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Abstract: Allergy rhinitis (AR) is becoming more common and has serious medical and societal consequences. Sneezing, paroxysmal 
nasal blockage, nasal itching, mucosal edema, coughing, and rhinorrhea are symptoms of this type I allergic immunological illness. 
Immunoglobulin E-mediated inflammation is the cause of it. Because AR is prone to recurrent attacks, extended medication therapy 
may impair its effectiveness. In addition to negatively affecting the patients’ physical health, this can also negatively impact their 
mental health. During AR development, there are inflammatory and oxidative stress responses that are linked to problems in a number 
of signal transduction pathways. By using the terms “allergic rhinitis”, “traditional Chinese medicine”, “inflammation”, and “oxidative 
stress”, we screened for pertinent research published over the previous five years in databases like PubMed. We saw that NF-KB, TLR, 
IL-33/ST2, PI3K/AKT, MAPK, and Nrf2 are some of the most important inflammatory and oxidative stress pathways in AR. Studies 
have revealed that antioxidant and anti-inflammatory therapy reduced the risk of AR and was therapeutic; however, the impact of the 
therapy varies widely. The Chinese medical system places a high value on traditional Chinese medicine (TCM), which has been there 
for virtually all of China’s 5000-year history. By influencing signaling pathways related to inflammation and oxidative stress, Chinese 
herbal medicine and its constituent compounds have been shown to prevent allergic rhinitis. This review will focus on this evidence 
and provide references for clinical treatment and scientific research applications. 
Keywords: allergic rhinitis, traditional Chinese medicine, inflammatory, oxidative stress, signaling pathways

Introduction
AR is a common disease characterized by nasal congestion, sneezing, runny nose, and itching, with a prevalence of up to 
40% and more than 500 million individuals around the world.1 According to a 6-year study of AR in China, the 
prevalence of adult AR grew from 11.1% in 2005 to 17.6% in 2011. Appropriate prevention and treatment of allergic 
rhinitis are vital due to the condition’s negative consequences on the body, high prevalence, and significant economic 
costs. So it is important to explore the mechanism of AR. Previous research has focused on the fact that oxidative stress 
and inflammation have played an important role in the pathogenesis of asthma. Allergy rhinitis is associated with asthma, 
so oxidative stress in allergic rhinitis has also been investigated.

The allergenic substance is the direct cause of the disease. Dendritic cells gather breathing allergens inside the 
epithelial barrier and deliver them to T lymphocytes as allergenic peptides.2 This initiates the generation of Th2 cytokines 
such as interleukin (IL)-4, IL-5, IL-9, and IL-13 by T helper 2 (Th2) cells. B lymphocytes are transformed into plasma 
cells that generate allergen-specific IgE. IgE molecules that are specific to the allergen that was released attach to mast 
cells in the tissue and basophils that are moving through the blood. The allergen adheres to the surface IgE on mast cells 
and basophils upon repeated exposure, triggering the cells. Histamine and leukotriene, among other neuroactive and 
vasoactive mediators, are released from the cells. A diagram of the pathophysiology of allergic rhinitis is shown in 
Figure 1.In the early stage of allergic rhinitis, it is mainly inflammatory in nature and characterized by the influx of 
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inflammatory cells mainly composed of T lymphocytes, basophils, and eosinophils. In the late stage, eosinophils are the 
main participants, releasing a series of pro-inflammatory mediators, and inflammation plays an important role in the 
pathogenesis of allergic rhinitis. Inflammation and oxidative stress are closely associated. Asthma and AR are inflam-
matory reactions triggered by oxidative stress and the formation of ROS from this stress.3,4 Figure 2 illustrates the 
interaction between oxidative stress and inflammation. Oxidative stress is hypothesized to promote oxidative damage by 

Figure 1 Pathogenesis of allergic rhinitis. Created with Biorender.com.

Figure 2 Crosstalk between oxidative stress and inflammation.

https://doi.org/10.2147/JAA.S444923                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Journal of Asthma and Allergy 2024:17 98

Qin et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


causing a mismatch between oxidative activity and the endogenous antioxidant system, which is related to the progres-
sion of asthma and AR.5,6 In allergic rhinitis (AR), the epidemiological and immunopathological background is similar to 
that of asthma, and many reports suggest that oxidative stress and the ROS it produces play an important role in its 
inflammatory response. By reducing the quantity and effectiveness of epithelial cilia, excessive ROS can damage the 
respiratory tract’s epithelial cell layer, increase mucus secretion, and bring about an influx of inflammatory cells. 
Oxidative stress breaks down the nasal mucosa’s barrier function, sets off proinflammatory mediators and inflammatory 
responses, makes rhinitis symptoms worse, and is a key regulatory mechanism in allergic rhinitis.7

The complex pathophysiology of AR requires a wide range of signaling pathways and regulatory mechanisms.8 

