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Background:Cordyceps sinensis is a traditional Chinesemedicine that has shown
promise for the management of chronic bronchitis (CB). We aim to assess the
efficacy and safety of a preparation ofC sinensis named Bailing capsule (Hirsutella
sinensis, Cs-C-Q80) compared with a placebo in patients with CB.

Methods: This randomized, double-blind, placebo-controlled, parallel-group
clinical trial (Chinese Clinical Trial Registry; registration number:
ChiCTR1900025707) recruited patients with CB from eight hospitals in China
betweenMay 2019 andDecember 2020. Patients were randomized 2:1 to receive
Bailing capsule or a placebo orally for 48 weeks (2.0 g, three times a day).

Results: Among 240 patients who were randomized, 238 (Bailing capsule: 159,
placebo: 79) were included in the primary analysis. Bailing capsule significantly
reduced the frequency of acute exacerbation of CB (AECB) compared with the
placebo during treatment (0.43 ± 0.82 vs. 1.56 ± 1.34; P < 0.001) and follow-up
(0.21 ± 0.64 vs. 0.45 ± 0.93; P = 0.026). Bailing capsule improved the severity of
expectoration (P = 0.046) and wheezing (P = 0.010) in AECB during follow-up.
The severity of CB after treatment was significantly improved in the Bailing
capsule group compared with the placebo group (P = 0.035), particularly in
terms of expectoration (P = 0.012) and wheezing (P = 0.003). The risk of adverse
events, mainly including infectious and invasive diseases and gastrointestinal
symptoms, did not significantly differ between the two groups (29.6% vs. 30.4%).

Conclusion: In patients with CB, Bailing capsule significantly reduces the
frequency of AECB and ameliorates the severity of AECB and CB symptoms.
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Introduction

Chronic bronchitis (CB) is characterized by persistent cough and
sputum production for a minimum of 3 months per year, consecutively
for 2 years, without any other underlying conditions accounting for these
symptoms. It is caused by chronic inflammation of the respiratory tract,
leading to excessive mucus production and secretion, and impaired
mucociliary clearance (Valipour et al., 2020; Bigot et al., 2022; Krimsky
et al., 2023). Its main clinical manifestations are persistent cough,
excessive sputum production, and/or shortness of breath. In
population-based studies, the prevalence of CB varies from 3.6% to
16.7% (Maas et al., 2020; Puddu et al., 2021; Frederiksen et al., 2022;
Jarhyan et al., 2022). Studies have indicated a significant correlation
between CB and deteriorating health status (Kim et al., 2011), and it is
significantly associated with a faster decline in forced expiratory volume
in 1 s (FEV1) and increased mortality rates (Ekberg-Aronsson et al.,
2005; Guerra et al., 2009). While various medical management options
have been developed for CB, there is insufficient evidence to recommend
the routine use of medications, including antibiotics, bronchodilators,
andmucolytic agents, for effective symptom relief in CB (Malesker et al.,
2020). Therefore, patients still face high risks for acute exacerbation of
the disease (Hartman et al., 2021).

Bailing capsule contains fermented C. sinensis mycelium powder
(Hirsutella sinensis, Cs-C-Q80), which mainly comprises adenosine,
mannitol, ergosterol, polysaccharides, a variety of amino acids, vitamins,
and trace elements, and thus can be used as a substitute for wild C.
sinensis. It tonifies the lungs and kidneys and nourishes the essence and
qi. It is used for cough, asthma, hemoptysis, and lumbago caused by
lung and kidney deficiencies. In addition, it is used as an adjuvant
treatment for CB and chronic renal insufficiency (Paterson, 2008).
Cordyceps sinensis improves airway inflammation in patients with CB
by modulating the levels of inflammatory factors, thereby alleviating
clinical symptoms (Hsu et al., 2008). Immunodeficiency is the
fundamental cause of acute exacerbation of CB (AECB) (Xu and Li,
2010). Bailing capsule improves immune function by supplementing
essential amino acids and cordycepic acid. Therefore, Bailing capsules
may improve the prognosis of CB by exertingmultiple effects, including
anti-inflammatory and anti-hypoxic effects, inhibition of airway
remodeling, and enhancement of immune function (Xu and Li,
2010). Based on these theoretical foundations, we hypothesized that
Bailing capsule may improve the prognosis of CB.

