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Purpose: The in-house preparation Qingre Runzao formula (QRRZF) has been used for decades in our hospital to treat asthma with 
good efficacy, but its underlying mechanisms and key components remain unclear. This study aims to elucidate the potential 
mechanisms and key components by which the QRRZF ameliorates asthma.
Methods: UPLC-MS/MS was employed to identify the components of the QRRZF; therapeutic targets were predicted with 
SwissTargetPrediction and Super-Pred. Asthma transcriptomic data were obtained from GEO and differentially expressed genes 
were identified (GSE43696 and GSE147878). Venn analysis yielded potential targets of the QRRZF against asthma. GO and 
KEGG enrichment analyses with Metascape identified key pathways; the pathway-associated proteins served as receptors for 
molecular docking to rank drug-receptor affinities, thereby identifying key anti-asthma components. CETSA was performed on 
16HBE cells cultured in vitro to verify docking results. CCK-8 and ELISA assessed the anti-asthma effects of the key 
components in vitro, and an HDM-induced asthma mouse model evaluated its efficacy in vivo.
Results: A total of 21 components and 827 predicted targets were obtained; 1250 asthma-related targets were extracted from GEO, 
yielding 76 potential therapeutic targets. Enrichment analysis suggested calcium signaling pathway as the main pathway; molecular 
docking showed Deacetyl Ophiopojaponin A (DOA) bound most tightly to Cav2.3, confirmed by CETSA. In vitro experiments 
demonstrated that DOA protected 16HBE cells from damage induced by house dust mites, reducing the levels of inflammatory cytokines 
and alleviating airway inflammation, such IL-6, IL-13, and TNF-α. In vivo experiments showed that DOA reduced inflammatory cell 
infiltration and airway inflammation in the lung bronchioles, protecting the epithelial barrier and demonstrating significant therapeutic 
efficacy. These results indicate that DOA exerts potent anti-asthma effects by inhibiting the Cav2.3 calcium channel.
Conclusion: This study reveals that calcium signaling pathway is the principal mechanism by which QRRZF improves asthma, and 
DOA is the key therapeutic component, which alleviates asthma-induced airway inflammation by inhibiting Cav2.3 expression and 
reducing calcium load in airway epithelial cells.
Keywords: Qingre Runzao formula, asthma, Deacetyl Ophiopojaponin A, CETSA, calcium signaling pathway

Introduction
Bronchial asthma, hereinafter referred to as asthma, is a common chronic inflammatory airway disease characterized by 
airway hyperresponsiveness and variable airflow limitation.1 Clinically, it presents with recurrent symptoms such as 
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wheezing, shortness of breath, coughing, and chest tightness. The global prevalence of asthma is 3.57%,2 with an estimated 
prevalence of 4.2% in China,3 and the incidence is increasing annually. The main pathological features of asthma-induced 
airway inflammation and remodeling. The inflammatory cell infiltration and airway wall structural changes are primary 
obstacles in treating asthma. Currently, the first-line treatment for asthma is low-dose inhale corticosteroids (ICS) combined 
with long-acting β2-agonists (LABA).4,5 ICS control airway inflammation, while LABA dilates the bronchi to relieve 
asthma symptoms, which shows a strong synergistic effect. Notably, in current clinical practice for asthma, physicians are 
often trapped in a box built around controlling patients’ symptoms;6 therefore, these drugs only target symptoms and do not 
alter the fundamental characteristics of the disease. Long-term administration may also lead to side effects such as 
hypokalemia, hypertension, and glucose metabolism disturbances.7,8 Clinical management of asthma and asthma- 
induced airway inflammation still faces formidable challenges, driving a growing number of patients to seek alternative 
therapies such as Traditional Chinese Medicine, acupuncture, and ethnomedicine, etc.

Qingre Runzao formula (QRRZF) is an effective prescription used for over 30 years in treating asthma by renowned 
Yunnan-based traditional Chinese medicine practitioner Lu Jialong. Professor Lu believes that the primary pathogenesis 
of asthma is the internal retention of phlegm-dampness, triggered by external pathogenic factors.9 In QRRZF, mulberry 
leaves, with their uplifting and cooling nature, serve as the chief ingredient to dispel lung dryness and wind-warm 
pathogens. Bitter apricot kernels work as the secondary ingredient, working synergistically with mulberry leaves to 
regulate lung qi. Ladybell root and dwarf lilyturf root tuber moisturize the lungs and stomach to boost fluid production, 
while reed rhizome promotes diuresis and qi transformation. The QRRZF simultaneously nourishes and facilitates fluid 
metabolism, ensuring proper fluid distribution and phlegm elimination. Preliminary clinical studies have shown that 
QRRZF effectively alleviates dry cough in patients.10 Our further research has confirmed that QRRZF prolongs the 
latency period of asthma in mice, reduces leukocyte count, decreases mucus secretion in the airways, lowers MUC5AC 
secretion, and modulates the imbalance of Treg/Th17 cells to alleviate asthma.11 Its mechanisms may be associated with 
the regulation of IL-13, IL-10, and IL-17A levels in bronchoalveolar lavage fluid, as well as serum IgE and Ovalbumin- 
IgE levels.12,13 However, the key components and mechanisms of the QRRZF against asthma remain unclear.

