
O R I G I N A L  R E S E A R C H

Study on the Mechanism of Artesunate in 
Modulating AR Epithelial Injury and Th2-Type 
Inflammatory Status
Youwei Bao *, Zhiqiang Zhang*, Binbin Shi, Qi Chen , Ying Zhang, Xinhua Zhu

Department of Otorhinolaryngology Head and Neck Surgery, The second Affiliated Hospital of Nanchang University, Jiangxi Medical College, 
Nanchang University, Nanchang, Jiangxi, 330006, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Xinhua Zhu, Department of Otorhinolaryngology Head and Neck Surgery, The second Affiliated Hospital of Nanchang University, 
Jiangxi Medical College, Nanchang University, Nanchang, Jiangxi, 330006, People’s Republic of China, Email entzxh@126.com

Objective: To evaluate the therapeutic efficacy of Artesunate (ART) in a mouse model of allergic rhinitis (AR) induced by house dust 
mite (HDM) and explore its underlying mechanism.
Experimental Methods: Transcriptome sequencing (RNA-seq) analysis identified differentially expressed genes (DEGs) in nasal 
mucosa between healthy and allergic mice, with Gene Set Enrichment Analysis (GSEA) revealing STING pathway activation. We 
established a house dust mite (HDM)-induced allergic rhinitis (AR) mouse model via intraperitoneal sensitization. Artesunate (ART) 
efficacy was evaluated through dose-response testing (10–30 mg/kg), with 30 mg/kg identified as the optimal therapeutic dose. Mice 
were stratified into four groups: normal control (NC), NC+ART, AR model, and AR+ART-treated. Interventions were administered 
intraperitoneally, followed by systematic evaluation of: ① behavioral symptoms (sneezing/nasal scratching), ② histopathological 
changes in nasal and lung tissues, ③ serum TH2 cytokine levels, and ④ nasal mucosal protein expression profiles.
Results: With increasing concentrations of Artesunate (10, 20, 30 mg/kg), there was a significant improvement in the TH2 
inflammatory status in AR mice. The cGAS-STING signaling pathway determines the degree of epithelial tissue inflammatory damage 
and systemic TH2-type inflammatory status in AR mice. Artesunate inhibits the cGAS-STING signaling pathway, protects the 
mitochondrial structure of epithelial tissue in AR mice, and improves epithelial damage and systemic TH2-type inflammatory status.
Conclusion: This study presents a new treatment approach for respiratory allergies by clarifying how Artesunate (ART) alleviates 
allergic rhinitis, identifying effective dosage ranges, and demonstrating its potential for developing ART- and cGAS-STING-targeted 
therapies, ultimately advancing clinical translation.
Keywords: allergic rhinitis, cGAS-STING, mitochondrial damage

Introduction
Allergic rhinitis, also known as hay fever, is a common nasal disorder characterized by inflammatory responses in the 
nasal mucosa. Its pathogenesis is complex, involving interactions among genetics, environment, and the immune 
system.1–5 This disease is typically triggered by exposure to allergens such as pollen, dust mites, and animal dander, 
leading to a specific IgE antibody-mediated immune response. Consequently, symptoms such as nasal congestion, 
rhinorrhea, sneezing, and nasal itching arise, significantly impacting patients’ quality of life.6–12

Inflammatory pathways in allergic rhinitis include the classical RAS-RAF-MAPK, JAK-STAT, and NF-κB signaling 
pathways. In recent years, increasing research has focused on the roles of the STING signaling pathway and NF-κB 
signaling pathway in allergic diseases.9–11 The STING signaling pathway is a crucial DNA-sensing process that induces 
innate immunity against microorganisms and self-DNA damage. In allergic rhinitis, STING acts as an intracellular 
recognition receptor, capable of recognizing pathogenic DNA or self-DNA damage, thereby activating the cGAS-STING 
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signaling pathway. Activation of this pathway induces the expression of interferons (IFNs) and other cytokines, which play 
vital roles in limiting viral replication and inducing cell apoptosis.13–15 Recent studies have found that cGAS enhances lung 
fibroblast damage involving its own DNA. The cGAS / STING pathway reveals the sensing of cytoplasmic DNA as an 
activator of the immunoproteasome and CD8 + T cells. Furthermore, the STING pathway participates in the immune 
response process of allergic rhinitis by regulating the activation and function of immune cells.11,16–20 Although the specific 
mechanisms are not fully understood, studies suggest that the STING pathway may be involved in regulating the Th1/Th2 
immune balance, thereby influencing the occurrence and development of allergic rhinitis.21,22