Inflammatory factors and proinflammatory mediators exhibit unusual expression because of the aberrant regulation of 
several signaling pathways. These cause oxidative stress and the ongoing creation of reactive oxygen species (ROS), 
which leads to the development of AR. ROS are important signaling mechanisms in allergic rhinitis, although several 
redox-sensitive pathways are also activated as the disease progresses. Apoptosis, ER stress, altered cell migration, 
proliferation/senescence, apoptosis, and autophagy are all factors that lead to increased oxidative stress, which in turn 
alters signaling pathways that eventually influence allergic rhinitis. It has previously been reported that the NF-KB 
signaling pathway mediates AR inflammation,9 MAPK inhibitors can alleviate olfactory dysfunction by inhibiting OSN 
apoptosis in AR mice,10 and the expression of TLR4 was upregulated in the OVA-induced AR mouse model. TLR4 
alleviated the allergic symptoms of AR mice by regulating the production of proinflammatory mediators. Downregulation 
of the TLR4/NF-KB pathway can significantly inhibit the inflammatory response, reduce nasal mucosal damage in AR 
rats, and improve their rhinitis symptoms, indicating that the TLR4/NF-KB signal is an important therapeutic target of 
AR.11 IL-33/ST2 functions in AR by binding to multiple cells and signaling pathways, and it is a key signaling pathway 
for AR development. Nasal epithelial cells mediate cellular inflammation via the IL-33/ST2 axis and IL-33-mediated 
inflammation of nasal mucosal epithelial cells through the ST2 receptor.12 Th17/Treg cell immune imbalance is an 
important mechanism leading to the pathogenesis of AR, and LA therapy has been shown to improve the number of Treg 
cells and inhibit Th17 cell differentiation, as well as antioxidant activity via the Nrf2 signaling pathway, and have 
a positive effect on allergic inflammation in an AR mouse model.13 During immune emergencies, the PI3K/Akt signaling 
pathway controls the differentiation of Th17 and Treg cells. It can also lower IgE levels by controlling the levels of the 
PI3K/Akt signaling pathway, which also lowers the release of inflammatory factors and mucus. Therefore, the use of 
drugs targeting the PI3K/Akt signaling pathway to treat AR has broad development prospects.14 In this study, we will 
stress the structure, function, and implications of ROS on AR from the perspective of these pathways.

Allergic reactions are mainly mediated by histamine, and inhibiting the histamine pathway is therefore fundamental 
for AR. Oral antihistamines and intranasal corticosteroids are currently employed as common interventions.15 

Antihistamines could inhibit the release of histamines by hindering the binding of histamine to the H1 receptor.16 

Intranasal corticosteroids reduce inflammation by reducing the release of mediators.17 Traditional Chinese medicine has 
a long history, with its characteristics of multiple components, targets, and pathways that are in line with the pathogenic 
mechanism of AR caused by multiple factors. It has unique advantages in the prevention and treatment of AR, and the 
pharmacological effects of related traditional Chinese medicine monomers and formulas have also received great 
attention in the pharmaceutical industry. In recent years, scholars have increasingly studied the mechanism of traditional 
Chinese medicine intervention in the AR signaling pathway. Many studies have shown that traditional Chinese medicine 
can inhibit the occurrence and development of AR by reducing histamine content, reducing the production of inflam-
matory metabolites, and reducing vascular permeability. However, there are currently few reports on the systematic 
summary of the regulation of AR signaling pathways by traditional Chinese medicine. Through searching the databases 
of China National Knowledge Infrastructure, Wanfang, PubMed, and Google Scholar from 2014 to 2021, the author 
found multiple reports exploring the possible mechanisms of action between traditional Chinese medicine and AR, 
including multiple signaling pathways that may be related to nuclear transcription factors: KB (NF-KB), Toll-like 
receptors (TLR), interleukin-33/growth stimulating expression factor 2 (IL-33/ST2), phosphatidylinositol 3-kinase/ 
protein kinase B (PI3K/Akt), mitogen activated protein kinase (MAPK), etc. This article provides a review of the 
mechanisms by which traditional Chinese medicine regulates the AR signaling pathway in order to provide references 
and ideas for in-depth research on the intervention of traditional Chinese medicine in related signaling pathways.
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Signal Pathways Related to Oxidative Stress and Inflammation in AR
NF-κB Signaling Pathway
The nuclear factor NF-KB pathway has been regarded as a model proinflammatory signaling pathway based on NF-KB’s 
function in the regulation of proinflammatory genes such as cytokines, chemokines, and adhesion molecules. Nuclear factor 
kappa B is also a transcription factor that responds to oxidative stress. Translocation of NF-κB is a key feature of molecular 
inflammation and plays a part in the production and expression of cytokines and mediators that cause inflammation.18 Once 
target genes have translocated into the nucleus, NF-KB dimers start their transcription.19 When NF-KB is activated, IκB 
phosphorylation is increased.20,21 Activated NF-KB then enters the nucleus and starts an inflammatory response.22 These then 
trigger oxidative stress and inflammatory reactions that propel the development of AR. Some research found that there was 
a close association between the NF-KB signal pathway and AR. By modulating Th1/Th2/Th17 cells and their associated 
transcription factors, NF-KB was blocked, and the nasal allergic inflammation was reduced by OVA.9

