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Abstract: Allergic rhinitis (AR) is a common chronic inflammatory disease of the upper respiratory tract and has become a significant
global public health issue. With increasing globalization and environmental challenges, the factors contributing to AR pathogenesis
have expanded, leading to a marked rise in its global incidence. Current clinical treatment guidelines recommend antihistamines,
glucocorticoids, and leukotriene receptor antagonists for managing the clinical symptoms and pathological changes associated with
AR. However, as patients’ expectations for quality of life increase, concerns regarding the recurrent nature of AR and the long-term
use of pharmacological treatments have grown, particularly concerning the potential side effects and sustained efficacy of these
medications. Therefore, the pathogenesis of AR remains a key research focus and a critical entry point for therapeutic intervention. In
this context, Traditional Chinese Medicine (TCM), with over 2500 years of clinical experience and a comprehensive theoretical
framework, has long recognized the condition and offers therapeutic strategies to treat or delay its onset. TCM exerts its effects
through multiple mechanisms, including immunomodulation, suppression of oxidative stress, regulation of gut microbiota, inhibition
of inflammatory responses, and restoration of normal cellular autophagy and apoptosis. This paper reviews ex vivo and in vivo studies
on the use of TCM in AR treatment, focusing on the modulation of various pathogenic mechanisms and the underlying theoretical
basis. It aims to identify potential drug sources and expand therapeutic options for AR. In addition, this review analyzes the
administration routes and treatment durations of various TCM interventions, offering insights into the development of safe and
effective targeted therapies. It also provides guidance for future experimental and clinical research while highlighting the current
challenges facing TCM in the management of AR.
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Introduction

Allergic rhinitis (AR) has emerged as a significant global public health concern. With ongoing globalization, industrializa-
tion, and changes in climate and the environment, the diversity and quantity of allergens have increased, contributing to the
increasing prevalence and incidence of various forms of AR worldwide.! AR affects approximately 40% of the global
population, with rising prevalence across all age groups. Studies indicate that the overall prevalence ranges from 10% to
30% in Asia, 15% to 25% in Europe, and up to 30% among children in Northern Europe. In Africa, the prevalence ranges
from 5% to 15%, with notable regional disparities. In Northern Europe, children and adolescents constitute a large
proportion of cases, while in Southern Europe, the total prevalence ranges from 10% to 25%. In urban areas, the overall
prevalence reaches 20% to 35% in Oceania, with Australia reporting a prevalence of 35%.”> AR is a common and
heterogeneous chronic disease characterized by a Th2-dominant inflammatory response in the nasal mucosa. Symptoms of
AR include nasal congestion, an itchy nose, sneezing, and rhinorrhea, with more severe cases potentially resulting in
olfactory dysfunction. Historically, AR was regarded as a chronic inflammatory disorder limited to the nasal mucosa and
airways. However, extensive basic and epidemiological studies have now established that AR is part of a broader systemic
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inflammatory response and is closely linked to other mucosal inflammatory diseases, such as asthma, allergic conjunctivitis,
atopic dermatitis, and sinusitis.® Characterized by a prolonged course, frequent recurrence, and complex pathophysiology,
AR not only negatively affects patients’ physical and mental health and quality of life, but also imposes a substantial
socioeconomic burden. The etiology of AR remains incompletely understood in Western medicine, although key con-
tributing factors are believed to include allergen exposure, inflammation, oxidative stress, and immune dysregulation.’

Currently, clinical treatment options for AR are limited, with Western medicine primarily relying on pharmacological
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therapies such as antihistamines, glucocorticoids, and leukotriene receptor antagonists. Commonly prescribed medications
include loratadine, beclomethasone dipropionate, and montelukast. Despite their widespread use, long-term administration
of these drugs may lead to serious adverse effects, including immunosuppression, osteoporosis, central nervous system
depression, vasodilation, and other complications.® In recent years, immunotherapy has been introduced into the medical
field, primarily targeting single allergens such as those derived from dust mites and Artemisia pollen. Currently, two major
forms of immunotherapy are widely used in clinical practice: subcutancous immunotherapy (SCIT) and sublingual
immunotherapy (SLIT). These therapies typically require administration over a period of 3—5 years to achieve therapeutic
efficacy, with a reported clinical response rate of approximately 45% to 50%.” Notably, although long-term immunotherapy
can reduce reliance on medications such as antihistamines, it is associated with age-related limitations. Improper admin-
istration may exacerbate local and systemic allergic reactions, such as redness, swelling, and pruritus at the injection site,
and, in severe cases, may lead to anaphylaxis.'®'" At the same time, the economic burden of long-term immunotherapy
remains significant, posing a considerable challenge for families with limited financial resources and in low-income
regions. Therefore, questions remain regarding the widespread adoption of this treatment.'> Traditional Chinese
Medicine (TCM) has been practiced in China for thousands of years, giving rise to a comprehensive theoretical system
and an extensive body of classical literature. Recently, there has been growing interest in treatments that are either assisted
by or based primarily on Chinese medicine. As a well-established therapeutic approach, TCM adopts a holistic perspective,
offering not only therapeutic effects for AR but also preventive and protective benefits. Herbal medicines are generally
associated with low toxicity and a favorable safety profile. With the advancement of clinical practice, herbal treatments
have undergone continuous refinement, enabling their application in a variety of dosage forms and administration routes.'?
Existing studies have confirmed that the total clinical effective rate of oral Chinese herbal medicine can reach 60%-90%,
with significant variations observed among different herbal medicines or prescriptions. Compared with antihistamines,
Chinese herbal medicine demonstrates a higher efficacy rate, fewer side effects, and a more pronounced improvement in
clinical symptoms.'* Notably, the recurrence rate of oral Chinese medicine is only 24.46%, whereas that of antihistamines
ranges from 40% to 60%."> These findings indicate that TCM plays a valuable role in the long-term management of AR,
effectively delaying disease progression. Moreover, TCM may address certain limitations of antihistamines or nasal
corticosteroids. At present, there is growing global interest in holistic integrative medicine, which is a patient-centered
approach that combines modern (Western) medicine with traditional and complementary therapies—such as TCM,
acupuncture, nutritional support, and psychological interventions.'® This integrative model has the potential to enhance
therapeutic outcomes, reduce drug-related adverse effects, lower healthcare costs, improve patients’ quality of life, and
promote the evolution of the medical paradigm. In recent years, an increasing number of TCM treatment modalities have
demonstrated efficacy in managing AR; however, these findings have not yet been systematically reviewed. This paper
aims to summarize current research on the role of TCM in treating AR and to provide clinical insights and novel
perspectives on its application in AR management. The mechanisms of AR treatment are analyzed from multiple
perspectives, including Chinese medicinal herbs, active ingredients, compound prescriptions, Chinese patent medicines,
and other auxiliary therapies. By summarizing both in vivo and in vitro studies, it is evident that TCM plays a significant
role in regulating immunity, reducing inflammation, inhibiting oxidative stress, improving intestinal flora dysbiosis, and
restoring cellular autophagy, apoptosis, and mitochondrial function—key pathological aspects of AR. Given the current
limitations in selective treatment options and growing concerns regarding long-term drug efficacy and safety, this paper
highlights the holistic concept of TCM and its integrated approach to prevention and treatment, while taking into account
global economic disparities. Finally, the paper discusses the major opportunities and challenges in the current treatment of

AR and identifies emerging areas for future research.

Pathogenesis of AR
Current research on the pathogenesis of AR focuses on seven key mechanisms: immune dysregulation, inflammatory responses,

oxidative stress, alterations in the gut microbiota, impaired cellular autophagy, pyroptosis, and mitochondrial dysfunction.
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Immunomodulation

Organismal Immunomodulation

Immunoregulatory mechanisms hold paramount importance in the progression of AR. Upon exposure to allergens, mucosal cells
are damaged, allowing allergens to enter the body and trigger abnormal immune responses. When allergens interact with
dendritic cells, antigen-presenting cells process the allergens and present them to CD4+ T cells. This process disrupts the balance
between Th1/Th2 and Treg/Th17 cell populations, leading to the excessive secretion of cytokines such as IL-4, IL-13, and IL-5.
These cytokines stimulate B cells to differentiate into memory B cells, which subsequently interact with dysregulated T cells to
produce large quantities of allergen-specific IgE antibodies.'” During the sensitization phase, re-exposure to the same allergen
leads to the release of eosinophilic cationic protein (ECP), major basic protein (MBP), and the production of specific IgE
antibodies. These IgE antibodies bind to high-affinity IgE receptors on mast cells and basophils, triggering degranulation and the
release of mediators such as histamine, leukotrienes, and prostaglandins. These mediators induce vasodilation, vascular
congestion of the nasal mucosa, and activation of nasal sensory nerves, resulting in early-phase clinical symptoms like sneezing
and rhinorrhea.'® Simultaneously, allergen-induced eosinophil infiltration generates oxidative stress and promotes the release of
thymic stromal lymphopoietin (TSLP), which activates epithelial dendritic cells (DCs), prompting their migration to lymph
nodes and initiating T cell differentiation. Additionally, TSLP—an epithelium-derived cytokine—upregulates OX40L expression
on human myeloid dendritic cells (mDCs), thereby mediating Th2 cell immune responses and facilitating the recruitment of
inflammatory cells."” Abnormal T-lymphocyte differentiation leads to the release of cytokines such as IL-4 and IL-13, which
infiltrate macrophages and monocytes, triggering the aberrant secretion of inflammatory factors. Additionally, specific IgE
antibodies bind to IgE receptors on macrophages, further enhancing IgE production, impairing immune cell function, intensifying
the inflammatory response, and ultimately damaging the nasal mucosa and affecting the nervous system® (Figure 1).
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Figure | Nasal mucosa contact with allergens, destroying the original mucosal structure, when the violation of neutrophils, triggering oxidative stress, stimulating TSLP so
that it affects the dendritic cells (DC) and T cells, resulting in the release of dendritic cells to destroy the mucosal immune function of OX40L; at the same time so that the
T cells in the Thl, Th2, Treg and Th17 cells in the imbalance, the release of a large number of inflammatory factors, the counteracts the dendritic cells.Th2 cells release
inflammatory factors (IL-33, IL4, IL-10) that act in conjunction with the IgE receptor on macrophages, causing them to release IgE and other inflammatory factors (TNF-a).
GM-CSF released by macrophages, IL-5 released by ILC2 cells and Th2 cytokines together stimulate eosinophils. Factors in eosinophils (IL-5) stimulate B cells to become
memory B cells with inflammatory factors to stimulate a large amount of IgE; ECP, MBP and inflammatory factors in eosinophils act on mast cells and basophils, causing them
to degranulate and produce a large number of compounds, such as histamine, which stimulate the mucous membranes of the nasal cavity and aggravate the inflammatory
response.
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Neuroimmune Modulation

Currently, research on the bidirectional regulatory mechanisms between the central and peripheral systems, as well as the
peripheral neural-immune networks in AR, is intensifying.>' Studies have demonstrated that the nasal mucosa is innervated
by sensory, parasympathetic, sympathetic, and nonadrenergic noncholinergic nerves. Additionally, transient receptor
potential (TRP) ion channels are expressed on the surface of submucosal sensory nerve endings.*> During an allergic
inflammatory response, when the nasal mucosa is exposed to external stimuli, the parasympathetic nervous system becomes
predominant and simultaneously activates sensory nerves. This results in the release of neuropeptides—such as substance P,
neuropeptide Y, and vasoactive intestinal peptide—from peripheral neurons. These neuropeptides not only enhance the
activation of eosinophils, key players in the immune response, but also promote the release of inflammatory mediators,
facilitating the systemic transmission of inflammatory signals through the nervous system.?*** Advancing the “lung-brain
axis” theory, the concept of the “nose-brain axis” has emerged. Sensory nerve endings in the nasal mucosa detect external
stimuli and transmit signals to the central nervous system (CNS); the CNS subsequently processes this information and
sends efferent signals to peripheral target organs, modulating the immune system.>> Research focusing on the trigeminal
nerve has revealed that neuropeptides released from nerve endings in AR patients, such as substance P and calcitonin gene-
related peptide (CGRP), can act on the CNS. This interaction enhances central efferent signaling and lowers the threshold
for external stimuli, thereby increasing the body’s responsiveness to early allergic reactions and exacerbating the progres-
sion of these reactions. As a result, symptoms such as nasal congestion and rhinorrhea are exacerbated. Furthermore, the
olfactory nerve may sustain damage, leading to olfactory dysfunction®®*’ (Figure 2).

