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CHAPTER I 

INTRODUCTION 

The genus Asparagus (Asparagaceae) includes over 300 species widely 
distributed in temperate and tropical regions (Clifford and Conran, 1987). Some species 
have economic value as ornamentals (A. densiflorus) or are noted for its highly prized 
vegetable (A. officinalis) (Riccardi et al., 2011). Several Asparagus species of Asia and 
Africa have significant medicinal properties (Nwafor and Okwuasaba, 2003) due to the 
presence of steroidal saponins and sapogenins in various parts of the plants (Negi et 
al., 2010). Currently, medicinal plants play a vital role to preserve our health. The genus 
Asparagus represents highly valuable plant species having therapeutic and 
nutraceutical importance (Shasnay et al., 2003). The leaves and the tuberous roots of 
Asparagus are medically important in several diseases (Vijay et al., 2009). In India, it 
has been used in Ayurvedic medicine as an anti-diarrhea and anti-tuberculosis remedy 
(Sharma et al., 2000). The two major steroidal saponins, shatavarins I and IV, from the 
roots of A. racemosus were isolated (Ravikumar et al., 1987; Joshi et al., 1988; Hayes et 
al., 2008) and have been recognized for its phytoestrogenic properties (Gopumadhavan 
et al., 2005). Several studies have demonstrated other medicinal effects of dry roots of 
A. racemosus as an adaptogen (Bhattacharya et al., 2000) and an immunoadjuvant 
(Gautam et al., 2004). In Thai traditional medicine, A. racemosus (Rak Sam Sip) is one 
of the most popular herbal plants (Bopana and Saxena, 2007) since its dry roots are well 
known as an anti-inflammatory, an aphrodisiac and a galactagogue (Pongboonrod, 
1950). 

In some countries, A. officinalis has been used as an anti-cancer herbal medicine 
for a long time (Zhong et al., 1999). Pharmacological studies on this plant have 
demonstrated anti-inflammatory (Jang et al., 2004), cytotoxic (Shao et al., 1997), 
antimutagenic (Tang and Gao, 2001), and antifungal activities (Shimoyamada et al., 
1990). A. cochinchinensis was historically believed to possess numerous therapeutic 
properties, including anticancer and anti-inflammatory activities (Huang, 1993; Lee et 
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al., 2009). The compounds from roots of A. acutifolius demonstrated antifungal activity 
against the human pathogenic yeasts Candida albicans, C. glabrata and C. tropicalis 
(Sautour et al., 2007). A. oligoclonos have been used as cough and asthma remedies in 
far eastern countries of Korea, and cytotoxic activity against 5 human cell lines (Yang et 
al., 2004). The dried root of A. pubescens has a long history of traditional medicinal. It is 
used for family planning and for the treatment of various gastrointestinal disorders, 
including peptic ulcer, diarrhea, anti-nociceptive and anti-inflammatory (Hutchinson and 
Dalziel, 1968; Nwafor et al., 2003). Therefore, other plants from genus Asparagus could 
be explored for biological activities such as antioxidant and cytotoxicity to access a 
plant’s suitability for its potential applications, particularly as natural medicine. 

Recently, interest in plant-derived estrogens has increased tremendously, making 
A. racemosus particularly important. However, the trading economics of roots of A. 
racemosus is strongly affected by the presence of less-effective substitutes such as A. 
officinalis (Bopana et al., 2007). Moreover, the dry root of A. racemosus is similar in 
appearance to those of other Asparagus spp. (e.g. A. setaceus, A. aethiopicus, A. 
officinalis, A. filicinus, A. densiflorus, A. umbellatus and A. densiflorus) and cannot be 
distinguished from other Asparagus spp. by morphology alone. Because of substitution, 
the origin of any medicinal products claimed to be derived from A. racemosus should 
be confirmed to prevent misuse – a modern DNA technique based on molecular 
markers has proved to be effective for this purpose (Yang et al., 2001). Many molecular 
biological methods have been used for DNA analysis of medicinal plants, including 
randomly amplified polymorphic DNA (RAPD) (Cui et al., 2003), amplified fragment 
length polymorphism (AFLP) and sequence characterized amplified region (SCAR) 
(Choi et al., 2008), multiplex amplification refractory mutation system (ARMS) (Park et 
al., 2006), and polymerase chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) (Wang et al., 2007). PCR-RFLP is possibly the most commonly used routine 
technique as it is simple, rapid and reliable (Yang et al., 2004), especially for 
commercial products (Aranishi et al., 2005).  

http://www.sciencedirect.com/science/article/pii/S037887410700325X#bib8
http://www.sciencedirect.com/science/article/pii/S037887410700325X#bib8
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Presently, DNA barcoding, a technique based on the analysis of short 
standardized regions of DNA had been proposed for species identification. A 
Consortium for the Barcode of Life (CBOL) Plant Working Group analyze 7 leading 
candidate plastid DNA regions including matK gene, atpF-atpH spacer, rbcL gene, 
rpoB gene, rpoC1gene, psbK-psbI spacer, and trnH-psbA spacer for a standard plant 
barcode. The 2-locus combination of rbcL and matK as the plant barcode has been 
recommended (A Consortium for the Barcode of Life Plant Working Group, 2009). Due 
to their high substitution rates, maturase (matK) gene sequences of the chloroplast DNA 
have been widely employed as a powerful tool to identify the botanical origin of herbal 
drugs and to examine inter- and intra-specific phylogenetic relationships (Ohsako et al., 
2000).  

In the present study, nucleotide sequences of matK of eight Asparagus species 
collected in Thailand were analyzed. The phylogenetic relationship among these 
species was studied. PCR-RFLP was developed based on a partial matK region for 
rapid identification of the medicinally phytoestrogenic species, A. racemosus, and for 
application in analysis of crude drugs in local markets. In addition, the antioxidant 
activities of eight Asparagus species were evaluated on DPPH radical scavenging, ferric 
reducing antioxidant power (FRAP) and superoxide anion scavenging (NBT). In 
addition, cytotoxic activity against human cell line KB (human epidermoid carcinoma of 
oral cavity), MCF-7 (breast adenocarcinoma) and NCI-H187 (human small cell lung 
cancer) of root extracts of Asparagus species were determined. 

 



 

CHAPTER II 

LITERATURE REVIEW 

2.1 Botanical description of the genus Asparagus 
The Flora of China (Chen and Tamanian, 1753) describe the characteristics of the 

genus Asparagus as follows; 
 
‚Herbs perennial or subshrubs, dioecious or hermaphroditic, usually with short 

rhizomes. Main stems erect or climbing, generally branched, with cladodes (leaflike 
stems) in axils of main stems and branches. Cladodes borne in clusters, rarely solitary, 
green, flat, 3-angled, or subterete. Leaves appressed to stem, not green, scalelike, base 
spurred, spurs often extended into spines. Inflorescence an axillary cluster of flowers, 
rarely a solitary flower, sometimes a raceme or umbel. Pedicel articulate, subtended by 
membranous bracteoles. Perianth campanulate or subglobose; segments free or 
occasionally connate at base. Stamens 6; filaments usually adnate to perianth segments 
in varying degrees; anthers dorsifixed. Ovary 3-loculed; ovules few per locule. Fruit a 
berry. Seeds 1 to few.‛ 

 
Seven Asparagus species exist in Thailand according to Smittinand (2001) (Table 

2.1). Over 300 are species widely distributed in temperate and tropical regions (Clifford 
and Conran, 1987). Samples of Asparagus species are shown in Appendix A. 
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Table 2.1 The list of Asparagus species existing in Thailand. 

No. Scientific name Thai name 

1 A. acerosus Roxb.  จัน่ดนิ  
2 A. filicinus Buch.-Ham.  พอควายมิ ม้าสามตอ๋น  
3 A. officinalis L. หนอ่ไม้ฝร่ัง 
4 A. plumosus Baker สนราชินี 
5 A. racemosus Willd. จว๋งเครือ เตอสีเบาะ ผกัชีช้าง ผกัหนาม สามร้อย

ราก สามสิบ 
6 A. setaceus (Kunth.) Jessop จามจรีุแผง โปร่งฟ้า 
7 A. sprengeri Regel  

(Synonym A. aethiopicus L.) 
ปริก 

 

2.2 Asparagus species and biological activities 
The literature survey revealed that the steroidal saponins are the main biologically 

active constituents of genus Asparagus. Chemical constituents and bioactivities of the 
Asparagus species are summarized in Table 2.2. 
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Table 2.2 Chemical constituents and biological activities of the different parts of Asparagus species. 

Asparagus species Parts used Compound Category Activity Reference 

A. adscandens Roxb. fruits Asparanin A [1] Saponins Cytotoxicity Sharma, Chand and 
Sati, 1982a; Liu et al., 2009 

 fruits Asparanin B [2] Saponins Fertility enhancer Sharma et al., 1982a; Bhutani 

et al., 2010 

 roots Asparanin D [3] Saponins - Sharma et al., 1982b 

 fruits Asparoside A [4] Saponins Antifungal Sharma et al., 1982a; 

Belhouchet et al., 2008 

 fruits Asparoside B [5] Saponins Antifungal Sharma et al., 1982a; 

Belhouchet et al., 2008 

 roots Asparoside C [6] Saponins - Sharma et al., 1982b 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

 roots Asparoside D [7] Saponins - Sharma et al., 1982b 

 leaves Oligofurostanoside I [8] Saponins - Sharma and Sharma, 1984 

 leaves Oligofurostanoside 2 [9] Saponins - Sharma and Sharma, 1984 

A. adscandens Roxb. roots Oligospirostanoside [10] Saponins Immunomodulator Sharma et al., 1982b; Honda 

et al., 2003 

 leaves Spirostanoside 1 [11] Saponins - Sharma and Sharma, 1984 

 leaves Spirostanoside 2 [12] Saponins - Sharma and Sharma, 1984 

 roots Steroid glycoside-I [13] Saponins - Tandon, Shukla and Thakur, 
1990 

 roots Steroid glycoside-II [14] Saponins - Tandon et al., 1990 
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Table 2.2 (Continued) 

A. cochinchinensis 

Merr. 

roots Asp-IV [15] Saponins - Konishi and Shoji, 1979 

 roots Asp-V [16] Saponins - Konishi and Shoji, 1979 

 roots Asp-VI [17] Saponins - Konishi and Shoji, 1979 

 roots Asp-VII [18] Saponins - Konishi and Shoji, 1979 

 Whole 

plant 

Methylprotodioscin [19] Saponins Cytotoxicity Hiang et al., 1988; Ke and 
Xinsheng, 2003 

 roots Oligofurostanoside [20] Saponins - Hiang et al., 1988 

 roots Pseudoprotodioscin [21] Saponins Anti-inflammatory Kawano et al., 1975; Tetsuro 

et al., 2011 

A. curillus Wall. fruits Oligofurostanoside [22] Saponins - Sharma, Sati and Chand, 
1983 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. curillus Wall. roots Oligofurostanoside I [23] Saponins - Sharma, Sati and Chand, 

