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Abstract The comparison between traditional Chinese medicine Jinzhen oral liquid (JZOL) and West-

ern medicine in treating children with acute bronchitis (AB) showed encouraging outcomes. This trial eval-

uated the efficacy and safety of the JZOL for improving cough and expectoration in children with AB. 480

children were randomly assigned to take JZOL or ambroxol hydrochloride and clenbuterol hydrochloride

oral solution for 7 days. The primary outcome was time-to-cough resolution. The median time-to-cough

resolution in both groups was 5.0 days and the antitussive onset median time was only 1 day. This random-

ized controlled trial showed that JZOL was not inferior to cough suppressant and phlegm resolving western

medicine in treating cough and sputum and could comprehensively treat respiratory and systemic discom-

fort symptoms. Combined with clinical trials, the mechanism of JZOL against AB was uncovered by

network target analysis, it was found that the pathways in TRP channels like IL-1b/IL1R/TRPV1/TRPA1,

NGF/TrkA/TRPV1/TRPA1, and PGE2/EP/PKA/TRPV1/TRPA1 might play important roles. Animal ex-

periments further confirmed that inflammation and the immune regulatory effect of JZOL in the treatment

of AB were of vital importance and TRP channels were the key mechanism of action.

ª 2024 The Authors. Published by Elsevier B.V. on behalf of Chinese Pharmaceutical Association and

Institute of Materia Medica, Chinese Academy of Medical Sciences. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acute bronchitis (AB) is a prevalent respiratory infection among
children1, a leading cause of hospitalization for children2.
Approximately one-third of children visit pediatricians due to
AB3, accounting for 40% of all healthcare visits in childcare in-
stitutions4. Currently, there is no specific therapeutic medication
for AB except symptomatic supportive treatment. Antibiotics are
commonly prescribed as the initial treatment in Western medi-
cine5, but the applicability and effectiveness have been widely
disputed. Cough relieving and expectorant medicines can inhibit
the central nervous system6, the US Food and Drug Administra-
tion even advised not to use cough preparations for children under
six7. Although there are many Western medicines, the range of
pediatric options is limited. The clinical drugs for treating AB are
lacking and urgent at present.

Complementary and Alternative Medicine (CAM) has been
widely used in pediatrics, and parents generally believe that CAM
is “natural”8,9. It has been reported that more than 50% of Cana-
dian and European children received CAM treatment during
illness10-12. Traditional Chinese medicine (TCM) has become an
important CAM approach, with good therapeutic advantages for
respiratory diseases13. Based on the clinical characteristics of AB,
cough, fever, or dry mouth, TCM categorizes AB as “phlegm heat
syndrome”, representing bronchitis in the acute stage in TCM
theory. Jinzhen oral liquid (JZOL), a TCM compound formulation,
is widely used in pediatric clinics in China and is highly recognized
for its significant therapeutic effect on children with AB. JZOL
prescription was derived from the experience of TCM in prevent-
ing and treating acute respiratory infections and is suitable for the
“phlegm heat syndrome”14. Using UPLC‒Q/TOF-MS technology
analysis, the main components absorbed into the bloodstream
included flavonoids, triterpenes, and anthraquinones; the main
active ingredients were flavonoids represented by baicalin15.

In China, JZOL is recommended for acute respiratory infections
in children16. In vitro and in vivo studies have substantiated that

http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 1 Composition of Jinzhen oral liquid.

Ingredients Latin name Family

Goat horn Saigae Tataricae Cornu ‒
Ping Bei Mu Fritillaria ussuriensis Maxim. Liliaceae

Da Huang Rheum officinale Baill. Polygonaceae

Huang Qin Scutellaria baicalensis Georgi Lamiaceae

Qing Meng Shi Metamorphic biotite schist or

chloritic mica carbonate schist

‒

Shi Gao Gypsum Fibrosum ‒
Niu Huang Calculus Bovis ‒
Gan Cao Glycyrrhiza uralensis Fisch Fabaceae

The excipient is steviol.
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JZOL has anti-inflammatory and broad-spectrum antiviral effects
and has potential therapeutic effects on AB17-20. Some studies about
JZOL have been published in China; these early trials all reported
that JZOL yielded significant benefits in improving symptoms in
AB, but with the low quality of research conducted. However, most
clinical trials adopted Western medicine combined with JZOL
compared with Western medicine alone, there was no solid evi-
dence to certify the beneficial functions of JZOL in treating AB.
This study was the first head-to-head prospective clinical trial of
JZOL in treating children with AB strictly according to the
CONSORT Extension for CHM Formulas21, aimed to evaluate the
efficacy and safety of the JZOL.

In the current study, we conducted a prospective clinical trial
of JZOL in treating children with AB, which confirmed its ther-
apeutic effect. We further performed network target analysis22,23

to predict the target profiles of each compound in JZOL. Based
on the network target analysis, we conducted animal experiments
to confirm the therapeutic effect and mechanism of JZOL and
further validate its mechanism.

2. Methods and materials

2.1. Clinical trial

2.1.1. The overall line of study
A non-inferiority, randomized, double-blind, double-simulated,
multicenter clinical trial was carried out in 24 hospitals in
different cities across the country in China. The study has been
approved by the Ethics Committee of Dongzhimen Hospital,
affiliated with the Beijing University of Chinese Medicine and
each branch center (September 16, 2019, v1.1, No. DZMEC-KY-
2019-183). Compared to the published protocol24, this study
increased the number of branch centers to 24 hospitals, used the
survival analysis method to estimate sample size, and changed the
sample size to 480 cases (v1.3, No. DZMEC-KY-2019-183-02).
On the basis of proven clinical efficacy, we expected to discover
the potential mechanism of JZOL. Due to difficulties in collecting
clinical samples from children, we conducted network target
analysis and animal experiments for mechanism research. All
participants provided informed consent. This study has been
registered with the Chinese Clinical Trial Registry
(ChiCTR200034703).

2.1.2. Patient enrollment
Pediatricians established the diagnosis of AB according to clin-
ical manifestations, physical examination, X-ray, and laboratory
examination. We included children with AB aged 2e14 years
(�2 years, <15 years) and with a course of less than 48 h. Be-
sides, all included participants had cough (day þ night) scores �4
points and took no antibiotics, antitussives, phlegm-reducing
drugs, or other medication that may influence cough before
treatment.

