
Hong Kong Baptist University

DOCTORAL THESIS

Comparative study on the morphology, chemistry, metabolism and anti-
myocardial ischemia activity of three medicinal species of dioscorea
Tang, Yina

Date of Award:
2015

Link to publication

General rights
Copyright and intellectual property rights for the publications made accessible in HKBU Scholars are retained by the authors and/or other
copyright owners. In addition to the restrictions prescribed by the Copyright Ordinance of Hong Kong, all users and readers must also
observe the following terms of use:

            • Users may download and print one copy of any publication from HKBU Scholars for the purpose of private study or research
            • Users cannot further distribute the material or use it for any profit-making activity or commercial gain
            • To share publications in HKBU Scholars with others, users are welcome to freely distribute the permanent URL assigned to the
publication

Download date: 24 May, 2023

https://scholars.hkbu.edu.hk/en/studentTheses/f1b266ac-b9b9-42c2-9ab9-40a0638d87a5


 
 

 

 

 

Comparative Study on the Morphology, Chemistry, 

Metabolism and Anti-Myocardial Ischemia 

Activity of Three Medicinal Species of Dioscorea 

 

 

TANG Yina 

 

 

A thesis submitted in partial fulfillment of the requirements 

for the degree of 

Doctor of Philosophy 

 

 

 

Principal Supervisor: Dr. CHEN Hubiao 

Hong Kong Baptist University 

April 2015 



i 
 

 

DECLARATION  

I hereby declare that this thesis represents my own work which has been done 

after registration for the degree of PhD at Hong Kong Baptist University, and has 

not been previously included in a thesis or dissertation submitted to this or any 

other institution for a degree, diploma or other qualifications. 

                                                               Signature:                                    

                                                                           Date: April 2015 

 

 



ii 
 

ABSTRACT 

As folk medicines used in China for decades, Dioscorea nipponica Makino (DN, 穿龍

薯蕷), D. panthaica Prain et Burkill (DP, 黃山藥), and D. zingiberensis C. H. Wright (DZ, 

盾葉薯蕷) are regarded as having more or less similar traditional therapeutic actions, such as 

regulating qi, relieving pain, and dispersing swelling. It is noteworthy that, of the 49 species 

of the genus Dioscorea ( 薯蕷屬 ) distributed in China, only these three have been 

successfully developed as effective single-herb medicines for treating cardiovascular 

diseases by the modern pharmaceutical industry. Usually considered as the bioactive and 

major constituents, various steroidal saponins have been discovered from these herbs. 

In order to provide scientific data for the rational use of DN, DP and DZ, this present 

study focused on comparing these three herbs through the following four-pronged approach: 

morphology, chemistry, metabolism and anti-myocardial ischemia activity. 

The morphological study aimed to distinguish the rhizomes of DN, DP and DZ by 

macroscopic and microscopic observation. Comprehensive microscopic techniques, 

including common light microscopy, fluorescence microscopy and polarized light 

microscopy were successfully applied to fulfill this purpose. What’s more, it is the first 

research to observe characteristics of transections of crude drugs under polarized lighting for 

the purpose of authentication. Polarized light has been found to provide a number of unique 

characteristics. The results indicate that starch granules, vascular bundles and other 

significant tissue features can be used to authenticate these three herbs. 

The chemical study aimed to develop a reliable and effective protocol for comparing the 

chemical composition of DN, DP and DZ. The qualitative results by UPLC-QTOF-MS 

indicated that generally, DN and DP have similar chemical composition, but both are distinct 

from DZ. However, the aglycone, diosgenin, was the main component of all acid hydrolyzed 

DN, DP and DZ. As diosgenin has been reported for the anti-myocardial ischemia activity, 

we hypothesized that diosgenin could be one of the bioactive sapogenin related to the anti-

myocardial ischemia (MI) activity of these three herbs. Then, to further validate the 

similarity of DN and DP, the major constituents, including six glycosides and one aglycone, 

contained in DN and DP were further quantified. The chemical composition of all DN and 

DP samples studied exhibited a high level of global similarity based on comparisons of 

chromatographic fingerprint profiles and the contents of determined components using 

fingerprint similarity evaluation, test of significance and principal component analysis. This 
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chemical similarity validates the common application of DN and DP in the pharmaceutical 

industry as anti-MI herbal drugs. 

The metabolism study aimed to a) compare the metabolic profiles of total saponins (TS) 

from DN, DP and DZ (abbreviated as DNTS, DPTS and DZTS, respectively), which are 

considered to be their bioactive components, and b) to compare the changes in sustained 

levels of metabolites from rat biosamples. TS from each of the three species, and four 

individual saponins, namely protodioscin, pseudoprotodioscin, dioscin and diosgenin, were 

given to rats by oral administration. Chemical profiles of the rats’ plasma, urine and feces 

were monitored 1-36 h. A UPLC-QTOF-MS based method was performed to identify the 

absorbed constituents and their metabolic products in rat biosamples (i.e., blood, urine, and 

feces); the ratio of peak area of metabolites to that of internal standard was calculated and 

plotted versus time to characterize the sustained levels of metabolites in biosamples. The 

results indicated that formation of diosgenin by desugarization was the main pathway by 

which steroidal glycosides were metabolized. Generally, the metabolic profiles of DN and 

DP were shown to be quite similar, but different from that of DZ. However, some particular 

similarities were found among these three total saponins. Diosgenin, as one of the main 

metabolites commonly found in plasma and feces (excluding urine), from all groups 

receiving different total saponins, as well as individual saponins; this is likely to be one of 

the bioactive constituents playing an essential role in cardioprotective efficacy. In addition, 

these furostane-type saponins and spirostane-type saponin (including diosgenin) in these 

three total saponins showed two changing patterns, suggesting that the therapeutic effect of 

these Dioscorea saponins is achieved through a complex, multi-step process over time. Thus, 

these similarities described above constitute evidence supporting similarity in efficacy of 

these three herbs from the perspective of metabolism.  

The anti-myocardial ischemia activity study aimed to further investigate the underlying 

mechanisms with respect to anti-oxidative stress activity by which these Dioscorea spp. 

prevent MI, and to compare the therapeutic effect of total saponins from these three species 

on myocardial antioxidant levels and myocardium histology. The rats experienced 

myocardial ischemia induced by isoprenaline (ISO) injection; the test solutions (DNTS, 

DPTS, DZTS) were administered either after the ISO injection, or both before and after. 

Compared with the model group (ISO injection only), TS groups exhibited significantly 

reduced activities of serum CK, LDH and AST (P < 0.01), lowered level of MDA (P < 0.01 

or P < 0.05), and increased activities of SOD, CAT, GPx and total antioxidant capacity (T-

AOC) (P < 0.01 or P < 0.05). Heart tissues from TS groups (administered either after the 
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ISO injection, or both before and after) revealed less severe histological damage than the 

model group. The findings of the present study provide evidence that DNTS, DPTS and 

DZTS can  protect the myocardium against ischemic insult. Furthermore, the protective 

effect can be attributed to the increase of myocardial antioxidant levels and decrease of lipid 

peroxidation formation. Although the chemical compositions of DNTS and DPTS were 

similar, and distinct from DZTS, in general, the cardioprotective efficacy of these three 

Dioscorea TS for rat MI were closely comparable based on LDH, CK, AST, SOD, GPx, 

CAT, T-AOC and MDA levels, as well as on myocardial histology, thereby explaining the 

similarity in their clinical efficacy as anti-MI drugs. 

In conclusion, these findings in the present study constitute evidence that DN, DP and 

DZ all can be used as starting material for anti-MI drugs in the pharmaceutical industry.  
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CHAPTER Ⅰ 

GENERAL INTRODUCTION 

 

1.1 General introduction of the genus Dioscorea 

Dioscoreaceae (薯蕷科), of monocotyledonae (單子葉植物綱), consists of 9 

genera (about 650 species) all over the world. Dioscorea (薯蕷屬) is the largest 

genus in the family Dioscoreaceae. This genus includes more than 600 species 

widely distributed in the tropical and temperate regions of Asia, Africa, and 

America. In China, only one genus, namely Dioscorea distributes. Approximate 

49 species (21 endemic, two introduced) grow mainly in southwest and southeast 

China, rarely in northwest and the northern China (Editorial Board of Flora of 

China, 1985). 

Dioscorea is a genus of great economic values, including important food 

plants. Several species are wildly cultivated in many cultivars, including D. 

opposite Thunb. (薯蕷), D. esculenta (Lour.) Burkill (甘薯), D. alata L. (參薯), 

and D. japonica Thunb. (日本薯蕷) etc., while other, wild species are valuable 

famine foods. Known as yam, the roots and tubers of these edible species of 

Dioscorea, are consumed as a staple food by the populations of Africa, Asia and 

tropical America (Adedayo et al., 2011). Other species are source of drugs both in 

traditional Chinese medicine and western medicine. Medicinal species of 

Dioscorea have a wide spectrum of biological activities, for instance, anti-

inflammatory, hormone-like, antitumor, immunoregulatory, hypoglycemic, and 

cardiovascular properties. As such, they have received a great deal of attention for 

the past several decades (Sautour et al., 2007), for instances, Dioscorea nipponica 
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(DN, 穿龍薯蕷), D. panthaica (DP, 黃山藥), D. zingiberensis (DZ, 盾葉薯蕷) 

and D. bulbifera (黃獨), D. septemloba Thunb.(綿萆薢) and D. collettii var. 

hypoglauca (Palibin) Pei et C. T. Ting (粉背薯蕷). Notably DN, DP, and DZ are 

major sources of steroid precursors.  

Consequently, this introduction will briefly summarize the significant 

research achievements so far on the chemistry and biological properties of 

Dioscorea species after a botanical presentation of the genus, then will give a 

more detailed review of these three Dioscorea herbs this thesis focuses on, 

namely, DN, DP, and DZ. 

1.1.1 Botanical study 

Dioscorea spp. are twining vines, typically herbaceous, that may reach up to 

5 m in height, given support from trees and shrubs. The vines twine from left to 

right. Rootstock are rhizomatous or tuberous and variable in color, shape, and 

depth in ground. Stems are branched or not, smooth or winged, glabrous or 

sometimes bearing prickles. Leaves are alternate or opposite, petiolate, simple or 

palmately compound, heart-shaped with long pointed tips, basal veins 3-9. The 

margins, petioles, and stems are purplish to red in color. Flowers are small, white 

to greenish-yellow. They are unisexual (dioecious plants) and arise from the leaf 

axils in spike or paniculate. Male flowers have stamens 3, 6, sometimes reduced 

to staminodes or absent. Female spikes are 3.5-10 cm long, few flowered. Female 

flowers possess staminodes 3, 6 or absent. Fruits are three-winged capsules 

(loculicidal dehiscence at maturity) and contain membranous winged seeds 

(Editorial Board of Flora of China, 1985).  
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Fig. 1.1 Original plants of three Dioscorea herbs 

A) D. nipponica, B) D. panthaica, C) D. zingiberensis   

(Photos by Dr. Chen Hubiao and Tang Yina) 

1.1.2 Chemiscal study 

Since diosgenin (1), a steroidal aglycone, was isolated from Dioscorea 

tokoro Makino (山萆薢) for the first time in 1936 (Tsukamoto and Ueno, 1936), 

the modern history of research and development on the Dioscorea spp. by 

humans has been more than 70 years.  

In 1947, it was the first time that hydration of diosgenin at C11 by microbial 

transformation was done (Marker et al., 1947); this success created a new era of 

plant material as starting material for synthesis of steroid drugs. The emerging 

pharmaceutical industry of steroid drugs made diosgenin become a much-sought-

after intermediate for the chemical synthesis of certain corticosteroids and 

structurally related fertility regulants in the western countries; this was also a 
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stimulus for the worldwide research and development of saponins / sapogenins 

from various Dioscorea spp.  

To establish and support the independent pharmaceutical industry of China 

for manufacturing steroid drugs, a large-scale field investigation on the resources, 

distribution and varieties of Dioscorea species all over china was initiated by 

Chinese government since 1965. Till 1970, through massive efforts of many 

botany and Chemistry institutes of Chinese Academy of Sciences, fruitful and 

important results were achieved, for instances, DZ, DN and DP etc. as species of 

high content diosgenin, were screened out for industrial extraction of diosgenin; 

several test plantation bases for medicinal Dioscroea spp. were established; anti-

coronary heart disease (CHD) activities of steroidal saponins from DZ, DN and 

DP were investigated, which lay the basis for developing anti-CHD new drugs for 

clinical use. Overall, this 5-year large-scale investigation contributed significantly 

and influenced profoundly to the scientific research and industrial development of 

Dioscorea spp. in China (Chengdu Institute of Biology, Chinese Academy of 

Sciences, 2006). 

From the reported chemical studies, the medicinal and edible species of 

Dioscorea differ wildely in their chemical profiles. Medicinal species, which 

mostly belong to Sect. Stenophora Uline (根狀莖組), usually contain various 

bioactive steroidal saponins, while edible species, which are mostly classified into 

Sect. Enantophyllum Uline (周生翅組) or Sect. Shannicorea Prain et Burkill (丁

型毛組), contain only a few of saponins, even some do not contain. Thus, the 

chemical studies on these two categories of Dioscorea plants are individually 

summarized.  

1.1.2.1 Medicinal species of Dioscorea 
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So far, steroid saponins were reported in the literature from many species of 

Dioscorea genus: some are not distributed in China, such as D. Polygonoides 

(Jamaican bitter yam) (Osorio et al., 2005), and D. villosa (Mexico wild yam) 

(Sautour et al., 2006); some are used as folk medicines in China, such as D. 

futschauensis and D. spongiosa, both as sources of “Mianbixie (綿萆薢)”, D. 

collettii var. hypoglauca as Fenbixi (粉萆薢). Six medicinal species of Dioscorea 

commonly found in China and some of their typical steroid saponins were 

selected as examples in Table 1.1.  

The structures of the aglycones of the isolated saponins belonged to three 

skeleton types: 1) furostane, a pentacyclic ABCDE-ring system with a sixth open 

F ring; 2) spirostane, a hexacyclic ABCDEF-ring system; and 3) pregnane, a 

tetracyclic ABCD-ring system (Fig. 1.2). As far as we know, for all of the 

molecules isolated from the Dioscorea species reported in the current literature, 

the oligosaccharidic group linked in C-3 of the aglycone is composed by a 

glucopyranosyl moiety, which is substituted at positions 2, 3, and 4 only by 

glucopyranosyl and rhamnopyranosyl moieties. 
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Table 1.1 Saponins from typical medicinal species of Dioscorea in China 

Species 
Compound 

number 
Chemical name  References 

D. futschauensis 2 Diocin Liu et al., 2002 

福州薯蕷 39 Pseudoprotogracillin Liu et al., 2003 

 40 Pseudoprotodioscin Liu et al., 2003 

 26 Protogracillin Liu et al., 2003 

 32 Me protogracillin Liu et al., 2003 

D. collettii var. 
hypoglauca 

25 Protodioscin   Hu et al., 2002 

粉背薯蕷 33 Me protodioscin   Hu et al., 2003 

 37 Protoneodioscin Hu et al., 2002 

 38 Me protoneodioscin Hu et al., 2002b 

D. deltoidea var. 
orbiculata 

27 Protobioside Shen et al., 2002 

圓果三角葉薯蕷 34 Me protobioside Shen et al., 2002 

D. parviflora 28 Parvifloside Yang et al., 2005 

小花盾葉薯蕷 35 Me parvifloside Yang et al., 2005 

 7 Deltonin Yang et al., 2005 

 29 Deltoside Yang et al., 2005 

D. spongiosa 59 Spongipregnoloside A Yin et al., 2003 

綿萆薢 60 Spongipregnoloside B Yin et al., 2003 

 57 Pregnadienolone-3-O-β-D-

gracillimatriose 

Yin et al., 2003 

 58 Pregnadienolone-3-O-β-D-

chacotrioside 

Yin et al., 2003 

D. bulbifera L. 11 Taccaoside Li et al., 1999 

黃獨 4 Progenin Ⅲ Li et al., 1999 

 22 Diosbulbisin A Liu et al., 2009 

 23 Diosbulbisin C Liu et al., 2009 
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Chemical name Compound 

Number 

R1 

Diosgenin  
 

1              －H 

Dioscin 
 

2              －Glc(4←1)－Rha 
(2←1) 

             Rha 
Gracillin 
 

3              －Glc(3←1)－Glc 
(2←1) 

             Rha 
Polyphyllin V 
(= progenin III, 
prosapogenin A of 
dioscin) 

4             －Glc(2←1)－Rha 

Progenin II  
(= prosapogenin B of 
dioscin) 

5             －Glc(4←1)－Rha 

Zingiberensis 
newsaponin 
(= zingiberensis 
saponin) 

6              －Glc(4←1)－Glc(3←1)－Glc 
(2←1) 

                Rha 

Deltonin 
 

7              －Glc(4←1)－Glc 
(2←1) 

                 Rha 
Diosgenin diglucoside 8              －Glc(4←1)－Glc 

Diosgenin triglucoside  9              －Glc(4←1)－Glc(3←1)－Glc 

Zingiberenin A 10              －Glc(2←1)－Glc 
(3←1) 

                 Rha 
Taccaoside 11              －Glc(3←1)－Rha 

(2←1) 
                 Rha 

Dioscin Dc 12            －Glc(4←1)－Rha(4←1)－Rha(3←1)－Rha 

Trillin
 
 13              －Glc 

3β-spirost-5-en-3-O-β-
D-Glc-(1→3)-β-D-
Glc-(1→4)-[α-L-Rha-
(1→2]-β-D-Glc 

14            －Glc(3←1)－Glc(4←1)－Rha (2←1)－Rha 

Fig. 1.2 Saponins from the Dioscorea genus (Spirostane-type)  (To be continued) 
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R2O

O

H H
H

H

O

R3

            HO

O

H H
H

H

O

  

Chemical name 
Compound 

Number 
R2 R3 

Yamogenin 15 －H H 

Zingiberogenin 16 －H OH 

Zingiberoside A1 17 －Glc(2←1)－Rha H 

Zingiberoside A2 18 －Glc(2←1)－Rha OH 

Zingiberoside A3 19 －Glc(4←1)－Glc 
(2←1) 

                 Rha 

H 

Colletinside Ⅳ 20 －Glc(3←1)－Glc 
(2←1) 

