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A B S T R A C T   

Astragalus membranaceus (AM) is a notable herb found among medicinal and food plants. Its benefits stem from 
bioactive compounds that improve function of the immune system, thus preventing and curing many diseases 
and improve wellness. However, despite of the many potential health benefits, it is mainly used in Traditional 
Chinese Medicine (TCM). Therefore, this review describes its biologically active compounds and the associated 
health benefits found in recent studies of this herb, particularly with regards to neurodegenerative diseases, 
diabetes, and cancers along with the way of consumption, doses, and reasons for incorporating it into the diet. 
AM has positive effects on general health and reduces the risk of neurodegenerative diseases, type 1 and 2 
diabetes and cancers development. It also helps improving disease treatments and reduces its side effects asso-
ciated with food intake. Moreover, this herb has an acceptable organoleptic quality and characteristics that can 
improve general quality of food. This review is intended to shed light on the many potential benefits of including 
AM in the diet. However, further studies on specific food recipes for each disease, its effectiveness, as well as its 
side effects, need to be done to confirm these potential benefits.   

1. Introduction 

Plants have been consumed for millennia as source of food, medi-
cines, and applied as cosmetics and fragrances. At least 12,000 plants are 
used as medicinal herbs due to suspected or demonstrated health ben-
efits (IARC, 2002). Among medicinal plants, Astragalus membranaceus 
(AM) is prominent; it is in the top 50 essential herbs used in Traditional 
Chinese Medicine (World Health Organization, 1999). It possesses many 
pharmaceutical properties; for example, it is an antioxidant, anti- 
inflammatory, and immunostimulant, all of which help improve gen-
eral health and help prevent disease, and in some cases, even help treat 
diseases (Shan, Zheng, & Li, 2019). AM also has an anti-aging property 
that blocks or slows the aging process in cells and organs (Liu, Zhao, & 
Luo, 2017). As a pharmaceutical, it is used to protect neurons and pre-
vent inflammation; thus, it has potential for preventing chronic neural 
degenerative diseases such as Alzheimer’s disease (AD) and Parkinson’s 
disease (PD) (Chan et al., 2009; Singh et al., 2010). AM is also a well- 
known anti-cancer and anti-diabetes plant, which is attributed to 
active biological compounds such as Astragalus polysaccharide (APS) 

(Agyemang et al., 2013; Liu, Yu, et al., 2018; Chen, Bi, et al., 2019). 
Another remarkable health benefit that has attracted the attention of 
researchers is its positive effect when integrated into disease treatments. 
It helps reduce side effects, especially treatments that reduce appetite, e. 
g., chemotherapy and treatments for cells degenerative diseases and 
organs failure (Piao & Liang, 2014; Costa et al., 2018; Chen, Bi, et al., 
2019). However, despite all of its advantages, the consumption of this 
herb is not widespread. It is mainly used as a tonic in traditional med-
icines, often taking the form of common beverages such as teas and 
tinctures, or as dietary supplements (Percival &Turner, 2007). 

One explanation for the limited use of medicinal herbs might be their 
strong impact on the organoleptic qualities of food (i.e., the taste, smell, 
color, and texture of food) (Augustin & Sanguansri, 2015). This also 
explains why many herbal extracts or essential oils are used for things 
like aromatherapy or by the fragrance industry, or only as a flavoring, i. 
e., at higher doses, they can strongly alter the sensory appeal of food 
(Burdock, 1998). However, unlike other herbs, AM has a very mild 
impact on organoleptic qualities, which makes it much more suitable for 
use in food (WHO, 1999). With all of its proven health benefits and 
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favorable organoleptic characteristics, AM has the potential for daily use 
in the food of people with the abovementioned health problems. 
Therefore, this review will examine the advantages and importance of 
this well-established herbal medicine as food additive that can promote 
well-being and overall better health and ease some of the appetite- 
related side effects associated with certain disease treatments. 

2. Phytochemistry of Astragalus membranaceus 

A. membranaceus is one of the most remarkable herbs in the history of 
medicinal plants, particularly in China. It belongs to the Fabaceae / 
Leguminosae family. It is a native tropical plant, mainly cultivated in 
Korea, China, and Mongolia (Fu et al., 2014). This plant has a good 
reputation based on its use as a dried root (Astragali Radix or Huangqi) in 
Traditional Chinese Medicine (WHO, 1999). It is also listed in the Chinese 
and Japanese Pharmacopoeia (Japanese Pharmacopoeia, 2016; Gong 
et al., 2018). Three published review articles describe the phytochemi-
cals of A. membranaceus, summarized the main active compounds 
include flavonoids, saponins, and polysaccharides. AM contains arounds 
40 flavonoids, grouped as flavones, flavanols, isoflavones, isoflavanes, 
chalcones, and pterocarpans. Isoflavones are the major components in 
the flavonoids group (with calycosin-7-O-β-D-glucoside as dominant) (Li 
et al., 2014; Bratkov, Shkondrov, Zdraveva, & Krasteva, 2016). Other 
reviews of Fu et al. (2014) and Li et al. (2014) summarized the major 
active compounds saponins. The Astragalus saponin group (AST) 
abounds with more than 80% of Astragalosides I (AS-I), II (AS-II), and IV, 
as well as isoastragaloside I and II, which belong to triterpene saponins. 
Astragaloside IV is known as the major active saponin. The chemical 
structures of these important bioactive compounds (AS-I, AS-IV) and 
isoastragaloside I are presented in Fig. 1 and list of flavonoids and sa-
ponins groups are presented in Table 1. 

The most important bioactive compounds are Astragalus poly-
saccharides (APS), consisting mainly of glucose, rhamnose, galactose, 
arabinose, xylose, mannose, glucuronic acid, and galacturonic acid 
depending on the way of the preparation and purification of APS. The 
main chain contains linked α-(1 → 4) glucose residues. The relative 
molecular mass of APS is 5.6 × 103–106 Da (Wang, Jia, et al., 2019). 
Further information about the preparation of APS and their properties 
are given, e.g. in publications of Chen et al. (2015) and Zheng et al. 
(2020). 

