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Abstract 

Traditional Chinese medicine and its bioactive components have garnered increasing attention as potential therapeutic options for 
allergic asthma. By targeting the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (AKT) signaling pathway, these natural com-
pounds exhibit unique advantages in multilevel immunomodulation and inflammation suppression compared with single-target syn-
thetic drugs. Accumulating pharmacological evidence supports their capacity to restore pathway homeostasis, positioning them as 
promising candidates for complementary strategies in asthma management. Allergic asthma, a heterogeneous respiratory disorder 
affecting approximately 150 million individuals worldwide, arises from a complex interplay of genetic predisposition, environmental 
exposures, and lifestyle factors. Its pathological progression is marked by aberrant activation of the PI3K/AKT signaling cascade, with 
the mechanistic target of rapamycin serving as a key downstream regulatory node. This evolutionarily conserved pathway orches-
trates fundamental cellular processes that contribute to three hallmark pathological features of allergic asthma: chronic airway inflam-
mation, structural remodeling of the bronchial architecture, and airway hyperresponsiveness. This review has 3 primary objectives: (1) 
to evaluate the role of the PI3K/AKT pathway in allergic asthma pathogenesis, (2) to analyze the molecular mechanisms of represen-
tative traditional Chinese medicine preparations and their active ingredients, and (3) to identify novel bioactive inhibitors derived from 
natural products. Collectively, these investigations provide a conceptual framework for the development of next-generation targeted 
therapies and for optimizing clinical management strategies for allergic asthma.
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1. Introduction
Allergic asthma represents the most prevalent clinical phe-
notype of asthma, with epidemiological data consistently 
showing a long-term upward trend in both incidence and 
prevalence.[1] Its complex etiopathogenesis, encompassing 
numerous immunological and structural alterations, contin-
ues to pose significant challenges to therapeutic development. 
Consequently, patients often face substantial treatment-re-
lated clinical and economic burdens. Current guidelines rec-
ommend corticosteroids, phosphodiesterase-4 inhibitors, and 
β2-agonists as cornerstone therapies. However, their clini-
cal use is frequently limited by off-target effects, including 

iatrogenic bone loss, gastrointestinal dysfunction, and cardio-
vascular autonomic dysregulation.[2-4] Therefore, the develop-
ment of safer and more effective interventions is imperative.[5] 
The phosphatidylinositol 3-kinase (PI3K)/protein kinase B 
(AKT) signaling pathway plays a central role in regulating 
diverse physiological processes across multiple tissue types 
and has emerged as a critical focus in the study of allergic 
asthma pathophysiology and pharmacology.[6] Traditional 
Chinese medicine (TCM), composed primarily of natural 
plant–derived products, has a long history of use in asthma 
management. Its holistic, multitarget approach makes it a 
promising avenue for novel drug development. Numerous 
TCM-derived compounds targeting the PI3K/AKT path-
way have been identified and applied therapeutically.[7–10] To 
advance the development of more effective therapies for aller-
gic asthma, this review searched PubMed, Web of Science, and 
China National Knowledge Infrastructure for studies related 
to the targeting of PI3K/AKT signaling pathway by TCM and 
its active ingredients for the treatment of allergic asthma. The 
search period is concentrated from 2010 to 2025. Keywords 
included “allergic asthma,” “asthma,” “PI3K,” with “herbal 
medicine,” “herbs,” “traditional Chinese medicine,” and 
“active ingredients of Chinese medicine.” All the collected 
information was then summarized to analyze the pathomech-
anisms and therapies for targeting the PI3K/AKT signaling 
pathway for the treatment of allergic asthma. Furthermore, 
from the perspective of integrated treatment, particularly the 
integration of conventional and traditional approaches, this 
work offers a comprehensive evaluation of the PI3K/AKT 
pathway in allergic asthma, addressing its etiology, underly-
ing mechanisms, and treatment strategies.
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2. Characteristics of allergic asthma
Asthma is a chronic respiratory disease driven by airway inflam-
mation. This inflammatory environment contributes to a range 
of interconnected pathophysiological abnormalities, including 
airway hyperresponsiveness (AHR), eosinophilic infiltration, 
mucus hypersecretion accompanied by goblet cell hyperplasia, 
subepithelial fibrosis, and other features of airway remodeling, 
as well as partially reversible airflow obstruction.[11] Major 
allergic triggers, or allergens, include pollen, dust mites, micro-
organisms (bacteria and viruses), and certain drugs or foods. 
Collectively, these factors contribute to disease development 
as integral components of its pathogenic process.[12] In allergic 
asthma, genetic and environmental triggers coordinate the acti-
vation and regulation of the immune system, serving as central 
drivers of disease pathophysiology. Key cellular contributors 
include dendritic cells (DCs), T cells, B cells, innate lymphoid 
type-2 cells (ILC2s), T-helper (Th) cell subsets such as Th1/Th2 
and Th17/regulatory T (Treg), eosinophils, basophils, neutro-
phils, and mast cells (MCs) infiltrating the bronchial submu-
cosa. These cells are primarily responsible for chronic airway 
inflammation.[13,14] In turn, they secrete various cytokines and 
growth factors that promote goblet cell proliferation, airway 
smooth muscle (ASM) hypertrophy, and deposition of collagen 
and fibronectin (Fig. 1).[15,16]

3. Molecular mechanisms of the PI3K/AKT
Functioning as a pivotal cellular signaling cascade, PI3K reg-
ulates a broad spectrum of critical processes involved in 
cell-cycle control and pathophysiological mechanisms.[17] The 
canonical PI3K/AKT pathway is initiated by PI3K-mediated 

phosphorylation of phosphatidylinositol lipids, leading to the 
recruitment and activation of AKT at the plasma membrane. 
Activated AKT regulates diverse cellular processes, including 
phosphorylation of cyclic adenosine monophosphate response 
element-binding protein (CREB), inhibition of p27, cytosolic 
retention of forkhead box O (FOXO) transcription factors, 
generation of phosphatidylinositol 3-phosphate, and activation 
of the mechanistic target of rapamycin (mTOR).[18,19] In the con-
text of asthma pathogenesis, PI3K orchestrates inflammatory 
responses through direct activation by focal adhesion kinase. 
This activation occurs via receptor tyrosine kinase dimerization, 
phosphorylation, and growth factor-mediated signaling, which 
promotes interactions with the SH2 domain of the p85 regula-
tory subunit. As a result, PI3K triggers downstream signaling 
cascades involving transforming growth factor-beta (TGF-β), 
nuclear factor-κB (NF-κB), rat sarcoma/rapidly accelerated 
fibrosarcoma pathways, and epithelial–mesenchymal transition 
(EMT), while also facilitating the recruitment and activation of 
AKT and phosphoinositide-dependent kinase.[20,21]