1982c 

 roots Oligofurostanoside II [24] Saponins - Sharma, Sati and Chand, 

1982d 

 fruits Oligofurostanoside II [25] Saponins - Sharma et al., 1983 

 roots Oligofurostanoside 7 [26] Saponins - Sati and Sharma, 1985 

 roots Oligofurostanoside 8 [27] Saponins - Sati and Sharma, 1985 

 roots Spirostanol glycoside [28] Saponins - Sati and Sharma, 1985 

 roots Spirostanol glycoside-I [29] Saponins - Sharma, Sati and Chand, 

1982 

 fruits Spirostanol glycoside-I [30] Saponins - Sharma et al., 1983c 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. curillus Wall. roots Spirostanol glycoside-2 [31] Saponins - Sharma, Sati and Chand, 

1982c 

 fruits Spirostanol glycoside-II [32] Saponins - Sharma et al., 1983 

 roots Spirostanol glycoside-III 

[33] 

Saponins - Sharma, Sati and Chand, 

1982c 

A. dumosus Baker Whole 

plant 

Chacotrioside [34] Saponins Cytotoxicity Nakano et al., 1989; Charles 

et al., 2009 

 Whole 

plant 

Dumoside [35] Saponins - Nakano et al., 1989 

 Whole 

plant 

Methylprotodioscin [36] Saponins Cytotoxicity Aquino et al., 1986; Ke and 

Xinsheng, 2003 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. dumosus Baker Whole 

plant 

Trigonelloside [37] Saponins - Bogacheva, Kiselev and 

Kogan, 1976 

A. filicinus Buch.- 

Ham. 

roots Aspafilioside A [38] Saponins Cytotoxicity Ding and Yang, 1990; Jia-

Jun et al., 2010 

 roots Aspafilioside B [39] Saponins Cytotoxicity Ding and Yang, 1990; Jia-

Jun et al., 2010 

 roots Aspafilioside C [40] Saponins - Ding and Yang, 1990 

 roots Asp-IV [41] Saponins - Chongren, Xingcong and Yi, 

1990 

 roots Asp-IV [41] Saponins - Chongren, Xingcong and Yi, 

1990 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. filicinus Buch.- 

Ham. 

Whole 

plant 

Filicinin A [42] Saponins - Sharma and Thakur, 1996 

 Whole 

plant 

Filicinin B [43] Saponins - Sharma and Thakur, 1996 

 Whole 

plant 

Filicinoside A [44] Saponins - Sharma and Thakur, 1994 

 Whole 

plant 

Filicinoside B [45] Saponins - Sharma and Thakur, 1994 

 Whole 

plant 

Filicinoside C [46] Saponins - Sharma and Thakur, 1996 

 Whole 

plant 

Filicinoside D [47] Saponins - Sharma and Thakur, 1996 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. filicinus Buch.- 

Ham. 

roots 22-Methoxysaponin [48] Saponins - Ding and Yang, 1990 

A. gobicus Ivanova 

ex Grubov. 

roots - Norlignans Cytotoxicity Yang et al., 2004 

A. gonocladus Baker Aerial 

parts 

- Saponins - Mandloi and Sant, 1981 

A. officinalis L. roots Asparagoside A [49] Saponins Cytotoxicity Gorynu, Krokhmalyuk and 

Kintya, 1976; Huang, Lin and 

Kong, 2008 

 roots Asparagoside B [50] Saponins - Gorynu, Krokhmalyuk and 

Kintya, 1976 

 

 

http://www.ipni.org/ipni/idPlantNameSearch.do?id=531123-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3Dasparagus%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3Dgobicus%26output_format%3Dnormal
http://www.ipni.org/ipni/idPlantNameSearch.do?id=531123-1&back_page=%2Fipni%2FeditAdvPlantNameSearch.do%3Ffind_infragenus%3D%26find_isAPNIRecord%3Dtrue%26find_geoUnit%3D%26find_includePublicationAuthors%3Dtrue%26find_addedSince%3D%26find_family%3D%26find_genus%3Dasparagus%26find_sortByFamily%3Dtrue%26find_isGCIRecord%3Dtrue%26find_infrafamily%3D%26find_rankToReturn%3Dall%26find_publicationTitle%3D%26find_authorAbbrev%3D%26find_infraspecies%3D%26find_includeBasionymAuthors%3Dtrue%26find_modifiedSince%3D%26find_isIKRecord%3Dtrue%26find_species%3Dgobicus%26output_format%3Dnormal
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. officinalis L. roots Asparagoside D [51] Saponins - Goryanu and Kintya, 1976 

 roots Asparagoside F [52] Saponins - Goryanu and Kintya, 1977 

 roots Asparagoside G [53] Saponins - Goryanu and Kintya, 1976 

 roots Asparagoside H [54] Saponins - Goryanu and Kintya, 1977 

 roots Asparagoside I [55] Saponins - Gorynu, Krokhmalyuk and 

Kintya, 1976 

 shoots Asparasaponin I [56] Saponins - Kawano, Sato and 

Sakamura, 1977 

 shoots Asparasaponin II [57] Saponins - Kawano, Sato and 

Sakamura, 1977 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. officinalis L. fruits Capsanthin [58] Carotenoids Antioxidant Deli et al., 2000; Hiroshi et 

al., 1998 

 fruits Capsorubin [59] Carotenoids Antioxidant Deli et al., 2000; Takashi et 

al., 2001 

 fruits Capsanthin 5,6-epoxide 

[60] 

Carotenoids Antioxidant Deli et al., 2000; Takashi et 

al., 2001 

 roots Officinalisnin I [61] Saponins - Kawano et al., 1975 

 roots Officinalisnin II [62] Saponins - Kawano et al., 1975 

 seeds Protodioscin [63] Saponins Cytotoxicity Shao et al., 1997 

 Bottom cut Saponin AS-1 [64] Saponins - Shimoyamada et al., 1990 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. officinalis L. fruits Spirostanol glycoside [65] Saponins Immobilization of human 

spermatozoa 

Pant et al., 1998 

 roots - Steroids Cytotoxicity Velavan et al., 2007 

A. plumosus Baker 

var. Nanus Hort 

leaves Furostanol glycoside 1 [66] Saponins - Sati and Pant, 1985a 

 leaves Furostanol glycoside 2 [67] Saponins - Sati and Pant, 1985a 

 leaves Spirostanol glycoside-I [68] Saponins - Sati and Pant, 1985b 

 leaves Yamogenin 2 [69] Saponins Molluscicidal Sati and Pant, 1985b; 

Mortada, 1998 

 leaves Yamogenin 3 [70] Saponins Molluscicidal Sati and Pant, 1985b; 

Mortada, 1998 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. pubescens Baker roots - - Antinociceptive and 

antiinflammatory 

Nwafor et al., 2003 

A. racemosus Willd. roots Asparinin A [71] Saponins - Hayes et al., 2008 

 roots Asparagamine A [72]  Antioxidant Sekine et al., 1994; 

Wiboonpun et al., 2004 

 roots Immunoside [73] Saponins Immunomodulator Hayes et al., 2008; Honda et 

al., 2003 

 roots 8-Methoxy-5,6,4´-

trihydroxy-isoflavone-7-O-

β-D-glucopyranoside [74] 

Flavonoids - Saxena et al., 2001 

 Leaves Quercetin-3-glucoronide 

[75] 

Flavonoids - Rastogi et al., 1969 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. racemosus Willd. roots Racemofuran [76]  Antioxidant Wiboonpun et al., 2004 

 Fruits Racemoside A [77]  - Mandal et al., 2006 

 Fruits Racemoside B [78]  - Mandal et al., 2006 

 Fruits Racemoside C [79]  - Mandal et al., 2006 

 roots Racemosol [80] Phenanthrene Antioxytocic, Antioxidant Sekine et al., 1997; 

Wiboonpun et al., 2004 

 roots Shatavarin I [81] Saponins Antifungal Hayes et al., 2008; 

Belhouchet et al., 2008 

 roots Shatavarin IV [82] Saponins Immunomodulator Ravikumar et al., 1987; 

Hayes et al., 2008; 

Gautam et al., 2009 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. racemosus Willd. roots Shatavarin V [83] Saponins - Hayes et al., 2008 

 roots Shatavarin VI [84] Saponins - Hayes et al., 2008 

 roots Shatavarin VII [85] Saponins - Hayes et al., 2008 

 roots Shatavarin VIII [86] Saponins - Hayes et al., 2008 

 roots Shatavarin IX [87] Saponins - Hayes et al., 2008 

 roots Shatavarin X [88] Saponins - Hayes et al., 2008 

 roots - - Gastroduodenal ulcer 

protective 

Sairam et al., 2003 

 roots - - Immunostimulant, 

antihepatotoxicity 

Muruganandan et al., 

2001 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. racemosus Willd. roots - - Antitussive, antibacterial Mandal et al., 2000 

 roots - - Cytotoxicity, antioxidant, 

antimicrobial 

Potduang et al., 2008 

A. sprengeri Regel roots Sprengerinin A [89] Saponins - Sharma and Kumar, 

1993 

 roots Sprengerinin B [90] Saponins - Sharma and Kumar, 

1993 

 roots Sprengerinin C [91] Saponins - Sharma and Kumar, 

1993 

 roots Sprengerinin D [92] Saponins - Sharma and Kumar, 

1993 
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Table 2.2 (Continued) 

Asparagus species Parts used Compound Category Activity Reference 

A. stipularis Forssk roots Tigogenin-3-O-dixylogluside 

[93] 

Saponins - Tandon et al., 1990 

A. tenuifolius Gilib roots Asparagoside C [94] Saponins - Dong and Panova, 

1996; Panova, Nikolov 

and Zong, 1982 

 roots Asparagoside D [95] Saponins - Dong and Panova, 

1996; Panova et al., 

1982 

 roots Asparagoside E [96] Saponins Antifungal Dong and Panova, 

1996; Panova et al., 

1982; Belhouchet et 

al., 2008 
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Compound R1 R2 R3 R4 

[1] Asparanin A  Glc H H H 
[2] Asparanin B  Glc H Rha H 
[3] Asparanin D  Glc H Ara Rha 
[10] Oligospirostanoside  H H Ara Rha 
[28] Spirostanol glycoside  Glc H Rha Ara 
[29] Spirostanol glycoside-I  H H Ara H 
[30] Spirostanol glycoside-I  H H Rha H 
[31] Spirostanol glycoside-2  Rha H Ara H 
[32] Spirostanol glycoside-II  Glc H Rha H 
[37] Trigonelloside  Xyl H Xyl H 
[42] Filicinin A  H H Glc 6-Xyl 

      4-Gal 
H 

[43] Filicinin B  H H Glc 6-Xyl 
2-Glc 4-Gal 

H 

[48] 22-Methoxysaponin  H H Xyl H 
 
Figure 2.1 Structures of compounds previously isolated from Asparagus species 
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Compound R1 R2 R3 R4 

[49] Asparagoside A  H H H H 
[50] Asparagoside B  H H H H 
[51] Asparagoside D  H Glc H H 
[52] Asparagoside F  H Glc Glc-4Xyl H 
[64] Saponin AS-1  Glc H Xyl H 
[65] Spirostanol glycoside  Glc H Rha H 
[68] Spirostanol glycoside-I  H H Ara H 
[69] Yamogenin 2  Rha Rha H H 
[70] Yamogenin 3  H Glc Rha H 
[73] Immunoside  Rha H Rha H 
[79] Racemoside A  - - 1Glc-4Glc 