3. Astragalus membranaceus potential for health 

3.1. Immunoprotecting, anti-inflammation, and anti-aging 

A. membranaceus has long been utilized in Traditional Chinese Medi-
cine, going back more than 2,000 years (Gong et al., 2018). It is used for 
many common health problems as well as to improve overall health. 
Aside from its use as a tonic, there have been several studies conducted 
both in vitro and in vivo, with the goal of improving its pharmaceutical 
and clinical applications. This medicinal root contains many compounds 
with health and protective properties, e.g., immune stimulants, adap-
togens, antioxidants, and anti-inflammatory agents that can prevent and 
cure diseases (Cui et al., 2018; Liu, Yu, et al., 2018; Shan, Zheng, & Li, 
2019). 

A. membranaceus and its active compounds have immunomodulating 
and protective effects that can improve immune organs such as the liver, 
kidneys, spleen, abdominal organs and tissues and bone marrow 
(Auyeung, Han, & Ko, 2016; Huang et al., 2019). The mechanism of 
immune enhancement of APS on macrophages stimulation and regula-
tion via promoting phosphorylation of protein kinase (Akt), nuclear 
factor-kB (NF-kB), interferon (IRF3), and Ras-Raf-MEK-ERK (MAPKs) 
pathways in RAW264.7 cells. It is involved in the inhibition of the 
production of inflammatory factors and their gene expression. Akt and 
IRF3 are the main immunomodulating pathways by APS to induced 
macrophage, in which predominantly Akt affects the downstream of the 
MyD88 dependent and independent pathways of the Toll-like receptor 4 
(TLR4) (Li et al., 2017). APS improves immunity in mice via prolifera-
tion of B cells from spleens by mediating macrophage activity in TLR4 
(Shao et al., 2004). Other mechanism of AM compounds in immune 
responses involve in stimulation of APS on function T and B lympho-
cytes, to secrete lymphocyte cytokines such as interferon gamma (IFN-γ) 
and interleukins (IL-2, IL-4, IL-6, IL-10, IL-12) to improve macrophage 
and phagocytosis (Liu & LV, 2020). Chen et al. (2020) recently reviewed 
inclusively about all the immunomodulation and protection mecha-
nisms of Astragali radix of AM product on innate immunity, immune 
organs, mucosal immune, and pharmacological and immunological 
diseases influenced by its bioactive compounds (flavonoids, saponins, 
APS). In immune organ, APS is the predominant compound that affects 
development of immune organs such as spleens, pancreas and liver to 
fight foreign pathogens. Moreover, it also helps improve mucosal im-
mune system by increasing immunoglobulin A secretion and proliferate 
intestinal mucosa. In innate immunity, the mechanism of APS and other 
active compounds increase phagocytic macrophage via increase nitro-
gen oxide (NO), TNF-α, IL-1, and promote inducible nitric oxide syn-
thase (iNOS). AM also help in maturation and differentiation of cells to 

Fig. 1. Chemical structures of Isoastragaloside I, Astragaloside II (AS-II), and Astragaloside IV (AS-IV), extracted from PubChem (2020).  
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distinguish the pathogenic cells and normal dendritic cells, thus provide 
proper response to fight against it. AM compounds also protect and 
proliferate activity of natural killer cells (NK) to fight other disease cells. 
With all these mechanism pathways, the immunomodulation and pro-
tection imply its effects on diseases and harmful agents such as cancers, 
asthma, radiation, and harmful microorganisms (virus, parasites) (Chen 
et al., 2020). For instance, extract compound from AM called PG2 
improve immune response to tumor via downregulation Programmed 
Cell Death Protein Ligand-1 (PD-L1) expression (Chang, Kuo, et al., 
2020). Similar study from (Chang, Tsai, et al., 2020) found the effect of 
APS on inhibition of tumor by blocking the activity of f PD-L1-induced T 
cell exhaustion in peripheral blood mononuclear cells in mice. A recent 
study of AM used for asthma treatment (Budesonide and Terbutaline) also 
produced better effects on reducing airway inflammation and regulation 
of Treg/Th17 cell balance in asthmatic children (Wei, Quing-Bing, & 
Wei, 2019). Furthermore, AM and its bioactive compounds have been 
proved immunomodulation not just in vitro, but also in animal model 
studies. For instance, of the supplementation of AM powder up to 
300 mg/kg diet showed the improvement in immune organs and its 
functions (liver and kidney) in broilers, while APS at 10 g/kg prolifer-
ated growth rate and intestinal development of young chicks (Farag & 
Alagawany, 2019). Other animal models such as fish, monogastric, and 
ruminant animals also showed positive effect of AM and the bioactive 
compounds on improving immune protection as well as general growth 
performance (Cheng, Lei, & Kim, 2020; Hao et al., 2020; Wu, 2020). 

Furthermore, AM and its bioactive compounds have been proved 
immunomodulation not just in vitro, but also at animal model study. For 
instance, of the supplementation of AM powder up to 300 mg/kg diet 
showed the improvement in immune organs and its functions (liver and 
kidney) in broilers, while APS at 10 g/kg proliferated growth rate and 
intestinal development of young chicks (Farag & Alagawany, 2019). 

Another important effect of this herb on improving health and curing 

Table 1 
Bioactive compounds flavonoids and saponin groups of Astragalus 
membranaceus.  

