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ABSTRACT

Asthma is a common chronic respiratory disease, and its treatment is a core problem and challenge in clinical practice. Glucocorticoids (GCs) are the
first-line therapy for the treatment of asthma. Local and systemic adverse reactions caused by GCs create obstacles to the treatment of asthma.
Therefore, the research target is to find a new, safe, and effective therapeutic medicine at present. Natural products are an important source for
treating asthma with low cost and low toxicity. Astragaloside IV (AS-IV) is an active ingredient of traditional Chinese medicine Astragalus mon-
gholicus Bunge. Previous studies have indicated that AS-IV plays a therapeutic role in the treatment of asthma by inhibiting airway inflammation and
remodeling the airway, and by regulating immunity and neuroendocrine function (Fig. 1) . It has a variety of biological characteristics such as multi-
target intervention, high safety, and good curative effect. This article reviews the specific mechanism of AS-IV for the treatment of asthma to provide
references for subsequent research.

1. Introduction

Asthma is a highly heterogeneous disease characterized by cough, chest tightness, dyspnea, and wheezing [1]. As chronic respi-
ratory inflammation is dominated by eosinophil infiltration, the basic features of this condition include reversible airflow limitation,
airway hyperresponsiveness, and airway remodeling, which are important pathological features [2]. Asthma can be classified as atopic
or non-atopic T helper 2 (Th2)-type immune response associated with eosinophilia or a non-Th2 response associated with neutrophilia
[3]. As a major global health problem affecting all age groups [4], there are currently about 334 million asthma patients worldwide,
and the prevalence is increasing every year [5]. The prevalence of adult asthma in Asia ranges from 0.7 % to 11.9 % (with an average of
no more than 5 %), and the average prevalence of asthma has also been increasing in recent years [6]. A survey from February 2010 to
August 2012 in eight provinces/cities in seven regions of mainland China indicated that the prevalence rate of asthma among people
older than 14 years was 1.24 %, and newly diagnosed asthma patients accounted for 26 % [7]. In 2015, there were approximately 45.7
million asthma patients older than 20 years [8]. Approximately 1000 people worldwide die from asthma every day [9]. A study
indicated that only 20.1 % of 8000 asthma patients aged 18-50 years in 11 European countries had achieved asthma control in 2012,
and 44.0 % of them had received oral glucocorticoid (GC) therapy [10]. In mainland China, only 28.7 % of 3069 asthma patients
achieved asthma control in 2008 [11]. From November 2012 to June 2013, 55.1 % of the patients did not achieve asthma control in the
survey of 4125 asthma patients older than 17 years in 34 provinces and cities in mainland China [12]. According to the classification of
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asthma control level defined by global initiative for asthma, a survey indicated that the overall asthma control rate was only 28.5 % of
3875 asthma patients in outpatient clinics in 30 provinces, cities, and urban areas in China in 2017 [13]. Globally, 40 % of asthma
patients have not achieved asthma control [14]. Currently, common treatment methods for asthma include GCs, bronchodilators,
leukotriene modulators, and biologically targeted drugs [4]. GCs are the most effective drugs for controlling asthmatic airway
inflammation [15]. Long-term and/or systemic use of GCs may cause adverse effects such as osteoporosis, skin atrophy, diabetes,
glaucoma, hypertension, and growth retardation in children [16]. Of the patients, 5%-10 % still do not respond well to high-dose
inhaled corticosteroids and systemic GCs [17]. The treatment of asthma is encountering challenges, so it is of great significance to
find new, safe, and effective treatment drugs.

Traditional Chinese medicine has a history of treating asthma for thousands of years, as recorded in Treatise on Febrile and Other
Diseases by Zhang Zhongjing during the Eastern Han Dynasty. Natural products are considered relatively safe compared to chemical
products [18]. Due to its low cost and relative safety, the utilization of natural products in clinical research and drug development for
treating various diseases has been recommended [19]. For example, recent studies have unveiled that natural products could treat
diabetes and improve efficacy when combined with a variety of herbal extracts [20]. Researchers had come up with the idea of
combining various herbal extracts to attempt to develop new drugs to treat diabetes [21]. Polyherbal dip tea was developed through
this idea, which could treat diabetes by significantly inhibiting alpha-amylase [22]. In addition, ointment prepared from infusion
extract of polyherbal tea bag formulation could significantly improve wound healing activity in diabetic and nondiabetic rats [23].
Modern medicine has found that all types of traditional Chinese medicine and its extracts have significant therapeutic effects on
asthma [24]. In recent years, animal research on astragaloside IV (AS-1V) in the prevention and treatment of chronic asthma has made
progress [25]. The mechanism of AS-IV in the treatment of asthma is elucidated from the aspects of inhibiting airway inflammation and
remodeling, and regulating immunity and neuroendocrine function. This article aims to further study the mechanism of AS-IV in the
treatment of asthma and the development of safer, more effective, and more affordable drugs. This review is as follows.