                 Rha 

H 

epi-smilagenin 21   
 

 

O

H H
H

O

O

OH

 

O

H H
H

O

OH

O
CH2OH

 

Diosbulbisin A  

22 (Liu et al., 2009) 

Diosbulbisin C   

23 (Liu et al., 2009) 

Fig. 1.2 Saponins from the Dioscorea genus (Spirostane-type)  (To be continued) 

 

  

21 
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R4O

O

O-Glc

H H
H

H

OH

R'4O

O

O-Glc

H H
H

H

OCH3

 

R4
''O

O

O-Glc

H H
H

H

OH

R'''
4O

O

O-Glc

H H
H

H

OCH3

 
Chemical name Compound 

Number 
R4 

Funkioside B 24             －H 

Protodioscin 
 

25            －Glc(4←1)－Rha 
(2←1) 

                Rha 
Protogracillin 
 

26            －Glc(3←1)－Glc 
(2←1) 

                Rha 
Protobioside 
 

27             －Glc(2←1)－Rha 

Parvifloside 
 

28            －Glc(4←1)－Glc(3←1)－Glc 
(2←1) 

                Rha 
Protodeltonin  
(= deltoside) 

29             －Glc(4←1)－Glc 
(2←1) 

                Rha 

Protozingiberenin A 30            －Glc(3←1)－Glc 
(2←1) 

                Rha 

Protozingiberensis 
Saponin 

31 
           －Glc(2←1)－Glc 

(3←1) 
                Rha 

  R4’ 

Me protogracillin 32 The same as Protogracillin 

Me protodioscin 33 The same as Protodioscin 

Me protobioside 34 The same as Protobioside 

Me parvifloside 35 The same as Parvifloside 

Me deltoside 36 The same as Deltoside 

  R4’’ 

Protoneodioscin 37 The same as Protodioscin 

    R4’’’ 

Me Protoneodioscin 38 The same as Protodioscin 

Fig. 1.2 Saponins from the Dioscorea genus (Furostane-type)  (To be continued) 
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R5O

O

O-Glc

H H
H

H

 
Chemical name Compound 

Number 
R5 

Pseudoprotogracillin 39 

－Glc(3←1)－Glc 
(2←1) 

Rha 

Pseudoprotodioscin 
 

40 

－Glc(4←1)－Rha 
(2←1) 

Rha 

Zingiberenoside A 41 

－Glc(4←1)－Glc 
(2←1) 

Rha 

Zingiberenoside B 42 －Glc(4←1)－Glc(3←1)－Glc 
(2←1) 

Rha 

26-O-β-D-Glc-3β,26-

dihydroxy-furost-5,20(22)-

diene 

43 －H 

3β,26-Dihydroxy-25(R)-

furostan-△5, 20(22)-diene-

3-O-α-L- rhamnopyranosyl-

(1→2)-O-β-D-

glucopyranoside 

44 －Glc(2←1)－Rha 

 

26-O-β-D-glucopyranosyl-

3β, 22α,26-trihydroxy-

25(R)-furosta-5-en-3-O-[α-

L-rhamnopyranosyl-(1-4)]-

β-D-glucopyranoside 

45 －Glc(4←1)－Rha 

 

Fig. 1.2 Saponins from the Dioscorea genus (Furostane-type)  (To be continued) 
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R6O

O

O-Glc

H H
H

H

OCH3

R7O

O

O-Glc

H H
H

H

OH

 

Chemical name 
Compound 

Number 
R6 

Dioscoreside E 46 
           －Glc(4←1)－Rha 

(2←1) 
Rha 

3-O-[β-D-glucopyranosyl-(1→

3)-α-L-rhamnopranosyl-(1→

2)-β-D-glucopyranosyl]-26-O-

β-D-glucopyranosyl-20(R)-

methoxyl-25(R)-furosta-

5,22(23)-dien-3β,26-diol 

47 
           －Glc(3←1)－Glc 

(2←1) 
Rha 

  R7 
3-O-[α-L-rhamnopranosyl-(1

→4)-β-D-glucopyranosyl]-26-

O-β-D-glucopyranosyl-25(R)-

furosta-5,22(23)-dien-

3β,20α,26-triol 

48 
          －Glc(4←1)－Rha 

 

Fig. 1.2 Saponins from the Dioscorea genus (Furostane-type)  (To be continued) 
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R8O

O

O-Glc

H H
H

H

O

O

O

R9

R10O

O

O-Glc

H H
H

H
R11

 

Chemical name 
Compound 

Number 
R8 R9 

Dioscoreside A 49 
            －Glc(3←1)－Glc 

(2←1) 
                Rha 

H 

Dioscoreside B 50 
           －Glc(4←1)－Rha 

(2←1) 
                Rha 

OH 

Dioscoreside D 51 
           －Glc(4←1)－Rha 

(2←1) 
                Rha 

H 

  R10 R11 

Dioscoreside C 52 
          －Glc(4←1)－Rha 

(2←1) 
               Rha 

OCH3 

Fig. 1.2 Saponins from the Dioscorea genus (Furostane-type)  (To be continued) 
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R12O

O

O-Glc

H H
H

H

OCH3

 R13O

O

O-Glc

H H
H

H

O

O

O

H

 

R14O

O

O-Glc

H H
H

H

OH

O

O  

R15O

O

O-Glc

H H
H

H

OH

O  

Chemical name Compound 

Number 

R 

  R12 

Zingiberenin E 53           －Glc(2←1)－Glc(3←1)－Glc 
(4←1) 

                Rha 
  R13 － R15 

Zingiberenin F 54          －Glc(4←1)－Glc(3←1)－Glc 
(2←1) 

              Rha   

Zingiberenin G 

Zingiberenin H 

55 

56 

Fig. 1.2 Saponins from the Dioscorea genus (Furostane-type)  (To be continued) 
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R16O

H H

O

 

Chemical name 
Compound 

Number 
R16 

Pregnadienolone-3-O-

β-D-gracillimatriose 

57           －Glc(4←1)－Rha 
(2←1) 

            Rha 

Pregnadienolone-3-O-

β-D-chacotrioside 

58            －Glc(3←1)－Glc 
(2←1) 

                Rha 

Spongipregnoloside A 59 
         －Glc(2←1)－Rha 

Spongipregnoloside B 60 
         －Glc(4←1)－Rha 

Fig. 1.2 Saponins from the Dioscorea genus (Pregnane-type) (Continued) 

 

Besides steroid saponins, a few of other types of compounds, namely 

carboxylic acids, non-steroid glycosides, diterpenoids, alkaloids and flavonoids 

etc. were isolated from some Dioscorea plants, such as piscidic acid (61) and 2,4-

dihydroxybenzoic acid-2-O-β-D-glucopyranoside (64) from D. nipponica and D. 

zingiberensis, respectively, diosbulbin B (65), diosbulbin K (66), 

dihydrodioscorine (67), and 3,7-dimethoxy-5,4'-dihydroxyflavone (68) from D. 

bulbifera (Fig. 1.2). 
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HO COOH

COOH

OH

HO  
 

Piscidic acid  

61 (He et al., 1980) 

Allantoin 

62 (Zhang et al., 2004) 

O

O

O

O

O
O

O

OH

MeO

H

H

H

H

 

O

O

O

O

O
O

O

OH

HO

H

H

H

H

 

4-methoxybenzoic acid-2-O-glucopyranoside 

63 (Yu et al., 2010 ) 

2,4-dihydroxybenzoic acid-2-O-β-D-

glucopyranoside  64 (Xu et al., 2007a) 

O

O

O

O

O

H

H

O

 
O

O

HO

H

H

CH3

O

O

O

H
O

 

Diosbulbin B  

65 (Liu H et al., 2010) 

Diosbulbin K  

66 (Liu H et al., 2010) 

 

Dihydrodioscorine  

67 (Adeleye et al., 1989) 

OH

OH O

OMe

MeO O

 

3,7-dimethoxy-5,4'-dihydroxyflavone 

68 (Li et al., 2000) 

Fig. 1.3 Non-steroid saponin compounds from Dioscorea species 
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1.1.2.1 Edible species of Dioscorea 

Yam is currently the fourth most important tuber-root crop in the world, 

after potato (Solanum tuberosum L. 馬鈴薯), cassava (Manihot esculenta Crantz 

木薯), and sweet potato (Ipomoea batatas L.番薯). In 2008, the estimated world 

production of yams was 51.7 million tons, with Africa leading the production. 

Dioscorea species, is an important key group for many communities in tropical 

countries (Siqueira et al., 2011). Five or six species of yam, namely D. alata L. (参

薯), D. rotundata (L.) Poir with D. cayenensis Lam., D. esculenta (Lour.) Burk. 

(甘薯), D. bulbifera L. (黃獨), and D. trifida L. can be considered the principal 

yams of the Tropics and probably account for 95 percent or more of the yams 

eaten in the Tropics. D. versicolor, D. deltoidea and D. triphylla are available as 

food in subtropical contries, such as Nepal. In the Temperate Zone, two species, 

D. opposita Thunb. (薯蕷) and D. japonica Thunb. (日本薯蕷), are grown in the 

China and Korea etc. (Martin et al., 1978; Bhandari et al., 2004).  

The dried weight of the edible portion of the tuber varies from about 13 to 

36 percent of the whole-tuber weight. The major part of the dry weight can be 

accounted for by starch, which varies, with the dry weight, from about 10 to 28 

percent. In addition to starch, the dry weight includes cellulose/fiber, protein, 

sugars, and fatty materials (potassium, calcium, sodium, magnesium, copper, zinc, 

iron, manganese) (Martin et al., 1978). Only a few of species containing steroidal 

saponins, such as dioscin (2) and progenin Ⅲ (4) isolated from D. cayenensis. 

Other constituents belonging to micro-molecules were reported, including 

phenolic compounds, amino acids, allantoin (62), flavonoids, phytic acid etc. 

More recently, bioactive macromolecules have received increased attention, such 
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as polysaccharide, and dioscorin (the major water-soluble protein) in D. opposita. 

Constituents reported in three species of typical edible yams, as an example, are 

listed in Table 1.2. 

Table 1.2 Constituents reported in three species of typical edible yams 

Species Micro-molecules References Bioactive 
macromolecules 

References 

D. opposita phenolic 

compounds 

Yang et al., 2014 polysaccharide  Ju et al., 2014 

 allantoin, choline 

and L-arginine 

Zhang et al., 2004 dioscorin  Han et al., 

2014 

 trace elements Wu et al., 2011   

D. alata minerals Dufie et al., 2013 dioscorin Hsu et al., 

2006 

 flavonoids, 

total phenolics, 

phytic acid 

Dilworth et al., 

2012 

total dietary 

fiber, amylose 

Dufie et al., 

2013 

D. cayenensis dioscin  

progenin Ⅲ 

Sautour et al., 

2004 a,b 

dioscorin Conlan et al., 

1998 

 flavonoids,  

total phenolics, 

phytic acid, 

minerals 

Dilworth et al., 

2012 

  

 

1.1.3 Bioactivity study 

1.1.3.1 Medicinal species of Dioscorea 

Several medicinal species of Dioscorea, such as D. collettii var. hypoglauca, 

D. futschauensis and D. bulbifera, have been reported for the cytotoxic, antifugal 

activity, antidiabetic, analgesic and anti-inflammatory, anti-multidrug resistant 

bacteria activity etc. 

Cytotoxic activity 

D. collettii var. hypoglauca have been used as a Traditional Chinese 

Medicine for the treatment of cervical carcinoma, carcinoma of the urinary 

bladder, and renal tumors for centuries (Chinese Pharmacopeia Committee, 2010). 
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Several steroid saponins, such as methyl protogracillin (32), protodioscin (25), 

protoneodioscin (37), methyl protoneodioscin (38), isolated from this plant were 

tested by the National Cancer Institute’s (NCI) anticancer drug discovery screen 

(Hu and Yao, 2001). This is an in-vitro disease-oriented screening system with a 

panel of 60 human cancer cell lines, most of them being from solid tumors, and a 

few from leukemia.  

Prosapogenin A of dioscin (4), dioscin (2), gracillin (3) yielded from the 

bioguided fractionation of the n-BuOH soluble fraction of the ethanol extract of D. 

futschauensis, showed cytotoxic activity against a mouse ts-FT210 cell line (Liu 

et al., 2002). 

Antifugal activity 

prosapogenin A of dioscin (4), dioscin (2), gracillin (3) yielded from D. 

futschauensis were screened as antifugal agents against Pyricularia oryzae by 

detecting deformation of mycelia germinated from the conidia of Pyricularia 

oryzae, with the minimum morphologic deformation concentrations of 28.4 – 

26.5 μM (Liu et al., 2002). 

Antidiabetic activity 

Fractionated extracts from bulb of D. bulbifera inhibited α-glucosidase, and 

further revealed excellent inhibitory properties against crude murine pancreatic, 

small intestinal, and liver glucosidase enzyme, suggesting D. bulbifera as an 

excellent antidiabetic remedy (Ghosh et al., 2012). Diosgenin (1) isolated from 

ethyl acetate extract of D. bulbifera showed α-amylase and α-glucosidase 

inhibition upto 70.94 - 61.24% and 81.71 - 63.39%, respectively. This is the first 

report that provides a scientific rationale for use of diosgenin as novel drug 

candidate for type II diabetes mellitus (Ghosh et al., 2014). 
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Analgesic and anti-inflammatory activities 

The aqueous and methanol extracts from the dry bulbils of D. bulbifera L. 

var sativa was evaluated orally at the doses of 300 and 600 mg/kg against pain 

induced by acetic acid, formalin, pressure and against inflammation induced by 

carrageenan, histamine, serotonin and formalin in mice and rats, suggesting this 

herb possess potent analgesic and anti-inflammatory activities (Mbiantcha et al., 

2011).   

Anti-multidrug resistant bacteria activity 

The 8-epidiosbulbin E acetate (EEA) (norditerpene), isolated from D. 

bulbifera L. bulbs, was identified as a novel plasmid-curing compound. EEA 

exhibited broad-spectrum plasmid-curing activity against multidrug-resistant 

(MDR) bacteria, including vancomycin-resistant enterococci. EEA-mediated R-

plasmid curing decreased the minimal inhibitory concentration of antibiotics 

against MDR bacteria, thus making antibiotic treatment more effective (Shriram 

et al., 2008).   

1.1.3.2 Edible species of Dioscorea 

Edible species, such as D. alata, D. japonica, and D. opposite have been 

received great attention on their antioxidant activity, based on this property, other 

bioactivities were further investigated, such as, improving gastrointestinal 

functions, attenuating learning dysfunction, pro-proliferative effect on 

endometrial epithelial cells, and angiotensin converting enzyme inhibitory 

activities. 

Improving gastrointestinal functions and antioxidant activity 

Yam-added diet (10% or 20% of D. alata and D. japonica) for 4 or 8 weeks 

improved gastrointestinal functions, intestinal microflora, increased intestinal 



20 
 

enzyme activities, and showed antioxidant protection against lipopolysaccharide 

(LPS)-induced oxidative damage in Balb/cA mice. Both Chinese and Japanese 

yams contained dietary fiber, polyphenols, and flavonoids, which may have 

contributed to the observed gastrointestinal function and antioxidant protection 

(Hsu et al., 2006). Multiple phenolic compounds isolated from the chloroform 

soluble fraction of D. opposite, exhibited radical scavenging activities and 

showed selective inhibitory activities against cyclooxygenase-2 (COX-2) (Yang 

et al., 2009). 

Attenuating learning dysfunction 

Dioscorin interventions reduced plasma malondialdehyde contents and 

increased glutathione (GSH) contents and oxygen radical antioxidant capacity of 

BALB/c mice which were s.c injected with D-Galactose to induce oxidative 

damages, and improved learning dysfunction of mice in the Morris water maze 

(Han et al., 2014). 

Pro-proliferative effect on endometrial epithelial cells 

Chinese yam polysaccharide (CYP) was isolated from the rhizoma of D. 

opposita, mainly composed of mannose, glucose, galactose and glucuronic acid in 

the ratio of 0.5:1.2:0.3:0.3. In vitro, CYP exhibited a potent scavenging activity 

and apparently promoted the proliferation of human endometrial epithelial cells, 

especially beyond the concentration of 100 μg/mL after 36 h exposure. These 

findings provide the first evidence that CYP may prove to be a potential 

candidate of the natural antioxidants as a therapeutic agent for female infertility 

(Ju et al., 2014). 

Angiotensin converting enzyme inhibitory activities 
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Dioscorin, the tuber storage protein purified from a cultivar of Dioscorea 

alata (D. alata cv. Tainong No. 1), as well as its peptic hydrolysates showed 

mixed noncompetitive inhibitions against angiotensin converting enzyme (ACE). 

Dioscorin and its hydrolysates might be a potential for hypertension control when 

people consume yam tuber (Hsu et al., 2002). 

These reports show the potential use of the edible yams as a functional food 

to supplement not only the starch, fiber and minerals but antioxidant compounds 

to consumers. Thus, there is a need to exploit their use in food fortifications and 

formulations. 

 

1.2 General introduction of D. nipponica, D. panthaica, and D. zingiberensis  

DN mainly distributes in northeast and north China, Anhui, Guizhou, Henan, 

Hubei, Shandong, northwest Sichuan in China, also in Japan, Korea and Russia. 

DP mainly distributes in west Guizhou, southwest Hubei, and northwest Hunan 

etc. DZ grows in Gansu, south Henan, Hubei, Hunan, South Shaanxi, Sichuan, 

Hubei etc. The growing environment of these herbs is more or less similar, all 

growing in the mixed forest, scrub forest, or mountain slopes (Fig. 1.1). DN and 

DZ distribute at an altitude of 100 -1800 m and DP at 1000 -3500 m (Editorial 

Board of Flora of China, 1985). 

Used as traditional Chinese Medicine since 1950s, DN, DP and DZ, possess 

more or less similar therapeutic actions. DN is commonly prescribed to dispel 

wind and remove dampness, activate blood and relieve pain for the treatment of 

joint pain and numbness, and traumatic injuries. DP is used to regulate qi and 

relieve pain, remove toxins and disperse swelling for the indications of 

stomachache, vomiting and diarrhea with abdominal pain, and injuries from falls 

(Chinese Pharmacopeia Committee, 2010). DZ has the effect of activating 
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meridians to relieve pain, removing toxins and dispersing swelling, and is used 

for rheumatic lumbus pain, carbuncle and injuries from falls and fights 

(Commision of Chinese Materia Medica, 1999).  