The PI3K/AKT/mTOR axis is a central regulator of meta-
bolic processes in both immune and nonimmune cells. Within 
this pathway, the mTOR, a serine/threonine (Ser/Thr) kinase, 
functions as a key downstream effector. Specifically, the mTOR 
signaling network exerts regulatory control over the differen-
tiation and functional programming of innate and adaptive 
immune cells.[22] This pathway integrates diverse intracellular 
and extracellular cues, including growth factors, cytokines, 
nutrient availability, adenosine 5'-triphosphate levels, cellu-
lar stress, and inflammatory signals, translating these inputs 
into metabolic and functional adaptations.[23,24] Mechanistic 
studies indicate that mTOR complex 1 (mTORC1) activation 
depends on upstream PI3K signals, which converge primarily 

Figure 1.  Immunomodulatory mechanisms in allergic asthma (Figure created using BioRender.com). Asthma is a chronic inflammatory airway disease character-
ized by airway and blood eosinophilia, mucus hypersecretion, goblet cell hyperplasia, and AHR. The airway epithelium, a key component of the innate immune 
system, initiates airway remodeling by releasing cytokines such as thymic stromal lymphopoietin (TSLP), IL-33, IL-25, and eotaxin upon injury or activation. 
These mediators recruit and activate dendritic cells to present allergens, coordinating the activity of various immune cells in asthma. Solid lines indicate promo-
tion, whereas dashed lines indicate inhibition.
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through the PI3K/AKT axis. mTOR operates through 2 dis-
crete multiprotein complexes, mTORC1 and mTOR complex 2 
(mTORC2), which serve as critical hubs within the downstream 
PI3K signaling network.[25] The coordinated phosphorylation 
of mTORC1 and mTORC2 is regulated by phosphoinositide-
dependent kinase-1, which facilitates AKT phosphorylation at 
Ser308 and Thr473 residues. Notably, mTORC1 contributes 
to partial AKT activation and indirectly modulates mTORC2 
activity, whereas mTORC2-mediated phosphorylation fully 
activates AKT.[26] This hierarchical regulation influences multi-
ple cellular processes, including inflammatory responses, glyco-
lytic metabolism, apoptotic signaling, and proliferation, largely 
through suppression of FOXO1/3a transcription factors.[27] 
Moreover, AKT-mediated upregulation enhances PI3K lipid 
kinase activity via RAS-guanosine triphosphate-binding protein 
interactions.[28] As a central downstream effector of the PI3K/
AKT pathway, mTOR plays a pivotal role in asthma patho-
genesis by modulating both immune cell activity and structural 
pulmonary cells, thereby contributing to airway inflammation 
and remodeling. Specifically, mTOR integrates upstream signals 
through mTORC1 and mTORC2 to coordinate cellular prolif-
eration, metabolism, survival, and protein synthesis.[29] Studies 
have demonstrated that hyperactivation of mTORC1 in airway 
epithelium enhances fibroblast growth factor-binding protein 1 
expression via upregulation of signal transducer and activator 
of transcription 3, promoting angiogenesis and extracellular 
matrix reorganization, which exacerbates airway remodeling.[30]

The PI3K pathway engages in extensive crosstalk with mul-
tiple molecular mechanisms. Immune checkpoint receptors, 

including cytotoxic T-lymphocyte-associated protein 4 and pro-
grammed death protein 1, inhibit the PI3K/AKT/mTOR axis, 
thereby reducing interleukin (IL)-2 production.[31] In contrast, 
metabolic reprogramming induced by Toll-like receptor (TLR)-
driven PI3K/AKT/mTORC1 signaling enhances the expansion 
of Treg cells in the tumor microenvironment.[32] Beyond immune 
modulation, Sirtuin 1 (SIRT1) counteracts Toxoplasma gon-
dii-induced FOXO1 activation through PI3K/AKT-mediated 
mechanisms.[33] In asthma pathogenesis, the OX40/OX40L 
interaction modulates helper T-cell differentiation through 
coordinated engagement of the PI3K/AKT and p38 mitogen-ac-
tivated protein kinase (MAPK) signaling cascades. Therapeutic 
blockade of this costimulatory pathway suppresses CD4+ T-cell 
proliferation and alters Th polarization profiles.[34] Additionally, 
accumulating evidence implicates the PI3K/AKT pathway in reg-
ulating the proliferation of ASM cells (ASMCs) in asthma, high-
lighting its potential as a therapeutic target (Fig. 2, Table 1).[35]

4. Influence factors of inflammatory response in 
allergic asthma
In allergic asthma, the well-established role of PI3K in modu-
lating inflammatory processes extends to multiple downstream 
cellular signaling cascades. A comprehensive understanding of 
the disease, therefore, requires systematic investigation of the 
broader cellular network influenced by allergic asthma. This 
includes elucidating the roles of key immune effectors that 
interact with PI3K through synergistic or feedback mechanisms, 

Figure 2.  PI3K/AKT signaling pathway and its upstream and downstream influences (Figure created using BioRender.com). Activation of receptors such as RTK, CTLA-4, 
and TLR initiates PI3K signaling (class IA and IB), leading to phosphorylation and activation of AKT. AKT regulates downstream effectors, including mTORC1, mTORC2, 
FOXO, P27, CREB, and NF-κB, thereby modulating cellular processes such as inflammation, glycolytic metabolism, apoptosis, and cell proliferation. Furthermore, RTK 
can activate CREB through the RAS-RAF-MEK-ERK pathway, influencing CREB-mediated transcription. PTEN serves as a negative regulator by dephosphorylating the 
lipid second messenger PI3P. Solid lines indicate promotion, and dashed lines indicate inhibition. RAS-RAF, rat sarcoma-rapidly accelerated fibrosarcoma.
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including, but not limited to, MCs, ILC2s, Th2 cells, eosino-
phils, and DCs.[43]

4.1. Mediated mechanisms of DCs in allergic asthma

As professional antigen-presenting cells, conventional DCs, 
derived from progenitor cells of the macrophage-DC lineage 
in the bone marrow, play a pivotal role in bridging innate and 
adaptive immunity by capturing and presenting antigens to 
T lymphocytes. These immune sentinels reside in peripheral, 
non-lymphoid tissues, where they continuously monitor their 
environment by internalizing both self and foreign antigens via 
endocytic mechanisms.[44] Upon antigen capture, DCs degrade 
internalized proteins into peptide fragments, which are then 
loaded onto major histocompatibility complex (MHC) class II 
molecules for surface presentation—an essential step for T-cell 
activation. While immature DCs are relatively inefficient at 
antigen presentation, they undergo maturation upon encoun-
tering danger signals, such as pathogen-associated molecular 
patterns or damage-associated molecular patterns. This tran-
sition enhances the assembly and transport of MHC–peptide 
complexes to the plasma membrane,[45] establishing DCs as 
the most efficient antigen-presenting cells, outperforming mac-
rophages in this function. Concurrently, they migrate from 
peripheral tissues to secondary lymphoid organs, where they 
prime naive T and B cells through MHC class II-mediated anti-
gen presentation, thereby initiating a specific adaptive immune 
response.[46] Owing to their central role in immune regulation, 
DCs are important therapeutic targets in diseases character-
ized by immune dysregulation. Evidence indicates that PI3K-δ 
modulates TLR4 signaling in DCs by facilitating its internaliza-
tion from the cell membrane. This activity restrains excessive 
pro-inflammatory cytokine production, highlighting a homeo-
static function for PI3K-δ in DCs.[47] Furthermore, PI3K-δ is 
implicated in DC-mediated allergic inflammation. For example, 
in patients with allergic rhinitis, inhibition of PI3K-δ markedly 
reduces levels of the DC-derived chemokines C-C motif chemo-
kine ligand 17 (CCL17) and CCL22, which are critical for Th2 
cell recruitment, suggesting that PI3K-δ modulates allergic 
inflammation via DC-dependent pathways.[48]