2. Distribution and description of plants

AS-1V is a monomer extracted from Astragalus mongholicus Bunge, one of the largest genera of flowering plants in the Leguminosae
family. A. mongholicus Bunge is widely distributed in temperate and arid regions. It is an annual or perennial herb, subshrub, or shrub;
is usually glabrous, with sharp or hairy stipule and bract margins; is often with minute subsessile glands; and grows in rocky soil [26].
A. mongholicus Bunge was first recorded in Shennong’s Classic of the Materia Medica more than 2000 years ago [27,28]. Currently, it is
widely used in the treatment of respiratory diseases [29].

3. Physicochemical properties of astragaloside IV
AS-1V (Fig. 2), 3-O-p-p-xylopyranosyl-6-O-f-p-glucopyranosyl-cycloastragenol (C41HggO14), is a lanolin alcohol-type tetracyclic
triterpenoid saponin with a relative molecular weight of 784.97. It is a white or light-yellow powder; easily soluble in methanol,

ethanol, and acetone; and insoluble in low-polarity organic solvents such as ethyl acetate and chloroform [30]. The limitations of
thermal stability and water solubility of AS-IV can be overcome by extraction and separation methods such as ultrafiltration,
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Fig. 1. Mechanism of AS-IV in the treatment of asthma. AS-IV plays a therapeutic role in the treatment of asthma by inhibiting airway inflammation
and remodeling the airway, and regulating immunity and neuroendocrine function. (Fig. 1 was created with BioRender.com)
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Fig. 2. Chemical structure of AS-IV.

high-speed centrifugation, reflux, ultrasonic extraction, water extraction, and alcohol precipitation [31]. Cycloastragenol is the active
form of AS-1V; it can activate telomerase and lengthen telomeres and has anti-inflammation, anti-oxidation, antivirus, anti-fibrotic,
anti-ischemia-hypoxia injury, anti-lipid accumulation, and immunomodulation properties [32].

4. Pharmacokinetics of astragaloside IV

AS-1V has low absorption and bioavailability, the absolute bioavailability of oral administration AS-IV is 3.66 % in rats and only 7.4
% in beagle dogs [33]. This may be related to poor intestinal permeability, high molecular weight, low lipophilicity and its paracellular
transport [34]. After oral administration of 10 mg kg™ ! astragaloside, the elimination half-life (t;,2) of AS-IV in Beagle dogs was
229.71 min, and the area under curve (AUC) was 204.05 pg h ml~! [33]. Meanwhile, AS-IV was widely distributed in the heart, liver,
spleen, lung, kidney and other organs of rats after intravenous injection [35]. The pharmacokinetics of intravenous injection of AS-IV
in rats is presented in Fig. 3. The plasma protein binding rate of AS-IV was about 90 % within a concentration range of 250-1000 ng
ml~! [33]. After intravenous administration of 4 mg kg~! of AS-IV to rats, the concentrations in the liver, kidney, lung, spleen, and
heart tissues were 916 + 506, 587 + 301, 463 + 494, 216 + 114, and 90.9 + 45.7 ng ml™! (mean + standard deviation, n = 6),
respectively [36]. In beagle dogs, after intravenous injection of 0.5, 1 and 2 mg kg_l of AS-1V, the plasma t; » was 177.18, 196.58 and
241.59 min, respectively, and the AUC were 126.24, 276.28 and 724.51 pg h ml™}, respectively [33]. About 50 % of AS-IV is
metabolized in the body [37]. It is slowly cleared primarily by the liver and excreted in feces, bile, and urine. The 24-h fecal, urinary,
and biliary excretion rates were 31.41 %, 13.43 %, and 31.92 % in male rats and 31.84 %, 21.77 %, and 36.20 % in female rats,
respectively [35]. There was a study of intravenous astragaloside in healthy patients, the mean maximum plasma concentration (Cpax)
values of AS-IV were 2.12, 3.59, 3.71 and 5.17 g ml ! after single doses of 200, 300, 400 and 500 ml, respectively. The corresponding
mean values of AUC were 4.38,9.75,13.59 and 18.22 pgh ml™}, respectively, and the mean values of elimination t; / were 2.14, 2.59,
2.62 and 2.69 h, respectively. Cumulative urinary excretion of AS-IV was 3.91 % within 24 h after adminis-tration of 500 ml [38]. A
study on rats and dogs injected with Astragalus extract (mainly composed of Astragalus polysaccharides and Astragalus saponins) for 3
months found no obvious side effects [39]. In addition, no significant adverse effects such as hepatotoxicity and nephrotoxicity were
observed in rats after oral administration of AS-IV (10 mg kg_l-day_l) for 14 weeks [40]. AS-1V did not accumulate in human plasma
after seven consecutive days of intravenous astragaloside injection and was safe and well tolerated after single doses of 200-600 mL
and multiple doses of 500 mL over 7 days [38]. These studies prove that AS-IV is a safe drug. Table 1 shows the pharmacokinetics of
intravenous astragaloside.