Relying solely on data mining from databases like TCMSP can lead to a skewed assessment of the pharmacological 
relevance of active components. This often results in overly homogenized results in network pharmacology analysis, 
where ubiquitous components such as quercetin, kaempferol, and β-sitosterol are recurrently identified as “panaceas” for 
various diseases.14 Therefore, in this study, UPLC-Q/TOF-MS/MS was used to identify the components of QRRZF, and 
network pharmacology combined with GEO data mining was employed to reveal the core targets and mechanisms of 
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QRRZF against asthma. Molecular docking was performed with core targets as receptors to obtain key components of 
QRRZF, and CETSA was used to verify the binding between the key components and core targets. Finally, the anti- 
asthma potential of the key components was evaluated both in vitro and in vivo. This study integrates multiple 
approaches to identify the key components and mechanisms of the QRRZF against asthma, providing valuable data 
for its further research and clinical application.

Materials and Methods
Reagents
Qingre Runzao formula (Batch No.: SZYY24091503) was prepared by the Department of Pharmacy, Third Affiliated 
Hospital of Yunnan University of Chinese Medicine (Lot: KMSZ-241014), and quality control of QRRZ was conducted 
according to our previous studies (1 mL QRRZ contains 3.94 g crude drugs).13 Deacetyl ophiopojaponin A (DOA) 
standard (Batch No.: MUST-24110709, purity > 98%) was purchased from Chengdu MUST Bio-technology Co., Ltd. 
House dust mites (D. pteronyssinus, HDM) (Lot: XPB82D3A2.5) were obtained from Greer Labs (North Carolina, 
America). Fetal bovine serum (Batch No.: A5256701) was purchased from Gibco (USA). KM (Batch No.: #2101) was 
purchased from ScienCell Research Laboratories (USA). 12% SDS-PAGE precast gels (Batch Nos.: P0056B), RIPA lysis 
buffer (Batch Nos.: P0013B), primary antibody dilution solution (Batch Nos.: P0023A), CCK-8 kit (Batch Nos.: C0038), 
BCA protein assay kit (Batch Nos.: P0012S), and HRP-labeled secondary antibody (Batch Nos.: A0208) were purchased 
from Shanghai Beyotime Biotechnology Co., Ltd. The ELISA kits (IL-6: Batch No.: LK-EK106, IL-13: Batch No.: LK- 
EK113, TNF-α: Batch No.: LK-EK182) were obtained from MultiSciences Biotech Co., Ltd. The Cav2.3 rabbit 
polyclonal antibody (Batch No.: ab230640) and GAPDH antibody (Batch No.: ab128915) were purchased from Abcam.

UPLC-Q/TOF-MS Analysis
Sample Preparation: 100μL of QRRZF was mixed with 200μL of methanol, vortexed for 3 minutes, and then centrifuged 
at 3000 rpm for 10 minutes at 4°C. The supernatant was collected and filtered using a 0.22μm filter membrane. The 
filtered sample was then transferred to an autosampler vial for analysis. The instruments used included the X500B Q/TOF 
system from AB SCIEX and ACQUITY UPLC I-Class system from Waters. The mass spectrometry data were processed 
using SCIEX OS software. A drug component database was constructed by reviewing literature and chemical databases. 
The collected mass spectrometry data were then compared with the database constructed to identify the components.

Chromatographic conditions: The chromatographic column used was ACQUITY UPLC® HSS T3 (2.1×100 mm, 1.8 μm). 
The mobile phase consisted of A: acetonitrile and B: 0.1% formic acid in water. The gradient elution program was as follows: 
0–2 min, 5% A; 2–10 min, 5% A → 12% A; 10–25 min, 12% A → 25% A; 25–35 min, 25% A → 40% A; 35–40 min, 40% 
A → 60% A; 40–45 min, 60% A → 90% A; 45–50 min, 90% A → 95% A; Post-run: 50–52 min, 95% A → 5% A. The column 
temperature was set at 30°C, the injection volume was 5μL, and the flow rate was 0.3 mL/min.

Mass spectrometry conditions: The ion source used was an Electrospray Ionization (ESI) source, performing both 
positive and negative ion scanning. The ion source temperature was set to 280°C, and the nebulizer temperature was 350°C. 
The curtain gas pressure was 35 psi. The spray voltage was 5 kV (positive ion mode) and −4 kV (negative ion mode). The 
declustering potential was 70 V. The full scan range was m/z 80~1500.

Identification of Potential Targets
Chemical structures of drug components were downloaded from PubChem and imported into SwissTargetPrediction and 
Super-Pred to predict relevant targets. Transcriptomic data associated with asthma were then collected from GEO, 
including GSE43696 and GSE147878. The GSE43696 dataset comprises 20 normal bronchial epithelial cell samples and 
88 bronchial epithelial cell samples from asthma patients. The GSE147878 dataset comprises 13 normal endobronchial 
biopsy samples and 60 endobronchial biopsy samples from asthma patients. After annotating the data, differentially 
expressed genes were identified using the Limma program. For the GSE43696 dataset, the screening criteria for 
differential expression were |fold change| ≥ 1.5, P ≤ 0.05, and FDR ≤ 0.05. For the GSE147878 dataset, the screening 
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criteria were |fold change| ≥ 1.3, P ≤ 0.05, and FDR ≤ 0.05. All targets were standardized in the Uniport database, and 
Venn analysis identified potential targets of QRRZF ameliorates asthma.