Methods

Study design and oversight

This randomized, double-blind, placebo-controlled, multi-
center clinical trial (XXX) was performed in eight clinical centers
in China. According to a stratified randomization method, subjects
were allocated into a Bailing capsule group and a placebo group in a

2:1 ratio. The study adhered to the principles of Good Clinical
Practice and the Declaration of Helsinki, and ethics approval was
obtained from the ethics committee of China-Japan Friendship
Hospital (no: 2018–168-K122). All patients or their legal
representatives signed informed consent before randomization.

Study population

Patients were included if they met: 1) patients who met the
diagnostic criteria for CB; 2) age between 18 and 75 years old
(including 18 and 75), no gender restrictions; 3) the main symptom
scores of CB were ≤1 point, including cough, expectoration, and
wheezing; and 4) having experienced at least two AECBs within the
past year (confirmed by medical records). CB was diagnosed
according to the guidelines for the diagnosis and treatment of
cough published by the Chinese Medical Association Respiratory
Branch in 2015. The details diagnostic criteria for CB include: 1)
persistent cough and sputum production for more than 2 years, with
a cumulative or continuous duration of at least 3 months each year,
with no other causes of chronic cough; 2) if the duration of
symptoms is less than 3 months per year, but there is clear
objective evidence (e.g., from X-rays or pulmonary function
tests), a diagnosis can still be made.

The exclusion criteria were as follows: 1) exacerbation of CB
within the past month; 2) coexisting diseases such as pulmonary
tuberculosis, eosinophilic bronchitis, bronchogenic carcinoma,
idiopathic pulmonary fibrosis, bronchial asthma, bronchiectasis,
congestive heart failure, chronic pharyngitis, posterior nasal drip
syndrome, or gastroesophageal reflux disease; 3) patient’s FEV1 as a
percentage of the predicted value is less than 80% after inhalation of
bronchodilators; 4) coexisting severe primary disease, including
cardiovascular, cerebrovascular, or hematopoietic disorder; 5)
serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), or serum creatinine (Scr) levels are
higher than 1.5 times the upper limit of the normal reference
range; and 6) pregnant or lactating women.

Randomization and blinding

According to the randomization, patients from each center were
assigned to either the Bailing capsule or placebo group in a 2:1 ratio.
The randomization numbers were computer-generated. For each
randomization number, the corresponding packaging number of the
study drug was automatically blinded. Prior to drug dispensing, the
researchers applied the corresponding study drug using the
randomization number through the system. All participants
involved in the trial, including patients, doctors, nurses, on-site
investigators, and members of the clinical endpoint committee, were
unaware of the treatment assignment.
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Procedures

The patients in the Bailing capsule group were randomly assigned
to receive Bailing capsules [batch number: 1,811,114 (Expiry date:
October 2021); 1,902,127 (Expiry date: January 2022); 1,906,001
(Expiry date: May 2022) four capsules, 2.0 g, orally] three times a
day for 48 weeks. The patients were followed up for an additional
48 weeks up after treatment. The placebo group received matching
placebo capsules [batch number: 1,812,002 (Expiry date: January 2022)]
specifically developed for the Bailing capsule trial. The placebo capsules
had the same appearance as the Bailing capsules and a similar taste and
odor when opened. When AECB occurs, conventional treatment may
involve the use of antibiotics, cough suppressants, and expectorants.
Traditional Chinese herbal decoctions or patent medicines can also be
used for the treatment of AECB, but each course of treatment should
not exceed 21 days, and the total duration of treatment should not
exceed 3 months. The baseline patient characteristics, including clinical
presentations, vital signs, and laboratory test results, were collected from
case report forms.