5. Mechanism of astragaloside IV in the treatment of asthma

Airway inflammation plays an important role in asthma. A variety of inflammatory cells and immune cells are involved in the
occurrence and development of asthma (Fig. 4).

5.1. Mechanism of astragaloside IV in inhibiting airway inflammation

5.1.1. Astragaloside IV can reduce the production of inflammatory cytokine

Asthma is a chronic airway inflammatory disease, and cytokines such as interleukin-4 (IL-4), interleukin-5 (IL-5), and interleukin-
13 (IL-13), which are secreted by Th2 cells, are involved in the occurrence of asthma [41]. The janus kinase Janus Kinase/signal
transducer and activator of transcription (JAK/STAT) signaling pathway, which consists of the tyrosine kinase JAK family and the
transcription factor STAT family, is an important cytokine signaling pathway that plays an essential role in T-cell proliferation and
differentiation [42]. IL-4, IL-5, and IL-13 promote T-cell proliferation and differentiation by activating STAT6 and JAK2 signaling
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Fig. 3. The pharmacokinetics process of AS-IV in rats. After intravenous administration of 4 mg/kg of AS-IV to rats, the concentrations in the liver,
kidney, lung, spleen, and heart tissues were 916, 587, 463, 216, and 90.9 ng/mL, respectively [36]. It was slowly cleared primarily by the liver and
excreted in feces, bile, and urine. The 24-h fecal, urinary, and biliary excretion rates were 31.41 %, 13.43 %, and 31.92 % in male rats and 31.84 %,
21.77 %, and 36.20 % in female rats, respectively [35]. (Fig. 3 was created with BioRender.com)

Table 1
Intravenous astragaloside pharmacokinetics.
Parameters Dose AUC) _ o ti2 Crnax MRT CL
Male Rats [35] 0.75 mg kg 289 pg min-ml~’ 98.1min 3.79 pg ml~? 122min 0.005 1 kg-min~*
1.5 mg kg 402 pg min-ml~! 34.0min 6.98 pg ml~! 95.2min 0.007 1 kg-min~!
3 mg kg 520 pg min-ml~? 67.2min 7.79 pg ml~? 98.7min 0.006 1 kg-min?
Female Rats [35] 0.75 mg kg 153 pg min-ml ! 66.9 min 5.18 pg ml ! 47.4min 0.005 1 kg-min?
1.5 mg kg 298 pg min-ml~* 71.8min 4.80 pg ml~! 90.1min 0.003 1 kg-min*
3 mg kg 551 pg min-ml~? 131.6min 7.24 pg ml~? 149min 0.003 1 kg-min?
Beagle dogs [33] 0.5 mg kg 126.24 pg min-ml ! 177.18min - 222.61min 0.004 1 kg-min?
1 mg kg 276.28 pg min-ml~! 196.58min - 232.48min 0.004 1 kg-min~*
2 mg kg 724.51 pg min-ml~! 241.59min - 241.80min 0.003 1 kg-min~!
Volunteers [38] 200 ml 4.38 pg h-ml™? 2.14h 2.12 pg ml? - -
300 ml 9.75 + 1.31 pg hml™* 2.59 + 0.25h 3.59 + 0.46 pg ml~* -
400 ml 13.59 + 1.90 pg h-ml~! 2.62 + 0.26h 3.71 + 0.32 pg ml™* -
500 ml 18.22 + 5.60 pg h-ml~! 2.69 + 0.42h 5.17 + 1.27 pg ml~! -
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Fig. 4. Mechanism of AS-IV inhibiting airway inflammation and regulating immunity. AS-IV inhibits airway inflammation by reducing IL-4, IL-5, IL-
6, IL-13, eosinophils, and neutrophils. The immunoregulatory mechanism of AS-IV is realized by improving the imbalance of Th1/Th2 cells and
Th17 cells/Tregs. (Fig. 4 was created with BioRender.com)