The NF-κB signaling pathway regulates the expression of acute-phase reactant proteins, cytokines (such as TNF-α, 
IL-1, etc.), and cellular adhesion molecules. These inflammatory mediators play crucial roles in the inflammatory 
response of allergic rhinitis. Activation of the NF-κB signaling pathway may lead to overexpression of these mediators, 
thereby exacerbating the inflammatory response. Additionally, the NF-κB signaling pathway participates in the expres
sion of immunoregulatory molecules, such as immunoregulatory factors and immune receptors. Changes in the expres
sion of these molecules may affect the immune function of patients with allergic rhinitis, further influencing disease 
progression. NF-κB acts downstream of the STING signaling pathway, and their interactions can damage respiratory 
epithelial tissue, exacerbating epithelial barrier damage, allowing a large amount of allergens to enter the body, and 
triggering allergic reactions. Therefore, intervention in the STING/NF-κB axis represents a potential therapeutic direction 
for the treatment of allergic rhinitis.13–15,21,22

Recently, studies have found that artesunate, an antimalarial drug derived from the traditional Chinese medicine 
Artemisia annua, exhibits potential efficacy in the treatment of allergic respiratory diseases.23–26 Artesunate 
possesses multiple mechanisms of action, including anti-inflammatory, anti-allergic, and immunoregulatory effects. 
It can inhibit mast cell degranulation and reduce the release of inflammatory mediators, thereby alleviating the 
symptoms of allergic rhinitis. Furthermore, artesunate may regulate the Th1/Th2 cell balance, correcting the 
overreaction of the immune system and further improving patients’ allergic constitution.27–31 Recent studies have 
found that artesunate regulates airway epithelial cell function and alleviates tissue damage function by inhibiting 
NLRP 3 inflammasome activation.32–34Although the exact mechanism of artesunate in the treatment of allergic 
rhinitis is not fully understood, it provides new therapeutic options and hope for patients with allergic rhinitis.35–37

In this study, we constructed an AR mouse model and used artesunate (ART) as an intervention to observe 
pathological changes in the nasal mucosa, bronchi, and lung tissue of the mice, as well as the expression of airway 
tissue proteins and Th2 cytokines in the serum. Additionally, we focused on the inflammatory state and airway 
remodeling in the nasal mucosa, bronchi, and lung tissue. The aim of this study was to investigate the role and 
significance of cGAS-STING in the AR mouse model, providing new insights and experimental evidence for future 
respiratory health and cGAS-STING drug development. In this study, we used artesunate (ART) at various concentrations 
(10, 20, 30 mg/kg) to explore the effective dose.30,31,37 However, this experiment was the first to explore its efficacy in 
treating the AR mouse model. Notably, the stability of the ART treatment effect in this experiment was not ideal, which 
may have affected the consistency of the treatment outcome. Despite this, the study conducted preliminary and mean
ingful explorations in animal experiments, providing crucial evidence for understanding the role of artesunate in the 
treatment of respiratory allergic diseases by improving the STING signaling pathway.

Materials and Methods
Transcriptome Sequencing Analysis
Transcriptome RNA sequencing was performed by Shanghai OE Biotech Co., Ltd. (Shanghai, China). Nasal mucosa 
tissues were collected from OVA-induced mice for transcriptome analysis. Genes with |log2(fold change, Fc)| > 1 and a 
significant p-value < 0.05 assessed by DESeq2 were classified as differentially expressed genes (DEGs) between the two 
groups. The intersection of DEGs from both groups was obtained. Functional annotation of DEGs was conducted using 
the Database for Annotation, Visualization, and Integrated Discovery (DAVID) (https://david.ncifcrf.gov/) for Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis, including 
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biological process (BP), cellular component (CC), and molecular function (MF). GO and KEGG terms with p < 0.05 
were considered significantly enriched by DEGs.

Animals and Treatment Protocols
Female Balb/c mice aged 6 to 8 weeks were provided by the Animal Science Department of Nanchang University 
Medical College. The mice were housed in specific pathogen-free conditions at the Animal Center of Jiangxi Medical 
College, Nanchang University. The entire experimental protocol was approved by the Institutional Animal Care and Use 
Committee of the Jiangxi Medical College, Nanchang University Ethics Committee, Approval Nos. NCULAE- 
202210311028, and in line with the Global Strategies for the Ethical Treatment and Utilization of Laboratory Animals.

