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Abstract
Objective: To explore the active ingredients of ECT and their targets of asthma and investigate the
potential mechanism of ECT on asthma.

Methods: Firstly, the active ingredients and target of ECT were screened for BATMAN and TCMSP,
functional analysis was �nished via DAVID. Then, animal model was induced by ovalbumin (OVA) and
aluminum hydroxide. Eosinophil (EOS) counts, EOS active substance Eosinophilic cationic protein (ECP)
and eotaxin levels were detected followed the instruction. Pathological changes of lungs tissue were
examined by H&E staining and transmission electron microscopy. Interleukin (IL-4, IL-10, IL-13, TNF-α),
TIgE and IgE level in bronchoalveolar lavage �uid (BALF) were measured by ELISA. Finally, the protein
expression of TGF-β / STAT3 pathway to lung tissue was detected by Western Blot.

Results: A total of 450 compounds and 526 target genes were retrieved in Erchen tang. Functional
analysis indicated that its treatment of asthma was associated with in�ammatory factor and �brosis. In
the animal experiment, the results showed that ECT signi�cantly regulated in�ammatory cytokine (IL-4, IL-
10, IL-13, TNF-α) levels in (P<0.05, P<0.01) , reduced EOS number (P<0.05) and also ECP and Eotaxin
levels in blood (P<0.05) in BALF and / or plasma. Bronchial tissue injury was obviously improved on ECT
treatment. Associated protein in TGF-β / STAT3 pathway were signi�cantly regulated by ECT (P<0.05).

Conclusion: This study originally provided the evidence that the Erchen tang was effective against the
treatment of asthma symptoms, and its underlying mechanism might be regulation of in�ammatory
factor secretion and TGF-β/STAT3 signaling pathway.

1. Background
Asthma is a common disorder characterized by airway in�ammation and by declining in lung function
with airway remodeling in a subset of asthmatics[1]. Related studies have determined that the
in�ammation of asthma is exacerbated by Th2 activity[2]. Activated Th2 cells secrete more in�ammatory
cytokines such as IL-4 and IL-13, thus causing airway hyperresponsiveness (AHR), eosinophil in�ltration,
goblet cell hyperplasia, and excessive mucus secretion[3]. IL-13 and IL-4 partly share the same receptor
and signaling pathways and both are deeply involved in IgE synthesis, eosinophil activation, mucus
secretion and airways remodeling[4]. Furthermore, in airway remodeling, TGF-β / STAT3 pathway plays
an important role, in which JAK activated by TGF-β and cause the up-regulated STAT3 level[5], which was
already known that both TGF-β and STAT3 were tightly related to airway �brosis[6, 7]. Present treatment
of Cough Variant Asthma (CVA) patients with bronchodilators, glucocorticoids and leukotriene receptor
antagonists cannot fundamentally alleviate chronic in�ammation of the airway[8, 9]. Therefore, it is
urgent to develop drugs with signi�cant therapeutic effects on asthma by regulating the TGF-β / STAT3
pathway to suppress airway in�ammation.

Recent studies indicated that extracts from Chinese medicine or other herbs have immune regulation
function[10] and good effect on the treatment of asthma[11]. Erchen tang (ECT), as a famous
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prescription of traditional Chinese medicine �rst collected in ancient Chinese medicine book ‘Taiping
Huimin Heji Ju Fang’, was included in Chinese pharmacopoeia[12], has achieved good results such as
less coughing and less sputum in clinical treatment of various types of bronchial asthma [13, 14]. In
laboratory studies, the therapeutic effects of drugs on asthma are usually studied on animal model
induced by ovalbumin (OVA) and aluminum hydroxide[15], and rats are often used in traditional Chinese
medicine pharmacodynamics study as asthma models[16], [17]. It was proved by animal experiments
that ECT could regulate the cytokine levels (such as IL-1, IL-6 and TNF-α) in serum[18] and prevent the
airway remodeling by inhibit the expression of MMP-9 in lung tissue on asthma rats induced by
ovalbumin (OVA) and aluminum hydroxide[19], and its improvement in lung tissue and the pulmonary
function of chronic bronchitis model rats was also proved by Gao Miaoran[20]. However, there are still
lots of unclear points of ECT, such as its active ingredients and the speci�c target of the active ingredient,
to solve these problems, we further used network pharmacology to lucubrate the active ingredients and
the mechanisms of ECT.

Network pharmacology (NP) is a useful discipline that emphasizes maximizing drug e�cacy and
minimizing adverse effect via the multiple regulation of the signaling pathway[21]. It has been well
applied to the study of the mechanisms of traditional Chinese medicine (TCM)[22] for almost all TCM
and worldwide ethnomedicine exert therapeutic effect by targeting multiple molecules of the human
body. Such as prediction of potential targets and pathways of cordycepin on the proliferation of MCF-7
breast cancer cells[23] and screen of active compounds of Curcumae Rhizoma[24]. Since the active
ingredients and mechanism of ECT in treating asthma is not clear yet, NP is an effective way to create the
targets-pathways interaction, and the targets related to asthma was collected to create pathways-disease
interactions, as well as further related bioinformatics analysis, was employed to explain the potential
mechanism of treatment of ECT on asthma.