4.2. Functions of the MC degranulation in allergic 
asthma

MC degranulation, a central event in allergic reactions, can be 
initiated via 2 principal mechanisms. The first is immunoglobulin 

(Ig) E-independent, involving stimulation of the Mas-related G 
protein-coupled receptor X2 (MRGPRX2). The second is IgE-
dependent and requires binding of allergen–IgE complexes to 
the high-affinity IgE receptor (FcεRI) on MCs.[48,49]. Secreted by 
plasma cells, IgE belongs to one of the five canonical Ig classes, 
distinguished by the structure of its constant Fc domains. The 
Fc domain determines effector functions and cellular specificity, 
whereas the variable Fab region confers antigen-binding diver-
sity, enabling adaptive immune responses.[50]

Upon initial allergen exposure, MC activation through FcεRI 
engagement induces phosphorylation of phospholipase C-γ1 
(PLC-γ1), resulting in elevated intracellular calcium levels and 
subsequent degranulation. The PI3K/AKT pathway contributes 
to MC regulation, in part through its interplay with PLC-γ1. 
Signaling via MRGPRX2 has also been shown to modulate cal-
cium mobilization and degranulation through coordinated acti-
vation of the PI3K/AKT and PLC-γ1 pathways.[51] Additionally, 
silibinin suppresses MC degranulation, calcium influx, and 
cytokine release in a dose-dependent manner by inhibiting both 
the PLC-γ1 and PI3K/AKT pathways.[52]

Beyond its role in inflammatory mediator secretion, PI3K/AKT 
activation regulates cytoskeletal dynamics in MCs. The binding 
of IL-33 to its cognate receptor ST2 triggers MC activation and 
promotes the production of pro-inflammatory cytokines. This 
response depends on the integrated activation of multiple signal-
ing pathways, notably NF-κB, p38 MAPK, and the MK2/3–PI3K/
AKT axis. Within this network, NF-κB functions as a master tran-
scriptional regulator driving the expression of inflammation-re-
lated genes. Simultaneously, p38 MAPK and its downstream 
effectors MK2/3 enhance inflammatory signaling by modulating 
mRNA stability and translational control. Meanwhile, these effec-
tors engage in functional crosstalk with the PI3K/AKT pathway, 
which is crucial for cellular metabolism and survival. Notably, the 
phytopolyphenol resveratrol exerts a targeted inhibitory effect on 
this signaling cascade by suppressing the MK2/3–PI3K/AKT axis 
downstream of p38. This intervention effectively reduces both 
IL-33/ST2- and IgE-mediated MC degranulation and subsequent 
release of inflammatory mediators.[53]

4.3. PI3K plays an essential role in adaptive immune 
responses involving T cells and B cells

Different isoforms of PI3K regulate distinct cellular processes. 
Among these, PI3K-δ is the predominant isoform in T cells and 
has been extensively studied using both genetic mouse models 
and selective inhibitors. The p110δ catalytic subunit of PI3K-δ 

Table 1

Roles and functions of the PI3K/AKT signaling pathway in allergic asthma.

Signaling pathway Function Result

PI3K/AKT/FOXO1 Activate the pathway, inhibit FOXO1 activity, inhibit Dendritic cells 
maturation, reduce IL-12 secretion

Reduce fiber inflammation[36]

PI3K/AKT/mTOR Blocking the pathway, saving autophagy, and reducing the 
accumulation of p62 and LC3

Increased autophagy and anti-inflammatory 
effects[37]

PI3K/AKT/eNOS Activate the pathway and inhibit the gene expression of IL-1β, IL-6, 
and TNF-α, and the expression of VEGF

Anti-inflammation[38]

PI3K/AKT/NF-κB Activation of the blocking pathway in ILC2 recruitment Inhibit allergic airway inflammation[39]

TLR2/PI3K/AKT The expression of PI3K, p-AKT, Beclin-1, and LC3-II was down-
regulated, which alleviated inflammatory cell infiltration and IL-13/
IFN-γ imbalance

Regulate related autophagy.
Blocking the pathway reduces 
inflammation[40]

AMPK/PI3K/AKT/
p38/NF-κB

Blocking the pathway and inhibiting the expression of TGF-β Reduced airway inflammation and 
increased bronchial hyperresponsiveness[41]

p-AKT/p-PI3K/
HIF-1α/VEGF

Downregulation pathway Reduce airway inflammation[42]

VEGF, vascular endothelial growth factor.
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is highly expressed in leukocytes and plays critical roles in both 
cellular and humoral immune responses. In the thymus, p110δ 
and p110γ cooperate to promote T-cell development through 
key developmental checkpoints. Beyond thymic development, 
p110δ regulates the differentiation of peripheral CD4+ T cells 
into Th1 and Th2 subsets and modulates Treg cell function.[54]

The PI3K signaling pathway plays a critical role in orches-
trating the expansion, differentiation, and spatial distribution 
of helper T cells. It supports T-cell activation, differentiation, 
and trafficking, and is essential for T-cell adhesion and migra-
tory behaviors. Specifically, the PI3K-δ isoform modulates 
T-cell trafficking into and out of lymph nodes and regulates 
their recruitment and persistence at sites of inflammation. This 
precise control of cell movement is primarily mediated through 
PI3K-dependent modulation of integrin activation in T cells.[55] 
Activation of p110δ downstream of the T-cell receptor is also 
required for proper localization of T cells to antigen-rich tissues 
in murine models.[56] Beyond T cells, the PI3K pathway is a key 
regulator of multiple aspects of B lymphocyte function, includ-
ing development, proliferation, differentiation, antibody class 
switching, and secretion. The PI3K-δ isoform, predominantly 
expressed in hematopoietic cells, exerts distinct immunomod-
ulatory effects. In allergic settings, both genetic ablation and 
pharmacological inhibition of PI3K-δ enhance Ig class switch-
ing to IgE in vivo, despite concurrently reducing type 2 cyto-
kine secretion and IgG antibody levels. This apparent paradox 
highlights a previously underappreciated homeostatic role of 
PI3K-δ in limiting IgE responses by negatively regulating sig-
nals that promote IgE class switching in B cells. These findings 
underscore the complex role of PI3K-δ in allergic inflammation 
and emphasize its dual potential as a therapeutic target for IgE-
mediated allergic disorders, providing a basis for more precise 
immunomodulatory strategies.[57]