We excluded patients with severe bronchitis, which was diffi-
cult to distinguish from pneumonia in the early stage, those with
acute infectious diseases such as measles, pertussis, and influenza,
patients with single acute upper respiratory tract infections, pu-
rulent tonsillitis, asthmatic bronchitis, bronchial asthma, bron-
chiolitis pneumonia, tuberculosis, or tumor, a large amount of
purulent sputum in the lungs, severe malnutrition or immune
deficiency, severe primary diseases including heart, liver, kidney,
digestive and hematopoietic systems. Patients were also excluded
if they were allergic to JZOL or ambroxol hydrochloride and
clenbuterol hydrochloride oral solution (AHCHOS), were
receiving epinephrine, isoproterenol or other catecholamines,
monoamine oxidase inhibitors, or tricyclic antidepressants, pro-
pranolol, or other nonselective b-blockers, large amounts of other
sympathetic stimulants.

The informed consent forms were jointly signed by the legal
guardian and/or child (�8 years old).

2.1.3. Randomization and blinding
This clinical trial adopted the stratified block randomization
method. Patients were stratified according to different age groups
(2e3 years old, 4e5 years old, 6e7 years old, 8e12 years old, and
>12 years old), and each sub-center participated in the selection
process. Using SAS 9.4 to generate random numbers, random
numbers were assigned through the Clinical Trial Central
Randomization System (DAS for IWRS). Participants were
assigned randomly to the intervention and control groups in a 1:1
ratio. The drug blinding was carried out by staff members from the
statistical unit and applicant unit, who had no connection to this
trial. As a result, both the researchers and participants were kept
unaware of the drug allocation.

2.1.4. Interventions
JZOL was produced by Jiangsu Kangyuan Pharmaceutical Co.,
Ltd. Table 1 lists the specific composition and content. AHCHOS
(every 100 mL of AHCHOS contains ambroxol hydrochloride
150 mg and clenbuterol hydrochloride 0.1 mg) was produced by
Beijing Hanmei Pharmaceutical Co., Ltd. JZOL placebo, and
AHCHOS placebo was provided by Jiangsu Kanion Pharmaceu-
tical Co., Ltd. according to the double-blind principle. The
emergency antipyretic and analgesic were ibuprofen suspension
(Shanghai Johnson & Johnson Pharmaceutical Co., Ltd.). All
drugs met quality standards.

During the 7-day medication period, individuals in the inter-
vention group were administered JZOL and AHCHOS placebo
concurrently. In contrast, those in the control group were given
AHCHOS and JZOL placebo. Table 2 lists the usage instructions.

During the trial, participants were prohibited from using
expectorants, bronchodilators, or other medications with cough-
relieving and expectorant effects. Routine administration of anti-
biotics was not provided; however, they could be given if neces-
sary by a medical professional. If participants’ axillary
temperature exceeded 38.5 �C during the trial, they could use
physical cooling or antipyretic and analgesic medication (such as
ibuprofen suspension) under medical guidance. Any combined
medications used were meticulously documented.



Table 2 Usage instructions for both drugs.

JZOL and its placebo, 10 mL/piece

Age (years) Dosage (mL) Frequencya

2e3 10.0 Bid

4e7 10.0 Tid

8e14 15.0 Tid

AHCHOS and its placebo, 120 mL/bottle

Age (years) Weight (kg) Dosage (mL) Frequencya

2e3 12e16 7.5 Bid

4e5 16e22 10.0 Bid

6e12 22e35 15.0 Bid

12e14 e 20.0 Bid

If the age and weight are inconsistent, the dosage can be adjusted

according to the weight, basing on the medication instructions.

The emergency antipyretic analgesic is ibuprofen suspension, 100

mL/bottle (Each bottle contains 2 g of ibuprofen).
aBid, bis in die. Tid, ter in die.
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2.1.5. Assessment
During the clinical trial, patients’ cough scores were recorded
daily (0Z absent, 1 Z mill, 2 Z moderate, and 3 Z severe). The
primary outcome was time-to-cough resolution (day þ night
cough scores �1 point, lasting for 24 h). The secondary outcomes
included cough score (total scores of day and night cough scores),
onset time of antitussive action (the number of days required for
cough scores to decrease by 1 point after treatment), Area under
curve (AUC) of cough, and expectoration symptom score-time,
clinical recovery time (the number of days required for recovery
after treatment when cough, expectoration, and lung signs were
mild and didn’t affect learning, life, and sleep). The above in-
dicators were recorded daily and evaluated at the end of the study.
Besides, we recorded the disappearance rate of secondary clinical
symptoms (fever, thirst, red-faced, dysphoria, short voidings of
reddish urine, and dry stool) about AB, normalization situation of
abnormal white blood cell count, lymphocyte percentage, and
neutrophil percentage25-28, the disappearance rate of cough,
sputum and pulmonary rales and the usage of antibiotics, anti-
pyretics and analgesics. These indicators were compared with the
baseline at the end of the study.

2.2. Network target analysis

Target profiles of each compound in JZOL were predicted by a
network-based algorithm drugCIPHER29,30. Further, the holistic
targets of JZOL were constructed based on our previous statistical
model31,32. Enrichment of Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology (GO) were performed on
the holistic targets of JZOL to shift our focus from the target level
to the pathways or biological processes with R package cluster-
Profiler v4.9.1. Modular networks were constructed based on a
high-quality proteineprotein interactome and visualized by
Cytoscape v3.8.1.

In order to find the mechanism of JZOL in the treatment of
cough, molecules related to cough were collected from CTD
database33, Gendoo34, and DisGenet35. Pathways enriched by both
the holistic targets of JZOL and molecules related to cough were
focused on for further investigation. The signaling pathways in the
network target of JZOL against cough were depicted based on
KEGG.
2.3. Animal experiments

In this study, five animal models were constructed, including two
models of inflammation in the trachea, one cough hypersensitivity
model, one phenol red excretion model, and one citrate acid-
induced cough model. More details were listed in Supporting
Information

2.4. Statistical analysis

All the data of the clinical trial was analyzed by the third-party
statistical agency (Shanghai Bojia Pharmaceutical Technology
Co., Ltd.). Statistical analysis was used to estimate sample size.
The primary outcome was time-to-cough resolution. The ex-
pected median time-to-cough resolution in the control group was
5 days, and recruitment time was 18 months. We observed all
patients until Day 7 of their enrollment. To determine non-
inferiority, the hazard ratio (HR) threshold was set at 0.75, with a
one-sided a of 0.025 and a power of 0.8. Based on calculations
using the PASS14.0 software, a sample size of 480 cases was
estimated by survival analysis method, with approximately 20%
expected dropout rate. This final sample size included 240 cases
each in both the intervention and control groups, with 379 events
observed.

This clinical study did not conduct a mid-term analysis.
Statistical analysis was based on the principle of intention-to-
treat (ITT), which included all randomly assigned participants.
Analysis based on actual data was performed using the
full analysis set (FAS). Continuous variables were analyzed
based on mean, standard deviation, median, and quartile, while
frequency and composition ratio were applied to ranking and
counting data.

