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Abstract: Many natural products are high-value chemicals, since only small quantities can be isolated from their 
native biosynthetic organisms with the majority of them utilized as therapeutic agents for many diseases. The advent 
of genomics and metagenomics has allowed not only the discovery of a huge number of new promising metabolites, 
but also the elucidation of their biosynthetic pathways. As a result, the use of well-characterized hosts for their 
efficient, large scale production is now possible. Astragalus membranaceus is a herb that has traditionally been used 
in a wide variety of herbal blends and 'natural' remedies in Asiatic medicine, such as Dang-gui buxue tang 
(Astragalus paired with Angelicae Sinensis; also known as DBT). The genus Astragalus is a very large group of 
more than 2,000 species distributed worldwide, and is commonly known as milkvetch root. Astragalus contains the 
plant pigments: formononetin, astraisoflavan, astrapterocarpan, 2’-3’- dihydroxy-7, 4’- dimethooxyisoflavone, and 
isoliquiritigenin. Other major constituents include D-ß-asparagine,calycosin,cycloastragenol, astragalosides, choline, 
betaine, kumatakenin, sucrose, glucuronic acid, ß-sitosterol 1, and soyasaponin. The flavonoid content may also 
contribute to cardioprotection, as flavonoids tend to possess this mechanism, and the polysacccharide content can 
also aid this by being a potent anti-inflammatory agent and reducing cholesterol levels in a manner similar to 
psyllium husk (a fiber). It has recently been investigated more into due to its heart healthy (cardioprotective) effects, 
its anti-inflammatory effects, and the potential for Astragalus extract to enhance longevity and lifespan. Interestingly, 
the traditional chinese preparation method of DBT was shown to be a very effective way of extracting the main 
ingredients from the plant. A few of the research has been done in astragaloside biosynthesis in A. membranaceus 
and was not reported any one as a review. Therefore, we summrized the information related to astragalosides 
biosynthesis in this review paper. The biosynthesis of terpenoid and flavonoid in Astragalus membranaceus might 
play a key role for commercially used in the pharmaceuticals industry both in modern and traditional uses.   
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Introduction 

Astragalus membranaceus Bge. var. 
mongholicus (Bge.) Hsiao is one of the most 
important traditional Chinese herbs. A. 
membranaceus is a flowering plant in the family 
Fabaceae and has a long history of use as a traditional 
medicine in China, Japan, Korea, and other Asian 
areas. The genus Astragalus is a very large group of 
more than 2,000 species distributed worldwide. In 
Europe, for example, there are 133 Astragalus species. 
In North America there are 368 Astragalus species, 
mostly confined to the western United States and 
Canada. The dry root of A. membranaceus Bge. or A. 
membranaceus var. Mongholicus (Bge.) Hsiao is 
grown mainly in northern China, Mongolia, and 
Siberia. Hwanggi has been used for centuries for 
general weakness, chronic illnesses, and to increase 
overall vitality (Wojciechowski et al., 1999).  

Hwanggi is an herbaceous perennial, growing to 
about 2 feet tall, with sprawling stems. The alternate 
leaves have 12–24 leaflets. Small, light yellow pea-
like flowers arise from leaf axils. It is easily grown 

from seed, though the seed, like many legumes, has a 
hard coat. 

Currently, Hwanggi has been researching for 
pharmacological study, immune-stimulating 
polysaccharides, and other active ingredients useful 
in treating immune deficiency conditions. Astragalus 
has illustrated a wide range of potential therapeutic 
applications in immunodeficiency syndromes, as an 
adjunct cancer therapy, and for its adaptogenic effect 
on the heart and kidneys. Astragalus root has been 
used to promote immune function and as a tonic to 
build stamina (Wagner et al., 1997; Zheng, 2005).  
Terpenoid saponins  

The terpenoids, also called isoprenoids are one 
of the largest groups of natural products found in 
nature with over 30,000 known examples and their 
number is growing steadily (Davis and Croteau 2000). 
Triterpenes are a large group of compounds arranged 
in a four or five ring configuration of 30 carbons with 
several oxygens attached and assembled from a C5 
isoprene unit through the cytosolic mevalonate 
pathway (Lichtenthaler et al., 1997) to make a C30 
compound and are steroidal in nature. Triterpenoid 
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saponins are triterpenes which belong to the group of 
saponin compounds. Triterpenoid saponins are 
synthesized starting from the isoprenoid pathway 
throught farnesyl diphosphate (FPP) which is derived 
from the isoprenyl diphosphate (IPP) and 
dimethylallyl diphosphate (DMAPP), in a reaction 
catalyzed by farnesyl diphosphate synthase (FPS) 
(Ding et al., 2008). FPP is a precursor for squalene 
synthesis by squalene synthase (SS) in the first 
commited step toward sterol and triterpenoid 
biosynthesis (Abe et al., 1993; Huang et al., 2007). 
Squalene is oxidized by squalene epoxidase (SE) to 
2,3-oxidosqualene, leading to the cyclization of 
triterpenoid skeletons such as oleanane, ursane, 
lupeol or dammarane (He et al., 2008). 