Inflammatory Response

Inflammation is implicated in all phases of allergic disease pathogenesis, spanning onset, progression, and resolution. AR induces
an imbalance in cytokine production. Following allergen exposure, T-lymphocytes undergo abnormal cytokine secretion, with
Th2 cells releasing elevated levels of IL-4, IL-5, and IFN-y, while Th17 cells secrete elevated levels of IL-17 and TGF-p. These
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Figure 2 Allergens enter the nasal cavity, contact the nasal mucosa, stimulate the sensory nerves, parasympathetic nerves, and sympathetic nerve endings in the mucosa, and
the signals from the nerve endings are uploaded to the ganglia of the brain, which cause the neurons to release a large number of neurotransmitters (SP, VIR, and VGRP), and
the neurotransmitters activate the immune cells so that they can trigger inflammatory reactions, producing a large number of inflammatory factors that counteract the
mucous membranes of the nasal cavity and damage the mucous membrane tissues, thus causing metamorphic reactions.
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cytokines critically drive the subsequent inflammatory response.”® IL-4 serves as a pivotal cytokine that induces Th2 cell
differentiation. It demonstrates particular importance in vitro, stimulating proliferation of activated B and T cells, enhancing IgE
secretion, and exacerbating inflammatory symptoms.”® IL-5 promotes the proliferation, chemotaxis, and activation of eosino-
phils, triggering the release of cytotoxic and neurotoxic proteins—ECP and MBP. These proteins induce nasal mucosa damage
and potentiate glandular secretion, clinically manifesting as nasal congestion, itchy nose, rhinorrhea, and sneezing.*
Additionally, eosinophils themselves release IL-5, creating a positive feedback loop that prolongs inflammation and complicates
the treatment of AR. IL-17, a pro-inflammatory cytokine produced by activated CD4+ T lymphocytes, initiates early inflam-
matory responses. IL-17 acts on various cell types and tissues, inducing mesenchymal stromal cells to secrete inflammatory and
hematopoietic cytokines, thereby amplifying inflammation by promoting the release of neutrophil chemokines.*'** Conversely,
TGF-B inhibits the differentiation of T cells into regulatory T (Treg) cells and promotes their differentiation toward the Th17
lineage. As potent pro-inflammatory effector cells, Th17 cells enhance the recruitment of inflammatory cells through the
secretion of inflammatory mediators, thereby amplifying the inflammatory response and sustaining inflammation.
Furthermore, TGF-f suppresses the maturation and differentiation of immune cells, leading to increased expression in the
nasal mucosa, histopathological alterations, and even tissue remodeling of the nasal mucosa.**** Accumulating evidence
suggests that the key factor contributing to AR recurrence is the persistence of localized inflammation, termed minimal persistent
inflammation (MPI).>> Regardless of whether Th17, Th1/Th2, or ILC2 cells drive Th2 dominance during the minimal persistent
inflammation phase, this Th2 bias may lead to a localized inflammatory cell infiltration in the nasal mucosa. Such Th2 dominance
may cause the accumulation of AR-targeted cells at local sites, thereby triggering a more rapid and severe reaction upon re-

exposure to the allergen.*®’

Oxidative Stress

Redox components are frequently implicated at multiple stages of disease progression, and AR arises from airway inflamma-
tion as well as an imbalance between oxidative and antioxidant systems. Upon allergen exposure, the immune system initiates
an inflammatory response, leading to the excessive production of reactive oxygen species (ROS), which may exert toxic
effects on various organs.*® Under normal physiological conditions, the antioxidant defense system in a healthy individual can
partially neutralize ROS. However, inflammatory processes can disturb the equilibrium between oxidants and antioxidants,
leading to oxidative stress. This disruption subsequently activates inflammatory signaling pathways, promotes cell-mediated
immune responses, and creates an oxidative milieu that further amplifies ROS generation, ultimately causing tissue injury and
aberrant pathophysiological alterations.*”*” In a reciprocal manner, oxidative stress activates inflammatory cells and media-
tors, thereby accelerating and intensifying the inflammatory cascade. The Nrf2/HO-1 signaling pathway is closely associated
with oxidative stress. Nrf2, an intracellular transcription factor involved in the cellular response to oxidative stress, plays a key
role in defending the antioxidant system; nevertheless, its excessive activation may disturb the homeostasis of oxidative
stress.*! Oxidative stress also activates the transcription factor NF-xB, which undergoes oxidation by H,O,, leading to the
degradation of its inhibitory subunit (IkB). Consequently, NF-kB is released and translocates into the nucleus, where it acts as
a transcription factor that regulates gene expression in inflammatory, immune, and acute-phase responses. Currently,
malondialdehyde (MDA) levels, along with the activation of signaling pathways such as Nrf2 and NF-kB, are commonly
used as biomarkers of oxidative stress to assess the extent of oxidative stress in AR.*?

Intestinal Flora

The gut serves as the primary site of host-microbe interactions, where the host’s immune system is continually shaped
and regulated by the gut microbiota throughout life. The intestinal microbiota maintains a dynamic equilibrium over
time, which is supported by the mucus layer, the epithelial barrier, and immune defenses within the gut. The immune
barrier comprises gut-associated lymphoid tissues, the lamina propria, and intraepithelial lymphocytes. Key cellular
components include intestinal epithelial cells (IECs), DCs, Treg cells, Th17 cells, group 2 innate lymphoid cells (ILC2),
and other immune cell types.*’ Research has demonstrated that the gut can transport microbial antigens to the thymus
through dendritic cells, facilitating microbe—T cell interactions within the thymus. This indicates that alterations in the
gut microbiota can influence the balance between effector T cells and regulatory T (Treg) cells.** Delayed microbial
colonization, decreased microbial diversity, and structural imbalances in the gut microbiota can lead to abnormal
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metabolic processes, thereby compromising immune tolerance in the intestinal mucosa. Pathogenic microorganisms
influence both the innate and adaptive immune responses through the “gut-organ axis” by modulating immune mediators
and promoting the onset of allergic diseases. The interaction between T cells, B cells, and the gut microbiota supports the
development of intestinal mucosal immunity, helping prevent the invasion of exogenous pathogens and contributing to
the establishment of systemic immune tolerance and homeostasis. The symbiotic bacterium SFB, upon colonizing the
ileal epithelial layer, induces ILC3 cells to produce IL-22. This cytokine subsequently stimulates the intestinal epithelium
to secrete serum amyloid Al and A2, promoting Th17 cell differentiation and resulting in an imbalance between Th17
and Treg cells.*>** Intestinal epithelial cells exposed to Aspergillus species induce the production of IL-25, IL-33, and
TSLP, which enhance the secretion of ILC2 cells and TNF-o. Consequently, this promotes the activation of type 2
inflammatory mediators, facilitates the isotype switching from IgA to IgE, and stimulates eosinophil activity. These
events collectively drive a Th2-polarized immune response, exacerbating allergic symptoms such as nasal congestion and

rhinorrhea*” (Figure 3).
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Figure 3 The nose is in an environment of metamorphosis and inflammatory reaction, immune cells are destroyed, and a large number of inflammatory factors are
abnormally secreted, which downwardly stimulate the intestinal mucosa, destroying the original immune barrier and affecting the normal intestinal flora colonization,
meanwhile the abnormal intestinal flora activate the dendritic cells (DC), and the commensal bacterium SFB induces the production of IL-22 from the ILC3, and the intestinal
epithelium induces the production of the serum amyloid proteins, Al and A2, by the IL-22, promotes the development of Th17 cells, leading to Th17/Treg imbalance. IL-25,
IL-33, and thymic stromal lymphopoietin (TSLP) produced by the intestinal epithelial cells affected by Aspergillus phylum promote the secretion of large amounts of ILC2
cells and TNF-alpha, activate Th2 inflammatory mediators, and promote the isotypic conversion of IgA to IgE, while at the same time, the body is in the midst of a Th2
immune response due to the influence of NLRP3 on the eosinophil granulocytes in vivo.
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Cellular Autophagy

Cellular autophagy and its associated regulatory proteins critically regulate essential physiological processes, including
inflammatory responses, immune function, cell proliferation, and programmed cell death.*® Basal autophagy levels
maintain cellular homeostasis, which is a prerequisite for cell survival. However, pathogenic stimuli—such as infection,
oxidative stress, or nutrient starvation—can induce excessive autophagy, triggering uncontrolled degradation of cellular
components. This culminates in autophagic cell death and promotes disease pathogenesis.*’ Autophagy directly con-
tributes to AR development. Upon allergen exposure, antigen-presenting cells (APCs) utilize autophagy to phagocytize
the antigens and subsequently deliver them to the lysosome for degradation, thereby facilitating antigen presentation.
Notably, autophagosomes serve as the primary vehicles for transporting exogenous antigens to lysosomes and constitute
key sources of intracellular MHC class II (MHCII) antigens. In naive T cells, autophagy levels dictate T cell differentia-
tion fates, indicating its essential role in T cell development and selection. Conversely, in mature T cells, autophagy is
indispensable for maintaining homeostasis, survival, and effector functions. Crucially, autophagy modulates T cell
responses both quantitatively and qualitatively.”® For instance, T cell receptor (TCR) stimulation upregulates autophagic
flux. Genetic impairment of autophagy-related genes reduces T cell production and blunts proliferation upon antigenic
challenge. Consequently, this disrupts Th cell polarization and accelerates AR progression.”’ Autophagy further regulates
B cell development and modulates antibody secretion. B cell activation induces the assembly and activation of the
ATG14-Beclin-p150-PI3 kinase complex, which orchestrates autophagosome initiation and maturation. This autophagy-
mediated regulation in eosinophils ultimately affects nasal mucosal epithelium, nasal vasculature, glandular secretion,

and AR pathogenesis.’>>

Cellular Pyroptosis

In recent years, cellular pyroptosis has emerged as a key research focus across various disciplines, including allergic
diseases, inflammatory disorders, and immune-related conditions. Accumulating evidence suggests that the activation of
the NLRP3 inflammasome in nasal mucosal epithelial cells can trigger either classical or non-classical caspase (1/3/4/5/8/
11)-mediated pyroptotic pathways, thereby activating GSDMD or GSDME. Subsequent pore formation in the plasma
membrane triggers pyroptotic cell death and the release of inflammatory cytokines. This cascade amplifies the inflam-
matory response through a positive feedback loop. Moreover, caspase-3 and caspase-8 promote the progression of
allergic diseases through induction of pyroptosis, while inflammatory mediators such as IL-1p further exacerbate the

development of AR.>**

Mitochondria

Mitochondria are double-membrane-bound organelles, consisting of the outer and inner membranes, that play a central
role in cellular metabolism, redox regulation, calcium homeostasis, and cell signaling. They generate the majority of
cellular energy in the form of adenosine triphosphate (ATP) through oxidative phosphorylation—a process that also
contributes to the production of reactive ROS. Additionally, mitochondria act as key mediators of inflammatory
responses. Under pathological conditions, mitochondrial dysfunction leads to the release of mitochondrial components
into the extracellular environment, thus driving inflammatory reactions. This process involves excessive generation of
mitochondrial ROS (mtROS), which results in the accumulation of oxidative free radicals and subsequent damage to both
mitochondria and cells. These events promote the expression of pro-inflammatory cytokines, enhance cellular sensitivity
to inflammatory signals, and activate inflammasomes, thereby contributing to the development of inflammatory
diseases.”® Under bidirectional regulation, oxidative stress can alter mitochondrial morphology and structure, leading
to mitochondrial dysfunction. Emerging evidence indicates that ROS serve as key signaling molecules in the activation of
the NLRP3 inflammasome. Elevated mtROS production from impaired mitochondria further facilitates NLRP3 inflam-
masome activation and aggravates AR progression. However, mitochondria can initiate mitophagy—a selective form of
autophagy—to eliminate damaged mitochondria through the autophagosome-lysosome pathway. This process limits
excessive ROS production and maintains mitochondrial homeostasis, ultimately suppressing the development of inflam-
matory diseases’>® (Figure 4).
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Figure 4 ADP in mitochondria is converted to ATP through glycolysis, while CIV releases H202 outward, and hydroxide ions in H202 combine with iron ions to form
oxidative damage. H202 released by mitochondria affects the NF-kB pathway, causing it to separate IkB to invade the nucleus; mitochondria down-regulate Nrf2 and up-
regulate HO-I, activating the oxidative stress response, and excess reactive oxygen species (ROS) stimulates NLRP3 inflammatory vesicles, which activate the GSDMD to
initiate the caspase-1/3/4/5/8/1 |-mediated pyroptosis pathway, causing the GSDMD and GSDME to release inflammatory factors (IL-1B, IL-18), causing an inflammatory
response into the nucleus. Antigen-presenting cells (APC) export to lysosomes, causing B cells to be transformed into memory B cells by inflammatory factors (IL-6, IL-13,
IL-21), and lysosomes cause abnormal secretion of inflammatory factors by Th2 and Th17 cells in T cells, activating eosinophils and exacerbating metamorphic reactions.

Chinese Medicine Theory of AR

The treatment of AR is critically important, as untreated or inadequately managed cases frequently lead to complications
including olfactory dysfunction, allergic conjunctivitis, allergic asthma, and enteritis. Although contemporary medical
guidelines can ameliorate certain symptoms, they commonly induce adverse effects that significantly compromise
patients’ psychological well-being and may precipitate additional health complications. Currently, extensive domestic
clinical studies have reported that an integrative medicine approach combining TCM with Western medicine delivers
superior treatment outcomes for AR. TCM provides multi-pronged benefits in early-stage AR prevention and therapy.
Crucially, it can effectively decelerate disease progression, reduce complication rates, alleviate core symptoms such as
nasal obstruction and rhinorrhea, and significantly improve patients’ quality of life.

Historical Progress of Chinese Medicine in the Treatment of AR

Although AR is classified as a modern disease entity, its earliest documentation in TCM theory appears as “nasal
obstruction with sneezing” in The Book of Rites: Monthly Ordinances. Liu Wansu, a physician of the Jin Dynasty, further
elucidated this condition in Exploration of Original Diseases from Plain Questions, characterizing it by watery nasal
discharge accompanied by paroxysmal sneezing induced by nasal pruritus. These historical records demonstrate
remarkably accurate clinical symptom identification of that time. During the Eastern Han Dynasty, Xu Shen’s

Shuowen Jiezi ascribed the disorder to nasal congestion caused by cold pathogen invasion, marking an initial
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understanding of its pathomechanism. This conceptual shift advanced medical understanding beyond symptomatic
observation toward foundational etiological exploration.>

The TCM Pathogenesis of AR

The core of Chinese medicine theory lies in its holistic perspective and pattern identification, which views the human
body as an integrated whole in which the organs coordinate, support, interact, and influence one another.

Within TCM theory, AR is pathologically ascribed to deficiencies in the lung, spleen, and kidney organs, compounded
by vital qi insufficiency and impaired Defensive Qi mechanisms. These impairments diminish the body’s adaptive
capacity to environmental challenges, manifesting clinically as nasal pruritus, paroxysmal sneezing, rhinorrhea, frequent
olfactory decline, ocular irritation, or pharyngeal discomfort. A systematic analysis of historical and contemporary
etiological frameworks reveals that TCM classifies AR pathogenesis under four primary syndromes: Lung Qi deficiency
with cold syndrome, Spleen Qi deficiency syndrome, kidney qi deficiency syndrome, and Lung Meridian exogenous heat
syndrome. Fundamentally, TCM anatomically designates the nose as the external orifice of the lungs, where the
pulmonary system governs nasal discharge production. When Lung Qi deficiency and Wind-Cold invasion occur, the
Defensive Qi barrier weakens, permitting penetration of exogenous wind and pathogens. This compromises pulmonary qi
diffusion and distribution of bodily fluids, leading to the accumulation of pathogenic factors in nasal pathways.
Concurrently, since the spleen constitutes the postnatal foundation of vitality, Spleen Qi deficiency impairs biosynthesis
of qi and blood. Resultant nasal mucosal dehydration leads to inferior turbinate hypertrophy and persistent clear
rhinorrhea. Furthermore, Kidney Yang deficiency attenuates the warming function, resulting in chronically cold nasal
cavities that are vulnerable to pathogen invasion. This pathophysiological cascade leads to watery nasal discharge and
refractory rhinorrhea.®

The core therapeutic philosophy in TCM is fundamentally rooted in the dual principles of “tonification and
circulation”, with nasal congestion pathogenesis specifically attributed to visceral organ deficiencies. Treatment strategies
prioritize warming Lung Qi, fortifying the spleen and stomach systems, tonifying kidney yang, replenishing essence,
dispelling exogenous pathogens, and eliminating pathogenic factors. This comprehensive approach aims to restore
systemic physiological equilibrium. Guided by TCM syndrome differentiation principles, herbal medicines are selected
based on pharmacodynamic actions: symptom palliation, bodily tonification, orifice-opening effects, and activation of
blood circulation. Medicinal formulations—whether decoctions or finished products—strictly adhere to the herbal
hierarchy of jun (monarch), chen (minister), zuo (assistant), and shi (envoy) roles. Critically, TCM’s holistic, evidence-
based methodology simultaneously achieves three therapeutic objectives: ameliorating localized symptoms, modulating

systemic physiological functions, and addressing root etiologies while enhancing immunological competence.®!