The time-to-cough resolution was analyzed using the
KaplaneMeier method, which provided estimates of the median,
25% and 75% percentiles, and 95% confidence intervals (Brook-
meyer Crowley method). An inter-group comparison was con-
ducted using the log-rank test, which adjusted for age stratification
factors. The inter-group hazard ratio was calculated using a Cox
proportional risk regression model, which adjusted for age strat-
ification factors. The HR was also used to determine if the
intervention group was non-inferior to the control group, based on
a preset HR threshold of 0.75. The 95% confidence interval for the
HR was estimated using the Wald method. In addition, we used a
log-rank test to analyze the time-to-cough resolution in different
age groups (2e3 years old, 4e5 years old, 6e7 years old, 8e12
years old, and >12 years old).

The onset time of antitussive action and clinical recovery time
were analyzed using the KaplaneMeier method, which provided
estimates of the median time, 25%, and 75% percentiles, and 95%
confidence intervals (Brookmeyer Crowley method), the log-rank
test was used for inter-group comparison after adjusting for age.
Cough score, AUC of cough and expectoration symptom score-
time, white blood cell count, lymphocyte percentage, and
neutrophil percentage were analyzed using a t-test. The disap-
pearance rate of secondary clinical symptoms (fever, thirst, red-
faced complexion, dysphoria, short voidings of reddish urine,
and dry stool), the disappearance rate of cough, sputum and pul-
monary rales, the recovery rate of abnormal laboratory indicators
(white blood cell count, lymphocyte percentage and neutrophil
percentage), and the usage of antibiotics, antipyretics and anal-
gesics were analyzed by the Chi-square test or Fisher exact
probability method.
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To determine the time-to-cough resolution, onset time of an-
titussive action, and clinical recovery time, we adopted the longest
observation time of all participants as the deletion time. When
analyzing the AUC of cough and expectoration symptom score-
time, the scores of participants who withdrew from the study early
were substituted with their last available cough and expectoration
score before withdrawal, up to the 7th day, which was the analysis
endpoint. Missing data from the baseline, other efficacy in-
dicators, and safety evaluations were not imputed.

All statistical tests of the clinical trial were conducted using
SAS 9.4 software, and bilateral tests, and P < 0.05 was considered
statistically significant. The bilateral 95% confidence interval of
intergroup differences was used to represent the non-inferiority
test results.

The data of animal experiments were analyzed by GraphPad
Prism 8.0 software to analyze the data of each group, with
continuous data presented as mean � standard deviation (SD).
Inter-group comparisons were made using ANOVA multiple
comparisons or Student’s t-test, with P < 0.05 indicating statis-
tical significance.

2.5. Public-based validation on the levels of compounds and
herbs

In order to validate our findings at the level of compounds or
herbs, two public transcriptomics datasets were collected from
ITCM and a previous study36,37. These two datasets included the
transcriptomes of common compounds in TCM on MCF-7 cell
lines and the transcriptomes of common herbs on THP-1 cell lines,
respectively. Transcriptomics data were processed through R
package DESeq2 v1.30.0 and differential statistical tests were
performed in student’s t-test.

3. Results

3.1. The clinical efficacy and safety of JZOL against AB

3.1.1. Participant characteristics
Between January 19, 2021, and April 8, 2022, 517 patients aged
2e14 years were screened, out of which 37 cases were excluded.
Eventually, 480 participants who met the criteria were randomly
assigned, of which 11 participants in the intervention group with-
drew early without receiving any intervention. The final study pop-
ulation consisted of 469 subjects (236 subjects in the intervention
group and 233 cases in the control group) (Fig. 1), exhibiting male
predominance (54.4%), with an average age of 5.7 (SD, 2.74) years
and an average weight of 24.36 (SD, 10.585) kg. The median time
from onset to randomization was 36.0 h (Q1 to Q3, 25.0e47.0 h).
Table 3 lists the baseline characteristics of the subjects.

At baseline, neither group was administered antibiotics,
although 4 subjects in the intervention group and 3 in the control
group took antipyretic analgesic drugs. After enrollment, the
usage of antibiotics (6.8% in the intervention group, 8.6% in the
control group; P Z 0.463) and antipyretic analgesics (6.4% in the
intervention group, 4.8% in the control group; P Z 0.439) in the
two groups was similar. The antipyretic analgesic used by patients
after admission was ibuprofen suspension, the emergency medi-
cation specified in the trial. The antibiotics used in this study
mainly included azithromycin, amoxicillin, erythromycin, cepha-
losporin, etc. Table 4 shows the usage of antibiotics and antipy-
retic analgesics after treatment.
3.1.2. Primary clinical outcomes
The median time-to-cough resolution in both the intervention and
control groups was 5.0 days (CI, [NA to NA]), and there was no
significant difference between the two groups (P Z 0.773). Ac-
cording to the Cox proportional risk regression model, the HR of
time-to-cough resolution between the two groups was 0.975 (CI,
0.794 to 1.197), suggesting the intervention group outcomes were
not inferior to the control group (Fig. 2). Table 5 lists the primary
outcome after treatment in two groups.

Different ages were required to take different doses of medi-
cation, so we conducted a subgroup analysis based on age. Table 6
lists the time-to-cough resolution in different age groups. The
intervention group had the shortest median time for cough
disappearance in the age group of 8e12 years, which was 4.5 days
(CI, 4.0e5.0 days), while the control group had the shortest me-
dian time for cough disappearance in the age group of >12 years,
which was 4.0 days (CI, 1.0 day to NA). In other age groups, both
groups were 5.0 days. There was no significant difference in the
median time-to-cough resolution between the two groups at all
age groups (in 2e3 years old, 4e5 years old, 6e7 years old, 8e12
years old, >12 years old, P Z 0.091, 0.945, 0.893, 0.267, 0.172).

3.1.3. Secondary clinical outcomes
In the average cough score, there was no significant difference
between the two groups from Day 1 to Day 6. On Day 7 of
treatment, the cough score in the control group decreased by 3.7
(CI, 3.9 to 3.6), which was higher than the decreased score in the
intervention group (3.5 [CI, 3.6 to 3.3]) (intergroup difference was
0.29 [CI, 0.03 to 0.55]; P Z 0.029). On day 7, the average cough
score (0.6 [CI, 0.5 to 0.7]) in the control group was lower than the
intervention group (0.9 [CI, 0.8 to 1.1]) (intergroup difference was
0.31 [CI, 0.13 to 0.50]; P < 0.001) (Supporting Information
Table S1, Figs. 3 and 4). The median onset time of antitussive
action in both the intervention and control groups was 1.0 day (CI,
[1.0e2.0 days]), and the median clinical recovery time was both
6.0 days (CI, [5.0e6.0 days]). The two groups had no significant
differences in median onset time to antitussive action and median
clinical recovery time (P Z 0.519 and 0.901, respectively).
Table 5 lists the cough scores after treatment.