pathways [43]. The anti-inflammatory effect of AS-IV functions by downregulating the expression of p-JAK2/p-STAT6 protein and
inhibiting the activation of the JAK/STAT6 pathway by significantly inhibiting the expression of IL-4, IL-5, interleukin-6 (IL-6), and
IL-13 [44]. Thymic stromal lymphopoietin (TSLP) is an inflammatory cytokine that plays a key role in the development of Th2
airway inflammation in asthma [45]. TSLP can activate dendritic cells to promote the initiation and development of Th2 inflammation
and activate mast cells to secrete Th2 cytokines such as IL-4, IL-5, and IL-13. However, Th2-related cytokines promote the secretion of
TSLP by airway epithelial cells, which further exacerbates airway inflammation [46]. The nuclear factor-kappa B (NF-kB) pathway
plays an essential role in the regulation of TSLP expression [47]. Studies have indicated that AS-IV exerts an anti-inflammatory effect
by inhibiting the NF-xB pathway and reducing TSLP expression [48,49].

5.1.2. Astragaloside IV can reduce eosinophil infiltration

Eosinophils are considered key cells and therapeutic targets in asthma [50]. Approximately 50 % of patients with asthma have
chronic airway inflammation dominated by eosinophil infiltration [51]. Massive infiltration of eosinophils in the airway is closely
related to the acute exacerbation and severity of asthma [52]. IL-5 is a key cytokine for eosinophil growth, activation, and survival and,
together with IL-4 and IL-13, can enhance the inflammatory response in asthmatic airways [53]. Eotaxin is a member of the CC
chemokine family characterized by two adjacent L-cysteines near the N-terminus [54]. CC chemokine receptor 3 (CCR3) is a receptor
protein mainly expressed in eosinophils. Eotaxin has the strongest affinity with CCR3. Eotaxin/CCR3 mediates the infiltration of
eosinophils in the airways of asthma patients [55]. Eotaxin mediates the migration of eosinophils from blood vessels to inflammatory
lung tissues by interacting with CCR3 [56]. The blockade of CCR3 has been shown to result in a reduction of eosinophilic infiltration in
animal models of asthma [57]. A study has shown that astragaloside can block CCR3 [58]. We guess that the reason AS-IV can prevent
the activation of the eotaxin/CCR3 signaling pathway to reduce the infiltration of eosinophils in the airway of asthmatic mice is that it
downregulates the expression of CCR3 protein and reduces cytokines such as IL-4, IL-5, and IL-13 and chemokine eotaxin [57,58].

5.1.3. Astragaloside IV can reduce neutrophil infiltration

Studies have indicated that approximately 50 % of patients with asthma have airway inflammation dominated by non-eosinophilic
infiltration, mostly neutrophil infiltration [59]. Neutrophilic asthma accounts for only 5%-20 % of all asthma cases but utilizes more
than 50%-80 % of asthma-related medical resources, with high hospitalization rate and mortality rate, critically affecting the lives of
asthma patients and becoming a significant burden to society and the public health system [60,61]. It has been indicated that the
transcription of inflammatory genes is regulated by the NF-kB signaling pathway, and the upregulation of the NF-kB pathway can cause
neutrophil inflammation [62]. AS-IV can reduce neutrophil activation and infiltration by blocking NF-kB- and AP-1-mediated in-
flammatory signaling pathways, resulting in the inhibition of nuclear translocation of NF-kB, reduction of inflammatory gene
expression, and secretion of proinflammatory mediators [63].
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5.1.4. Other possible mechanisms by which astragaloside inhibits airway inflammation

The inflammatory mechanism of asthma is complex, and new studies have found that astragaloside may have other mechanisms to
inhibit airway inflammation, such as Astragaloside IV ameliorates airway inflammation in an established murine model of asthma by
Inhibiting the mTORC1 Signaling Pathway [64].