GO and KEGG Enrichment Analyses
GO and KEGG enrichment analysis can quickly elucidate the mechanisms associated with the identified targets. Potential 
targets were imported into the MetaScape for GO and KEGG enrichment analysis, using Homo sapiens as the analysis species 
and P < 0.05 as the screening criterion. The results were ranked by P-value and visualized using the ggplot2 package.

Molecular Docking
The above results suggest that QRRZF may exert its effects through the calcium ion signaling pathway. Therefore, we 
selected calcium ion channel proteins as receptors and downloaded protein structure files from the PDB, including N-, R- 
, P/O-, and L-type calcium ion channels (PDB IDs: 7MIX, 7XLQ, 8FOA, and 8WE6). The proteins were preprocessed 
using PyMol to remove water molecules and add hydrogen atoms. The CASTp 3.0 was used to identify the binding 
pockets for molecular docking. The chemical structures of the QRRZF components were downloaded from PubChem, 
and molecular docking was performed using AutoDock 1.5.7 with default parameters. The docking results were ranked 
by binding energy and visualized using a heatmap. A lower binding energy indicates a tighter binding between the 
compound and the protein. Finally, the top three compounds with the lowest binding energy were visualized for their 
binding conformations using PyMOL.

Cell Culture
Complete culture medium was prepared by supplementing KM with 10% fetal bovine serum and 1% penicillin- 
streptomycin. 16HBE cells were seeded in the complete medium and incubated in a humidified cell culture incubator at 
37°C with 5% CO2. When the cells reached 80% confluence, they were passaged. Based on previous studies, the asthma 
cell model was established using the house dust mite (HDM) method. Specifically, when the cells reached 60% confluence, 
they were treated with 10μg/mL HDM for 12 hours to establish cell model of asthma-induced airway inflammation.

Western Blotting
Proteins were extracted from cells and tissues using RIPA buffer containing PMSF. The proteins were loaded onto a 12% 
SDS-PAGE gel for electrophoretic separation, with the following voltage conditions: 80V for 30 minutes and 120V for 
1 hour. After electrophoresis, the proteins were transferred to a PVDF membrane at 0.4 mA for 5 hours. Following 
transfer, the membrane was blocked using a rapid blocking solution without protein, then incubated overnight at 4°C with 
the primary antibody (diluted 1:2000). After incubation, the membrane was washed three times with TBST, followed by 
incubation with the secondary antibody (diluted 1:1000) at room temperature for 2 hours. The membrane was washed 
again with TBST three times and then detected using ECL reagent for chemiluminescence. The images were captured 
using gel imaging system. Finally, the protein band density was quantified using ImageJ, with GAPDH as the internal 
control for calculating the relative expression of the target protein.

CETSA Assay
Human bronchial epithelial cells (16HBE cells) (Batch No.: ARIS241205) were purchased from ORiCells Biotechnology 
(Shanghai) Co., Ltd. The cells in the logarithmic growth phase were seeded into T75 culture flasks. Once the cells 
reached confluence, they were collected and lysed on ice using RIPA buffer to obtain cell lysates. The lysates were 
evenly divided into two portions. One portion was incubated with the drug for 30 minutes, and the other was treated with 
DMSO. After incubation, both portions were further divided into six aliquots and centrifuged at 17,400 g for 10 minutes 
to collect the supernatant. The supernatants were then treated at 38, 44, 50, 56, 62, and 69°C for 10 minutes, followed by 
the addition of protein loading buffer. Western blotting was used to detect the expression levels of the target protein. The 
results were analyzed using the Boltzmann sigmoidal function in GraphPad Prism.
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CCK-8 Assay
16HBE cells in the logarithmic growth phase were seeded at a density of approximately 5 × 103 cells/well in a 96-well plate. 
The cells were divided into the control, model, and treatment groups. All groups, except for the control group, were treated 
with 10μg/mL HDM. After 12 hours of incubation, the treatment group was exposed to different concentrations of DOA 
(5μM, 10μM, 20μM, 40μM, 80μM, and 160μM). After 24 hours, 10 μL of CCK-8 reagent was added to each well and 
incubated for 2 hours. The absorbance at 450 nm was measured using a microplate reader, and the results were calculated.

ELISA
16HBE cells in the logarithmic growth phase were seeded at a density of approximately 2 × 104 cells/well in a 6-well 
plate. Cells were divided into control group, model group, DOA treatment group, and positive control group. All groups 
except the control group were stimulated with 10 μg /mL HDM, and then treated with 20 μM or 40 μM DOA. In the 
positive control group, 40 μM DXM was administered in place of DOA. After 24 hours of drug treatment, the cell culture 
supernatants were collected. The levels of TNF-α, IL-6, and IL-13 in the supernatants were measured according to the 
manufacturer’s instructions. The results were analyzed and visualized using GraphPad Prism software.