Compared with the control group, the AUC of 0e7 days cough
and expectoration symptom score-time and the disappearance rate
of cough and sputum of the intervention group were similar
(P Z 0.257, 0.563, 0.164, 0.905, respectively). However, the
disappearance rate of pulmonary rales in the intervention group
(96.3%) was significantly higher than in the control group (89.8%)
after treatment (P Z 0.037) (Table 7).

In the secondary clinical symptoms in two groups, after
treatment, two groups of patients showed significant improvement
in fever, thirst, red-faced complexion, dysphoria, short voidings of
reddish urine, and dry stool compared to baseline. Although there
was no significant difference in the disappearance rate of sec-
ondary clinical symptoms between the two groups, the interven-
tion group exhibited slight advantages over the control group
related to thirst, red-faced complexion, dysphoria, and short
voidings of reddish urine (Table 8).

Table 9 lists the results of abnormal laboratory indicators. There
were no significant differences in the improvement of abnormally
elevated white blood cell count, lymphocyte percentage, and
neutrophil percentage between the intervention and control groups.
The white blood cell counts in the intervention group exhibited a
greater decrease (�2.093 (CI, �3.237 to �0.948)) than the control
group (�0.968 [CI, �2.379 to 0.442]) (the difference between



Figure 1 Flow diagram of the clinical trial.
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groups was�1.12 [CI,�2.87 to 0.62];PZ 0.199). The lymphocyte
percentage in the intervention group exhibited a greater decrease
(�8.75 (CI, �12.36 to �5.15)) than the control group (�8.07 [CI,
�10.99 to �5.15]) (the difference between groups was �0.68 [CI,
�5.29 to�3.93]; PZ 0.770). Besides, the neutrophil percentage in
the intervention group exhibited a greater decrease (�21.94 (CI,
�29.78 to �14.09)) than the control group (�13.36 [CI, �25.40 to
�1.32]) (the difference between groups was �8.58 [CI, �21.49 to
�4.33]; P Z 0.181). In comparison to the control group, the inter-
vention group experienced a greater decrease in white blood cell
count, lymphocyte percentage, and neutrophil percentage. For
abnormally elevated white blood cell count, lymphocyte percentage,
and neutrophil percentage, the recovery rates in the intervention
group (65.0%, 49.1%, 69.2%) were higher than in the control group
(38.5%, 47.3%, 40.0%).

3.1.4. Safety
The incidence rate of adverse effects was comparable between the
intervention group (n Z 13, 5.5%) and the control group (n Z 16,
6.9%) (P Z 0.541). The most frequent adverse events (AEs) in
both groups were infections and infectious diseases, including
urinary tract infections, rhinitis, pulpitis, and so on. There were
two reported cases of adverse drug reactions (ADRs) in the
intervention group, including abdominal pain and vomiting. The
severity of these reactions was considered average, and the pa-
tients recovered without specific treatment. Neither group of pa-
tients reported any severe AEs. Detailed AE records were listed in
Supporting Information Tables S2 and S3.

3.2. Network target analysis of JZOL against AB

To gain insight into the molecular mechanisms of JZOL against
bronchitis, analysis on the basis of network target theory and
technology was performed. An algorithm based on the drug-gene
space was employed to predict the biological effect profiles of the
compounds in JZOL. Building upon previous research, the holistic
target profile of JZOL was constructed to predict the potential
targets of JZOL. It was found that the targets of JZOL mainly fell
in 17 pathways or biological processes related to acute bronchitis
that could be classified into five modules, in which regulation of
immune and inflammation played a leading role in the other four
modules, including oxygen metabolism dysfunction, protein
metabolism and synthesis, metabolic disorder, and cell migration
(Fig. 5A). As the dominant module, the role of immune and
inflammation regulation have been reported closely related to AB.
T-helper (Th)17 cells and related serum cytokines like IL-17, and
IL-22 lost their balance in AB according to clinical trials38, and
some studies have indicated that cytokine responses such as
interferon (IFN)-g, and tumor necrosis factor (TNF)-a decrease
with severe RSV disease in infants39,40. In other modules, path-
ways or biological processes also had been proved to be associated
with AB, like oxidative stress41, phagocytosis42, muscle contrac-
tion43, leukocyte chemotaxis44, protein secretion45, and hypoxia46.
In each module, a biological network was constructed to show the
potential network regulation of JZOL on each module during AB,
and 42 biomolecules were found to be of vital importance in
multiple modules. These modular networks might provide
important insights for our subsequent molecular mechanism
studies of JZOL against AB.

Two animal models of inflammation in the trachea (see Section
Methods and Materials) were constructed to validate the anti-
inflammatory effect of JZOL. Both in lipopolysaccharide (LPS)
and polyinosinic acid-polycytidylic acid (Poly(I:C)) induced ani-
mal models of inflammation in the trachea, the infiltration degree
of perivascular and alveolar wall inflammation cells in the lungs
can be reduced after the intervention of JZOL at middle or high



Table 3 Baseline characteristics of patients.

Characteristic Intervention group (n Z 236) Control group (n Z 233)

Age

Mean age (SD), year 5.7 (2.66) 5.7 (2.82)

2e3 years old, n (%) 47 (19.9) 47 (20.2)

4e5 years old, n (%) 90 (38.1) 91 (39.1)

6e7 years old, n (%) 38 (16.1) 36 (15.5)

8e12 years old, n (%) 56 (23.7) 55 (23.6)

>12 years old, n (%) 5 (2.1) 4 (1.7)

Gender, n (%)

Boy 127 (53.8) 128 (54.9)

Girl 109 (46.2) 105 (45.1)

Mean height (SD), cm 119.0 (18.73) 119.3 (19.42)

Mean weight (SD), kg 24.05 (10.238) 24.67 (10.938)

Mean temperature (SD), �C 36.51 (0.380) 36.56 (0.445)

Comorbidities, n (%) 17 (7.2) 12 (5.2)

Median interval between onset

of illness and randomization (IQR), h

36.0 (24.5e48.0) 36.0 (26.0e47.0)

Abnormal lung signs, n (%)a 234 (99.2) 230 (98.7)

Abnormal chest X-ray, n (%)a 179 (75.8) 165 (70.8)

Mean cough score (SD) 4.4 (0.71) 4.4 (0.65)