The TCM for AR

The pathogenesis of AR in TCM primarily originates from the lungs and is closely related to the functions of the spleen
and kidneys, with pathological manifestations mainly occurring in the nose. Exogenous etiological factors predominantly
involve wind, cold, and heat pathogens. Consequently, TCM therapeutic principles emphasize dispelling wind pathogens,
regulating lung function, strengthening the spleen, nourishing kidney yin and yang, and clearing nasal passages by
expelling cold pathogens. In addition to decoctions and herbal formulas, propriectary TCM preparations such as Tonggiao
Biyan Capsules, Sanfeng Tongqiao Dropping Pills, and Wenfei Zhiliu Dan are commonly used. This systematic review
examines contemporary clinical research on AR management through TCM, specifically analyzing two therapeutic
approaches: internal interventions via herbal administration and external therapies utilizing medicinal fumigation and
topical paste applications.

Chinese Medicinal Herbs

Table 1 summarizes the relevant herbs used in the treatment of AR, the mechanisms of which may involve the inhibition
of inflammatory responses, the reduction of oxidative stress induced by oxidative products, and the modulation of
immune cell activity.
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Table | Summary of the Mechanism of Action of Chinese Herbs

in the Treatment of AR

Chinese Medicinal Herbs (Latin Name/ | Portion Used Research Object Method of Dose Medication Duration Mechanism of Action Reference
English Name/Chinese Name) and Model Administration
Centipeda minima (L.) A.Braun & Asch. (E bu | Volatile oil emulsion | SD rats Nasal drip 10uL/3times/d 15d Inhibits the production of eosinophils and mast cells, [62]
shi cao) reduces pathologic changes in nasal mucosal tissue
Astragalus mongholicus Bunge (Huangqi) Granules Children with Oral 7.5g/3times/d 2months Up-regulates Thl cell function (IL-2, IFN-y), down- [63]
allergic rhinitis regulates Th2 cell function to inhibit secretion of IL-4, IL-10
Xanthium strumarium L. (Cangerzi) Water Extract BALB/c mice Gavage High4g/kg/d, medium2g/kg/d, 14d Lowering serum levels of lIL-4 and elevating levels of IFN-y, [64]
low I g/kg/d thereby regulating Th| /Th2 cell balance and lowering
serum IgE levels
Angelica sinensis (Oliv). Diels (Baizhi) Emulsion C57BL/6mice Gavage 30mg/kg/d 7d Down-regulation of Thl7 ratios (IL-6, IL-17) and up- [65]
regulation of Treg ratios (IL-10, TGF-B1) in serum and
nasal lavage fluid restored Th17/Treg balance
Magnolia biondii Pamp. (Xinyi) Essential oil SD rats Nasaldrip 1.0mL/d On days 1,7, 14,21-27 Reduces Th2 cytokine concentrations (IL-4, IL-5), [66]
increases Thl cytokine concentrations (IL-2, IFN-y),
improves Thl/Th2 cell balance, and reduces inflammatory
response in allergic rhinitis
Saposhnikovia divaricata (Turcz). Schischk. Water Extract BALB/c mice Gavage Viscosity:5mg/mL,0.2mL/d 2weekends Inhibits TLR4/TRAF6/IkBa/NF-kB p65 pathway activation, [67]
(Fangfeng) reduces mast cell infiltration and inflammatory cell
number, reduces Treg/CD4+ T cell ratio, regulates body
immunity, and improves allergic rhinitis symptoms
Prunus mume (Sieh). Sieb.et Zucc.(Wumei) Water Extract Mice Gavage 10g/kg/d On days22, 24, 26 Inhibition of mast cell exosomal secretion MMP9 regulates [68]
Treg/Th17 immune homeostasis
Mentha canadensis L. (Bohe) Water Extract SD rats Oral High300mg/kg/d, low | 00mg/kg/d Ihour before the experiment Inhibits histamine release from mast cells and improves [69]
nasal clinical symptoms
Asarum heterotropoides F.Schmidt (Xixin) volatile oil FMMU guinea pig Oral 0.45g kg-1/d 10d Reduces histamine release levels [70]
Aconitum carmichaeli Debeaux (Fuzi) Total epiphyllum Guinea pig Gavage Viscosity:2.6g/mL scope:36.0g/kg/ 10d Reduces serum histamine levels and improves local [71]
alkali d-109.8g/kg/d infiltration of nasal mucosa inflammation
Schisandra chinensis (Turcz).Baill. (Wuweizi) Schizandrin Mice Intraperitoneal 10mg/kg/d 8weekend Reduces levels of IL-5, IL-6, soluble F-selectin and [69]
injection eosinophil chemokines, improves nasal function and
relieves nasal symptoms
Bombyx mori Linnaeus (Jiangcan) Water Extract Mice Gavage High5g/10mL/d, lowlg/10mL/d 10d Regulates the levels of IL-4 and IFN-y and restores Thl/ [72]
Th2 balance
Cicadae Periostracum (Cantui) Dry powder KM mice Intraperitoneal Sodium hydroxide solution fusion 5d Altered free radical scavenging and inhibition of oxidative [73]
injection ratio:1:10, 1:15, 1:20, 1:25, 1:30 stress
Scorpion (Quanxie) Soaking liquid SD rats Hypodermic Highl.04kg"/d, 28d Modulation of inflammatory factors [74]
injection medium0.52kg'/d, low0.26kg '/d
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Plant-Based Herbs

Centipeda minima (L.) A.Braun & Asch., a medicinal herb first documented during the Southern Tang Dynasty, is
formally recorded in both the Shiliao Bencao (Food and Herbal Medicine) and the Compendium of Materia Medica. As
described in the herbal section of the “Compendium”, this plant exhibits pungent and warm properties, primarily acting
on the Lung Meridian. The 2015 Edition of the Chinese Pharmacopoeia specifies its functions: dispelling Wind-Cold
pathogens, unblocking nasal orifices, and suppressing cough. It is clinically applied for Wind-Cold headaches, productive
cough, nasal congestion, impaired nasal ventilation, and rhinorrhea, serving as a key pungent-warm detoxifying agent.”
With over one millennium of documented clinical application, this herb demonstrates significant efficacy in treating AR
according to domestic and international research. Notably, it eliminates drug-resistant bacterial plasmids.”®
Pharmacological studies on Centipeda minima’s active constituents reveal that its extract inhibits AR pathogenesis by
modulating the Th2-IgE-mast cell (basophil)-eosinophil immune axis, consequently reducing histopathological damage
to nasal mucosa.®?

Astragalus mongholicus Bunge is a fundamental herb in TCM used for replenishing vital energy (Qi). This species
comprises two primary variants: Mongolian astragalus (4stragalus membranaceus var. mongholicus) and membranous
milkvetch (Astragalus membranaceus var. membranaceus). Pharmacologically, it has a sweet flavor and a mildly warm
property, with documented efficacy in Qi tonification, surface fortification, immune enhancement, and pathogenic factor
elimination. Clinically, it is used to treat syndromes of Lung Qi deficiency and compromised immunity and serves as
a core component in classical formulations including Yupingfeng San (Jade Screen Powder), Buzhong Yiqi Decoction,
and Guizhi Jia Huangqi Decoction.”” Astragalus mongholicus Bunge synthesizes bioactive constituents, primarily
astragaloside IV and polysaccharides. Studies have shown that its standardized extracts modulate inflammatory mediators
and regulate immune cell populations—particularly Th1, Th2, Treg, and Th17 cells—in the nasal mucosa and systemic
circulation of AR patients.®

Xanthium strumarium L. is pharmacologically documented in classical Chinese medicine texts. This herb has a warm
nature and exhibits pungent and bitter flavor properties. Its therapeutic actions encompass dispelling wind-cold, clearing
nasal obstruction, expelling wind, and eliminating dampness, establishing its primary use in the management of nasal
disorders.”® The bioactive constituents of Xanthium strumarium L., particularly n-butanol-soluble compounds, modulate
the LAT/PLCy1/PKC signaling cascade. This molecular mechanism suppresses mast cell degranulation, reduces inflam-
matory mediator release, and enhances nasal vascular tone through dual pathways: a-adrenergic receptor-mediated
vasoconstriction and nasal mucosal contraction. Collectively, these physiological responses alleviate rhinitis symptoms,
including turbinate hypertrophy and nasal congestion.®*

The Shen Nong Ben Cao Jing classically records that Angelica sinensis (Oliv). Diels has warm and pungent
properties, functioning to dispel wind pathogens, eliminate dampness, reduce swellings and discharge pus, as well as
alleviate pain through orifice-opening mechanisms. This herb has been historically used in clinical practice for nasal
congestion, cephalalgia, and related conditions.”” Pharmacologically, Angelica sinensis (Oliv). Diels emulsion inhibits
the adherence of vascular endothelial cells and circulating leukocytes to organs and vascular walls. This action prevents
inflammatory cell infiltration into nasal mucosa, thereby suppressing localized inflammatory responses.®’

Magnolia biondii Pamp. possesses acrid and warm properties; its acridity disperses wind pathogens, while its warmth
counteracts cold syndromes. This herb is clinically indicated for constitutionally deficient individuals who are predis-
posed to wind-related diseases. In TCM practice, synergistic herbal pairs—including Magnolia biondii Pamp. and
Xanthium strumarium L., Magnolia biondii Pamp. and Angelica sinensis (Oliv). Diels, and Magnolia biondii Pamp.,
along with Astragalus mongholicus Bunge and Saposhnikovia divaricata (Turcz). Schischk.—effectively disperse Wind-
Cold pathogens and unblock nasal orifices. These combinations demonstrate therapeutic efficacy against rhinitis through
both oral and topical administration.®® Advancements in phytochemical isolation have enabled the purification of volatile
oils from Magnolia biondii Pamp., revealing that cinnamyl ester derivatives potently inhibit histamine release, attenuate
inflammatory cascades, and enhance immunomodulatory functions. Critically, these bioactive components suppress the
release of the neuropeptide substance P during inflammation and inhibit type I hypersensitivity reactions. This multi-

target/multi-component synergistic mechanism provides a scientific basis for AR treatment.*®
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Saposhnikovia divaricata (Turcz). Schischk., primarily sourced from Hebei, Heilongjiang, and Inner Mongolia
provinces, exhibits therapeutic actions including wind-dispelling, eliminating pathogens from the pulmonary system,
alleviating Qi stagnation, and relieving nasal congestion. This makes it an essential herb for treating exogenous lung
diseases, particularly those involving Lung Qi deficiency and cold syndromes caused by external pathogens. Given the
TCM principle that “the lungs govern the nose”, such pathological imbalances frequently manifest as rhinopathies.®!
Pharmacological studies have shown that Saposhnikovia divaricata polysaccharides inhibit cutaneous allergic reactions
by 55.51% without inducing dermal irritation. Mechanistically, the herb’s extract exerts anti-AR effects by modulating
the TLR4/TRAF6/IkBa/NF-kB p65 signaling pathway in nasal mucosa. This pathway modulation critically enhances
immunoregulatory responses through the suppression of pro-inflammatory nuclear translocation.®’

Asarum heterotropoides F.Schmidt, initially documented as a superior-grade herb in the Shen Nong Ben Cao Jing
during the Han Dynasty, exhibits dual therapeutic actions: dispersing exogenous Wind-Cold pathogens externally and
eliminating endogenous yin-cold internally. This herb constitutes an essential component in classical formulations such
as Mahuang Fuzi Xixin Decoction and Xiaoginglong Decoction.*® These pharmacological effects are principally
mediated by methyl eugenol, a bioactive constituent of Asarum heterotropoides F. Schmidt. Mechanistically, methyl
eugenol regulates the distribution of T-lymphocyte subsets, decreases the Th/Ts cell ratio, inhibits f-endorphin synthesis,
and attenuates inflammatory cell infiltration in mucosal tissues.’®

Insect Herbs

Bombyx mori Linnaeus, commonly known as the white silkworm, is a widely used insect-derived medicinal agent in
China. This substance has a light aromatic odor and exhibits bidirectional therapeutic movement: ascending action targets
the lungs to regulate and descend Lung Qi, disperse wind pathogens, and eliminate phlegm.*> According to TCM
principles, “the lungs govern the nose”, and balanced Lung Qi along with strong Defensive Qi (Wei Qi) helps maintain
nasal sensitivity and physiological responsiveness. Bombyx mori Linnaeus contains bioactive constituents such as
proteins, enzymes, amino acids, and fatty acids. It stimulates adrenal cortical activity, increasing the secretion of
adrenocorticotropic hormone. This endocrine modulation helps alleviate airway inflammation and allergic responses by
restoring Th1/Th2 immune homeostasis, thereby significantly reducing the symptoms of AR.”?

Cicadae Periostracum exhibits a sweet-salty flavor, a cool nature, and light ascending properties. Therapeutically, it
effectively disperses wind pathogens, promotes rash eruption, and alleviates pruritus. Wind pathogens are characterized
by rapid migration and transformative capacity. When exogenous wind invades the lungs and ascends to the nasal
regions, it induces nasal discomfort.* This insect-derived material contains bioactive constituents, including chitin,
proteins, inorganic salts, amino acids, and trace elements. These components enhance lipid metabolism and confer potent
antioxidant activity, thereby attenuating oxidative stress damage to the nasal mucosa and ameliorating nasal symptoms
such as itching.”

Active Ingredients of TCM

With the advancement of modern medicine, a considerable portion of research has increasingly focused on herbal
monomers. Table 2 presents a summary of several effective active ingredients derived from TCMs that have been
reported to exert therapeutic effects on AR in recent years.