1Rha-6Glc- 

1Glc-6Glc 

[78] Racemoside B  - - - 1Glc-6Glc 
1Rha-6Glc 

[79] Racemoside C  - - - 1Rha-4Glc 
6Rha-4Glc 

[82] Shatavarin-IV  Rha H Glc H 
[83] Shatavarin V  Rha H Glc H 
[85] Shatavarin VIII  Glc H Ara Glc 
[87] Shatavarin IX  Glc Glc H H 
[88] Shatavarin X  Rha H Glc(6-OAc) H 
[94] Asparagoside C  H Glc H H 
 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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Compound R1 R2 R3 R4 R5 

[4] Asparoside A  Glc H Rha H CH3 
[5] Asparoside B  Glc H Rha H H 
[6] Asparoside C  Glc H Ara Rha CH3 
[7] Asparoside D  Glc H Ara Rha H 
[15] Asp-IV  H H Xyl H CH3 
[16] Asp-V  H H H Rha CH3 
[17] Asp-VI  H H Xyl Rha H 
[18] Asp-VII  Glc H Xyl Rha CH3 
[22] Oligofurostanoside  H H Rha H H 
[23] Oligofurostanoside I  Glc H Ara H CH3 
[24] Oligofurostanoside II  Glc H Ara H H 
[25] Oligofurostanoside II  Glc H Rha H CH3 
[26] Oligofurostanoside 7  Glc H Rha Ara CH3 
[27] Oligofurostanoside 8  Glc H Rha Ara H 
[40] Aspafilioside C  H H Xyl Ara H 
[44] Filicinoside A  H H H H CH3 
[45] Filicinoside B  H H H H H 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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Compound R1 R2 R3 R4 R5 

[46] Filicinoside C  H H Glc 6-Xyl 
      4-Gal 

H CH3 

[47] Filicinoside D  H H Glc 6-Xyl 
      4-Gal 

H H 

[50] Asparagoside B  - - - - H 
[53] Asparagoside G  H Glc Glc H CH3 
[54] Asparagoside H  H Glc Glc-4Xyl H CH3 
[55] Asparagoside I  Rha - Xyl H H 
[61] Officinalisnin I  Glc H H H H 
[62] Officinalisnin II  Glc H Xyl H H 
[81] Shatavarin I  Glc H Rha H H 
[96] Asparagoside E  H Glc H H H 
 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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Compound R1 R2 R3 R4 

[8] Oligofurostanoside I  H H H Rha 
[9] Oligofurostanoside 2  H H Rha Rha 
[89] Sprengerinin A  H H Xyl H 
[90] Sprengerinin B  H H H Rha 
[91] Sprengerinin C  Rha H Xyl H 
[92] Sprengerinin D  Rha H H Rha 
 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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Compound R1 R2 R3 R4 R5 

[11] Spirostanoside 1  H H Rha Rha CH3 
[12] Spirostanoside 2  H H Rha Rha H 
[56] Asparasaponin I  H H Rha H - 
[57] Asparasaponin II  H H Rha H - 
[63] Protodioscin  Rha H Rha H CH3 
[66] Furostanol glycoside 1  Rha Rha H H CH3 
[67] Furostanol glycoside 2  Rha Rha H H H 
[93] Tigogenin-3-O-dixylogluside  Rha H Rha H H 
 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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Compound  R1 R2 R3 R4 R5 

[19] Methylprotodioscin  H H Rha H - 
[20] Oligofurostanoside  H H Rha H H 
[21] Pseudoprotodioscin  Rha H Rha H - 
 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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Compound R1 R2 R3 R4 R5 

[13] Steroid glycoside-I  C27H47CO - - - - 
[14] Steroid glycoside-II  Glc - - - - 
 

 

Compound R1 R2 R3 R4 

[35] Dumoside  Rha H Rha H 
 
Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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Compound R1 R2 R3 R4 

[34] Chacotrioside  Rha H Rha H 
 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
 

Major structural types 
I = Spirostan-3-ol 
II = 3β, 26-Dihydroxy-22α methoxy furostane-3-ol 
III = 3 β, 25R-Spirost-5-en-3-yl 
IV = 22-Hydroxylfurost-5-en-3-yl 
V = Furosta-5,20(22)-dien-3-yl 
VI = Stigmasterol 
VII = Pregn-5-en-20-carboxylic acid 
VIII = Preg-5-en-3-yl 
 
Substitute groups 
Xyl = Xylose, Glc = Glucose, Rha = Rhamnose, Ara = Arabonose, Gal = Galactose 
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[58] Capsanthin 

 

[59] Capsorubin 

 

 

 
    

             [60] Capsanthin 5,6-epoxide  
 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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           [72] Asparagamine A 

 
 

 
 

[74] 8-Methoxy-5,6,4´-trihydroxy-isoflavone-7-O-β-D-glucopyranoside 

 

  
              [75] Quercetin-3-glucoronide 

 
Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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[76] Racemofuran  
 
 
 

 
 

 

[80] Racemosol  
 
 

 
 
 

[84] Shatavarin VI  
 

 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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[85] Shatavarin VII 
 

Figure 2.1 Structures of compounds previously isolated from Asparagus species (continued) 
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2.3 Molecular identification techniques  

Counterfeits of medicinal materials degrade the effect of medicinal plants and 
result in cases in which patients do not recover or even die. Thus, authentication is an 
essential step for successful and reliable clinical application. In general, the 
authentication of medicinal plant is solved using methods including morphology, 
microscopy, taxonomy, physical and chemical analysis and DNA technology. 

In recent years, the rapid development of molecular biology techniques has led to 
their application in medicinal plants authentication. The uniqueness of DNA in plant 
species can be used for taxonomic identification. This method has proven specific, 
stable, convenient and also accurate. Furthermore, a tiny amount of sample is always 
sufficient for DNA analysis. Nowadays identifications of medicinal plants by DNA 
molecular markers are mainly performed, namely, DNA fingerprinting, DNA sequencing 
and DNA genechip.  

DNA fingerprinting, Polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) and amplification refractory mutation system (ARMS) 
analyses were used as an efficient identification method for Rhizoma Rhei (Yang et al., 
2004). Random amplified polymorphism DNA (RAPD) analysis was carried out to 
determine the genetic variation of the Panax genus (Cui et al., 2003) and to distinguish 
the three medicinal species, Echinacea angustifolia DC., E. pollida Nutt., and E. 
purpurea (L.) Moench (Wolf et al., 1999; Nieri et al., 2003). Multiplex amplification 
refractory mutation system (MARMS) was applied to the identification of Panax species 
(Zhu et al., 2004). Several studies used PCR-RFLP analysis and successfully for 
identification of many plants (Xu et al. 2001; Wang et al. 2007; Liu et al. 2007).  

The DNA sequencing is one of the most informative techniques for the molecular 
systematic studies because nucleotide sequences directly reflect genetic information 
alteration. The rates and patterns of changes affect the evolution of genes and the 
organisms. Moreover, DNA sequences can be used for constructing the molecular 
phylogeny of related organisms. DNA sequencing provides highly robust, reproducible, 
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and informative data set, and can be adapted to different levels of discriminatory 
potential by choosing appropriate genomic target regions (Weising et al., 2005). DNA 
sequencing, the 5S-rRNA spacer region sequences were used to identify Bulbus 
Fritillariae cirrhosaes (Li et al., 2003), Herba Epimedii (Sun et al., 2004) and Radix 
Adenophorae (Zhao et al., 2003). Single-nucleotide polymorphism (SNP) analysis was 
used to identify Rhizoma Curcumae Longae (Sasaki et al., 2004). Based on rDNA ITS 
sequences of Dendrobium officinale Kimura et Migo and the other 37 species of 
Dendrobium, a pair of allele-specific diagnostic primers was designed to distinguish D. 
officinale Kimura et Migo from other Dendrobium species (Dong et al., 2003).  

DNA genechip, a DNA microarray for detecting processed medicinal Dendrobium 
species was constructed by incorporating the ITS1-5.8S-ITS2 sequences if 16 
Dendrobium species on a glass slide (Zhang et al., 2003). For complicated situations, 
applying various methods together is necessary in order to conclusively confirm an 
identification or authentication.  

Plants have three kinds of genomes, the chloroplast genomes (cpDNA) in addition 
to the nuclear (nDNA) and mitochondrial (mtDNA) genomes. The mtDNA is rarely used 
in molecular markers of plant due to its structure, size, and gene order are various 
depending on plant species (Kress et al., 2005). The nDNA and cpDNA are commonly 
used to investigate in the molecular systematics and taxonomy of plants. The nDNA has 
more complexity and repetitive properties. The cpDNA is well suitable for evolutionary 
and phylogenetic studies because it is a relative abundant component of total DNA. In 
addition, it contains primarily single copy genes, and has conservative rate of nucleotide 
substitution. The most common targets in cpDNA are rbcL, ndhF, trnH-psbA, trnK, and 
matK while the most common genes in nDNA is nuclear ribosomal gene; 18S rDNA, an 
internal transcribed spacer (ITS2), and finally the 26S rDNA (Kress et al., 2005; Weising 
et al., 2005). In recent years, the trnK gene and the included maturase (matK) gene 
sequences of the chloroplast DNA (cpDNA) have been widely employed as a powerful 
tool to identify the botanical origin of herbal drugs and to examine inter- and intra-
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specific phylogenetic relationships, due to their high substitution rates (Sugita et al., 
1985). 

 
2.4 Natural phytoestrogens, Asparagus racemosus 

Numerous clinical studies provide evidence that synthetic hormones increase the 
risk of endometrial cancer, breast cancer, venous thromboembolic events and gall-
bladder disease in women. Research on the relationship between hormone replacement 
therapy (HRT) and the risk of endometrial cancer has been carried out in 1995, among 
others, by Grady et al. (Grady et al., 1995). They confirmed a significant increase of risk 
associated with estrogens used for long periods, lasting several years after stopping of 
the use of them. The awareness that HRT is associated with undesirable effects has 
increased an interest in phytoestrogens, i.e. plant-derived estrogens. The studies show 
that they simulate the effects of estrogen in some tissues, while in others they act 
antagonistically. According to many experts, substances blocking the binding of 
estrogen in the tissues, i.e. compounds of the agonists or antagonist activity may act 
preventively, particularly in postmenopausal women, in whom endogenous estrogens 
are recognized as a potential carcinogen. Another type of medical intervention in the 
female sex hormone homeostasis involves the use of synthetic drugs on the function of 
the partial estrogen receptor antagonists, known as selective estrogen receptor 
modulators (SERM) such as raloxifene. Natural compounds classified as phytoestrogens 
have a similar physiological function and they have a safety advantage over synthetic 
drugs.  