Expectoration

Case, n (%) 193 (81.8) 190 (81.5)

Mean expectoration score (SD) 3.9 (1.24) 3.8 (1.46)

Pulmonary rales, n (%) 234 (99.2) 230 (98.7)

Secondary clinical symptoms, n (%)

Fever 15 (6.4) 13 (5.6)

Thirsty 150 (63.6) 146 (62.7)

Red-faced complexion 105 (44.5) 113 (48.5)

Dysphoria 106 (44.9) 104 (44.6)

Short voidings of reddish urine 144 (61.0) 137 (58.8)

Dry stool 151 (64.0) 134 (57.5)

Abnormal increase in white blood cell count, n (%) 20 (8.5) 14 (6.0)

Abnormal increase in lymphocyte percentage, n (%) 66 (28.0) 62 (26.6)

Abnormal increase in neutrophil percentage, n (%) 15 (6.4) 14 (6.0)

Combination medications, n (%)

Antiviral 1 (0.4) 0 (0.0)

Antipyretic analgesic 4 (1.7) 3 (1.3)

aAbnormal lung signs included thick respiratory sounds, phlegm sounds, and dry or wet rales on auscultation in both lungs. Abnormal chest X-ray

included thickening of bronchovascular shadows or thickening of hilar shadows.
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dose (Fig. 5B and F) while the effect of high dose is better. Pa-
thology score of lung tissue was also measured (Fig. 5C and G)
and found to decrease significantly after the intervention of JZOL
(P < 0.05), as well as lung permeability index (PPI) measured in
Poly (I:C) induced model (Fig. 5H). In order to verify the anti-
inflammatory effect at the molecular level, in LPS induced
model, inflammatory cytokines like TNF-a, IL-1b, and CCL-2
were found to be down-regulated significantly by JZOL inter-
vention (Fig. 5E) in bronchoalveolar lavage fluid (BALF) and IL-6
Table 4 Use of antibiotics and antipyretic analgesics.

Drug Intervention

group (n Z 236)

Control group

(n Z 233)

P

Received antibiotics,

n (%)

16 (6.8) 20 (8.6) 0.463

Received antipyretic

analgesics, n (%)

15 (6.4) 11 (4.7) 0.439
Figure 2 Daily time-to-cough resolution. Data are presented as

mean � 95% CI.



Table 5 Outcomes of coughing and clinical recovery time.

Outcome Intervention

group (n Z 236)

Control

group (n Z 233)

Between-group

difference (95% CI)

P

Median time-to-cough resolution (95% CI), da 5.0 (NA to NA) 5.0 (NA to NA) e 0.773

median onset time to antitussive action (95% CI), db 1.0 (1.0e2.0) 1.0 (1.0e2.0) e 0.519

Change in cough score (95% CI)

Day 1 ‒0.1 (‒0.2 to �0.0) ‒0.0 (‒0.1 to 0.0) ‒0.05 (‒0.13 to 0.02) 0.153

Day 2 ‒0.8 (‒0.9 to �0.7) ‒0.7 (‒0.8 to �0.5) ‒0.17 (‒0.33 to �0.00) 0.048

Day 3 ‒1.6 (‒1.7 to �1.4) ‒1.4 (‒1.6 to �1.3) ‒0.13 (‒0.32 to 0.06) 0.173

Day 4 ‒2.2 (‒2.3 to �2.0) ‒2.1 (‒2.2 to �1.9) ‒0.12 (‒0.33 to 0.08) 0.248

Day 5 ‒2.8 (‒3.0 to �2.7) ‒2.7 (‒2.9 to �2.6) ‒0.09 (‒0.31 to 0.13) 0.432

Day 6 ‒3.3 (‒3.5 to �3.1) ‒3.3 (‒3.4 to �3.1) ‒0.01 (‒0.23 to 0.22) 0.958

Day 7 ‒3.5 (‒3.6 to �3.3) ‒3.7 (‒3.9 to �3.6) 0.29 (0.03e0.55) 0.029

AUC of cough symptom score-time (95% CI) 18.66 (18.07e19.25) 19.17 (18.50e19.84) ‒0.51 (‒1.40 to 0.38) 0.257

Disappearance rate of cough on Day 7, n (%)c 180 (77.3) 188 (82.5) ‒5.2 (‒12.5 to 2.1) 0.164

Clinical recovery median time (95% CI), db 6.0 (5.0e6.0) 6.0 (5.0e6.0) e 0.901

aCalculated P using the stratified log-rank test, calculated HR using stratified Cox proportional risk regression model. The stratification factor was

age (2e3 years old, 4e5 years old, 6e7 years old, 8e12 years old, >12 years old); the preset non-inferior threshold was 0.75.
bCalculated P using stratified log-rank test; the stratification factor was age (2e3 years old, 4e5 years old, 6e7 years old, 8e12 years old, >12

years old).
cCalculated the disappearance rate of cough after treatment for two groups of patients with cough at baseline. Compared to the baseline, 3 cases

were deleted in the intervention group and 5 in the control group.
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was decreased after JZOL intervention in both serum and BALF
(Fig. 5D). And in Poly(I:C) induced model, the administration of
JZOL at doses of 10 and 20 mL/kg was found to alleviate the
infiltration of inflammatory cells in the lung vasculature and
alveolar walls, with the higher dose demonstrating a better effect
(Fig. 5F). It was found that the pathology score of lung tissue was
also significantly decreased after the intervention of JZOL
(Fig. 5G), consistently with PPI (Fig. 5H). At the molecular level,
the relative expression level of NOS-2 in lung tissue showed a
significant decrease after the treatment of JZOL (Fig. 5I) while
TNF-a, IL-6, and IFN-b in BALF also significantly decreased
(Fig. 5J).

3.3. The role of JZOL in the treatment of cough

Further, as a core symptom of AB, cough was taken into further
consideration. In order to find the mechanism of action of JZOL
against cough in AB, we focused on the pathways targeted by the
holistic targets of JZOL and genes of cough based on network
target analysis. Based on the collected molecules related to cough
from the high-level diseaseegene association database, pathways
related to cough were enriched and classified into different mod-
ules (Fig. 6A). And it was found that IL-17 signaling pathways,
Th17 differentiation, and TRP channels were in the leading role.
Then, with the combination of network target analysis of JZOL
Table 6 Time-to-cough resolution in different age groups.

Group Intervention group

n Median

time-to-cough resolution

(95% CI), day

2e3 years old 29 5.0 (5.0 to NA)

4e5 years old 70 5.0 (4.0e5.0)

6e7 years old 28 5.0 (4.0e6.0)

8e12 years old 49 4.5 (4.0e5.0)
>12 years old 4 5.0 (4.0 to NA)
and these modular pathways, there are two main modules in the
network target of JZOL against cough, including signal trans-
duction and the immune system (Fig. 6B).