Groups Compounds References 

Flavonoids Flavones 
5,6-dihydroxyflavone 
7-O-glucuronic acid 
Flavonols 
Clovin 
Quercetin 
Flagaloside C 
Falkozid C 
Rhamnocitrin (7-methylkaempferol) 
Rhamnetin (7-methylquercetin) 
5-deoxykaempferol 
Fisetin (5-deoxyquercetin) 
Kaempferol Isorhamnetin (3,5,7,4′- 
tetrahydroxy-3′-methoxyflavone) 
Hyperoside (3-O-β-D-gal and quercetin-3- 
O-galactoside) 
Isoflavons 
Ononin [7-O- β -D-glc; 7-O-β-D -glc-(6′’ 
-acetate)] 
Sissotrin [(7-O- β -D-glc, 7-O- β -D-glc-(6′’- 
malonate)] 
Astroside (7-O- β -D-glc) 
Daidzin ((7-O- β -D-glc) 
Calycosin glucosides(7-O-β-d-glucoside) 
7-O- β -d-glucoside 6-O-malonate 
10-dime-thoxypterocarpan-3-O- β -d- 
glucoside 
7,2-dihydroxy-3,4-dimethoxyisoflavan-7- 
O- β -d-glucoside 
Formononetin-7-O- β -d-gluco-side-6-O- 
malonate 
Formononetin (7-hydroxy-4′- 
methoxyisoflavone) 
Cladrin (7-hydroxy-3′,4′- 
dimethoxyisoflavone) 
Afrormosin (7-hydroxy-6,4′- 
dimethoxyisoflavone) 
Calycosin (7,3′-dihydroxy-4′- 
methoxyisoflavone) 
Odoratin (7,3′-dihydroxy-6,4′- 
dimethoxyisoflavone) 
Pratensein (5,7,3′-trihydroxy-4′- 
methoxyisoflavone) 
8,3′-dihydroxy-7,4′-dimethoxyisoflavone 
7,5′-dihydroxy-3′-methoxyisoflavone 
7,3′-dihydroxy-8,4′-dimethoxyisoflavone 
Isoflavanes 
Astraisoflavanin 
Astraganoside 
5′-hydroxy-isomucronulatol 
7-O-methylisomucronulatol 
(3R)-7,2′,3′-trihydroxy − 4′- 
methoxyisoflavane 
(3R)-2′-hydroxy-7,3′,4′- 
trimethoxyisoflavane 
(3R)-7,2′-dihydroxy-5′,6′- 
dimethoxyisoflavane 
(3R)-8,2′-dihydroxy-7,4′- 
dimethoxyisoflavane 
(3R,4R)-3-(2-hydroxy-3,4- 
dimethoxyphenyl)-chroman-4,7-diol 

Li et al. (2014) 
Bratkov, Shkondrov, 
Zdraveva, & Krasteva, 
(2016) 
Li et al. (2019a) 
Li et al. (2019b) 

Flavonoids Chalcones 
4,2′,4′-trihydroxy-3′-prenylchalcon 
2′,4′-dihydroxy-3,4-dimethoxychalcon 
4,2′,4′-trihydroxychalcon 
(isoliquiricigenin) 
2′,4′-dihydroxy-2,3-dimethoxychalcon 
2′,4′-dihydroxy-4-methoxychalcon 
Pterocarpans 
Medicarpin (3-hydroxy-9- 
methoxypterocarpan) 
Methylnissolin (6aR,11aR)-3-hydroxy- 
9,10-dimethoxypterocarpan) 

Li et al. (2014) 
Bratkov, Shkondrov, 
Zdraveva, & Krasteva, 
(2016) 
Li et al. (2019a) 
Li et al. (2019b)  

Table 1 (continued ) 

Groups Compounds References 

(6aR,11aR)-10-hydroxy-3,9- 
dimethoxypterocarpan 
(6aR,11aR)-3,9,10-trimethoxypterocarpan 

Saponins Cyclortane-type triperpenoids 
Astragaloside III 
Astramembranosides A 
Astramembranosides B 
Huangqiyegenin III 
Huangqiyegenin IV 
Huangqiyenin E 
Huangqiyenin F 
Saponin-Huangqiyiesaponin C 
Trideacetylhuangqiyegenin III 
Cycloartane-type triterpene glycoside 
Agroastragaloside V 
Astragalus saponins and Cycloartane 
glycosides 
β-sitosterol 
β-daucosterol 
Sphondin 
Astragalus saponin I–IV 
Astragalus saponins VI–VIII 
acetyl Astragalus saponin I 
isoastragaloside IV 
Agroastragaloside I–IV 
Astragalus aglycone 
Cyclocanthoside A 
Asernestioside C 
Calycosin-7-O-β-D-glucoside 
6,3′-dihydroxy-2′,4′-dimethoxyisoflavan- 
6-O-β-D-glucopyranoside 
7,3′-dihydroxy-6,4′-dimethoxyisoflavon-7- 
O-β-D-glucopyranoside 
3-O-β-Dxylopyraosyl-24S-cycloart- 
3β,6α,16β,24,25-pentaol-25-O-β-D- 
glucopyranoside 