Ca2+ Microfluorimetry
The level of Ca2+ in 16HBE cells was detected using fluorescent indicator Fluo-4AM (Fluo-4, Thermo Fisher Scientific). 
First, mix Fluo-4 AM/DMSO solution with 20% Pluronic F127 solution at 1:1 ratio; dilute with HBSS buffer to obtain 
5 µM working solution; incubate working solution with cells in 37 °C incubator for 20 min; then add 5 volumes HBSS 
buffer containing 1% FBS, and continue incubation for 40 min to complete dye loading. After staining, wash cells 3 
times with HEPES buffer saline, then resuspend cells in HEPES buffer saline and adjust cell density to 1×105 cells/mL. 
Equilibrate cell suspension at 37 °C for 10 min, then detect cellular Ca2+ level by flow cytometry; set fluorescence 
detection parameters to excitation wavelength 506 nm, emission wavelength 526 nm.

Cav2.3 Overexpression Plasmid Construction and Cell Transfection
Using human total cDNA as template, the target gene fragment was amplified with gene-specific primers: Cav2.3-F: 
CCTCAGGATGGCTCGCTTC; Cav2.3-R: GAGCAGCCTCTAGCATTTGTCA. Then high-fidelity PCR was performed with 
vector-homology primers: upstream primer (Cav2.3-HF): CAAGTTAACAACAAGGATCCATGGCTCGCTTCGGGGA; 
downstream primer (Cav2.3-HR): CTAAATCCAGTGACCTCGCTAGCATTTGTCATCTTCTTCCGTGTC. The pHBAAV- 
CMV vector was double-digested with BamHI and XhoI (NEB), and the linearized vector was recombined with the gene fragment 
by In-Fusion cloning. The recombination product was added to DH5α competent cells, positive colonies were selected with 
ampicillin, and plasmid correctness was verified by Sanger sequencing. For cellular Cav2.3 over-expression, the plasmid was 
transfected into cells with Lipo3000; for in vivo over-expression, the plasmid was packaged into AAV, and Cav2.3 AAV was 
delivered by tail-vein injection. Finally, Western blot was used to confirm Cav2.3 overexpression efficiency.

Animal Experiment Procedures and Treatment
Five-week-old BALB/c mice, weighing 20 ± 2 g, were purchased from Shanghai Yishang Biotechnology Co., Ltd. 
[License No.: SCXK (Hu) - 2022-0011]. All animals were housed in a constant temperature environment at 24°C with 
a 12-hour light/dark cycle and free access to food and water. The study was conducted in strict accordance with ARRIVE 
2.0 guidelines to ensure the ethical use of animal research. The animal experiments were approved by the Animal Ethics 
Committee of Yunnan University of Chinese Medicine [Ethics No.: R-062022G105].

A total of 30 BALB/c mice were divided into the control group, model group, high- and low-dose DOA groups, and 
the positive control group (n=6). Except for the CTL mice, all animals received a single tracheal injection of 3 μg HDM 
on day 1. From day 7 onward, they were challenged intranasally with 10 μg HDM once daily for five consecutive days. 
After successful modeling, the high- and low-dose DOA groups received 20 mg/kg/d and 10 mg/kg/d of DOA treatment, 
respectively, and dexamethasone (DXM) at 1.56 mg/kg/day. All drugs were administered via intraperitoneal injection. 
The BALF was collected after the airway hyperresponsiveness assessment, then the mice were euthanized with deep 
isoflurane (5%) anesthesia, and the lung bronchial tissue was harvested.
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Airway Hyper-Responsiveness Assessment
Airway hyper-reactivity was measured without invasion using whole-body plethysmography, with enhanced pause (Penh) as 
the readout. Conscious mice were positioned in a WBP-4M chamber (TOW-INT, China) and exposed for 60s to nebulized 
methacholine at stepwise concentrations of 3.25, 7.5, 15, and 30 mg mL−1. Penh was recorded every 10s during the 5 min that 
followed each exposure; the mean of the final 30 recordings was assigned as the response for that concentration.

Bronchoalveolar Lavage Fluid (BALF) Collection and Analysis
Following the last dose, the chest was accessed through an abdominal approach. With the right bronchus occluded, 
a V-cut was made in the main bronchus; 0.3 mL ice-cold PBS was gently infused into the left lung via a syringe and 
withdrawn three times. Fluid recovering ≥70% was accepted as bronchoalveolar lavage fluid (BALF), centrifuged (4 °C, 
2000 rpm, 5 min), split into aliquots and kept at –80 °C. A 10 μL aliquot of the cell suspension was taken from the pellet 
and subjected to cell counting under an inverted microscope to determine the total cell count. In addition, a 20 μL aliquot 
of the cell suspension was stained according to the Wright-Giemsa staining instructions to count the numbers of 
lymphocytes, neutrophils, and eosinophils in the BALF.

Histopathological Examination and Immunohistochemical Staining
Lung bronchial tissues from mice were collected for histopathological examination. The tissues were first embedded in 
paraffin and sectioned into 5μm slices. H&E, Masson, and PAS staining were performed on the tissue sections. In 
addition, immunohistochemical staining was used to detect the expression of ZO-1 in the bronchi. All pathological 
examinations and staining procedures were outsourced to Shanghai Ruiyu Biotechnology Co., Ltd.