The mice were divided into the following groups: ① Normal Control (NC), ② AR, ③ AR+ART10, ④ AR+ART20, 
⑤ AR+ART30, and ⑥ AR+DXMS. Each group consisted of 6 female Balb/C mice aged 6–8 weeks. Mice in the AR 
group were sensitized by intraperitoneal injection of 200ul of sensitizing solution on days 0, 7, and 14. From days 21 to 
27, they received 20ul of nasal challenge solution intranasally once a day. Mice in the NC group underwent the same 
procedures but with an equal volume of PBS instead of the sensitizing and challenge solutions. All mice were euthanized 
and tissues were collected on day 28.

The sensitizing solution was prepared by dissolving HDM powder in PBS to a concentration of 1mg/mL. An 
appropriate amount was mixed with a 10-fold diluted aluminum hydroxide suspension in a 1:1 volume ratio. Each 
mouse received 200ul of the sensitizing solution intraperitoneally each time. The nasal challenge solution was prepared 
by dissolving HDM in PBS, with each 20μL of PBS containing 20ug of HDM. Artesunate (ART, MCE, HY-N0193) was 
administered intraperitoneally at doses of 10/20/30mg/kg for 7 consecutive days, 30 minutes before each nasal challenge. 
Dexamethasone (DXMS) was administered intraperitoneally at a dose of 2mg/kg. The mice were anesthetized with 
isoflurane (1–5%) to induce and maintain anesthesia for 24 hours before euthanasia and tissue collection (Figure 1A).

Nasal Symptom Scoring
Each group of mice recorded symptoms, sneezing and scratching times within 10 min on day 28, after the last nasal 
stimulation.

Histological Studies
For histological analysis, the heads of the mice were removed, and the nasal septum was completely dissected. The nasal 
mucosa was scraped using a hooked tweezer and placed in an EP tube containing 10% neutral formalin for pathological 
section staining. The lungs were removed and fixed in 4% paraformaldehyde solution for 24 hours. The fixed nasal and 
lung tissues were embedded in paraffin, and 4mm-thick tissue sections were mounted on slides, dewaxed, and stained 
with hematoxylin and eosin (HE) and Masson’s trichrome. The pathological changes in the nasal and lung tissues were 
analyzed under a light microscope (Thermo Fisher Scientific, USA) at 400X magnification.

HE staining was used to assess inflammation in the nasal and lung tissues. The degree of inflammatory cell infiltration 
around the microairways was used to quantify the level of inflammation, with scores ranging from 0 to 4. The criteria 
were: 0, no cells; 1, a few inflammatory cells infiltrating around the airways; 2, 1–2 layers of inflammatory cell 
infiltration; 3, 3–5 layers of infiltration; 4, more than 5 layers of infiltration.

Masson’s trichrome staining was used to assess the deposition of collagen fibers in the airways, which were stained 
blue. The percentage of collagen fiber area was calculated using Image J software by measuring the blue-stained area.

Immunohistochemical Analysis
Immunohistochemistry was used to determine the location and concentration of STING protein. Lung paraffin sections 
were dewaxed and rehydrated, then treated with 3% hydrogen peroxide. The sections were then blocked with 5% goat 
serum to reduce interference from nonspecific immunoglobulins. The specimens were incubated with anti-STING antibody 
(proteintech, 66680-1-Ig, 1:500) at 37°C for 2 hours, followed by incubation with secondary antibody at 37°C for 30 
minutes. Image-J software was used to assess protein expression. Observations were made at 400X magnification.
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Figure 1 Transcriptional analysis of nasal mucosa tissue from normal group and allergic rhinitis group mice using RNA-seq technology.(A and B) Differentially expressed 
genes (DEGs) from allergic group and normal group, volcano plot. Normal vs allergic rhinitis mice, based on the RNA-seq results.(C and D) Venn diagram of up-regulated 
and downregulation of GEGs.(E) Analysis of DEGs between normal vs allergic rhinitis groups using GSEA for cytosolic DNA, NFKB, TNF pathway.
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Measurement of IL-4, IL-5, IL-13, and IgE Levels in Serum
Levels of IL-4(meimian, MM-0165M1), IL-5(meimian, MM-0164M1), IL-13(meimian, MM-0173M1) and IgE(meimian, 
MM-0056M1) in serum were determined using ELISA kits (Wuhan Experimental Technology Co., Ltd., China) according to 
the manufacturer’s instructions. All procedures were strictly conducted in accordance with the ELISA kit manual.