In this study, we used network pharmacology to explore the active ingredients of ECT and their targets of
asthma. Thereby, the effect of Erchen Tang on asthma and the potential molecular mechanisms of TGF-
β/STAT signaling pathway were studied by asthma animal experiments.

1. Methods

1.1 Website database
TCMSP database (http://lsp.nwu.edu.cn/index.php);

BATMAN (http://bionet.ncpsb.org/batman-tcm/);

Metascape (http://metascape.org/gp/index.html#/main/step1);

DAVID (https://david.ncifcrf.gov/);

KEGG (https://www.kegg.jp/).
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1.2 Animals and agents
1.2.1 Animals
Forty male Wistar rats, 200 ± 20 g, purchased from Beijing Weitong Lihua Experimental Animal Co., Ltd.,
the animal certi�cation number is: 11400700256012. Rats were free of pathogens and respiratory
disease, and used in accordance with guidelines set forth by the All-University Committee on Animal Use
and Care (Animal ethics committee approval number: [SCXK (Beijing) 2016-0006]). All animal
experiments were performed at Beijing University of Chinese Medicine A�liated Shenzhen Hospital.
Animals were housed in an environment with temperature of 20 ~ 25℃, relative humidity of 40 ~ 70%.
After the experiment, the rats were euthanized by intravenous injection of 0.3% sodium pentobarbital.

1.2.2 Agents
Erchen tang was provided by the First A�liated Hospital of Heilongjiang University of Traditional Chinese
Medicine (Lot number: 20150102), the ratio of each medicine in the prescription is Pinellia ternata
(Thunb.) Makino: Citrus reticulata Blanco: Smilax glabra Roxb.: Glycyrrhiza aspera Pall.=10:10:6:3; 4%
paraformaldehyde was bought from Beijing Suo Laibao Technology Co., Ltd.(Beijing, China); OVA sIgE
enzyme-linked immunosorbent kit was bought from Xiamen Huijia Biological Technology Co., Ltd.
(Xiamen, China); Ulatan was bought from Wuhan Hongxinkang Fine Chemical Co., Ltd.(Wuhan, China);
Sodium chloride injection was bought from Shandong Hualu Pharmaceutical Co., Ltd.(Shandong, China);
PVDF membrane was bought from Millipore Corporation of the United States(United States); EasySee
Western Marker was bought from Beijing Quanjin Biotechnology Co., Ltd.(Beijing, China); Real-time PCR
Kit was bought from Swiss Roche(Swiss); Trizol reagent was bought from American Invitrogen(America).
Ovalbumin, Aluminum hydroxide, ECP enzyme immunoassay kit, IgE enzyme immunoassay kit, Eotaxin
Elisa kit were all bought from Sigma (America). Horseradish peroxidase-conjugated goat anti-rabbit/anti-
mouse/anti-goat antibody, Tissue protein extraction reagent, BCA Protein Quantitation Kit, SDS-loading
Buffer, SDS-PAGE gel preparation kit, High sensitivity chemiluminescence detection kit and cDNA reverse
transcription kit was all bought from Beijing Quanjin Biotechnology Co., Ltd. (Beijing, China).

1.3 Target gene screening and Functional enrichment
analysis
Erchen tang was constituted by Pinellia ternata (Thunb.) Makino, Smilax glabra Roxb., Glycyrrhiza aspera
Pall., and Citrus reticulata Blanco. Firstly, we separately queried the chemical composition of these four
Chinese herbal medicines from the database of BATMAN and TCMSP. Then we combined the
compounds of each medicinal material and imported them into TCMSP to get their target genes. We
further normalized these genes and got human related genes in database of Metascape. Finally, we used
DAVID to perform functional enrichment analysis of human related genes, the mechanism map was
obtained from KEGG.

1.4 Animal experiment
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1.4.1 Animal model of asthma
One week after adaptive feeding, except for the normal control group, other groups were nihilated of
ovalbumin (OVA) and aluminum hydroxide: on the 0th and 12th day of the experiment, each rat was
intraperitoneally injected 1 mL of 10% OVA solution (containing sterile antigen solution of Class II OVA
1 mg and 100 mg of aluminum hydroxide gel) of sensitization, and then challenged with 5% OVA for
30 min every day for 5 days, then every other day, for 6 weeks.

1.4.2 Grouping and administration
Eighty rats were randomly divided into 4 groups, normal-controlled group, model-controlled group,
positive controlled group (dexamethasone, DXMS, 1 mg/kg), Erchen tang group (4.5 g/kg) individually,
the ratio of each medicine in ECT is Pinellia ternata (Thunb.) Makino: Citrus reticulata Blanco: Smilax
glabra Roxb.: Glycyrrhiza aspera Pall. = 10:10:6:3).

