, and TABQT were
67.32%, 63.69%, and 85.99% in the ITT analysis (P < 0.001) and 74.64%, 68.49%, and 91.22% in the PP analysis
(P < 0.001), respectively. The efficacy of TABQT was affected by clarithromycin resistance, and bismuth exerted a
direct influence on TATT failure. TABQT was the most efficacious regimen for use in high-resistance regions,
especially among clarithromycin-susceptible patients.

Keywords tailored triple therapy; tailored bi: h ini druple therapy; traditional bi: h ining quadruple
therapy; antibiotic susceptibility testing; eradication rates
[ Endoscopies and H. pylori positive |
467 patients enrolled
Randomly allocated

[ 153 assigned o TATT | [ 157 assigned to TRBQT | [ 157 assigned 1o TABQT |

[ Two antibiotics+PPI | [ AMX+CLR+Bi+PPI | [ Two antibiotics+Bi+PPI |
Two antibiotics selected = G Two antibiotics selected

—— Conceal the antibiotic __——
o] based on the antibiotic el R b based on the antibiotic
. susceptiblity test —
susceptiblity test susceptiblity test
I '3C-urea breath test after 8 weeks |

I 153 in the ITT analysis | | 157 in the ITT analysis | | 157 in the ITT analysis |
15 not return for a 11 not return for a 9 not return for a
follow-up “*C-urea || follow-up “C-urea || follow-up "*C-urea
breath test breath test breath test
0 took <80% drugs 0 took <80% drugs 0 took <80% drugs

138 completed follow-up 146 completed follow-up 148 completed follow-up
and in the PP analysis and in the PP analysis and in the PP analysis

Fig. 1 Trial profile of the study. AMX, amoxicillin; Bi, bismuth; CLR, clarithromycin; ITT, intention-to-treat analysis; PP, per-protocol
analysis; PPL, proton pump inhibitors; TABQT, tailored bismuth-containing quadruple therapy; TATT, tailored triple therapy; TRBQT,
traditional bismuth-containing quadruple therapy.




Table 1 Demographic characteristics of patients and prevalence of antibiotic resistance

TATT (n = 153) TRBQT (1 = 157) TABQT (1 = 157) P value

Patient information

Gender (M/F) 74/79 75/82 84/73 0.537

Age (year, mean, S.D.) 48.10 (11.41) 49.52 (11.88) 49.30 (10.25) 0.492
Pathological diagnosis

Chronic gastritis 36.6% (56/153) 38.85% (61/157) 38.22% (60/157) 0.915

Chronic gastritis with intestinal metaplasia 18.95% (29/153) 23.57% (37/157) 19.11% (30/157) 0.519

Chronic gastritis accompanied with erosion 14.38% (22/153) 10.19% (16/157) 13.38% (21/157) 0.509

Chronic atrophy gastritis 16.7% (26/153) 15.92% (25/157) 19.74% (31/157) 0.656

Gastric mucosal atypical hyperplasia 11.11% (17/153) 9.55% (15/157) 7% (11/157) 0.45

Other 1.96% (3/153) 1.91% (3/157) 2.55% (4/157) 0.911
Antibiotic resistance rate

CLR 29.41% (45/153) 21.02% (33/157) 28.03% (44/157) 0.195

LVX 30.72% (47/153) 24.84% (39/157) 30.57% (48/157) 0.424

MTZ 95.42% (146/153) 97.45% (153/157) 97.45% (153/157) 0.507

AMX 0% (0/153) 0% (0/157) 0% (0/157)

FR 0% (0/153) 0% (0/157) 0% (0/157)

AMX, amoxicillin; CLR, clarithromycin; F, female; FR, furazolidone; LVX, levofloxacin; M, male; MTZ, metronidazole; S.D., standard deviation; TABQT,
tailored bismuth-containing quadruple therapy; TATT, tailored triple therapy; TRBQT, traditional bismuth-containing quadruple therapy.

Table 2 H. pylori eradication rates and side effects in the three treatments
Outcomes TATT TRBQT TABQT
Eradication rate

ITT analysis (%, n/N)

PP analysis (%, n/N)

Lost to follow-up evaluation (%, n/N)
Side effects (%, n/N)

67.32% (103/153)*
74.64% (103/138) *
9.8% (15/153)

63.69% (100/157)*
68.49%(100/146)*
7.01% (11/157)

85.99% (135/157)
91.22% (135/148)
5.73% (9/157)

Abdominal pain 3.27% (5/153) 3.82% (6/157) 3.18% (5/157)
Bloating 3.92% (6/153) 9.55% (15/157)* 2.55% (4/157)
Nausea and vomiting 3.92% (6/153) 8.92% (14/157) 3.82% (6/157)
Diarrhea 6.53% (10/153) 7.64% (12/157) 6.37% (10/157)
Skin rash 2.61% (4/153) 2.55% (4/157) 3.82% (6/157)
Constipation 3.92% (6/153) 3.18% (5/157) 3.18% (5/157)
Black stool 0.65% (1/153) 0% (0/157) 0% (0/157)

Taste distortion 3.27% (5/153) 1.91% (3/157) 3.18% (5/157)

ITT, intention-to-treat analysis; PP, per-protocol analysis; TABQT, tailored bismuth-containing quadruple therapy; TATT, tailored triple therapy; TRBQT,
traditional bismuth-containing quadruple therapy.
* indicates significant differences between TATT and TABQT (P<0.05) and between TRBQT and TABQT (P<0.05).