4.4. Th2 immunity and ILC2 cooperate with PI3K to affect 
asthma

In susceptible individuals, exposure to harmless environmental 
antigens triggers a classical adaptive immune response orches-
trated by Th2 cells, which differentiate in lymphoid tissues and 
subsequently secrete type 2 cytokines.[58] The pathophysiology 
of type 2 inflammation is driven by the interplay between innate 
immune mechanisms and adaptive immune responses initiated 
by allergen-specific Th2 cell differentiation.[59] Both ILC2s and 
Th2 cells secrete type 2 cytokines (IL-4, IL-5, and IL-13), which 
exert distinct yet complementary effects in promoting inflam-
matory responses. In classical allergic airway inflammation, 
DC-primed Th2 cells coordinate eosinophil infiltration and 
AHR through the production of these cytokines. Specifically, 
IL-4 and IL-13 mediate B-cell class switching to IgE, stimulate 
the release of pro-inflammatory mediators, disrupt epithelial 
barrier integrity, and drive tissue remodeling. IL-13 addition-
ally induces goblet cell hyperplasia and mucus hypersecretion. 
Collectively, these cytokines facilitate eosinophil recruitment to 
tissues, contributing to the hallmark pathology of chronic air-
way inflammatory diseases.[60]

Notably, IL-13 plays a predominant role in mucus over-
production and AHR, whereas IL-5 is critical for eosinophil 
activation, survival, and migration into the respiratory tract, 
contributing to eosinophilic bronchitis. IL-4 has a dual function 
in allergic sensitization: it promotes IgE class switching in B 
cells and enhances FcεRI expression on MCs and other effector 
cells. Subsequent allergen-mediated cross-linking of IgE bound 
to FcεRI triggers MC activation, resulting in the rapid release of 
histamine and other preformed mediators responsible for imme-
diate hypersensitivity reactions.[61]

The modulatory role of PI3K in type 2 immunity indi-
cates that PI3K-δ may substantially influence Th2-polarized 

responses at the airway epithelial barrier.[62] The engagement of 
pattern recognition receptors triggers the release of alarmins, 
which in turn activate DCs, ILC2s, and basophils, promoting 
DC migration to draining lymph nodes and the initiation of 
adaptive immune responses. Furthermore, IL-33-mediated acti-
vation of Th2 cells and ILC2s has been shown to rely on PI3K-δ 
signaling within these cell populations.[63]

Emerging evidence indicates that airway epithelial PI3K-δ 
regulates mitochondrial reactive oxygen species produc-
tion, thereby promoting Th2-type eosinophilic inflammation. 
Additionally, PI3K contributes to vasodilation, increased vascu-
lar permeability, and plasma extravasation—hallmark processes 
of allergic airway inflammation. For instance, studies indicate 
that PI3K-δ in epithelial cells drives the development of allergic 
lung pathology by modulating the production of inflammatory 
mediators, including hypoxia-inducible factor (HIF)-1α and 
vascular endothelial growth factor.[64]

Although ILC2s do not recognize antigens via classical adap-
tive immune mechanisms, they respond to microenvironmental 
cues derived from epithelial and immune cells. Unlike classical 
adaptive immune cells, group 2 ILC2s are directly activated by 
cytokines released from epithelial cells, rapidly secreting type 
2 cytokines in response. Notably, ILC2 activation occurs inde-
pendently of antigen presentation and T-cell receptor engage-
ment, highlighting their role as effector cells in nonallergic 
asthma exacerbations and virus-induced asthma attacks.[65] 
These cells are now recognized as key effectors in allergic air-
way inflammation. Allergen-derived proteases or environmental 
insults, such as pollutants and viruses, induce epithelial dam-
age and trigger the release of alarmins, which in turn stimulate 
ILC2s to secrete Th2-type cytokines.[66] Furthermore, ILC2s are 
responsive to lipid mediators, including prostaglandin D2 and 
cysteinyl leukotrienes.

Collectively, Th2 cytokines orchestrate the hallmark features 
of allergic asthma, including pronounced eosinophilic infil-
tration of mucosal tissues, epithelial barrier dysfunction, and 
the release of cytotoxic granules by eosinophils, which further 
amplify alarmin production and sustain a chronic inflamma-
tory loop. Airway eosinophilia, defined as ≥3% eosinophils 
in sputum,[67] serves as a key biomarker of this response. The 
resulting pathophysiological consequences include variable air-
flow obstruction, bronchial hyperresponsiveness, and mucus 
hypersecretion. Accordingly, targeting regulatory nodes that 
disrupt this self-amplifying cycle—such as the PI3K pathway, 
which modulates both adaptive Th2 responses and eosinophilic 
inflammation—represents a promising therapeutic strategy for 
type 2-mediated allergic diseases.[68]

4.5. PI3K pathway in the epithelium affects airway 
remodeling

Airway remodeling, a hallmark structural change in asthma, 
results in airway wall thickening and impaired airflow. Its man-
ifestations include upregulation of angiogenic factors, goblet 
cell chemotaxis, hyperplasia and hypertrophy of ASM, subep-
ithelial deposition of matrix proteins and fibrosis, and accu-
mulation of extracellular matrix proteins within the reticular 
basement membrane, lamina propria, and submucosa.[69] As a 
central component of the innate immune response, the airway 
epithelium plays an initiating role in this remodeling process. 
Exposure to harmful exogenous or endogenous agents triggers 
a cascade that begins with epithelial disruption and activation, 
ultimately leading to cytokine-mediated recruitment and activa-
tion of immune cells that drive airway remodeling and AHR.[70]

Multiple molecular mechanisms underlie the close associa-
tion between PI3K signaling and endoplasmic reticulum (ER) 
stress. Moreover, due to the tight functional coupling between 
the ER and mitochondria, PI3K signaling may also affect 
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mitochondrial function, thereby modulating oxidative stress 
and impacting various lung pathophysiological processes. For 
example, studies indicate that PI3K can mitigate glucocorticoid 
(GCS)-resistant eosinophilic pneumonia induced by fungi by 
reducing ER stress and mitochondria-related oxidative stress—
particularly in airway epithelial cells—resulting in reduced air-
way wall thickening and improved airflow.[71]

Studies show that in the airway epithelium, PI3K-δ partially 
regulates the NOD-LRR (a large number of Nods contain  
leucine-rich repeats, hence referred to as NOD-LRR proteins) 
and pyrin domain-containing protein 3 (NLRP3) activation via 
mitochondrial reactive oxygen species, thereby playing a signifi-
cant role in the development of GCS-resistant eosinophilic lung 
inflammation.[72] These findings reveal that cytoplasmic com-
plexes involving ER stress, PI3K-δ, and NLRP3 activation provide 
novel mechanistic insights into PI3K-driven asthma pathogenesis, 
with important implications for the treatment of severe disease.[73]

5. Regulation of the PI3K/AKT for treating allergic 
asthma
The PI3K/AKT pathway serves as a central regulator of numer-
ous cellular processes and is widely recognized as a promising 
therapeutic target for various human diseases. Over recent 
decades, growing evidence has highlighted its critical involve-
ment in allergic asthma, prompting the development and 
clinical investigation of multiple therapeutic agents targeting 
this pathway, including natural products derived from TCM. 
Research on PI3K/AKT-targeted therapies for allergic asthma is 
promising and warrants further exploration (Fig. 3).