Natural therapies using phytoestrogens are receiving increased attention as 
dietary components that can affect several aspects of human health and are beneficial 
in countering the manifestations of postmenopausal state (Adlercreutz et al., 1992; 
Agnusdei et al., 1995). The traditional system of Indian medicine has cited several 
plants that are useful in the management of menopausal syndrome. In the system of 
Ayurvedic medicine, an extract from the root of A. racemosus has also been used to 
increase milk secretion during lactation. The test results confirming its ability to enhance 
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lactation are not clear. Joglekar, Ahuja and Balwani (1967) observed an increase in milk 
secretion after administration of A. racemosus in the form of Ricalex® tablets. A. 
racemosus is also a plant known for its phytoestrogenic properties and for use as a 
hormone modulator (Mayo, 1998). In studies on rats, Rao (Rao, 1981) showed the 
inhibitory action of A. racemosus on DMBA-induced mammary carcinogenesis. A diet 
containing 2% of root extract of this plant, obtained by extraction with chloroform and 
methanol (1:1) led to a significant decrease in the incidence of this cancer as well as the 
decrease in the average number of tumors. Research of A. racemosus capsules 
(EveCare®) confirmed their efficacy in the treatment of dysfunctional uterine bleeding 
(DUB) (Nevrekar, Bai and Khanna, 200). DUB is regular or acyclic bleedings from the 
uterus with no organic cause such as neoplasia, inflammation of the endometrium, 
submucous fibroids or polyps. Dysfunctional uterine bleedings may occur throughout 
the reproductive period. 20% of them are observed in adolescents, 40% occur at the 
age of 18-45, the other 40% - in premenopausal stage. The study included 70 women 
with DUB in the age group of 20-45 years. In the study group, 63 women had achieved 
a regularized menstrual cycle. It can be attributed to the local healing of the 
endometrium stimulated by endometrial microvascular thrombosis caused by high 
doses of phytoestrogens. Other studies conducted on a group of 40 women confirmed 
the effectiveness of EveCare capsules in the treatment of dysmenorrhoea and pre-
menstrual syndrome (PMS) (Swarup and Umadevi, 1998). 

 
2.5 Antioxidant activity 

Medicinal plants are an important source of antioxidants (Rice-Evans, 2004). 
Natural antioxidants increase the antioxidant capacity of the plasma and reduce the risk 
of certain diseases such as cancer, heart diseases and stroke (Prior and Cao, 2000). 
The secondary metabolites like phenolics and flavonoids from plants have been 
reported to be potent free radical scavengers. They are found in all parts of plants such 
as leaves, fruits, seeds, roots and bark (Mathew and Abraham, 2006). There are many 
synthetic antioxidants in use. It is reported, however, they have several side effects (Ito 
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et al., 1983), such as risk of liver damage and carcinogenesis in laboratory animals 
(Gao et al., 1999; Williams et al., 1999; Osawa and Namiki, 1981). There is therefore a 
need for more effective, less toxic and cost effective antioxidants. Medicinal plants 
appear to have these desired comparative advantages, hence the growing interest in 
natural antioxidants from plants. Oxidative stress depicts the existence of products 
called free radicals and reactive oxygen species (ROS), which are formed under normal 
physiological conditions but become deleterious when not being eliminated by the 
endogenous systems. In fact, oxidative stress results from an imbalance between the 
generation of reactive oxygen species and endogenous antioxidant systems.  

ROS including hydroxyl radical, superoxide radical, hydrogen peroxide and 
singlet oxygen are often generated from exogenous factors or byproducts of biological 
reactions (Cerutti et al., 1991). ROS have been found to play an important role in several 
diseases such as inflammatory injury, ageing, atherosclerosis, cardiovascular disease 
and cancer (Halliwell et al., 1997). Living organisms have promoted complex antioxidant 
systems to neutralize ROS and to reduce damage. These antioxidant systems contain 
enzymes such as superoxide dismutase (SOD) and catalase (CAT), macromolecules 
such as albumin, and ferritin. Small molecules including ascorbic acid, alpha- 
tocopherol, carotenoids, polyphenols, reduced glutathione (GSH), uric acid, methionine 
and bilirubin (Yu et al., 1994). A dominant scavenger of plants may serve as a possible 
preventive intervention for free radical-mediated diseases (Gupta et al., 2006; Miguel, 
2010). When oxygen traps single electron, it becomes unstable and thus very reactive, 
since it generates harmful chain reactions against many biological molecules. The 
extreme toxicity of oxygen is related to its high capability of generating free radicals and 
in turn destroying many major biological molecules. They can attack on lipids and 
proteins and destroy membranes. ROS can damage DNA and lead to mutation and 
chromosomal damage. Oxidized cellular thiols abstract hydrogen atoms from 
unsaturated fatty acids to initiate the peroxidation of membrane lipids (Valko et al., 
2006). ROS can attack various substrates in body and contribute to development of 



40 

 

40 

chronic diseases. For example, oxidatively modified LDL has been hypothesized to be a 
causative agent in the development of cardiovascular diseases (Touyz, 2004). 
 
2.6  Cytotoxic activity 

Plant-derived compounds have always been an important source of medicines for 
various diseases and have received considerable attention in recent years due to their 
diverse pharmacological properties including cytotoxicity and cancer chemopreventive 
effects (Gonzales and Valerio, 2006). Recently there is considerable scientific and 
commercial interest in the continuing discovery of novel anticancer agents of plant origin 
(Cragg and Newman, 2005) and such investigations targeting plant products have 
recently regained prominence with the increasing understanding of their biological 
significance and increasing recognition of the origin and function of their structural 
diversity (Conforti et al., 2008). Cancer is the second leading cause of death and its 
incidence has increased dramatically worldwide (Madhusudan and Middleton, 2005). 
Cancer is a general term applied to malignant diseases characterized by rapid and 
uncontrolled abnormal cells formation which may mass together to form a growth or 
proliferate throughout the body, and it may progress until it causes death. 

Some famous selected examples used to represent the importance of those plants 
based on human observation, trial and error, religious advices and from various 

generations’ accumulated experiences, which should never neglected or classified as 
unscientifically based treatment. The medicinal plants derived from folklore are huge, 
Vinca rosea (Sun and Zeng, 2005), Podophyllum peltatum (Gordaliza et al., 1994) and 
Taxus spp (Wani et al., 1980) are selected examples. These plants and many others 
lead to discover important drugs including vincristine, vinblastine, podophyllotoxin, 10-
hydroxy-camptothecin and Taxol (Wani et al., 1980; Coker et al., 2003). 

 
 

 
 



 

CHAPTER III 

MOLECULAR ANALYSIS OF THE GENUS ASPARAGUS BASED ON matK 
SEQUENCES AND ITS APPLICATION TO IDENTIFY A. RACEMOSUS,      

A MEDICINALLY PHYTOESTROGENIC SPECIES 
 

3.1 Introduction 

In Thai traditional medicine, A. racemosus (Rak Sam Sip) is one of the most 
popular herbal plants (Bopana et al., 2007) since its dry roots are well known as an anti-
inflammatory, an aphrodisiac and a galactagogue (Pongboonrod, 1950). In India, it has 
been used in Ayurvedic medicine as an anti-diarrhea and anti-tuberculosis remedy 
(Sharma et al., 2000). Steroidal saponins from the roots of A. racemosus were isolated 
(Figure 3.1 ) (Ravikumar et al., 1987; Joshi et al., 1988; Hayes et al., 2008) and have 
been recognized for its phytoestrogenic properties (Gopumadhavan et al., 2005). 

Recently, interest in plant-derived estrogens has increased tremendously, making 
A. racemosus particularly important. However, the trading economics of roots of A. 
racemosus is strongly affected by the presence of less-effective substitutes such as A. 
officinalis (Bopana et al., 2007). Moreover, the dry root of A. racemosus is similar in 
appearance to those of other Asparagus spp. (e.g. A. setaceus, A. aethiopicus, A. 
officinalis, A. filicinus, A. densiflorus, A. umbellatus and A. densiflorus) and cannot be 
distinguished from other Asparagus spp. by morphology alone. Because of substitution, 
the origin of any medicinal products claimed to be derived from A. racemosus should 
be confirmed to prevent misuse.  

In this chapter, nucleotide sequences of matK of eight Asparagus species 
collected in Thailand were analyzed. The phylogenetic relationship among these 
species was studied and compared with a previous phylogeny constructed from petD–
rpoA intergenic sequences. Additionally, PCR-RFLP was developed based on a partial 
matK region for rapid identification of the medicinally phytoestrogenic species, A. 
racemosus, and for application in analysis of crude drugs in local markets. 
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3.2 Materials and methods 

3.2.1 Plant materials  

Thirty-six specimens of eight Asparagus taxa were collected from various regions 
of Thailand (Table 3.1). All specimens were identified by Assoc. Prof. Thatree 
Phadungcharoen, Department of Pharmacognosy and Pharmaceutical Botany, Faculty 
of Pharmaceutical Science, Chulalongkorn University, Thailand. Herbarium voucher 
specimens were prepared and kept at the Museum of Natural Medicines, Faculty of 
Pharmaceutical Science, Chulalongkorn University. The collected living plants were then 
cultivated in the Medicinal Plant Garden of the Faculty of Pharmaceutical Science, 
Chulalongkorn University. For crude drug analysis, ten commercial crude drug samples 
claimed to be A. racemosus (i.e. C1–C10) were purchased from various traditional drug 
stores (Table 3.2).  

 

3.2.2 Genomic DNA extraction  

Total genomic DNA was extracted from 50–100 mg of fresh leaves of the plant 
specimens or commercially available crude drug samples. Extraction of the DNA utilized 
DNeasyTM Plant Mini Kit (Qiagen, Germany) was according to the manufacturer’s 
protocol. Briefly, fresh leaves or crude drug samples were ground into fine powder in 
liquid nitrogen by a mortar and a pestle, and suspension and lysis buffers were then 
added. The lysate was applied to a QIAshredder spin column to remove precipitates 
and cell debris by centrifugation. The flow-through fraction was applied to a DNeasy 
mini spin column. The spin column was centrifuged, washed and eluted with double 
deionized water. DNA quantity and quality were determined by agarose gel 
electrophoresis. 
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Table 3.1 Plant materials and their accession numbers for the matK gene. 