Statistical Analysis
All statistical analyses were performed using GraphPad Prism. Comparisons between two groups were made using the 
t-test, while comparisons among multiple groups were performed using one-way ANOVA. Results are presented as Mean 
± SEM, and p < 0.05 was considered statistically significant.

Results
Chemical Component Identification and Target Prediction of QRRZF
The chemical components of QRRZF were analyzed using UPLC-Q/TOF-MS (Figure 1). From the total ion chromato
gram, 21 components of QRRZF were identified (Table 1). The chemical structures of these 21 components were 
obtained from the PubChem, and these components were then imported into databases such as Super-Pred and 
SwissTargetPrediction. A total of 827 targets for QRRZF were predicted.

Identification of Potential Targets of QRRZF in Alleviating Asthma
Asthma-related transcriptomic data were obtained from GEO. Differential analysis was performed to identify differen
tially expressed genes in asthma, including GSE43696 (Figure 2A) and GSE147878 (Figure 2B). After merging these 
differentially expressed genes, a total of 1250 asthma-related targets were identified. Venn analysis was then conducted 
between the targets of QRRZF and the 1250 asthma-related targets, resulting in 76 intersecting targets (Figure 2C), and 
Figure 2D depicts the interplay among the 76 targets. Results show that these 76 targets represent the potential 
therapeutic targets of QRRZF against asthma.

GO and KEGG Enrichment Analysis of Potential Targets
GO and KEGG enrichment analysis of the potential targets was performed using Metascape. The GO enrichment analysis 
indicated that these potential targets are mainly associated with biological processes such as protein phosphorylation, 
MAPK cascade regulation, and protein kinase activity (Figure 3A). The KEGG enrichment analysis revealed that 
QRRZF primarily alleviates asthma by modulating the calcium ion signaling pathway (Figure 3B).
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DOA is the Key Component of QRRZF in Alleviating Asthma
In summary, QRRZF may alleviate asthma by modulating the calcium ion signaling pathway. Common calcium ion 
channel proteins include L-type, N-type, and R-type channels. Therefore, in this study, four types of calcium ion channel 
proteins were selected from the PDB as receptors, and 21 components of QRRZF were used as ligands for molecular 

Figure 1 Total ion chromatogram of QRRZF under positive and negative ion modes by UPLC-MS/MS.

Table 1 The Identification Components of QRRZF by UPLC-MS/MS Analysis

Peak No. RT (min) Compound Formula Calculated 
(Da)

Selected Ion Mass Accuracy 
(ppm)

MS/MS

1 0.86 Quinic acid C7H12O6 191.0560 [M-H]− 2.09 173.0462/109.0289/93.0344

2 1.65 Guanosine C10H13N5O5 284.1004 [M+H]+ 3.17 152.0563/135.0302

3 2.76 Phenylalanine C9H11NO2 166.0869 [M+H]+ 0.60 120.0809/103.0543/77.0386

4 5.93 Neochlorogenic acid C16H18O9 353.0873 [M-H]− 0.00 191.0561/179.0349/135.0453

5 5.95 Tryptophan C11H12N2O2 203.0825 [M-H]− 1.97 142.0661/116.0506/74.0247

6 9.06 Chlorogenic acid C16H18O9 353.0873 [M-H]− 0.00 191.0562

7 9.75 Cryptochlorogenic acid C16H18O9 353.0875 [M-H]− 0.57 191.0563/173.0454/135.0451

8 13.83 p-Coumaric acid C9H8O3 163.04 [M-H]− 3.07 119.0503/93.0346

9 15.93 Ferulic acid C10H10O4 193.0501 [M-H]− 0.00 178.0270/134.0375

10 18.65 Rutin C27H30O16 609.1455 [M-H]− −0.16 300.0270/271.0244/255.0296

11 19.44 Isoquercitrin C21H20O12 463.0878 [M-H]− 0.22 300.0277/271.0249/255.0304

12 21.11 Naringin C27H32O14 579.1717 [M-H]− 0.52 271.0616/151.0039

13 21.69 Kaempferol-3-O-rutinoside C27H30O15 593.1507 [M-H]− 0.00 285.0404/255.0295

14 22.38 Astragalin C21H20O11 447.0931 [M-H]− 0.67 285.0405/255.0300/227.0351

(Continued)
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docking. The results showed that these components generally exhibited higher binding energy with R-type calcium 
channel protein Cav2.3 (PDB ID: 7XLQ) than with other calcium ion proteins. Among them, DOA showed the strongest 
binding to Cav2.3, with a binding energy of −11.6 kcal/mol (Figure 4A). PyMOL was then used to visualize the binding 
conformation of DOA with Cav2.3, showing that DOA mainly binds to Cav2.3 through the ALA-324 and ARG-1642 
sites (Figure 4B). These results suggest that QRRZF exerts its therapeutic effects on asthma primarily by regulating 
Cav2.3, with DOA being the key active component.

CETSA is a common method to detect the binding of small molecules to proteins. Therefore, we further examined the 
binding of DOA to Cav2.3 using CETSA. The results showed that DOA treatment increased the thermal stability of 
Cav2.3, inhibited its degradation, and caused a rightward shift in the protein denaturation curve (Figure 4C and D). This 
indicates that DOA can tightly bind to Cav2.3.

Table 1 (Continued). 