Outcomes

The primary outcome was the frequency of AECB, which was
defined as: 1) at least two episodes of cough, expectoration, and
wheezing that worsened; and 2) a minimum interval of 1 week
between the two exacerbations. The secondary outcomes included
the time of first AECB occurrence, interval between AECB
occurrences, duration of AECB, severity of AECB (cough,
expectoration, and wheezing), CB symptom score (cough,
expectoration, and wheezing), pulmonary function, imaging
examination, immunological indicators, and adverse events.

Severity of AECB: Cough, expectoration, and wheezing were
classified into normal, mild, moderate, and severe based on severity
scores of 0, 1, 2, and 3, respectively. Details of the criteria for AECB
severity are summarized in Supplementary Table S1.

CB symptom score: During the treatment period, the subjects
were evaluated weekly for cough, sputum, and wheezing using a
visual analog scoring method. Subjects marked a corresponding
scale on a 10-cm line to indicate the severity of cough, expectoration,
and wheezing based on their own perception. A score of 0 indicated
no related symptoms, whereas a score of 10 indicated extremely
severe symptoms that were intolerable. The duration of symptoms
(cough, expectoration, and wheezing) with a score ≥4 for CB was
also assessed (Martin Nguyen et al., 2021).

Pulmonary function: Pulmonary function tests include tests of
FEV1, forced vital capacity (FVC), FEV1 as a percentage of the
predicted value (FEV1%pred), and the ratio of FEV1 to FVC (FEV1/
FVC). Other measurements include maximum mid-expiratory flow
(MMEF) and peak expiratory flow (PEF).

Imaging examination: Computed tomography (CT) scans were
used to evaluate small airway lesions in the lungs, the presence of
emphysema, and other complications.

Immunological indicators: To determine the total CD3+ T cell
count, CD3+CD4+ T cell subset, CD3+CD8+ T cell subset, and CD4+/
CD8+ T cell ratio, changes in immune function indicators were
assessed based on the normal reference range used in each center’s
laboratory for each parameter.

Adverse events: Adverse events during treatments were assessed
through physical examination, laboratory tests, liver and kidney
function test, and electrocardiography.

Statistical analysis

In a previous study, the effective rate of Bailing capsule in
treating CB was 85%, whereas the control group had an effective
rate of 65% (Liu et al., 2006). Considering a dropout rate of 20%, the
minimum sample size required for each group was 75 cases (80%
power, two-sided α = 0.05 and β = 0.20). The characteristics of
patients in the Bailing capsule and placebo groups included
continuous and categorical data. Continuous data are presented
as mean (standard deviation) or median (range) according to the
data distribution, whereas categorical data are shown as frequency
and proportion. Groups were compared using an independent
samples t-test or Wilcoxon rank-sum test for continuous data,
whereas categorical data were compared using the chi-square test
or Fisher’s exact test. All statistical tests were performed using a two-
tailed test, and significance was set at P ≤ 0.05. All statistical analysis
were performed using SPSS 26.0 (SPSS, Chicago, IL, United States).

Results

Between May 2019 and December 2020, a total of 240 patients
were enrolled from eight hospitals in China, among whom
160 patients assigned to the Bailing capsule group and 80 to the
placebo group. Two patients did not take the study drugs (one in the
Bailing capsule group and one in the placebo group), leaving
238 patients (159 in the Bailing capsule group and 79 in the
placebo group) for the primary analysis. A total of 197 patients
(41 patients were excluded, including 27 in the Bailing capsule group
and 14 in the placebo group) were included in the confirmatory per-
protocol analysis (Figure 1).

Baseline characteristics

Most baseline patient characteristics, including age, sex,
ethnicity, height, number of AECBs in the past year, number of
hospitalizations due to AECBs in the past year, medical history,
allergy history, family history, body temperature, pulse rate,
respiratory rate, and diastolic blood pressure, were balanced
between the Bailing capsule and placebo groups (Table 1). The
mean age of the patients included was 57.6 years, and 49.2% were
male. The frequency of using concomitant medications for
respiratory diseases during the trial period is shown in
Supplementary Table S2.