According to the network target of JZOL, inflammatory
mediator regulation of TRP channels might play a leading role in
the regulation of cough (Fig. 6C). In this pathway, endogenous
inflammatory mediators, including prostaglandin E2 (PGE2) and
bradykinin (BK), frequently elevated in respiratory illnesses, were
recognized for their ability to induce cough by activating sensory
nerves in the airways47,48. TRPA1 and TRP channels were singled
out as pivotal regulators of cough responses to both internal and
external agents, positioning them as the most promising targets in
current efforts to develop anti-cough medications49. Based on the
result of network target analysis, we have observed that JZOL
potentially exerted its regulatory effects on TRPA1 both through
direct regulation of relevant targets, as well as indirectly by
influencing macrophages and mast cells (Fig. 6D). Three
cellularemolecular pathways were involved in the predicted
regulation of JZOL against cough. Two of them starting from
macrophage, walked along IL-1b, IL1R, MKK3/6, p38/JNK to
TRPV1 and NGF, TrkA, PI3K, PKCd, Src to TRPV1, respectively.
And one from the mast cell started from PGE2 to EP, Gs, AC,
cAMP, PKA to TRPV1. Then TRPV1 played a regulatory role in
TRPA1. Numerous molecules within the network targeted
by JZOL for cough treatment have been previously linked to
Control group P

n Median

time-to-cough resolution

(95% CI), day

38 5.0 (NA to NA) 0.091

72 5.0 (4.0e5.0) 0.945

26 5.0 (4.0e6.0) 0.893

48 5.0 (4.0e5.0) 0.267

4 4.0 (1.0 to NA) 0.172



Figure 4 Changes in daily cough score. Data are presented as

mean � 95% CI.
Figure 3 Daily cough score. Data are presented as mean � 95% CI.
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cough, for example, JNK was a common molecule in many res-
piratory diseases, like asthma and acute lung injury, and partici-
pated in many pathogenic molecular pathways50-52. PKA and PKC
activation of TRPV1 induced cough and served as an inflamma-
tory marker in evaluating the airway in a postoperative chronic
cough model53,54. Some of the key molecules in these signaling
pathways had already been validated in vivo. For example, NGF/
TrkA/TRPV1 has been found to be regulated after the intervention
of JZOL19. These three signaling pathways might potentially offer
directions for the validation of molecularelevel interactions both
in vitro and in vivo while uncovering the mechanism of JZOL
against cough for further research.

In this research, we also conducted three animal models to
validate our findings in the treatment of cough with JZOL. Firstly,
in the cough hypersensitivity animal model which then induced
cough with TRPA1 agonist (cinnamaldehyde) stimulation, TRPA1
was found to decrease significantly after JZOL intervention
(Fig. 6E) in the tracheal tissue. The high-dose JZOL group
experienced slight alveolar wall thickening, minimal exudate, and
mild local swelling, while the trachea showed dilation without
thickening, and there was significant inflammatory cell clustering
in the parenchyma. In contrast, the moderate and low-dose JZOL
groups had only mild lesions with no significant changes in
alveolar walls or exudate (Supporting Information Fig. S1A‒
S1F). Besides, the expectorant effect of JZOL was verified in
the phenol red excretion model due to the significant increase in
phenol red excretion after JZOL intervention (Fig. 6F). As for
macroscopic efficacy level, cough latency was significantly
increased and the number of coughs was significantly decreased
(Fig. 6G) in the treatment with JZOL against citrate acid-induced
cough model.
Table 7 Outcomes of expectoration and pulmonary rales.

Outcome Intervention group (n Z 236)

n Day 7

AUC of expectoration symptom

score-time (95% CI)

195 15.32 (14.33e16.30)

Disappearance rate of

sputum, n (%)

190 157 (82.6)

Disappearance rate of

pulmonary rales, n (%)

136 131 (96.3)
Last but not least, in order to observe the regulatory effects of
JZOL on TRP channels from a deeper perspective, we have
collected transcriptomes for both the representative herbs and
compounds in JZOL from the ITCM database and previous
studies33,34. These datasets included the transcriptomes of com-
mon compounds in TCM on MCF-7 cell lines and the tran-
scriptomes of common herbs on THP-1 cell lines, respectively,
providing transcriptional-level evidence for the influences of
representative compounds or herbs of JZOL on the biomolecules
of TRP channels to some extent. Firstly, the regulation of repre-
sentative compounds in herbs of JZOL on biomolecules of TRP
channels was measured and representative compounds were
determined based on the content determination components
recorded in the Chinese Pharmacopoeia. These compounds have
exhibited synergistic intervention effects on the biomolecular of
TRP channels (Supporting Information Fig. S2A). Besides, at the
herb’s level, 5 TCM were found in datasets, including Huang Qin,
Da Huang, Niu Huang, Shi Gao, and Gan Cao. It was found that
biomolecules like SRC, GNAS, IL1B, TRPV4, ILR1, and NGF
were subject to the synergistic regulatory effects of different herbs
in JZOL (Fig. S2B). Other biomolecules like PRK, JNK (MAPK8
and MAPK10), and PI3K were significantly regulated by certain
herbs in JZOL.

3.4. Data sharing statement

The data collected in this study are available to researchers
through Qinhua Fan. Data requests will be reviewed and approved
on the basis of scientific merit, and with a signed data access and
sharing agreement. These data will be available for a minimum of
5 years after publication.
Control group (n Z 233) Between-group

difference (95% CI)

P

n Day 7

198 14.89 (13.82e15.95) 0.43 (‒1.02 to 1.87) 0.563

185 152 (82.2) ‒2.2 (‒9.8 to 5.5) 0.905

128 115 (89.8) 6.5 (0.3e13.3) 0.037



Table 8 Disappearance rate of secondary clinical symptoms.