5.1. Natural products for regulating the PI3K/AKT

The successful clinical application of artemisinin, recognized by 
the 2015 Nobel Prize in Physiology or Medicine, has revitalized 
scientific and clinical interest in natural products, particularly 
Chinese herbal compounds, as promising sources for thera-
peutic development. A growing body of research suggests that 
natural products, including Chinese herbal compounds, can 
inhibit multiple signaling pathways associated with inflamma-
tory responses, many of which are closely linked to the PI3K/
AKT pathway.[74]

5.1.1. Alpinetin

Alpinetin, a natural flavonoid derived from the Zingiberaceae 
family, has been widely used in Chinese patent medicines. It 
exhibits multiple biological activities, including antitumor, anti-
inflammatory, and hepatoprotective effects, largely through the reg-
ulation of various signaling pathways.[75] Studies have shown that 
alpinetin significantly alleviates ovalbumin (OVA)-induced pulmo-
nary pathology. Administration of alpinetin markedly reduces lev-
els of Th2 cytokines, suppresses IgE-mediated phosphorylation of 
NF-κB p65, phosphorylated AKT (p-AKT), and phosphorylated 
PI3K (p-PI3K), and inhibits heme oxygenase-1 activity.[76] Further 
investigations reveal that alpinetin effectively downregulates the 
production of pro-inflammatory mediators, such as tumor necro-
sis factor‑α (TNF‑α), IL-6, and IL-1β, by inhibiting the PI3K/AKT/
NF-κB signaling pathway. As a result, alpinetin prevents the accu-
mulation of inflammatory cells in alveolar spaces, demonstrating 
potent anti-inflammatory efficacy in allergic asthma models.[77,78]

5.1.2. Luteolin

Luteolin (3′,4′,5,7-tetrahydroxyflavone), a common flavonoid 
present in numerous vegetables and medicinal herbs, possesses 
notable medicinal value due to its broad spectrum of biological 
activities.[79] Studies have indicated that low concentrations of 

luteolin do not significantly affect the PI3K/AKT/mTOR path-
way, whereas higher doses significantly upregulate the expres-
sion of key pathway proteins. This upregulation correlates with 
reduced airway inflammation, evidenced by decreased levels 
of IL-5 and IL-13, lower eosinophil counts in bronchoalveolar 
lavage fluid (BALF), and reduced OVA-specific IgE in serum.[80] 
High-dose luteolin treatment also significantly inhibits pul-
monary autophagy, as indicated by reduced Beclin-1 protein 
expression. In asthmatic mice, luteolin administration improves 
lung function, mitigates excessive mucus production in the 
airways, and reduces collagen deposition in pulmonary tissue. 
These therapeutic effects are attributed to luteolin’s dual action 
of inhibiting the Beclin-1–PI3KC3 autophagy-promoting com-
plex while activating the PI3K/AKT/mTOR pathway.[81]

5.1.3. Vitex negundo leaf extract (VNLE)

V. negundo, a medicinally valuable shrub commonly found on 
uncultivated lands, serves as a source of bioactive compounds.[82] 
Its extract (VNLE) exhibits antibacterial, antioxidant, and 
anti-inflammatory properties and mitigates allergic inflamma-
tion through modulation of effector cell activity and immune 
cell activation.[83] Experimental studies have demonstrated that 
VNLE significantly inhibits the activation of PI3K, AKT, p38, 
and MAPK pathways in murine models. Treatment with VNLE 
downregulates the PI3K/AKT/p38/NF-κB axis, where reduced 
PI3K/AKT phosphorylation contributes to suppression of p38 
activation and subsequent NF-κB signaling pathway. Further 
research indicates that VNLE alleviates airway remodeling and 
allergic inflammation by inhibiting TGF-β/PI3K/AKT/NF-κB 
signaling pathway. Additionally, VNLE reduces inflammatory 
cell infiltration and attenuates allergic airway inflammation 
through modulation of TGF-β and gap junction proteins in 
alveolar macrophages.[41]

5.1.4. Paeoniflorin

Paeoniae Radix Alba, a traditional Chinese medicinal herb, 
contains active constituents with well-documented anti-
inflammatory properties. Recent studies have identified the 
dichloromethane fraction of Paeoniae Radix Alba as the most 
effective component against allergic asthma. The extract is char-
acterized by elevated levels of paeoniflorin and its structurally 
analogous compounds, and it significantly reduces serum lev-
els of IL-4, IL-17, and IgE, while suppressing phosphorylation 
of PI3K and AKT.[84] These studies indicate that paeoniflorin, a 
major bioactive compound in Paeoniae Radix Alba, attenuates 
the production of pro-inflammatory mediators through inhibi-
tion of MAPK signaling pathway and inhibits the proliferation 
and migration of ASMCs via suppression of the PI3K/AKT 
pathway.

5.1.5. Bixin

Bixin, a natural apocarotenoid derived from the seeds of Bixa 
orellana, exhibits anti-inflammatory, antioxidant, and antican-
cer properties.[85] Studies have demonstrated that bixin admin-
istration reduces phosphorylation of PI3K, AKT, and mTOR in 
the lungs across multiple murine asthma models. Concurrently, 
bixin treatment significantly decreases levels of key inflamma-
tory cytokines, including IL-17, IL-6, interferon‑γ (IFN‑γ), and 
TNF-α, and attenuates neutrophil infiltration in the airways of 
GCS-resistant asthmatic mice, highlighting its protective role 
against allergic asthma through anti-inflammatory activity.[86,87] 
Furthermore, in TGF-β1-stimulated airway epithelial cells, 
bixin inhibits PI3K/AKT activation and markedly suppresses 
TGF-β1-induced EMT, a critical process in airway remodeling. 
Collectively, these findings demonstrate that bixin functions 
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as a potent PI3K/AKT inhibitor with anti-inflammatory, anti-
EMT, and GCS-sensitizing effects, ultimately mitigating allergic 
inflammation, airway remodeling, and AHR in experimental 
asthma models.[88]

5.1.6. Resveratrol

Resveratrol (3,4,5-trihydroxystilbene), a phenolic compound 
originally isolated from Veratrum grandiflorum and abun-
dantly present in grapes, wine, peanuts, soy, berries, and other 
dietary sources, demonstrates significant antioxidative and anti-
inflammatory properties. It inhibits cyclooxygenase (COX)-1, 
COX-2, and 5-lipoxygenase enzymes.[89] Studies have shown 

that resveratrol treatment in allergic mice effectively allevi-
ates oxidative stress and restores mitochondrial function, 
as evidenced by enhanced cytochrome oxidase activity and 
reduced cytochrome C levels.[90] Moreover, resveratrol inhib-
its calpain activity and normalizes the expression of inositol  
polyphosphate 4-phosphatase type I A in the bronchial epithe-
lium. These effects decrease AKT kinase activity and phosphory-
lation, thereby suppressing the PI3K/AKT signaling pathway.[91]

5.1.7. Emodin

Emodin (1,3,8-trihydroxy-6-methylanthraquinone) functions 
as a protein tyrosine kinase inhibitor and exhibits a broad 