Lee et al. (2013) 
Fu et al. (2014) 
Li et al. (2014) 
Li et al. (2019b)  
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diseases is its anti-inflammatory property. Auyeung, Han, and Ko (2016) 
reviewed the anti-inflammatory effects of AM and its active compounds 
such as APS, flavonoids, and saponins. Moreover, another prominent 
active compound, AS-IV can inhibit airway inflammation associated 
with asthma. AS-IV exerts anti-asthmatic effects via the inhibition of 
mTORC1 signaling pathway of BALB/c mice by reducing the inflam-
matory cytokines (IL-4, IL-5, and IL-17). It also reduced inflammatory 
cell infiltration in the lung tissues (Jin et al., 2017). AS-IV helps protect 
kidney cells from inflammation in renal fibrosis by the expression of pro- 
inflammatory through TLR4/NF-kB signaling pathway (Zhou, Sun, 
et al., 2017). This compound can also suppress inflammation of the inner 
lining of the uterus on lipopolysaccharide (LPS)-induced endometritis 
via reduction of pro-inflammatory cytokines production (IL-1β and 
tumor necrosis factor alpha, TNF-α) and its mediators (nitric oxide, NO 
and myeloperoxidase, MPO) by repressing NF-kB, p38, and JNK 
signaling pathways (Wang, Chen, et al., 2019). APS can reduce bowel 
inflammation through the mechanism of attenuating NF-kB phosphor-
ylation and reduce pro-inflammatory cytokines production (TNF-α, IL- 
1β, IL-6, and IL-17) and its mediator (MPO) in colonic tissues (Lv et al., 
2017). Moreover, AM extract can promote intestinal cell reparation by 
inhibiting the expression of pro-inflammatory cytokines (TNF-α, IL-1β, 
IL-6, and IL-8) and enzymes responsible for cell inflammatory such as 
cycloxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS). It 
also decreased the inflammatory biological marker nitrotyrosine, NF-κB 
action, and reactive oxygen species (ROS) in intestinal cells (Adesso, 
Russo, Quaroni, & Marzocco, 2018; Cui et al., 2018), and diminish the 
secretion of inflammatory cytokines caused by allergens (Bing et al., 
2019). AM also seems to have cardio-protective properties. Astragalus 
polysaccharides lowered the plasma lipids in rats, which can be poten-
tial for cardio health (Pan, Gao, & Wu, 2017). The flavonoids from AM 
lead to vasorelaxation as well as protect cardiac and vascular endothelial 
cells via the Akt/eNOS signaling pathway (Liu, Zhao, & Luo, 2017). The 
compound AS-IV reduces cardiac muscle injury both in vitro and in vivo 
by reducing myocyte apoptosis throughout decreasing lactate dehy-
drogenase, calcium-sensing receptor expression (CaSR), and upregula-
tion extracellular signal-regulated kinase 1/2 (ERK1/2) (Yin, Hou, & Lu, 
2018). It also inhibits the cardiac muscle cells injury linked to hypoxia- 
reoxygenation (Yang, Zhou, Xia, Yao, & Chang, 2019). In TCM, AM is 
also known as an anti-aging intervention (Zhao & Luo, 2017). A study of 
APS on mice (D-galactose 100 mg/kg/d, 7 weeks), reduced brain mito-
chondrial oxidative stress, which in turn slowed the aging process (Li, 
Zhang, et al., 2012). A later review by Liu, Zhao, and Luo (2017) 
detailed the anti-aging effects of AM, related to the extracted compound, 
called TA-65, which increases telomerase activity and has age-reversal/ 
protective effects in immune system cells. The authors also described the 
potential of AM compounds such as APS, flavonoids, and saponin at 
promoting anti-aging effects. Through oxidative stress reduction in cells, 
immunomodulatory effects, and various protective effects, AM can 
promote longer lifespans and greater organ longevity (e.g., vascular 
cells, brain cells, etc.). Based on the above-described health benefits 
there have been numerous studies that have demonstrated the potential 
uses of AM relative to neurodegenerative diseases, diabetes and cancer. 

3.2. Neurodegenerative diseases 

Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the common 
neurodegenerative diseases. Many people, especially elderly people, 
suffer from these diseases. There are many factors that contribute to the 
development of these diseases including genetic disorders, iron imbal-
ance, oxidative stress, defective neuron mitochondria, and inflammation 
of neurons (Xie, Gao, Xu, & Meng, 2014). Based on many studies, 
A. membranaceus and its bioactive compounds have been found to be 
potent at treating these conditions. 

Astragaloside IV is a well-known AM compound, known for its neu-
roprotective effects. It acts as an antioxidant and reduces cell inflam-
mation and oxidative stress. The main cause associated with PD is the 

deterioration of dopamine neurons in substantia nigra (Haavik & Toska, 
1998). Astragaloside IV helps protecting dopaminergic neurons and 
promotes neural process outgrowth, which is potentially therapeutic in 
PD (Chan et al., 2009). A recent large review by Costa et al. (2018) 
described all the benefits of this compound for neurodegenerative dis-
eases such as AD, PD, cerebral ischemia, and autoimmune encephalo-
myelitis. AS-IV maintains dopamine synthesis by increasing enzymes 
tyrosine hydroxylase (TH) and nitric oxide synthase (NOS) which are 
involved in neuron production pathways, neural signaling, and cell 
immune responses. The other mechanism of AS-IV in PD disease is the 
prevention of neuron pathology by a neurotoxicant called 1-methyl-4- 
phenylpyridium ion (MPP+) throughout the increasing cell survival, 
inhibiting pro-apoptosis Bax-mediated pathway and caspase protein 
(Caspase-3) activity which can destroy cellular structures while 
increasing anti-apoptosis B-cell lymphoma 2 (Bcl-2). It also protects 
neuron mitochondria from apoptosis and DNA damage by inducing Akt 
to promote binding of hexokinase-II (HK-II) and mitochondrial for 
protection of neural mitochondria (Li, Yang, et al., 2019). 

In AD, AS-IV can reduce neuro-pathogenesis caused by amyloid 
β-peptide (Aβ) by the diminution of intracellular reactive oxygen species 
(ROS), mitochondrial peroxide, and inhibit pro-apoptosis Bax expres-
sion and caspase-3. In contrast, it increases anti-apoptosis Bcl-2 and 
improves cell regeneration by enhancing mitochondrial membrane and 
ATP production. This mechanism helps reduce mitochondrial perme-
ability, which prevents cell death via mitochondrial dysfunction (Sun 
et al., 2014). APS also helps reduce metabolic stress and inflammation 
caused by plaque in the brain (Huang et al., 2017). As described in the 
review by Costa et al. (2018), AS-IV plays important role in reducing 
neuro-pathogenesis, apoptosis, and inflammatory in AD. The AS-IV re-
duces Aβ plaques by increasing peroxisome proliferator-activated re-
ceptors (PPARs) which is an anti-inflammatory nuclear receptor protein 
and inhibits β-secretase 1 or known as beta-site amyloid precursor 
protein cleaving enzyme 1 (BACE1). This can prevent the destruction of 
mitochondrial permeability transition pore (mPTP), thus it prevents the 
Aβ plaques and protect neuron mitochondria. Moreover, it reduces 
mitochondrial dysfunction in cortical cells by inhibiting protein phos-
phoinositide 3-kinase (PI3K) which are associated with the production 
of pro-inflammatory cytokines. It also promotes neural stem cells (NSCs) 
and differentiation between neural Nestin and GFAP cells that is bene-
ficial for the learning process and improves memory. The latest research 
on APS showed a reduction in iron overload, which helps improve 
cognitive functions, thus slowing the pathological development of AD by 
bringing balance to normal iron homeostasis (Zhang, Kung, & Chai, 
2018). This study also demonstrated the decrease of pro-inflammatory 
cytokines (IL-1β, IL-6, and TNF-α) and increase of glutathione peroxi-
dase (GPx) and superoxide dismutase (SOD), which helps reduce 
oxidative stress and inflammation in cerebral cortex. Zhang et al. (2019) 
found that APS, at dose 20 mg/kg, has the potential to treat diabetic 
cognitive impairment by improving cognitive functions in rats with 
induced diabetes. This benefit is good for both treating neuron impair-
ment and reducing the severity of diabetes. 