In the modern pharmaceutical industry, it is well known that DZ, DN and 

DP, are important sources of diosgenin (Editorial Board of Flora of China, 1985), 

which is used as the precursor of synthetic steroidal anti-inflammatory and 

hormone-based drugs. In addition, investigations into the cardiovascular activity 

of these three Dioscorea species have led to the successful development of 

effective pharmaceutical preparations that have been used for decades for treating 

cardiovascular diseases. As early as in 1975, the preparation named ‘polysponin’ 

obtained from DN was approved by the Soviet Union’s Ministry of Health to be 

used as an anti-atherosclerosis agent and cholesterol-lowering drug in clinical 

practice (Leskov et al., 1976; Solomonova, 1968). In China, several patented 

medicines indicated for myocardial ischemia or angina pectoris, such as 

Dioscornin Tablet (Sichuan Biology Research Institute. 1977) and Di’ao 

Xinxuekang Capsule (Chinese Pharmacopeia Committee, 2010), Dunye 

Guanxinning Tablet (Research coordination group of Dunye Guanxinnng Tablet, 

1985) were developed during the 1970s and 1980s, and have been on the market 

since then; the bioactive components of these medicines are the total saponins 

extracted from DN, DP, or DZ.  

As the basis of the present research, the chemical and biological activity 

studies on these three herbs are summarized below. 

1.2.1 Chemical studies 

     In phytochemistry, the reported studies focus on various steroidal glycosides 

isolated from all three herbs (Table 1.3). Only a few of non- steroidal glycosides 
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were reported from the rhizomes of these three species, such as piscidic acid (61) 

and 2,4-dihydroxybenzoic acid-2-O-β-D-glucopyranoside (64) (He et al., 1980; 

Xu et al., 2007a). A few emerging studies have engaged in isolateion of 

polysaccharides in DN (Luo et al., 2008).   

Table 1.3 Saponins from DN, DP and DZ (To be continued) 

Species Compound 

Number 

Saponins References 

D. nipponica 25 Protodioscin Lin et al, 2007 

 26 Protogracillin Qing et al., 2010 

 40 Pseudoprotodioscin Lin et al, 2007 

 2 Dioscin Liu et al., 2007 

 3 Gracillin Liu et al., 2007 

 1 Diosgenin Liu et al., 2013 

 13 Trillin Wang et al., 2010 

 12 Dioscin Dc Du et al., 2002 

 43 26-O-β-D-Glc-3β,26-

dihydroxy-furost-5,20(22)-

diene 

Cui et al. 2004 

D. panthaica 25 Protodioscin Dong et al. 2004 

 46 Dioscoreside E Dong et al. 2004 

 49 Dioscoreside A Dong et al. 2001b 

 50 Dioscoreside B Dong et al. 2001 b 

 51 Dioscoreside D Dong et al. 2001a 

 52 Dioscoreside C Dong et al. 2001 a 

 40 Pseudoprotodioscin Dong et al. 2001b 

 5 Progenin II  Dong et al. 2001b 

 4 Progenin III  Dong et al. 2001b 

 3 Gracillin Dong et al. 2001b 

 2 Dioscin Dong et al. 2001b 

 
57 

Pregnadienolone-3-O-β-D-

gracillimatriose 
Dong et al. 2001a 

 
58 

Pregnadienolone-3-O-β-D-

chacotrioside 
Dong et al. 2001a 
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Table 1.3 Saponins from DN, DP and DZ (To be continued) 

Species 
Compound 

Number 
Saponins References 

D. panthaica 47 3-O-[β-D-glucopyranosyl-(1

→3)-α-L-rhamnopranosyl-(1

→2)-β-D-glucopyranosyl]-

26-O-β-D- glucopyranosyl-

20(R)-methoxyl-25(R)-

furosta-5,22(23)-dien-3β,26-

diol 

Zhao et al., 2011b 

 

 48 3-O-[α-L-rhamnopranosyl-(1

→4)-β-D-glucopyranosyl]-

26-O-β-D- glucopyranosyl-

25(R)-furosta-5,22(23)-dien-

3β,20α,26-triol 

Zhao et al., 2011b 

 

D. zingiberensis 1 Diosgenin Tang et al., 1987 

 15 Yamogenin Tang et al., 1987 

 
16 

Zingiberogenin 

(24α-OH- yamogenin) 
Tang et al., 1987 

 21 epi-Smilagenin Liu et al., 1984 

 10 Zingiberenin A Tang et al., 1983 

 30 Protozingiberenin A Tang et al., 1983 

 17 Zingiberoside A1 Tang et al., 1987 

 18 Zingiberoside A2 Tang et al., 1987 

 19 Zingiberoside A3 Tang et al., 1987 

 20 Colletinside Ⅳ Tang et al., 1987 

 41 Zingiberoside A Zheng et al., 2014 

 42 Zingiberoside B Zheng et al., 2014 

 13 Trillin Liu et al., 1984 

 2 Dioscin Sun et al., 2003 

 3 Gracillin Liu et al., 1984 

 8 Diosgenin diglucoside Liu et al., 1984 

 9 Diosgenin triglucoside Liu et al., 1984 
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Table 1.3 Saponins from DN, DP and DZ (Continued) 

Species 
Compound 

Number 
Saponins References 

D. zingiberensis 26 protogracillin Liu et al., 1984 

 31 Protozingiberensis sapogenin  Liu et al., 1985 

 6 Zingiberensis newsapogenin  Kang et al., 2003 

 53 Zingiberenin E Xu et al., 2007b 

 54 Zingiberenin F Xu et al., 2009a 

 55 Zingiberenin G Xu et al., 2007b 

 56 Zingiberenin H Cheng et al., 2008 

 29 Protodeltonin (deltoside) Qian et al., 2006 

Zheng et al., 2014 

 7 Deltonin Qian et al., 2006 

 36 Methyl deltoside Zheng et al., 2014 

 35 Methyl parvifloside Zheng et al., 2014 

 4 Progenin Ⅲ Zheng et al., 2014 

 

44 

3β,26-Dihydroxy-25(R)-

furostan-△5, 20(22)-diene-3-O-

α-L- rhamnopyranosyl-(1→

2)-O-β-D-glucopyranoside 

Zheng et al., 2014 

 

45 

26-O-β-D-glucopyranosyl-

3β, 22α,26-trihydroxy-

25(R)-furosta-5-en-3-O-[α-

L-rhamnopyranosyl-(1-4)]-β-

D-glucopyranoside 

Yang et al., 2010 

1.2.2 Bioactivity studies 

DN, DP and DZ were reported to have similarities in anti-cardiovascular 

disease efficacy, such as, anti-myocardial ischemic, antihyperlipidemic and 

antithrombotic effect. In addition, multiple researches reported the antitumor 

activity of various steroidal saponins isolated from these three herbs. Other 

bioactivity studies of each species are summarized below: 

1.2.2.1 D. nipponica  
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Besides the anti-cardiovascular disease efficacy, DN has been reported for 

its antitumor, immunoregulatory and anti-arthritis effects. 

Cardioprotective effect 

The protective effect of dioscin (2) on cultured myocardial cells of neonatal 

rats in anoxia/reoxgenation injury was investigated; showing that dioscin acted 

through the protection of mitochnodria membrane, prevention of calcium 

overload, increased SOD (superoxide dismutase) activity, inhibition of MDA 

(malondialdehyde) production and decreased level of NO (nitric oxide) in a dose-

dependent manner (Gao et al., 2008; Ni et al., 2007). By determination of the 

levels of ATP (adenosine triphosphate), ADP (adenosine diphosphate), AMP 

(adenosine monophosphate) and total adenine nucleotides in the myocardium, 

dioscin could significantly improve the myocardium energy metabolism in 

ischemia-reperfusion rat (Fan et al., 2008). By decreasing the lysosomal granule-

membrane glycoprotein (CD63), P- selectin (CD62p) and PAF (platelet activating 

factor) in myocardial ischemia reperfusion (MIR) injury in rats, dioscin could 

inhibit the platelet activation, abate the thrombosis, hence protect myocardium 

from MIR (Wei et al., 2009). 

Another steroidal glycoside, methyl protodioscin (33) was also investigated 

for the therapeutic effects on myocardial infarction in rats and dogs. Methyl 

protodioscin reduced the level of myocardial enzymes, namely CK (creatine 

kinase) and LDH (lactate dehydrogenase), and the myocardial infraction size, 

increased the capability of clearing oxygen free radicals (Ning et al., 2008a). By 

determination of the changes of endothelin, 6-Keto-PGF1a and thromboxane B2 

(TXB2), methyl protodioscin was shown to dilate the coronary artery, increase the 
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myocardial blood supply, and improve the vascular endothelial cell function 

(Ning et al., 2007b).  

Methyl protodioscin could also improve the heart hemodynamics and 

regulate myocardium oxygen consumption based on the observation of blood 

pressure, coronary blood flow, myocardial oxygen consumption and heart rate of 

normal anesthetic dogs (Ning et al., 2007a). 

Antihyperlipidemic effect 

Protodioscin (25), a single saponin isolated from the rhizomes of DP, was 

identified for its anti-hyperlipidemic effect in hyperlipidemic rats. The post-

administration of protodioscin significantly reduced the time of blood coagulation. 

The blood levels of triglyceride, cholesterol, low-density and high-density 

lipoproteins were also changed accordingly (Wang et al., 2010).  

Antithrombotic effect  

Trillin (13) and dioscin (2) exerted antithrombotic activity in rat (Zhao et al., 

2011a). It was indicated that the potency of glycosides were stronger than that of 

aglycone (diosgenin), and furostane- type glycosides more potent than spirostane- 

type. Further, 3β- diosgeninyl monosuccinate, as one of the diosgenin derivatives 

was synthesized and showed promising antithrombotic activity in screening 

experiment (Fu et al., 2011). Methyl protodioscin (33) could inhibit the in vitro 

thrombosis, decrease the dry and wet weight of thrombus and delay the in vivo 

occlusion time; further this saponin could lower the whole blood viscosity and 

plasma viscosity (Ning et al., 2008b).  

Antitumor activity 

Diosgenin (1) inhibited the growth of poor differentiated adenocarcinoma 

cells of human stomach (MCG-803), with IC 50 of 13.17 μg/mL (Song et al. 
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2005). In vivo, diosgenin inhibited S-180, HepA, U14 mice transplant tumor, 

with the inhibiting rates of 30% - 50%. In vitro, diosgenin inhibited L929, HeLa, 

MCF cell growth, with the IC50 of 1.2, 18.2, 19.8μg/mL, respectively (Wang et 

al., 2002). 

Immunoregulatory effect 

The serum from rats administered with total saponins of DN (DNTS) could 

inhibit the proliferation of rat spleen lymph cell and excretion of IL-2 

(interleukin-2) induced by Con A (Yu et al., 2006). Similarly, the serum from 

mice administered with the same saponins could also inhibit the proliferation of 

mice spleen lymph cell and excretion of IL-6 (interleukin-6) induced by LPS 

(lipopolysaccharide) (Yu et al., 2007).  

Anti-arthritis activity 

Oral administration of DNTS was shown to be beneficial for the treatment of 

rheumatoid arthritis induced by collagen; DNTS obviously decreased the level of 

inflammatory cytokines (TNF-α, IL-1β and IL-6) in rat serum, and protected 

synovial tissues (Liang et al., 2013). DNTS also inhibited expression of IL-1β and 

the signal pathway it regulated (CXCR4, PI3K, PKC and NF-κB) in rat gouty 

arthritis (Zhou et al., 2013).  

1.2.2.2 D. panthaica 

Biological studies on DP mainly focus on anti-hypercholesterolemic, anti-

platelet aggregation, and cytotoxic activities. 

Anti-hypercholesterolemic effect 

Total saponins of Dioscorea panthaica (DPTS) and diosgenin were given i.g. 

and i.p. to mice and rats fed with cholesterol diet. It was shown that they both 

exerted preventive and therapeutic effect on hypercholesterolemia; diosgenin (1) 
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was more potent than DPTS. The mechanism of diosgenin was probably related 

with its cholesterol absorption inhibitory activity (Ma et al., 2002a).  

Anti-platelet aggregation activity 

In vitro, DPTS (as the patented Chinese medicine Diao Xinxuekang, 60-240 

μg/mL) and diosgenin (30-120 μg/mL) evidently inhibited ADP-induced platelet 

aggregation in rabbits; however diosgenin inhibitory rate was higher (Ma et al., 

2002b). 

Cytotoxic activity 

The cytotoxicity of dioscoreside A (49) and B (50) and progenin II (5), 

progenin III (4), dioscin (2), gracillin (3), and pseudoprotodioscin (40), was 

evaluated against human melanoma A375-S2, murine pneumoepithelial 

carcinoma L929, and human cervicoma Hela cell lines by using the MTT test 

(Dong et al., 2001b). All these compounds showed a good activity, with the IC50 

of 1.8 - 8.6 μg/mL.  

1.2.2.3 D. zingiberensis 

DZ possesses diverse bioactivities, such as the anti-myocardial ischemic, 

anti-thrombotic and antitumor activity, even the molluscicidal effect. 

Anti-myocardial ischemic activity 

A water-soluable non-steroidal saponin compound, namely 4-

methoxybenzoic acid-2-O-glucopyranoside (63), extracted from DZ was isolated 

and defined. By determination of LDH and CK levels and the cell viability (MTT 

assay), this compound showed protective effect against ischemia / reperfusion 

injury in neonatal rat cardiomyocytes (Yu et al., 2010). 

In a clinical trial, extract of DZ (as a patent Chinese medicine “Dunye 

Guanxinning Tablet”) showed positive effects on coronary angina pectoris of qi-
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blood stagnation based on electrocardiogram results and observation on syndrome 

and symptom improvement, the frequency and lasting time of angina pectoris, 

and blood rheology (Lu et al., 2008). 

Anti-thrombotic activity 

Total saponins extracted from DZ (DZTS), including parvifloside (28), 

protodeltonin (29), protodioscin (25), protogracillin (26), zingiberensis saponin 

(6), deltonin (7), dioscin (2) and trillin (13), and particularly, the aglycone, 

diosgenin (1) also from DZ were investigated in vitro and in vivo on inferior vena 

cava ligation thrombosis rat model and pulmonary thrombosis mice model. 

Results showed that DZTS and diosgenin inhibited platelet aggregation, 

thrombosis and prolonged activated partial thromboplastin time, prothrombin 

time and thrombin time in rats in a dose-dependent manner. They also prolonged 

the bleeding time, clotting time and increased protection rate in mice in a dose-

dependent manner. DZTS and diosgenin exerted the anti-thrombosis activity 

through improving the anticoagulation function, inhibiting platelet aggregation 

and thrombosis (Li et al., 2010; Gong et al., 2011). 

Antitumor activity 

Deltonin (7), isolated from DZ, was evaluated the anti-tumor mechanisms of 

deltonin on a panel of colon cancer cell lines and in a mouse model of murine 

colon cancer C26. It is demonstrated that deltonin caused a noticeable apoptosis 

in tumor tissue, which associated with increased levels of Bax, activated caspase-

3, caspase-9, and cleaved poly (ADP ribose) polymerase, decreased pro-caspase-8, 

pro-caspase-9, Bcl-2 expression levels and extracellular signal-regulated kinase-

1/2 activity; and dose-dependently inhibit angiogenesis (Tong et al., 2011). 

Another experiment concerning deltonin, demonstrated that deltonin mediated the 



31 
 

growth inhibition of cancer cells through multiple targets, which include the 

generation of reactive oxygen species (ROS), mitochondrial apoptosis and the 

inhibition of the mitogen-activated protein kinase (MAPK) and Akt signaling 

pathways, suggesting deltonin is a potent cancer preventive and therapeutic agent 

(Shu et al., 2011). 

Later, more steroidal saponins were isolated and identified from the 

rhizomes of DZ, including diosgenin (1), trillin (13), diosgenin diglucoside (8), 

deltonin (7), zingiberensis saponin (6), protodeltonin (29) and parvifloside (28). 

The results showed that these seven compounds inhibited the proliferation of a 

panel of established human and murine cancer cell lines in vitro. In particular, 

zingiberensis saponin had more cytotoxic effect than the other saponins, even 

close to doxorubicin on the murine colon carcinoma cell line C26. The 

proliferation inhibitory effect of zingiberensis saponin was associated with its 

apoptosis-inducing effect by activation of caspase-3 and caspase-9 and specific 

proteolytic cleavage of poly (ADP-ribose) polymerase (Tong et al., 2012). 

Molluscicidal effect 

Herb preparation containing extract of rhizomes from DZ was shown to kill 

adult Oncomelania hupensis (湖北釘螺 ) and its eggs of 1-5 day age by 

immersion for 48 hours at the concentration of 10 mg/L, suggesting DZ was a 

promising plant molluscicide (Liu et al., 2001a,b).  

In short, numerous researches have reported the anti-cardiovascular disease 

efficacies of DN, DP and DZ from the respective of anti-myocardial ischemic, 

antihyperlipidemic and antithrombotic effect, which constitute part of the 

evidence surpporting their clinical application. However, so far the efficacies of 

these herbs have not been compared in the same animal model or a unified 
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clinical trial. Thus, whether these three herbs possess comparable therapeutic 

efficacy is yet to be elucidated. 

 

1.3 Objectives of study 

Clearly, the traditional therapeutic effects and indications of DN, DP and DZ 

are not exactly same, and moreover, their modern indications are not fully 

identical with their traditional efficacies. Thus, two fundamental problems 

emerge in the current use of these three plants: 1) whether they have a common 

chemical composition / substance basis responsible for the treatment of 

cardiovascular diseases; 2) whether they are in fact equally effective against 

cardiovascular disease in clinical use. 

The previous studies of the three medicinal plants have each focused on a 

single herb, and systematic comparison of the morphology, chemical composition, 

metabolism and cardiovascular pharmacological potencies of these herbs has not 

been reported. It is difficult to get clear information about whether they are 

equally suitable to be used to treat an identical cardiovascular disease, thereby 

further clinical popularization is limited. Thus, the present study on DN, DP and 

DZ have been designed and carried out meet the following specific objectives: 

Objective 1: To authenticate of DN, DP and DZ by macroscopic and microscopic 

comparison; 

Objective 2: To compare the chemical composition of DN, DP and DZ by UPLC-

QTOF-MS technique coupled with chemometrics; 

Objective 3: To compare the metabolic profiling of total saponins of DN, DP and 

DZ in rats; and to compare the changes in sustained levels of metabolites from rat 

biosamples. 
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Objective 4: To compare the anti-myocardial ischemia effects of these three herbs 

on a model of isoprenaline-induced myocardial ischemia in rats.  