Figure 3.  Effects of drugs targeting PI3K on cellular immunomodulatory mechanisms in allergic asthma (Figure created using BioRender.com). Allergen stimula-
tion of epithelial cells and dendritic cells triggers the production of cytokines such as IL-4 and IL-6, promoting the differentiation of naïve T cells into Th1, Th2, 
Th17, and Treg subsets. T-helper cells mediate adaptive immunity, recruit and activate neutrophils and eosinophils, and initiate eosinophilic inflammation, which 
influences vascular microcirculation by regulating vascular cell adhesion molecule-1 (VCAM-1) and intercellular adhesion molecule-1 (ICAM-1) expression. 
Allergen-induced epithelial activation also engages the HIF-1α/VEGF axis, resulting in vasodilation, protein extravasation, AHR, and elevated IgE levels—hall-
marks of asthma. Regulatory T cells exert immunosuppressive effects via IL-10 and TGF-β, while downregulating Th2 and Th17 responses through IL-12 and 
IFN-γ, thereby limiting class switching associated with asthma. Traditional Chinese medicines and their bioactive compounds targeting PI3K modulate these 
pathways. Solid lines indicate promotion; dashed lines indicate inhibition.

ST9_V4N1.indb   16ST9_V4N1.indb   16 27-Mar-26   13:51:1127-Mar-26   13:51:11



Wang et al.  •   Volume 4  •   Number 1  •   2026	 journals.lww.com/stcm

17

spectrum of pharmacological activities, including anti-inflam-
matory, hepatoprotective, neuroprotective, and immunosup-
pressive effects.[92,93] Studies have demonstrated that emodin 
reduces inflammatory cell infiltration, suppresses the secretion 
of Th2 cytokines such as IL-4, IL-5, and IL-13, and attenuates 
chronic OVA-induced AHR and α-smooth muscle actin over-
expression. Furthermore, emodin inhibits the proliferation and 
differentiation of human embryonic lung fibroblasts, indicating 
its potential therapeutic role in mitigating airway remodeling.[94] 
Additionally, emodin suppresses MC activation and subsequent 
allergic responses by blocking spleen tyrosine kinase-dependent 
signaling pathways. This inhibition reduces intracellular Ca2+ 
mobilization and downregulates multiple downstream effec-
tors, including MAPKs, PI3K, and NF-κB signaling cascades.[95]

5.1.8. Curcumin

Histone deacetylase inhibitors (HDACi) are emerging thera-
peutic agents that modulate post-translational modifications 
of proteins involved in asthma-related signaling pathways and 
have demonstrated efficacy in diseases such as arthritis, cancer, 
and asthma. Curcumin, the bioactive component of Curcuma 
longa, exhibits anti-inflammatory and anticancer properties 
and functions as a natural pan-HDACi with low toxicity.[96] 
Sodium butyrate, a short-chain fatty acid and a metabolic 
product of gut microbiota, is a well-characterized class I and 
II HDAC inhibitor.[97] Studies have shown that the PI3K/AKT 
pathway can modulate airway inflammation and AHR by acti-
vating HIF-1α/vascular endothelial growth factor signaling via 
upregulation of mucus-associated HDACi. Both HDACi and 
curcumin reduce inflammation, suppress mucus hypersecretion, 
and attenuate hypoxia-induced responses by inhibiting PI3K/
AKT axis activation.[98,99]

5.1.9. Bee venom (BV)

BV, a complex secretion produced by Apis cerana Fabr., con-
tains a diverse array of bioactive constituents, such as peptides, 
enzymes, biogenic amines, and non-peptide molecules.[100,101] To 
investigate its protective role in asthma, studies examined BV’s 
effect on IL-13-induced signaling. IL-13 stimulation increased 
phosphorylation of both signal transducer and activator of 
transcription 6 (STAT6) and AKT in A549 cells. Treatment 
with BV significantly suppressed AKT phosphorylation without 
affecting STAT6 activation. Furthermore, the PI3K/AKT inhib-
itor LY294002 selectively blocked AKT phosphorylation while 
leaving STAT6 phosphorylation unchanged, indicating that AKT 
functions downstream of STAT6 within this signaling cascade.[102]

Further analysis revealed that forkhead box A2 expression 
is regulated by PI3K/AKT activation, whereas the transcription 
factor SPDEF, a critical regulator of mucus production, is unaf-
fected by this pathway. BV treatment mitigated IL-13-induced 
upregulation of mucin 5AC by modulating these transcription 
factors. It restored forkhead box A2 levels while suppressing 
SPDEF expression.[103] Thus, BV alleviates IL-13-mediated 
mucus metaplasia in airway epithelium by inhibiting the PI3K/
AKT, reducing SPDEF expression, and normalizing mucin 5AC 
overproduction, providing a mechanistic basis for its therapeu-
tic potential in asthma.

5.1.10. Artesunate

Artesunate, a semi-synthetic derivative of artemisinin and a 
well-established antimalarial agent, exerts potent inhibitory 
effects on the PI3K/AKT signaling pathway.[104,105] Specifically, 
artesunate suppresses OVA-induced phosphorylation of AHR, 
AKT, and downstream signaling molecules, including p70 ribo-
somal S6 kinase (p70S6K) and 4E-binding protein 1 (4E-BP1), 

as well as NF-κB transactivation, by blocking the PI3K/AKT 
cascade. This inhibition attenuates ASM contraction.[106,107] 
Moreover, artesunate targets ASMC proliferation via the PI3K/
p70S6K/AKT signaling pathway, thereby mitigating airway 
wall remodeling in asthma (Fig. 4).[108]

5.1.11. Tangeretin

Tangeretin is an O-polymethoxylated flavonoid found in cit-
rus peel, lime peel, and the leaves and stems of citrus plants. It 
exhibits anticancer, anti-inflammatory, and antioxidant activi-
ties in various animal disease models.[109] Experimental studies 
have shown that tangeretin treatment upregulates OVA-induced 
phosphatase and tensin homolog (PTEN) and p27kip1 expres-
sion while downregulating AKT, glycogen synthase kinase-3β 
(GSK-3β), and their phosphorylated forms. In addition, tan-
geretin reduces the release of IL-6, IL-17A, IL-4, IL-5, and 
IL-13. Through modulation of the PI3K/AKT and Notch sig-
naling pathways, as well as rebalancing Th1/Th2 and Th17 
cytokine levels, tangeretin effectively attenuates AHR and other 
asthma-related pathological indicators.[110]

5.2. TCM with regulatory effects on the PI3K/AKT 
signaling pathway

TCM has long been used to treat asthma through a holistic, mul-
titarget approach, offering promise for drug development.[111] 
However, its complex formulations contain numerous bioactive 
compounds, making mechanistic studies challenging with con-
ventional methods. Nevertheless, advances in high-throughput 
screening and network pharmacology have enabled the iden-
tification of active components and molecular targets, provid-
ing key insights into TCM’s therapeutic mechanisms in allergic 
asthma.[112,113]