Peak No. RT (min) Compound Formula Calculated 
(Da)

Selected Ion Mass Accuracy 
(ppm)

MS/MS

15 22.95 Peimine C27H45NO3 432.3483 [M+H]+ 1.39 414.3349/398.3044

16 23.02 Hesperidin C28H34O15 609.1817 [M-H]− −0.49 325.0720/301.0712/286.0484

17 24.04 Peiminine C27H43NO3 430.3336 [M+H]+ 3.49 412.3198/396.2895

18 36.73 Nobiletin C21H22O8 403.1401 [M+H]+ 1.98 388.1148/373.0906

19 38.43 Tangeretin C20H20O7 373.1292 [M+H]+ 1.34 358.1043/343.0807

20 39.68 Ophiopogonin D C44H70O16 899.4609 [M+HCOO]− −3.56 853.4574/721.4165/575.3542

21 38.86 Deacetyl ophiopogonin A C46H72O18 957.4691 [M+HCOO]− −0.52 911.4617/869.4502/737.4117

Figure 2 Screening of potential therapeutic targets of QRRZF for asthma. (A and B): Volcano plots of differential expression in datasets GSE43696 and GSE147878; red 
indicates up-regulated genes and green indicates down-regulated genes; (C) Venn analysis identified 76 potential targets through which QRRZF may ameliorate asthma; (D) 
Protein–protein interaction network of the 76 potential targets, As the Degree value decreases, the colors descend from red to yellow and circles shrink.
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DOA Inhibits Cav2.3 and Reduces Intracellular Ca2+ Levels to Ameliorate Asthma 
in vitro
An asthma cell model was established in vitro using HDM-treated 16HBE human bronchial epithelial cells, followed by 
treatment with DOA to evaluate its effect on alleviating asthma. The results showed that HDM significantly inhibited the 
proliferation of 16HBE cells, while DOA significantly promoted cell proliferation (Figure 5A). Then, Fluo-4 AM was 

Figure 3 GO (A) and KEGG (B) enrichment analyses of potential targets.

Figure 4 Molecular docking to identify key components of QRRZF in alleviating asthma. (A) Binding energies of 21 QRRZF components docked to the four calcium-channel 
proteins; As the binding energy increases, the color-coded from red to blue; (B) 3D binding pose of DOA within the Cav2.3 protein; (C and D) CETSA assay confirming the 
tight interaction between DOA and Cav2.3 (n=3).
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used to monitor intracellular Ca2+ in 16HBE cells. The results showed that compared with the control, HDM challenge 
produced a marked rise in Fluo-4 fluorescence, indicating Ca2+ overload. DOA treatment lowered the intracellular Ca2+ 

signal, demonstrating that DOA can alleviate HDM-induced Ca2+ overload (Figure 5B). ELISA results indicated that 
HDM significantly upregulated the levels of IL-6, IL-13, and TNF-α, whereas DOA significantly inhibited these levels 
and relieved airway inflammation in asthma (Figure 5C–Figure 5E). Finally, Western blot was used to evaluate the effect 
of DOA on Cav2.3 expression. The results showed that DOA treatment markedly reduced Cav2.3 levels in 16HBE cells 
(Figure 5F and Figure 5G).

Figure 5 DOA alleviates asthma by suppressing Cav2.3 expression and lowering intracellular Ca2+ in 16HBE cells. (A) CCK-8 assay for DOA effect on HDM-stimulated 
16HBE proliferation (n = 3); (B) Flow-cytometric quantification of intracellular Ca2+ after DOA treatment (n = 3); (C–E) ELISA measurement of DOA-induced reduction in 
IL-6, IL-13 and TNF-α levels in 16HBE cells; (F and G) Western blot detects Cav2.3 expression after DOA treatment (n = 3). All data are presented as Mean ± SEM; 
compared with the Model group: * P < 0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001.
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To further demonstrate the pivotal role of Cav2.3 in DOA-mediated amelioration of asthma, we next evaluated the 
impact of Cav2.3 overexpression in 16HBE cells on the efficacy of DOA (Figure 6A and B). The results showed that 
overexpressing Cav2.3 significantly enhanced the inhibitory effect of DOA on Cav2.3 expression (Figure 6C and D). 
Flow-cytometric analysis further revealed that, compared with the DOA-only group, Cav2.3 overexpression elevated 
intracellular Ca2+ levels (Figure 6E). Additionally, CCK-8 assays showed that Cav2.3 overexpression reversed the 
protective effect of DOA on HDM-stimulated 16HBE cells (Figure 6F), and ELISA results indicated that, compared 
with DOA treatment alone, Cav2.3 overexpression exacerbated airway inflammation (Figure 6G–I). Overall, these 
findings indicate that DOA possesses promising therapeutic potential against asthma by alleviating airway inflammation 
via suppression of Cav2.3 expression and is a promising candidate for asthma therapy.