TLR Signaling Pathway
Toll-like receptors (TLRs) are information-processing receptors that are essential for both innate and adaptive immune 
responses to pathogens.23 TLRs are mediated by a number of inflammatory proteins, or peptides. One study found that 
HMGB1 stimulation of neutrophils, monocytes, or macrophages required activation of both TLR2 and TLR4, increased 
nuclear translocation of NF-KB, and upregulated the production of proinflammatory cytokines.24 TLR-mediated signal 
transduction pathways could include the MyD88-reliant pathway. The mechanism that positively regulates an inflammatory 
response is TLR4/MyD88/NF-KB.25 The inflammatory response mediated by lipopolysaccharide was inhabited by block-
ing the TLR4/MyD88/NF-KB signaling pathway.26 Previous research has demonstrated that TLR4 plays a significant 
regulatory role in AR. Particularly, there were higher mRNA and protein levels of TLR4 in the nasal mucosa of patients 
with pollen-induced allergic rhinitis.27 It is generally known that TLR signaling has a significant role in inflammation.28 In 
the AR murine model, one study revealed that DAP alleviated oxidative stress, an inflammatory response, and nasal 
symptoms caused by OVA. Additionally, it inhibited TLR4/NF-B signaling in the nasal mucosa of mice.29

IL-33/ST2 Signaling Pathway
A brand-new member of the IL-1 family of cytokines, IL-33, has been shown to promote the expression of Th2 cytokines. It is 
typically released by inflamed or injured tissues and functions as an alarm in identifying damage in a variety of inflammatory 
conditions, including allergic rhinitis and skin conditions.30 When basophils and eosinophils are activated in allergic rhinitis, 
IL-33 is important for inflammation.31 Normal nasal epithelial cells contain the IL-33 protein in their nucleus, and it is quickly 
released into the nasal fluid in response to allergen exposure.32,33 The IL-33/suppression of tumorigenicity 2 (ST2) signaling 
pathway is now known to play a critical role in mast cell-mediated allergy infections in recent years.34 The IL-33/ST2 
signaling pathway and thymic stromal lymphopoietin (TSLP) are very important in many allergic and inflammatory responses. 
Several studies demonstrated that the pathogenesis of AR was influenced by the interactions between the TSLP and IL-33/ST2 
signaling pathways. Inhibiting IL-33/ST2 expression by downregulating TSLP could have a therapeutic impact on preventing 
the pathologic effects of hypoxia.35 IL-33/ST2 has an influence on the growth and development of AR.

P13K/AKT Signaling Pathway
A crucial master upstream route of Nrf2 was thought to be PI3K/Akt signaling, mediating oxidative stress by the Nrf2/ 
HO-1 pathway.36–38 One study found that β-asarone might regulate oxidative stress through the P13K/AKT/Nrf2 
signaling pathway.39 Some previous research demonstrated that the serum level of leptin was much higher in AR 
patients and positively associated with the clinical symptoms.40,41 MAPK, JAK2-STAT3, and PI3K/AKT pathways are 
activated when leptin and its receptor are present.42,43 Meanwhile, leptin mediated the activity of ILC2 and enhanced 
ILC2 inflammation by the PI3K/AKT pathway in AR.44
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MAPK Signaling Pathway
The activation of compensatory mechanisms, response to allergies, and new insights into MAPK as a complex cell signaling 
system were all covered in a recent paper.45 A range of triggers, the majority of which are connected by their capacity to 
mediate oxidative stress, can generate HO-1.46 It has been revealed that HO-1 activation involves MAPK pathways. MAPK 
activation by GSTD was found to increase Nrf2 phosphorylation levels and reduce the oxidative stress/proinflammatory 
response.47 The three main parts of the MAPK pathway are ERK (extracellular signal-regulated kinase), JNK (c-Jun 
N-terminal protein kinase), and p38MAPK (p38 mitogen-activated protein kinase). The p38MAPK signaling pathway is 
active in the progression of AR. Meanwhile, the p38MAPK signaling pathway may have a significant role in the loss of 
olfaction in AR animals.10 By protein blotting, allergic rhinitis rats had considerably higher p38 MAPK mRNA expression and 
activity than control rats. It has been determined that p38 MAPK is crucial in the development of allergic rhinitis.48

Nrf2 Signaling Pathway
The transcription factor nuclear factor erythroid 2-related factor 2 (Nrf2) is crucial in regulating oxidative stress. Additionally, 
Nrf2 protects mitochondria from oxidative damage by reducing excessive ROS generation.49 The intracellular antioxidant 
defense mechanism, which guards against ROS-mediated cell death, is considered to be modulated by antioxidant response 
element (ARE) activation. The signaling pathway of Nuclear Factor Erythroid 2 Related Factor 2 activates ARE. 
A cytoplasmic transcription factor called Nrf2 that is redox-sensitive promotes the production of genes that protect cells 
from oxidative stress and chronic inflammation.50 The Nrf2 and NF-KB signaling pathways are closely involved in regulating 
the balance between the cellular redox state and inflammatory responses.51 Nrf2 downregulation may lead to a rise in NF-KB 
activity and the production of inflammatory markers. When Nrf2 works with NF-KB to coordinate inflammatory and 
antioxidant stress responses, it may be a good target to stop AR from developing in a way that is not normal.