Species Place of collection 
 (Thailand, Province) 

Date of 
collection 

Voucher no. Genbank  
accession 

A. racemosus 
Willd.  

Phetchabun  2010.07 SS-KI-080753 AB646501 
Bangkok 2010.09 SS-SS-020953  

 Trat 2010.09 SS-TB-020953  
 Prachin Buri   2010.09 SS-TB-050953  
 Chiang Mai 2010.09 SS-TB-070953  
 Nong Khai  2010.09 SS-TB-120953  
 Kanchanaburi   2010.08 SS-KI-060853  
 Rayong   2010.09 SS-KI-270953  
 Mae Hong Son  2010.09 SS-KI-280953  
A. aethiopicus 
L. (Synonym  
A. sprengeri 
Regel) 

Phetchabun 2010.09 SS-TP-110953 AB646503 
Bangkok 2010.09 SS-TP-110953-1  
Prachuap Khiri Khan 2010.11 SS-TP-191153  
Bangkok 2010.11 SS-TP-191153-2  
Bangkok 2010.11 SS-TP-191153-3  

A. densiflorus 
(Kunth.) 
Jessop 

Rayong 2010.11 SS-TP-221153 AB646508 
Bangkok 2010.12 SS-TB-031253-1  
Bangkok 2010.12 SS-TB-031253-2  

 Kanchanaburi 2011.01 SS-TB-030154  
A. densiflorus 
cv. Myers 

Prachin Buri   2010.11 SS-TP-231153-1 AB646506 
Bangkok 2010.11 SS-TP-231153-2  
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Table 3.1 (Continued) 

Species Place of collection 
 (Thailand, Province) 

Date of 
collection 

Voucher no. Genbank  
accession 

A. filicinus 
Buch.-Ham. 

Chiang Mai    2010.11 SS-TB-081153-1 AB646505 
Chiang Mai   2010.08 SS-TB-161053-2  

 Kanchanaburi   2010.08 SS-TB-250853  
A. officinalis L. Bangkok 2010.07 SS-TP-030753 AB646504 
 Chiang Mai    2010.11 SS-TB-081153  
A. setaceus 
(Kunth.) 
Jessop 

Chiang Mai    2010.07 SS-TB-080753-1 AB646502 
Chiang Mai    2010.07 SS-TB-080753-2  
Bangkok     2010.07 SS-TB-080753-3  

 Bangkok    2010.07 SS-TB-080753-4  
 Prachin Buri   2010.08 SS-TP-170853-1  
 Prachin Buri   2010.08 SS-TP-170853-2  
 Prachin Buri   2010.08 SS-TP-170853-3  
A. umbellatus 
Royle 

Bangkok 2010.11 SS-TP-221153-1 AB646507 
Kanchanaburi 2010.11 SS-TP-221153-2  
Bangkok 2010.12 SS-TB-031253-4  
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Table 3.2 Details of commercially available crude drugs analyzed. 

Crude drug  Abbr.a Purchased location  
(Thailand, Province) 

Claimed 
species  

Detected species  

Rak Sam Sib C1 Khonkaen A. racemosus A. racemosus 
Rak Sam Sib C2 Bangkok A. racemosus A. racemosus 
Rak Sam Sib C3 Bangkok A. racemosus A. racemosus 
Rak Sam Sib C4 Chiang Mai A. racemosus A. officinalis  

or A. filicinus 
Rak Sam Sib C5 Khonkaen A. racemosus A. racemosus 
Rak Sam Sib C6 Bangkok A. racemosus A. racemosus 
Rak Sam Sib C7 Mae Hong Son A. racemosus A. officinalis  
Rak Sam Sib C8 Khonkaen A. racemosus A. racemosus 
Rak Sam Sib C9 Kanchanaburi A. racemosus A. racemosus 
Rak Sam Sib C10 Rayong A. racemosus A. racemosus 
aAbbreviation for commercially available crude drug claimed as A. racemosus.  
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3.2.3 PCR amplification and sequence determination of the matK gene 

The complete matK region of the Asparagus samples was amplified with a primer 
pair of a (5´-ATC TGT TGA TTG GAC TTC CTG TTT C-3´) and c (5´-GTG GAT TCA AAC 
ACT ACA TTA CGG G-3´) (Figure 3.2). The PCR amplification was performed in 50 μL of 
reaction mixture, consisting of 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 0.1% Triton X-100, 
2.5 mM MgCl2, 0.2 mM of each dNTP, 0.25 mM of each primer, 1.5 U Taq Polymerase 
(Promega, USA), and 10–100 ng of total DNA as a template. PCR amplifications were 
carried out in a C1000TM Thermal Cycler (Bio-Rad, USA) using cycling conditions of a 
hot start at 94°C for 3 min, followed by 30 cycles of 94°C for 30 s, 55°C for 1 min and 
72°C for 2 min, and final extension at 72°C for 10 min. PCR products were purified by 
using a High Pure PCR purification kit (Roche, USA). The obtained matK sequences 
were assembled for their consensus sequences. Sequence alignments were 
constructed using CLUSTALW program. The matK gene sequences were submitted to 
DDBJ/EMBL/GenBank nucleotide sequence databases with their accession numbers 
(Table 3.1). 
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3.2.4. Phylogenetic analysis  

Based on the complete matK sequence alignment, molecular phylogenetic trees 
were constructed using PAUP* version 4.0 beta10 program (Sinauer Assoc. Inc., USA). 
Maximum parsimony (MP) analysis was performed using a branch-and-bound searching 
method. In addition to the sequences of eight Asparagus taxa determined in the present 
study, Cordyline stricta (HM640647) also belonging to the family Asparagaceae was 
used as an outgroup. Bootstrap (1000 replications) statistic-supporting analysis was 
performed to estimate the confidence of the result topologies of the MP trees found. The 
intergenic region between petD and rpoA (petD–rpoA) intron sequences of five 
Asparagus species (A. setaceus AB177753, A. racemosus AB177750, A. officinalis 
AB177746, A. filicinus AB177740 and A. densiflorus AB177737) and Convallia keiskei 
(AB177757) were also retrieved from GenBank nucleotide database to construct a 
petD–rpoA phylogenetic tree and compare with the matK phylogeny.  

 

 3.2.5. PCR-RFLP analysis  

The partial matK region of eight Asparagus taxa was amplified with a pair of a (5´-
ATC TGT TGA TTG GAC TTC CTG TTT C-3´) and b (5´-CAT ATG GAT GGG ATG GGG 
TAT TAG-3´) primers (Fig. 2). The PCR amplification was performed in 50 μL of reaction 
mixture, consisting of 10 mM Tris-HCl (pH 9.0), 50 mM KCl, 0.1% Triton X-100, 2.5 mM 
MgCl2, 0.2 mM of each dNTP, 0.25 mM of each primer, 1.5 U Taq Polymerase 
(Promega) and 10–100 ng total DNA as a template. PCR amplifications were carried out 
in a C1000TM Thermal Cycler (Bio-Rad) by the cycling conditions of a hot start at 94°C 
for 3 min, followed by 30 cycles of 94°C for 30 s, 55°C for 1 min and 72°C for 2 min, and 
final extension at 72°C for 10 min. Aliquots of 10 μL of PCR purified products were 
digested with BssKI (BioLabs Inc., USA) at 60°C for 2 h in a total volume of 20 μL. 
According to this method, ten commercial crude drug samples with the name ‘Rak Sam 
Sib’ purchased from traditional drug stores (Table 3.2) were also examined. 
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Figure 3.1 Structures of furostanol and spirostanol glycoside isolated from A. racemosus 
roots, divided in four major structural types (I = 5β-spirost-25(27)-en-3β-ol, II = 5β-
spirostan-3β-ol, III = 25S-5β-spirostan-3β-ol, IV = 25S-5β-furostan-3β,22α,26 triol) 
(Hayes et al., 2008). 

Compound Aglycone types R1 R2 R3 

Shatavarin I IV -D-Glc -L-Rha H 
Immunoside III -L-Rha -L-Rha H 
Asparinin A III -D-Glc       - H 
Shatavarin IV III -D-Glc -L-Rha H 
Shatavarin V III -L-Rha -D-Glc H 
Shatavarin VI I -D-Glc -L-Rha H 
Shatavarin VII II -D-Glc -L-Rha - 
Shatavarin VIII III -D-Glc -L-Ara -D-Glc 
Shatavarin IX III -D-Glc -D-Glc H 
Shatavarin X III -L-Rha -D-Glc (6-OAc) H 
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Figure 3.2 Structure and comparison of matK gene sequences among eight Asparagus 
sp. Base substitutions are presented at the nucleotide positions 40, 137, 239, 250, 300, 
519, 690, 1188, 1262, and 1441 respectively. An asterisk indicates a nucleotide similar 
to A. racemosus. Nucleotide substitution at position 137 was applied to PCR-RFLP 
analysis. The restriction enzyme site of BssKI (5´ CCNGG 3´) used for identifying A. 
racemosus from another seven Asparagus spp. is indicated by a down-direction arrow. 
The partial matK PCR product of A. racemosus was digested with BssKI and resulted in 
two fragments of 397 and 253 bp. Sharp arrows indicate orientation and approximate 
position of the primers (a, b and c = primer).  
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3.3 Results and discussion 

Asparagus racemosus, a medicinally phytoestrogenic species, was separated 
from other Asparagus spp. by a molecular technique. DNA amplification and 
sequencing was used to obtain the complete matK gene sequences of eight Asparagus 
taxa. The matK gene is an ORF embedded in the intron of the trnK gene coding the 
transfer RNA for lysine (tRNALysUUU) (Sugita et al., 1985) and has been successfully 
used for identification in many medicinal plants such as the genera Panax (Zuo et al., 
2011), Sabia (Sui et al., 2011) and Dendrobium (Asahina et al., 2010). This is the first 
report on full sequences of the matK gene of Asparagus spp. in Thailand. The entire 
matK sequences of eight taxa were found to be 1,557 bp in length. The alignment of the 
full-length matK gene among the eight species and base substitution is shown in Figure 
B (Appendix B). Only ten nucleotide-substitutions were observed among the eight taxa 
(Figure 3.2). Our findings agree well with the suggestion of Fukuda et al. (2005) that the 
degree of genetic differentiation among species of the genus Asparagus is small, even 
though these species are morphologically diverse. For instance, although A. aethiopicus 
and A. densiflorus cv. Myers are morphologically distinct, their sequences were 
identical, and only one nucleotide different from A. umbellatus at position 250 of the 
matK gene. Moreover, the matK sequences of A. filicinus, A. setaceus and A. officinalis 
were slightly different from each other, but still relatively similar. Notably, the matK 
sequence of the phytoestrogenic species, A. racemosus, was 2 and 3 bp different from 
those of A. umbellatus and A. densiflorus, respectively. Compared with the sequence of 
A. racemosus, those of A. filicinus, A. setaceus and A. officinalis had 4 base 
substitutions; and the species-specific nucleotide site for A. racemosus was found at 
position 137. Within Asparagus spp., the matK nucleotide sequences from all plant 
specimens of such taxa were confirmed to be identical to each other, even though they 
were collected from different locations. The identical sequences of the plant samples 
within each species therefore indicated intra-specific stability of the Asparagus matK 
gene. Differences in nucleotide sequences have been successfully used in several 
previous studies for identification of medicinal plants (Vongsak et al., 2008). Since no 
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nucleotide polymorphism was found among the matK sequences of different samples 
from the same species, any base difference between the eight Asparagus matK 
sequences observed in this study could be utilized to improve the morphological 
authentication practice.  

According to Clifford and Conran (1987), the genus is largely classified into three 
subgenera (Asparagus, Protasparagus and Myrsiphyllum) based on species 
morphology. The members of the subgenus Asparagus are dioecious with unisexual 
flowers, while Protasparagus and Myrsiphyllum include only hermaphroditic plants, 
being discriminated by differences in floral morphology and number of ovules. Later 
molecular systematic studies of Asparagus using RFLP analysis of cpDNA (Lee et al., 
1997) and nuclear DNA internal transcribed spacer (ITS) regions (Stajner et al., 2002) 
confirmed the separation of the subgenus Asparagus from Protasparagus and 
Myrsiphyllum. Furthermore, the phylogeny of Asparagus conducted by Fukuda et al. 
(2008), which analyzed sequence polymorphisms of the non-coding cpDNA regions for 
26 taxa, also revealed the monophyletic clade of the subgenus Asparagus, although 
with low bootstrap support. The results also showed that one of the two Myrsiphyllum 
species analyzed was a sister species to all other Asparagus taxa. Most recently, 
Kubota et al. (2012) explained interspecific crossability between the garden asparagus 
(A. officinalis) and other Asparagus spp. by molecular phylogeny of five non-coding 
cpDNA regions. They suggested that dioecious species were derived from a single 
evolutionary transition from hermaphroditism in Asparagus. Unfortunately, the taxonomic 
relationships among the subgenera of Asparagus and their evolutionary histories remain 
unresolved.  