DOA Exhibits Strong Anti-Asthma Effects in vivo
The therapeutic effect of DOA was further evaluated in an asthma mouse model, and Figure 7A illustrates the workflow 
of the animal experiment. The results showed that DOA treatment significantly attenuated airway hyperresponsiveness in 
asthma mice (Figure 7B). ELISA results show that DOA can reduce the levels of Ig-E, IL-6, IL-13, and TNF-α in BALF 
(Figure 7C–F). Additionally, analysis of cell counts in BALF revealed that DOA treatment significantly reduced the total 
cell count, as well as the numbers of lymphocytes, neutrophils, and eosinophils in BALF (Figure 7G–J). H&E staining 
results showed that, compared to the control group, the model group exhibited extensive inflammatory cell infiltration 

Figure 6 Cav2.3 overexpression reverses the anti-asthma efficacy of DOA. (A and B) Western blot verification of Cav2.3 overexpression efficiency (n = 3); (C and D) 
Western blot showing that Cav2.3 overexpression enhances DOA-mediated suppression of Cav2.3 (n = 3); (E) The DOA-induced reduction in intracellular Ca2+ is abolished 
when Cav2.3 is overexpressed (n = 3); (F) CCK-8 assay of cell proliferation after Cav2.3 overexpression (n = 3); (G–I) Impact of Cav2.3 overexpression on inflammatory 
cytokines IL-6, IL-13 and TNF-α levels in 16HBE cells (n = 3). All data are presented as Mean ± SEM; compared with the Model group: * P < 0.05; ** P < 0.01; *** P < 0.001; 
**** P < 0.0001.
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Figure 7 DOA alleviates asthma pathological symptoms. (A) Schematic diagram of the animal experiment; (B) Pulmonary function assessment (n=6); (C) ELISA detection of 
IgE in serum (n=3); (D–F) ELISA detection of IL-6, IL-13 and TNF-α in BALF (n=3); (G–J) Cellular analysis in BALF, including total cells, neutrophils, eosinophils, and 
lymphocytes (n=6); (K) H&E staining of bronchioles (n=3); (L) Masson staining of bronchioles (n=3); (M) ZO-1 expression levels in bronchioles (n=3). All data are presented 
as Mean ± SEM; compared with the Model group: * P < 0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001.
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around the alveolar septa and bronchioles, while the DOA-treated group showed a significant reduction in lung lesions 
(Figure 7K). Masson staining revealed that the alveolar septa in the model group were thickened, with widespread 
fibrosis around the alveolar septa and bronchioles. In contrast, the DOA-treated group exhibited reduced alveolar septal 
thickness and significantly alleviated fibrosis and lung damage (Figure 7L). Finally, immunohistochemical staining for 
ZO-1 was used to assess the therapeutic effects of DOA on bronchial epithelial barrier damage. The results showed that, 
in the model group, bronchial epithelial cells were loosely arranged with decreased ZO-1 signals at the apical sites of 
epithelial cells. In the DOA-treated group, the bronchial epithelial cells were tightly arranged, with continuous, dotted 
positive signals at the cell junctions (Figure 7M). These results confirm that DOA can alleviate asthma-induced airway 
inflammation in vivo and has a promising anti-asthma potential.

Discussion
Asthma is a common chronic inflammatory airway disease with recurrent and difficult-to-cure symptoms, severely affecting 
the quality of life of patients.15 TCM offers significant advantages in treating asthma due to its multi-level, multi-target, and 
systematic regulation, along with relatively low toxicity and side effects.16 QRRZF is an effective prescription for treating 
asthma over 30 years developed by renowned TCM practitioner Lu Jialong, and was improved into an in-house preparation at 
Kunming Municipal Hospital of Traditional Chinese Medicine. Extensive clinical practice has confirmed the formula’s good 
efficacy in alleviating asthma. Additionally, our previous studies have confirmed the anti-asthma effects of the QRRZF in 
a mouse model, though its therapeutic components and molecular mechanisms remain unclear. In this study, UPLC-Q/TOF- 
MS was used to identify the chemical components of QRRZF. Network pharmacology, molecular docking, CETSA, and 
in vitro experiments were employed to elucidate the molecular mechanisms by which QRRZF alleviates asthma. The results 
indicate that the QRRZF alleviates asthma by inhibiting the calcium ion signaling pathway, and DOA is the key component of 
the QRRZF. DOA exerts its effects by targeting and binding to R-type calcium channel protein Cav2.3, thereby inhibiting 
airway inflammation and relieving asthma. Notably, according to a document from the European Academy of Allergy and 
Clinical Immunology (EAACI), allergic asthma resulting from airway epithelial barrier damage is classified as type 
V hypersensitivity. This type is characterized by impaired epithelial barrier function, which promotes immune system 
activation and subsequently leads to chronic inflammation. Additionally, chemical-mediated type VII hypersensitivity may 
also be one of the mechanisms of this study.17 The mechanisms by which DOA improves HDM-induced allergic asthma 
remain to be further elucidated in future studies.