Primary outcome

After 48 weeks, the mean number of AECBs in the Bailing
capsule group (0.43 ± 0.82) was significantly lower than that in the
placebo group (1.56 ± 1.34; P < 0.001). Similarly, during the follow-
up period, the mean number of AECBs in the Bailing capsule group
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(0.21 ± 0.64 was significantly lower than that in the placebo group
(0.45 ± 0.93; P = 0.026) (Table 2).

Secondary outcomes

Time of first AECB occurrence: The time of first AECB
occurrence in the Bailing capsule group (135.94 ± 173.74 days)
did not significantly differ from that in the placebo group (92.88 ±
105.28 days; P = 0.685) (Table 2).

Interval between AECB occurrences: The interval between AECB
occurrences in the Bailing capsule group (151.97 ± 122.28 days) did
not significantly differ from that in the placebo group (153.22 ±
113.23 days; P = 0.858) (Table 2).

Duration of AECB: AECB duration in the Bailing capsule group
(36.51 ± 70.47 days) did not significantly differ from that in the
placebo group (26.23 ± 42.01 days; P = 0.971) (Table 2).

Severity of AECB: During treatment, cough severity differed
significantly between the Bailing capsule and placebo groups (P <
0.001), whereas the severity of expectoration (P = 0.925) and
wheezing (P = 0.567) did not. During follow-up, cough severity

no longer differed significantly between the Bailing capsule and
placebo groups (P = 0.053), and Bailing capsule was associated with
greater improvement in expectoration (P = 0.046) and wheezing
(P = 0.010) than the placebo (Table 2).

Severity of CB: The overall severity of CB after treatment in the
Bailing capsule group was significantly improved when compared with
that in the placebo group (P = 0.035), particularly in terms of
expectoration (P = 0.012) and wheezing (P = 0.003) (Table 2;
Supplementary Figure S1). During follow-up, CB severity did not
significantly differ between the Bailing capsule and placebo groups
(P = 0.833), including cough (P = 0.602), expectoration (P = 0.425), and
wheezing (P = 0.825) (Supplementary Figure S2). Bailing capsule
significantly reduced the durations of cough, expectoration, and
wheezing with scores ≥4 as compared with the placebo (Table 2).

Pulmonary function: The changes in FEV1, FVC, MMEF, PEF,
FEV1%pred, and FEV1/FVC after treatment and during follow-up
were not significantly different between the Bailing capsule and
placebo groups (P > 0.050) (Table 2).

Pulmonary emphysema: At baseline, the proportions of
participants with pulmonary emphysema in the Bailing capsule
and placebo groups were 14.94% and 12.00%, respectively. After

FIGURE 1
Patient screening process used in this study.
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48 weeks of treatment, these proportions were 13.91% and 13.56%,
respectively, and after 96 weeks of treatment, they were 15.18% and
16.36%, respectively. There was no significant difference in the
incidence of pulmonary emphysema between the Bailing capsule
and placebo groups (P > 0.050).

Immunological indicators: The changes in CD3+ T cell count
(P = 0.152), CD3+CD4+ T cell subset (P = 0.415), CD3+CD8+ T cell
subset (P = 0.333), and CD4+/CD8+ T ratio (P = 0.588) did not
significantly differ between the Bailing capsule and placebo
groups (Table 2).

Adverse events

The numbers of adverse events in Bailing capsule and placebo
groups were 103 (47 patients) and 61 (24 patients) during
treatments, and the numbers of serious adverse events were 6
(5 patients) and 6 (5 patients), respectively. There was no

significant difference between the groups in terms of the risk of
adverse events (P = 0.896) and serious adverse events (P = 0.258).
Infectious and invasive diseases occurred in 29 cases, with a total of
45 occurrences, resulting in an incidence rate of 12.18% (20 cases
with 28 occurrences in the Bailing capsule group, resulting in an
incidence rate of 12.58%, and 9 cases with 17 occurrences in the
placebo group, resulting in an incidence rate of 11.39%, P = 0.792).
There were 21 cases of gastrointestinal diseases, with a total of
33 occurrences, resulting in an incidence rate of 8.82% (17 cases and
29 occurrences in the Bailing capsule group, with an incidence rate
of 10.69%; 4 cases and 4 occurrences in the placebo group, with an
incidence rate of 5.06%, P = 0.159).