Curcumin, a natural polyphenol and one of the primary bioactive constituents of turmeric, has been used in traditional
medicine for over 4,000 years. Accumulating evidence confirms that curcumin possesses a wide range of pharmacological
properties, including anti-inflammatory, antioxidant, free radical-scavenging, antiviral, hepatoprotective, nephroprotective,
and anticancer effects, with minimal toxic or adverse effects.'"* Recent studies have shown that curcumin can inhibit
histamine release, thereby exerting anti-allergic effects in animal models of both type I and type IV hypersensitivity reactions.
Through immunomodulatory mechanisms, curcumin suppresses cell proliferation, mitigates the secretion of inflammatory
cytokines, and reduces oxidative damage. It also inhibits the activation of nuclear factor-kappa B (NF-kB) and activator
protein-1 (AP-1) transcription factors, which contributes to the suppression or delay of AR progression.''> Research also
indicates that curcumin enhances the activity of heme oxygenase-1 (HO-1) and superoxide dismutase 2 (SOD2) in
hypertrophied inferior turbinate tissues of individuals with AR, thereby alleviating nasal mucosal injury caused by oxidative
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Table 2 Summary of the Mechanism of Action of Plant Compounds in the Treatment of AR

(Zisu)

injection

reduction of Thl levels and T-bet protein

Plant Compound Source(Latin Name/ Research Method of Dose Medication Mechanism of Action Reference
Compounds | Molecules Chinese Name) Object and Administration Duration
Model
Polyphenol Curcumin Curcuma longa L. (Jianghuang) Inferior nasal Intraperitoneal Sum/d 7d Activation of the Nrf2/HO-| pathway reduces reactive [85]
concha injection oxygen species (ROS) and increases heme oxygenase
(HO-1) and superoxide dismutase (SOD?2) activity
Resveratrol Reynoutria japonica Houtt. Balb/c mice Intranasal drip High400pg/d, 7d Inhibition of TXNIP - oxidative stress signaling pathway and [86]
(Huzhang) low200pg/d reduction of IgE, PGD, LTC release to reduce ECP-stimulated
mast cell degranulation to release histamine and
downregulate inflammatory mediators (IL-4, IL-5, IL-6, IL-33)
Gallic acid Rhus chinensis Mill. (Wubeizi) ICR mice Intraperitoneal High80mg kg—[11/d, 13d Modulation of NF-kB/ p38 MAPK pathway activity, [87]
injection medium40mg kg—[ 1]/ inhibition of mast cells, and decreased secretion of
d, low20mg kg—[1]/d inflammatory factors (TNF-q, IL-6) in Th2 cells
Catechin Callerya reticulata (Benth). Balb/c mice Intraperitoneal High300mg/kg/d, 7d Inhibition of NF-«xB pathway activation attenuates lkBa [88]
Schot (Jixueteng) injection medium | 50mg/kg/d, protein degradation, affects upstream regulators of TSLP
low70mg/kg/d in epithelial cells, and suppresses inflammatory responses
Magnolol Magnolia officinalis Rehder&E. Balb/c mice Intranasal drip 30pm/d 7d Inhibits anti-CD3-induced cell proliferation, regulates [89]
H.Wilson (Hopuo) ORAIl and ANOI channel-mediated ATP-induced
electrolyte transport, reduces cellular infiltration and
secretion of IL-22 and IL-4 inflammatory factors, and
corrects ThI/Th2 imbalance
Flavonoid Quercetin Panax ginseng C.A. Mey. Balb/c mice Oral High50mg/kg/d, 13d Modulation of NF-kB pathway, inhibition of inflammatory | [90]
(Renshen) medium35mg/kg/d, cytokine production and induction of apoptosis
low20mg/kg/d
Anthocyanin Lycium chinense Miller (Goqi) SD rat Intranasal drip 0.05mL/per/3times/d 4weekends Inhibition of IgE release from eosinophils,alteration of the | [91]
ratio of Thl and Th2 cells in the body
Kaempferol Eucommia ulmoides Oliv. Balb/c mice Intraperitoneal 10mg/kg/d 7d Inhibition of IL-32/TSLP/caspase-| signaling pathway, [92]
(Duzhong) injection down-regulation of histamine, inhibition of levels of
inflammation-related proteins and infiltration of
inflammatory cells
Baicalein Scutellaria baicalensis Georgi Guinea pig Intraperitoneal 40mg/kg/d 10d Blockade of JAK2-STATS5 and NF-kB signaling pathways in | [93]
(Huanggin) injection LPS-stimulated human mast cells to inhibit inflammatory
factor release (IL-1, IL-6, IL-8, and TNF-a)
Tanshinone Salvia miltiorrhiza Bunge Balb/c mice Intraperitoneal 10mg/kg/d 10d Inhibits dendritic cell maturation, increases the ratio of [94]
(Danshen) injection T-lymphocyte subsets CD3+, CD4+, and CD8+,
decreases levels of inflammatory cytokines (IL-2, IL-4,
INF-y, TNF-a), and increases IL-10 levels
Rhinocerosin Perilla frutescens (L.) Britt. SD rat Intraperitoneal Img/kg/d 2weekends Downregulation of PI3K/Akt/mTOR signaling pathway, [95]
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Naringenin Citrus aurantium L. (Zhishi) SD rat Gavage High2.0mg/mL/d, 21d Reduction of IgE, inhibition of TLR4/NF-kB/TNF-a [96]
low!.0mg/mL/d pathway, modulation of Th17 factor, and effective
improvement of nasal mucosal pathologic changes
Saponin Hesperidin Citrus reticulata Blanco Balb/c mice Intraperitoneal 100mg/kg/d 28d Inhibits TSLP/OX40L/OX40 signaling activation, reduces [97]
(Chenpi) injection GATA3 expression, and modulates immune response
Polydatin Reynoutria japonica Houtt. Balb/c mice Intraperitoneal High45mg kg—[11/d, 10d Activation of PINKI-Parkin signaling pathway promotes [98]
(Huzhang) injection low30mg Kg—[1]/d mitochondrial autophagy and ameliorates allergic rhinitis
Ginsenoside Panax ginseng C.A. Mey. Balb/c mice Intraperitoneal High 10mg/mL/d, Ih Blockade of TSLP, modulation of NF-kB/RelA pathway, [99]
(Renshen) injection medium Img/mL/d, reduction of pro-inflammatory factors (IL-If, IL-4),
low0. Img/mL/d reduction of histamine release from mast cells, basophil
degranulation
Astragaloside Astragalus mongholicus C57/BL6 mice Intraperitoneal 40mg/kg/d 7d Restoring the dynamic balance of mitochondria by [100]
Bunge(Fisch). (Huangqi) injection regulating Drp| activity and inhibiting the NK2
differentiation bias of NK cells, exerting an ameliorative
effect on allergic rhinitis
Monoterpene | Glycyrrhizic acid | Glycyrrhiza uralensis Fisch. SD rat Intraperitoneal High40mg.kg7'/d, 4weekends Inhibition of NF-«xB and PI3K-Akt signaling pathway [1o1]
(Gancao) injection low20mg.kg '/d activity, regulation of Th1/Th2 balance in vivo
Celastrol Tripterygium wilfordii Hook. f. Mast cell Soak 2um Ih Increasing substance P to increase mast cell survival and [102]
(Leigongteng) altering key gene and protein expression of the PI3K/
AKT/GSK38 signaling pathway in cells to weaken the
immune response
Paeoniflorin Paeonia lactiflora Pall. SD rat Intraperitoneal High150mg/kg/d, 2weekends Regulates cellular immune balance through IL-33/ST2 [103]
(Shaoyao) injection low50mg/kg/d pathway, inhibits inflammation and reduces pathologic
damage in allergic rhinitis
Notoginsenoside | Panax notoginseng (Burkill) FH. | Balb/c mice Intraperitoneal High30mg kg —[11/d, 4weekends Inhibition of AMPK/DRPI signaling axis and TXNIP/ [104]
Chen (Sanqi) injection low I5mg kg —[1]/d NLRP3 inflammatory vesicles prevents mitochondrial
fission due to oxidative stress
Other Saposhnikovia Saposhnikovia divaricata SD rat Intraperitoneal High600mg kg—[11/d, 2weekends Inhibits Th2 expression (IL-4, TNF-a, VCAM-1, IL-5), [105]
divaricate (Turcz). Schischk. (Fangfeng) injection medium300mg kg attenuates eosinophil activation, and reduces
polysaccharide —[11/d, low150mg kg inflammatory factor release (Igk, HA, LTC4, PGD2)
—[171/d
Andrographolide | Andrographis paniculata (Burm.f). | Child with Oral 0.6g/3times/d 2weekends Reduction of serum IgE concentration and restoration of | [106]
Wall. ex Nees (Chuanxinlian) allergic rhinitis dysregulated Th1/Th2 ratio
Lignans Rheum palmatum L. ICR mice Intraperitoneal High50mg/kg/d, 4weekends Inhibition of receptor-proximal Syk-dependent signaling [107]
(Dahuang) injection low25mg/kg/d pathway suppresses mast cell activation and modulates
allergic responses
(Continued)
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Table 2 (Continued).

Plant Compound Source(Latin Name/ Research Method of Dose Medication Mechanism of Action Reference
Compounds | Molecules Chinese Name) Object and Administration Duration
Model
Psoralen Cullen corylifolium (L.) Medik. Nasal epithelial Soak High20um/d, 2h Inhibition of the AP-1 pathway regulates CST| expression, | [108]
(Buguzhi) cell medium | 0um/d, thereby inhibiting IL-|3-induced inflammatory response
low | um/d and mucus production in nasal mucosal epithelial cells
Sinomenine Sinomenium acutum (Thunb). Balb/c mice Intraperitoneal 100mg/kg/d 5d Reduces IgE levels, decreases eosinophil infiltration, [109]
Rehder & E. H. Wilson injection decreases IL-4 in serum and nasal mucosa, increases TGF-f3,
(Qingteng) exerts immunosuppressive effects
Vitexin Crataegus pinnatifida Bunge SD rat Intraperitoneal High12mg/kg/d, 14d Activation of Sirt|/FoxO| pathway in nasal mucosal tissue | [110]
(Shanzha) injection mediumémg/kg/d, inhibits iron death of nasal mucosal epithelial cells and
low3mg/kg/d reverses nasal mucosal damage
Ephedrine Ephedra (Mahuang) SD rat Gavage 10mg/kg/d 7d Inhibition of TSLP and OX40L in nasal mucosal tissues [rer
modulates Th2-type immune response
Berberine Coptis chinensis Franch. Balb/c mice Intraperitoneal High 100mg/kg/d, 28d Down-regulates the levels of IL-6, TLR4, PTGS2 and IL-18 | [112]
(Huanglian) injection low50mg/kg/d and inhibits the proliferation of inflammatory monocytes
Lycium Lycium chinense Miller (Goqi) Balb/c mice Gavage High100mg/kg/d, 21d Inhibiting the expression of TLR4/NF-kB signaling [113]
barbarum medium50mg/kg/d, pathway-related proteins, correcting the imbalance of
polysaccharide low25mg/kg/d Th1/Th2 cytokines, and reducing the production of IgE,
which effectively alleviated the nasal mucosal inflammation
in mice with allergic rhinitis
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stress and supporting its protective role in oxidative stress-related AR pathogenesis.*> Additionally, curcumin administration
has been shown to normalize IgE and TNF-a levels in nasal mucosal epithelial cells and serum, leading to a reduction in
allergy-related nasal symptoms, such as congestion, rhinorrhea, and nasal itching.

Quercetin, a flavonoid found in plants such as Panax ginseng C. A. Mey. and Codonopsis pilosula (Franch). Nannf.,
is primarily present in the form of glycosides and exhibits a broad spectrum of biological activities, including antioxidant
and anti-allergic effects. These effects involve immune system modulation, antiviral activity, suppression of histamine
release, and reduction of pro-inflammatory cytokines.''® Research has demonstrated that quercetin inhibits the expression
of Timl and Tim3 in the nasal mucosa, thereby regulating the Th1/Th2 cytokine balance. This helps correct immune
imbalance, repair damaged nasal mucosa, and accelerate the recovery process in AR.""” Quercetin upregulates ovalbu-
min-induced levels of IkBa and cytoplasmic p65, suppressing the NF-«kB signaling pathway. It also downregulates COX-
2 expression in ovarian cancer cells and modulates T-lymphocyte subpopulations, contributing to the treatment of AR.”
Previous studies have reported that quercetin intervention at varying concentrations in model rats inhibits changes in
nasal axon terminal calcium ion content. Additionally, it reduces the release of neuropeptides such as substance P,
calcitonin gene-related peptide (CGRP), and nerve growth factor (NGF), while inhibiting eosinophil degranulation and
chemokine production. These mechanisms alter allergic responses and mitigate the severity of AR.''® Nanotechnology-
based investigations have revealed that quercetin significantly inhibits IL-4-induced NO production in nasal mucosal
epithelial cells. It regulates immune function in these cells by suppressing STAT6 activation and iNOS mRNA
expression, thereby improving clinical symptoms and complications associated with AR.'"

Baicalein, a bioactive flavonoid derived from the dried root of Scutellaria baicalensis Georgi, demonstrates multi-
faceted pharmacological properties including antiviral, anti-inflammatory, and antiplatelet and anticoagulation effects.
This compound exhibits significant therapeutic efficacy against various inflammation-mediated pathologies.'*’
Mechanistically, baicalein suppresses ROS generation by upregulating Nrf2 protein expression. This antioxidant activity
reduces oxidative stress damage and attenuates programmed neuronal apoptosis, collectively modulating inflammatory
states in AR.'?' Experimental observations demonstrate that baicalein accelerates nasal mucosal tissue regeneration and
alleviates disease progression in mouse models. These therapeutic outcomes arise from the inhibition of NF-kB/STAT3/
ERK pathway activation, reduction in protein phosphorylation levels, and suppression of inflammatory cell activity.'*?