5.2. Immunomodulatory mechanism of astragaloside IV

5.2.1. Improve T helper 1/Th2 cell imbalance

The initiation and development of asthma is closely related to the involvement of multiple immune cells, with a critical role played
by a diverse set of functional helper T cells differentiated from naive CD4 " T cells [65]. It is well-established that allergen-specific Th2
cells play central roles in developing allergic asthma [66]. Previous studies have indicated that asthma is caused by the enhanced
differentiation of Th2 cell subsets and the inhibition of T helper 1 (Th1) cell differentiation under the stimulation of allergens [67].
GATAS3 is the main transcription factor inducing Th2 cell differentiation, and T-bet mainly regulates Th1 cell differentiation [68].
AS-IV restored the imbalance of Th1/Th2 cells by inhibiting Th2 cell differentiation and enhancing Th1 cell differentiation because
AS-1V downregulated the expression of GATA3 in the lung tissues of ovalbumin-induced asthmatic mice and decreased the levels of
inflammatory Th2 cytokines such as IL-4, IL-13, and TNF-«a in the serum of asthmatic mice, and it also upregulated the expression of
T-bet [69,70].

5.2.2. Improve T helper 17 cell/regulatory T cell imbalance

Previous studies have indicated that the pathogenesis of asthma is associated with an immune-mediated imbalance of T helper 17
(Th17) cells and regulatory T cells (Tregs) [71]. Tregs are a new type of CD4" T cells existing in both humans and mice and were first
proposed by Sakaguchi et al. [72]. Th17 cells, which are helper T cells independent of Th1 and Th2 cells, are a novel CD4™ T-cell subset
first described by Infante-Duarte in recent years [73]. Studies have indicated that the decrease of Tregs and the increase of Th17 cells
are important pathogenesis of asthma [74]. IL-17 is a major effector secreted by Th17 cells promoting the recruitment of inflammatory
cells to inflammatory regions and promoting an inflammatory response [75]. IL-6 and transforming growth factor beta (TGF-f) induce
initial Th17 cell differentiation and exacerbate asthma by promoting STAT3 phosphorylation and activating its downstream tran-
scriptional regulator RORyt [76,77]. Foxp3, a specific transcription factor of Tregs, plays an important role in regulating the devel-
opment and function of Tregs [78]. Interleukin-10 is a cytokine with potent anti-inflammatory properties, which can inhibit the
synthesis and release of proinflammatory cytokines and inhibit the synthesis of inflammatory cells [79]. The anti-inflammatory effect
of AS-IV on restoring Th17 cell/Treg balance is achieved by inhibiting Th17 cell differentiation and promoting Treg differentiation
because AS-IV can inhibit inflammatory factors such as IL-17, TGF-, and IL-6 to reduce the expression of RORyt mRNA and increase
the expression of IL-10 and Foxp3 mRNA [69,80].

5.3. Neuroendocrine regulation mechanism of astragaloside IV

5.3.1. Astragaloside IV could regulate the hypothalamic-pituitary—adrenal axis

GCs are the primary drugs for the treatment of asthma [15], and the secretion of GCs is controlled by the hypothal-
amic-pituitary-adrenal axis (HPAA) [81]. GCs can bind to glucocorticoid receptors (GRs) to inhibit or activate the transcription of
genes in the nucleus. GRa is the main mediating receptor that can inhibit NF-kB, STAT family, and other inflammatory factors to exert a
strong anti-inflammatory effect in vivo, whereas GRp mainly plays a negative regulatory role [82,83]. A study have shown that
asthmatics with HPAA dysfunction are more prone to asthma triggers and exacerbations [84]. AS-IV reduces airway inflammation in
asthma patients by enhancing the function of the HPAA to restore neuroendocrine-immune dysfunction to normal. AS-IV can reduce
the downstream inflammatory mediators such as IL-4 and IL-6 by promoting the activation of GCs, increasing the expression of GRa,
and inhibiting the dephosphorylation of IkB and NF-kB [83,85].