34 
 

CHARPTER Ⅱ 

MORPHOLOGICAL STUDIES ON                                     

THREE DIOSCOREA SPECIES 

 

2.1 Introduction 

Chinese Materia Medica (CMM) has played and still plays an indispensable 

role in public healthcare in China. The therapeutic efficacy and safety of CMM 

has drawn worldwide attention. Thus, authentication of CMM has become an 

important issue for the public, medical care practitioners, and health regulatory 

agencies not only in China but around the world. Macroscopic morphology has 

been traditionally used to identify herbs; nowadays, microscopic structures as 

viewed with a light microscope are increasingly used where macroscopic 

morphologies are similar. Fluorescence and polarized light increase the 

capabilities of light microscopy even further (Zhao et al., 2005; Liang et al., 

2006). Light microscopes are relatively inexpensive and readily available; hence, 

using them has advantages of speed, reliability, simplicity and low cost. Thus, it 

seems likely that light microscopy will reveal features that can distinguish the 

many species in the same genus with similar gross morphology and not easy to be 

differentiated by looking at them with the naked eyes.  

However, the medicinal parts for DN, DP and DZ are the rhizomes, very 

similar in appearance, and become visibly indistinguishable when cut into 

decoction pieces. Thus, telling them apart only by observing external morphology 

has never been an easy task. Based on our investigation in herbal drug market and 

drugstores, it is found that misusage and adulterant of DN, DP and DZ occurred 

at times. This is likely due to two reasons: on one hand, their whole rhizome and 
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decoction pieces looks very similar; on the other hand, one of the common names 

of DP (Huangjiang, 黃姜) is so misleading with that of DZ (Huangjiang, 黃姜).  

In the recent decades, some studies on identification of these herbs mainly 

focused on macroscopic characteristics with some microscopic analysis of the 

powder; a few studies reported characteristics observed in transverse sections of 

DN, DP and/or DZ (Liu and Yu, 2005; Hang et al., 2006; Tang et al., 2008). 

However, these studies provided little detail and few photos, and thus could not 

provide enough evidence for clear identification. Indeed, it is difficult to 

distinguish species based on characteristics of the powder and transverse sections 

as seen with routine light microscopy. In addition, preparing paraffin sections for 

observing transverse sections involves many steps and is relatively time 

consuming. Thus, a simple, convenient and reliable method for the comparison 

and identification of these three Dioscorea herbs has not been reported and is still 

needed. 

Recently, the application of fluorescence microscopy and polarized light 

microscopy has brought new opportunities for identification of herbal drugs with 

confusing appearance. For instance, fluorescence microscopy has been used for 

distinguishing the medicinal herb Oldenlandia diffusa (白花蛇舌草) from similar 

species of the same genus through examination of their transverse sections and 

powders (Liang et al., 2006). By this method, samples were sectioned by 

cryotome, instead of making paraffin sections, which is much simpler and faster. 

Polarized light microscopy together with ordinary light microscopy is nowadays 

widely applied for authentication of powdered Chinese herbal medicines (Xia et 

al., 2008). However, the application of polarized light microscopy in observing 
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the plant tissue of CMM has not been reported, so its advantages in this aspect are 

not known.  

In our present study, fluorescence microscopy and polarized microscopy 

were used to observe the transverse sections of the rhizomes of DN, DP and DZ. 

This is the first time that polarized microscopy has been used to observe the 

transverse sections of CMM; it has been found to provide a number of unique 

characteristics useful for authentication. These powdered CMM were also 

observed under an ordinary light microscope and a polarized microscope so as to 

provide supplementary characters for authentication. Thus, a convenient and 

reliable method was established for the authentication of these three Dioscorea 

herbs. We believe this method can be widely applied to other confused CMM 

involving multiple species, genera and/or families.  

 

2.2 Macroscopic and microscopic identification  

2.2.1 Materials and methods 

2.2.1.1 Plant Material 

Totally 12 bathes of DN, DP and DZ were collected from different main 

production area and crude drug markets in China. The details are shown in Table 

2.1. The voucher specimens were authenticated by Dr. Hubiao Chen, School of 

Chinese Medicine (SCM), Hong Kong Baptist University (HKBU), and deposited 

in the Phytochemistry Lab, SCM, HKBU. 
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Table 2.1 Sources of sample plant material 

Sample 
no. 

Date of 
collection 

Source 
Growth period 

(year) 
DN-01 

DN-02 

DN-03 

DN-04 

Jul. 2011 

Jul. 2011 

Jul. 2011 

Jul. 2011 

Lingbao, Henan 

Chengdu, Sichuan 

Northeast China 

Northeast China 

>2y, cultivated 

1-2y, cultivated 

1-2y, wild 

1-2y, wild 

DP-01 

DP-02 

DP-03 

DP-04 

Mar. 2010 

Mar. 2008 

May 2006 

Apr. 2008 

Xichang, Sichuan 

Ganzi, Sichuan 

Shaoyang, Hunan 

Maoxian, Sichuan 

2 y, cultivated 

2 y, wild 

1-2 y, wild 

2 y, cultivated 

DZ-01 Nov. 2011 Lingbao, Henan 2y, cultivated 

DZ-02 Oct. 2010 Huaihua, Hunan 2y, cultivated 

DZ-03 Oct. 2010 Shaanxi 1-2y, wild 

DZ-04 Nov. 2012 Yuanling, Hunan 1-2y, wild 

2.2.1.2 Apparatus 

     A Leica Microscope (LMD 7000 system, Leica, Benshein, Germany) with four 

lenses, namely, 6.3× (Leica 518145, UV|6.3×/0.13, Germany), 10× (Leica 506507, 

HCX PL FLUOT AR 10×/0.30 PH 1, Germany), 20× (Leica 506243, HCX PL 

FLUOT AR 20×/0.4 PH 1, Germany), and 40× (Leica 506208, HCX PL CORR XT, 

L 40×, Germany) and with a BGR fluorescence filter system consisting of an 

excitation filter (blue light), dichromatic mirror (green light) and suppression filter 

(red light) was used. 

2.2.1.3 Regents 

Mounting of sample powder: Chloral hydrate and glycerin (Uni-chem, 

England), chloral hydrate solution and diluted glycerin were prepared according to 

procedures described in Appendix XV B of the Pharmacopoeia of the People’s 

Republic of China (Chinese Pharmacopoeia Commission, 2010). 

2.2.1.4 Softwares 
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LMD 7.1 was used. 

2.2.1.5 Methods 

Macroscopic identification of crude drugs. 

The gross exterior features of each sample were examined by observing, 

measuring, touching, smelling, and tasting as published before. (Xia et al., 2008). 

The color photographs were taken with a digital camera (Nikon D5200, Nikon 

Corporation, Japan). 

Microscopic identification of the transverse sections of crude drugs. 

a. Tissue preparation 

After softening by infiltration with water-soaked non-cellulose paper, 

rhizomes of each crude drug were cut into small sections and embedded in tissue 

freezing medium (Leica Microsystems, Germany). When frozen solid, they were 

then placed on a cutting platform in the cryobar of a cryostat (Thermo Shandon 

As620 Cryotome, the UK) at -15 OC. Serial slices of 30-35 μm in thickness were cut 

at -15 OC and mounted directly on glass slides (Yi et al., 2012). 

b. Ordinary light microscopy 

At least 10 different transverse sections from each sample were observed. 

Distinct microscopic features were digitally recorded.  

c. Fluorescence microscopy  

Transverse sections were observed under different fluorescence modes of the 

microscope under the 6.3× and 10× lenses; red, blue, green and a triple filter were 

used. The triple filter mode was finally chosen for further work as it could manifest 

the most specific colors for the different plant tissues. 
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d. Polarized microscopy 

Photos were taken for the same area of transverse sections at the same zoom 

factor as that of common light microscopy. 

Microscopic identification of powdered crude drugs. 

All the crude drugs were powdered and passed through a 250 μm sieve, and 

treated with dilute glycerin for the observation of starch grains, and later by chloral 

hydrate for the observation of other characters. The distinct representative 

characteristics were chosen and recorded by common and polarized light microscopy. 

2.2.2 Results 

On the basis of observations of all samples collected, macroscopic and 

microscopic characteristics of the rhizomes of three sorts of Dioscorea herbs were 

established. The detailed descriptions for each herb are as follows: 

2.2.2.1 Authentication of DN 

Macroscopic characteristics 

Rhizome subcylindrical, slightly curved, 10-20 cm long, 1.0-1.5 cm in diameter. 

Externally brownish-yellow, irregularly and longitudinally furrowed, bearing spinous 

remains of roots and protuberant stem scars on one side; outer cork almost having 

dropped off. Texture hard, fracture even, white or yellowish-white, scattered pale 

brown dotted vascular bundles. Odour, slight; taste, bitter and astringent (Fig. 2.1). 

 
 



40 
 

 

Fig. 2.1 Crude drugs of three Dioscorea species, whole and with crude slices 

A: D. nipponica (DN); B: D. panthaica (DP); C: D. zingiberensis (DZ). 
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Microscopic characteristics 

Transverse sections  

a. Ordinary light microscopy 

Outer part consisting of 1-2 layers of residual cork cells. Cortex narrow, cells 

with small lumen; mucilage cells containing raphides of calcium oxalate scattered. 

Collateral vascular bundles, 167-420 µm in diameter, scattered in stele. 

Parenchymatous cells in stele subrounded, with slightly thickened and pitted walls, 

containing starch granules (Fig. 2.2). 

b. Fluorescence microscopy 

Cork cells and cortex dark blue. Parenchymatous cells and vascular bundles 

in stele bright blue. 

c. Polarized light microscopy 

Cork cells and cortex, as well as parenchymatous cells and vascular bundles 

in stele yellowish brown. Raphides of calcium oxalate in mucilage cells bright white, 

distinct. Starch granules in parenchymatous cells starry white. 
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Fig. 2.2 Transverse sections of the rhizomes of DN 

1. Cork cell; 2. Cortex; 3. Raphides of calcium oxalate in mucilage cells; 4. Parenchymatous cell 

in stele; 5. Collateral vascular bundles; 6. Xylem; 7. Phloem. A: under the routine light 

microscope; B: under the fluorescence microscope; C: under the polarized microscope. a. outline, 

b. stele, c. typical vascular bundles; a and b: ×63; c: ×100. Scale is 300 µm. Red arrow indicates 

the raphides of calcium oxalate in mucilage cells. The same caption is for Figs. 2.4 and 2.5. 
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Powder 

Pale yellow. Starch granules abundant, simple, elliptical, subtriangular, or 

irregular, 5-18 µm in diameter; hilum slit-shaped; black cross seen under polarized 

microscopy. Parenchymatous cells lignified, pale yellow or yellow, long elliptical or 

rectangular, with small and sparse pits, usually in clusters, reflecting yellowish white 

color under polarized microscopy. Raphides of calcium oxalate scattered, or in 

bundles in mucilage cells; 82-120 µm in length, bright yellowish white with multi-

colored bands when observed under polarized microscopy. Border-pitted vessels 15-

47 µm in diameter; pits fine and dense, elliptical, showing yellowish white color 

under polarized light (Fig. 2.3). 
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Fig. 2.3 Microscopic features of powdered DN, DP and DZ under common light and 

polarized microscope (× 400). Scale for each photo is 100 µm. 
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2.2.2.2 Authentication of DP 

Macroscopic characteristics 

Rhizome irregularly branched, subcylinder, 2-3 cm thick. Externally yellowish-

brown, with longitudinal furrows or scales, sparse rootlet remains visible. Texture 

hard, cut surface yellowish-white, yellow dotted vascular bundle scattered. Odour, 

slight; taste, slight bitter (Fig. 2.1). 

Microscopic characteristics 

Transverse sections 

a. Ordinary light microscopy 

Outer part consisting of 1-2 layers of cork cells. Cortex narrow, slightly 

lignified, in which mucilage cells scattered, containing raphides of calcium oxalate. 

Collateral vascular bundles, 167-640 µm in diameter, scattered in stele. 

Parenchymatous cell subrounded, with slightly thickened and pitted walls, containing 

multiple starch granules (Fig. 2.4). 

b. Fluorescence microscopy 

     Cork cells not seen. Cortex bright yellow. Parenchymatous cells and vascular 

bundles in stele light blue. 

c. Polarized microscopy 

Cork cells and parenchymatous cells, as well as vascular bundles were dark 

yellowish brown. Cortex, pale yellow, slightly different from parenchymatous cells 

in color. Raphides of calcium oxalate in mucilage cells bright white, significantly 

visible. Starch granules in parenchymatous cells starry reflection. 
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Fig. 2.4 Transverse sections of the rhizomes of DP 

The caption is the same as that of Fig. 2.2. 

Powder 

Pale yellowish-white. Starch granules numerous, mostly in single granules, 

elliptical or subrounded, 10-50 μm in diameter; hilum pointed, V-shaped and long or 

short cleft-like, striations indistinct; black cross seen under polarized microscopy. 

Parenchymatous cells lignified, pale yellow or yellow, long elliptical or rectangular, 

with small and sparse pits, reflecting yellowish white color under polarized 

microscopy. Raphides of calcium in bundles or scattered in mucilage cells, 50-140 

μm long, bright yellowish white with multi-colored bands when observed under 

polarized microscopy. Bordered pitted vessels 25-80 μm in diameter, pits fine and 



47 
 

dense, elliptical, showing yellowish white color under polarized light. Stone cells less 

visible, singly, walls slightly thick, striations distinct, showing yellowish color under 

polarized light (Fig. 2.3). 

2.2.2.3 Authentication of DZ 

Macroscopic characteristics 

Rhizome irregularly branched, subcylindrical, 1-1.5 cm in diameter. Externally 

dull brown, with sparse white dotted scars of fibrous roots. Texture hard; cut surface 

yellow, with scattered yellow-brown spots, traces of vascular bundles. Odour, slight; 

taste, bitter (Fig. 2.1). 

Microscopic characteristics 

Transverse sections 

a. Ordinary light microscopy 

Outer part consisting of 3-4 layers of damaged cork cells. Phelloderm 

consisting of 5-8 layers of flat cells, tangentially elongated. Mucilage cells scattered, 

containing raphides of calcium oxalate. Collateral vascular bundles, with vessels 

167-413 µm in diameter, scattered in stele, walls lignified. Parenchymatous cells in 

stele of indistinct shape, containing starch granules (Fig. 2.5). 

b. Fluorescence microscopy 

Cork cells dark reddish brown. Cortex with pale greenish blue fluorescence. 

Parenchymatous cells in stele dark blue. Phloem and xylem in vascular bundles 

greenish blue and distinct yellowish green, respectively.  

 c. Polarized microscopy 



48 
 

Cork cells without reflection. Starch granules in cortex and parenchymatous 

cells in stele bright starry white. Raphides of calcium oxalate contained in mucilage 

cells distinctly visible. Vascular bundles amber. 

 
Fig. 2.5 Transverse sections of the rhizomes of DZ 

The caption is the same as that of Fig. 2.2. 

Powder 

Greyish green. Starch granules abundant; simple granules ellipsoidal, kidney- 

or subtriangular-shaped, some with undulate edges; 9-55 µm in diameter; hilum 

cleft-like or V-shape, striations mostly distinct; black cruciate in shape, seen under 

polarized microscopy. Parenchymatous cells slightly lignified, usually in small 

clusters, pale yellow or yellow, rectangular or polygonal, with small and sparse pits; 
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parenchymatous cells with thick walls, few, single, containing multiple starch 

granules, both reflecting yellowish white color. Raphides of calcium oxalate usually 

in bundles in mucilage cells; 82-107 µm in length, bright yellowish white with multi-

colored bands when observed under polarized light. Bordered-pitted vessels, about 

55 µm in diameter, pits fine and dense, elliptical, reflecting yellowish white color 

under polarized light (Fig. 2.3). 

2.2.2.4 Summarized macroscopic and microscopic features of DN, DP and DZ  

Based on the results above, the macroscopic features of rhizome of DN, DP and 

DZ are summarized in Table 2.2. 

Table 2.2 The summarized macroscopic features of the rhizome of DN, DP and DZ 

Rhizome Differences Similarities 

DN Outer bark almost having dropped off. 

Rhizome irregularly branched, 

subcylinder. Externally dull 

brown. 

DP Longitudinal furrows or scales on surface. 

DZ 
Externally sparsely bearing white dotted 

scars of fibrous roots. 
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The microscopic features of rhizome of DN, DP and DZ are summarized in 

Table 2.3. 

Table 2.3 The summarized microscopic features of  

the rhizome of DN, DP and DZ 

Rhizome Differences in Transverse 
section observed under 

fluorescence microscopy 

Differences in 
powder observed 
under common 

light microscopy 

Similarities 

DN Suberized cells and cortex 

dark blue. Parenchymatous 

cells and vascular bundles in 

stele light blue. 

Starch granules, 

elliptical, 

subtriangle, or 

irregular, 5-18 µm 

in diameter. 

Transverse section: 

 Outer part consisting of several layers of cork 

cells.  

 Cortex relatively narrow, Mucilage celled 

scattered, containing raphides of calcium 

oxalate.  

 Collateral vascular bundles, scattered in stele. 

 Parenchymatous cell containing starch 

granules. 

 

Powder: 

 Starch granules abundant, simple. 

 Raphides of calcium oxalate in bundles or 

scattered in mucilage cells.  

 Bordered pitted vessels  

 Parenchymatous cells lignified more or less 

exist. 

DP Cortex bright yellow. 

Parenchymatous cells and 

vascular bundles in stele 

light blue. 

Stone cells less 

visible, singly, 

walls slightly 

thick, striations 

distinct. 

DZ Cortex pale greenish. 

Parenchymatous cells dark 

blue. Phloem and xylem in 

vascular bundles greenish 

blue and distinct yellowish 

green, respectively. 

Starch granules 

mainly ellipsoidal, 

9-55 µm in 

diameter, usually 

much larger than 

that of DN. 