3.3. Anti-diabetes 

Diabetes mellitus (DM) is a globally prevalent disease that afflicts a 
large number of people. It is a metabolic disorder that causes chronic 
high blood glucose levels due to the failure of insulin activity and 
destruction of beta cells (Ozougwu, Obimba, Belonwu, & Unakalamba, 
2013). Agyemang et al. (2013) reviewed the effects of AM and its 
bioactive compounds on both type 1 and 2 diabetes mellitus. Type 1 DM 
results from dysfunction of autoimmune systems that destroying 
pancreatic beta cells. APS play the main role in reducing effects of Type 
1 DM. It protects pancreatic beta cells from autoimmune-linked cell 
death throughout the mechanisms of anti-oxidation, immunomodula-
tory, anti-inflammation, and anti-apoptosis. It helps balance type 1 and 
2 helper T cells (Th1 and Th2), which stimulates the inflammatory 
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response and promotes antioxidant activity against apoptosis of 
pancreatic beta cells. APS reduce the expression of Th1 cytokines (IL-12 
and TNF-α, interferon gamma IFN-γ) and increase Th2 cytokines (IL-4, 
IL-5, IL-6, and IL-10), thus decreased Th1/Th2 expression which low-
ered intracellular autoimmunity and inflammatory responses. More-
over, APS increase peroxisome proliferator-activated receptor gamma 
(PPAR-γ) and SOD and decrease iNOS and NO which can reduce 
oxidative stress (antioxidant) and acting as anti-inflammatory. It also 
displays the effects on death of beta cells via inhibition the enzyme 
caspase-3, improves Bcl-2 expression, increase galectin-1, and decrease 
CD4+ and CD8+. 

Type 2 DM is caused by insulin resistance and insufficient glucose 
metabolism (Nie, Chen, Hu, & Fan, 2019). The active compounds of AM 
have positive effects on regulating the mechanism of glucose and lipid 
metabolisms and improve the insulin function, thus exhibit hypoglyce-
mia effects in diabetes. The most prevalent compounds, APS improve 
glucose transportation and reduce its accumulation in skeletal muscle 
and fat. The mechanism of this activity increases the expression and 
activity of insulin-regulated glucose transporter called Glucose Trans-
porter Protein Type 4 (GLUT4). Moreover, APS induces several enzymes 
associating with glucose metabolism such as hepatic glycogen synthase 
(GS), adenosine monophosphate-alpha (AMP-α), and acetyl-CoA 
carboxylase. APS also improve fatty acid catabolism in type 2 DM via 
enhancing expression of PPAR-α. Flavonoids, saponins (Astragaloside-II, 
isoAstragaloside-I), and APS increase adiponectin, adipo-R1, and aden-
osine monophosphate protein kinase (AMPK) which are involved in 
glucose and lipid metabolism in liver, muscle, and adipocytes. APS have 
indirect effects on sensitizing insulin signaling by diminishing endo-
plasmic reticulum (ER) stress. It reduces the expression and activity of 
protein kinase that is a negative regulator of insulin receptor signal 
transduction known as protein kinase-like endoplasmic reticulum kinase 
(PERK). This mechanism is further affected by the inhibition of acti-
vating transcription factor-6 (ATF-6) by reducing expression and activ-
ity of protein tyrosine phosphatase-1-B (PTP1B). It also reduces the 
transcription repressor proteins such as XhoI site-binding protein 1 
(XBP1) and glycogen synthase kinase 3 beta (GSK3β). APS affect insulin 
resistance by decreasing expression of an insulin-resistance protein, 
resistin. Thus, improve insulin sensitivity. It also improves insulin signal 
transduction by increasing receptor substrate-1 (IRS-1) and beta trans-
membrane receptor (IR-β) in muscle cells (Agyemang et al., 2013). 
Venkatakrishnan, Chiu, and Wang (2019) strongly recommended using 
Astragalus for management of Type 2 DM based on its effects on gly-
caemia. All major components of AM (i.e., polysaccharides, saponins, 
and flavonoids fractions) lower high blood glucose levels, by restoring 
and inducing insulin pathways to work properly, which improve the 
functional ability of pancreatic beta cells. Research conducted on dia-
betic mice found that a combination of APS with Crataegus flavonoids, 
administered orally at 200 mg/kg/day, improved pancreatic islet cell 
and liver cell metabolism (Cui, Zhang, Jiang, & Xie, 2016). A recently 
discovered new polysaccharide extracted from AM, called AERP (Mo-
lecular weight of 2.01 × 106 Da) has found to have hypoglycemic effects 
on diabetic mice. It reduced hyperglycemia by preventing tissue 
impairment and a decline in cognitive function (Liu, Liu, et al., 2019). 
You et al. (2019) recently found that Astragaloside IV had protective 
effects against high blood glucose-induced changes in human umbilical 
vein endothelial cells (HUVEC) injury. Astragaloside IV inhibits endo-
thelial cell dysfunction in diabetics by suppressing apoptosis and in-
flammatory reactions throughout the body by inhibition of the c-Jun N- 
terminal kinase (JNK) signaling pathway. It reduced expression of TNFα. 
Similar studies showed that Astragaloside IV disrupts glucose-induced 
changes in renal tubular epithelial-mesenchymal by impeding epithe-
lial HK-2 cells and blocking mTORC1/p70S6K signaling pathways, 
which causes high glucose activation (Chen, Yang, et al., 2019). 
A. membranaceus has also shown to clinically improve diabetes-related 
problems, particularly those associated with Chronic Kidney Disease 
(CKD). Huang, Su, Sun, and Huang (2018) reviewed 550 CKD patients 

taking TCM, containing AM or AM as a single herb at a dose of 1.5 g/day, 
for up to an 11.9-day period. Compare to non-TCM, these patients have 
higher survival rates, up to 80% for a 12-year follow-up period. 