Discussion

This randomized, double-blind, placebo-controlled, multi-
center clinical trial aimed to assess the efficacy and safety of

TABLE 1 Baseline characteristics of enrolled patients.

Variable Bailing capsule (N = 159) Placebo (N = 79) P-value

Age, mean (SD), years 58.06 ± 10.51 56.65 ± 11.92 0.352

Sex 0.155

Male (%) 73 (45.91) 44 (55.70)

Female (%) 86 (54.09) 35 (44.30)

Ethnicity 1.000

Han (%) 154 (96.86) 76 (96.20)

Other (%) 5 (3.14) 3 (3.80)

Height (cm) 164.44 ± 7.79 165.15 ± 8.83 0.526

Weight (kg) 67.94 ± 10.79 71.23 ± 10.79 0.028

Number of AECB in the past year 2.52 ± 0.61 2.52 ± 0.64 0.970

Number of hospitalizations due to AECB in the past year 0.11 ± 0.31 0.08 ± 0.31 0.469

Medical history (%) 0.615

Yes 86 (54.09) 40 (50.63)

No 73 (45.91) 39 (49.37)

Allergy history (%) 0.302

Yes 19 (11.95) 6 (7.59)

No 140 (88.05) 73 (92.41)

Family history (%) 0.445

Yes 15 (9.43) 10 (12.66)

No 144 (90.57) 69 (87.34)

Body temperature (°C) 36.39 ± 0.28 36.34 ± 0.32 0.211

Pulse rate (beats/min) 72.09 ± 8.92 70.00 ± 9.66 0.100

Respiratory rate (breaths/min) 18.60 ± 2.11 18.46 ± 2.10 0.626

SBP (mmHg) 127.75 ± 9.38 131.08 ± 12.00 0.020

DBP (mmHg) 80.74 ± 6.20 81.24 ± 7.27 0.582

AECB: acute exacerbation of chronic bronchitis; DBP: diastolic blood pressure; SBP: systolic blood pressure; SD:standard deviation.
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TABLE 2 Primary and Secondary outcomes.

Outcome Bailing capsule (N = 159) Placebo (N = 79) P-value

Primary outcome

Number of AECB during treatment 0.43 ± 0.82 1.56 ± 1.34 <0.001

Number of AECB during follow-up 0.21 ± 0.64 0.45 ± 0.93 0.026

Secondary outcomes

Time of first occurrence of AECB (days) 135.94 ± 173.74 92.88 ± 105.28 0.685

Interval between AECB occurrence (days) 151.97 ± 122.28 153.22 ± 113.23 0.858

Duration of AECB (days) 36.51 ± 70.47 26.23 ± 42.01 0.971

Severity of AECB during treatment

Cough 2.21 ± 0.46 1.98 ± 0.27 <0.001

Expectoration 2.00 ± 0.51 2.02 ± 0.13 0.925

Wheezing 1.25 ± 1.04 1.37 ± 0.73 0.567

Severity of AECB during follow-up

Cough 2.28 ± 0.46 2.00 ± 0.50 0.053

Expectoration 1.76 ± 0.60 2.00 ± 0.00 0.046

Wheezing 0.96 ± 0.79 1.56 ± 0.77 0.010

Severity of CB after treatment 1.51 ± 1.98 2.55 ± 3.23 0.035

Cough 0.76 ± 0.90 1.13 ± 1.43 0.179

Expectoration 0.48 ± 0.75 0.86 ± 1.16 0.012

Wheezing 0.26 ± 0.67 0.56 ± 1.01 0.003

Severity of CB after follow-up 1.32 ± 2.48 1.16 ± 1.86 0.833

Cough 0.61 ± 0.98 0.49 ± 0.80 0.602

Expectoration 0.46 ± 0.96 0.49 ± 0.73 0.425

Wheezing 0.25 ± 0.92 0.19 ± 0.52 0.825

Pulmonary function

FEV1 (mL)