Western Blotting
Proteins were extracted from lung tissues using RIPA lysis buffer containing protease inhibitor (GRF101, Epizyme) and 
phosphatase inhibitor cocktails (GRF102, Epizyme), and quantified using a BCA protein assay kit (ZJ101, Epizyme). 
Equal amounts of protein were subjected to electrophoresis on polyacrylamide gels and transferred to polyvinylidene 
fluoride (PVDF) membranes. Primary antibodies, including those for actin(proteintech, 60008-1-Ig, 1:5000), cGAS 
(proteintech, 68640-1-Ig, 1:1000), sting(proteintech, 66680-1-Ig, 1:5000), P-NF-KB(CST, 3033T, 1:1000), NF-KB 
(CST, 8242T, 1:1000), were incubated with the membranes for 2 hours at room temperature. After incubation with 
secondary antibodies for 40 minutes at room temperature, the membranes were detected using a chemiluminescent 
substrate system (Bio-Rad Laboratories, CA, USA). The band intensities of proteins were quantitatively analyzed using 
Image J software.

Electron Microscopy
Tissue samples (approximately 1 mm3 in size) or collected cells (approximately 107 cells) were immediately fixed in 
2.5% glutaraldehyde for 24 hours. The fixative was then replaced with PBS buffer for 6 hours, followed by postfixation 
in 1% osmium acid for 2 hours. Specimens were dehydrated in a graded series of ethanol concentrations (from 30% to 
100%) and propylene oxide, infiltrated with a mixture of propylene oxide and epoxy resin, and finally embedded in pure 
epoxy resin. The embedded tissues were sectioned and scanned using an electron microscope.

Data Analysis
Data are presented as mean ± standard deviation (SD). All analyses were performed using GraphPad Prism 6.0 software. 
Normality test: All continuous variables (such as cytokine level, protein expression level) were confirmed to meet the 
normal distribution (p> 0.05), meeting the requirements of ANOVA application. Independent sample t-tests and one-way 
ANOVA were conducted for comparisons between two groups and multiple groups, respectively. Post hoc tests included 
Tukey’s HSD test for homogeneity of variances or Dunnett’s T3 test for heterogeneity of variances.

Results
Transcriptome Analysis
To analyze the differences in transcriptome levels of nasal mucosa tissues in house dust mite (HDM)-induced allergic 
rhinitis (AR) mice at the molecular level, transcriptome sequencing was employed to identify differentially expressed genes 
(DEGs) between the control group and the AR group. Based on the screening criterion of |log2(fold change, Fc)| > 1 and a 
significant p-value < 0.05 (compared to the control group), 2393 genes exhibited significant changes in the AR group, with 
441 genes upregulated and 1952 genes downregulated. A volcano plot was used to visualize the upregulation and down
regulation of genes in the normal control (NC) and AR groups.

To further investigate the differential molecules associated with AR and identify key molecules, GO enrichment and 
KEGG signaling pathway analyses were conducted on the DEGs in the nasal mucosa tissues of AR and NC groups. 
Compared to the NC group, the most significantly upregulated GO terms in the AR group were “inflammatory response”, 
“extracellular region”, and “cytokine activity”. The top 20 pathways, based on a p-value < 0.05, were considered primary 
pathways. The results indicated that the main KEGG pathways in AR compared to NC included Sensory system, Signal 
transduction, Immune system, Signaling molecules and interaction, and Cancer: overview. The most enriched gene 
pathway was the Sensory system pathway, with 696 genes involved (Figure 1A–C).

To further validate the differences observed in the transcriptome analysis between the two groups, Gene Set 
Enrichment Analysis (GSEA) was employed. This method determines whether a predefined set of genes shows a 
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statistically significant, consistent difference between two groups. GSEA results revealed that the cytosolic DNA sensing 
pathway (mmu04623), NF-kappa B signaling pathway (mmu04064), and TNF signaling pathway (mmu04668) were 
significantly enriched in the AR group. These three pathways are related to the STING signaling pathway and are 
mediated by inflammatory damage in the allergic state. Mitochondrial damage leads to the leakage of mtDNA into the 
cytosol, activating STING, which subsequently activates the NF-κB and TNF signaling pathways (Figure 1D and E).

Artesunate Improves Behavioral Status
After the final nasal challenge, the number of sneezes and nasal scratching behaviors within 10 minutes were recorded 
and quantified for scoring in mice. The artesunate (ART) intervention group exhibited a significantly higher number of 
sneezes and nasal scratching compared to the normal control group, but these behaviors were mitigated compared to AR 
mice, with statistically significant differences. However, both the ART intervention group and the AR group had higher 
scores than the normal control group. Behavioral observations and analyses of mice indicated that the application of ART 
in the interference model effectively controlled nasal symptoms in AR mice (Figure 2A and B).