3.4. Anticancer and antitumor 

Cancer is a deadly disease linked to huge worldwide mortality (Sie-
gel, Miller, & Jemal, 2020). It is caused by abnormal cell growth and can 
happen in almost any part of an organism, from small tissues and groups 
of cells (leukemia, lymphoma, myeloma) to major organs and body parts 
(digestive system, respiratory system, genital system, urinary system, 
skin, breast, brain, etc.) (Miller et al., 2019; Siegel, Miller, & Jemal, 
2020). A. membranaceus and its extracts or selective bioactive com-
pounds led researchers to find its potential uses for anti-carcinogenesis 
properties for cancer such as gastric cancer, colon cancer, lung cancer, 
liver cancer, breast cancer, etc. There have been numerous in vitro and in 
vivo studies on the anti-tumor and anti-cancer effects of AM. Cho and 
Leung (2007) reviewed the in vitro and in vivo anti-tumor effects of AM 
and its bioactive components. The authors indicated the anti-tumor 
mechanism of a compound called AI in human and murine cells. The 
compound was identified from combination of hydro-distillation and 
ethanol crude extraction, characterized by its presence at the highest 
peak of radioactivity (3880± 150 cpm) at concentration of 100 μg/ml. 
The mechanism of anti-tumor effects was associated with the interven-
tion of the immune response by inhibiting tumor cell growth, preventing 
inflammation, and restoring tumor suppression throughout host medi-
ation. AI enhances the production of TNF to play its role in killing cancer 
cells in tumor-bearing mice. It influences the monocytes for cell differ-
entiation. It also triggers Lymphokine-activated killer (LAK-like) activity 
to toxify cancer cells. An extract of APS (fucose, arabinose, galactose, 
glucose, and xylose), at an oral dose of 300 mg/kg, in mice, suppressed 
the tumor growth rate by almost 50%. It also protects immune organs, 
ameliorates macrophage activity, and causes the proliferation of Natural 
Killer and T cells mice with tumors (Liu, Yu, et al., 2018). 

Many anti-tumor effects of this herb on the digestive system have 
also been discovered. For instance, Wang et al. (2013) found the apop-
togenic property of Astragalus saponins (AST) acted on human gastric 
carcinoma cell growth (BGC-823) in vitro and in vivo via inhibition of 
cancer cell invasion in G0/G1 phase of cell cycle. Other compounds, 
such as APS and flavonoids, also have distinctive anti-cancer effects. APS 
promotes immune-restorative and immunomodulating activity, while 
Astragalus flavonoids are mainly responsible for the antioxidant and 
anti-inflammatory effects, which are protective and anti-inflammation 
agents, respectively, that can help prevent gastrointestinal cancer 
(Auyeung, Han, & Ko, 2016). A very recent study showed the effect of 
APS4, extracted from cold water combined with cryo-concentration 
method and ethanol precipitation on apoptosis of human gastric carci-
noma cells (MGC-803) via intrinsic mitochondrial pathways (Yu, Ji, 
Dong, Feng, & Liu, 2019). The mechanism of apoptosis explained via 
deterioration of mitochondrial of cancer cell after the APS4 captured the 
MGC-803 cell in S shape cell cycle and cause the cell death by accu-
mulating ROS, increase Bax/Bcl-2 ratio, activating caspase-9/-3 by cy-
tochrome c releasing, and breaking down poly-ADP-ribose polymerase 
(PARP) of this cancer cell. 

Anti-cancer properties of AM have also been found in other impor-
tant organs. Huang and his group found that APS affected apoptosis of 
human hepatocellular carcinoma (HCC) cells via suppression activity of 
Notch Receptor 1. The mechanism lies between decreasing survival and 
enhancing apoptosis on HCC cells throughout increasing Bax/Bcl-2 
expression and caspase-3/-8 (Huang, Liao, & Sun, 2016). It has also 
been shown to aid balancing cytokines and block immune suppressive 
effects of regulatory T cells throughout blockage of growth and 
expression and its migration in the tumor microenvironment of HCC. 
APS reduced Treg cells CD4+ and CD25+, resulting in balancing cytokines, 
particularly by suppressing diabetes-related problems stromal cell- 
derived factor 1 (SDF-1) and diminution the expression of Forkhead 
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box P3 (Foxp3) in local HCC (Qiang, Bao, Li, Zhang, & She, 2012). 
AM has also been shown to have great activity against hepatic cancer 

when combined with other herbs. For instance, a combination of APS 
and curcumin has more effect on the liver cancer cell (HepG2) than 
using a single herb. It was found to limit tumor cell invasiveness, thus 
normalizing tumor vascular (Tang et al., 2019). Another recent study by 
Wu et al. (2019) found that the extracted bioactive compounds of AM 
(Astragalosides and APS), when combined with salvianolic acids from 
Salvia miltiorrhiza, showed inhibition against hepatocellular carcinoma 
HepG2 cells and TGF-β1-stimulated HepG2 cells, by increasing miR-145 
to promote Smad3 phosphorylation and decreasing miR-21 expression. 
Zhou, Meng, and Ni (2017) found that APS significantly promoted the 
anti-proliferative and apoptotic effects of cisplatin on nasopharyngeal 
carcinoma cells by decreasing pro-apoptotic Bcl-2 and elevating anti- 
apoptotic (Bax and caspase-3/-9) in xenograft model. AM extracts, 
especially by ethyl acetate fraction were also found to have apoptogenic 
effects on non-small cell lung cancer (NSCLC) cells (Park & Park 2018). 
The mechanism of apoptosis displayed by improving expression of 
caspase-8/-9 and accumulation of PARP. Jia, Lv, Zhang, Wang, and 
Zhou (2019) researched on selected compound of AM, i.e., Astragaloside 
IV, and found that they inhibited AKT/GSK-3b/b-catenin activity, which 
also suppressed growth and migration of NSCLC cells. Moreover, AS-IV 
increased cell death as expressed by the increase of Bax and caspase-3 
and the decrease of Bcl-2. 