Table 3 H. pylori eradication rates of sensitive antibiotic selection in TATT and TABQT treatments

Antibiotic selection AMX + CLR AMX + LVX AMX + FR
TATT
ITT analysis (%, n/N) 68.52% (74/108) 76.19% (16/21) 54.17% (13/24)
PP analysis (%, n/N) 76.29% (74/97) 80% (16/20) 61.9% (13/21)
TABQT
ITT analysis (%, n/N) 87.61% (99/113)* 80% (20/25) 84.21% (16/19)*
PP analysis (%, n/N) 93.4% (99/106) * 86.96% (20/23) 84.21% (16/19)

AMX, amoxicillin; CLR, clarithromycin; FR, furazolidone; ITT, intention-to-treat analysis; LVX, levofloxacin; PP, per-protocol analysis; TABQT, tailored
bismuth-containing quadruple therapy; TATT, tailored triple therapy.

* indicates significant diffe b the of AMX + CLR from TATT and TABQT (P<0.05) and between the treatment of AMX + FR from
TATT and TABQT (P<0.05).
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Table 1 Age-sandardized cancer incidence and mortality rates per 100,000 populations by gender in China in 2018

Al Rark
indox Gender
cancers 15t 2d 3rd 4th 5th Gth 7th 8th 9th 10th
incidence  Bath 2007 Sraast Lung Colorectum | Stomach Liver Esophagus Cervixuten Thyrowd Prastate C:::"ﬂ
36 s 237 20.7 182 139 0.7 100 2.1 1A
Mala 2230 Lung Stomach Colorectum  Liver Esophagus Prostate  Pancroas  Bladder  Loukemia NHL
478 25 281 2716 19.7 9.1 6.2 59 5.8 4.8
Fenale 1826 Breast Lng Cobrectum Thyroid  Stomach  Cervix uten Liver Esophagus C:::‘J.' Overy
5.1 28 19.4 15.8 123 10.7 9.0 8.2 71 53
Mortakty  Both 1301 Lung Stomach Liver  Esophagus Cobrectun  Bresst  Pancreas  Prostste Cerwixuten Leukermsa
049 17.5 17 12.7 10.8 a8 49 a7 44 35
Malke 1666 Lung Liver Stomach  Esophagus Coborectum Pancreas  Prostste Leukemia  Brain, CNS NHL
434 256 250 18.2 139 5.6 4.7 44 8 28
Fermale 852 Lung Stomach Colorectum  Brearst Liver Esophagus Cervixuten Pancreas Ovary Brain, CNS
19.0 104 a8 88 86 74 44 42 2.0 28

CNS. cenyal neevous systen NHL, non-Hodgkin lymphama. The estimates are from Globad Cancer Obasevatory 2018, WRC, 2018 (6). Age-standardized rates
are calculated using the direct methed and the world standard population

RERTHRERKER: BRARREREREMHEMAL, FLTRERD

Sun D, Cao M, Li Het al Chin J Cancer Res. 2020;32(2):12939.
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Table 1. The prevalence of Helicobacter pylori infection and associated risk factors

Region/country No. of subjects Helicobacter pylori infection Ref.
Prevalence (%) Risk factor
USA 7465 32,5 Age (>70 years old) 34

Ethnicity (African American) < =
USA 7495 25.4% T 35 Eﬁﬁlﬂl ]ji[ ’ szﬁg

Soil-related occupation

Crowded living condition v 7—‘ :[E N N

Water supply from well % j:\ ‘/“I‘ N ‘/“[‘ D 2|é
Latin Americas 1852 79.4 Increased no. of siblings 37 o, o

Low education level % % EF[ Eai‘ I%

Low household conditions
Crowding

Turkey 4622 824 Geographical region 38
Male gender

SR, R K 2= 0

Low socioeconomic status = A
Latvia 101 15.6 Diet (less consumption of fruits) 39 MYV *E 9% )
Portugal 2067 84.2 Low education level 40

Age (>70 years old)
Living in deprived neighbourhood
Japan 21 144 27.5 Older age (>60 years age) 42 Y
Karca 10 796 4.4 Male gender ) a ﬁz H JEX L % m‘ji
Older age p QAN S
Low income
Residence in rural area 5 7 . 6%
Higher cholesterol level
Low education level
China 2006 834 Urban and suburban (infection with 44
type 1 H. pylori strains)
Manual type of occupation

USA, the United State of America.

IS 2020; 128: 150 — 161.
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RiERZEEI (RUT)

FIRFRESHR, RUT BERAERE Hp BSUENGE

" NGRS ENARMIEEHERERGRES Hp, BERE. BIESEIR
=, BRTERHTBREENEE

= BEEZONRIORNER. ERRFRERIPHEF ( PPl) | IS, XEH
VIR EPRSFEEEMEZENDE, MRS

» FEABRTHT BEE—ENES, BRERTEHTEL. K. R
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Bovine lactoferrin supplementation for prevention of
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a randomized trial
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Risk ratio, 0.34 , P=0.002 for BLF vs control
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