Improvement of AR Inflammatory Status by Artesunate at Different Concentrations
The levels of IL-4, IL-5, IL-13, and IgE were summarized in a table after being quantified through ELISA. The 
differences marked with NS (not significant) had no statistical significance. All other comparisons among the NC 
group, AR group, AR+ART10 group, AR+ART20 group, AR+ART30 group, and AR+DXMS group showed statistically 
significant differences. As the concentration of artesunate (ART) increased, TH2-type inflammatory cytokines were 
significantly improved.

Specifically, the levels of IL-4, IL-5, and IL-13, which are key cytokines involved in the TH2-mediated immune 
response and are associated with allergic inflammation, were reduced in a concentration-dependent manner in the ART- 
treated groups compared to the AR group. Similarly, the level of IgE, a key mediator of allergic reactions, was also 
decreased with increasing concentrations of ART. These findings suggest that artesunate has a therapeutic effect on AR 
by inhibiting TH2-type inflammatory responses and reducing the production of allergic mediators (Figure 2C).

Overall, the results demonstrate that artesunate can effectively improve the inflammatory status of AR in a 
concentration-dependent manner, providing a potential therapeutic option for the treatment of allergic rhinitis.

Improvement of Mitochondrial Damage in AR Epithelial Tissue by Artesunate 
(Electron Microscopy and Western Blotting)
Observation of Nasal Mucosa Epithelial Cells by Electron Microscopy
Mitochondria serve as the “energy factories” within cells, responsible for generating ATP (adenosine triphosphate) to 
provide energy for cellular functions. In the inflammatory state of allergic rhinitis (AR), immune cells are activated and 
release a large amount of inflammatory mediators and cytokines. These mediators and cytokines can induce oxidative 
stress, leading to the production of excessive reactive oxygen species (ROS) and reactive nitrogen species (RNS) within 
mitochondria. Oxidative stress damages mitochondrial DNA, proteins, and lipids, affecting the normal function of 
mitochondria. It disrupts mitochondrial membrane potential, resulting in mitochondrial dysfunction, including impaired 
respiratory chain, reduced ATP synthesis, and increased mitochondrial membrane permeability (Figure 3A).

We observed the state of mitochondria in nasal mucosa epithelial cells under electron microscopy. The results showed 
that in the AR group, the organelles were disorganized and swollen, with some mitochondria becoming swollen and 
rounded, and their cristae disappearing. However, in the ART group (30 mg/kg), mitochondrial structure was improved, 
with less swelling compared to the AR group.

Western Blotting Detection of Mitochondrial Protein Levels
PGC-1α and TFAM are essential for maintaining normal mitochondrial function and cellular health by regulating 
mitochondrial DNA replication and transcription, promoting mitochondrial biosynthesis, enhancing resistance to oxida
tive stress, and modulating inflammatory responses. Western blotting was used to detect the levels of mitochondrial 
proteins PGC-1α and TFAM. Compared to the NC group, the levels of these mitochondrial proteins were significantly 
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Figure 2 Gradient concentration administration: (A) Flow chart of the HDM molding AR model; (B) Sneezing count after nasal challenge in mice; Scratching nose count 
after nasal challenge in mice.(C) The levels of IL-4, IL 5, IL-13, and Ige were determined by ELISA. **P < 0.01, ***P < 0.001,****P<0.0001. Results were analyzed using one- 
way and two-way analysis of variance followed by Tukey’s post-hoc test. The results are presented as mean ± standard deviation.
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Figure 3 Mitochondrial status of the nasal mucosal epithelial tissue after intervention with ART (default 30 mg / kg).(A) For EM observation of the epithelial tissue of the 
nasal mucosa (10000X, 25000X); (B) PGC-1a, TFAM expression measured by WB; (C and D). Statistics were obtained between PGC-1a, TFAM and actin. *P < 0.05, ***P < 
0.001.Results were analyzed using one-way and two-way analysis of variance followed by Tukey’s post-hoc test. The results are presented as mean ± standard deviation.
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reduced in the AR group. However, after ART intervention, PGC-1α and TFAM levels increased. At the protein level, 
mitochondria in the AR state exhibited damage to normal mitochondrial proteins, while ART reversed this damage and 
promoted mitochondrial biogenesis.

Overall, these findings suggest that artesunate can improve mitochondrial damage in AR epithelial tissue by protecting 
mitochondrial structure and function, potentially through reducing oxidative stress and enhancing mitochondrial biogenesis. 
This provides further evidence for the therapeutic potential of artesunate in the treatment of allergic rhinitis (Figure 3B–D).