Lignans constitute potent anti-inflammatory and anti-allergic phytochemicals present in Chinese medicinal herbs such
as Chrysanthemum indicum (wild chrysanthemum), Lonicera japonica (honeysuckle), and Perilla frutescens. These
botanicals are clinically employed for chronic inflammatory airway disorders, with their therapeutic mechanisms
potentially involving the modulation of NF-kB, MAPK/AP-1, and JAK-STAT signaling pathways.'??
Immunocytological analyses demonstrate that lignans inhibit lipopolysaccharide (LPS)-induced macrophage polarization
toward the M2 phenotype. This process progressively downregulates M1 macrophage-derived p-STAT3 while upregulat-
ing p-STAT6, consequently reducing pro-inflammatory cytokine release—particularly IL-6 and TNF-a. These findings
suggest that lignans modulate inflammation by repolarizing pro-inflammatory M1 macrophages toward anti-inflammatory
M2 phenotypes. This phenotypic shift alters the inflammatory microenvironment, establishing novel therapeutic para-
digms for AR management.'**

Ginsenosides represent the most extensively researched and pharmacologically active constituents in Panax ginseng,
renowned for their anti-inflammatory, immunomodulatory, and neuroprotective properties. Using systems biology
techniques, both in vivo and in vitro experiments demonstrate that ginsenoside Rg3 upregulates Nrf2 and HO-1 protein
expression in the nasal mucosa, thereby ameliorating oxidative stress microenvironments. Additionally, it activates 12
differentially expressed genes and modulates 8 key metabolites, conferring cytoprotective effects on nasal mucosa and
contributing to systemic homeostasis in mouse models.'?> Notably, ginsenosides exhibit a bidirectional regulatory effect
on immune cells, including mast cells and macrophages. These compounds demonstrate neuroprotective properties that
can restore both sympathetic and parasympathetic nervous system functions, thereby alleviating sleep disorders, anxiety,
and depression associated with AR.'*® Therefore, ginsenosides constitute natural, multi-pathway, multi-target therapeutic
candidates for innovative drug development.

Polydatin is the primary active constituent of Reynoutria japonica Houtt. Pharmacological studies have demonstrated
that polydatin exerts anti-inflammatory and antioxidant effects, among other therapeutic benefits. Previous research has
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indicated that polydatin administration in AR mice enhances nasal mucosal barrier function by upregulating tight
junction proteins, such as occludin and claudin-1. Moreover, polydatin increases the activities of superoxide dismutase
(SOD) and catalase (CAT), reduces MDA levels, and modulates the pyroptosis pathway by regulating the ROS/NLRP3/
Caspase-1 signaling cascade. These findings confirm polydatin’s capacity to regulate oxidative stress, alleviate AR
symptoms, and offer novel targeted therapeutic strategies for clinical applications.'?’

Glycyrrhizic acid, a pentacyclic triterpenoid derivative, constitutes a principal bioactive component in Glycyrrhiza
licorice root. It demonstrates pharmacological properties analogous to glycyrrhizin, suppressing pro-inflammatory
mediators and attenuating ROS release. 184-glycyrrhetinic acid represents a common derivative of glycyrrhizic acid.
Within Chinese herbal formulations, licorice frequently functions as a harmonizing agent and formula enabler. Early
studies have shown that 184-glycyrrhizinic acid enhances phagocyte-mediated nonspecific immune responses, restores
ROS-induced oxidative damage to the mitochondrial membranes in nasal mucosal epithelial cells, and maintains
intramitochondrial homeostasis. These mechanisms collectively inhibit inflammatory lesions while augmenting nasal
mucosal resistance to allergens.'?® Aligned with the “lung-gut axis” theory, sodium glycyrrhizinate intervention in AR-
modeled rats reduces eosinophilic infiltration in colorectal mucosa and alleviates intestinal metaplasia symptoms
including diarrhea.'®

Saposhnikovia divaricata (Turcz). Schischk. polysaccharides are currently considered the most effective bioactive
components in research on Saposhnikovia divaricata (Turcz). Schischk. treatment. These polysaccharides play a pivotal
role in modulating both specific and non-specific immune responses while exerting dual immunomodulatory and anti-
inflammatory effects. These bioactive polysaccharides are integral components in classical Chinese medicinal formula-
tions, including Fangfeng Tongsheng San (Ledebouriella Sage-Inspired Powder) and Yupingfeng San (Jade Windscreen
Powder), with standardized nomenclature. Studies using OVA-sensitized mouse models have demonstrated that these
polysaccharides can reduce IgE levels, suppress the expression of inflammatory mediators, and inhibit the activation of
NF-kB and the phosphorylation of STAT3. Furthermore, they regulate the expression of adhesion molecules and
chemokines, prevent excessive immune activation, and restore the balance between Thl and Th2 lymphocyte subsets,
thereby alleviating nasal mucosal edema and excessive fluid secretion.*® These findings suggest that Saposhnikovia
divaricata polysaccharides hold promise as effective immunomodulatory agents, and their further development may offer
significant therapeutic benefits in enhancing immune function.

Anthraquinone derivatives, isolated from various herbs such as rhubarb and thuja, exhibit anti-inflammatory, anti-
oxidant, and antitumor activities. Recent studies have shown that miRNAs, which are small non-coding RNAs, play
regulatory roles in the progression of various diseases. Kriippel-like factors (KLFs) constitute a crucial family of
transcription factors, among which KLF5 is notably implicated in inflammatory processes and has been identified as
a target gene of miR-375."3" Research into this regulatory mechanism remains in its early stages. However, existing
evidence suggests that emodin may serve as a promising candidate for the development of novel anti-allergic therapeutic
agents.

Chinese Herbal Decoction

In the management of AR, clinicians utilize a variety of treatment approaches guided by their clinical experience. These
therapeutic strategies primarily aim to warm the meridians, dispel exterior pathogenic factors, and enhance lung function
by dispersing cold pathogens. Accordingly, Table 3 presents a summary of commonly used clinical formulas, modified
prescriptions, and self-developed regimens currently applied in the treatment of AR.

Xiaoginglong Decoction

Xiaoqinglong Decoction, a classical formula documented in the Treatise on Cold Damage and Miscellaneous Diseases,
is extensively used in TCM for respiratory and immune disorders. Modern pharmacological investigations have identified
quercetin, kaempferol, and lignoceryl alcohol as the primary bioactive constituents responsible for its anti-AR efficacy.
These compounds ameliorate nasal symptoms by modulating the expression of key immune genes, including interleukin-
6 (IL-6), tumor necrosis factor (TNF), and interleukin-1B (IL-1B). In vivo studies demonstrate that Xiaoqinglong
Decoction suppresses TSLP signaling, significantly reducing Th2 cytokine release (IL-4, IL-5, IL-13). This cascade

5536 https: International Journal of General Medicine 2025:18



81:$70T UPIP3|N [BI3USD) JO [euIno[ [euOEBUIRIU]|

ssdpy

LESS

Table 3 Summary of the Mechanism of Action of Chinese Herbal Decoctions in the Treatment of AR

Chinese Herbal Decoctions | Main Ingredients (Latin Name) Research Method of Dose Medication Mechanism of Action Reference
Object and Administration Duration
model
Xiaoginglong Decoction Ephedra, Cynanchum otophyllum Schneid., Balb/c mice Intraperitoneal High20.02g kg—[1]/d, 10d Modulation of the activation of cytokine- [132]
Asarum heterotropoides F.Schmidt, Zingiber injection low10.01g kg—[1]/d associated IL-33/ST2 pathway and co-
officinale Roscoe, Glycyrrhiza uralensis Fisch., stimulation of cytokine-associated JAK/STAT
Schisandra chinensis (Turcz).Baill.,, Pinellia pathway in the ILC-2 regulatory network
ternata (Thunb). Makino inhibits ILC-2 proliferation and maturation
and alleviates allergic inflammation
Linggui Zhugan Decoction Astragalus mongholicus Bunge (Fisch)., SD rat Gavage 25mg/kg/d 10d Inhibits SP expression activity (AOD) release | [133]
Atractylodes macrocephala Koidz., Citrus and SPR expression, inhibits mast cell
reticulata Blanco, Actaea cimicifuga L., infiltration, and attenuates inflammatory
Bupleurum chinense DC., Panax ginseng C.A. response
Mey., Glycyrrhiza uralensis Fisch., Angelica
sinensis (Oliv). Diels
Linggui Zhugan Decoction Poria, Cinnamomum cassia, Atractylodes SD rat Gavage High4.32mg/kg/ 14d Down-regulates the expression of MUC5A [134]
macrocephala Koidz., Glycyrrhiza uralensis 2times/d, and MUCSB, promotes the repair of nasal
Fisch. medium3.24mg/kg/ mucosal tissues, and restores the normal
2times/d, low2.16mg/ physiological function of nasal mucosal tissues
kg/2times/d
Mahuang Fuzi Xixin Decoction Ephedra, Aconitum carmichaeli Debeaux, Wistarrat Gavage ImL/2times/d 14d Regressing the a-diversity of intestinal flora, [135]
Asarum heterotropoides F.Schmidt regulating the structure of intestinal flora,
decreasing the expression of ROPyt and
elevating the expression of Foxp3 in the nasal
mucosa, and maintaining the Th17/Treg
dynamic balance
Xiaochaihu Decoction Bupleurum chinense DC., Pinellia ternata Patients with Oral 300mL/d 3month Regulates the level of T lymphoid subgroups | [136]
(Thunb). Makino, Panax ginseng C.A. Mey., allergic rhinitis (CD3+, CD4+, CD8+) in the body, reduces
Scutellaria baicalensis Georgi, Zingiber officinale the content of inflammatory mediators
Roscoe, Ziziphus jujuba Mill., Glycyrrhiza VCAM-1, HIF-1, MAPK, and improves the
uralensis Fisch. body’s immune function
Yiqi Zhixiu Decoction Astragalus mongholicus Bunge (Fisch)., Patients with Oral 300mL/d Imonth Reducing the expression levels of CCLI7, [137]
Bupleurum chinense DC., Scutellaria baicalensis | allergic rhinitis YKL-40, and ECP, reducing the degree of
Georgi, Magnolia biondii Pamp., Asarum inflammatory response, and promoting
heterotropoides F.Schmidt, Cynomorium disease regression
songaricum Rupr., Moutan Cortex, Ligusticum
sinense Oliv., Cynanchum otophyllum Schneid.,
Prunus mume (Sieh). Sieb.et Zucc., Schisandra
chinensis (Turcz).Baill., Glycyrrhiza uralensis
Fisch.
(Continued)
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Table 3 (Continued).

Chinese Herbal Decoctions | Main Ingredients (Latin Name) Research Method of Dose Medication Mechanism of Action Reference
Object and Administration Duration
model
Guizhi Decoction Cinnamomum cassia, Cynanchum otophyllum SD rat Gavage High8.4g/kg/d, 14d Affects the cAMP-PKA-CREB signaling [138]
Schneid., Glycyrrhiza uralensis Fisch., Scutellaria low4.2g/kg/d pathway, increases AQP5 protein and mRNA
baicalensis Georgi, Ziziphus jujuba Mill. expression, and attenuates nasal mucosal
pathological damage
Guizhi plus Huangqi Decoction | Cinnamomum cassia, Cynanchum otophyllum Patients with Oral 200mL/d Imonth Inhibition of NF-kB signaling pathway, [139]
Schneid., Glycyrrhiza uralensis Fisch., Scutellaria | allergic rhinitis blocking downstream PTX3 expression,
baicalensis Georgi, Ziziphus jujuba Mill., attenuating eosinophil infiltration of nasal
Astragalus mongholicus Bunge (Fisch)., mucosa, improving nasal ventilation and
Saposhnikovia divaricata (Turcz). Schischk., ciliary function of nasal mucosa
Asarum heterotropoides F.Schmidt, Schisandra
chinensis (Turcz).Baill.
Mahuang Decoction Ephedra, Cinnamomum cassia, Semen SD rat Intraperitoneal High5.6g/kg—[1]/d, 14d Modulation of cAMP-PKA-CREB signaling [140]
Armeniacae Amarum, Glycyrrhiza uralensis injection low2.8g/kg—[1]/d pathway, upregulation of the AQP5 protein
Fisch. and mRNA expression, and attenuate the
inflammatory response of nasal mucosa
Allergy Decoction Saposhnikovia divaricata (Turcz). Schischk., BALB/c mice Intraperitoneal 6.5g/kg/d 7d Up-regulation of epithelial tight junction [141]
Prunus mume (Sieh). Sieb.et Zucc., Schisandra injection proteins Claudin-1, JAM-M and ZO-I|
chinensis (Turcz).Baill., Bupleurum chinense restores epithelial barrier function
DC., Glycyrrhiza uralensis Fisch.
Bimin prescription Astragalus mongholicus Bunge (Fisch)., Child with Oral 200mL/d 2weekends Accelerates saccharin elimination time, nasal | [142]
Atractylodes macrocephala Koidz., allergic rhinitis mucus cilia removal speed, and restores nasal
Saposhnikovia divaricata (Turcz). Schischk., mucosa cilia function
Codonopsis pilosula (Franch). Nannf.,
Dioscoreae Rhizoma, Zingiber officinale Roscoe,
Bupleurum chinense DC., Schisandra chinensis
(Turcz).Baill., Magnolia biondii Pamp., Xanthium
strumarium L., Asarum heterotropoides F.
Schmidt, Glycyrrhiza uralensis Fisch.
Binmin Decoction Astragalus mongholicus Bunge (Fisch)., Patients with Oral 200mL/d 30d Increase the volume and minimum cross- [143]

Saposhnikovia divaricata (Turcz). Schischk.,
Atractylodes macrocephala Koidz., Cynanchum
otophyllum Schneid., Prunus mume (Sieh). Sieb.
et Zucc., Ephedra

allergic rhinitis

sectional area of the nasal cavity to reduce
the resistance to nasal ventilation and
improve the symptoms of nasal congestion
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terminates the allergic response and facilitates inflammatory resolution.'** Additionally, it mitigates AR-induced nasal
mucosal damage by inhibiting the IL-33/ST2 pathway. IL-33 binding to the ST2 receptor recruits IL-1RAP, which
triggers intracellular cascades that activate immune-inflammatory cells and upregulate Th2 inflammatory factors.'?
Metabolomic analyses further reveal that Xiaoqinglong Decoction restores w-oxidation capacity, inhibits the synthesis of
specific lipid metabolites, preserves epidermal permeability barrier integrity, and modulates Th2 polarization through
metabolite-level reprogramming.'*’