1.4.3 Experimental material
24 h after last injection, 20% urethane solution was used for anesthetizing by intraperitoneal injection.
Blood was taken from the abdominal aorta, partially placed in the EDTA anticoagulation tube, and the
rest of the blood was placed in a non-anticoagulant tube, 3000 r/min, centrifuged for 15 min and
collected the serum. The blood vessels of the neck were separated from the nerves, and the main
bronchus was separated, the left bronchus was ligated, the right pulmonary alveoli through 1 cm below
the main bronchus was rinsed by injecting 0.6 mL 37% isotonic sodium chloride solution each time for
three times. Total 1.35 ~ 1.55 mL liquid (bronchoalveolar lavage �uid, BALF) was collected, the
supernatant wad used to detect indicators such as IL-4 and IL-13. One part of the right lung was �xed
with 4% paraformaldehyde, and the other part of the right lung was frozen in liquid nitrogen. Take a
suitable amount of cryopreserved lung tissue, and 9 times of low-temperature refrigerated physiological
saline was added to prepare 10% tissue homogenate.

1.4.4 Histopathology and tissue imaging
After dehydration, embedding and Sect. 4 ~ 5 µm of tissue, hematoxylin staining was carried out for 6 ~ 
10 min. The mixture was separated by 1% hydrochloric acid solution, diluted ammonia water was used
for 10 min, then eosin staining for 10 s. Tissue in�ammation was observed after �xation. Tissue imaging
was observed after 3% uranyl acetate-lead citrate dyed. The computerized image analyzer (Pathological
image analyzer, Lycra, Japan) was used to measure the bronchial lumen and outer circumference (Pi, Pe),
the number of bronchial smooth muscle cells (Pi). Calculating the basement membrane area (WAi),
airway smooth muscle layers area (WAm), and make WAi, WAm and the ratio of Pi was measured as a
standardization, representing bronchial basement membrane thickness (WAi/Pi) and smooth muscle
layer thickness (WAm/Pi), respectively.

1.4.5 Eosinophil count, EOS active substance ECP and Eotaxin levels
BALF was centrifuged at 2000 rpm for 5 min (Benchtop centrifuge, Shanghai Anting Scienti�c Chemical
Instrument Factory), the supernatant of it was discarded, and the cell sediment was diluted in 1 mL of
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pre-cooled PBS. The precipitate of BALF was resuspended for total cell counts recorded with on a
hemocytometer. Slide were prepared by using a cytospin instrument. At least 500 in�ammatory cells were
counted in each sample. Total EOS number per microscope �eld was determined by counting EOS under
an optical microscope (Microplate scanning microplate reader American BioTek instrument). Then the
absolute EOS number was determined. EOS active substance ECP and Eotaxin in blood were detected by
Elisa Kit according to the manufacture instructions.

1.4.6 Enzyme-Linked Immunosorbent Assay (ELISA)
Interleukin (IL-4, IL-10, IL-13, TNF-α), TIgE and IgE level in serum were measured by ELISA using
monoclonal antibody-based mouse interleukin ELISA kit according to the manufacturer’s instruction. All
data represent the mean and standard error of mean from at least three separate experiments and were
compare by analysis of variance (ANOVA).

1.4.7 Detection of the expression of TGF-β/STAT3 signaling pathway
The expression of TGF-β\STAT3 signaling pathway in BALF was detected by western blot (Bio-Rad
electrophoresis system, Bole Life Medical Products Co., Ltd.). Western blot analysis was performed
according to the instruction. Brie�y, lung homogenate was centrifuged in 5000 r/min for 5 min,
sedimentary tissue was collected and lysed on ice in a RIPA buffer with protease inhibitor 1% PMSF, and
then clari�ed by centrifugation. Total cell lysates were resuspended in SDS sample buffer and resolved by
SDS-PAGE. Proteins were transferred to PVDF membrane and then blocked with 5% BSA / TBST buffer
for 1 h at room temperature. The blocked PVDF membrane was directly placed in primary antibody
solution and incubated overnight at 4 ℃ and then transferred to second antibody solution and incubated
at room temperature for 2 h. After that was color development, the gel imaging system (Gel imaging
system, American Bio-RAD company) was used to scan and �lm. All experiments were performed in
triplicate.

The collected BALF was centrifuged, and the supernatant was collected. The RPMI 1640 culture solution
was resuspended,the cell sediment was diluted and cultured at 37 °C in a 5% CO2 incubator for 2 h to
extract macrophages and then lymphocytes were removed. Rinsing with PBS solution (containing 10%
FBS), centrifuging, and further separating with precooling separation solution. Finally, interface cells of
1.105 to 1.090 were collected and rinsed with PBS (containing 10% FBS). Separated EOS was adjusted to
a cell concentration of 2 × 105 with RPMI 1640 complete medium containing 10% FBS, and 10 U/ML IL-5
cytokine was added, and cultured in a culture plate at 5% CO2 and 37 ° C. After 24 h, the total protein was
extracted and quanti�ed, and the proteins related to TGF-β\STAT3 signaling pathways were detected. The
detection method was the same as the previous one. It should be noted that the protein extraction reagent
was the mammalian protein extraction reagent (containing 1% PMSF). Morphological identi�cation of
separated EOS above was observed by Wright-Giems staining on room temperature with Giems dye
liquor. After washing, �rst rinse the slide with PBS solution, then rinse with small stream of water, seal
and observe.