Traditional Chinese Medicine Exerts Protective Effects on AR by 
Regulating Oxidative Stress and Inflammation Related Signaling Pathways
Traditional Chinese medicine (TCM) has been widely used in China for more than 3000 years. Presently, it has been 
determined that traditional Chinese herbal compounds and potent active substances may successfully treat AR. 
Meanwhile, it is considered that TCM could maintain a healthy balance between inflammatory interactions and suppress 
oxidative stress. The pathophysiology of AR involves signaling pathways. The harmony of the chronic inflammatory 
interaction can be maintained by TCM, which can also influence signal pathways linked to the pathogenic evolution of 
AR (Table 1 and Table 2). This can also inhibit oxidative stress damage.

Modulation of Allergic Rhinitis Through NF-KB Pathway by Traditional Chinese 
Medicine Constituents
Chinese Herbal Compound
Professor Huang ShouLin recommends that Xingbi gel could dredge the airflow, clear heat, and pass the orifice. Lihong 
Nan suggests that the expression of inflammatory factors may be associated with the inhibition of NF-KB signaling 
pathway activity utilizing low-medium-high-dose nasal gel treatment.64

Monomer of Traditional Chinese Medicine
One of the most significant and active saikosaponins extracted from Bupleurum falcatum is saikosaponin A (SSA),71 

a triterpenoid saponin that promotes apoptotic processes in breast cancer cell lines from humans.72–74 SSA has been demon-
strated in vivo to prevent experimental sepsis by blocking NOD2-mediated NF-KB activation and to have a critical point impact 
in LPS-induced acute lung injury by blocking NF-KB and NLRP3 signaling pathways.75,76 SSA effectively decreased allergic 
inflammation of the nasal mucosa in OVA-induced AR mice by regulating Th2 and Th17 responses and suppressing the IL-6/ 
STAT3/ROR-t and NF-KB pathways.52 These findings show that SSA might be an effective therapy for AR suppression.

Salvia miltiorrhiza Bunge’s roots contain a natural substance called tanshinone IIA (TIIA).77 TIIA has antioxidative, anti- 
cancer, and anti-inflammatory properties.78,79 An investigation found that TIIA could prevent oxidative stress from causing 

Journal of Asthma and Allergy 2024:17                                                                                            https://doi.org/10.2147/JAA.S444923                                                                                                                                                                                                                       

DovePress                                                                                                                         
101

Dovepress                                                                                                                                                              Qin et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Regulatory Effect of Traditional Chinese Medicine Monomers on Signal Pathway of AR

Traditional 
Chinese

Resources Type of 
Mechanism

Medicine Study of Action Reference

Saikosaponin A Bupleurum falcatum In vivo Anti-inflammatory inhibiting the NF-KB signaling pathways Piao et al52

Tanshinone IIA Salvia miltiorrhiza In vivo Antioxidative anti-inflammatory inhibiting the NF-KB 
signaling pathways

Huang et al53

Glycyrrhizin Glycyrrhiza glabra In vivo Antioxidative anti- inhibiting the NF-KB signaling pathways 
inflammatory

Li et al54

Astragaloside IV Astragalus 

membranaceus

In vitro Anti-inflammatory inhibiting the NF-KB signaling pathways Guo et al55

Baicalin Scutellaria baicalensis 

Georgi

In vivo Antioxidative anti-inflammatory inhibiting the NF-KB 

signaling pathways

Zhou et al56

TwHF 

polyglycosides

TWHF In vivo Antioxidative anti-inflammatory inhibiting the TLR/NF-KB 

signaling pathways

Zhang et al57

Luteolin Flavonoid In vivo Antioxidative anti-inflammatory inhibiting the TLR/NF-KB 

signaling pathways

Dong et al58

Coptidis Rhizoma 

coptidis

In vivo Anti-inflammatory inhibiting the PI3K/AK T signaling 

pathways antioxidative

Fu et al58

Fructus 

Xanthii

Chrysanthemum 

Plant

In vivo Anti-inflammatory inhibiting the MAPK signaling pathways Wang et al59

Curcumin Curcuma 

longaL

In vivo Anti-inflammatory inhibiting the MAPK signaling pathways Gersey et al60

Magnolol Magnolia In vivo Anti-inflammatory inhibiting the MAPK signaling pathways Chen et al61

Psoralen Psoraleae In vivo Gao et al62

Formononetin Trifolium pratense In vivo Anti-inflammatory inhibiting the Nrf2 signaling pathways Huang et al63

Table 2 Regulatory Effect of Traditional Chinese Medicine Compound on Signal Pathway of AR

Traditional Chinese 
Medicine

Herbal Constituents Mechanism of Action Reference

Waking nose gel Cynanchum paniculatum Radix (Xuchangqing) 