Buzhong Yigi Decoction

Modern pharmacological research has identified quercetin and kaempferol as key bioactive components in Buzhong Yiqi
Decoction. These flavonoids interact with critical target proteins including IL-6, VEGFA, and the transcription factor Jun.
Through these interactions and the modulation of essential signaling pathways such as the IL-17, Toll-like receptor
(TLR), and nuclear factor-kB (NF-kB) pathways, the formula demonstrates multi-organ regulatory effects on the spleen,
stomach, and intestinal functions. These mechanisms collectively contribute to immune modulation, suppression of
allergic responses, and stress adaptation, ultimately ameliorating AR symptoms. Current pathophysiological under-
standing attributes AR development to a Th1/Th2 immune imbalance. Characteristically, Thl cells exhibit impaired
secretion of IFN-y and IL-2, compromising their capacity for intracellular pathogen clearance and immunoregulation. In
contrast, allergen exposure induces a significant increase in the production of IL-4, IL-8, and other cytokines by Th2
cells, activating inflammatory reactions, promoting immune cell degeneration, and exacerbating nasal mucosal damage.
Buzhong Yiqi Decoction effectively rebalances this dysregulation by normalizing inflammatory mediator release and
restoring Th1/Th2 homeostasis, leading to symptomatic relief and improved quality of life.'*® STAT6, a pivotal
component of the JAK-STAT pathway, mediates Th2 cell activation. Experimental evidence demonstrates that
Buzhong Yiqi Decoction treatment significantly downregulates STAT6 protein expression and mRNA transcription in
the mouse nasal mucosa, concurrently modulating STAT6-mediated chemotaxis, attenuating airway hyperresponsiveness,
and facilitating mucosal repair. Building upon these findings and integrating principles of syndrome differentiation,
researchers developed Jiawei Buzhong Yiqi Decoction. Preclinical studies confirm its enhanced efficacy in reducing nasal
mucosal mast cell infiltration, suppressing substance P (SP) neuropeptide release, and activating neuroimmune regulatory
circuits. These actions collectively alleviate the hallmark symptoms of AR, including nasal obstruction, paroxysmal
sneezing, and rhinorrhea.'*® Furthermore, mechanistic investigations reveal that Jiawei Buzhong Yiqi Decoction disrupts
late-phase allergic responses through dual inhibition of IL-5 expression and splenic eosinophil recruitment.'*’

Linggui Zhugan Decoction

Linggui Zhugan Decoction, originally formulated from the classic Chinese medical text Treatise on Typhoid Fever, has
been demonstrated by modern pharmacological studies to exhibit anti-allergic effects. It suppresses IgE-mediated mast
cell degranulation and the consequent release of inflammatory mediators. In the context of AR, Linggui Zhugan
Decoction alleviates symptoms such as nasal congestion and slows disease progression by reducing levels of inflamma-
tory markers (IgE, CRP, and IL-4) in the body, with minimal adverse effects. Both in vitro and in vivo studies have
shown that its mechanism of action involves the inhibition of serum TNF-a and VCAM-1 expression by suppressing
TSLP expression in nasal epithelial cells of rats with spleen deficiency and dampness syndrome-type AR, thus alleviating
allergic symptoms.'*® Moreover, further studies have revealed that Linggui Zhugan Decoction downregulates the protein
expression of aquaporins (AQPs) in the nasal mucosa by modulating the NF-xB signaling pathway, thereby inhibiting
glandular secretion and relieving hypersecretory symptoms such as excessive clear nasal discharge, nasal itching, and
frequent sneezing in AR rats.'*’ As research advances, it has also been found that Linggui Zhugan Decoction regulates
mucin expression, suppresses excessive mucus production, reduces extracellular matrix accumulation, improves nasal
mucosal hyperresponsiveness, controls eosinophil infiltration, and restores the structural integrity of the nasal mucosa.'**
Mahuang Fuzi Xixin Decoction

Modern pharmacological investigations demonstrate that this herbal formulation modulates AR pathogenesis through
bioactive compounds such as quercetin, lignoceryl alcohol, and kaempferol. It intervenes via hemodynamic regulation
and multi-pathway modulation, encompassing atherosclerosis signaling, AGE-RAGE interactions, and NF-«kB cascades.
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The formula transcriptionally activates T-bet and GATA3 factors while reducing pro-inflammatory cytokines (ie, IFN-y,
IL-4), thereby countering Th1/Th2 imbalance through JAK/STAT-1 pathway activation. Concomitantly, it attenuates
nasal mucosal inflammation by suppressing IgE synthesis, inhibiting immune cell proliferation and histamine release,
while repairing pathomorphological alterations in nasal and lung tissues. Moreover, it stabilizes the internal milieu,
decreasing nasal mucosal hypersensitivity to allergens and noxious stimuli.'>* Notably, the therapeutic scope extends to
the “intestinal-nasal-inflammatory-neural-immune” axis. The formula regulates neuropeptide release, diminishes multiple
pro-inflammatory mediators, and restores the alpha diversity of intestinal flora in AR rats. It additionally repairs damaged
intestinal epithelium and enhances mucosal immunity in both the nasal and gastrointestinal tracts. Subsequent studies

have corroborated these AR-modulating benefits."”'

Guided by TCM theory, the formula was augmented with
Epimedium brevicornum, Lycium barbarum, Cuscuta chinensis, and Os Draconis (Long Gu). In vitro analyses indicate
that its mechanism involves downregulating Th2-associated inflammatory factors and inhibiting Th2 polarization via

TSLP-OX40L pathway modulation, establishing a novel therapeutic paradigm forAR.'>*

Xiaochaihu Decoction

Xiaochaihu Decoction, a classical TCM formulation, demonstrates significant anti-inflammatory and antibacterial effects.
It is clinically employed for managing allergic inflammatory conditions including AR. Studies have demonstrated that
this decoction reduces nasal mucosal inflammation, regulates T lymphocyte subpopulations, promotes immune home-
ostasis, and alleviates clinical manifestations such as xeromycteria (nasal dryness), pharyngoxerosis (pharyngeal dry-
ness), and olfactory hypersensitivity.'*® Notably, Xiaochaihu Decoction modulates eosinophil degranulation
abnormalities and enhances pulmonary function, thereby supporting the “lung-nose axis” concept. This aligns with
foundational TCM theory wherein the lungs govern nasal orifices, with nasal ventilation and olfactory functions
dependent on lung regulation.'>* Complementarily, incorporating Xiaoginglong Decoction into therapeutic regimens
restores the Th17/Treg cell equilibrium. This synergistic approach significantly improves patients’ quality of life indices
through multidimensional symptom control.

Yiqi Zhixiu Decoction

Yiqi Zhixiu Decoction, developed through extensive clinical experience, has undergone modern pharmacological
investigation. Research reveals that its chemical constituents—including astragalus polysaccharides, chromone deriva-
tives, and total peony glucosides—modulate IgE and non-IgE antibody secretion. These components effectively suppress
mast cell-mediated cellular immunity and allergic mediator-triggered humoral immunity during the acute phase of AR,
thereby controlling disease progression. Empirical studies have demonstrated that Yiqi Zhixiu Decoction significantly
alleviates AR-induced nasal symptoms, such as congestion and pruritus. Concurrently, it ameliorates systemic and
localized inflammatory responses, enhances immunological competence, and regulates somatic constitution and internal
homeostasis.'>* In vivo analyses further indicate that its anti-inflammatory mechanism involves dual modulation:
enhancing Treg-mediated immune tolerance while inhibiting Th17-driven inflammatory cascades, thereby restoring
Treg/Th17 immune equilibrium. Recent investigations have confirmed that Yiqi Zhixiu Decoction inhibits chemokine
aggregation, such as C-C motif chemokine ligand 17 (CCL17) and chitinase-3-like protein 1 (YKL-40), in the nasal
mucosa; blocks the secretion of ECP; downregulates adhesion molecule expression; attenuates inflammation; and reduces
AR recurrence rates.'’

Guizhi Decoction

Guizhi Decoction, a classical formula for treating Wind-Cold exterior deficiency syndrome in TCM, demonstrates
multifaceted pharmacological properties. Modern research confirms its dual immunomodulatory effects encompassing
anti-hypersensitivity, antibacterial, antiviral, and microcirculatory regulatory activities. This formula is clinically applied
in the treatment of AR, influenza, arthritis, and diabetes mellitus. Early studies have indicated that Guizhi Decoction
regulates cyclic adenosine monophosphate/guanosine monophosphate (cAMP/cGMP) levels to suppress hypersensitivity
reactions, prevent the release of inflammatory mediators, and attenuate localized inflammation. In vitro studies demon-
strate its capacity to restore nasal mucosal histopathology, alleviate nasal congestion, and upregulate aquaporin-5 (AQP5)
protein and mRNA expression in nasal epithelial cells. Mechanistically, these effects are mediated through the cAMP/

5540 s International Journal of General Medicine 2025:18



Dong et al

protein kinase A-cAMP response element-binding protein (PKA-CREB) signaling cascade. This pathway modulation
significantly reduces pruritic behaviors and paroxysmal sneezing in OVA-induced AR rat models, ultimately ameliorating
the severity of AR."*®

Guizhi Jia Huangqi Decoction

Guizhi Jia Huangqi Decoction, an enhanced formulation derived from Gui Zhi Decoction in Essentials of the Golden
Chamber, incorporates Astragalus mongholicus into the classical cinnamon twig base. Guided by the TCM principle of
“syndrome differentiation and treatment”, this formula is clinically adapted for the management of AR symptoms.
Modern pharmacological studies confirm that it contains bioactive polyphenols, flavonoids, and sesquiterpene lactones,
which confer anti-inflammatory, antibacterial, antiviral, hypoglycemic, immunomodulatory, and anti-hypersensitivity
properties. Immunological studies demonstrate that Guizhi Jia Huangqi Decoction attenuates chronic antigen exposure-
induced stress responses that elevate immunoglobulin levels (IgA, IgG, and IgM), while neutralizing the pathological
conversion of these immune factors. Furthermore, it regulates adaptive immunity by promoting dendritic cell maturation
and stimulating T-lymphocyte proliferation and differentiation, collectively contributing to the treatment of AR. In vivo
evidence indicates that this formula enhances immune competence, improves systemic health, and reduces AR
recurrence.'> Mechanistically, it modulates inflammatory mediators through NF-kB pathway activation while suppres-
sing downstream pentraxin 3 (PTX3) expression. Concurrently, it inhibits eosinophil infiltration into the nasal mucosa,
restoring nasal aeration and mucociliary clearance. This action alleviates pathological changes, including capillary

dilation, glandular hypersecretion, and smooth muscle contraction.'*

Mahuang Decoction

Mahuang Decoction is widely used as a foundational formula in the treatment of exogenous febrile diseases (such as
common colds or influenza) in TCM. It is also recognized for its anti-inflammatory, analgesic, and anti-allergic proper-
ties, especially in managing allergic inflammation. Studies have shown that Mahuang Decoction can inhibit nasal
mucosal capillary dilation in mice by suppressing the degranulation of pre-existing mast cells.'* In vitro research
further indicates that Mahuang Decoction reduces eosinophilic infiltration into nasal epithelial cells and glandular
expansion, leading to decreased peripheral blood levels of IgE and IL-4, while promoting an increase in IFN-y levels.
By regulating the Th1/Th2 immune balance via the cAMP-PKA signaling pathway, Mahuang Decoction facilitates the
binding of nuclear components to CBP, thereby upregulating AQPS5 protein expression. This immunomodulatory effect
contributes to the alleviation of OVA-induced allergic symptoms, such as sneezing, nose scratching, and rhinorrhea, in
animal models of AR.'*

Allergy Decoction

Allergy Decoction, characterized by its simplified yet efficacious formulation, is extensively employed in the manage-
ment of allergic disorders. Modern pharmacological studies have identified bioactive compounds such as schisandrin,
quercetin, kaempferol, isorhamnetin, and carboline alkaloids. These constituents counteract histamine-induced pruritus,
inhibit mast cell degranulation, and enhance immunological competence. Experimental studies show that Allergy
Decoction facilitates dendritic cell-mediated allergen uptake and processing. It transcriptionally upregulates T-bet
expression while downregulating GATA-3 gene expression, concurrently reducing specific CD4+ T-lymphocyte subsets.
This combined action prevents ThO-to-Th2 cell polarization, thereby increasing IFN-y production and decreasing 1L-4
levels. Consequently, it inhibits pro-inflammatory mediators, alleviating nasal mucosal congestion, edema, and glandular
hyperplasia-associated rhinorrhea.'>’ Histopathological analysis of nasal mucosa reveals that the decoction activates the
expression of epithelial tight junction proteins—specifically claudin-1, JAM-A, and ZO-1. This mechanism restores
epithelial integrity and repairs barrier dysfunction in damaged nasal epithelium. Additionally, it enhances the nasal
mucosal resistance to allergens and ameliorates symptoms such as pruritic behaviors and rhinorrhea in OVA-sensitized
AR mouse models.'*" Clinical reports further indicate that the pediatric application of Allergy Decoction is associated
with reduced adverse effects and enhanced immune functionality.
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Bimin Prescription

Bimin Prescription, an empirically derived formula based on clinical insights into AR, demonstrates multifaceted
pharmacological actions. Modern research reveals that Qi-tonifying phytocompounds—particularly astragalosides and
ginsenosides—enhance systemic immune defense while suppressing excessive immune responses and attenuating severe
hypersensitivity reactions. This collectively improves the allergic microenvironment. Given the established roles of
immune dysregulation and inflammation in AR pathogenesis, Bimin Prescription primarily targets the Th17/IL-17A
signaling pathway. It modulates inflammatory CD4+ T lymphocytes, downregulates IL-23 and IL-6 expression, and
reduces eosinophilic infiltration. These actions help restore autoimmune-damaged nasal mucosa and confer protection
against allergen exposure.'>® Studies confirm the formula accelerates saccharin clearance time, enhances mucociliary
transport efficiency, restores nasal epithelial ciliary function, promotes mucosal secretion absorption, and alleviates
rhinorrhea.'*> Mechanistically, the Bimin Prescription inhibits NF-kB activation in cytoplasmic and nuclear compart-
ments, downregulates AQP5 expression, regulates glandular fluid secretion, and suppresses downstream pro-
inflammatory cytokines (IL-1B, IL-6, and TNF-a). These effects ameliorate Lung-Spleen Qi Deficiency (LSQD)-
associated AR in animal models.'*® Notably, it inhibits nasal epithelial hypersecretion through the TMEM16A/NF-kB
pathway modulation and MUCS5AC mucin downregulation. This mechanism correlates with improved nasal symptoms
and enhanced systemic well-being—including locomotor activity, defecation patterns, and behavioral responses—in
OVA-sensitized AR rats.'®

Binmin Decoction

Binmin Decoction is specifically formulated to address the clinical manifestations of AR. Modern pharmacological
investigations demonstrate its capacity to modulate immune responses and exert potent anti-allergic effects. Research
indicates that the formula regulates the differentiation and plasticity of Th1/Th2 lymphocyte subsets while inhibiting
Th2-mediated immune cascades, thereby effectively managing and preventing AR. Further mechanistic studies reveal
that Binmin Decoction suppresses yd T-cell differentiation and attenuates their pro-inflammatory activity. Additionally, it
modulates nasal mucosal T-lymphocyte subpopulation ratios and downregulates the expression of key transcriptional
receptors, including Foxp3 and RORyt, in peripheral circulation. These actions collectively alleviate mouse AR
symptoms, such as nasal obstruction, paroxysmal sneezing, and nasal pruritus.'®’ Employing acoustic rhinometry for
objective nasal cavity assessment, researchers documented that Binmin Decoction increases nasal cavity volume and the
minimal cross-sectional area. This reduces nasal airflow resistance, accelerates gas exchange, and improves symptoms of

congestion and olfactory dysfunction.'*?