Symptom Intervention group (n Z 236) Control group (n Z 233) Between-group

difference (95% CI)

P

n Day 7 n Day 7

Fever, n (%) 15 15 (100.0) 13 13 (100.0) e e

Thirsty, n (%) 150 143 (95.3) 146 139 (95.2) 0.1 (‒5.1 to 5.5) 0.959

Red-face complexion, n (%) 105 104 (99.0) 113 111 (98.2) 0.8 (‒3.6 to 5.3) >0.999

Dysphoria, n (%) 106 104 (98.1) 104 98 (94.2) 3.9 (‒1.8 to 10.3) 0.168

Short voidings of Reddish

urine, n (%)

144 137 (95.1) 137 125 (91.2) 3.9 (‒2.2 to 10.3) 0.193

Dry stool, n (%) 151 134 (88.7) 134 123 (91.8) ‒3.0 (‒10.1 to 4.1) 0.388
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4. Discussion

Acute cough and yellow phlegm are the typical cardinal symptoms
of AB. It has been established that the effective ingredients of
AHCHOS are ambroxol hydrochloride and clenbuterol hydro-
chloride, which are representative drugs for symptomatic treat-
ment. AHCHOS, as a mucus motility enhancer, can promote
airway cilia oscillation, improve mucus clearance kinetics, and
help expel phlegm55. According to the Chinese Children’s Medi-
cation Guidelines, AHCHOS is recommended for children with
wet coughs, including bronchial asthma complicated with infec-
tion, persistent bacterial bronchitis, and pertussis20,56, and is one
of the most important cough and phlegm relieving compound
formulations suitable for children. AHCHOS is one of the most
representative cough and phlegm-reducing western medicines,
therefore, it was chosen as the positive control drug for our clin-
ical trial.

Cough is the most common symptom of AB, and the main
reason why most children and parents seek treatment is to relieve
cough3,7. If a cough is not relieved and lasts for more than 3
weeks, it may become chronic. It is now understood that children
are more likely to develop recurrent wheezing or asthma than
adult bronchitis. More than 80% of children treated in specialized
hospitals seek medical attention at least 5 times yearly because of
chronic cough57,58. Our study indicated that JZOL was not inferior
Table 9 Abnormal laboratory indicators.

Outcome Intervention group (n Z 236)

Abnormal increase in white blood cell count

Cases, n 20

Baseline (SD), 109/L 10.794 (0.777)

Day 7 (SD), 109/L 8.702 (2.489)

Day 7-baseline (SD), 109/L ‒2.093 (2.446)

Disappearance, n (%) 13 (65.0)

Abnormal increase in lymphocyte percentage

Cases, n 66

Baseline (SD), % 55.27 (8.409)

Day 7 (SD), % 45.91 (11.704)

Day 7-baseline (SD), % ‒8.75 (13.593)

Disappearance, n (%) 28 (49.1)

Abnormal increase in neutrophil percentage

Cases, n 15

Baseline (SD), % 69.50 (8.652)

Day 7 (SD), % 48.78 (8.288)

Day 7-baseline (SD), % ‒21.94 (12.980)

Disappearance, n (%) 9 (69.2)
to AHCHOS in treating cough. The median time-to-cough reso-
lution in both groups was 5.0 days, and there was no significant
difference among different age groups. After 7 days of treatment,
the cough scores of both groups were significantly lower than
baseline, and the antitussive onset median time was only 1 day
(CI, 1.0e2.0 day). The cough score, disappearance rate of cough,
AUC of cough score-time, and clinical recovery time were similar
between the two groups after treatment, suggesting that JZOL can
effectively alleviate acute cough in children with AB, and the
antitussive effect may not be inferior to b2 receptor agonists,
which was contained in AHCHOS. In our cough hypersensitivity
and citrate acid-induced cough mouse models, we have also
demonstrated that JZOL has excellent cough relieving effects and
can reduce cough sensitivity.

It is worth noting that the AUC of expectoration symptom
score-time and disappearance rate of sputum also showed signif-
icant improvement compared to baseline in the two groups,
indicating that JZOL has certain advantages in resolving phlegm.
Due to the weak cough reflex in children, sputum tends to stay in
the airway and block the airway, leading to hypoxemia, hyper-
capnia, and even respiratory failure. Sputum retention may also
aggravate pathological lung changes or secondary new infections,
forming a vicious circle with inflammation, obstruction, and
further aggravating cough59,60. The improvement of expectoration
is particularly important for the treatment and prognosis of AB.
Control group (n Z 233) Between-group

difference (95% CI)

P

14 e e

10.731 (0.742) 0.06 (‒0.48 to 0.61) 0.813

9.779 (2.557) ‒1.08 (‒2.91 to 0.75) 0.238

‒0.968 (2.334) ‒1.12 (‒2.87 to 0.62) 0.199

5 (38.5) 26.5 (‒7.3 to 53.3) 0.135

62 e e

54.38 (6.990) 0.89 (‒1.82 to 3.60) 0.517

46.16 (11.417) ‒0.25 (‒4.58 to 4.09) 0.911

‒8.07 (10.798) ‒0.68 (‒5.29 to 3.93) 0.770

26 (47.3) 1.9 (‒16.1 to 19.7) 0.845

14 e e

64.72 (7.166) 4.78 (‒1.30 to 10.86) 0.118

49.64 (15.089) ‒0.86 (‒11.09 to 9.38) 0.864

‒13.36 (16.834) ‒8.58 (‒21.49 to 4.33) 0.181

4 (40.0) 29.2 (‒10.1 to 58.6) 0.222



Figure 5 Network target of JZOL in the treatment of cough. (A) Targets network of JZOL against AB. (B) Pathological images of LPS-induced

tracheal inflammation animal model. (C) Pathology score of lung tissues in LPS-induced tracheal inflammation animal model. (D) IL-6 level in

serum in LPS-induced tracheal inflammation animal model. (E) Levels of TNF-a, IL-1b, IL-6, and CCL-2 in BALF in LPS-induced tracheal

inflammation animal model. (F) Pathological images of Poly (I:C)-induced tracheal inflammation animal model. (G) Pathology score of lung

tissues in Poly (I:C)-induced tracheal inflammation animal model. (H) PPI in Poly (I:C)-induced tracheal inflammation animal model. (I) NOS-2

level in lung tissues in Poly (I:C)-induced tracheal inflammation animal model. (J) Levels of TNF-a, IL-6, and IFN-b in BALF in Poly (I:C)-

induced tracheal inflammation animal model. Data present as means � SD. *P < 0.05, **P < 0.01 (vs model group); #P < 0.05, ##P < 0.01 (vs

control group).
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Figure 6 Network target of JZOL in the treatment of cough. (A) Dot plot showing pathways in different classifications enriched by molecules

related to cough. (B) Bar plot for predicted genes of JZOL in different modules and corresponding sub-modules. (C) Dot plot showing the

potential pathways of JZOL in the treatment of cough. (D) TCM-cell-pathway-molecule multilayer network showing the potential mechanism of

JZOL on TRP channels of cough, in which red nodes represent the predicted targets of JZOL in TRP channels. (E) Relative expression level of

TRPA1 in tracheal tissues of different animal groups. (F) Phenol red excretion of different animal groups. (G) Cough latency and number of

coughs of different animal groups. C: control group, M: model group, TRPA1-I: TRPA1 inhibitor group, Amb: Ambroterol oral solution group,

Ami: Aminophylline group, JZ-L: JZOL low dose group, JZ-M: JZOL middle dose group, JZ-H: JZOL high dose group. Data are presented as

mean � SD. *P < 0.05, **P < 0.01 (vs model group); #P < 0.05, ##P < 0.01 (vs control group).
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Our mouse phenol red excretion experiment showed that JZOL
can significantly increase the amount of phenol red in bronchial
lavage fluid, and promote phenol red excretion, further proving the
resolving phlegm effect of JZOL.