Baseline 2585.58 ± 608.99 2672.76 ± 723.35 0.585

After 48 weeks 2507.52 ± 623.64 2664.36 ± 776.60 0.161

After 96 weeks 2496.30 ± 786.54 2552.64 ± 654.56 0.462

Changes of FEV1 from after 48 weeks to baseline −63.64 ± 292.16 −7.27 ± 351.67 0.527

Changes of FEV1 from after 96 weeks to baseline −74.53 ± 534.23 −123.77 ± 360.63 0.419

FVC (mL)

Baseline 3327.58 ± 773.24 3481.05 ± 1018.84 0.532

After 48 weeks 3280.97 ± 749.53 3478.73 ± 1063.12 0.219

After 96 weeks 3236.82 ± 807.98 3418.11 ± 999.22 0.220

Changes of FVC from after 48 weeks to baseline −41.13 ± 335.71 −17.27 ± 351.60 0.912

Changes of FVC from after 96 weeks to baseline −70.80 ± 328.99 −92.45 ± 335.04 0.688

MMEF (mL/s)

Baseline 2642.93 ± 1160.19 2686.32 ± 1327.48 0.877

After 48 weeks 2456.11 ± 1151.26 2463.20 ± 1500.87 0.668

(Continued on following page)
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TABLE 2 (Continued) Primary and Secondary outcomes.

Outcome Bailing capsule (N = 159) Placebo (N = 79) P-value

After 96 weeks 2621.68 ± 1387.06 2421.70 ± 1070.70 0.483

Changes of MMEF from after 48 weeks to baseline −182.91 ± 1035.61 −242.44 ± 825.62 0.855

Changes of MMEF from after 96 weeks to baseline 22.19 ± 1317.07 −293.40 ± 1477.49 0.673

PEF (mL/s)

Baseline 6300.65 ± 1823.56 6022.40 ± 1887.02 0.546

After 48 weeks 6086.44 ± 2093.94 5959.89 ± 1944.00 0.780

After 96 weeks 6181.84 ± 1787.54 6200.12 ± 1773.30 0.952

Changes of PEF from after 48 weeks to baseline −143.97 ± 1790.84 75.16 ± 1675.82 0.886

Changes of PEF from after 96 weeks to baseline −70.36 ± 1226.17 236.08 ± 2393.58 0.905

FEV1%pred

Baseline 99.42 ± 14.37 96.87 ± 14.50 0.393

After 48 weeks 97.95 ± 18.58 97.43 ± 18.68 0.578

After 96 weeks 88.66 ± 18.02 89.84 ± 15.07 0.759

Changes of FEV1%pred from after 48 weeks to baseline −1.77 ± 15.43 0.90 ± 13.73 0.559

Changes of FEV1%pred from after 96 weeks to baseline −11.28 ± 18.48 −7.08 ± 15.80 0.222

FEV1/FVC (%)

Baseline 79.08 ± 7.50 79.00 ± 7.39 0.417

After 48 weeks 76.30 ± 8.19 77.28 ± 6.53 0.781

After 96 weeks 76.74 ± 10.19 75.99 ± 8.74 0.758

Changes of FEV1/FVC from after 48 weeks to baseline −2.71 ± 7.46 −1.39 ± 7.29 0.493

Changes of FEV1/FVC from after 96 weeks to baseline −2.57 ± 10.40 −2.64 ± 9.94 0.863

Immunological indicators

CD3+ T cells

Baseline 67.58 ± 9.33 69.32 ± 8.90 0.118

After 48 weeks 66.58 ± 9.91 69.80 ± 8.22 0.044

Changes of CD3+ T cells from after 48 weeks to baseline −0.60 ± 4.90 1.01 ± 6.91 0.152