Artesunate Inhibits the cGAS-STING Signaling Pathway to Alleviate Epithelial Damage 
and Systemic TH2 Inflammatory Status in AR
Behavioral Change
The last nasal challenge of mice, the number of sneezes and nasal scratching within 10 minute were recorded, and the 
processing data were quantified. The number of nasal grasping and sneezing was significantly higher in the AR + ART 
group than in the AR group, and the difference was statistically significant. The above behavioral observations and 
analysis of mice showed that ART interference can effectively control the nasal symptoms of AR mice (Figure 4A).

HE Staining Results
Observations of the nasal mucosa tissue of mice showed that combined ART intervention in AR mice inhibited nasal 
mucosa inflammation, reducing the infiltration of inflammatory cells and promoting a certain degree of recovery of the 
mucosa and its surface cilia (Figure 2). Examination of the lung tissue of the four groups of mice revealed that alveolar 
tissue, inflammatory infiltration, and interstitial inflammation were all reduced in the ART group compared to the AR 
group. The successful establishment of the AR model also caused inflammation-related changes in the nasal mucosa and 
lung tissue, demonstrating the mutual influence between allergic rhinitis and asthma. After the use of ART in AR mice, 
the inflammatory state of the lungs improved significantly, proving that the STING signaling pathway has a pro- 
inflammatory effect on allergic lung diseases (Figure 4B and C).

Masson Staining
To explore the effect of ART intervention on airway remodeling in the nasal cavity and lung tissue of mice, this 
experiment used Masson staining to observe and compare the distribution of collagen fibers in the nasal and lung tissues 
of mice in each group. The sections were observed under a high-power microscope (400×). First, the nasal mucosa was 
observed, and it was found that the collagen fibers in the submucosa of the AR group were widely distributed and stained 
significantly, consistent with allergic rhinitis. In the AR+ART group, the content of collagen fibers in the submucosa was 
lower than that in the AR group, and the distribution range was reduced. After ART treatment, there was a protective 
effect on the lung structure of the AR group, with a significant reduction in inflammatory cells and edema in the lung 
tissue, as well as a reduction in the number and severity of alveolar ruptures. Although there was still a small amount of 
inflammatory cell infiltration, it was significantly reduced compared to the AR group (Figure 4B and C).

Immunohistochemical Results
To investigate the effect of ART intervention on the infiltration of inflammatory cells in the nasal mucosa and lungs of 
mice, STING monoclonal antibodies were used, which are highly expressed in the cytoplasm of respiratory epithelial 
cells. After staining, the sections were observed under a high-power microscope (400×).

In the nasal mucosa, we found that the allergic group had significant inflammatory infiltration and mucosal damage. 
In the antibody-treated group, mucosal damage and inflammatory cell infiltration were less severe than in the allergic 
rhinitis group, and there was no significant difference in the specific therapeutic effect between the two antibodies. The 
combination of the two antibodies had the best effect. In bronchial sections, significant inflammatory infiltration and 
bronchial damage were found in the allergic group. The NC group showed no obvious abnormalities in the lung field; the 
AR group showed obvious structural disorders in the lung field, with no obvious normal tissue, interstitial edema, and 
structural damage; in the ART group, lung inflammation, edema of lung tissue, and alveolar structure were significantly 
improved compared to the AR group, with only a small amount of inflammatory cell infiltration observed in the lung 
tissue compared to the AR group (Figure 4B and C).
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ELISA Detection of Serum Levels of Related Inflammatory Mediators and Cytokines (IL-4, IL-5, IL-13, IgE)
The levels of IL-4, IL-5, IL-13, and IgE, as determined by ELISA, are summarized in the table The differences marked 
with NS were not statistically significant. The differences between the NC group, NC+ART group, AR+ART group, and 
the allergic rhinitis (AR) group were statistically significant. We found that the use of ART reduced the levels of TH2 
inflammatory cytokines in mice with allergic rhinitis, thereby alleviating the TH2 cell imbalance in respiratory allergic 
diseases (Figure 4D).

WB Detection of Protein Levels in Nasal Mucosa Tissue
When the epithelial barrier is damaged, it triggers intracellular DNA sensing mechanisms, including the activation of the 
cGAS-STING pathway. This activation may further exacerbate epithelial cell damage and inflammation, thereby 

Figure 4 Continued.
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worsening the symptoms of allergic rhinitis. STING can also activate IKK, leading to the phosphorylation of NF-κB. 
Phosphorylated NF-κB then enters the nucleus and induces the expression of related cytokines. The activation of NF-κB 
can also affect the activity of the STING pathway. For example, the NF-κB signaling pathway can prevent the 
degradation of STING by altering microtubule-mediated STING trafficking, thereby prolonging and enhancing the 
STING-mediated immune response. We detected the levels of cGAS, STING, and NF-κB in nasal mucosa epithelial 
tissue. After stimulation with house dust mites (HDM), the levels of cGAS, STING, and phosphorylated NF-κB (P-NF- 
κB) increased. After intervention with ART (30 kg/mg), the levels of cGAS, STING, and P-NF-κB in the allergic 
epithelial tissue were effectively reduced (Figure 4E–J).