1.5 Statistical analysis
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Data are presented as the mean ± standard deviations (SD) and Student’s t-test combined with one-way
ANOVA previously was performed to determine statistically signi�cant differences between two groups.
Results were considered statistically signi�cant at p values 0.05(#), 0.01(##), or 0.001(###) for the
control group versus the model group comparisons and p values 0.05(*), 0.01(**), or 0.001(***) for the
model group versus the experimental group.

2. Results

2.1 Analyzing the potential mechanism of ECT in the
treatment of asthma by network pharmacology
The result of database search showed that a total of 450 compounds and 526 target genes were retrieved
in Erchen tang, and 98 genes closely related to asthma among them (Supplementary material 1).
Functional enrichment indicated that ECT could regulate asthma (Supplementary material 2). The
underlying mechanism was shown in Fig. 1, it could affect the secretion of IL-4, IL-13, TNF-α, eotaxin and
so on, thereby inhibited the increase of a cells, and �nally achieved regulation of tracheal in�ammation
and remodeling (Fig. 1).

2.2 Effect of ECT on in�ammatory cytokine levels in BALF
To evaluate the degree of in�ammation, cytokines (IL-4, IL-10, IL-13, TNF-α) levels in BALF were detected
by Elisa kit according to manufacture introduction. Our data (Fig. 2) showed that, compare with model
group, signi�cantly reduction of IL-13 and TNF-α concentrations from ECT group were observed (P < 
0.05), and signi�cantly increased levels of IL-4, IL-10 from ECT group were observed (P < 0.05, P < 0.01). In
the model group, IL-4, IL-10 levels (Fig. 2A/ 2B) had signi�cantly decreased (P < 0.05, P < 0.001), and IL-13,
TNF-α levels (Fig. 2C/2D) had signi�cantly increased, compare with control group (P < 0.001). These data
suggested that ECT could regulate cytokine levels from T cells and macrophage like IL-4, IL-10, IL-13 and
TNF-α.

2.3 Effect of ECT on serum TlgE and OVA sIgE levels
Results from Fig. 3 showed that the levels of TIgE (Fig. 3A) and OVA sIgE (Fig. 3B) in the model group
were signi�cantly higher than those in the control group (P < 0.001). Compare with the model group,
dexamethasone and Erchen tang treatment signi�cantly decrease the expression levels of TIgE and OVA
sIgE (P < 0.01).

2.4 Effect of ECT on histopathology of bronchial tissue
HE staining of lung tissue (Fig. 4) showed that the bronchial epithelium of the control group was intact
(Fig. 3D), there was no obvious in�ammatory in�ltration around, the lung tissue and the area of bronchial
were normal. The lumen of the model group was narrowed, and many in�ammatory cells in�ltrated
around the blood vessels and lung tissues, neutrophils and eosinophils were main types of them. Also, for
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model group, the basement membrane was thickened and irregularly shaped, and the connective tissue
of the smooth muscle and bronchus of the wall was obviously proliferated. Compare with model group,
the in�ammatory in�ltration of the dexamethasone group and the ECT group was signi�cantly alleviated,
the damage caused by the above model was signi�cantly improved.

Statistical analysis showed that the ratios of WAi/Pi (Fig. 3A), WAm/Pi (Fig. 3B) and N/Pi (Fig. 3C) of
model group were signi�cantly higher than those in the control group (P < 0.01, P < 0.001). Both
dexamethasone and ECT treated group signi�cantly reduced the ratio of WAi/Pi, WAm/Pi and N/Pi (P < 
0.05, P < 0.01).

2.5 Effect of ECT on pulmonary imaging
The ultra-microstructure of lung tissue (Fig. 5) was observed by transmission electron microscopy. The
internal structure of the control group was normal, the mitochondria structure and basement membrane
structure were intact, the sputum was clear with many visible lamellar bodies. For model group, EOS cells
number increased signi�cantly, the mitochondria were swollen and the sputum was blurred, also the
number of lamellar corpuscles decreased signi�cantly, and the number of voids increased with chromatin
accumulated. With ECT treated, the basement membrane of ECT group is intact, and eosinophil
aggregation with chromatin accumulated were both reduced compare with model group.

2.6 Effect of ECT on Eosinophil count and Tissue EOS
activation markers’ levels
Our data (Fig. 6) showed that marked EOS count was observed in BALF and plasma from asthma model
group. Compare with control group, ECP and Eotaxin levels of model group were signi�cantly increased
(P < 0.05, P < 0.001) both in BALF (Fig. 6B/ 6C) and plasma (Fig. 6D/ 6E). The number of EOS in BALF
and plasma both reduced signi�cantly compare with model group with ECT treatment (P < 0.05). Also,
ECP and Eotaxin were EOS activation markers in lung tissue. ECP and Eotaxin levels were signi�cantly
decreased compare with model group with ECT treatment (P < 0.05). These data suggested that ECT
could reduce EOS number both in BALF and plasma, also ECP and Eotaxin levels in BALF, which is
possible mechanism for asthma treatment.