Periostracum cicadae (ChanTui) 
Calculus Bovis (Niu Huang) 

Borneol (Long Nao)

Anti-inflammatory inhibiting the NF-KB 

signaling pathways

Nan et al64

Xiaoqinglong 

decoction (XQLT)

Ephedra sinica (Ma Huang) 

Cinnamomum cassia (Gui Zhi) 

Asarum (Xi Xin) 
Paeoniae Radix Alba(BaiShao) Glycyrrhizae (GanCao) 

Schisandrae chinensis Fructus 

(WuWeiZi) 
Pinellia ternata(BanXia)

Anti-inflammatory inhibiting IL-33 

release

Fukuoka S et al65

(Continued)
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cardiac fibrosis in HF.80 According to the study, Tanshinone IIA could lower serum IgE levels, lower histamine release, inhibit 
intracellular Ca2+ influx, and decrease the expression of the inflammatory molecules’ tumor necrosis factor (TNF) and IL-4. This 
indicated that Tanshinone IIA could regulate the activity of the NF-KB pathway and enhance mast cell AR response.53

Glycyrrhizin is a triterpene glycoside. It is a key component of licorice root (Glycyrrhiza glabra) and has pharmacological 
properties, including anti-inflammatory and antioxidant.81,82 Glycyrrhizin has recently been related to a number of immunomo-
dulatory benefits, including a reduction in the frequency of asthma and AR attacks, an improvement in semen quality with 
treatment, and a modulation of allergic inflammation in a mouse model of asthma.83,84 In the blood and nasal mucosa of AR mice, 
a study showed that glycyrrhizin therapy increased the antioxidant state, lowered the incidence of free radical-induced lipid 
peroxidation, and improved immune activity.85 Glycyrrhizin inhibited the His-induced inflammatory response by deactivating the 
NF-KB pathway in NECs. This suggests that glycyrrhizin could be utilized as a complementary and alternative therapy for AR.54

Astragalus membranaceous is an herb that has been used for a very long time in China to cure a wide range of illnesses, 
including cardiovascular ailments, hepatitis, allergic rhinitis, and skin conditions.86,87 The main bioactive component produced 
from Astragalus membranaceous is known as astragaloside IV (As-IV).88 As-IV possesses a variety of pharmacologic 
activities, including anti-inflammatory, immunomodulatory, and antiapoptotic properties.89 AS-IV partially turned off the NF- 
KB signaling pathway in NECs, which lowered the inflammatory response that histamine causes. By inhibiting the NF-KB 
pathway in vitro, we deduced that AS-IV might be thought of as a possible candidate medication for AR.55

There have been some pharmacological actions associated with baicalin, a flavonoid molecule derived from 
Scutellaria baicalensis Georgi, including anti-allergic, anti-inflammatory, and antioxidant effects.56 Baicalin is frequently 
used to treat a variety of allergic and inflammatory illnesses, including asthma, atopic dermatitis, and AR.54 Baicalin 
efficiently suppressed JAK2-STAT5 and NF-KB signaling pathways in LPS-stimulated human mast cells to limit the 

Table 2 (Continued). 

Traditional Chinese 
Medicine

Herbal Constituents Mechanism of Action Reference

Compound Xinyi nasal 
drop liquid

Fructus Xanthii (Cang-Erzi) Flos Magnoliae (Xin Yi) 
Centipeda minima (Ebushicao) 

Cortex Moutan (Mudanpi) Ginseng(RenShen) 

Scutellaria (Huang Qin)

inhibiting IL-33 release Song et al66

Mahuang Fuzi Xixin 

decoction

Herba Ephedrae (Mahuang) 

Radix aconiti lateralis 
praeparata (Fuzi) Asarum(Xixin)

anti-inflammatory 

inhibiting P13K/AKT signaling pathways

Liang et al67

Yupingfeng San Astragali Radix(HuangQi) Atractylodes macrocephala 
(Bai Zhu) 

Radix Saposhnikoviae 
(Fangfeng)

Anti-inflammatory inhibiting the P13K/ 
AKT signaling pathways

Yang et al68

Guizhi Decoction Cinnamomum cassia (Gui Zhi) 

Radix Paeoniae Rubra (Shao Yao) 
Zingiberis Rhizoma Recens 

(ShengJiang) 

Ginger (Zingiber officinale) 
Fructus Jujubae (DaZao) Glycyrrhizae(GanCao)

Anti-inflammatory inhibiting the P13K / 

AKT signaling pathways

Sun et al69

Cool blood and stop 
sneezing soup

Scutellaria (Huang Qin) 
Radix Saposhnikoviae(Fangfeng) 

Periostracum cicadae (ChanTui) 

Fructus Mume (Wu Mei) 
Lithospermi Radix(ZiCao) 

Rubiae 

Radix (Qiancao) Eclipta(MoHanLian)

Anti-inflammatory inhibiting the MAPK 
signaling pathways

Xing et al70
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inflammatory response and prevent an allergic response in guinea pigs with OVA-induced allergy rhinitis. When taken as 
a whole, the data imply that baicalin may be an appropriate treatment for allergic rhinitis.90