Discussion
Allergic rhinitis (AR) leads to damage to the nasal mucosal epithelial cells. The interaction between allergens and nasal 
mucosal epithelial cells, followed by the subsequent inflammatory response, can cause damage and dysfunction to the 
epithelial cells. When the epithelial cells are damaged, their barrier function is compromised, allowing more allergens and 
inflammatory mediators to enter the submucosa, further exacerbating the inflammatory response and damage. Additionally, 
the damage to epithelial cells may impair their normal physiological functions, such as mucus secretion and ciliary motion, 
thereby affecting the nasal cavity’s cleansing and defensive functions. In AR, the damage and repair process of epithelial 
cells may be in a dynamic balance. Continuous inflammatory responses and allergen stimulation may lead to persistent 
damage and poor repair of epithelial cells, forming a vicious cycle that exacerbates disease progression.

Transcriptome analysis of nasal mucosal epithelia revealed significant increases in the transcriptome of circular DNA, 
NF-κB, and TNF-α signaling pathways in the AR group compared to the NC group. Normally, DNA originates from the 
nucleus and mitochondrial structures, with nuclear DNA enclosed by the nuclear membrane and not leaking into the 
cytoplasm. However, under conditions such as cell damage, inflammation, or viral infection, mitochondrial mtDNA may 
leak into the cytoplasm and become cytosolic DNA. The cGAS-STING signaling pathway then activates the downstream 
NF-κB signaling pathway, further leading to the release of TNF-α from epithelial inflammatory damage.

In this study, artesunate (ART) demonstrated a protective effect on epithelial tissue during the treatment of AR, with a 
specific effective concentration of 30 kg/mg determined. ART improves epithelial damage in AR mouse models primarily 

Figure 4 ART (30 mg / kg) intervention mice were used to detect the stings pathway expression level and TH 2 inflammation level in the nasal mucosa of each group.(A) 
Mice symptom data; (B) HE, MASSON, pathological section images and data statistics of nasal mucosa and lung tissue of IHC; (C and D) After ART, TH 2 inflammatory 
factors in each group: IL-4, IL-5 IL-13, Ige; (E) Expression levels of the sting signaling pathway: cGAS, STING, P-NF-KB, NF-KB.(F–J) Statistics were obtained between cGAS, 
STING, P-NF-KB, NF-KB and actin. *P < 0.05, **P < 0.01, ***P < 0.001,****P<0.0001. Results were analyzed using one-way and two-way analysis of variance followed by 
Tukey’s post-hoc test. The results are presented as mean ± standard deviation.
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by inhibiting the cGAS-STING signaling pathway in respiratory epithelial tissue, protecting against abnormal activation 
and damage to epithelial tissue. Overactivation of the cGAS-STING signaling pathway exacerbates the inflammatory 
state of epithelial tissue, while ART intervention mitigates this damage, preserving the integrity of epithelial tissue and 
reducing the opportunity for allergens to enter the body. IgE is an immunoglobulin that plays a crucial role in allergic 
diseases such as AR. ART alleviates allergic symptoms by regulating the immune system and inhibiting IgE release. 
Furthermore, ART reduces the levels of TH2-type inflammatory cytokines in the serum, such as IL-4, IL-5, and IL-13, 
which are key players in type 2 inflammatory responses. By inhibiting the release of these inflammatory cytokines, ART 
attenuates the inflammatory response in AR and improves the allergic state.