The EOS cells separated from BALF were identi�ed by Wright-Giemsa and observed under microscope.
The morphology and coloration of the cells were consistent. The Wright staining results was positive
(Fig. 6A), which proved that the separated cells were the EOS cells. For EOS cells, purity testing showed
that each group had EOS purity > 95%.

2.7 Effect of ECT on TGF-β/STAT3 signaling pathway
The protein expression of TGF-β/STAT3 pathway both in lung tissue and separated EOS cells (Fig. 7)
were detected by Western Blot. Our data showed that compare with control group, TGF-β, p-STAT3/STAT3
and α-SMA protein levels was signi�cantly up-regulated (P < 0.01, P < 0.001) both in BALF
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(Fig. 7B/7C/7D) and separated EOS cells (Fig. 7F/7G/7H). After treatment of ECT, expression levels of
above proteins were decreased signi�cantly (P < 0.05).

3. Discussion
Erchen Tang was constituted by Pinellia ternata (Thunb.) Makino, Smilax glabra Roxb., Glycyrrhiza
aspera Pall., and Citrus reticulata Blanco. Pinellia ternata (Thunb.) Makino has protective effects against
allergic airway in�ammation in a model of asthma in mice[25]. The data supported that Smilax glabra
Roxb. had immunomodulatory potential through activating macrophages and enhancing host immune
system function[26]. Many reports have shown that Glycyrrhiza aspera Pall possess anti-in�ammatory
activity, suppress proin�ammatory cytokine like TGF-β and inhibit the translocation of toll-like receptor 4.
Citrus reticulata Blanco was suggested to be used as a therapeutic agent for patients with Th2-mediated
or histamine-mediated allergic asthma[27]. Erchen decoction combined with Yu-Ping-Feng-San has been
widely used for decades in treating asthma at the A�liated Hospital of Nanjing University of Chinese
Medicine[28].

Asthma is an immune allergic disease characterized by reversible airway obstruction, airway
hyperresponsiveness and airway in�ammation[29], among which airway in�ammation is the most
important pathological change[30] and determines the degree of airway obstruction[31] and airway
hyperresponsiveness[32]. It was proved in our study that model group had sever in�ammation of
bronchus with results from histopathology. Many in�ammatory cells in�ltrated around the blood vessels
and lung tissues. And all these bronchial tissue injuries were improved with ECT treatment, the
in�ammatory in�ltration of the ECT group was signi�cantly alleviated.

In�ammatory cytokines IL-4 and IL-13 has been shown to play a vital role in allergic airway
in�ammation[33], which promote the airway epithelial cells to release eosinophil chemotactic factor-3
(Eotaxin-3), and then cause airway in�ammation of eosinophilia[34]. At the same time, the increased lung
LTs mediated by eosinophil, further induced increased IL-13[35], which were secreted by airway epithelial
cells, �nally caused collagen deposition (i.e., pulmonary �brosis) mice with respiratory airway
in�ammation. Our data suggested that the IL-4 and IL-10 levels decreased in asthma model, since IL-10
has been shown to suppress all the pro-in�ammatory cytokines, lower IL-10 levels were reported to be
associated with higher frequency of bronchial asthma[36], there was result showed signi�cantly
increased serum level of IL-10 in children with treatment[37]. ECT could signi�cantly regulate serum
in�ammatory cytokine (IL-4, IL-10, IL-13, TNF-α) levels, with reduced EOS number both in BALF and
plasma, which proved that EOS was related to the regulation of the internal environment balance-
maintenance regulation induced by the in�ammatory pathway in tissues[38].

It was found that both TGF-β level and pSTAT3/STAT3 would signi�cantly increase either in Bronchial
mucosal tissue[39] of asthma patients or in asthma mice[40], and these two proteins are both directly
related to tissue �brosis[41]. It had been indicated that TGF-β signaling was the master pathway
regulating �brosis pathogenesis, in which activator of STAT3 acted as the integrator of various pro-
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�brosis signals[42]. Results from western-blot suggested the growing levels of protein in TGF-β/STAT3
pathway were inhibited with the ECT treatment. Since TGF-β induces integrin, matrix metalloproteinases,
protease inhibitors, and regulators of small GTPases that participate in tissue remodeling and in�uence
cell-ECM interactions[43], the regulation of TGF-β/STAT3 pathway might be the mechanism of ECT on
airway �brosis.

4. Conclusions
In this study, network pharmacology was used to predict the potential mechanism of ECT in the treatment
of asthma. And the results from the animal experiment indicates that ECT might have modulatory action
on cytokines levels (IL-4, IL-10, IL-13, TNF-α) by regulating TGF-β and STAT3 levels, and thereby inhibit the
increase of EOS cells, �nally achieved regulation of tracheal in�ammation and airway �brosis.