Proprietary Chinese Medicine Products

Advancements in modern pharmaceutical technology have enabled the development of diverse drug formulations,
enhancing patient convenience while improving the clinical utility and acceptance of TCM. Table 4 comprehensively
summarizes clinically validated proprietary Chinese medicines commonly used for the management of AR.

Yupingfeng San (Jade Screen Powder)

Yupingfeng San (Jade Screen Powder) is a classic TCM formulation designed for integrated treatment and prevention.
Modern pharmacological studies confirm that bioactive compounds such as astragalus polysaccharides and volatile oil
polysaccharides from Saposhnikovia divaricata (Turcz). Schischk. extract, enhance cellular and humoral immunity while
mitigating free radical-induced tissue damage. Early research established AR as an airway disease that affects comorbid
respiratory conditions. Yupingfeng San reduces eosinophil granulocyte concentrations in nasal septal and bronchopul-
monary mucosa, redirecting these cells from inflammatory sites. This decreases chemokine expression, improves allergic
reactions, and reduces airway hyperresponsiveness. Additionally, cGMP and cAMP levels correlate significantly with AR
progression. By reducing these levels, Yupingfeng San enhances allergen recognition and defense capabilities, promoting
balanced immune responses. These responses help regulate inflammation, cellular proliferation, and differentiation.
Consequently, it alleviates symptoms such as sneezing, rhinorrhea, nasal congestion, and pruritus.'”® Furthermore,
beyond nasal symptom improvement, Yupingfeng San modulates mast cell activity by inhibiting IL-13-mediated
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Table 4 Summary of the Mechanism of Action of Proprietary Chinese Medicine Products for the Treatment of AR

divaricata (Turcz). Schischk.,
Chrysanthemum, Magnolia biondii Pamp.,
Astragalus mongholicus Bunge (Fisch).,
Prunella vulgaris L.

allergic rhinitis

allergic status; increases CD3+, CD4+,
CD4+/CD8+ levels, reduces
inflammatory factors IL-4, IL-8, IL 17
levels, improves immune function,
reduces inflammatory response

Drug Names Main ingredients (Latin Name) Research Method of Dose Medication Mechanism of Action Reference
Object and Administration Duration
Model

Yupingfeng Powder Astragalus mongholicus Bunge (Fisch)., Mice Gavage High24mg kg-[1]/d, 2 weekends Affects the ROS/NLRP3/Caspase- | [162]
Atractylodes macrocephala Koidz., medium|12mg kg—[1]/d, signaling pathway, induces cellular
Saposhnikovia divaricata (Turcz). Schischk. lowémg kg—[1]/d pyroptosis, and inhibits the development

of allergic rhinitis

Tonggiao rhinitis capsules Astragalus mongholicus Bunge (Fisch)., Patients with Oral 2g/3times/d 6 weekends Regulates Thl /Th2 balance in patients [163]
Atractylodes macrocephala Koidz., Xanthium | allergic rhinitis with allergic rhinitis, reduces oxidative
strumarium L., Angelica sinensis (Oliv). Diels, stress and inflammation and improves
Saposhnikovia divaricata (Turcz). Schischk., symptoms
Magnolia biondii Pamp., Mentha canadensis L.

Sanfeng Tongqiao Dropping Pill Scutellaria baicalensis Georgi, Nepeta cataria L., | Patients with Oral 15.2g/3times/d 7d Inhibit the phosphorylation of STAT3, [164]
Hansenia weberbaueriana, Asarum allergic rhinitis prevent the proliferation of cuprocytes,
heterotropoides F.Schmidt play an immunomodulatory role, and

reduce the secretion of nasal mucus

Biyuan Tonggiao Granule Magnolia biondii Pamp., Xanthium Patients with Oral 15g/3times/d 14d Improves trace elements in the body, [165]
strumarium L., Ephedrae, Angelica sinensis allergic rhinitis regulates immune function, and improves
(Oliv). Diels, Mentha canadensis L., Ligusticum nasal ventilation
sinense Oliv., Scutellaria baicalensis Georgi

Cangerzi Powder Xanthium strumarium L., Magnolia biondii KM mice Gavage High12g/kg/d, 14d Reduced serum inflammatory factor [166]
Pamp., Angelica sinensis (Oliv). Diels, mediumég/kg/d, levels, regulated cytokine secretion by Th
Mentha canadensis L. low3g/kg/d cells, and increased AQP5 protein

expression

Wenfei Zhiliu Dan Panax ginseng C.A. Mey., Nepeta cataria L., | Patients with Oral 400mL/d 14d Reduced IgE and IgG levels, attenuated [167]
Asarum heterotropoides F.Schmidt, Terminalia | allergic rhinitis pro-inflammatory factors, eosinophilic
chebula Retz., Platycodon grandiflorus, acid cell cation (ECP) levels, increased
Heartleaf Houttuynia CD4+ /CD8 + ratio, reducing symptoms

Xingin Granule Asarum heterotropoides F.Schmidt, Scutellaria | Mice Gavage 5.0g/kg/d 7d Decrease in the number of SP-positive [168]
baicalensis Georgi, Nepeta cataria L., cells and decrease in SP-R mRNA
Saposhnikovia divaricata (Turcz). Schischk., expression in the nasal mucosa
Angelica sinensis (Oliv). Diels, Xanthium
strumarium L., Astragalus mongholicus
Bunge(Fisch)., Atractylodes macrocephala
Koidz., Acorus gramineu

Xiangju Capsule Platycarya strobilacea Sieb, Saposhnikovia Patients with Oral |.2g/times/d 14d Reduces LTB4, IgG, IgE levels, improves [169]
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activation and suppressing GM-CSF expression. This stabilizes mast cells and reduces histamine release. Significantly, it
modulates the TLR2-HO-1/CO pathway, upregulates claudin-1 and ZO-1 tight junction gene expression, and repairs
nasal mucosal epithelial barrier integrity. Research on pyroptosis demonstrates that Yupingfeng San inhibits NLRP3
inflammasome assembly, blocks caspase-1/GSDMD protease activation in epithelial cells, and reduces pro-inflammatory
cytokine secretion (IL-4, IL-1B, IL-18), thereby preventing aberrant mucosal epithelial pyroptosis both in vivo and
in vitro. Simultaneously, it elevates IFN-y levels, suppressing mitochondrial oxidative stress—a key trigger for nasal
pruritus and olfactory dysfunction.'®® Additionally, Yupingfeng San modulates the NF-kB and p38 MAPK signaling
pathways, therapeutically intervening in AR pathogenesis and attenuating histamine-driven inflammatory responses.'”!
Tonggiao Biyan Capsule

Tonggiao Biyan Capsule is a clinically established treatment for AR. Relevant studies demonstrate that this formulation
improves nasal tissue architecture, reduces turbinate volume, decreases nasal airflow resistance, and alleviates congestion
symptoms. By lowering ECP levels, it attenuates toxin-induced nasal mucosal damage. Additionally, it blocks the
binding of the ST2 receptor to sIgE, consequently reducing the release of inflammatory factors in AR, diminishing
nasal hyperresponsiveness, and effectively controlling disease progression.'’* Pathogenetic analyses reveal that Tonggiao
Biyan Capsule activates T lymphocyte proliferation and modulates lymphocyte function. It regulates Th1/Th2/Th17/Treg
cell subset balance, improving the imbalance between Th1/Th2 and Thl17/Treg. This immunomodulation maintains
immune homeostasis and improves clinical manifestations such as nasal obstruction and sneezing.'”® To enhance patient
compliance, the original capsule formulation has been innovatively adapted into a granule form. In vivo studies confirm
that Tongqgiao Biyan Granule regulates inflammatory cytokine release (TNF-a, IL-4, IL-6, IL-12), suppresses inflamma-
tory responses, and reduces nasal mucosal edema. It concurrently decreases nasal resistance (NR), mucociliary transport
time (MTT), and mucociliary clearance rate (MCR) indices, restores ciliary function, increases turbinate volume, and
ameliorates rhinorrhea and congestion.'”* Research verifies that while AR exacerbates pulmonary ventilation dysfunc-
tion, Tongqgiao Biyan Granule reduces nasal eosinophil infiltration, lowers sIgE and eotaxin-2 levels, and improves
clinical symptoms with minimal side effects.'®® Notably, it reduces the levels of SOD and MDA, which are elevated
during oxidative stress. This action accelerates cellular metabolism and mitigates oxidative damage.

Sanfeng Tongqgiao Dropping Pills

Sanfeng Tonggiao Dropping Pills are a compound Chinese medicinal formulation clinically employed for AR manage-
ment. Contemporary pharmacological investigations demonstrate that this preparation utilizes bioactive constituents,
including flavonoids, sterols, and lignans, to regulate gene expression such as JUN, MAPKI14, and IL6. These
constituents may target signaling pathways such as AGE-RAGE, TNF, and PI3K-Akt to modulate AR pathogenesis.
In vitro studies using OVA-sensitized mouse models revealed inhibition of Th2 cell differentiation through disrupted
Gata-3 binding to target DNA sequences. Additionally, it upregulates T-bet, a transcription factor expression in Thl cells,
exerts bidirectional immunomodulation, and activates Foxp3, a key transcriptional regulator in Treg cells. These
mechanisms collectively suppress allergen-induced Th2 responses, alter nasal mucosal inflammation in vivo, and
alleviate the characteristic symptoms of AR in mice, including sneezing and nasal pruritus. Complementary in vivo
analyses indicate suppression of STAT3 phosphorylation, inhibition of goblet cell hyperplasia, reduced nasal mucus
secretion, and immunoregulatory activity.'®*

Biyuan Tongqgiao Granules

Biyuan Tongqgiao Granules represent a specialized anti-AR formulation developed through modern pharmaceutical
technology. Contemporary pharmacological studies have demonstrated that this preparation contains bioactive com-
pounds such as quercetin, apigenin, kaempferol, ursolic acid, and rosmarinic acid. These compounds target PTGS2,
CHRM2, and NOS2 proteins. These agents mediate the MAPK, NF-kB, and HIF1 signaling pathways, collectively
contributing to antioxidative and anti-inflammatory effects in AR management. Studies have shown that Biyuan
Tonggiao Granules inhibit production of inflammatory mediators (AQP5, IL-4, TNF-a), thereby reducing mast cell
activation and limiting the release of sensitizing factors. This suppression decreases AQP5 expression in the nasal
mucosa, alleviating glandular epithelial congestion and edema. Concurrently, it inhibits excessive mucus secretion,
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downregulates intercellular adhesion molecule-1 (ICAM-1) expression, and prevents eosinophil infiltration into nasal

tissues, significantly improving AR pathology.'”

Moreover, AR frequently coexists with adenoid hypertrophy in
pathogenesis. Biyuan Tonggiao Granules modulate serum inflammatory mediators (IL-4, IL-8, and IFN-y), altering the
inflammatory milieu and reducing adenoid volume. This dual action improves sleep quality, enhances immune compe-
tence, and accelerates clinical recovery.'’® Furthermore, this formulation restores nasal ventilation function by increasing
peak expiratory flow (PEF) while decreasing diurnal PEF variation rates. It also counteracts immune dysregulation by
normalizing micronutrient profiles. In vitro studies have found that Biyuan Tongqiao Granules upregulate surfactant
protein A (SP-A) expression in the nasal mucosa of rats, strengthening allergen resistance. Additionally, they elevate Thl
and T-bet+ Thl cell proportions, rebalancing Th1/Th2/Th17 subsets to mitigate inflammation.'®

Cangerzi Powder

Cangerzi Powder is a classic formulation for the management of nasal disorders. Modern pharmacological research has
identified its active constituents including naringin, sitosterol, and luteolin. These compounds primarily target PTGS2,
PIK3CQG, and AKT1 proteins and modulate calcium signaling, HIF-1, TLR, and AMPK pathways during the treatment of
AR. Notably, this formulation restores Th1/Th2 immune balance and mitigates histamine-mediated pathological damage
to nasal mucosa by regulating the secretion of Th1/Th2 cytokines (IL-5, IL-10, IFN-y). Concurrently, it regulates AQPS5
distribution in nasal epithelium, reduces glandular hypersecretion, and alleviates rhinorrhea in AR mouse models.'
Additionally, Cangerzi Powder significantly alters NR, total nasal volume (TNV), and minimal cross-sectional area
(MCA), thereby enhancing nasal airflow dynamics and ameliorating congestion symptoms. Mechanistic studies reveal
that it elevates IFN-y levels in the nasal mucosa, which inhibits JNK phosphorylation and consequently blocks c-Jun
dimer formation. This accelerates remodeling of the damaged nasal mucosa. Simultaneously, the formulation reduces the
levels of TNF-a, TGF-B1, and IL-4, suppresses IgE production, and attenuates the severity of allergic inflammatory

responses. 177

Wenfei Zhiliu Dan

Wenfei Zhiliu Dan constitutes a specialized AR treatment grounded in TCM theory. Contemporary pharmacological
investigations confirm its anti-inflammatory, antipruritic, and immunomodulatory properties. Research demonstrates that
this formulation regulates cytokine release, such as IL-5, IL-10, IL-17, IL-35, and TNF-q, inhibits IgE production and
Th2 cell differentiation, promotes eosinophil apoptosis, and prevents ECP-induced mast cell degranulation. This
immunoregulatory activity elevates the CD4+/CD8+ T-cell ratio, activates systemic immunoregulatory functions, and
effectively alleviates AR symptoms such as nasal congestion, rhinorrhea, and paroxysmal sneezing.'®’ Beyond nasal
symptom management, Wenfei Zhiliu Dan also mitigates ocular symptoms such as allergic pruritus. In vivo cytological
analyses reveal reduced serum IL-33 expression in AR patients, suppressed Th2 cell and eosinophil infiltration in nasal
mucosa, and decreased chemokine/cytokine production. Critically, this modulation attenuates allergy-induced nasal

congestion by modulating nasal vascular permeability.'”®

Xin Qin Granules

Xin Qin Granules is a specialized nasal medication targeting symptoms including nasal pruritus, paroxysmal sneezing,
rhinorrhea, and rhinovirus-induced colds. Contemporary pharmacological studies confirm its anti-allergic properties, with
both Phase I and II biotransformation pathways potently inhibiting mast cell activation and the release of allergic
mediators. These inhibitory effects manifest more prominently within target tissues due to localized concentration
gradients. In vivo investigations demonstrate that Xin Qin Granules reduce serum IL-4 concentrations, modulate
YKL-40 levels, promote ThO cell proliferation and differentiation toward Th1 phenotypes, and correct systemic immune
deviation. They also suppress histamine and LTC-4 production in the nasal cavity, stabilize plasma membranes, and
reduce tissue edema—collectively enabling effective AR management.'”® Notably, this formulation bidirectionally
regulates inflammatory factors (IL-4, IL-6, and IL-10), synergistically improving nasal function while enhancing allergen
recognition and immune resistance capabilities. Clinical stability studies confirm sustained efficacy with low relapse rates
and no withdrawal reactions observed 30 days after treatment discontinuation. In vitro analyses reveal that therapeutic

effects involve regulation of the SP — SP-R « — SP-R mRNA positive feedback cascade.'®®
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Xiang Ju Capsule