Mitochondria are the “energy factories” within cells, responsible for producing ATP and providing energy to the cell. 
Nasal mucosal epithelial cells in patients with allergic rhinitis are often subjected to inflammatory attacks, leading to 
epithelial damage. This damage may manifest as epithelial cell shedding, increased cell gaps, and thickening of the 
basement membrane. Epithelial damage not only disrupts the barrier function of the nasal mucosa but may also trigger or 
exacerbate inflammatory responses. Oxidative stress is one of the important factors leading to mitochondrial damage. In 
allergic rhinitis, allergens and inflammatory mediators may stimulate cells to produce excessive reactive oxygen species 
(ROS), thereby damaging mitochondria. Damaged mitochondria may produce more ROS, forming a vicious cycle that 
exacerbates epithelial cell damage. Additionally, mitochondrial damage may lead to insufficient energy supply, affecting 
the repair and regeneration capabilities of epithelial cells. The repair and regeneration of epithelial cells are crucial for 
maintaining the barrier function of the nasal mucosa. Promoting the functional recovery of mitochondria, improving 
cellular energy supply, and enhancing repair capabilities through drugs or other means are potential therapeutic strategies 
for improving mitochondrial damage. In this study, electron microscopy observations of epithelial cell mitochondria 
showed that compared to the NC group, mice in the AR group had swollen mitochondria in nasal mucosal tissue 
epithelia, with content leakage and altered cristae structures. The mitochondrial-related proteins PGC-1α and TFAM were 
detected. The results showed that AR damaged normal mitochondrial proteins PGC-1α and TFAM, and the use of ART at 
30 mg/kg could reverse mitochondrial damage. In terms of mitochondrial structure, ART improved the mitochondrial 
envelope structure, reduced swelling, restored the inner cristae structure, and decreased the outflow of contents. At the 
level of mitochondrial structural proteins, PGC-1α and TFAM increased compared to AR. PGC-1α and TFAM are 
mitochondrial biogenesis proteins, and their levels represent the level of mitochondrial proliferation and division. 
Therefore, the use of ART improved OVA-induced mitochondrial damage.

Pathological sections were used to observe the nasal mucosa and lung tissue, with HE, Masson, and IHC (STING) staining 
employed to assess the damage state of epithelial tissue. Observations of mouse nasal mucosal tissue showed that combined ART 
intervention inhibited nasal mucosal inflammation in AR mice, reducing the infiltration of inflammatory cells and restoring the 
mucosa and its surface cilia to some degree. In lung tissue, the alveolar tissue, inflammatory infiltration, and interstitial 
inflammation were all reduced in the ART group compared to the AR group. The successful establishment of the AR model 
also resulted in inflammatory-related changes in the nasal mucosa and lung tissue, demonstrating the interaction between allergic 
rhinitis and asthma. After using IHC, STING protein was highly expressed in the respiratory epithelial tissue of AR mice, both in 
nasal mucosal tissue and lung epithelial tissue. These results were consistent with those of HE and Masson staining.

Finally, we used ELISA to detect TH2 cytokines (IL-4, IL-5, IL-13, IgE) and WB to detect the STING and NF-κB pathways. 
The use of ART (30 kg/mg) improved the TH2-type inflammatory state in mice and inhibited both the STING and NF-κB 
pathways after intervention. The STING signaling pathway plays a pivotal role in the damage to the inflammatory state of 
epithelial tissue in AR mice. Excessive activation of the STING signaling pathway may exacerbate respiratory allergic 
symptoms, such as airway inflammation and airway hyperreactivity. In the AR mouse model, the STING signaling pathway 
was activated, leading to epithelial tissue damage. Artesunate inhibits the STING signaling pathway, thereby protecting the 
mitochondrial structure of epithelial tissue in AR mice and improving epithelial damage. NF-κB is a downstream pathway of the 
STING signaling pathway and is also a classic inflammatory signaling pathway that is upregulated in the AR mouse model, 
participating in the inflammatory damage to epithelial tissue. By inhibiting the NF-κB signaling pathway, the inflammatory 
response in respiratory epithelial tissue can be reduced, thereby improving epithelial damage. In this study, the use of artesunate 
reduced the STING pathway in AR mouse tissues and inhibited NF-κB protein levels. This provides a specific therapeutic 
mechanism for artesunate in the treatment of allergic rhinitis and even respiratory allergic diseases.
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However, the limitation of this experiment are the focus on mechanism exploration in mouse model and lack of 
clinical experiments and in vitro cell experiments. In addition, the mechanism verification part should deepen the ROS 
detection and mitochondrial DNA leakage quantification experiments to judge the state of mitochondrial damage. This 
study provides a mechanism basis for ART in AR, but its clinical transformation needs further verification, including 
human safety assessment, dose optimization and long-term efficacy tracking.

Conclusion
This study confirmed the effect of ART in treating allergic rhinitis in mice and revealed that ART can inhibit the expression 
of sting and NF-KB protein to inhibit nasal mucosa and lung epithelial damage and reduce systemic Th type 2 inflammatory 
cytokine release in mice. This study provides a mechanism basis for ART in AR, but its clinical transformation needs further 
verification, including human safety assessment, dose optimization and long-term efficacy tracking.
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