2.3 Discussion 

By the combined use of common light microscopy, fluorescence microscopy 

and polarized microscopy, three sorts of Dioscorea herbs can be easily differentiated 

from each other based on characteristics of transverse sections and powders. 

Each of these three types of microscopy has its own merits in authentication 

work. Common light microscopy can provide the basic morphological features. 
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Compared to common light microscopy and polarized microscopy, fluorescence 

microscopy particularly exhibits specific auto-fluorescence from different plant 

tissue by virtue of varied chemical constituents with special structures, and it excels 

in manifestation of the shape and outline of tissue cells, as seen in Figs. 2.2 and 2.4. 

In our investigation of different sample sources, the color of fluorescence in various 

tissues from the same species is consistent, varying only in intensity.  

In comparison with common light microscopy and fluorescence microscopy, 

polarized light microscopy has the advantage in two aspects: 1) indicating 

distribution of raphides of calcium oxalate in mucilage cells; and 2) indicating 

distribution of starch granules (Table 2.4). For aspect 1, the location and arrangement 

of raphides of calcium oxalate in mucilage cells can be more easily identified in plant 

tissue under polarized light. However, when the raphides of calcium oxalate cannot 

be observed clearly, as when there is a complex background, they are distinctly 

visible under polarized light, shining bright white, such as in Figs. 2.2 and 2.5. For 

aspect 2, the distribution and accumulated quantity of starch granules can be 

investigated by taking advantage of the fact that starch granules appear white under 

polarized light. Among the seven species we studied, the distribution of starch 

granules in cortex and/or stele, as well as the amount of starch granules filling 

parenchymatous cells, was not the same. More details are shown in Table 2.4. 

Studying the relationship between the distribution of starch granules and species of 

medicinal plant might reveal information to taxonomists as well as herbalists. 
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Table 2.4 Characteristics of transverse sections of DN, DP and DZ  

as seen with polarized light 

Species Raphides of calcium 
oxalate in mucilage 
cells 

Starch granules 

DN Clearly visible 

Cells in cortex almost without starch granules. 

Parenchymatous cells in stele with clear outline with 

abundant starch granules.  

DP 
Visible but not 

distinct 

Cells in cortex were filled with plenty of starch 

granules. Parenchymatous cells in stele, with distinct 

outline, some of which were full of starch granules, 

distinct dot-like, some without starch granules. 

starch granules  

DZ Clearly visible 

Cells in phellomderm and parenchymatous cells in 

stele, with indistinct shape and outline, with 

abundant starch granules. Lumens of most 

parenchymatous cells with starch granules. 

 

Thus, our work has shown that comprehensive microscopic techniques, namely, 

the combined use of common light, fluorescence and polarized microscopy, can be 

successfully applied in the authentication of these three sorts of Dioscorea herbs. 

This method has proven to be simple, convenient and reliable. The macroscopic and 

microscopic characters presented in this article may be proposed as a reference to 

establish authenticity of the drugs and may be used to differentiate the drugs from 

adulterants. In particular, this is the first time that polarized microscopy has been 

used to observe the transverse sections of CMM, not limited to the powdered crude 

drug; it has been found to provide a number of unique characteristics useful for 

authentication. Therefore, we believe this method can be widely applied to identify 

other CMM, especially those easily confused due to multiple plant origins, finally to 

ensure their safe and effective use.   
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CHARPTER Ⅲ 

CHEMICAL STUDIES ON THREE DIOSCOREA SPECIES 

 

3.1 Introduction 

Compared to conventional HPLC-UV and HPLC-ELSD, ultra performance 

liquid chromatography coupled with quadrupole time-of-flight mass spectrometry 

(UPLC-QTOF-MS) fingerprinting followed by chemometrics (principle component 

analysis, etc.) has become one of the most frequently applied approaches in 

evaluation of chemical profiles of phytomedicines (Yi et al.,2009; Avula et al.,2011). 

This is a promising method to determine whether these three Dioscorea species have 

similarities in chemical composition that support their common clinical indications. 

Furthermore, as far as we know, among the 49 species of the genus Dioscorea 

distributed in China (Editorial Board of Flora of China, 1985), only DN, DP and DZ 

have been particularly prepared as medications for treating coronary heart disease 

(CHD). Among them, only DN and DP have been recorded as crude drugs in the 

Chinese Pharmacopoeia and (Chinese Pharmacopeia Committee, 2010). It is also 

noteworthy that DN and DP are equally used as starting material for Di’ao 

Xinxuekang Capsule, as documented in the Chinese Pharmacopoeia. Interestingly, 

the capsule was the first Chinese patented medicine authorized as a traditional Herbal 

Medicinal Product (tHMP) by the Dutch Medicine Evaluation Board in March, 2012 

(Dutch Medicines Evaluation Board, 2012). Some individual research, mainly 

focusing on discovery of bioactive constituents contained in DN or DP, has been 

done (Dong et al. 2001ab, 2004; Kang et al. 2005) with the result that, up to now, a 
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single or simultaneously two to four bioactive markers have been found in 

quantitative assays of DN or DP using HPLC-UV (Qin et al. 2007) and HPLC-ELSD 

(Liu et al. 2008; Shen et al. 2011) methods. However, the UV detector and ELSD 

have their own defects, and comprehensive chemical profiles cannot be obtained. 

Thus, attempts to establish a more sensitive and accurate method for simultaneous 

quantification of multiple saponins in DN or DP have met with little success. Equally 

important, there have been no attempts to make detailed comparisons of the 

qualitative and quantitative differences between the two herbs nor to determine 

whether they have similarities in chemical composition that support their common 

application in anti-CHD drugs. 

Our study aimed to develop a reliable and effective protocol for the qualitative 

identification of the chemical composition of DN, DP and DZ. Furthermore, we 

focused on the quantification of the major constituents, including six glycosides and 

one aglycone, contained in DN and DP. The protocol entailed UPLC-qTOF-MS 

followed by comparisons of chromatographic fingerprint profiles and evaluation of 

the contents of determined components using fingerprint similarity evaluation, test of 

significance and principal component analysis. In the present study, the chemical 

similarity between DN and DP is evaluated and clarified so as to support their 

rational use in pharmacology and lay the foundation for future research on the 

mechanism(s) of their effects on cardiovascular activities. 

3.2 Qualitative comparison of DN, DP and DZ 

3.2.1 Plant material and chemical reagents 
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Samples of DN, DP and DZ were collected from different regions of China, the 

sources of which are listed in Table 3.1. The plant materials were identified by Dr. 

Hubiao Chen, School of Chinese Medicine, Hong Kong Baptist University. 

Corresponding voucher specimens were deposited in the Phytochemistry Lab, School 

of Chinese Medicine, Hong Kong Baptist University. 

Analytical grade methanol purchased from the RCI Lab-Scan Limited (Bangkok, 

Thailand) was used for the extraction and preparation of samples. Hydrochloric acid 

(37% concentration) purchased from the RCI Lab-Scan Limited (Bangkok, Thailand) 

and chloroform (with ethanol) purchased from the Anaqua Chemical Supply 

(Houston, USA) were used for the acid hydrolysis and partition of samples. Water 

purified using a Milli-Q water system (Millipore; Bedford, MA, USA) and 

acetonitrile (Fisher Scientific, New Jersey, USA) were used as the mobile phase for 

analysis. Formic acid (Sigma-Aldrich, USA) was added to the mobile phase for 

determination of glycosides. 

Eight reference standards were used for qualitative and quantitative analysis, 

namely seven glycosides and one aglycone of diosgenin (Fig. 3.1). The authentic 

standards (purity > 98%) of protodioscin, dioscin, gracillin, trillin and diosgenin 

were purchased from Phytomarker Ltd., Tianjin. Protogracillin and polyphyllin V 

(purity > 98%) used in this study were purchased from Emilion Technology Ltd., 

Beijing. Pseudoprotodioscin was provided by National Institute for Food and Drug 

Control (Beijing, China). 
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Table 3.1  List of samples of DN, DP and DZ 

Sample 

No. 

Date of 

collection 
Source 

Growth period 

(year) 

DN-01 

DN-02 

DN-03 

DN-04 

DN-05 

DN-06 

DN-07 

DN-08 

DN-09 

DN-10 

DN-11 

DN-12 

DN-13 

7/2011 

7/2011 

7/2011 

7/2011 

7/2011 

2/2012 

2/2012 

6/2007 

8/2007 

9/2005 

6/2005 

2/2010 

3/2005 

Lingbao, Henan 

Chengdu, Sichuan 

Northeast China 

Northeast China 

Hebei 

Hebei 

Sichuan 

Northeast China 

Northeast China 

Northeast China 

Northeast China 

Sichuan 

Lingbao, Henan 

>2y, cultivated 

1-2y, cultivated 

1-2y, wild 

1-2y, wild 

1-2y, wild 

1-2y, wild 

1-2y, cultivated 

1-2y, wild 

1-2y, wild 

1-2y, cultivated 

1-2y, cultivated 

1-2y, cultivated 

2 y, cultivated 

DP-01 

DP-02 

DP-03 

DP-04 

DP-05 

DP-06 

DP-07 

DP-08 

DP-09 

DP-10 

DP-11 

DP-12 

DP-13 

3/2010 

3/2008 

5/2006 

4/2008 

2/2008 

3/2008 

12/2006 

3/2008 

3/2008 

3/2008 

3/2008 

12/2005 

12/2007 

Xichang, Sichuan 

Ganzi, Sichuan 

Shaoyang, Hunan 

Maoxian, Sichuan 

Xichang, Sichuan 

Luding, Sichuan 

Ganzi, Sichuan 

Ganzi, Sichuan 

Maoxian, Sichuan 

Xichang, Sichuan 

Lijiang, Yunnan 

Lijiang, Yunnan 

Zhaotong, Yunnan 

2 y, cultivated 

2 y, wild 

1-2 y, wild 

2 y, cultivated 

2 y, cultivated 

>2y, wild 

>2y, wild 

>2y, wild 

>3 y cultivated 

2y, cultivated 

2y, cultivated 

1y, cultivated 

1-2y, wild 

DZ-01 11/2011 Lingbao, Henan 2y, cultivated 

DZ-02 10/2010 Huaihua, Hunan 2y, cultivated 

DZ-03 10/2010 Shaanxi 1-2y, wild 

DZ-04 11/2012 Yuanling, Hunan 1-2y, wild 

DZ-05 10/2012 Hubei 2y, cultivated 

DZ-06 11/2012 Anhua, Hunan 1-2y, wild 

DZ-07 11/2012 Chenxi, Hunan 1-2y, wild 

DZ-08 11/2012 Xupu, Hunan 1-2y, wild 

DZ-09 11/2012 Zhongfang, Hunan 1-2y, wild 

DZ-10 11/2012 Lingbao, Henan 1y, cultivated 



57 
 

 

Type of 

chemical 

structure 

Chemical name Molecular 

formula 

R 

   R1 

Spirostanol 
sapogenin 
/saponins 

Diosgenin
■◇★

  
 

C27H42O3              －H 

Dioscin
■◇★

 
 

C45H72O16              －Glc(4←1)－Rha 
(2←1) 

             Rha 

Gracillin
■★

 
 

C45H72O17              －Glc(3←1)－Glc 
(2←1) 

             Rha 

Polyphyllin V
■◇★

 
 

C39H62O12             －Glc(2←1)－Rha 

 Progenin II  
 

C39H62O12             －Glc(4←1)－Rha 

 Zingiberensis 

newsaponin
◇
 

 

C51H82O22              －Glc(4←1)－Glc(3←1)－Glc 
(2←1) 

                Rha 

 Deltonin
◇
 

 

C45H72O17              －Glc(4←1)－Glc 
(2←1) 

                 Rha 
 Diosgenin diglucoside

◇
 C39H62O13              －Glc(4←1)－Glc 

 Diosgenin triglucoside
◇

 C45H72O18              －Glc(4←1)－Glc(3←1)－Glc 

 Trillin
◇★ 

 C33H52O8              －Glc 

Fig. 3.1  Chemical structures of constituents identified in DN, DP or DZ. (To be continued) 

Note: Glc = β－D－glucopyranosyl, Rha = α－L－rhamnopyrannosyl 

■
indicates components identified both in DN and DP; 

◇
indicates components identified in DZ; 

★
indicates reference standards. 
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Type of chemical 

structure 

Chemical name Molecular 

formula 
R 

  R2 
Furosta-5-en-type 
saponins 

Protodioscin
■◇★

 
 

C51H84O22            －Glc(4←1)－Rha 
(2←1) 

                Rha 
 Protogracillin

■★
 

 

C51H84O23            －Glc(3←1)－Glc 
(2←1) 

                Rha 
 Protobioside

◇
 

 

C45H74O18             －Glc(2←1)－Rha 

 Funkioside B
◇
 

 

C33H54O9             －H 

 Parvifloside
◇
 

 

C57H94O28            －Glc(4←1)－Glc(3←1)－Glc 
(2←1) 

                Rha 
 Protodeltonin

◇
 

 

C51H84O23             －Glc(4←1)－Glc 
(2←1) 

                Rha 
  R3 
Furosta-5,20 (22)-
dien-type saponins 

Pseudoprotodioscin
■★

 
 

C51H82O21            －Glc(4←1)－Rha 
(2←1) 

            Rha 
 Pseudoprotogracillin C51H82O22            －Glc(3←1)－Glc 

(2←1) 
                Rha 

Fig. 3.1   (Continued) 

3.2.1 Method 

3.2.1.1 UPLC-QTOF-MS analysis 

Ultra high performance liquid chromatography with ultra-high definition 

accurate mass quadrupole time-of-flight mass spectrometry (Agilent Technologies, 

G6540A) was used for qualitative and quantitative analyses. Chromatographic 

separation was conducted on a Waters ACQUITYTM UPLC BEH C18 column (1.7 

μm, 2.1 × 100 mm). The MS spectra were acquired in negative ion mode for 

detecting glycosides and positive ion mode for detecting aglycones. High-purity 

nitrogen was used as nebulizer and auxiliary gas.  
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For the analysis of glycosides, separation was carried out in a linear gradient 

program, in which the mobile phase consisted of 0.1% (v/v) formic acid in water (A) 

and 0.1% (v/v) formic acid in acetonitrile (B). The mobile phase was programed as 

follows: 0-2 min, 20-20% B; 2-12min, 20-28% B; 12-20 min, 28-45% B; 20-35min, 

45-48% B. The flow rate was 0.4 mL/min. The Injection volume was 1 μL and the 

column temperature was set at 25 OC. The mass scan was over the range of m/z 50-

1700 for negative ion mode with electrospray ionization (ESI) interface. The ESI 

capillary voltage was set at -3.5kV for negative mode. 

For the analysis of aglycones, water (A) and methanol (B) were used as the 

mobile phases. A linear gradient program was developed as follows: 0-10 min, 55-

95% B; 10-18 min, 95-95% B. The flow rate was 0.45 mL/min. The injected volume 

was 1 μL and the column temperature was set at 50 OC. The mass scan was over the 

range of m/z 100-1000 for positive ion mode with an atmospheric-pressure chemical 

ionization (APCI) source. The capillary voltage was set at +4.5kV. All the results 

were analyzed by Aglient MassHunter Workstation Qualitative Analysis B.04.00 and 

Quantitative Analysis (Q-TOF) B.04.00. 

3.2.1.2 Sample preparation 

Plant materials were cut into small pieces and mixed thoroughly. A 

representative portion of each of the samples was ground into a powder that passed 

through a 250 mesh (55μm) sieve. For the preparation of test solutions used to 

determinate steroidal glycosides, an accurately weighed portion of 0.5 g was 

ultrasonicated with 15 mL methanol at room temperature for 30 min. This step was 

then repeated twice for complete extraction. The residue was washed by an 
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additional 5 mL of methanol. The total extracts were combined in a 50 mL 

volumetric flask and the volume was made up to the calibration mark with methanol. 

The extracts were then filtered through a syringe filter (0.2 μm). An aliquot of 1 μL 

solution was injected for UPLC-MS analysis. Three replicates were prepared for each 

sample. 

For preparation of sample solutions used to determinate steroidal aglycones, the 

assay was primarily based on the procedures described in the monograph Nippon 

Yam Rhizome of Chinese Pharmacopeia (Chinese Pharmacopeia Committee, 2005) 

with minor modification. The sample solution of 25 mL for glycoside assay was 

transferred into a round-bottomed flask and evaporated to dryness by rotary 

evaporation under vacuum at 60 OC. 20 mL hydrochloric acid solution (3 mol/L) was 

added to the residue, heated to hydrolyze on a water bath for 30 minutes, cooled, and 

washed with 10 mL of chloroform each time for three times. After the combined 

mixture was extracted and partitioned, the lower layer (chloroform layer) was 

collected and the upper layer was extracted with an additional 30 mL of chloroform 

once. The combined chloroform layer was evaporated to dryness and the residue was 

dissolved by an appropriate amount of methanol, transferred to a 25 mL volumetric 

flask and the volume was made up to the calibration mark with methanol. The 

extracts were then filtered through a syringe filter (0.2 μm). An aliquot of 1 μL 

solution was injected for UPLC-MS analysis. 

3.2.1.3 Preparation of reference standard solutions 

Stock solutions of reference standards containing either one aglycone (diosgenin) 

or seven mixed glycosides, namely protodioscin, protogracillin, pseudoprotodioscin, 
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dioscin, gracillin, polyphyllin V and trillin, was prepared separately. The stock 

solutions of standards (0.5 mg/mL) were prepared in methanol and stored in the 

refrigerator. The working solutions were prepared by appropriate dilution of the 

stock solutions with methanol to 20 mg/L. 

3.2.2 Results 

3.2.2.1 Identification of glycosides and aglycones in DN and DP by known reference 

standards 

By comparing the retention time and accurate mass data between samples and 

reference standard solutions (Table 3.2) and the widely accepted accurate threshold 

for confirmation of elemental composition established at 5 ppm (Zhu et al., 2010), 

six characteristic peaks of glycosides were identified in both DN and DP sample 

solutions as protodioscin (1), protogracillin (2), pseudoprotodioscin (3), dioscin (5), 

gracillin (6) and polyphyllin V (7). (Fig. 3.2), and one peak of aglycone was 

identified as diosgenin (20) in both hydrolyzed DN and DP sample solutions (Fig. 