Modulation of Allergic Rhinitis Through TLR Pathway by Traditional Chinese Medicine 
Constituents
Monomer of Traditional Chinese Medicine
TwHF polyglycosides are the main active ingredients extracted from the traditional Chinese medicine TwHF and have 
strong anti-inflammatory and antioxidant effects.91 When exploring the mechanism of triptolian polyglycosides in the 
intervention of the TLR-NF-κB pathway in OVA-induced AR rats, it was found that the ATL group of triptolian 
polyglycosides was found in AR rats. The expression levels of IgE, TLR4, and NF-KB p50 decreased significantly 
compared with the model group, and the production of eosinophils in the nasal mucosa was reduced, suggesting the 
presence of triptolian polyglycosides. Inhibition of the TLR/NF-KB signaling pathway, thereby reducing the expression 
of TLR4 and NF-KB and improving allergic reactions.57

Luteolin is a flavonoid, first extracted from the wood rhinoceros family. Modern research shows that it is widely 
present in a variety of plants and has anti-inflammatory, antioxidant, reducing inflammatory factors, protecting the 
nervous system, and other pharmacological effects.92 It restrained oxidative stress by preventing the generation of ROS 
and MDA and increasing the activity of the antioxidant enzymes CAT, T-SOD, GSH-Px, and T-AOC(1).93 Luteolin 
reduced inflammation and the Th1/Th2 imbalance in allergic rhinitis rats by controlling the TLR4/NF-KB pathway. This 
study offered fresh proof that luteolin might be a viable therapy option for allergic rhinitis.58

Modulation of Allergic Rhinitis Through IL-33/ST2 Pathway by Traditional Chinese 
Medicine Constituents
Chinese Herbal Compound
Xiaoqinglong decoction (XQLT), as one of the traditional herbal medications, has long been utilized as a natural remedy 
for allergic disorders like AR and asthma. XQLT has been used to alleviate AR patients’ chronic nasal obstruction 
symptoms as well as acute symptoms such as rhinorrhea and sneezing.94 Tanaka et al also noted that XQLT had the 
ability to reduce allergic reaction-related inflammation. In blood serum taken from individuals with persistent allergic 
rhinitis induced by Dermatophagoides farinas, XQLT reduced the production of IgE and IL-10.95 XQLT reduces the signs 
and symptoms of AR by avoiding the production of IL-33 from nasal mucosal cells.65 XQLT is probably going to be 
applied in clinical practice increasingly in the future.

Compound Xinyi nasal drop liquid is a traditional Chinese medicine prepared by the otolaryngology department of 
the First Affiliated Hospital of Anhui University of Traditional Chinese Medicine. It primarily consists of Xinyi and 
geese herbivores. One study reported that treated AR patients with budesonide and compound Xinyi nasal drops.66 It was 
discovered that IL-33 expression in the compound Xinyi nasal drop group was significantly higher than that of 
budesonide. This suggests that IL-33 is involved in the pathogenesis of AR and can regulate the abnormal reaction, 
making it a useful therapeutic drug.

Modulation of Allergic Rhinitis Through PI3K/AKT Pathway by Traditional Chinese 
Medicine Constituents
Chinese Herbal Compound
AR is commonly treated by Mahuang Fuzi Xixin Decoction (MFXD). Herba Ephedrae (Mahuang), Radix aconiti lateralis 
praeparata (Fuzi), and Asarum (Xixin) are the members of MFXD (Radix Rhizoma Asari). Pharmacological investiga-
tions have demonstrated that MFXD has anti-inflammatory and antiallergic effects by suppressing the synthesis of 
interferon gamma and interleukin (IL)-4, as well as the mediator release from mast cells and macrophages.96 By 
regulating important pathways, including the PI3K-AKT and AMPK signaling pathways, MFXD has been proven to 
be beneficial for AR.67
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A significant herbal remedy, Rhizoma coptidis, also known as “Huang Lian” in China, includes alkaloids such as 
berberine, coptisine, palmatine, and jatrorrhizine.97 Coptisine showed a wide range of pharmacological capabilities, 
including antibacterial, anti-hyperlipidemic, anti-inflammatory, and anticancer effects.98,99 Previous research has shown 
that coptisine can decrease the inflammatory response caused by LPS by blocking the activation of the nuclear factor KB 
(NF-KB), PI3K/Akt, and mitogen-activated protein kinase (MAPK) pathways in macrophages.100 Coptisine prevented 
mast cell activation by suppressing the IgE-induced phosphorylation of PI3K and Akt, and it decreased nasal symptom 
ratings due to its antioxidant and anti-inflammatory actions on AR.101

Yupingfeng San (YPFS) is mainly composed of Astragali Radix, Atractylodes macrocephala, and Radix 
Saposhnikoviae. It has been discovered to treat asthma and lead to fewer side effects.68,102,103 YPFS has anti- 
inflammatory properties. Pro-inflammatory cytokine transcript and protein expression levels were decreased to achieve 
these properties.104,105 The active ingredient in YPFS’s antioxidant activity is polysaccharide.106,107 Superoxide anion 
(O2), hydroxyl radical (-OH), and hydrogen peroxide are examples of ROS that YPFS can neutralize (H2O2). It can also 
produce complex metal ions, which the body needs to produce live oxygen to activate the body’s antioxidant defenses.108 