CD3+CD4+ T cell subset

Baseline 38.60 ± 8.33 39.39 ± 7.98 0.502

After 48 weeks 37.84 ± 7.79 38.92 ± 7.71 0.404

Changes of CD3+CD4+ T cell subset from after 48 weeks to baseline −0.77 ± 5.37 −0.33 ± 4.63 0.415

CD3+CD8+ T cell subset

Baseline 25.01 ± 8.79 25.81 ± 10.41 0.905

After 48 weeks 25.01 ± 8.51 26.49 ± 10.25 0.493

Changes of CD3+CD8+ T cell subset from after 48 weeks to baseline 0.27 ± 4.50 0.84 ± 2.89 0.333

CD4+/CD8+ T cell subset

Baseline 1.81 ± 1.02 1.86 ± 1.03 0.656

After 48 weeks 1.55 ± 0.75 1.73 ± 0.99 0.582

Changes of CD4+/CD8+ T cell subset from after 48 weeks to baseline −0.26 ± 0.80 −0.14 ± 0.52 0.588

Frontiers in Pharmacology frontiersin.org07

Shu et al. 10.3389/fphar.2024.1428216

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1428216


Bailing capsule for CB. A total of 240 patients were recruited, and the
patient characteristics were well balanced between the groups. The
study revealed that Bailing capsule significantly reduced the number
of AECBs compared to a placebo during treatment and follow-up.
Moreover, the severity of AECBs during follow-up was significantly
improved in the Bailing capsule group compared to the placebo
group, particularly in terms of expectoration and wheezing.
Furthermore, CB severity after treatment was significantly
improved in the Bailing capsule group compared to the placebo
group, particularly in terms of expectoration and wheezing.
Similarly, the durations of cough, expectoration, and wheezing
with symptom scores ≥4 were shorter in the Bailing capsule
group than in the placebo group. There were no significant
differences in pulmonary function and immunological indicators
between the Bailing capsule and placebo groups. Finally, no
significant differences in adverse events, which mainly included
infectious and invasive diseases and gastrointestinal symptoms, were
observed between the two groups.

Our study revealed that Bailing capsule reduced the number of
AECBs as well as AECB and CB severity. AECB and CB severity
mainly improved in terms of expectoration and wheezing. There are
several reasons for the beneficial effects of Bailing capsule: 1) both
animal experiments and clinical studies have demonstrated that
Bailing capsule stabilizes the levels of inflammatory factors in the
body of patients with chronic obstructive pulmonary disease
(COPD) (Hsu et al., 2008). 2) The main components of Bailing
capsule can correct disorders in amino acid, protein, and lipid
metabolism, thereby promoting protein synthesis and improving
cellular immune function. Its immunosuppressant action mainly
involves inhibiting the function of antigen-presenting cells, blocking
the delivery of external signal stimulation, achieving a state of low
immune response, and affecting the ability of dendritic cells to
stimulate proliferation to achieve immunosuppressive effects (Ma
et al., 2007). 3) Bailing capsule can clear hydroxyl free radicals in the
body, inhibit lipid peroxidation reactions, reduce aortic cholesterol
deposition, and exert a protective effect on cells. Its mainmechanism
may involve activating monocytes, macrophages, T and B
lymphocytes, and natural killer cells, reducing lipid peroxidation,
and improving the activity of superoxide dismutase and glutathione
peroxidase, thereby reducing tissue damage caused by free radicals
and lipid peroxidation (Wang et al., 2012; Singh et al., 2013; Xiao
et al., 2017). 4) Bailing capsule can inhibit the expression of fibrotic
factors such as α-SMA, TGF-β, Snai, and CTGF and promote the
modification of fibronectin, laminin, and COX-2 on the glomerular
basement membrane. It can also inhibit the production of collagen
and extracellular matrix, thereby exerting an anti-fibrotic effect (Xu
and Li, 2010; Yang et al., 2018). Interestingly, we observed a
significant decrease in the number of AECB in both groups after
discontinuing therapy. This reduction could be attributed to the
effective control measures implemented against COVID-19, which
played a pivotal role in mitigating the occurrence of acute
exacerbations in chronic respiratory conditions. Specifically, there
is evidence indicating a fall in the frequency of acute exacerbations
among COPD patients during the COVID-19 epidemic in China
(Xu and Li, 2010; Yang et al., 2018).