In this clinical study, JZOL and AHCHOS had therapeutic ef-
fects on secondary clinical symptoms of AB patients besides cough
and expectoration, including fever, thirst, red-faced complexion,
dysphoria, short voidings of reddish urine, and dry stool. Although
there was no significant difference between the two groups, JZOL
yielded a slightly better improvement in several clinical symptoms
compared to AHCHOS, including dysphoria and short voidings of
reddish urine. Based on the clinical characteristics, the rational use
of TCM demonstrated significant clinical value in improving res-
piratory symptoms caused by AB. The study also substantiated that
JZOL could comprehensively treat respiratory and systemic
discomfort symptoms caused by AB.

Interestingly, JZOL exhibited the ability to lower abnormally
elevated levels of white blood cells, lymphocyte percentage, and
neutrophil percentage. Although there were no significant differ-
ences between the two groups in the recovery rates of abnormal
laboratory indicators, JZOL (65.0%, 49.1%, 69.2%) was signifi-
cantly higher than those in AHCHOS (38.5%, 47.3%, 40.0%),
especially white blood cell count and neutrophil percentage,
which indicated that JZOL has potential anti-inflammatory effects.
In addition, the disappearance rate of pulmonary rales in the
intervention group (96.3%) was significantly higher than the
control group (89.8%). In these children, the reduction in pul-
monary rales indicated a significant improvement in lung tissue
lesions such as bronchial stenosis, airway mucus, or exudate.
Given that most children who participated in the trial were too
young to explain their symptoms, laboratory indicators, and
physical examination were very important for assessing disease
recovery. We constructed two animal experiments on tracheal
inflammation and evaluated the pathological changes in lung tis-
sue after JZOL intervention. The experimental results indicated
that multiple inflammatory factors, such as TNF-a, IL-1b, and IL-
6, were downregulated and lung tissue lesions were alleviated
after JZOL intervention. The results of our clinical and animal
experimental studies all indicated that JZOL may be effective in
reducing inflammation and ameliorating damage to lung tissue.

Although AHCHOS is a commonly used Western medicine
formulation for pediatric AB, its application has many limitations
in clinical practice. For example, clenbuterol contained in
AHCHOS is a b2 receptor agonist, unless children present
wheezing, b2 receptor agonists should not be used to relieve cough
routinely12. Several reports have shown that clenbuterol has car-
diotoxicity and may cause nausea, vomiting, muscle tremors, hy-
potension, and electrolyte disorders and cannot be used for a long
time61,62. Although the content of clenbuterol in AHCHOS is
within the prescribed safety range, due to the abominable adverse
reactions of clenbuterol, AHCHOS is not suitable for young ath-
letes or patients with cardiac insufficiency, electrolyte disorders or
require long-term medication treatment. In our clinical trial, we
found that the ADRs associated with JZOL were abdominal pain
and vomiting, which might be due to the direct absorption of JZOL
through the gastrointestinal tract, thus having an impact on the
digestive system. Patients recovered spontaneously after dis-
continuing the medication, and there were no SAEs during the trial.
Overall, the incidence of mild to moderate AEs with JZOL (5.5%)
was lower than with AHCHOS (6.9%), indicating that JZOL
containing “natural” ingredients was safe during medication. JZOL
may serve as an alternative for children who cannot use AHCHOS.
Network target analysis63,64 has provided an entry point for
studying the mechanism of action of JZOL in the context of AB.
It has bridged the gap between clinical phenotypes and micro-
scopic molecular mechanisms. Through network target analysis,
we have predicted the modular effects of JZOL in intervening in
bronchitis, including its regulatory impact on five modules, in
which regulation of immune and inflammation played a leading
role in the other four modules, including oxygen metabolism
dysfunction, protein metabolism and synthesis, metabolic dis-
order, and cell migration. Combined with clinical trials, the
mechanism of JZOL against cough in AB was uncovered by
network target analysis. At the core pathway—inflammatory
mediator regulation of TRP channels, we delineated the mech-
anism of JZOL’s intervention on the cough-related target TRPA1
at the molecular pathway level. Three pathways were found to be
of vital importance during the intervention of JZOL, including
IL-1b/IL1R/TRPV1/TRPA1 and NGF/TrkA/TRPV1/TRPA1
started from macrophages and PGE2/EP/PKA/TRPV1/TRPA1
from mast cells. We also conducted in vivo experiments to
verify our findings. With these findings and corresponding vali-
dations, JZOL was proved to be able to improve the pathology
score of lung tissue, reduce lung permeability, and down-regulate
the expression of various inflammatory factors such as TNF-a
and IL-1b, while also prolonging the latent period of cough,
reducing the number of coughs, and regulating the expression
levels of some key molecules in the TRP channels.

Our study still has limitations. First of all, in clinical trial, we
did not conduct long-term follow-ups. Children under 2 years old
were not included in the study. As infants under the age of 2 years
have an underdeveloped respiratory system and for the children’s
safety and the psychological acceptance of their guardians, we did
not observe the treatment effect in this age group. Considering the
rapid progression and low self-healing rate of AB, as well as the
prognostic risk associated with children, our clinical trial design
did not include a control group of children who received no
intervention or placebo. Instead, we compared the treatment out-
comes of children using the positive drug AHCHOS. Indeed, the
study’s main purpose was to evaluate the efficacy of JZOL in
treating cough and phlegm with AB. In further research, to
investigate the molecular mechanisms of JZOL in treating acute
childhood bronchitis, we plan to conduct experimental validations
composed of clinical multi-omics and drugetarget relationships.
These findings in this study will provide a targeted focus for our
future research endeavors.

In summary, we found that the efficacy of JZOL in treating AB
is not inferior to AHCHOS, and it is a safe and effective inter-
vention to improve the clinical symptoms of AB. Based on clinical
findings, we conducted network target analysis and animal ex-
periments, further verifying that JZOL had a vital importance role
in inflammation and immune regulation. And pathways in TRP
channels like IL-1b/IL1R/TRPV1/TRPA1, NGF/TrkA/TRPV1/
TRPA1, and PGE2/EP/PKA/TRPV1/TRPA1 were important in
the treatment with JZOL against cough.
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