A. membranaceus root possesses biologically 
active constituents such as saponins, isoflavonoids, 
polysaccharides, and astragalosides (Song et al., 
2004; Wu and Chen, 2004). Among them, 
astragalosides consist of a class of cycloartane 
triterpenoid type glycosides and play a role indicators 
of the root quality (Kwon et al., 2013; Lai et al., 
2013; Pan et al., 2008; Xu et al., 2011). 
Astragalosides I, II, III, and IV are the major 
astragalosides in A. membranaceus root. 
Astragalosides have various therapeutic effects and 
are used clinically in the treatment of diabetes and 
cardiovascular disease (Liu et al., 2001). Particularly, 
it was reported that Astragaloside IV had various 
beneficial effects on processes such as osteogenesis, 
angiogenesis, and metabolic syndrome, and to exert 
neuroprotective, antiflammatory, and cardioprotective 
functions (Kwon et al., 2013; Lai et al., 2013; Pan et 
al., 2008; Xu et al., 2011). Furthermore, it has 
affected as a natural product with both healing and 
antiscarring effects for wound treatment (Chen et al., 
2012). Up to recently, many studies have been 
published about astragaloside of A. membranaceus. A 
few of the research has been done in astragaloside 
biosynthesis in A. membranaceus and was not 
reported any one as a review. Therefore, we 
summrized the information related to astragalosides 
biosynthesis in this review paper. Our results might 
provide a foundation to elucidate the mechanism of 
triterpenoid saponin, astragalosides, biosynthesis in A. 
membranaceus 
Flavonoid biosynthesis  

Flavonoids (from the Latin word flavus 
meaning yellow, their colour in nature) are one of the 
most abundant and a class of plant secondary 
metabolites with more than 6,000 compounds 
detected so far in higher plants (Ferrer et al., 2008). 
Flavonoids are also important nutritional compounds 
in foods and beverages, and a high or increased 
intake of flavonoids is related to a reduced risk of 
some kinds of cancer (Tang et al., 2009; Wilson et al., 

2009). Some flavonoids are potent antioxidants and 
specific flavonoid compounds are beneficial in many 
physiological and pharmacological processes such as 
antiviral, antibacterial, estrogenic, and antiobesity 
(Wang et al., 2011). Lin et al. (2000) reported that 
eight flavonoids were identified as calycosin-7-O-
beta-D-glucoside, calycosin-7-O-beta-D-glucoside-
6"-O-malonate (2), ononin, (6aR,11aR)-3-hydroxy-
9,10-dimethoxypterocarpan-3-O-beta-D-glucoside, 
calycosin, (3R)-7,2'-dihydroxy-3',4'-dimethoxy- 
isoflavan-7-O-beta-D-glucoside, formononetin-7-O-
beta-D-glucoside-6"-O-malonate and formononetin 
by direct comparison with the isolated standards from 
Huangqi. In particular, calycosin and calycosin-7-O-
β-D-glucoside (calycosin-7-glu) are 2 major 
isoflavones related to the bioactivity of the herb 
(Toda and Shirataki, 1998; Wu et al., 2000). 
Calycosin has been shown to protect endothelial cells 
from hypoxia-induced barrier impairment (Fan et al., 
2003). Calycosin-7- β-D-glucoside appears to be a 
potential natural anti-inflammatory and anti-
osteoarthritic agent and might be used effectively to 
protect against proteoglycan degradation (Choi et al., 
2005) and as a hyaluronidase inhibitory component 
(Lee et al., 2005). Nakamura et al. (1999) pointed out 
that these two compounds could be used as “marker 
compounds” for the chemical evaluation or product 
standardization of A. membranaceus.  

The biosynthetic pathway of calycosin and 
calycosin-7-O-β-D-glucoside has been elucidated  
(Liu et al. 2003). Calycosin-7-O- β -D-glucoside is 
synthesized from L-phenylalanine through the 
isoflavonoid branch of the phenylpropanoid pathway.  

Up to now, several enzymes were characterized 
in this pathway (Pan et al., 2007). The first enzyme of 
the phenylpropanoid pathway is a phenylalanine 
ammonia lyase (PAL) and PAL catalyzes the 
conversion of L-phenylalanine into trans-cinnamic 
acid. Following this, cinnamate-4-hydroxylase (C4H) 
is the first cytochrome P450-dependent 
monooxygenase of the phenylpropanoid pathway and 
it also catalyzes the hydroxylation of trans-cinnamic 
acid into p-coumaric acid (Russel, 1971). Next, a 
coenzyme-A (CoA) ligase (4CL) converts p-
coumarate into its CoA ester. This product serves as a 
precursor for various phenylpropanoid biosynthetic 
derivatives, including lignins and flavonoids. 
Chalcone synthase (CHS) is a key enzyme of 
flavonoid biosynthesis. CHS catalyzes condensation 
of p-coumaroyl-CoA and three molecules of 
malonyl-CoA (Dixon et al. 1995). Isofavone synthase 
(IFS) is an important enzyme in isoflavone 
biosynthesis. Graham (2005) suggested that it may be 
regulated by wounding, glutathione, and UV 
irradiation. Isoflavone 3’-hydroxylase (I3’H) 
catalyzes hydroxylation reaction at the 3’-position of 
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the B-ring. The formation of calycosin-7-O-β-D-
glucoside from calycosin was catalyzed by UDP-
glucose: calycosin 7-O-glucosyltransferase (UCGT).  
 
Conclusion 

The era of recombinant DNA technology for 
natural product biosynthesis emerged has remained 
the production platform of choice for many fine 
chemicals, including natural products. The rapid 
elucidation of biosynthetic pathways made possible 
through advanced genomic tools, has made natural 
product again the molecules of choice for drug 
development. Indeed, half of the drugs currently in 
clinical use are natural products and it is expected 
that the market size of biotech-derived small 
molecules will exceed 100 billion US$ in 2010 and 
400 billion US$ in 2030. The above mention findings 
might provide a foundation to elucidate the 
mechanism of triterpenoid saponin, astragalosides, 
biosynthesis in A. membranaceus 
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