5.4. Mechanism of astragaloside IV in inhibiting airway remodeling

5.4.1. Astragaloside IV inhibits extracellular matrix deposition

Abnormal deposition of extracellular matrix (ECM) proteins is a key factor in the development of tissue remodeling that results in
asthma and impaired lung function in these diseases [86]. TGF- is a multifunctional and pleiotropic growth factor, a superfamily that
exhibits three mammalian isoforms (TGF-p1, TGF-p2, and TGF-p3) in humans, with TGF-f1 targeting the ECM. TGF-B1 can induce the
formation of fibroblasts and enhance the production of ECM [87]. Previous studies have indicated that TGF-§ levels are significantly
increased in patients with airway remodeling asthma [88]. Smad proteins are transcription factors that regulate gene expression, and
Smad3 signaling is required for allergen-induced airway remodeling and accumulation of airway myofibroblasts [89]. TGF-f1 pro-
motes airway fibrosis and collagen deposition by regulating the cytokine Smad protein [90]. AS-IV reduces ECM deposition by
blocking the TGF-$1/Smad3 signaling pathway and inhibiting collagen expression in fibroblasts and myofibroblast transformation
[91].

5.4.2. Astragaloside IV inhibits airway epithelial-to-mesenchymal transition
Epithelial-to-mesenchymal transition (EMT), a key step in airway remodeling, is accompanied by a decrease in epithelial marker E-
cadherin; an increase in mesenchymal markers such as N-cadherin, vimentin, Fnl, a-SMA; and the activation of the transcription factors
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Snail and Twist in fibroblast proliferation [92]. It can lead to decreased GC sensitivity and critically affect prognosis [93]. Studies have
indicated that TGF-p1 promotes EMT in the asthmatic airway by regulating the Smad3 signaling pathway [94]. AS-IV reverses the
formation of pulmonary EMT by regulating the TGF-p1/Smad3 signaling pathway, resulting in the inhibition of the expression of
MTA1 and Snail [95].

5.4.3. Astragaloside IV inhibits the proliferation of airway smooth muscle cells

Thickening of airway smooth muscle (ASMC) is another important feature of airway remodeling in asthma. Excessive proliferation
of airway smooth muscle cells promotes irreversible airflow obstruction and airway hyperresponsiveness, modifies the extracellular
matrix, promotes the production of inflammatory factors, and finally accelerates the process of airway remodeling [95]. a-SMA is a
characteristic marker of airway smooth muscle [68,96]. Vascular endothelial growth factor (VEGF) is involved in angiogenesis and
increases airway wall thickness, which is closely related to airway remodeling in asthma [97]. Studies have indicated that the
thickening of airway smooth muscle is characteristic of VEGF overexpression in asthmatic mouse models [98]. TGF-p1 can induce the
proliferation of airway smooth muscle cells and, at the same time, promote the release of VEGF from airway smooth muscle cells
through the PI3K pathway [99]. Studies have confirmed that AS-IV inhibits the proliferation of airway smooth muscle cells by
downregulating the expression of TGF-f1, VEGF, and a-SMA in ovalbumin-induced asthmatic mice [100,101].
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Fig. 5. Mechanism of AS-IV inhibiting airway inflammation and remodeling, and regulating immunity and neuroendocrine function. AS-IV inhibits
and alleviates airway inflammation in asthma by preventing the activation of JAK/STAT6, NF-kB, and eotaxin/CCR3 signaling pathways and
inhibiting the generation of inflammatory factors such as IL-4, IL-5, IL-6, and IL-13. AS-IV improves Th1/Th2 cell and Th17 cell/Treg imbalance by
preventing the activation of GATA3 and STAT3 signaling pathways, respectively. AS-IV can reduce airway remodeling by downregulating the
expression of TGF-p1 and a-SMA and reducing the production of inflammatory factors such as IL-4 and IL-13.
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5.4.4. Astragaloside IV inhibits the proliferation of reticular basement membrane

Thickening of the basement membrane is an important feature of airway remodeling, which occurs mainly in the reticular layer,
called the reticular basement membrane (RBM) [102]. This is called subepithelial fibrosis, which is caused by the increased production
of type L, I1I, and IV collagen fibers by underlying connective tissue cells [103]. Subepithelial fibrosis is strongly associated with asthma
severity and decreased lung function [104]. IL-4 and IL-13 are considered key mediators of tissue fibrosis in asthma pathophysiology
[105]. TGF-p1 is a pro-fibrotic cytokine that induces fibroblasts to proliferate and differentiate into myofibroblasts and promotes
extracellular matrix synthesis [99]. TGF-B1 expression correlated with the degree of subepithelial fibrosis, and TGF-p1 levels were
significantly elevated in severe asthma patients with significant eosinophilic airway inflammation [106]. Studies have indicated that
AS-IV can reduce collagen deposition and subepithelial fibrosis by downregulating the expression of TGF-p1 and the levels of IL-4 and
IL-13 in lung tissues [100,101].