Xiang Ju Capsule is a commonly prescribed medication in Chinese otorhinolaryngology clinics for the management of
AR. Its active components, derived from Chimonanthus praecox inflorescence and Chrysanthemum indicum, exert potent
anti-inflammatory, antibacterial, and antiviral effects. Pharmacologically, this formulation reduces IgE and IgG levels,
which mediate immediate and delayed-type allergic responses, respectively. Additionally, it inhibits LTB4 overexpres-
sion, modulates nasal mucosal vascular permeability, and alleviates localized mucosal edema.'®® It is noteworthy that
Xiang Ju Capsule can regulate T-lymphocyte immunoreactive cells (CD3+, CD4+, CD8+) toward immune homeostasis
while concurrently modulating the levels of IL-4, IL-8, and IL-17. This triple-action mechanism—reducing inflammatory
responses, protecting the nasal mucosa through enhanced microcirculation, and boosting mucosal immunity—collec-

tively enhances therapeutic efficacy.'®

Chinese Herbal Fumigation

TCM integrates internal and external therapeutic modalities. Herbal fumigation therapy, perpetuated throughout China’s
historical development for millennia, synthesizes pharmacological actions with moist-heat physiotherapy to prevent
diseases, treat pathologies, and fortify physiological resilience. The nasal cavity serves as a critical interface for material
exchange between the body and the external environment. Its mucosal surface area (about 150cm?®) must be maintained at
body temperature with saturated humidity state, in order to ensure normal ciliary motility, physiological mucus secretion,
suppression of pathogen proliferation, reduced inflammatory responses. Nasopharyngeal mucosal lesions primarily arise
from viral infections and allergic sensitization. Research has shown that rhinovirus is most effectively inactivated at
temperatures between 42°C and 43°C. The smoke generated from the complete combustion of TCM or the steam
produced after decoction can be controlled at an appropriate temperature and inhaled through the nasal cavity. The
medicine is locally absorbed and enters the bloodstream through the “nasal-pulmonary” circulation, thereby bypassing
the intestinal and hepatic circulatory pathways. In addition, drug molecules stimulate local neurons, triggering processes
such as phagocytosis, pinocytosis, intracellular transport, and lateral transport within neurons. Through neural reflexes
and via the olfactory nerve pathway as well as the olfactory mucosal epithelial pathway, drugs can effectively bypass the
blood-brain barrier, regulate the higher central nervous system, achieve therapeutic effects, and promote blood circula-
tion. These mechanisms help alleviate symptoms such as pruritus, rhinorrhea, paroxysmal sneezing, and nasal conges-
tion, while also reducing nasal mucosal edema and hyperemia. The steam and active molecular components in Chinese
herbal fumigation can regulate glandular secretion, restoring it to a normal physiological state. TCM fumigation avoids
gastrointestinal irritation and maximizes the anti-inflammatory effects of the herbs. It also allows for individualized
adjustments based on the patient’s specific needs, reducing discomfort and intolerance associated with the taste of oral
decoctions. Herbal fumigation demonstrates a favorable synergistic effect, which can be combined with other medica-
tions to enhance therapeutic outcomes and improve immunity. Existing studies have shown that fumigation significantly
improves nasal clinical symptoms and alleviates ocular symptoms of AR, such as itchy eyes, foreign body sensation,
conjunctival erythema, and epiphora.

Chinese Herbal Application

Chinese herbal compresses represent an ancient and distinctive external therapeutic modality in TCM. Based on TCM
diagnostic and treatment theories, this therapy involves selecting appropriate medicinal substances, which are formulated
into medicinal cakes or creams and then directly applied to the skin for the treatment of specific diseases or skin
conditions. Through acupoint application, the medicinal ingredients directly stimulate acupoints and are transmitted to
corresponding internal organs via the meridian system. This process can improve local microcirculation, enhance the
phagocytic ability of leukocytes, and help restore immune homeostasis. At the same time, it can avoid the side effects of
orally administered drugs and the liver’s inactivation of the drugs. The application of TCM herbal preparations can
stimulate acupoints, activate the meridians, warm the channels to dispel cold, regulate the balance of yin and yang,
enhance immunity, and treat diseases, thereby embodying the TCM concept of “preventing disease before it occurs”.
Sanfutie (a traditional Chinese herbal patch used during the hottest summer days for treating winter illnesses) can dredge
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the meridians, promote blood circulation, regulate the functions of the lungs and spleen, restore normal physiological
activities, enhance immune function, significantly alleviate patient symptoms, reduce the recurrence rate of rhinitis, and
improve overall quality of life. Herbal compresses act directly on the nasal area, stimulating the body’s defense
mechanisms and thereby enhancing immunity. In vivo studies have shown that the herbal patch modulates immune
protein levels in the body, increases serum IgA levels, decreases serum IgE levels, and inhibits type I hypersensitivity
reactions.

Chinese Herbal Sachet

Chinese herbal sachets, also known as aromatherapy pouches, are made by crushing aromatic Chinese medicinal herbs
into fine powder, mixing them evenly, and then using the mixture to create sachets or infuse clothing items (such as
undershirts, knee pads, and pillows). They are worn on the body or placed on the chest, pillow, or in front of the nose to
strengthen the body and resist disease. This traditional method is a distinctive therapeutic approach in TCM. According
to TCM theory, the nose and lungs are interconnected. The medicinal substances used in these scented pouches contain
volatile compounds that enter the body through the nasal mucosa, respiratory tract, or skin. They then circulate through
the bloodstream and meridian system, spreading throughout the body to achieve disease prevention and control. Modern
research also supports this practice, indicating that the volatile components in the sachets enter the body through the
mouth, nose, and skin, enhancing respiratory immunity and exerting direct or indirect inhibitory effects on bacteria and
viruses, thereby contributing to disease prevention and treatment.

Signaling Pathways

Regulation of the NF-kB Signaling Pathway

The formation of AR is closely associated with the inflammatory factors secreted by Th1 and Th2 cells, which are in turn
regulated by the NF-«kB signaling pathway. Under normal physiological conditions, NF-kB is bound to IkB, forming
a stable dimeric complex. When the NF-«B signaling pathway is activated by external stimuli, the IxB kinase (IKK)
phosphorylates 1B, leading to its ubiquitin-mediated degradation. As a result, free NF-xB (primarily composed of the
p65 subunit) translocates into the nucleus, where it promotes the transcription and secretion of downstream inflammatory
cytokines such as IL-1p, IL-6, IL-8, and TNF-a, which are known to contribute to the inflammatory response observed in
AR. Furthermore, activation of the NF-kB pathway also stimulates the expression of inducible nitric oxide synthase
(INOS) and cyclooxygenase-2 (COX-2). Inhibition of COX-2 expression has been shown to effectively modulate the
immune response. Lycium barbarum, a widely used medicinal herb in TCM, is well known for its health benefits and
therapeutic effects. Lycium barbarum polysaccharides have been found to suppress the expression of TLR4/NF-«B
signaling pathway-related proteins, restore the balance of Th1/Th2 cytokines, and reduce IgE production, thereby
significantly alleviating nasal mucosal inflammation in AR mouse models.

Regulation of the p38 MAPK Signaling Pathway

Signal transduction mediated by key MAPK family signaling molecules can influence various cellular functions,
including the mechanisms underlying cell death, apoptosis, and inflammation. The MAPK signaling cascade plays
a crucial role in the activation of multiple immune cell types. Specifically, the p38 MAPK signaling pathway is activated
at the interaction sites of the TCR in T cells, the B-cell receptor (BCR) in B cells, and the FceRI in mast cells. Upon
activation, these pathways can trigger cellular responses such as proliferation, differentiation, cytokine production, and
degranulation. The p38 MAPK pathway is also essential for the activation of chemokine receptors and IL-5 cytokine
receptors in eosinophils, contributing to eosinophil survival, activation, degranulation, and chemotaxis. These findings
indicate that the p38 MAPK signaling pathway is deeply involved in inflammatory responses and immunomodulatory
processes, promoting the release of inflammatory mediators. Notably, the traditional herbal formula Yupingfeng San has
been shown to inhibit the expression of both p38 MAPK and phosphorylated p38 MAPK proteins, interfere with the
transcription of inflammatory cytokine genes, reduce histamine release, and alleviate histamine-induced pathological
changes in the nasal mucosa.
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Regulation of the PI3K/AKT Signaling Pathway

Phosphatidylinositol-3-kinase (PI3K) is a downstream signaling effector of G-protein-coupled receptors, and serine/
threonine kinase AKT is a critical downstream signaling molecule of PI3K. Together, they constitute an important
intracellular signaling pathway. PI3K is involved in allergic airway inflammatory responses by promoting the activation
of inflammatory mediators, facilitating eosinophil recruitment, and mediating Th1/Th2 immune imbalances, particularly
favoring Th2-type inflammatory responses. In addition, intracellular PI3K plays a crucial role in eosinophil chemotaxis
and also mediates the activation and secretion of mast cells, influencing their degranulation and subsequent histamine
release. The therapeutic effect of Cangerzi Powder, a formula commonly used for treating AR, in alleviating AR
progression may be associated with the phosphorylation of the Syk/PI3K/AKT pathway phosphorylation, which in
turn regulates the functions of Th1/Th2 cells, B cells, mast cells, eosinophils, and goblet cells, thereby exerting anti-

inflammatory and anti-allergic effects.

Conclusions and Future Research

With the improvement of people’s quality of life and increased global awareness of disease education, public attention to
AR has significantly increased. Moreover, continuous changes in climate, environmental conditions, and lifestyle factors
have contributed to a rise in disease-causing agents, greater complexity in disease progression, a decline in the body’s
immune defenses, earlier onset ages for AR, and shorter intervals between disease episodes. Given China’s large
population base, vast geographical expanse, and regional disparities in economic development and healthcare resources,
the number of AR patients is substantial. In clinical practice, although long-term use of Western medicine can alleviate
certain symptoms, its long-term efficacy remains limited. Additionally, prolonged medication use often leads to
complications, imposing significant physical, economic, and psychological burdens on patients. This situation exacer-
bates doctor-patient tensions in China. Therefore, the development of a long-lasting treatment modality with minimal
side effects that also addresses disease complications is of critical importance for the effective management of AR in
China.

TCM, with millennia of historical evolution and abundant medicinal resources, presents a comprehensive therapeutic
approach that spans disease prevention, treatment, and peri-/post-operative management. Rooted in evidence-based
syndrome differentiation and holistic therapeutic principles, TCM’s potential in AR management extends beyond
monotherapy to encompass individualized interventions. These include tailored internal decoctions, standardized herbal
preparations, medicinal fumigation, topical applications, and specialized TCM modalities. Evidence-based TCM practice
emphasizes systematic collation and targeted analysis, enabling precise disease classification and patient-specific
diagnosis. This approach facilitates dynamic formula modification based on concurrent symptoms through the addition
or subtraction of herbs. Crucially, TCM’s “preventive treatment of disease” philosophy—documented since antiquity in
classical texts such as the Yellow Emperor’s Canon—epitomizes the strategic significance of prophylactic medicine in
disease control.

The complexity of the components found in Chinese medicine monomers and compounds, along with their
synergistic and multi-target effects, can help overcome the inevitable limitations associated with the use of chemical
drugs. Numerous clinical trials have shown that, in the treatment of post-AR, the efficacy of either Chinese herbal
compound formulations or adjunctive therapies such as fumigation or combined medication is superior to that of
chemical drugs used alone. Some data indicate that the therapeutic efficiency of the Chinese medicine group is
significantly higher than that of the western medicine group, with notable improvements in accompanying symptoms
such as nasal congestion, sneezing, and runny nose. With the advancement of modern pharmaceutical technology,
research on herbal medicines has become more refined. For example, the purification of Fritillaria has led to the
development of a Fritillaria extract used in nasal irrigation therapy, which helps alleviate symptoms in patients with
AR. This paper confirms that the therapeutic effects of TCM are primarily attributed to its ability to regulate immune
cells, thereby reducing the release of inflammatory factors and inhibiting oxidative stress generation. This mechanism

contributes to delaying disease onset and alleviating symptoms.
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Regrettably, despite TCM having demonstrated efficacy in AR management through holistic advantages and evi-
dence-based approaches—alongside promising application prospects—several limitations persist: (1) Current studies
exhibit inconsistent methodological rigor, lacking large-scale randomized controlled trials. Original literature may
contain inherent bias and methodological constraints. (2) Most TCM interventions for AR lack quantifiable biomarker
changes and standardized efficacy evaluation protocols. (3) AR management requires further standardization regarding
dosage forms, therapeutic doses, and treatment duration. (4) Fumigation and similar adjuvant therapies primarily provide
symptomatic relief. Acupoint fumigation protocols remain predominantly experience-based, lacking evidence-driven
positioning. (5) Advancing TCM integration with modern medicine necessitates strengthened policy support and
international cooperative frameworks.

In conclusion, integrating TCM with modern medicine—such as combining antihistamines (the recommended use
time is less than half a month), which provide acute-phase control in modern medicine, with long-acting Chinese herbal
formulations currently used in clinical practice (the recommended use time is more than half a month)—can enhance
both therapeutic efficacy and safety. By extensively and deeply utilizing the core principles of TCM, novel therapeutic
strategies and targets can be developed, offering more practical and effective treatment options for AR. The holistic and
individualized approach of TCM provides promising potential for improving patient prognosis. As our understanding of
TCM and its underlying mechanisms continues to expand, so too does its global potential in combating AR.
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