3.3).  
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Fig. 3.2 Typical base peak chromatogram (BPC) of three Dioscorea herbs and reference 

standards of glycosides  

a)DN; b) DP; c) DZ; d) mixed reference standards (glycosides);  

e) Enlarged chromatogram of DZ (9-12min). 

1. Protodioscin, 2. Protogracillin, 3. Pseudoprotodioscin, 4. Pseudoprotogracillin, 5. Dioscin, 6. 

Gracillin, 7. Polyphyllin V, 8. Trillin, 9. Diosgenin diglucoside , 10. Diosgenin triglucosides, 11. 

Deltonin, 12. Zingiberensis saponin, 13.Fukioside B, 14. Protobioside, 15. Isomer of 

Protodeltonin, 16. Protodeltonin, 17. Isomer of Parvifloside, 18. Parvifloside. 
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Fig. 3.3 Typical BPC of hydrolyzed samples of three Dioscorea herbs and reference 

standards of aglycones 

a)DN; b) DP; c) DZ; d) mixed reference standards (aglycones) 

19. Ruscogenin, 20. Diosgenin, 21. Tigogenin and sarsasapogenin (overlapped), 22. 3,5-

deoxytigogenin.

+APCI BPC(200.0000-1000.0000 [-1]) Scan Frag=180.0V DY-04 AH.d6x10

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

+APCI BPC(200.0000-1000.0000 [-1]) Scan Frag=180.0V DY-04 AH.d

1

20

20

20

22

22

22

19

20

21

a

b

c

d



64 
 

 

Table 3.2 Peaks of reference standards identified in mass spectra. 

Peak 
Retention 

time (min) 
Identification Formula Selected ion 

m/z 

calculated 

m/z 

observed a 

Error 

(ppm) 

1 10.208 Protodioscin C51H83O22 [M-H]- 1047.5381 1047.5422  3.87 

2 11.076 Protogracillin C51H83O23 [M-H]- 1063.5331 1063.5370 3.7 

3 15.836 Pseudoprotodioscin C51H81O21 [M-H]- 1029.5276 1029.5280 0.4 

5 26.325 Dioscin C45H71O16 [M-H]- 867.4748 867.4777 3.39 

6 26.742 Gracillin C45H71O17 [M-H]- 883.4697 883.4722 2.86 

7 28.496 Polyphyllin V C39H61O12 [M-H]- 721.4169 721.4182 1.87 

8 35.1 trillin C35H52O8 [M+HCOO]- 621.3644 621.3633 -1.77 

20 9.407 Diosgenin C27H43O3 [M+H]+ 415.3207 415.3190 -4.02 

a Values based on sample of DN-07 as an example, and errors of observed values from all DN and DP samples were within 5 ppm. 
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In addition, other aglycones, such as ruscogenin, tigogenin and sarsasapogenin, 

were found in other plants rich in sapogenins (Kostova and Dinchev, 2005), three 

additional reference standards were used to identify whether these constituents were 

found in the samples of DN, DP and DZ collected in our study. As seen from Figs. 

3.2 and 3.3, no corresponding peaks of ruscogenin (peak 19), tigogenin and 

sarsasapogenin (peak 21) were observed in all samples of DN, DP and DZ. Thus, 

diosgenin was found to be the sole aglycone in DN, DP and DZ. It was noted that as 

tigogenin and sarsasapogenin were diastereoisomers, as they had the same retention 

time and overlapped at peak 21. 

3.2.2.2 Identification of two unknown compounds in DN and DP 

The fragments of steroidal saponins revealed the characteristic cleavage of 

glycosidic bonds, and the fragmentation pattern provided detailed structural 

information about the sequence of sugars. Similar MS/MS behavior of this type of 

saponin in UPLC-QTOF-MS/MS has been reported in the literature (Zhu et al., 

2010). To our knowledge, the common hexose and 6-deoxyhexose present in 

steroidal saponins from Dioscoreaceae are glucose and rhamnose, respectively, and 

generally, glucosyls are connected with the hydroxyl groups at C-3 and/or C-26 

positions of steroidal aglycones. 

Peak 4 in the total ion chromatogram (TIC) of DP-8 was highlighted by 

extracted ion chromatogram (EIC). Peak 4 readily produced a strong formate 

molecular adduct [M+HCOO]– (m/z 1091.5280) and a weak deprotonated molecular 

ion [M-H]– (m/z 1045.4865) in negative mode of ESI-MS. The ion m/z 1091.5280 

was further targeted for MS/MS analysis under collision voltages of 40 eV and 60 eV. 
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Fig. 3.4 explains the cleavage path of the sugar chain from the parent ion (m/z 

1091.5280), in which m/z differences in the experimental values and calculated 

values of the glucosyl and rhamnosyl are shown. Results suggest that the unknown 

compound is a steroidal saponin containing three glucosyls and one rhamnosyl. 

 
Ion fragment  
(m/z experimental) 

(-)ESI-MS/MS  
m/z 

1045.4865 [M-H]- 
899.4413 [M-H-Rha]- 
883.4431 [M-H-Glc]- 
737.3906 [M-H-Glc-Rha]- 
721.3933 [M-H-Glc-Glc]- 
575.3415 [M-H-Rha-Glc-Glc]- 
413.2914 [M-H-Rha-Glc-Glc-Glc]- 

Fig. 3.4 Elucidation of the unknown compound of Peak 4 by ESI-MS/MS data in 

negative ion mode 

According to the formula calculator of Agilent MassHunter Workstation 

Qualitative Analysis software (B.04.00), the most likely elemental composition 

formula of the unknown compound of peak 4 is C51H82O22, the calculated molecular 

weight of which would be 1046.5298. Refering to the “substances exploration” in the 

SciFinder® Database, based on the retention time and reported structures in the 

literature (Liu et al., 2007), peak 4 was tentatively identified as pseudoprotogracillin. 

For identification of the unknown peak 22 in Fig. 3.3, the mass spectrum of 

peak 22 (Fig. 3.5) indicates that the fragment ion at m/z 397.3076 was produced by 

the loss of one water molecule from the protonated molecular ion of diosgenin 
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[M+H]+ (m/z 415.3201). Another fragment ion at m/z 253.1914 could be explained as 

loss of one neutral fragment C8H16O2 from the ion at m/z 397.3056 in the positive ion 

mode of APCI-MS (Zhu et al., 2010). Taking into account the condition of acid 

hydrolysis, peak 22 was tentatively identified as 3,5-deoxytigogenin, most likely an 

artifact formed during the hydrolytic cleavage of diosgenin glycosides (Tsukamoto et 

al., 1957). 

 

Fig. 3.5 Mass spectrum of peak 22 

3.2.2.3 Identification of 14 compounds in DZ 

Protodioscin, dioscin, polyphyllin V and trillin were unambiguously identified 

in unhydrolyzed DZ samples by the known reference standards in the same manner 

as that of DN and DP. By further MS/MS analysis both in negative and positive 

mode, as well as similar interference for fragmentation pathway of diverse glycosides, 

additionally ten glycosides were tentatively identified in DZ as compared with 

reported literature (Zhu et al., 2010).(Table 3.3) 

     In acid hydrolyzed sample of DZ, two main peaks were found, namely, diosgenin 

and 3,5-dexytigogenin, which is same as that of DN and DP samples. 
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Table 3.3 Peaks identified in DZ sample by ESI-MSn in positive and  negative mode (DZ-04 as an example) (To be continued) 

Peak RT 
(min) 

(-) ESI-MS 
m/z 

(-) ESI-MS2  
m/z 

(+) ESI-MS  
m/z 

(+) ESI-MS2 m/z Structure 
elucidation 

18 9.528 1271.5864 
[M+HCOO]- 

1225.5852* 
[M-H]- 

1063.5326 
[M-H-Glc]- 
901.4785 
[M-H-2Glc]- 
755.4224 
[M-H-2Glc-Rha]- 
737.4078 
[M-H-H2O-2Glc-Rha]- 

1249.5812 
[M+Na]+ 
1209.5914* 
[M+H-H2O-2Glc]+ 
1063.5310 
[M+H-H2O-Rha]+ 
901.4780 
[M+H-H2O-Rha-Glc]+ 
739.4275 
[M+H-H2O-Rha-2Glc]+ 

 

885.4818 
[M+H-H2O-2Glc]+ 

723.4301 
[M+H-H2O-3Glc]+ 

577.3737 
[M+H-H2O-Rha-3Glc]+ 

415.3207 
[M+H-H2O-Rha-4Glc]+ 
271.2055 
[M+H-H2O-4Glc-Rha-C8H16O2]

+ 
253.1945 
[M+H-2H2O-4Glc-Rha-C8H16O2]

+ 

Parvifloside 

17 9.826 1225.5831 
[M-H]- 
1079.5267* 
[M-H-Rha]- 

917.4739 
[M-H-Glc-Rha]- 
899.4556 
[M-H-H2O-Glc-Rha]- 
755.4219 
[M-H-2Glc-Rha]- 

1249.5820 
[M+Na]+ 
1209.5873 
[M+H-H2O-2Glc]+ 
1063.5326* 
[M+H-H2O-Rha]+ 
 

901.4787 
[M+H-H2O-Rha-Glc]+ 

739.4247 
[M+H-H2O-Rha-2Glc]+ 

577.3729 
[M+H-H2O-Rha-3Glc]+ 

415.3201 
[M+H-H2O-Rha-4Glc]+ 

271.2055 
[M+H-H2O-4Glc-Rha-C8H16O2]

+ 

253.1946 
[M+H-2H2O-4Glc-Rha-C8H16O2]

+ 

Isomer of 
Parvifloside 
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Peak RT 
(min) 

(-) ESI-MS 
m/z 

(-) ESI-MS2  
m/z 

(+) ESI-MS  
m/z 

(+) ESI-MS2 m/z Structure 
elucidation 

16 10.006 1109.5374 
[M+HCOO]- 

1063.5338* 
[M-H]- 

901.4792 
[M-H-Glc]- 
755.4205 
[M-H-Glc-Rha]- 
593.3688 
[M-H-2Glc-Rha]- 
 

1087.5290 
[M+Na]+ 
1047.5421* 
[M+H-H2O]+ 
901.4799 
[M+H-H2O-Rha]+ 
739.4275 
[M+H-H2O-Rha-Glc]+ 
 

885.4846 
[M+H-H2O-Glc]+ 
577.3730 
[M+H-H2O-Rha-2Glc]+ 
415.3211 
[M+H-H2O-Rha-3Glc]+ 
397.3097 
[M+H-2H2O-2Glc-2Rha]+ 
253.1958 
[M+H-2H2O-3Glc-Rha-C8H16O2]

+ 
271.2061 
[M+H-H2O-3Glc-Rha-C8H16O2]

+ 

Protodeltonin 

15 10.215 1109.5360 
[M+HCOO]- 

1063.5315* 
[M-H]- 
917.4748 
[M-H-Rha]- 
 

917.4742 
[M-H-Rha]- 

901.4794 
[M-H-Glc]- 

883.4668 
[M-H-H2O-Glc]- 
755.4203 
[M-H-Glc-Rha]- 
593.3717 
[M-H-2Glc-Rha]- 

1087.5109 
[M+Na]+ 
1047.5378 
[M+H-H2O]+ 
901.4821* 
[M+H-H2O-Rha]+ 
577.3732 
[M+H-H2O-Rha-2Glc]+ 
 

739.4260 
[M+H-H2O-Rha-Glc]+ 
415.3202 
[M+H-H2O-Rha-3Glc]+ 
397.3093 
[M+H-2H2O-2Glc-2Rha]+ 
253.1953 
[M+H-2H2O-3Glc-Rha-C8H16O2]

+ 
271.2055 
[M+H-H2O-3Glc-Rha-C8H16O2]

+ 

Isomer of 
Protodeltonin 
 

1 10.332 
 

1093.5416 
[M+HCOO]- 
1047.5365* 
[M-H]- 

901.4812 
[M-H-Rha]- 
883.4703 
[M-H-Rha-H2O]- 
755.4237 
[M-H-2Rha]- 
737.4127 
[M-H-2Rha-H2O]- 

1071.5342 
[M+Na]+ 
1031.5440* 
[M+H-H2O]+ 
 

885.4843 
[M+H-H2O-Rha]+ 

869.4895 
[M+H-H2O-Glc]+ 
577.3728 
[M+H-H2O-2Rha-Glc]+ 
415.3204 
[M+H-H2O-2Rha-2Glc]+ 

Protodioscin 
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Peak RT 
(min) 

(-) ESI-MS 
m/z 

(-) ESI-MS2  
m/z 

(+) ESI-MS  
m/z 

(+) ESI-MS2 m/z Structure 
elucidation 

14 11.011 947.4854 
[M+HCOO]- 

901.4807* 
[M-H]- 
 

755.4228 
[M-H-Rha]- 
739.4277 
[M-H-Glc]- 
593.3699 
[M-H-Rha-Glc]- 

925.4766 
[M+Na]+ 
885.4891* 
[M+H-H2O]+ 
739.4284 
[M+H-H2O-Rha]+ 
577.3731 
[M+H-H2O-Rha-Glc]+ 

723.4312 
[M+H-H2O-Glc]+ 
579.3164 
[M+H-H2O-Glc-C8H16O2]

+ 
415.3195 
[M+H-H2O-Rha-2Glc]+ 
253.1958 
[M+H-2H2O-Rha-2Glc-C8H16O2]

+ 

Protobioside 

13 16.421 639.3747* 
[M+HCOO]- 
593.3655 
[M-H]- 

593.3697 
[M-H]- 
431.3171 
[M-H-Glc]- 

617.3660 
[M+Na]+ 

595.3841 
[M+H]+ 
577.3749* 
[M+H-H2O]+ 

415.3199 
[M+H-H2O-Glc]+ 
271.2051 
[M+H-H2O-Glc-C8H16O2]

+ 

Funkioside 

12 23.76 1091.5255 
[M+HCOO]- 

1045.5204* 
[M-H]- 
 

883.4716 
[M-H-Glc]- 
865.4612 
[M-H-Glc-H2O]- 
721.4183 
[M-H-2Glc]- 
575.3559 
[M-H-2Glc-Rha]- 

1069.5181 
[M+Na]+ 
1047.5379 
[M+H]+ 

885.4830 
[M+H-Glc]+ 
723.4306 
[M+H-2Glc]+ 
577.3722 
[M+H-2Glc-Rha]+ 
415.3203 
[M+H-3Glc-Rha]+ 

- Zingberensis 
newsaponins 
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Peak RT 
(min) 

(-) ESI-MS  
m/z 

(-) ESI-MS2  
m/z 

(+) ESI-MS  
m/z 

(+) ESI-MS2  
m/z 

Structure elucidation 

11 25.48 921.4741 
[M+HCOO]- 
883.4684* 
[M-H]- 

721.4176 
[M-H-Glc]- 
737.4139 
[M-H-Rha]- 

907.4658 
[M+Na]+ 
885.4847 
[M+H]+ 

723.4309 
[M+H-Glc]+ 
577.3730 
[M+H-Glc-Rha]+ 
415.3210 
[M+H-2Glc-Rha]+ 
397.3097 
[M+H-H2O-2Glc-Rha]+ 

- Deltonin 

5 26.3 913.4781* 
[M+HCOO]- 
867.4741 
[M-H]- 

867.4777 
[M-H]- 
721.4186 
[M-H-Rha]- 
703.4068 
[M-H-Rha-H2O]- 
575.3594 
[M-H-2Rha]- 

891.4710 
[M+Na]+ 
869.4917* 
[M+H]+ 
 

725.3725 
[M+H-C8H16O2]

+ 
723.4323 
[M+H-Rha]+ 
579.3127 
[M+H-C8H16O2-Rha]+ 
577.3739 
[M+H-2Rha]+ 
415.3212 
[M+H-2Rha-Glc]+ 

Dioscin 

10 28.043 945.4666 
[M+HCOO]- 

899.4542* 
[M-H]- 
 

737.4146 
[M-H-Glc]- 
575.3551 
[M-H-2Glc]- 

923.0128 
[M+Na]+ 

901.4790 
[M+H]+ 
883.4692 
[M+H-H2O]+ 

739.4251 
[M+H-Glc]+ 
577.3729 
[M+H-2Glc]+ 

415.3202 
[M+H-3Glc]+ 
397.3095 
[M+H-H2O-3Glc]+ 

- Diosgenin 
Triglucoside 



72 
 

*indicates precursor ion for MS2 ; - indicates “related MS fragments not detected”. 

 

 

Peak RT 
(min) 

(-) ESI-MS  
m/z 

(-) ESI-MS2  
m/z 

(+) ESI-MS  
m/z 

(+) ESI-MS2  
m/z 

Structure 
elucidation 

7 28.564 767.4211* 
[M+HCOO]- 
721.4159 
[M-H]- 

721.4178 
[M-H]- 
621.4380 
[M+HCOO-Rha]- 

575.3577 
[M-H-Rha]- 

745.4129 
[M+Na]+ 
723.4332* 
[M+H]+ 
577.3726 
[M+H-H2O-Glc-Rha]+ 

579.3150 
[M+H-C8H16O2]

+ 
415.3198 
[M+H-Glc-Rha]+ 

Polyphyllin V 

9 30.514 
 

783.4161* 
[M+HCOO]- 
737.4104 
[M-H]- 

737.4104 
[M-H]- 
575.3590 
[M-H-Glc]- 

761.4081 
[M+Na]+ 
739.4260 
[M+H]+ 
577.3727 
[M+H-Glc]+ 

415.3202 
[M+H-2Glc]+ 
397.3097 
[M+H-H2O-2Glc]+ 

- Diosgenin 
diglucoside 

8 35.135 621.3635* 
[M+HCOO]- 

575.3607 
[M-H]- 

599.3555 
[M+Na]+ 

577.3733* 
[M+H]+ 
 

433.2586 
[M+H-C8H16O2]

+ 
415.3201 
[M+H-Glc]+ 

397.3097 
[M+H-H2O-Glc]+ 

Trillin 
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3.3 Quantitative comparison of DN and DP 

As it seems that DN and DP might have a similar chemical composition based 

on the qualitative results, in order to validate this similarity between DN and DP, 

quantitative comparison of multiple components in DN and DP was further 

conducted by UPLC-QTOF-MS technique. 

3.3.1 Materials and method 

13 batches of DN and DP samples as indicated in Table 3.1 were chosen. 