In conclusion, AS-IV plays a therapeutic role in the treatment of asthma by inhibiting airway inflammation and remodeling, and
regulating immunity and neuroendocrine function (Fig. 5).

5.5. Other possible mechanisms of astragaloside 1V therapy for asthma

The mechanism of AS-1V in the treatment of asthma has not been fully studied currently. In addition, new research has found that
the antioxidant effects of AS-IV can reduce lung damage in asthmatic mice. For example, AS-IV can ameliorate the lesions caused by
bronchitis in rats through activating the Nrf2/Keapl pathway, which plays a protective role on anti-oxidative stress injury [107].
AS-1V alleviates PM2.5-caused lung toxicity by inhibiting inflammasome-mediated pyroptosis via NLRP3/caspase-1 axis inhibition in
mice [108].

6. Conclusion and future perspectives

Asthma is a major global health problem affecting all age groups with increasing incidence. Traditional treatment methods have
drug resistance and adverse reactions. Hence, there is an urgent need to find new treatment methods. Natural products are valuable
sources of new medicines. AS-IV is a known Astragalus extract with outstanding properties. Previous studies have indicated that AS-IV
has a significant effect on the treatment of asthma. AS-IV plays a therapeutic role in the treatment of asthma by inhibiting airway
inflammation and remodeling, and regulating immunity and neuroendocrine function. This article reviews the effects and mechanism
of AS-IV in the treatment of asthma to provide a reference for subsequent research.

However, some issues warrant further clarification in future research before the clinical usage of this natural compound. First,
because of the multi-target nature of AS-IV, its mechanism for the treatment of asthma has not been fully elucidated and hence needs
additional validation by more studies in the future. Through network pharmacology, research has demonstrated that traditional
medicines indicated a synergistic effect through multiple targets and pathways [109]. Therefore, we propose to explore possible
targets of AS-IV through network pharmacology and to search for drugs or natural products that can act synergistically with AS-IV. We
hope to create a successful combination of asthma medications. Therefore, we propose to explore possible targets of AS-IV through
network pharmacology and to search for drugs or natural products that can act synergistically with AS-IV. We hope to create a suc-
cessful combination of asthma medications.

Second, most of the existing studies focus on the cellular level, and there is a dearth of corresponding clinical data to evaluate the
efficacy and corresponding dose in humans, which should be investigated further.

Third, the pharmacokinetics of AS-IV in humans has not been fully elucidated. The metabolites of AS-IV in the body also need to be
further examined. How metabolites interact with AS-IV requires further investigation for an in-depth understanding of their biological
activities. Therefore, we recommend more in vivo studies to understand the metabolism of AS-IV.

Fourth, Low absorption and bioavailability of AS-IV limits clinical use. Intravenous injections may avoid this drawback. However,
its paracellulartransport may alsobe the major direction to explore the absorption enhancement strategy of AS-IV, We have found that
chitosan and sodium deoxycholate can be used as absorption enhancers based on its transport mechanism [34]. Meanwhile, various
novel drug delivery systems such as nanoemulsions, nanostructured lipid carriers and self-microemulsifying drug delivery system are
constantly being investigated, and the above novel drug carriers can improve the solubility and bioavailability of astragaloside to a
certain extent [110]. In addition, exosomes are extracellular vesicles secreted by a variety of living cells and are natural nanocarriers.
Almost all exosomes released by cells will eventually enter the blood circulatory system or be absorbed by other cells [111]. Exosomes
are being extensively studied as novel drug carriers. Delivery of AS-IV through exosomes can effectively improve drug activity and
bioavailability, and is expected to become a therapeutic method for future clinical research.

In summary, many studies have revealed that AS-IV can treat asthma, and more in vivo and in vitro studies are needed to further
confirm the specific mechanism of AS-IV in the treatment of asthma. It is hoped that with more in-depth research, the therapeutic role
of AS-IV in the treatment of asthma will be clinically and widely accepted.
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