Numerous studies have shown that calcium ion channels play a crucial role in asthma. Calcium channel blockers can 
significantly reduce cough, airway obstruction, and airway remodeling in patients.18,19 Currently, calcium channel 
blockers are mainly dihydropyridines, such as felodipine, nifedipine, and amlodipine. Studies have shown that the 
L-type calcium channel blocker felodipine can inhibit airway remodeling, thereby alleviating asthma.20 Although some 
studies have reported good therapeutic effects of dihydropyridines, the application of these drugs is greatly hindered by 
side effects such as myalgia, arthralgia, headache, and cardiovascular issues. Additionally, due to individual differences 
and prolonged inhibition, dihydropyridines can lead to calcium channel blocker toxicity, resulting in bradycardia or even 
cardiogenic shock.21 The genotype of α1 in the Cavα1 determines calcium ion channel subtypes, which are classified into 
three families: Cav1, Cav2, and Cav3. Cav2.3, a member of the Cav2 family corresponding to the R-type calcium 
channel, is primarily expressed in brain tissue and regulates neurotransmitter release. SNX-482 is a selective Cav2.3 
inhibitor that is distinct from dihydropyridines. However, there have been no studies on SNX-482 in asthma, and existing 
research has mainly focused on its analgesic and sedative effects. Notably, a recent study showed that while SNX-482 
inhibits Cav2.3 to alleviate postoperative pain in mice, it can also induce detectable side effects such as hyperactivity and 
reduced motor sensitivity, raising concerns about its safety.22 Given that Cav2.3 mainly regulates neurotransmitter 
release, we speculate that Cav2.3 inhibitors could have a central antitussive effect to alleviate asthma. Currently, central 
antitussive drugs, such as codeine hydrochloride, are commonly used but are associated with unavoidable side effects, 
such as addiction and drowsiness. In conclusion, these findings suggest that inhibiting the calcium ion signaling pathway 
is an effective strategy for treating asthma, but there is an urgent need to develop safer and more effective Cav2.3 
inhibitors for asthma treatment.
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Ophiopogon japonicus (L. f). Ker Gawl. is a commonly used TCM with functions such as nourishing yin, generating 
body fluids, moistening the lungs, and relieving cough. It is often used to treat symptoms of lung and stomach yin 
deficiency, including thirst, dry cough, and hemoptysis.23 Studies have reported that dwarf lilyturf root tuber can improve 
and prevent asthma by inhibiting the MAPK/NF-κB pathway.24 Phytochemical research indicates that the main active 
component of dwarf lilyturf root tuber is ophiopogonin saponin.25 Previous studies have shown that ophiopogonin 
saponins have various biological activities, including antitussive, anti-inflammatory, anti-asthma, and antioxidative 
effects.25–27 For example, ophiopogonin D has been reported to ameliorate acute lung lesions by promoting STAT3- 
dependent A20 expression and ASK1 degradation, exhibiting strong anti-inflammatory activity.28 Other studies have 
reported that ophiopogonin D can alleviate inflammation in alveolar epithelial cells by activating the AMPK/NF-κB 
pathway.29 Notably, ophiopogonin D has demonstrated significant antitussive effects, primarily by inhibiting the 
depolarization of acetylcholine in airway paraneurons, selectively activating K-channels, and reducing parasympathetic 
control of airway function.30 Formulas containing dwarf lilyturf root tuber, such as Ophiopogon decoction and Sha Radix 
Ophiopogon decoction, are widely reported to be used for treating cough caused by bronchitis, asthma, and 
pharyngitis.31,32 These studies suggest that dwarf lilyturf root tuber and its active component ophiopogonin saponins, 
especially ophiopogonin D, have good therapeutic potential for alleviating asthma. Interestingly, our study found through 
molecular docking that DOA tightly binds to Cav2.3. The results revealed that DOA can target and bind Cav2.3 to inhibit 
the calcium ion signaling pathway and airway inflammation, marking the first report of DOA’s potential as a therapeutic 
agent for asthma. It is worth noting that QRRZF has been used in clinical treatment for asthma for decades without any 
reported adverse effects, and there have been no reports of adverse effects associated with dwarf lilyturf root tuber itself. 
These results suggest that, compared to existing calcium channel blockers, DOA may have better safety. However, there 
is limited research on DOA, and further studies are needed to confirm its in vivo anti-asthma effects and elucidate the 
potential downstream molecular mechanisms through targeting Cav2.3 to alleviate asthma.

In summary, this study identified 21 components from QRRZF and selected DOA as the key active component, but 
the components of QRRZF remain to be fully identified. Moreover, there are still some limitations in this study: 1) 
Although CETSA confirmed the binding of DOA to Cav2.3, further experiments such as SPR, MST, and BLI are needed 
to assess the binding more thoroughly. 2) This study focuses only on the role of QRRZF and DOA in airway epithelial 
cells in HDM-induced allergic asthma. However, beyond classic type 2 asthma, studies have shown that airway epithelial 
cells also play important roles in the progression of non-type 2 and mixed asthma.;33,34 therefore, future studies should 
also focus on the efficacy of QRRZF and DOA in non-type 2 asthma and mixed asthma. 3) Future studies should also 
include transcriptomics and proteomics to elucidate the downstream molecular mechanisms by which DOA targets and 
inhibits Cav2.3 to alleviate asthma. Collectively, DOA exerts its anti-asthma effects by targeting and binding Cav2.3, 
inhibiting the calcium signaling pathway and airway inflammation. This provides additional evidence for further research 
and clinical application of the QRRZF. However,

Conclusion
Overall, this study is the first to integrate UPLC-Q/TOF-MS/MS analysis, network pharmacology, and experimental 
validation to reveal the molecular mechanisms of QRRZF against asthma and identify DOA as the key active component. 
This study also preliminarily assessed the anti-asthma potential of DOA, providing a new potential therapeutic strategy 
for asthma.
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