The common cancers in the female population, breast cancer and 
ovarian cancer have also been testing the effects of AM, and many 
studies found positive implications. Zhou et al. (2018) found that water 
extracted AM repressed cell growth of breast cancer cells (i.e., MCF-7, 
SK-BR-3 and MDA-MB-23) and had apoptogenic effects via the PI3K/ 
AKT/mTOR pathway. Certain polysaccharides found in AM (Pyran-type 
APS, 89.75% total carbohydrate and 9.3% uronic acid) were found to 
inhibit the invasiveness of cancer cells (MCF-7) via activated macro-
phages. It mediated the effects of apoptosis via increasing NO, TNF-α, 
and Bax/Bcl-2 expression in order to suppress cell growth (Li, Song, 

et al., 2019). Liu, Zhuang, et al. (2019) found that APS also inhibited 
triple-negative breast cancer cell (TBCN) invasion and improved 
apoptosis via inhibition of PIK3CG/AKT/BCL2 pathway. Other active 
compounds such as Astragaloside III and Astragaloside IV were found to 
help prevent breast cancer via its apoptosis property (Wang, Tang, & 
Chen, 2015). The AM compound, formononetin, has also found to have 
apoptosis properties that could inhibit the spread and invasion of 
ovarian cancer cells (Zhang et al., 2018). 

AM has also been proved to improve many disease treatments related 
to chemotherapy at clinical levels. For instance, Astragaloside IV helps 
stimulate Taxol chemosensitivity against breast cancer cells MCF-7 and 
MDA-MB-231 (Zheng et al., 2018). Chen, Bi, et al. (2019) recommended 
the use of products containing AM integrated with chemotherapy due to 
its inhibition of cancer and its action as an immunosuppressant during 
chemotherapy. McCulloch et al. (2006) reviewed clinical meta-analysis 
(34 randomized studies, 2815 patients) on Astragalus-based Chinese 
herbal medicine combined with Advanced NSCLC platinum-based 
chemotherapy. This combination minimizes the risk of death, im-
proves tumor response, and general performance; it also reduces 
chemotherapy toxicity. Wang et al. (2016) found similarities (17 ran-
domized studies, 1552 patients), in a combination of an Astragalus-based 
product and platinum-based chemotherapy, in the treatment of NSCLC. 
The authors concluded that there was an increase in the one-, two-, and 
three-year survival rates and an overall improvement in the response 
rate to this combination. 

All biological mechanisms of the main bioactive compounds in the 
described diseases are presented in Fig. 2. 

4. Astragalus membranaceus potential for food application 

4.1. Doses and application 

When it comes to the use of herbs in food, there are many questions 
among food organizations and food industries regarding the potential 

Fig. 2. Schematic presentation of the biological mechanisms of main bioactive compounds in AM (Astragaloside-I, II, -IV, Iso-astragaloside-I, Flavonoids, Astragalus 
Polysaccharides, Astragalus Polysaccharides 4, AI) on Neurodegenerative diseases (Alzheimer’s disease and Parkinson’s disease); Diabetes mellitus (Type 1 and 2); Tumors 
and cancers (gastric, liver, lung, and breast cancer). 
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role of medicinal herbs, safety, and food utilization (Chau & Wu, 2006). 
However, many researchers recommended the use of whole herbs in 
food. Tapsell et al. (2006) recommended healthy herbs and spices 
should not be only used for flavoring, but to fully replace or be mixed 
with other basic ingredients such as salt, sugar and fat. A very recent 
review by Opara (2019) also has shed light on the importance of 
including herbs as part of one’s food consumption rather than just in 
studies of their bioactive compounds on chronic non-communicable 
diseases. 

With all the health benefits presented and suggested by researchers, 
there is a strong case for including AM in the daily diet. McKenna, 
Hughes, and Jones (2002) reviewed that the official daily dose recom-
mended in China (i.e., 9–30 g), which is recognized as safe when used 
appropriately (i.e., absent acute infection) (Bone & Mills, 2013). 
Moreover, according to the State Food and Drug Administration (FDA), 
People’s Republic of China, AM can also be used as a functional food 
(Chau & Wu, 2006). 

The recent patent of a product called AstraGin™, which contains 
both AM and Panax notoginseng extracts, has been approved for a novel 
food application by the European Commission (European Commission, 
2020). The suggested dose of oral intake for adults is 50 mg/day as a 
food supplement, which is also Generally Recognized As Safe (GRAS), 
according to the FDA. The most common forms of AM, when used as a 
remedy, include capsules, alcohol tincture, tablets, powder, granules, 
dried roots etc. In traditional Chinese medicine, the AM can be also 
applied as mixture with honey, see Liao et al. (2018). It is also used 
mainly as supplements, but not in food in Western countries (Micozzi & 
Dog, 2005). However, AM is also used in Asian food for daily con-
sumption. Some other specific dose recommendations of AM, for use 
without an acute side effects indication are listed in Table 2. 

4.2. AM reduces the side effects of disease treatments associated with food 
intake 

A. membranaceus has not just been shown to improve health and 
prevent diseases; it also helps diminishing the adverse side effects of 
specific therapies used for disease treatment, particularly related to food 
intake problems. Patients with cancer, organ failure, neurodegenerative, 
and diabetes often also have trouble with food intake and malnutrition. 
For instance, in cancer patients, food intake problem is often associated 
with both the disease itself and the side effects of chemotherapy (Rav-
asco, 2005; Tseng et al., 2016). Reduced food intake and changes in food 
taste and flavor are common problems in cancer patients (Boltong, 
Keast, & Aranda, 2012). Moreover, chemotherapy causes effects such as 
loss of appetite, vomiting, nausea, and diarrhea, which often combine to 
reduce food intake and cause other general health problems (Wang 
et al., 2016). Studies of these problems show that AM is a notable herb in 
reducing the severity and maybe helping in the treatment itself. For 
instance, in a systematic review paper of Wang et al. (2016) on NSCLC 