5.2.1. Loke Zupa Decoction (LZD)

LZD is a traditional medicine widely used in Xinjiang Uyghur 
medicine in China. It is composed of Hyssopus officinalis L. 
(Lamiaceae) and the roots of Iris halophila Pall. (Iridaceae).[114] 
Experimental studies demonstrated that LZD effectively 
suppresses TGF-β1-induced proliferation and migration of 
BEAS-2B human bronchial epithelial cells without affecting 
normal cellular viability. Furthermore, mechanistic investiga-
tions revealed that LZD downregulates EMT-related markers 
and inhibits the PI3K/AKT/HIF-1α signaling pathway, as evi-
denced by decreased phosphorylation of PI3K and AKT, accom-
panied by reduced HIF-1α expression.[115] Additionally, LZD 
attenuated recurrent inflammatory responses in airway epithe-
lial cells, suppressed EMT progression and differentiation into 
myofibroblasts, thereby mitigating subepithelial fibrosis and 
airway remodeling in experimental asthma.[116]

5.2.2. Mahuang Decoction (MHD)

MHD, a classical and effective TCM prescription, has long been 
used to alleviate allergic reactions and inflammatory conditions by 
reducing airway inflammation.[117] Specific protein 1 (SP1) binds 
to the promoter region of fibroblast growth factor receptor 3 and 
enhances its transcriptional activation. MHD downregulates SP1 
expression, thereby suppressing fibroblast growth factor receptor 
3 transcription and subsequently inhibiting the PI3K/AKT sig-
naling pathway.[118] Western blot analyses from multiple studies 
have demonstrated that both MHD treatment and SP1 silencing 
suppress PI3K/AKT pathway activation in the lung tissues of asth-
matic mice.[119] Through this mechanism, MHD inhibits the prolif-
eration of ASMCs, leading to attenuation of airway inflammation 
and remodeling. Furthermore, combined use of Ephedrae Herba 
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and Schisandrae Chinensis Fructus has been shown to synergisti-
cally alleviate OVA-induced airway inflammation and remodeling 
in asthmatic rats by inhibiting the PLC/TRPC1/PI3K/AKT/NF-κB 
signaling cascade, supporting their therapeutic potential in miti-
gating airway pathology in asthma models.[120]

5.2.3. Bushen Yiqi Decoction (BYD)

BYD is a modern TCM formulation composed of Epimedii 
Folium, Astragali Radix, Schisandrae Chinensis Fructus, and 
Salviae Miltiorrhizae Radix et Rhizoma. Clinical evidence indi-
cates that BYD markedly improves asthma-related symptoms.[121] 
Experimental studies have reported that this prescription signifi-
cantly decreases inflammatory cell infiltration and cytokine levels 
in both BALF and serum samples from asthmatic mice, highlighting 
its modulatory effects on airway inflammation.[122] Furthermore, 
western blot analysis confirmed that phosphorylated PI3K and 
AKT protein levels were significantly reduced in the lung tissues 
of BYD-treated mice. Additionally, bioactive compounds within 
BYD, such as quercetin and lignans, are proposed to act on specific 
molecular mediators, including IL-6 and epidermal growth factor 
receptor, thereby inhibiting the PI3K/AKT signaling pathway to 
alleviate asthma-associated inflammation (Fig. 5).

5.2.4. Baihe Qingjin Decoction (BHQJ)

BHQJ, a TCM formulation composed of seven herbs—Stemonae 
Radix, Chebulae Fructus, Ephedrae Herba, Asteris Radix et 

Rhizoma, Pheretima, Mori Cortex, and Agrimoniae Herba—
is commonly used in the treatment of cough and asthma. 
Experimental studies have shown that BHQJ alleviates airway 
pathological damage in asthmatic mice and significantly reduces 
the secretion of pro-inflammatory cytokines. Histopathological 
examination revealed pronounced inflammatory cell infiltration 
and excessive mucin secretion by airway epithelial cells before 
treatment, both of which were markedly attenuated after BHQJ 
administration. Furthermore, Western blot analyses demonstrated 
that BHQJ downregulated the phosphorylation of PI3K, AKT, and 
P65 proteins in lung tissues.[123] Therefore, inhibition of the PI3K/
AKT/NF-κB signaling pathway and P65 may constitute a principal 
mechanism by which BHQJ exerts its anti-inflammatory effects.[124]

5.2.5. Pipa Runfei Decoction (PPRFD)

PPRFD is a traditional prescription consisting of 8 medicinal 
herbs historically used in asthma management.[125] Experimental 
studies have shown that PPRFD exerts protective effects on 
the lungs by attenuating OVA-induced oxidative stress, air-
way inflammation, and lung tissue damage in murine models. 
Specifically, it reduces inflammatory cell infiltration, lowers the 
levels of IL-6, IL-1β, and TNF-β in BALF, and decreases serum 
IgE concentrations. Furthermore, PPRFD treatment down-
regulates the expression of multiple signaling molecules.[126] 
These findings indicate that PPRFD not only alleviates clinical 
asthma symptoms but also modulates systemic metabolic pro-
cesses. Its anti-asthmatic effects are likely mediated through the 

Figure 4.  The PI3K/AKT/mTOR/NF-κB signaling axis and its modulation by relevant inhibitors (Figure created using BioRender.com). Drugs such as artesunate, 
luteolin, and galangin, commonly used in the treatment of allergic asthma, exert therapeutic effects by targeting key nodes within this pathway. Solid lines 
indicate activation or promotion, while dashed lines indicate inhibition.
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coordinated regulation of the PI3K/AKT/NF-κB and IL-6/JAK2/
STAT3/IL-17 signaling pathways.

5.2.6. Zisuzi Decoction (ZSD)

ZSD, particularly Perillae Fructus, has long been recognized for 
its potent antitussive and anti-asthmatic properties.[127] The for-
mulation comprises Perillae Fructus, Citri Exocarpium Rubrum, 
Pinelliae Rhizoma, Magnoliae Officinalis Cortex, Peucedani Radix, 
Cinnamomi Cortex, and Glycyrrhizae Radix et Rhizoma. ZSD is 
commonly employed in the treatment of cough and asthma, includ-
ing cough-variant asthma, a subtype characterized by cough as the 
sole or primary symptom and typically associated with AHR.[128] 
Experimental studies have shown that ZSD inhibits the release of 
pro-inflammatory mediators and attenuates AHR and remodel-
ing via modulation of the PI3K/AKT1/mTOR, JAK2/STAT3, and 
HIF-1α/NF-κB signaling pathways. These effects contribute to 
significant improvements in cough-variant asthma, including sup-
pression of cough symptoms and enhancement of lung function 
in rat models.[129] However, a limitation of current research is that 
pharmacological analyses of the prescription cannot directly cor-
relate the bioactive components of ZSD to individual herbs, nor 
can they fully clarify the contributions of specific chemical constit-
uents within the boiled mixture at varying doses and ratios.