List Of Abbreviation
OVA, Ovalbumin; EOS, Eosinophil; IL-4, Interleukin-4; IL-10, Interleukin-10; IL-13, Interleukin-13; TNF-α,
Tumor Necrosis Factor-α; IgE, Immunoglobulin E; TIgE, Total Immunoglobulin E; BALF, Bronchoalveolar
Lavage Fluid; ECP, Eosinophilic Cationic Protein; TGF-β, Transforming Growth Factor-β; STAT3, Signal
Transducers And Activators Of Transcription-3.

Declarations

Ethics approval and consent to participate
The experimental protocol was approved by the Research Ethics Committee of Beijing University of
Traditional Chinese Medicine, China. All participants provided written informed consent

Consent for publication
Written informed consent for publication was obtained from all participants.

Availability of data and material
The datasets generated during and/or analyzed during the current study are available from the
corresponding author on reasonable request.

Authors’ contributions
Experimental design: XY, YR, ZY, JW, XP. Experimental operation: YR. Analysis and manuscript
preparation: HZ, YR. Data analyses: YR, YH and CL.



Page 11/17

Acknowledgements
Not applicable.

Funding
No support was provided.

References
1. Hur GY BD: Genes and Pathways Regulating Decline in Lung Function and Airway Remodeling in

Asthma. Allergy, Asthma Immunology Research 2019, 11:604-621.

2. Hamid Q, Tulic, M.: Immunobiology of asthma. Annu Rev Physiol 2009, 71:489-509.

3. Bosnjak B, Stelzmueller, B., Erb, K.J., Epstein, M.M.: Treatment of allergic asthma: modulation of Th2
cells and their responses. . Respir Res 2011, 12:114.

4. Bagnasco D FM, Varricchi G, et al.: A Critical Evaluation of Anti-IL-13 and Anti-IL-4 Strategies in
Severe Asthma. Allergy and Immunology 2016, 170:122-131.

5. Ju K D LJW, Kim K H , et al.: Potential role of NADPH oxidase-mediated activation of Jak2/Stat3 and
mitogen-activated protein kinases and expression of TGF-β1 in the pathophysiology of acute
pancreatitis. In�ammation Research 2011, 60:791-800.

�. E M: Eosinophil-associated TGF-β1 mRNA expression and airways �brosis in bronchial asthma. Am
J Respir Cell Mol Biol 1997:17.

7. Blease K SJM, Jakubzick C , et al.: Stat6-De�cient Mice Develop Airway Hyperresponsiveness and
Peribronchial Fibrosis during Chronic Fungal Asthma - The American Journal of Pathology. American
Journal of Pathology 2002, 160:481-490.

�. Terufumi S YO, Reiko K, et al.: The fractional exhaled nitric oxide and serum high sensitivity C-
reactive protein levels in cough variant asthma and typical bronchial asthma. Allergol Int 2013,
62:251-257.

9. Belgin UG SA, Cemile D.: The assessment and management of chronic cough in children according
to the British Thoracic Society guidelines: descriptive prospective, clinical trial. Clin Respir J 2014,
8:330-337.

10. Amini-Shirazi N, Hoseini, A., Ranjbar, A., Mohammadirad, A., et al.: Inhibition of tumor necrosis factor
and nitrosa- tive/oxidative stresses by Ziziphora clinopoides (Kahlioti); a molecular mechanism of
protection against dextran sodium sulfate-induced colitis in mice. Toxicol Mech Methods 2009,
19:183-189.

11. Liu L WL, He S, et al.: mmune Homeostasis: Effects of Chinese Herbal Formulae and Herb-Derived
Compounds on Allergic Asthma in Different Experimental Models. Chinese Journal of Integrative
Medicine 2018, 24:390-398.



Page 12/17

12. Chinese Pharmacopoeia. Beijing: China medical science and technology press; 2015.

13. Li guangfan Fh: Xiaoqinglong Tanghe Erchen Tang for Acute Attack of Chronic Bronchitis. Chinese
traditional medicine clinical research 2010, 2:22.

14. Liang yu Dh: Xiaoqinglong Tang and Erchen Tang for the treatment of exogenous cough after 50
cases of chronic cough. Practical Journal of Internal Medicine 2008, 22:19.

15. Cheng Huang YC, et al.: Research Progress in Animal Model of Bronchial Asthma. Medical
Recapitulate 2009, 23(19):647-647.

1�. Kun Yang XG, Wenbin Wu, et al.: Effect of Sanzi Yangqin Decoction on Th17/Treg imbalance in
bronchial asthma model rats. Pharmacology Clinics of Chinese Materia Medica 2019, 35(3):28-32.

17. Peng Zhang DY, Bo Nie, et al.: Effects of Modi�ed Yinchenhao Decoction Combined with Budesonide
on Airway Responsiveness and Expression of In�ammatory Cytokines in Lung. World Chinese
Medicine 2019, 14(6):1393-1396.