The sample preparation and the condition of UPLC-QTOF-MS analysis were 

the same as that described in 3.2.1. The preparation of reference standard solutions 

was similar to that described in 3.2.1, except that the working solutions were 

prepared by appropriate dilution of the stock solutions with methanol to yield seven 

concentrations, from 0.5 mg/L to 40 mg/L. 

Assay validation 

Linearity, precision and recovery were all carried out to validate the method, 

according to the International Conference on Harmonization (ICH) Guidelines (ICH, 

2005). Prepared reference standard solutions with different concentrations were 

analyzed, and then the calibration curves were constructed by plotting the peak areas 

versus the concentrations of each analyte. Linearity was evaluated by squared linear 

correlation coefficient (R2) of the calibration curves of each reference standard 

(Table 3.4). Precision and recovery studies were performed on the previously 

quantified sample of DP-02 with a representative chromatographic profile, and the 

relative standard deviation (RSD) was taken as a measure of repeatability and 

precision. Instrument precision was determined by analyzing known concentrations 
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of the seven analytes in the sample solution of DP-02 by consecutive injection seven 

times in a single day (Table 3.5). To confirm repeatability, triplicate samples 

prepared from DP-02 were analyzed once daily for intra-day RSD and on three 

successive days for inter-day RSD (Table 3.5). For the recovery test (Table 3.6), 

three spike levels were set as 50%, 100% and 200% of each reference standards in 

DP-02. The standards were spiked into 0.5 g of plant material as appropriate 

concentrations of standard solutions. The samples were then extracted and analyzed 

with the described method. The average percentage recoveries were evaluated by 

calculating the ratio of detected amount versus the added amount.  

3.3.2 Results 

3.3.2.1 Assay of method validation 

 The calibration curve of each analyte showed good linearity with R2 > 0.99 in a 

wide range of concentrations. The relative standard deviation (RSD) values for 

precision were in the range of 0.54-4.96% for intra-day assays and 1.33-3.73% for 

inter-day assays, while the RSD value for instrument precision was within 3% (Table 

3.4 and 3.5). These values showed that the system was suitable for the chemical 

analysis of the two herbs. The average recovery at three spiked levels was calculated 

for the evaluation of method accuracy. The recovery of the method was in the range 

of 74.14-118.31%, with RSD < 6% as shown in Table 3.6. 

Limit of detection (LOD) and limit of quantification (LOQ) were defined as a 

signal-to-noise ratio (SNR) equal to 3 and 10, respectively. Based on stepwise 

dilution of standard solutions and calculation of the corresponding SNR, LOD and 

LOQ were determined within the range 0.02- 0.2 ng and 0.08-0.5 ng, respectively. 
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Table 3.4 Linearity studies for seven reference standards 

Reference standards Regression equation Linear range 
(mg/L) 

R2 
LOD 
(ng) 

LOQ 
(ng) 

Protodioscin Y=183529.99X+33249.73 1 - 40 0.9993 0.06 0.4 

Protogracillin Y=147911.09 X-83676.42 1 - 40 0.9991 0.08 0.3 

Pseudoprotodioscin Y=24173.76 X-12787.02 1 - 40 0.9989 0.2 0.5 

Dioscin Y=195547.04 X+102395.18 1 - 40 0.9993 0.06 0.4 

Gracillin Y=220220.60 X+37453.09 0.5 - 20 0.9994 0.08 0.4 

Polyphyllin V Y=357098.59 X+71709.34 0.5 - 20 0.9990 0.06 0.3 

Diosgenin Y=270980.85 X-18644.55 1 - 40 0.9982 0.02 0.08 

LOD and LOQ was calculated by the equation: concentration of reference standard (μg/L) × injection volume (1 μL) 

 

Table 3.5 Precision studies 

Reference 
standards 

Day 1 Day 2 Day 3 
Inter-day 
RSD (%) 

Instrument 
precision 
RSD (%) 

Determined 
content (mg/g) 

RSD 
(%) 

Determined 
content (mg/g) 

RSD 
(%) 

Determined 
content (mg/g) 

RSD 
(%) 

Protodioscin 

Protogracillin 

Pseudoprotodioscin 

Dioscin 

Gracillin 

Polyphyllin V 

Diosgenin 

6.49 ± 0.22 b 

5.37 ± 0.20 

5.59 ± 0.22 

8.56 ± 0.13 

4.19 ± 0.07 

0.41 ± 0.01 

4.65 ± 0.18 

3.33 

3.72 

4.00 

1.51 

1.71 

2.44 

3.96 

6.09 ± 0.08 

5.14 ± 0.09 

5.74 ± 0.15 

8.41 ± 0.14 

4.11 ± 0.02 

0.38 ± 0.01 

4.53 ± 0.20 

1.38 

1.84 

2.59 

1.72 

0.54 

2.67 

4.50 

6.10 ± 0.30 

5.10 ± 0.20 

5.90 ± 0.20 

8.31 ± 0.17 

4.04 ± 0.06 

0.38 ± 0.01 

4.57 ± 0.12 

4.96 

3.87 

3.43 

2.03 

1.55 

2.49 

2.70 

3.73 

2.80 

2.73 

1.54 

1.92 

3.67 

1.33 

0.91c 

2.95 

0.98 

0.76 

1.08 

1.79 

2.16 

b Values shown are mean ± standard deviation (n = 3); c Values shown are mean (n = 7) 
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Table 3.6 Accuracy studies 

Reference  

standards 

50% 100% 200% Average 

Recovery 

(%) 

RSD 

(%) 

Recovery 

(%) 

RSD 

(%) 

Recovery 

(%) 

RSD 

(%) 

Recovery 

(%) 

RSD 

(%) 

Protodioscin 75.75 ± 1.01d 1.33 78.44 ± 1.48 1.88 80.03 ± 2.66 3.32 78.07 2.18 

Protogracillin 89.16 ± 3.90 4.37 72.79 ± 0.66 0.91 77.01 ± 2.95 3.83 79.65 3.04 

Pseudoprotodioscin 75.90 ± 4.30 5.67 76.82 ± 4.66 6.06 86.89 ± 2.41 2.77 79.87 4.83 

Dioscin 82.16 ± 1.54 1.88 92.74 ± 1.24 1.34 92.34 ± 0.56 0.60 89.08 1.27 

Gracillin 107.26 ± 4.67 4.35 96.74 ± 4.36 4.51 103.24 ± 4.93 4.78 102.41 4.55 

Polyphyllin V 82.06 ± 1.48 1.81 76.64 ± 1.35 1.76 74.14 ± 0.63 0.85 77.61 1.47 

Diosgenin 111.35 ± 7.23 6.49 115.38 ± 1.40 1.21 118.31 ± 1.14 0.96 115.01 2.89 

d Values shown are mean ± standard deviation (n = 3) 
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3.3.2.2 Quantitative analysis for glycosides and aglycones 

     Altogether 13 DN samples and 13 DP samples collected from various regions were 

analyzed by the developed method. From these samples, six glycosides, namely, 

protodioscin, protogracillin, pseudoprotodioscin, dioscin, gracillin, polyphyllin V, and 

one aglycone, namely diosgenin, were quantified. The results are shown in Table 3.7. 
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Table 3.7 Contents of glycosides and aglycone in 13 DN and 13 DP samples (mg/g) 

No. Protodioscin Protogracillin Pseudoprotodioscin Dioscin Gracillin Polyphyllin V Diosgenin 

DN-01 20.88 ± 0.12 6.71 ± 0.07 0.98 ± 0.01 11.71 ± 0.10 2.50 ± 0.01 0.10 ± 2.32 × 10-3 9.41 ± 0.26 

DN-02 14.41 ± 0.53 8.24 ± 0.39 2.33 ± 0.01 16.48 ± 0.35 7.12 ± 0.31 0.22 ± 1.71 × 10-3 14.50 ± 0.43 

DN-03 17.19 ± 0.28 10.92 ± 0.20 0.44 ± 0.01 20.45 ± 0.45 8.45 ± 0.19 0.26 ± 2.34 × 10-3 19.39 ± 0.59 

DN-04 22.79 ± 0.71 15.57 ± 0.21 3.87 ± 0.09 12.18 ± 0.36 6.19 ± 0.16 0.18 ± 3.63 × 10-3 13.63 ± 0.81 

DN-05 16.10 ± 0.09 7.64 ± 0.11 2.56 ± 0.03 19.32 ± 0.55 6.67 ± 0.17 0.26 ± 4.08 × 10-3 16.78 ± 0.42 

DN-06 13.95 ± 0.85 2.58 ± 0.07 1.08 ± 0.02 27.66 ± 0.80 2.70 ± 0.14 0.20 ± 4.74 × 10-3 9.62 ± 0.15 

DN-07 18.12 ± 0.16 10.67 ± 0.17 0.59 ± 0.03 23.13 ± 0.48 9.19 ± 0.13 0.33 ± 15.28 × 10-3 10.79 ± 0.81 

DN-08 14.08 ± 0.33 1.72 ± 0.04 11.01 ± 0.40 19.98 ± 0.12 1.14 ± 0.03 0.14 ± 5.42 × 10-3 6.31 ± 0.15 

DN-09 12.00 ± 0.25 1.97 ± 0.08 13.52 ± 0.25 22.86 ± 0.41 1.56 ± 0.05 0.18 ± 3.55 × 10-3 11.00 ± 0.66 

DN-10 14.59 ± 1.11 3.78 ± 0.26 4.76 ± 0.30 27.50 ± 1.10 3.36 ± 0.14 0.24 ± 7.85 × 10-3 14.17 ± 0.11 

DN-11 20.42 ± 0.67 3.71 ± 0.15 6.56 ± 0.24 29.28 ± 1.01 2.21 ± 0.06 0.21 ± 3.61 × 10-3 15.14 ± 0.61 

DN-12 19.51 ± 0.10 10.88 ± 0.29 5.40 ± 0.10 20.15 ± 0.47 6.49 ± 0.12 0.26 ± 2.14 × 10-3 12.46 ± 0.72 

DN-13 38.81 ± 0.75 6.07 ± 0.13 16.59 ± 0.47 11.82 ± 0.23 0.88 ± 0.02 N/A 9.55 ± 0.62 

Average 
DN 

18.68 ± 6.85 6.96 ± 4.22 5.36 ± 5.25 20.19 ± 5.97 4.50 ± 2.93 0.20 ± 0.08 12.52 ± 3.55 
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Table 3.7 (continued) 

No. Protodioscin Protogracillin Pseudoprotodioscin Dioscin Gracillin Polyphyllin V Diosgenin 

DP-01 11.79 ± 0.08 10.90 ± 0.26 0.36 ± 0.02 7.43 ± 0.08 5.44 ± 0.05 0.36 ± 15.34 × 10-3 5.63 ± 0.08 

DP-02 6.01 ± 0.20 5.07 ± 0.16 5.66 ± 0.14 8.42 ± 0.35 3.87 ± 0.13 0.39 ± 13.96 × 10-3 4.26 ± 0.15 

DP-03 7.43 ± 0.26 4.87 ± 0.14 0.58 ± 0.01 11.26 ± 0.40 6.00 ± 0.29 0.51 ± 5.87 × 10-3 6.77 ± 0.21 

DP-04 4.62 ± 0.15 5.20 ± 0.15 0.81 ± 0.01 0.65 ± 0.02 0.42 ± 0.01 N/A 0.44 ± 0.01 

DP-05 13.75 ± 0.66 12.65 ± 0.58 2.75 ± 0.03 5.36 ± 0.25 3.41 ± 0.16 0.30 ± 1.64 × 10-3 3.32 ± 0.04 

DP-06 6.66 ± 0.19 5.49 ± 0.19 22.55 ± 0.53 6.84 ± 0.05 3.68 ± 0.06 0.33 ± 4.68 × 10-3 4.26 ± 0.26 

DP-07 16.09 ± 0.99 13.20 ± 0.79 2.68 ± 0.18 10.15 ± 0.63 5.47 ± 0.29 0.68 ± 5.64 × 10-3 6.53 ± 0.44 

DP-08 7.07 ± 0.54 5.49 ± 0.25 21.15 ± 0.19 6.31 ± 0.19 3.32 ± 0.08 0.27 ± 8.82 × 10-3 3.29 ± 0.23 

DP-09 10.15 ± 0.47 7.80 ± 0.36 2.38 ± 0.12 16.29 ± 0.53 9.08 ± 0.43 0.76 ± 15.52 × 10-3 13.80 ± 0.93 

DP-10 18.46 ± 1.05 19.39 ± 1.09 2.62 ± 0.01 8.29 ± 0.38 6.03 ± 0.41 0.59 ± 15.74 × 10-3 10.11 ± 0.70 

DP-11 17.39 ± 0.44 12.03 ± 0.47 4.41 ± 0.24 9.20 ± 0.32 4.19 ± 0.23 0.42 ± 10.89 × 10-3 6.89 ± 0.37 

DP-12 4.00 ± 0.20 4.44 ± 0.10 5.90 ± 0.28 0.72 ± 0.03 0.52 ± 0.03 N/A 0.45 ± 0.02 

DP-13 11.40 ± 0.59 7.72 ± 0.23 12.11 ± 0.37 5.09 ± 0.20 5.17 ± 0.25 0.18 ± 8.06 × 10-3 3.07 ± 0.20 

Average 
DP 

10.37 ± 4.90* 8.79 ± 4.53 6.46 ± 7.50 7.39 ± 4.16* 4.35 ± 2.31 0.37 ± 0.23* 5.29 ± 3.70* 

All values are expressed as mean ± standard deviation (n = 3);  

N/A = Not detected; Average DN and Average DP refer to 13 batches of DN and DP, respectively. *P < 0.05 
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The results show that the highest and the second highest amounts of 

components were dioscin and protodioscin, respectively, in 10 of 13 batches of 

DN. For all DP samples, the amounts of protodioscin and protogracillin were in 

close proportion, ranking either the first or the second highest content in 6 of 13 

batches of DP. The content of polyphyllin V was significantly lower than other 

determined components both in DN and DP samples. 

3.3.2.3 Comparative analyses for chemical composition of DN and DP 

Chemical composition of DN and DP was compared in terms of overall 

chromatographic profile and in terms of quantified constituents. Chromatographic 

fingerprint similarity was qualitative and quantitative evaluated on the basis of 

both major and minor peaks detected in chromatograms of DN and DP samples 

using a Similarity Evaluation Systems for Chromatographic Fingerprint software 

(Zhejiang University, Version 1.0.1). Test of significance performed by SPSS 

16.0 software was used to infer whether the mean contents of individual 

components could be considered statistically significant between two groups of 

independent DN and DP samples. Principal component analysis was useful in 

regression analysis to mitigate the problem of multicollinearity and to explore the 

relationships among the independent variables (seven determined constituents). 

This allowed the identification of the primary predictors with minimal 

multicollinearity, which was accomplished using SIMCA-P 12.0 software.  

Evaluation of chromatographic fingerprint similarity 

Similarity tests were performed based on the relative retention times and 

relative peak areas shown in Figs. 3.6 and 3.7 (Tistaert et al., 2011). The average 

chromatogram from the 13 batches of DN samples was chosen as the consensus 

fingerprint. Peak 1 (protodioscin) and peak 5 (dioscin) were selected as the 
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markers by which the peaks and retention times of the other chromatograms were 

adjusted. In comparison with the consensus fingerprint, all DN samples showed a 

similarity of at least ≥ 0.95 except the sample DN-13 for which the similarity was 

0.89, while a majority of DP samples showed a similarity higher than 0.85, 

among which 9 samples demonstrated a similarity higher than 0.95, and only the 

samples of DP-04 and DP-12 showed an exceptionally low similarity of 0.50 and 

0.57, respectively (Table 3.8). Examining the BPC data of samples DP-04 and 

DP-12 in detail, it was noted that their peak areas of dioscin and gracillin were 

approximately 1/20 and 1/10 of the corresponding average value of DN, while, 

moreover, neither of them contained polyphllin V. These anomalies were likely 

the source of dramatically low similarity with the consensus chromatogram. In 

general, the two sets of fingerprints revealed a high level of similarity for all main 

components of DN and DP.  
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Fig. 3.6 BPC fingerprint of 13 DN samples 

1. Protodioscin, 2. Protogracillin, 3. Pseudoprotodioscin, 4. Pseudoprotogracillin, 5. Dioscin, 

6. Gracillin, 7. Polyphyllin V. 

 

 
Fig. 3.7 BPC fingerprint of 13 DP samples 

 The numbered peaks are the same as the ones indicated in Fig. 3.6. 
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Table 3.8 Chromatographic fingerprint Similarity of samples of DN and DP 

No. Source 
Growth period 

(year) 
Similarity 

DN-01 

DN-02 

DN-03 

DN-04 

DN-05 

DN-06 

DN-07 

DN-08 

DN-09 

DN-10 

DN-11 

DN-12 

DN-13 

Lingbao, Henan 

Chengdu, Sichuan 

Northeast China 

Northeast China 

Hebei 

Hebei 

Sichuan 

Northeast China 

Northeast China 

Northeast China 

Northeast China 

Sichuan 

Lingbao, Henan 

>2y, cultivated 

1-2y, cultivated 

1-2y, wild 

1-2y, wild 

1-2y, wild 

1-2y, wild 

1-2y, cultivated 

1-2y, wild 

1-2y, wild 

1-2y, cultivated 

1-2y, cultivated 

1-2y, cultivated 

2 y, cultivated 

0.98 

0.99 

0.99 

0.97 

1.00 

0.97 

0.99 

0.95 

0.96 

0.98 

0.97 

0.99 

0.89 

DP-01 

DP-02 

DP-03 

DP-04 

DP-05 

DP-06 

DP-07 

DP-08 

DP-09 

DP-10 

DP-11 

DP-12 

DP-13 

Xichang, Sichuan 

Ganzi, Sichuan 

Shaoyang, Hunan 

Maoxian, Sichuan 

Xichang, Sichuan 

Luding, Sichuan 

Ganzi, Sichuan 

Ganzi, Sichuan 

Maoxian, Sichuan 

Xichang, Sichuan 

Lijiang, Yunnan 

Lijiang, Yunnan 

Zhaotong, Yunnan 

2 y, cultivated 

2 y, wild 

1-2 y, wild 

2 y, cultivated 

2 y, cultivated 

>2y, wild 

>2y, wild 

>2y, wild 

>3 y cultivated 

2y, cultivated 

2y, cultivated 

1y, cultivated 

1-2y, wild 

0.95 

0.99 

0.99 

0.50 

0.86 

0.95 

0.94 

0.95 

0.99 

0.90 

0.95 

0.57 

0.91 
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Tests of significance 

In addition to comparison of chromatographic profiles of all DN and DP 

samples, the amounts of seven specific constituents were also compared in both 

herbs. By independent-samples t-test (Table 3.7), the average content of 

protodioscin (P < 0.05), dioscin (P < 0.05) and diosgenin (P < 0.05) in DN and 

DP were significantly different, except protogracillin (P > 0.05) and gracillin (P > 

0.05). The determined values concerning pseudoprotodioscin and polyphyllin V 

in all samples of DN and DP were subjected to the nonparametric test of two-

independent samples due to their inconformity of normality and homogeneity of 

variance. Results indicated that the average contents of pseudoprotodioscin (P > 

0.05) in DN and in DP did not differ significantly, while the average contents of 

polyphyllin V (P < 0.05) did differ signficantly in these same samples. Overall, 

the contents of the three major constituents, namely protogracillin, gracillin and 

pseudoprotodioscin, were of similar levels while the contents of another three 

main constituents, namely, protodioscin, dioscin and diosgenin, varied among all 

samples of DN and DP. 