5.2.7. Jiawei Bushen Yiqi Formula (JWBSYQF)

JWBSYQF, a formula comprising six medicinal herbs, has been 
shown to attenuate AHR by reducing airway resistance and 

enhancing lung compliance.[130] In JWBSYQF-treated mice, 
inflammatory responses were significantly ameliorated, as evi-
denced by decreased leukocyte counts in BALF, reduced Th2 
cytokine levels in BALF, and lower serum IgE concentrations. 
Mechanistic studies suggest that these effects may involve mod-
ulation of the MAPK and NF-κB signaling pathways down-
stream of IL-17. Recent evidence also indicates that JWBSYQF 
decreases PI3K and p-AKT levels in fibrotic lung tissue, high-
lighting its potential role in ameliorating pulmonary fibrosis via 
the PI3K/AKT pathway.[131] Pulmonary fibrosis is considered a 
progressive outcome within the continuum of asthma, airway 
remodeling, and fibrotic changes.[132]

6. Conclusions
As a critical signaling pathway regulating cell growth, pro-
liferation, metabolism, survival, and angiogenesis, the PI3K/
AKT pathway plays a central role in coordinating chronic 
inflammation and airway structural remodeling in asthma. 
Increasing clinical evidence has highlighted the significant role 
of PI3K/AKT in allergic asthma and the potential of related 
pharmacological interventions.[133,134] Nevertheless, targeting 
the PI3K/AKT pathway for asthma therapy remains challeng-
ing. First, due to its complexity, with numerous regulators 
and effectors, fully elucidating the therapeutic mechanisms of 
PI3K/AKT in allergic asthma is difficult. Limitations in current 
research techniques hinder a comprehensive understanding, 
and optimizing and evaluating the clinical efficacy of novel 

Figure 5.  Upstream and downstream mechanisms of the PI3K/AKT signaling pathway and the effects of relevant inhibitors (Figure created using BioRender.
com). Activation of the PI3K/AKT system is initiated by RTK stimulation, with contributions from upstream factors such as RAS proteins. In the PI3K/AKT/mTOR 
axis, signals from EGFR, calpains, and mitochondrial oxidative stress influence PI3K activation in airway epithelial cells, modulating endoplasmic reticulum (ER) 
stress and NLRP3 inflammasome activity. AKT subsequently regulates downstream effectors, including cAMP and p65, and coordinates with compensatory 
signaling pathways such as NF-κB/iNOS/COX-2. Drugs including emodin, BYD, resveratrol, and MHD, commonly used in allergic asthma treatment, exert 
therapeutic effects by targeting this signaling network. Solid lines indicate promotion, while dashed lines indicate inhibition. RAS, rat sarcoma.
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subtype-specific PI3K inhibitors remains an ongoing concern. 
Second, these challenges are compounded when applying TCM 
strategies. Although studies of individual TCM-derived com-
pounds targeting PI3K/AKT have provided valuable mecha-
nistic insights, it remains difficult to correlate the chemical 
constituents in complex decoctions—with varying doses and 
ratios—with their pharmacological effects. Moreover, analyses 
based solely on pharmacological outcomes cannot readily link 
the active ingredients of a finished prescription to each indi-
vidual herb. Such limitations present a challenge for network 
pharmacology in elucidating mechanistic strategies for multi-
herb formulations in practice. Nonetheless, these limitations 
do not conflict with the holistic and systemic approach empha-
sized in TCM. To advance therapeutic research, it is neces-
sary to re-examine the role of PI3K/AKT targeting in allergic 
asthma based on etiology, pathophysiology, and clinical inter-
ventions. Addressing these key issues and integrating insights 
from plant-derived compounds offer promising opportunities 

for the development of novel treatments for respiratory dis-
eases (Table 2).[135,136]
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Table 2

Key TCM treatments related to the PI3K/AKT signaling pathway in allergic asthma.

Therapeutic products Categories Mechanism of action

Alpinetin Flavonoid Effectively reduces the production of TNF-α, IL-6, and IL-1β, inhibits the activity of PI3K/
AKT/NF-κB signaling pathway, prevents inflammatory cells from infiltrating the alveoli, and 
shows strong anti-inflammatory activity against allergic asthma

Luteolin Flavonoid The high-dose of luteolin significantly up-regulated the PI3K, p-AKT, and p-mTOR protein 
levels in lung tissues and alleviated the airway inflammation by downregulation of the 
levels of IL-5, IL-13, eosinophils in BALF, and OVA-specific IgE in serum

VNLE Mixture Reduce allergic inflammation by regulating effector cells and regulating the activation of 
immune cells

Paeoniflorin Monoterpene Inhibits MAPK metabolism and reduces arterial smooth muscle cell (ASMC) proliferation 
and migration by inhibiting PI3K/AKT metabolism

Bixin Carotenoids As an effective PI3K/AKT antagonist
Resveratrol Phenol Inhibits calpain activity and restores the normal expression of INPP4A in bronchial 

epithelium, thereby reducing AKT kinase activity and AKT phosphorylation, and decreasing 
PI3K/AKT signaling

Emodin Anthraquinone Inhibits the proliferation of MASMC in vitro and attenuates airway smooth muscle 
remodeling in vivo and proliferation of airway smooth muscle cells in vitro via the PI3K/
AKT signaling pathway in vitro and in vivo

Curcumin Phenol Reduces inflammation mucus hyper-secretion and attenuates hypoxic response by 
inhibiting activation of PI3K/AKT axis

Bee venom Mixture Inhibits IL-13-induced AKT phosphorylation through the PI3K/AKT signaling pathway and 
inhibits mucus metaplasia by inhibiting the enhanced SPDEF in airway epithelial cells to 
prevent FOXA2 from regulating MUC5AC production

Artesunate Terpene Targets ASM cell proliferation through the PI3K/AKT/p70(S6K) pathway to contribute to 
airway wall remodeling in asthma

Tangeretin Flavonoid Alleviates the chronic response of allergic asthma by upregulating the expression of PTEN 
and inhibiting EMT through the PI3K/AKT signaling pathway.

LZD Formula Reduces the levels of EMT-related molecules and significantly downregulates the PI3K/
AKT/HIF-1α signaling pathway

MHD Formula Downregulates the expression of SP1 and inhibits the transcription of FGFR3, which leads 
to the inactivation of the PI3K/AKT signaling pathway

BYD Formula Inhibits phosphorylation of PI3K and AKT, thereby inhibiting the activation of PI3K/AKT 
signaling pathway

BHQJ Formula Downregulates the expression of P65 protein and inhibits the PI3K/AKT signaling pathway.
PPRFT Formula Regulates the PI3K/AKT/NF-κB and IL-6/JAK2/STAT3/IL-17 mechanistic pathways
ZSD Formula Inhibits the release of inflammatory factors and reduces airway hyperresponsiveness 

and airway remodeling through the PI3K/AKT1/mTOR, JAK2/STAT3, and HIF-1α/NF-κB 
signaling pathways

JWBSYQF Formula Reduces pulmonary fibrosis and reduces the level of inflammatory factors in asthma by 
inhibiting PI3K/AKT signaling pathway and affects the activation of MAPK and NF-κB 
signaling pathways by IL-17

FOXA2, forkhead box A2; MUC5AC, mucin 5AC.
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