1�. yongying. G: The experimental Study of Sang Su Er Chen Tang Modi�ed allergic bronchial asthma.
Hebei Medical University 2009.

19. Zhong Liying WL, Zhang Chenghe, et al.: Effects of TCM Staged Sequential Therapy on Expressions
of Matrix Metalloproteinase-9 and Its Inhibitor in Asthmatic Rats with Airway Remodeling.
Modernization of Traditional Chinese Medicine and Materia Medica-World Science and Technology
2014, 16(12):2622-2629.

20. Gao Miaoran SL, Xie Wenying, et al.: Effect of Erchen Decoction on Lung Function and Pathological
Changes of Chronic Branchitis Model Rats. Chinese Medicine Modern Distance Education of China
2016, 14(14):143-145.

21. Hao D C XPG: Network Pharmacology: A Rosetta Stone for Traditional Chinese Medicine. Drug
Development Research 2014:75.

22. Li S ZB: Traditional Chinese medicine network pharmacology: theory, methodology and application.
Chinese Journal of Natural Medicines 2013, 11:110-120.

23. Lee D LW, Jung K, et al.: The Inhibitory Effect of Cordycepin on the Proliferation of MCF-7 Breast
Cancer Cells, and its Mechanism: An Investigation Using Network Pharmacology-Based Analysis.
Biomolecules 2019, 26:1-16.

24. Yan-Hua Bi L-hZ, Shao-jun Chen, et al.: Antitumor Mechanisms of Curcumae Rhizoma Based on
Network Pharmacology. Evid Based Complement Alternat Med 2018, 2018:1-9.

25. Mee-Young Lee I-SS, Woo-Young Jeon, Lim HS, Kim JH, Ha H.: Pinellia ternata Breitenbach
attenuates ovalbumin-induced allergic airway in�ammation and mucus secretion in a murine model
of asthma. Immunopharmacol Immunotoxicol 2013, 35(3):410-418.

2�. Wang M YX, Zhao JW, Lu CJ, Zhu W: Structural characterization and macrophage
immunomodulatory activity of a novel polysaccharide from Smilax glabra Roxb. Carbohydr Polym
2017, 156:390-402.



Page 13/17

27. Bui TT PC, Kim SM, Song CH, Shin HS, Lee CH, Chai OH: Citrus tachibana Leaves Ethanol Extract
Alleviates Airway In�ammation by the Modulation of Th1/Th2 Imbalance via Inhibiting NF-κB
Signaling and Histamine Secretion in a Mouse Model of Allergic Asthma. J Med Food 2017,
20(7):676-684.

2�. Liu LW XQ, Zhao X, Tan M, Lu Y, Dong YM, Dai C, Zhang Y.: Proteomic Analysis Provides Insights Into
the Therapeutic Effect of GU-BEN-FANG-XIAO Decoction on a Persistent Asthmatic Mouse Model.
Front Pharmacol 2019, 10:441.

29. P BL: Marie-Ève Boulay. Asthma-related comorbidities. Expert Review of Respiratory Medicine 2011,
5:377-393.

30. Otha K YM, Akiyama K, et al.: Japanese guideline for adult asthma. Allergol Int 2011, 60:115-145.

31. Fehrenbach H WC, Wegmann M: Airway remodeling in asthma: what really matters. Cell & Tissue
Research 2017, 367:551-569.

32. Zhu weina Lh, Li hongyan,et al.: Effect of Huanglong Zhike Oral Liquid on Anti-airway In�ammation
in Rats with Cough Variant Asthma Model. Chinese patent medicine 2016, 38:2030-2035.

33. Zhang R LW, Liang Z , et al.: Eotaxin and IL-4 levels are increased in induced sputum and correlate
with sputum eosinophils in patients with nonasthmatic eosinophilic bronchitis. Medicine 2017,
96:6492.

34. Provost Véronique AL, Franois C, et al.: Leukotriene D4 and Interleukin-13 Cooperate to Increase the
Release of Eotaxin-3 by Airway Epithelial Cells. PLoS ONE 2012, 7:e43544.

35. M. S-ATR-NME-A: Osteopontin modulates in�ammation, mucin production, and gene expression
signatures after inhalation of asbestos in a murine model of �brosis. Am J Pathol 2011, 178:1975-
1985.

3�. Sun L CT, LeVine A et al.: Dual role of interleukin-10 in the regulation of respiratory syncitial virus
(RSV)-induced lung in�ammation. Clin Exp Immunol 2013, 172:263-279.

37. Medjo B A-MM, Nikolic D, et al.: Increased Serum Interleukin-10 but not Interleukin-4 Level in Children
with Mycoplasma pneumoniae Pneumonia. J Trop Pediatr 2017, 63(4):294-300.

3�. PJ. ZYB: Chemoattractant-induced signaling via the Ras-ERK and PI3K-Akt networks, along with
leukotriene C4 release, is dependent on the tyrosine kinase lyn in IL-5- and IL-3-primed human blood
eosinophils. J Immunol 2011, 186:516-526.