patients with treatment of the combination of an Astragalus-based 
product TCM (capsule or injection formulae) with platinum-based 
chemotherapy (17 randomized studies, 1552 patients), found reduc-
tion in side effects such as loss of appetite, nausea, weakness, anemia, 
neutropenia, and thrombocytopenia. Wu, Munro, Guanjian, and Liu 
(2005) reviewed the effect of decoctions of Huang qi during colorectal 
chemotherapy. They concluded that in colorectal cancer patients, there 
was a decrease in side effects such as nausea and vomiting, and lower 
rates of leucopenia. Lin et al. (2019) recently conducted a large meta- 
analysis (22 randomized control studies, 1409 subjects) on the combi-
nation of AM as part of TCM formulated products (oral administration as 
capsules, tablets, or decoction, and in injection form) or colorectal 
chemotherapy alone. The authors found benefits in the combination 
including the increase tumor response, improve general health, and 
especially a reduction common chemotherapy side effects such as 
nausea and vomiting, diarrhea, neutropenia, anemia, thrombocyto-
penia, and neurotoxicity. Based on these benefits alone, i.e., disease 
exacerbations and treatment of side effects, including AM in the diet of 
these patients, would be advantageous. 

4.3. AM improves food quality 

Improving food quality is very challenging, especially for those who 
have eating problems or are undergoing various disease treatments. For 
instance, Alzheimer’s patients often have problems with taste and the 
loss of smell, which leads to reduced food intake and a general weak-
ening of health (Aliani et al., 2013). Moreover, the elderlies who have 
chronic diseases, especially neurodegenerative diseases, often dislike 
foods with a strong taste, other than sweet and salty (Sergi, Bano, Piz-
zato, Veronese, & Manzato, 2017). This is another important reason to 
incorporate AM into food since it has acceptable organoleptic qualities 
and can sometimes even improve general food quality. 

Unlike most herbs which have intense colors and strong flavors and 
aroma, which can mask or change the overall palatability of food when 
used in large amounts, AM root has a pleasant gentle scent, mild flavor, 
very light yellowish color, and a slightly sweet taste (WHO, 1999; 
Augustin & Sanguansri, 2015). This favorable property is also useful 
when combining AM with other ingredients. For instance, Strohalm, 
Houška, Novotná, and Boesenberg (2018) formulated a recipe for 
making hydrocolloids of 5% pulverized AM root combined with tuber 
fleece flower (Polygonum multiflorum) and red sage (Salvia miltiorrhiza). 
This recipe was accepted as a healthy food with acceptable sensorial and 
technological qualities (and is protected by the utility model number 
31,446 in the Czech Republic). 

Moreover, adding AM root powder to food can increase volume, 
improve texture, reduce water content, and increase the shelf life of 
food. Meledina, Amirova, Golovinskaia, and Ivanova (2019) formulated 
a wheat bread recipe containing 13–15% by weight of AM combined 
with other Chinese herbs. This formula improved the quality of the 

Table 2 
Form, doses, and methods of administrations of Astragalus membranaceus.  

Form/function Doses and administrations References 

Root, Radix Astragali as TCM Oral: 9–30 g per day WHO (1999) 
Capsules, tablets, tea, tincture, dried root, fluid extract 

as TCM 
Oral: 250–500 mg in capsules/tablets, 4 times per day Cassileth and 

Lucarelli (2003) 
Dried root as soup in remedy food Oral: 1000 to 2000 mg/day Micozzi and Dog 

(2005) 
Dried root decoction Oral: 10–30 g/day Bone and Mills 

(2013) 
Liquid extract or equivalent doses of the dried extract in 

tablet or capsule as Traditional therapeutics 
Oral: 4–8 ml/day of 1:2 liquid extract  

Dried root extract, Astragali Radix as TCM Oral: 0.57 g/kg body weight per day Fu et al. (2014) 
Dried root as TCM Oral: 9–30 g dried root per day Health Canada 

(2019) 
Dried powder, decoction as TCM Oral: 2–4.8 g dried root per day. Preparation as soup of dried root as remedy drink: let sit in water 

for 60 min and boil 20–25 min, remove and drink or dried root boil 10–15 min, remove and drink 
Health Canada 
(2019)  
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bread and also reduced the staling process and made it more microbi-
ologically stable, which prolonged shelf life. AM also has a slight 
sweetness, which is an advantage for the elderly who have problems 
with gustation (Sergi, Bano, Pizzato, Veronese, & Manzato, 2017). 

Texture improvement is also very important for overall consumer 
satisfaction as well as those who have eating problems. For example, in 
cuisine puree, which is a common diet for those with dysphagia and 
those who suffer from the effects of neurodegenerative diseases, food 
texture is a significant issue in depressing food intake (Germain, 
Dufresne, & Gray-Donald, 2006; Ettinger, 2012). This can be improved 
by mixing AM root powder with commonly cooked and pureed vege-
tables such as carrots, potatoes, pumpkins, sweet potatoes, squashes, etc. 
(Hotaling, 1992; Ilhamto, Keller, & Duizer, 2014). AM is a good solution 
for treating these problems since the formulated ready to eat food have 
more appetite appeal, and they are healthier, in that they contain several 
bioactive compounds with many health benefits. 

5. Conclusions 

Astragalus membranaceus has been demonstrated to have many 
health benefits related to wellbeing as well as preventing and treating a 
variety of diseases. Multiple studies support its beneficial effects on 
neurodegenerative diseases, diabetes, cancer, as well as general health 
improvement; therefore, AM should be thought of as a potentially 
important ingredient that can easily be incorporated into food. In 
addition, the advantages of its palatability characteristics and organo-
leptic suitability make it uniquely applicable for improving the physi-
ological characteristics of food as well as food quality in general. This 
can be a promising solution for simultaneously treating specific health 
problems and increasing food consumption in people who are receiving 
treatment for health problems. Further studies on formulations best 
suited for food and its effectiveness in patients, relative to specific dis-
ease treatments, should be carried out. 
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