Our study did not reveal any significant differences between
Bailing capsule and the placebo in terms of the time of first
occurrence of AECB, interval between AECB occurrences, AECB

duration, and pulmonary function. The precise mechanism by
which the specific active monomers of Bailing capsules exert
their effects has yet to be confirmed. A large cohort study
involving 5,002 participants showed that among 447 individuals
with a history of chronic cough/phlegm at baseline, only 5%
(23 cases) developed airflow limitation after a follow-up period of
5.8–11.4 years (median, 8.9 years), despite their risk being twice that
of asymptomatic individuals (de Marco et al., 2007). In a cohort
study involving 1,412 participants, a survival curve of patients with
CB aged ≥50 years who developed airflow limitation showed that
within a 5-year follow-up period, the majority of patients did not
experience airflow limitation, whereas after 5 years, the survival
curve sharply declined (Guerra et al., 2009). Therefore, lung capacity
measurements cannot sensitively predict symptoms, exercise
capacity, and overall quality of life, nor can they reflect disease
heterogeneity. Only after irreversible pathological changes occur in
the lungs, lung capacity crosses the threshold of disease (Agusti et al.,
2010; Reyfman et al., 2018; Stolz et al., 2022). Interesting, we noted
Bailing capsule was associated with high cough score in severity of
AECB during treatment, which could explained by Bailing capsules
show limited efficacy in reducing inflammation during acute phases.
Consequently, relying solely on Bailing capsules may not effectively
alleviate cough symptoms during acute exacerbation periods, and
combination with other anti-inflammatory medications may be
necessary to achieve optimal therapeutic outcomes (Li, 2019).
Finally, Bailing capsules possesses the function of replenishing
lung and kidney, as well as enhancing vital energy. It can
regulate white blood cell levels in the body and exhibits a certain
degree of anti-inflammatory effect. An elevated cough score during
AECB treatment AECB might be attributed to Bailing capsules’
facilitation of sputum expectoration. Initially, it may increase
coughing; however, this is actually a process of clearing the
respiratory tract and alleviating inflammation, which could
potentially be beneficial for long-term disease control (Zhang, 2019).

Immunological indicators did not significantly change upon
using Bailing capsule. In previous studies, patients with CB who
were prone to recurrent exacerbations showed no significant
differences in cellular and humoral immune parameters when
compared with an asymptomatic non-smoking control group,
and CB patients showed no significant differences in lymphocyte
subsets, serum immunoglobulins, and complement (C3 and C4)
levels when compared with an adult control group (Fietta et al.,
1988; Qvarfordt et al., 1998). CD8+ T cells are more abundant in the
lungs of patients with COPD than in the general population, and
their levels are negatively correlated with lung function. A decreased
peripheral blood CD4/CD8 ratio may be associated with the
occurrence of acute exacerbation of COPD (Kemeny et al., 1999;
Hong and Xiao, 2023). Peripheral blood lymphocyte subsets showed
no significant differences between patients with CB and the normal
population, whereas CD8+ T cells and the CD4/CD8 ratio differed in
COPD patients compared to the normal population. The use of
Bailing capsule was not associated with any adverse events.

Several shortcomings of this study should be acknowledged. First,
the background therapies for patients with CB are diverse, which may
have affected the therapeutic effects of Bailing capsule. Second, the
sample size was small, and stratified analyses according to patients’
characteristics were not performed, which requires further large-scale
randomized controlled trials. Third, Bailing capsule is a traditional
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Chinese medicine, and the exact mechanism of action remains unclear.
Finally, the effects of Bailing capsule on clinical outcomes related to the
progression of CB were not investigated.

Conclusion

The patented Chinese medicine Bailing capsule significantly
reduces the number of AECB events and ameliorates the
symptoms of AECB and CB in patients with CB. The therapeutic
mechanism of Bailing capsule in CB requires further exploration.
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