YPFS exhibited positive therapeutic effects on respiratory illnesses, inflammation, and immunological conditions. 
Widespread use of therapy for allergic rhinitis has been reported.109 By alleviating the symptoms of allergic rhinitis, 
YPFP may promote the proliferation of CD4+CD25+Foxp3+Treg cells and other mechanisms to control the body’s 
immune response.110 By activating the hif-1 PCR/PI3K/Akt pathway, house dust mite extract increased the release of 
signaling pathways in the nasal mucosa.111 The way that YPFP works to treat AR was studied using network 
pharmacology prediction along with other methods. We showed that YPFP may cure AR by regulating the signaling 
pathways for PI3K-Akt, oxidative stress and atherosclerosis, TNF, and IL-17.112

Monomer of Traditional Chinese Medicine
Fructus Xanthii was used as a traditional herbal remedy for rhinitis. FX has anti-inflammatory, anti-oxidative, and anti- 
hyperglycemic characteristics. We discovered that microglia in glial cells can control the proliferation of 
T lymphocytes.113 The induced factors of allergic rhinitis are T lymphocytes and epithelial cells.114,115 Based on GO 
enrichment and KEGG enrichment, Fructus Xanthii may regulate epithelial cells and control glial apoptosis through 
thyroid hormone signaling, p53 signaling, and the PI3K-Akt signaling pathway.59

Modulation of Allergic Rhinitis Through MAPK Pathway by Traditional Chinese 
Medicine Constituents
Chinese Herbal Compound
The Guizhi Decoction is a well-known set of TCM decoctions that has been used for AR for more than 1800 years in 
China. According to TCM theory, the effectiveness of Guizhi Decoction and associated formula corresponds to the 
pathogenesis of AR, and research revealed that Guizhi Decoction-associated formula could inhibit cholinergic transdif-
ferentiation of sympathetic nerves and enhance sympathetic nerve anatomical and functional denervation.116 Guizhi 
Decoction affects rhinitis effectiveness via numerous components, several targets, and different pathways. According to 
the KEGG pathway enrichment study, signaling pathways such as TNF, T cell receptor, MAPK, and Th17 were involved 
in the mechanism of action.69

Cool blood and stop sneezing soup is the experience of Professor Gan Zuwang, which has the effects of cooling blood 
and thinning wind, desensitization, and stopping sneezing. In an AR model, it can alleviate immune inflammation in the 
nasal mucosa of AR rats by downregulating IL-4 and IL-5 levels in serum, balancing Th1/Th2, weakening the 
phosphorylation of ERK and p38 MAPK, and regulating immune function by inhibiting the activation of the MAPK 
signaling pathway.70

Monomer of Traditional Chinese Medicine
Curcuma longa L., a naturally occurring yellow polyphenolic pigment called curcumin, was discovered in the plant’s 
rhizomes. The biological activities of curcumin are thought to be based on its anti-inflammatory characteristics, which 
are crucial in the treatment of diseases.117 By producing reactive oxygen species (ROS), curcumin can also encourage the 

Journal of Asthma and Allergy 2024:17                                                                                            https://doi.org/10.2147/JAA.S444923                                                                                                                                                                                                                       

DovePress                                                                                                                         
105

Dovepress                                                                                                                                                              Qin et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


activation of the MAPK pathway.60 Through oxidative alteration of intracellular kinases and inhibition of the MAPK 
phosphatases, the generation of intracellular ROS can cause the activation of the p38 MAPK pathway.118,119 Curcumin 
decreased allergy-related symptoms such as sneezing, frequent nose rubbing, lacrimation, and nasal congestion in 
a guinea pig model of induced allergic rhinitis. It also decreased inflammatory cell infiltration of the nasal mucosa.120 

Additionally, in vivo production of IL-2, IL-5, GM-CSF (granulocyte macrophage colony stimulating factor), and IL-4 
was decreased by curcumin in response to home dust mites.121 The potential of curcumin to scavenge ROS through 
regulation of cellular antioxidant enzyme activity and GSH levels has been linked to its antioxidant mechanisms.122–125

Magnolol is a naturally occurring extract and the primary bioactive element of Magnolia used in Chinese medicine. 
The study found that magnolol reduced inflammation by turning on signaling pathways for MAPK, NF-KB, and 
immune-regulatory phagocytosis. The findings offer theoretical support for studies on the anti-inflammatory properties 
of magnolol as a prospective anti-inflammatory medication candidate, as well as experimental evidence for those 
effects.61 In a prior study, magnolol at 300 M dramatically reduced cytokine and eosinophil infiltration, reducing the 
symptoms of mice with OVA-induced AR.126