To clarify the phylogenetic relationship among the eight Asparagus taxa in the 
present study, a MP analysis was performed and produced six equally most 
parsimonious trees (MPTs) of 80 steps, with a consistency index (CI) of 0.9875 and a 
retention index (RI) of 0.8750. From our molecular phylogenetic study using the matK 
gene, the semistrict consensus tree of the six MPTs (Figure 3.3A) revealed that all 
Asparagus spp. were monophyletically grouped together, and two sister pairs with more 
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than 50% bootstrap supports were found: a pair of A. filicinus and A. filicinus AB029805 
and a pair of A. racemosus and A. densiflorus with 63 and 59% bootstrap values, 
respectively. The petD–rpoA nucleotide data set gave only one MPT (Figure 3.3B) and 
showed a similar tree topology. The molecular phylogeny potentially divided the eight 
Asparagus species into two clades, following the taxonomic suggestion of Fukuda et al. 
(2008): the subgenus Asparagus clade of Eurasian species (A. setaceus, A. officinalis 
and A. filicinus), and the subgenus Protasparagus of Southern African species (A. 
racemosus, A. densiflorus, A. umbellatus and A. densiflorus cv. Myers). A. aethiopicus 
was the only taxon not grouped specifically with any other species. This result agrees 
well with the previously published plastid petB intron and petA–rpoA intergenic spacer 
phylogenetic tree of Fukuda et al. (2008). To investigate the genetic diversity among 
populations as well as the relatedness to their chemical compositions, further study such 
as with AFLP and RAPD markers should be used to survey the whole-genome 
information of different Asparagus germplasm. 

Although the degree of genetic differentiation among the complete matK gene 
sequences of the eight Asparagus spp. was small, the specific nucleotide site of A. 
racemosus found in the present study (Figure 3.2) could be further developed to a 
simple, rapid molecular authentication method. In Thailand, A. racemosus is often 
commercially packed as small pieces of dry roots, which no longer bear the original 
features of the plant. The trade and economics of A. racemosus is therefore greatly 
affected since the morphology of its dry roots is similar to those of other Asparagus spp. 
The PCR-RFLP authentication has previously been shown to be suitable for many 
medicinal plants. Thai medicinal remedies always contain a variety of herbal ingredients, 
and the DNA of these herbs is usually highly degraded into small pieces due to 
oxidative and hydrolytic processes during preservation and extraction (Mizukami et al., 
2000). Taking into account the difficulty of amplifying long DNA fragments due to the 
degeneration of genomic DNA during preparation or storage of crude drugs, we 
designed a new primer set (primer a and b) for amplification of short regions. 
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For PCR-RFLP authentication of A. racemosus, the BssKI restriction enzyme was 
shown to specifically digest such species-specific polymorphic sites found in the matK 
region. The partial matK PCR product (650 bp partially amplified) of A. racemosus was 
digested with BssKI and resulted in two fragments of 397 and 253 bp, whereas no 
digested fragment was found from the other seven Asparagus spp. (Figure 3.4). 
Therefore, the PCR-RFLP authentication method for A. racemosus could be applied to 
any commercial crude drugs claimed to be derived from A. racemosus. Ten 
commercially available crude drug samples of A. racemosus with the name ‚Rak Sam 
Sib‛ purchased from various places in Thailand were examined using this PCR-RFLP 
technique (Figure 3.5A and 3.5B). The PCR products of eight samples including three 
from Khonkaen (C1, C5 and C8), three from Bangkok (C2, C3 and C6), one from 
Kanchanaburi (C9), and one from Rayong (C10) were digested by BssKI (Figure 3.5B) – 
and the PCR-RFLP pattern of the eight samples matched that of A. racemosus, 
suggesting that they were A. racemosus. In contrast, the PCR fragments of the other two 
samples (commercial samples C4 and C7 purchased in Chiang Mai and Mae Hong Son, 
respectively) were not digested by BssKI (Figure 3.5B). The results indicated that C4 
and C7, which are traded by the same name, ‚Rak Sam Sib‛, were not A. racemosus. 
The matK gene of C4 and C7 were amplified and sequenced. The results showed that 
the nucleotide sequence of C4 was 99% matched with that of A. officinalis and A. 
filicinus. It was likely that C4 was derived from them with the local name of ‚Rak Sam 
Sib‛. The sequence of sample C7 was 100% matched with A. officinalis. Since dry roots 
of A. racemosus have a similar appearance to A. officinalis (Bopana et al., 2007) and 
processed as crude drugs, their distinguishing characteristics may disappear and they 
are very easily mixed up. From our results, in the Thai traditional drug markets, there is 
the presence of adulterants of, or substitutes for, A. racemosus. Thus, accurate 
identification of the herbal drugs is a prerequisite for clinical use and pharmacological 
research. The PCR-RFLP methods described in this study could be applied for high 
levels of quality control of A. racemosus raw materials. 
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Figure 3.3 A semistrict consensus tree of six equal maximum parsimony (MP) trees 
resulting from phylogenetic analysis of the genus Asparagus based on matK gene 
sequences. A single MP matK phylogeny (A) is compared with the MP tree of five 
Asparagus petD–rpoA intron sequences retrieved from GenBank (B). Numbers above 
branches indicate bootstrap percentages from the statistic-supporting analysis. Italic 
numbers under branches show percentages of semistrict congruency among the 
parsimonious trees. 
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Figure 3.4 PCR-RFLP analysis on the partial matK gene using a restriction enzyme 
BssKI. Agarose gel of the PCR products of non-digestion (lanes 1–8) and digested with 
BssKI (lanes 9–16) shows the new 253 and 397 bp fragments specifically for A. 
racemosus (indicated by arrows). Lane 1, 9 = A. officinalis; lane 2, 10 = A. setaceus; 
lane 3, 11 = A. racemosus; lane 4, 12 = A. densiflorus; lane 5, 13 = A. densiflorus cv. 
Myers; lane 6, 14 = A. aethiopicus; lane 7, 15 = A. umbellatus; and lane 8, 16 = A. 
filicinus. M = VC 100 bp plus DNA ladder. 
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Figure 3.5 Authentications of ten commercially available crude drugs (C1–C10) claimed 
to be A. racemosus, using PCR-RFLP. (A) Agarose gel profile of PCR products before 
digestion with BssKI. (B) Agarose gel profile of PCR products after digestion with BssKI, 
showing the resulting fragments. M = VC 100 bp plus DNA Ladder. 
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3.4 Conclusion 

In conclusion, we reported the molecular phylogenetic study of eight species of 
Asparagus based on the matK gene and the implication for authentication. The matK 
gene sequences provided valuable information for identification and barcoding of these 
Asparagus spp. Moreover, we successfully developed a PCR-RFLP method for the 
rapid and reliable authentication of the medicinally phytoestrogenic species, A. 
racemosus, both in fresh samples and also in commercially available crude drugs.  

 



 

CHAPTER IV 

EVALUATION OF ANTIOXIDANT AND CYTOTOXIC ACTIVITIES FROM 
ROOT EXTRACTS OF ASPARAGUS SPECIES 

4.1 Introduction 

The roots of a large number of Asparagus species have long been used in folk 
medicine (Khaliq-Uz-Zaman et al., 1998). Asparagus extracts and isolated compounds 
have revealed a wide range of biological activities. For example, the studies of A. 
officinalis have demonstrated anti-inflammatory (Jang et al., 2004), cytotoxic (Shao et 
al., 1997), antimutagenic (Tang, 2001), and antifungal activities (Shimoyamada et al., 
1990). A. cochinchinensis was historically believed to possess numerous therapeutic 
properties, including anticancer and anti-inflammatory activities (Huang, 1993; Lee et 
al., 2009). In addition, Asparagus cultivar Ramada and Grande were found to possess 
antioxidant activity (Rodriguez et al., 2005). The genus Asparagus could be explored for 
antioxidant and cytotoxic activities for potential applications, particularly as natural 
medicine. 

In this chapter, the antioxidant properties of eight Asparagus species were 
evaluated for DPPH radical scavenging, ferric reducing antioxidant power (FRAP) and 
superoxide anion scavenging (NBT) properties. In addition, cytotoxic activities against 
human cell lines KB (human epidermoid carcinoma of oral cavity), MCF-7 (breast 
adenocarcinoma) and NCI-H187 (human small cell lung cancer) of root extracts of 
Asparagus species were determined.  

 

4.2 Materials and methods 

4.2.1 Chemicals 

2, 2-Diphenyl-1-picrylhydrazyl (DPPH), Nitro blue tetrazolium (NBT), Riboflavin, L-
methionine, Ethylenediaminetetraacetic acid (EDTA), 2,4,6-tri (2-pyridyl)-s-triazine 
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(TPTZ), Iron (III) chloride hexahydrate, Folin-Ciocalteu reagent, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), L-Ascorbic acid, Rutin and (+)-Catechin 
were purchased from Sigma Chemical Co., Ltd. All other chemicals used were of 
analytical grade.  

 
4.2.2 Plant materials 

Eight Asparagus species were collected from various regions of Thailand (Table 
4.1). All specimens were identified by Assoc. Prof. Thatree Phadungcharoen of 
Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical 
Science, Chulalongkorn University, Thailand.  
 

Table 4.1 Plant materials used in this study. 

 
 
4.2.3 Extract preparation 

The dried roots of plant materials (50 g of each) were extracted with 200 ml of 
methanol for 72 h. The extraction was repeated three times. The obtained methanolic 

Species Place of collection 
 (Thailand, Province) 

Voucher no. 

A. racemosus Willd.  Phetchabun  SS-KI-020853 
A. aethiopicus L. Phetchabun SS-TP-110953 
A. densiflorus (Kunth.) Jessop Rayong SS-TP-211153 
A. densiflorus cv. Myers Prachin Buri   SS-TP-201153 
A. filicinus Buch.-Ham. Chiang Mai    SS-TB-080853 
A. officinalis L. Bangkok SS-TP-030753 
A. setaceus (Kunth.) Jessop Chiang Mai    SS-TB-080753 
A. umbellatus Royle Bangkok SS-TP-221153 
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extracts were filtered and evaporated using a rotary evaporator to give a dried crude 
extract. The dried extract was stored at -20oC until used. 