39. Vignola A M CP, Chiappara G , et al.: Transforming growth factor-beta expression in mucosal biopsies
in asthma and chronic bronchitis. Am J Respir Crit Care Med 1997, 156:591-599.

40. B. Paul VM, B. Chaudhury, et al.: Status of Stat3 in an ovalbumin-induced mouse model of asthma:
analysis of the role of Socs3 and IL-6. Int Arch Allergy Immunol 2009, 148:99-108.

41. Tang L Y HM, Meng Z , et al.: Transforming Growth Factor-β (TGF-β) Directly Activates the JAK1-
STAT3 Axis to Induce Hepatic Fibrosis in Coordination with the SMAD Pathway. Journal of Biological
Chemistry 2017, 292:4302-4312.



Page 14/17

42. Ji-Hyun Park KMJ, Hyun Jin An, et al.: Pomolic Acid Ameliorates Fibroblast Activation and Renal
Interstitial Fibrosis through Inhibition of SMAD-STAT Signaling Pathways. Molecules 2018, 23:2236.

43. Akira Saito MH, Takahide Nagase.: TGF-β Signaling in Lung Health and Disease. Int J Mol Sci 2018,
19:2460.

Figures

Figure 1

The potential mechanism of ECT in the treatment of asthma. Red �ve-pointed star represented the target
of ECT regulation

Figure 2

Serum in�ammatory cytokine levels of rats (A): represents the IL-4 level in BALF; (B): represents the IL-10
level in BALF; (C): represents the IL-13 level in BALF; (D): represents the TNF-α level in BALF. Data are
expressed as mean±SEM (n=8). (Control: normal-controlled group; Model: model-controlled group; ECT:
ECT treated group; DXMS: positive-controlled group.). Signi�cant differences #P<0.05, ##P<0.01,
###P<0.001, compare with control group; *P<0.05, **P<0.01, ***P<0.001, compare with model group.
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Figure 3

Serum TlgE and OVA sIgE levels of rats (A): represents the TIgE level in serum; (B): represents the OVA
sIgE level in serum. Data are expressed as mean±SEM (n=8). (Control: normal-controlled group; Model:
model-controlled group; ECT: ECT treated group; DXMS: positive-controlled group.). Signi�cant
differences #P<0.05, ##P<0.01, ###P<0.001, compare with control group; *P<0.05, **P<0.01, ***P<0.001,
compare with model group.

Figure 4

Histopathology of bronchial tissue (A): represents the WAi/Pi value of bronchial; (B): represents the
WAm/Pi value of bronchial; (C): represents the N/Pi value of bronchial; (D): represents the HE staining
result of bronchial. Data are expressed as mean±SEM (n=8). (Control: normal-controlled group; Model:
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model-controlled group; ECT: ECT treated group; DXMS: positive-controlled group.). Signi�cant
differences #P<0.05, ##P<0.01, ###P<0.001, compare with control group; *P<0.05, **P<0.01, ***P<0.001,
compare with model group.

Figure 5

Pulmonary imaging of rats Control: normal-controlled group; Model: model-controlled group; ECT: ECT
treated group; DXMS: positive-controlled group.

Figure 6

EOS count in BALF and plasma, ECP and Eotaxin levels in blood of rats (A): represents the morphology of
separated EOS under microscope; (B): represents the morphology of EOS after Wright-Giems staining; (C):
represents the EOS result in serum; (D): represents the ECP level in BALF; (E): represents the Eotaxin level
in BALF. Data are expressed as mean±SEM (n=8). (Control: normal-controlled group; Model: model-
controlled group; ECT: ECT treated group; DXMS: positive-controlled group.). Signi�cant differences
#P<0.05, ##P<0.01, ###P<0.001, compare with control group; *P<0.05, **P<0.01, ***P<0.001, compare
with model group.
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Figure 7

Protein expression of TGF-β/STAT3 pathway (A): represents the protein levels of TGF-β/STAT3 signaling
pathway in BALF; (B): represents the levels of TGF-β/GAPDH (% of control) in BALF; (C): represents the
levels of p-STAT3/STAT (% of control) in BALF; (D): represents the levels of α-SMA/GAPDH (% of control)
in BALF; (E): represents the protein levels of TGF-β/STAT3 signaling pathway in separated EOS cells; (F):
represents the levels of TGF-β/GAPHD (% of control) in separated EOS cells; (G): represents the levels of
p-STAT3/STAT (% of control) in separated EOS cells; (H): represents the levels of α-SMA/GAPDH (% of
control) in separated EOS cells. Data are expressed as mean±SEM (n=8). (Control: normal-controlled
group; Model: model-controlled group; ECT: ECT treated group; DXMS: positive-controlled group.).
Signi�cant differences #P<0.05, ##P<0.01, ###P<0.001, compare with control group; *P<0.05, **P<0.1,
***P<0.001, compare with model group.