Psoralen (PSO), a molecule that belongs to the class of furanocoumarins, is one of the most major functional 
substances in the psoralen family.127 PSO contains anti-inflammatory, antioxidant, and other pharmacological character-
istics, according to modern pharmacology.128 The MAPK family, of which AP-1 is a part, contains crucial signal 
transducers. Modifications in cellular tension, ionization effects, DNA damage, oxidative stress, and UV radiation, in 
addition to bacterial and viral infection, can all activate the MAPK/AP-1 signal transduction pathway.129 Because 
MAPK/AP-1 can act as a signaling molecule for transcription factors, it stops the AP-1 pathway and the expression of 
CST1 further down the line. PSO was proven to lessen the inflammatory response and mucus formation in AR.62

Modulation of Allergic Rhinitis Through Nrf2 Pathway by Traditional Chinese Medicine 
Constituents
Monomer of Traditional Chinese Medicine
Formononetin is a component of a traditional Chinese herb. Radix astragali can also be extracted from the entire leaf of 
Ononis spinosa L.130,131 Studies on its potential to treat different kinds are also becoming more prevalent. In an animal 
model of murine allergic asthma, formononetin, for instance, was discovered to protect against airway inflammation and 
oxidative stress.132 The current study found that formononetin can inhibit IL-13-induced proinflammatory cytokine 
release and improve nasal mucosal sensitization through boosting the Nrf2 signaling pathway.63

Conclusion and Outlook
Allergic rhinitis has been linked to inflammatory reactions. The formation of ROS from harmed cells or inflammatory 
responses causes an imbalance in allergic inflammation conditions that is characterized by increased oxidative stress.133 

Oxidative stress and inflammatory mechanisms make up the pathophysiology of AR.133–136 Through altering proteins, 
encouraging inflammation, stimulating apoptosis, inhibiting autophagy, and reducing mitochondrial activity, oxidative 
stress can disrupt several signaling pathways and affect numerous biological processes. These effects typically quicken 
pathological development and make the symptoms of disorders like AR worse. The signaling pathways NF-KB, TLR, IL- 
33/ST2, PI3K/AKT, MAPK, and Nrf2 all contribute to the amplification of AR development, and lowering the 
phosphorylation of molecules in these pathways helps to reduce the production of inflammatory substances, hence 
preventing AR.According to the present investigation, Chinese medicine offers distinct benefits in the prevention and 
treatment of AR because of its high level of safety, stable curative impact, multiple targets, and overall regulation. The 
constituent chemicals of traditional Chinese medicine, such as monomers and Chinese medicinal compounds, were 
discussed in this article. These substances all operate on these pathways and have positive therapeutic effects on AR. We 
discovered that traditional Chinese medicine not only limits the activation of inflammatory factors by acting on signaling 
pathways and maximizing its therapeutic benefits, but also performs an anti-AR effect from an anti-inflammatory and 
antioxidant perspective. In summary, oxidative stress is a multifaceted process with numerous contributing elements. 
Numerous processes connected to numerous signaling pathways need additional investigation.
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In addition to its significant therapeutic effects on inflammation and oxidative stress in treating AR, traditional 
Chinese medicine’s main mechanism of action is to regulate the body’s Th1/Th2 immune balance, Th17/Treg immune 
balance, macrophage M1/M2 immune balance, alleviate excessive infiltration of eosinophils and mast cells in the nasal 
mucosa, and reduce the release of histamine-based active mediators by mast cells in the nasal mucosa, thereby inhibiting 
inflammation and protecting the nasal mucosa to achieve the goal of treating AR.

There are still some issues with how Chinese medicine regulates the AR anti-inflammatory and anti-oxidation 
signaling pathways. There is a discrepancy between clinical practice and basic research. The question of how to balance 
good research between the two is important. In the basic research of AR, TCM monomer research is more than Chinese 
medicine compounds, and in clinical practice treatment, AR is more in Chinese medicine compound intervention, rarely 
a single application of Chinese medicine monomers. Clinical practice of Chinese medicine compounds lacks basic 
composition and mechanism research. In many basic studies of AR, drug efficacy is the gold standard for experiments; 
the average metabolic cycle of drugs in vivo is not evaluated, and there is a lack of clinical efficacy evaluation. When 
conducting basic research, most of the extracted monomers and compound components of traditional Chinese medicine 
are crude extracts without standardization or chemical characteristics, and most of the active chemical markers have not 
been identified. The bioactive metabolites beneficial for the anti-AR effect have not been well determined.

We make the following recommendations based on the definition of compound medicinal compounds and the 
impressive clinical practice effects of Chinese medicine compounds. The mechanism of the AR signaling pathway 
was investigated, and basic research was carried out after carefully examining the relationships between the TCM 
compound, TCM monomer, and active components. Future research can standardize the quality of TCM extract using 
current science and cutting-edge technology and quickly and efficiently find the biological activity targets of TCM 
monomers and compound components to contribute to the stability of clinical efficacy.

To conclude, oxidative stress is critical for AR pathogenesis, while Chinese medicine can inhibit the occurrence of 
oxidative stress to enhance the body’s antioxidant ability, thereby delaying disease progression.
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