 
4.2.4 Antioxidant activity determination 

4.2.4.1 DPPH radical scavenging assay 

DPPH radical scavenging activity of the methanol extracts was assessed 
according to the method reported by Gyamfi (1999) with slight modifications. Briefly, a 
20 µl solution of the crude extract, at different concentrations diluted twofold (25-400 
µg/ml) in DMSO, was mixed with 180 µl of 0.1 mM DPPH in methanol. The mixture was 
shaken and allowed to stand at room temperature in the dark for 30 min. Blank solutions 
were prepared with each test sample solution (20 µl) and 180 µl of methanol while the 
negative control was 180 µl of 0.1 mM DPPH solution plus 20 µl of methanol. Trolox and 
Ascorbic acid, well-known antioxidants, were used as the reference standard. Three 
replicates were made for each test sample. Thereafter, the absorbance of the assay 
mixture was measured at 517 nm against each blank with a UV-spectrophotometer. 
Lower absorbance of the reaction mixture indicated higher radical-scavenging activity. 
The inhibition ratio was calculated according to the following equation: % inhibition = 
[(absorbance of control-absorbance of sample)/ absorbance of control] x 100. 

 
4.2.4.2 Superoxide anion scavenging assay  

Measurement of superoxide radical scavenging activity was carried out according 
to the method of Dasgupta (2004). The assay was based on the capacity of the test 
sample to inhibit the reduction of nitroblue tetrazolium (NBT) in the riboflavin-light-NBT 
system. A 96-well microplate was used. The reaction mixture (120 µl) in each well 
contained 40 µl of 1.5 M sodium phosphate buffer, 2 µl of 120 µM riboflavin, 20 µl of 78 
mM methionine, 20 µl of 600 µM EDTA, 20 µl of 450 µM NBT and 30 µl of sample 
solution. The production of blue formazan was monitored by measuring the increase in 
absorbance at 570 nm after a 10-min illumination with a fluorescent lamp. The entire 
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reaction proceeded in a closed box lined with aluminum foil. A similar reaction mixture 
was kept in the dark and served as the blank. Trolox and ascorbic acid were used as 
reference standard. Three replicates were made for each test sample. The inhibition 
ratio was calculated according to the following equation: % inhibition = [[(absorbance of 
control in dark-absorbance of sample in dark)/ absorbance of control in dark]-
[(absorbance of control in light-absorbance of sample in light)/ absorbance of control in 
light]] x 100. 

 
4.2.4.3 Ferric reducing antioxidant power (FRAP) assay 

This assay was determined according to the method of Benzie and Strain (1996) 
with slight modifications. The working FRAP reagent was produced by mixing 300 mM 
acetate buffer (pH 3.6), 10 mM 2, 4, 6-tripyridyl-s-triazine (TPTZ) solution and 20 mM 
FeCl3.6H2O in a 10:1:1 ratio. The 300 mM acetate buffer was prepared by mixing 3.1 g 
of sodium acetate trihydrate (C2H3NaO2.3H2O) with 16 ml glacial acetic acid and 
brought to 1 litre with distilled water. The TPTZ solution was prepared by making a 
solution of 10 mM TPTZ in 40 mM HCl. A total of 175 µl of working FRAP reagent was 
added to each well in a 96-well. 25 µl of sample was then added to each well. Each 
sample was run in triplicate. After addition of sample to the FRAP reagent, reading at 
595 nm was performed after 4 min using a Microplate Reader. Trolox, a reference 
standard, was used to perform the calibration curves. The reducing power ability was 
expressed in µM Trolox equivalents (TE) in milligrams per gramme sample. 

 
4.2.5 Total phenolic and flavonoid contents  

Total phenolic contents were measured by Folin-Ciocalteu assay (Singleton, 
Orthofer, and Lamuela-Raventos, 1999). Briefly, 2.32 ml of distilled water, 40 µl of 
sample, and 200 µl of Folin-Ciocalteu reagent were added to a 15 ml centrifuge tube. 
The contents were mixed and allowed to stand for 8 min at room temperature. Next, 600 
µl of 7% sodium carbonate solution was added and allowed to stand at room 
temperature for 60 min, and then absorbance was recorded at 760 nm. Total phenolic 
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contents were standardized against catechin and expressed as milligrams per millilitre 
of catechin equivalents. The linearity range for this assay was determined as 7.8125-250 
µg/ml of catechin (R2= 0.9966) 

The total flavonoid content of Asparagus was determined using a modified method 
by Xu and Chang (2007) and used rutin as a standard. Extracts or standard solutions (1 
mL) were mixed with 5% NaNO2 solution (0.3 mL). After standing for 5 min, the mixture 
was combined with 10% AlCl3 solution (0.3 mL). 1 M NaOH (2 mL) was added to the 
mixture 5 min later. The absorbance of the solutions at 510 nm was then measured. The 
results were expressed as mg rutin equivalent (mg rutin/g extract). The linearity range 
for this assay was determined as 15.625-250 µg/ml of rutin (R2= 0.9962) 

 
4.2.6 Cytotoxicity assay 

The cytotoxicity assay against three cancerous human-cell lines including KB (oral 
human epidermal carcinoma), NCI-H187 (human lung cancer) cells and MCF-7 (breast 
cancer) cells, was done in this study by the Bioassay Laboratory, National Center for 
Genetic Engineering and Biotechnology (BIOTEC). The test was performed using 
resazurin microplate assay method (REMA) (Brien et al., 2000), with ellipticine, 
doxorubicin and tamoxifen as positive controls. The samples were diluted to 50 µg/ml 
for maximum final test concentration. The protocols are according to bioassay laboratory 
guideline (Bioassay laboratory protocol 01, 2009). Percent inhibition of cell growth is 
calculated by the following equation: % Inhibition = [1-(FUT/FUC)] × 100, FUT and FUC 
are the mean fluorescent units from treated and untreated conditions, respectively. Dose 
response curves are plotted from 6 concentrations of 2-fold serially diluted test 
compounds and the sample concentrations that inhibit cell growth by 50% (IC50) can be 
derived using the SOFTMax Prosoftware (Molecular Devices, USA).  
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4.2.7 Statistical analysis 

All results were expressed as mean ± SD (n = 3). Differences between groups 
were tested by one-way ANOVA. The significance of difference was calculated by 
Duncan’s test and p values <0.05 were considered to be significant. 

4.3 Results and discussion 

4.3.1 Antioxidant activity, total phenolic and total flavonoid contents 

The generation of radical oxidative species involves either radical processes or 
different potential redox systems. The solubilities of antioxidant compounds determine 
their effective antioxidant activities in either aqueous or lipid systems (Sanchez-
Gonzalez et al., 2005). Antioxidant activities, including DPPH radical scavenging, 
superoxide radical scavenging and reducing power ability, of the root extracts of 
Asparagus species were evaluated. DPPH method is one of the most popular methods 
in natural antioxidant studies (Moon and Shibamoto, 2009). It is well accepted that the 
DPPH radical scavenging activity by antioxidants is attributable to their hydrogen-
donating ability (Chen and Ho, 1995). DPPH radical scavenging activity of methanol 
extracts from roots of Asparagus species and Trolox and ascorbic acid, as the 
reference standard, were in a dose-dependent manner (Table 4.2). DPPH radical 
scavenging activity of different Asparagus species reflected antioxidant potency 
through IC50 values. A lower value of IC50 indicates a higher antioxidant activity. Among 
them, the extract of A. setaceus exhibited the highest DPPH radical scavenging activity 
followed by A. densiflorus, A. aethiopicus, A. officinalis, A. umbellatus, A. filicinus and 
A. racemosus. The IC50 values of Trolox and ascorbic acid were 5.96 and 17.82 µg/ml, 
respectively. Substances which are able to perform this reduction can be considered as 
antioxidant and radical scavengers (Hinneburg et al., 2006). The hydrogen atoms or 
electrons donation ability of the corresponding extract will be measured from the 
bleaching of violet colored methanol solution of DPPH. This interaction depends on the 
structural conformation of the bioactive compounds present in the plant extracts, among 
which the hydroxyl groups of flavonoids are highly favorable (El-Sayed, 2009). Although 
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A. racemosus extracts exhibit far less antioxidant activity than Trolox and ascorbic acid 
when tested in vitro with the DPPH method, numerous studies have reported their 
substantial antioxidant effect when tested in vivo (Bhatnagar et al., 2005; Sairam et al., 
2003; Kamat et al., 2000).  

Wu et al. (2008) reported that the superoxide radical is biologically important 
because it can be decomposed to form a stronger oxidative species such as singlet 
oxygen and hydroxyl radicals. Superoxide radicals are known to be very harmful to 
cellular components as a precursor of many ROS. For example, in presence of metal 
ions, the superoxide radical would further produce a highly reactive hydroxyl radical 
(MacDonald-Wicks et al., 2006). Superoxide anion can reduce nitrobluetetrazolium 
(NBT) to form blue formazan. Low intensity of the blue color is observed if a scavenger 
of is superoxide anion present. The superoxide scavenging activities of methanol 
extracts from root of Asparagus species were compared (Table 4.2). All plant extracts 
inhibited the formation of reduced NBT in a dose-related manner. The IC50 value of the 
root extracts increased in the following order: A. officinalis, A. densiflorus cv. Myers, A. 
setaceus, A. umbellatus, A. aethiopicus, A. densiflorus, A. filicinus and A. racemosus. 
The IC50 value of Trolox and ascorbic acid were 7.05 and 49.89 µg/ml, respectively. A. 
officinalis showed the potent superoxide anion scavenging activity. 
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Table 4.2 DPPH and superoxide radical scavenging activities of methanol extracts from 
roots of Asparagus species. 

Different letters (a-e) within the same column indicate significant difference at the level 
of p<0.05 by Duncan test. 
 

Many studies have demonstrated that the reducing power in plant extracts was 
highly related with their antioxidant activities (Chang et al., 2002). The reducing 
properties have been shown to exert antioxidant action by breaking the free radical 
chain through the donation of hydrogen atom (Gordon, 1990). We analyze reducing 
power by FRAP assay, which is simple, fast and reproducible (Wong et al., 2006). The 
FRAP is versatile and can be readily applied to both aqueous and alcohol extracts of 
different plants (Oonsivilai et al., 2008). The antioxidant potential of Asparagus extracts 
was estimated from their power to reduce the TPTZ-Fe3 complex to TPTZ-Fe2 complex. 
In this study, the reducing power of the extract from roots of Asparagus species was 
calculated as Trolox equivalent (TE) (Table 4.3). The reducing power ranged from 2.85 

Asparagus species IC50 (µg/ml) 
DPPH radical scavenging 
activities 

Superoxide radical 
scavenging activities 

A. officinalis 279.84 ± 2.32c   58.45 ± 4.65b 
A. densiflorus cv. Myers   97.82 ± 1.78b   62.96 ± 3.78b 
A. racemosus    >500e 487.68 ± 4.91e 
A. setaceus   70.04 ± 3.42b   86.16 ± 4.43c 
A. aethiopicus 276.78 ± 2.46c 351.81 ± 4.58d 
A. umbellatus 293.05 ± 3.14c   98.13 ± 3.21c 
A. filicinus 311.08 ± 4.76d 468.82 ± 3.65e 
A. densiflorus  244.68 ± 4.87c 362.87 ± 4.34d 
Trolox     5.96 ± 1.24a     7.05 ± 1.45a 
Ascorbic acid   17.82 ± 1.32a   49.89 ± 1.96b 
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to 35.42 mM TE/g dry weight. A. densiflorus cv. Myers extract showed the highest 
reducing power ability (35.42 mM TE/g dry weight), followed by A. setaceus, A. 
officinalis, A. umbellatus, A. densiflorus, A. aethiopicus, A. filicinus and A. racemosus. 
A. setaceus extract showed antioxidant activity when subjected to DPPH and FRAP 
assay. It could be explained that A. setaceus extract had the ability to reduce both 
radicals and ferric ions. Also, all extracts showed antioxidant activity differently which 
depend on the components in each extract. Previous researchers reported that phenolic 
acids and flavonoids are the source of antioxidant activity in plants (Cook and samman, 
1996). 

Velioglu et al. (1998) has suggested that the total phenolic contents of plant 
materials are related with their antioxidant activities. Total phenolic contents showed 
variation in Asparagus extracts, and the range was from 85.49 to 152.09 mg catechin /g 
DW (Table 4.3). A. setaceus had the highest total phenolic contents, followed by A. 
densiflorus cv. Myers, A. umbellatus, A. aethiopicus, A. officinalis, A. densiflorus and A. 
filicinus, whereas A. racemosus had the lowest content. It is noteworthy that, apart from 
the phenolic compounds, there may be other secondary metabolites in plants that could 
be responsible for antioxidant activity. As a result, a total phenolic content of A. 
setaceus was related to the DPPH radical and superoxide anion scavenging activities. 
Guillen et al. (2008) suggested that A. officinalis can be considered an excellent source 
of natural antioxidants because high among of phenolic compounds. The antioxidant 
properties of A. officinalis may implicate for different human diseases. Previously, no 
reports have dealt with total phenolic contents and antioxidant activities of A. setaceus. 
Our studies suggest that A. setaceus contains higher levels of total phenolic contents, 
as compared to A. officinalis. The higher contents of total phenolic in A. setaceus 
probably explain why it has greater radical scavenging capacity. Sun and Ho (2005) 
reported that antioxidant activity in many plant materials primarily originate from their 
phenolic content, indicating a significant positive relationship between total phenolic 
contents and antioxidant capacity. The phenolic groups in polyphenols can accept an 
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electron to form relatively stable phenoxyl radicals, thereby disrupting chain oxidation 
reactions in cellular components (Scalbert et al., 2005) 

In general, plant flavonoids are highly effective free radical scavengers and 
antioxidants. In this study, the total flavonoid content of the Asparagus species extracts 
was calculated as rutin equivalents (RE) in milligrams per gram sample. Apparently, the 
total flavonoid contents of A. densiflorus cv. Myers (163.26 mg/g) was highest than other 
species (Table 4.3). Makris et al. (2001) suggested that flavonoid content related with 
antioxidant activity of A. officinalis. Our finding suggested that the antioxidant activity of 
A. densiflorus cv. Myers may relate with total flavonoid contents. A. densiflorus cv. 
Myers should be evaluated further for the possible isolation of active antioxidant 
compounds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



68 

 

68 

Table 4.3 Reducing power ability, total phenolic and total flavonoid contents of methanol 
extracts from roots of Asparagus species. 

The different letters (a-f) within the same column are significant difference at the level of 
p<0.05 according to the Duncan test.  
g Trolox equivalent in millimolar per gram dry weight. 
h Catechin equivalent in milligram per gram dry weight. 
i Rutin equivalent in milligram per gram dry weight. 
 

Asparagus species Reducing power 
ability 

Total phenolic  
contents 

Total flavonoid 
contents   

TE (mM)/g DWg CE (mg)/g DWh RE (mg)/g DWi 

A. officinalis 21.44 ± 0.36b   19.99 ± 0.42d   37.02 ± 2.48d 
A. densiflorus cv. Myers 35.42 ± 0.51a 130.81 ± 0.58b 163.27 ± 5.81a 
A. racemosus   2.85 ± 0.54d     5.49 ± 0.42e   13.03 ± 0.22f 
A. setaceus 34.53 ± 0.53a 152.09 ± 0.49a   49.62 ± 1.18c 
A. aethiopicus 13.51 ± 0.59c   22.54 ± 0.42d   20.14 ± 0.44e 
A. umbellatus 19.23 ± 0.41b   61.39 ± 0.43c   59.57 ± 1.01b 
A. filicinus 11.42 ± 0.45c     8.91 ± 0.42e   16.96 ± 5.59e 
A. densiflorus  14.18 ± 0.46c   10.19 ± 0.43e     9.36 ± 1.08f 
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4.3.2 Cytotoxicity activity  

The cytotoxicity effects of compounds and plant extracts in in vitro models are 
widely used (Songsiang et al., 2011; Ngamrojanavanich, et al. 2007). Cell culture 
systems can be more sensitive and more reproducible than tests involving intact 
animals (Cetin and Bullerman, 2005). In the cytotoxicity studies, methanol extracts of 
Asparagus species were tested against human epidermoid carcinoma of oral cavity 
(KB), breast adenocarcinoma (MCF-7), human small cell lung cancer (NCI-H187) cell 
lines and normal cells (Vero cells). Interestingly, the extract of A. setaceus showed 
cytotoxicity against KB cell and NCI-H187 cell with an IC50 values of 19.59 and 32.60 
µg/ml, respectively, while it showed moderate cytotoxicity against Vero cells (IC50 = 
46.55 µg/ml) (Table 4.4). The results indicate that the extract of A. setaceus may have 
anti-cancer properties. Bioactive constituents from A. setaceus should be further 
evaluated.  
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Table 4.4 Cytotoxicity of methanol extracts from roots of Asparagus species. 

a Results are mean of three replications. 
b Considered inactive. 
c Cytotoxic reference compound. 
- = Test not determined 
 

Asparagus species Cell linea, IC50 (µg/ml) 
Vero cell KB  NCI-H187  MCF-7  

A. officinalis >50b >50b >50b >50b 
A. densiflorus cv. Myers >50b >50b >50b >50b 
A. racemosus >50b >50b >50b >50b 
A. setaceus 46.55 32.60 19.59 >50b 
A. aethiopicus >50b >50b >50b >50b 
A. umbellatus >50b >50b >50b >50b 
A. filicinus >50b >50b >50b >50b 
A. densiflorus >50b >50b >50b >50b 
Ellipticinec 1.18 0.769 0.333 - 
Doxorubicinc  - 0.779 0.115 8.34 
Tamoxifenc  - - - 8.99 
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4.4 Conclusions 

This is the first report of the antioxidant and cytotoxic activities from root extracts 
of Asparagus species. Methanol extracts of A. densiflorus cv. Myers and A. setaceus 
showed moderate antioxidant activity Interestingly, A. setaceus exhibited significant 
cytotoxic activity against KB cells and NCI-H187 cells, with weak activity against normal 
cells (Vero cells). However, A. setaceus should be evaluated further for the possible 
isolation of active anti-cancer compounds. 
 

 



 

CHAPTER V 

CONCLUSION 

In the present study, nucleotide sequences of the matK gene of eight Asparagus 
spp., A. racemosus, A. setaceus, A. aethiopicus, A. officinalis, A. filicinus, A. 
densiflorus, A. umbellatus and A. densiflorus were analyzed. The entire matK 
sequences of the eight taxa were found to be 1,557 bp in length. Only ten nucleotide-
substitutions were observed among the eight taxa. The matK gene sequences provided 
valuable information for identification of these Asparagus species.  

The molecular phylogeny potentially divided the eight Asparagus species into two 
clades, the subgenus Asparagus clade of Eurasian species (A. setaceus, A. officinalis 
and A. filicinus), and the subgenus Protasparagus of Southern African species (A. 
racemosus, A. densiflorus, A. umbellatus and A. densiflorus cv. Myers). A. aethiopicus 
was the only taxon not grouped specifically with any other species. To investigate the 
genetic diversity among populations as well as the relatedness to their chemical 
compositions, further study such as with AFLP and RAPD markers should be used to 
survey the whole-genome information of different Asparagus germplasm. 

Asparagus racemosus, a medicinally phytoestrogenic species, was separated 
from other Asparagus spp. by a molecular technique. We successfully demonstrated 
PCR-RFLP authentication of A. racemosus. The BssKI restriction enzyme was shown to 
specifically digest such species-specific polymorphic sites found in the matK region. 
The PCR-RFLP method was applied to commercial crude drugs claimed to be derived 
from A. racemosus. From our results, there is the presence of adulterants of, or 
substitutes for, A. racemosus in the Thai traditional drug markets. The PCR-RFLP 
methods described in this study could be applied for high levels of quality control of A. 
racemosus raw materials. Subsequently research could focus on a quantitative analysis 
of major steroidal saponin productions, shatavarins. Tissue culture technique could be 
utilized for increasing the secondary products. 



73 

 

73 

The antioxidant and cytotoxic activities of the root extracts of Asparagus species 
were evaluated. Interestingly, A. setaceus exhibited significant cytotoxicity against KB 
cells and NCI-H187 cells, but showed weak cytotoxic activity against normal cells (Vero 
cells). Bioassay-guided isolation of roots of A. setaceus for active principles should be 
further investigated. 

Due to the fact that therapeutic methods used in cancer treatment are often 
ineffective, it is necessary to look for new solutions. Plants have been a prime source of 
new drugs for the treatment of cancer and will likely be the basis of novel anticancer 
agents. The genus Asparagus exhibited highly valuable plant species having 
therapeutic and nutraceutical importance. Saponins and their antitumor activity are 
especially interesting. Plants in the genus Asparagus could be one of the interests as a 
new source of natural medicine. 
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APPENDIX A 

Asparagus species used in this study 
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Figure A1 A. aethiopicus L. (Synonym A. sprengeri Regel) a) fresh roots b) dry roots 
and c) crude drug 
 

 

 

 

 

 

 

Figure A2 A. densiflorus (Kunth.) Jessop a) fresh roots b) dry roots and c) crude drug 
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Figure A3 A. densiflorus cv. Myers a) fresh roots b) dry roots and c) crude drug 

 

 

 

 

 

 

 

 

Figure A4 A. filicinus Buch.-Ham. a) fresh roots b) dry roots and c) crude drug 
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Figure A5 A. officinalis L. a) fresh roots b) dry roots and c) crude drug 
 
 

 

 
 
 
 
 
 
 
 
Figure A6 A. racemosus Willd. a) fresh roots b) dry roots and c) crude drug 
 
 
 

 

 

5 cm 

 

 



92 

 

92 

 
 
 
 
 

 

 

 

 

Figure A7 A. setaceus (Kunth.) Jessop a) fresh roots b) dry roots and c) crude drug 

 

 

 

 

 

 

 

Figure A8 A. umbellatus. Royle a) fresh roots b) dry roots and c) crude drug 
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APPENDIX B 

Figure B Comparison of the full matK gene sequences among eight Asparagus species 

and commercial crude drugs (C4 and C7). Sequence alignment of complete matK 

regions with the most variable sites generated by a pair of primers, a and c. Base 

substitutions are presented at the nucleotide positions 40, 137, 239, 250, 300, 519, 690, 

1188, 1262, and 1441. Dot (.) indicates a nucleotide similar to A. racemosus. 
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