Principal component analysis 

Principal component analysis (PCA) was employed here to compare DN and 

DP samples from different sources. Seven determined constituents were set as 

seven variables, while 26 batches of samples were set as observations. According 

to factor loading matrix calculations, the PCA loading plot (Fig. 3.8) indicated 

that protodioscin, dioscin and gracillin showed the greatest influence on 

Component 1, Component 2 and Component 3, respectively. The three-

dimensional graphics of PCA scores (Fig. 3.9) showed that all samples of DN and 

DP were clustered in their own small regions except DN-13, but they were both 
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within a larger sphere. DN-13, with the lower chromatographic similarity of 0.89, 

was distributed outside the sphere due to its large score on t3 caused by its very 

high content of protodioscin. The t1 scores of the DP-04 sample and DP-12 

sample (marked by the arrow in Fig. 3.9) with significantly low chromatographic 

similarity (0.50 and 0.57) were much lower than other samples; this is mainly 

caused by their dramatically low content of gracillin. The PCA scores of DN 

samples from different regions did not vary significantly; similarly, the PCA 

scores of DP samples did not show significant differences. Thus, the PCA results 

also verified the findings of evaluation of chromatographic fingerprint similarity 

that DN-13, DP-04 and DP12 varied noticeably compared with the rest of 

samples. 

 

Fig. 3.8 Loading scatter plot of 7 variables on 
three principal components 

Fig 3.9 Three-dimensional graphics of 
PCA scores of 13 batches of DN and DP 
respectively 

 

Based on the comparative results described above, as for the intra-species 

difference in chemical composition, it was shown in our present study that the 

major composition of either DN or DP fluctuated more or less among 13 DN or 

13 DP samples, respectively. As it is well-known that various factors, such as the 
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environment, growth period, date of collection, stress, the status of being 

cultivated or collected in the wild might influence the variation of the secondary 

metabolites accumulate in the body of plants, it is presumed that the big chemical 

differences for sample DN-13, DP-04 and DP-12 in comparison with the rest of 

the collections were caused probably due to very complex factors as mentioned 

above. However, these anomalies only account for the minority of total 26 

samples. As for the inter-species similarity in chemical composition between DN 

and DP, it might be inferred from their classification in phytotaxonomy and their 

growing environment and ecosystem. The genus of Dioscorea is sub-classified 

into five sections, such as Sect. Stenophora Uline, Sect. Combilium Prain et 

Burkill and Sect. Shannicorea Prain et Burkill. DN and DP both are classified in 

Sect. Stenophora Uline, which indicates their close genetic relationship. And the 

growing environment of DN and DP is fairly similar. Both grow in the hillside 

bush, at the forest edge, or by the roadside on the hill. DN and DP distribute at an 

altitude of 100-1800 m and 1000-3500 m, respectively (Editorial Board of Flora 

of China, 1985). Therefore, it is observed that the global similarity in chemical 

composition is demonstrated both at intra-species and inter-species, and the 

variations to some extent do exist at intra-species and inter-species.  

 

3.4 Conclusion 

In conclusion, by the sensitive UPLC-qTOF-MS method we developed, our 

results demonstrate that DN and DP have a highly similar composition of 

saponins, while DZ is quite different from that of DN and DP. DN and DP have 

six steroidal glycosides in common, namely, protodioscin, protogracillin, 

pseudoprotodiocin, pseudoprotogracillin, dioscin, gracillin and polyphllin V. 
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Among 14 steroidal glycosides identified in DZ, only 3 minor components were 

same as those in DN and DP, namely, protodioscin, dioscin, and polyphllin V. 

However, the aglycone, diosgenin, was the main component of all acid 

hydrolyzed DN, DP and DZ. As diosgenin has been reported for the anti-

myocardial ischemia activity (Jayachandran et al., 2009), we hypothesized that 

diosgenin might be one of the bioactive sapogenin related to the anti-myocardial 

ischemia activity of these three herbs (investigation was described in the coming 

Charpter Ⅳ). 

In order to investigate the chemical similarity of DN and DP, the UPLC-

QTOF-MS method was further validated for quantitative comparison of six 

steroidal glycosides and one aglycone of diosgenin in 13 batches of DN and 13 

batches of DP. The linearity, precision and recovery of this method were fully 

validated and satisfactorily achieved. Based on the base peak chromatograms 

acquired and assay results, the chemical profiles of DN and DP were clarified and 

compared by statistical analyses. Results demonstrate that DN and DP, even from 

different sources, have a highly similar chemical composition. Thus, it is 

reasonable to think that, from the aspect of chemical evaluation, DN and DP both 

can be used as starting material for anti-CHD drugs in the pharmaceutical 

industry.  

  



88 
 

CHARPTER Ⅳ 

METABOLISM STUDIES ON THREE DIOSCOREA SPECIES 

—  UPLC–QTOF–MS Identification of Metabolites in Rat Biosamples 

after Oral Administration of Dioscorea saponins 

 

4.1 Introduction 

In order to produce the most effective, safe drugs possible, the chemistry of 

medicines must be thoroughly understood; however, herbal medicines pose 

unique problems for chemical analysis. Unlike manufactured pharmaceuticals, 

herbs are chemically complex, with multiple components, acting in diverse ways, 

absorbed at different rates into circulation, and often converted to even more 

compounds during metabolism (Qiao et al., 2012). Thus, analytical methods for 

herbs must be capable of simultaneously detecting multiple metabolites much 

more sensitively, accurately and quickly than with conventional means, such as 

TLC and HPLC. Recently, ultra-high performance liquid chromatography 

coupled with quadrupole time-of-flight mass spectrometry (UPLC-QTOF-MS) 

with its superior sensitivity and selectivity has been increasingly utilized in 

metabolism research because it can elucidate the metabolic fate of components of 

a single herbal extract even a multi-herb formula (Wang et al., 2008; Yi et al., 

2014b).  

     So far, only a few studies have been done, giving us only sparse data on the 

metabolic profiles of Dioscorea saponins.  Several phytochemical studies have 

been done on these three herbs in vitro (Li et al., 2006; Zhu et al., 2010; Tang et 

al., 2013), suggesting that the chemical composition of DN and DP are similar, 
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and that both are quite different from DZ. But the questions of what the bioactive 

components are and how they prevent and treat cardiovascular disease have not 

yet been fully addressed. A few of the single compounds, such as methyl 

protodioscin, dioscin and diosgenin, have been quantitatively determined in rat 

plasma by HPLC-MS for pharmacokinetic study by different investigators (Li et 

al., 2005a, 2005b; Cao et al., 2008; Xu et al., 2009b). However, these tested 

components were given to animals in the form of pure compounds and some were 

administered by intravenous injection.  This is different from a compound in the 

matrix of a multi-component herbal medicine absorbed from the alimentary tract 

as, according to some evidence, metabolic behavior can be altered by co-existing 

constituents in an herbal medicine (Qiao et al., 2012). Besides studies on single 

compounds, saponin related metabolites were also investigated in rat plasma, 

urine and feces after administration with total saponins (TS) of DN, DP or DZ  

For example, very few compounds from total saponins of DP (DPTS) were 

identified in vivo by ESI-MS; however, this scarcity is probably due to the 

relatively low resolution of the mass spectroscope used at that time (Ma et al., 

2002). Later the disposition and pharmacokinetics of total saponins of DN 

(DNTS) in rats were determined by 3H labelling (Ren et al., 2008). The 

radioactivity of labelled TS was detected in rat biosamples. This method required 

complicated procedures for sample preparation and carried a radiation risk, yet 

yielded no useful information on metabolites. More recently, only diosgenin was 

identified in rat plasma by the UPLC-ESI-QTOF-MS technique after treatment 

with total saponins of DZ (DZTS) (Qin et al., 2009). The failure to find other 

metabolites could be attributed to the pretreatment method for samples and mass 

spectra conditions. In summary, published data on the metabolism of the TS of 
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these three Dioscorea herbs and related single components are still limited and 

incomplete.  

     Because these three herbs with different chemical constituents possess similar 

therapeutic efficacy for myocardial ischemia, answering two key questions could 

be important. These questions are: (1) Does the body metabolize different starting 

saponins into the same end product; this end product might play an essential role 

in their related bioactivity and appears in plasma, urine and/or feces after oral 

administration? As diosgenin is the main aglycone of hydrolyzed DNTS, DPTS 

and DZTS (Tang et al., 2013; Yi et al., 2014a), and in particular, diosgenin have 

been reported for the anti-myocardial ischemia activity (Jayachandran et al., 

2009), we hypothesize that diosgenin, as a metabolite, can be found due to oral 

administration of these three total saponins; this could constitute part of evidence 

supporting similarity in efficacy of these three herbs. (2) Are there significant 

differences in the metabolic profiles and metabolite levels of rat groups 

administered with saponins from these herbs? To answer the questions above, in 

this present study, the metabolic profiles and sustained levels of main metabolites 

found in biosamples from seven groups of rats orally given different agents were 

analyzed and compared by UPLC-QTOF-MS technique. The seven agents 

administered were TS extracted from each of DN, DP and DZ, and four steroidal 

compounds with characteristic chemical structures, namely, protodioscin 

(glycoside with pentacylic furostane type sapogenin), pseudoprotodioscin 

(dehydrated form of protodioscin), dioscin (glycoside with hexacylic spirostane 

sapogenin), diosgenin (hexacylic spirostane type aglycone). The metabolic 

profiles from rat groups administered with individual saponins could provide 

useful information on the potential pathways by which DNTS, DPTS and DZTS 
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are metabolized in vivo in support to their efficacies. To summarize, a flowchart 

illustrating the strategy of the present metabolism study is shown in Fig. 4.1.  

 

Fig. 4.1 Flowchart of the strategy of metabolism studies on Dioscorea saponins 

4.2 Experimental 

4.2.1 Chemicals and materials 

     Analytical grade ethanol purchased from the Merck (Darmstadt, Germany) 

was used for the extraction of herbal samples. Water was purified using a Milli-Q 

water system (Millipore; Bedford, MA, USA), acetonitrile (RCI Lab-Scan, 

Bangkok, Thailand) and methanol (RCI Lab-Scan, Bangkok, Thailand) were used 

as the mobile phase for analysis. Formic acid (Sigma-Aldrich, USA) was added to 

the mobile phase for analysis of glycosides.  

     Ten reference standards were used for qualitative analysis, namely seven 

glycosides and three aglycones (Fig. 4.2). Standards (purity > 98%) of 

protodioscin (PD), dioscin (DC), gracillin (GR), trillin (TR), diosgenin (DG), 

tigogenin (TG), and sarsasapogenin (SG) were purchased from Phytomarker Ltd., 

DNTS DPTS DZTS

Chemical fingerprint

PD PSD DC DG

Purity Check

Metabolism of 4 single compounds Metabolism of 3 total saponins

Characterization of 
metabolic profiles

Characterization of changes in 
sustained levels of major metabolites

Biosamples Method
Internal standard method

Plasma Urine Feces

UPLC-(±)ESI-QTOF-MS

UPLC-(+)APCI-QTOF-MS

Glycosides

Aglycones

Targeting

Targeting

Single compounds Total saponins
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Tianjin. Protogracillin (PG) and polyphyllin V (PV), both with purity > 98%, 

used in this study were purchased from Emilion Technology Ltd., Beijing. 

Pseudoprotodioscin (PSD) was provided by National Institute for Food and Drug 

Control (Beijing, China). Ginsenoside Rc (RC) and ruscogenin (RG) used as 

internal standards for analysis of glycoside and aglycone, respectively, were 

purchased from Herbpurify Co., Ltd. (Chengdu, China). Purity check for all 

reference standards were performed by the method described in “2.5 

Instrumentation and conditions”. 

     The rhizomes of DN, DP, and DZ were collected from Lingbao in Henan 

Province, Xichang in Sichuan Province and Enshi in Hubei Province, China. All 

the crude drugs were of high quality and authenticated by Dr. Hubiao Chen, 

School of Chinese Medicine, Hong Kong Baptist University. Corresponding 

voucher specimens were deposited in the Phytochemistry and Quality Research 

Lab, Hong Kong Baptist University. 
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            Tigogenin                                             Sarsasapogenin 

Type of chemical 

structure 

Chemical name Molecular 

formula 

R 

   R1 

Spirostanol 
sapogenin 
/saponins 

Diosgenin
■◇★

  
(DG) 

C27H42O3              －H 

Dioscin
■◇★

 
(DC) 

C45H72O16              －Glc(4←1)－Rha 
(2←1) 

             Rha 

Gracillin
■★

 
(GR) 

C45H72O17              －Glc(3←1)－Glc 
(2←1) 

             Rha 

Polyphyllin V
■◇★

 
(PV) 

C39H62O12             －Glc(2←1)－Rha 

 Progenin II  
(PII) 

C39H62O12             －Glc(4←1)－Rha 

 Zingiberensis 

newsaponin
◇
 

(ZSA) 

C51H82O22              －Glc(4←1)－Glc(3←1)－Glc 
(2←1) 

                Rha 

 Deltonin
◇
 

(DL) 

C45H72O17              －Glc(4←1)－Glc 
(2←1) 

                 Rha 
 Diosgenin diglucoside

◇

(DGD) 

C39H62O13              －Glc(4←1)－Glc 

 Diosgenin triglucoside
◇
 

(DGT) 

C45H72O18              －Glc(4←1)－Glc(3←1)－Glc 

 Trillin
◇★ 

 
(TR) 

C33H52O8              －Glc 

 Tigogenin
★
 (TG) C27H44O3 Diastereomer 

 Sarsasapogenin
★

 (SG) C27H44O3 Diastereomer 

Fig. 4.2 Chemical structures of reference standards, constituents identified in DNTS, 

DPTS or DZTS and related metabolites in rat biosamples (To be continued) 
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Type of chemical 

structure 

Chemical name Molecular 

formula 
R 

  R2 
Furosta-5-en-type 
saponins 

Protodioscin
■◇★

 
(PD) 

C51H84O22            －Glc(4←1)－Rha 
(2←1) 

                Rha 
 Protogracillin

■★
 

(PG) 

C51H84O23            －Glc(3←1)－Glc 
(2←1) 

                Rha 
 Protobioside

◇
 

(PB) 

C45H74O18             －Glc(2←1)－Rha 

 Funkioside B
◇
 

(FUN) 

C33H54O9             －H 

 Parvifloside
◇
 

(PAR) 

C57H94O28            －Glc(4←1)－Glc(3←1)－Glc 
(2←1) 

                Rha 
 Protodeltonin

◇
 

(PDL) 

C51H84O23             －Glc(4←1)－Glc 
(2←1) 

                Rha 
  R3 
Furosta-5,20 (22)-
dien-type saponins 

Pseudoprotodioscin
■★

 
(PSD) 

C51H82O21            －Glc(4←1)－Rha 
(2←1) 

            Rha 

Note: Glc = β－D－glucopyranosyl, Rha = α－L－rhamnopyrannosyl 
■

indicates components identified both in DNTS and DPTS; 
◇

indicates components 
identified in DZTS;  
★

indicates reference standards. 
Fig. 4.2 (Continued) 

4.2.2 Animals 

     Male Sprague-Dawley rats (200 ± 20g) were purchased from Laboratory 

Animal Services Center, the Chinese University of Hong Kong, Hong Kong. The 

rats were bred in a breeding room with temperature of 23 ± 1 oC, humidity of 60 

± 5%, and 12 h dark – light cycle. They were given tap water and fed normal food 

ad libitum. All the experiment animals were housed under the above conditions 

for 3 days’ acclimation, and were fasted overnight before the experiments. All 

experimental protocols were approved by the Committee on the Use of Human & 
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Animal Subjects in Teaching and Research of Hong Kong Baptist University, in 

accordance with the Animals Ordinance (Department of Health, Hong Kong).  

4.2.3 Drug administration and collection of plasma, urine and feces samples 

The rats were randomly divided into eight groups (n = 3), namely one 

control group, three total saponins-treated groups and four single compound-

treated groups. All rats were housed individually in metabolic cages for the 

collection of urine and feces.  

Rats in the total saponins-treated groups received DNTS, DPTS, and DZTS, 

in single doses of 160 mg/kg body weight by intragastric administration. 

According to Chinese Pharmacopeia and Chinese Materia Medica, the normal 

clinical dosage of DN, DP and DZ (decoction pieces) is 9-30 g for adults each 

day. This appropriate dosage was chosen further based on the extraction ratio of 

total saponins from crude drugs and our pretest results in which different dosages 

(low to high) were tested. The control group received the same volume of 0.5% 

(w/v) aqueous sodium carboxy methycellulose (CMC-Na) as vehicle. The four 

single compound-treated groups were orally administered with PD, PSD, DC and 

DG in single doses of 60 mg/kg body weight. The selection for dosages of each 

single compound was also based on our pretest results to ensure the minimal 

detectable concentration in vivo. 

The rats were anesthetized with diethyl ether prior to blood taking. Retro-

orbital blood samples of approximate 300 μL were collected into heparinized 

tubes at 1, 2, 4, 6, 8, 10, 12, 24, 36 h after administration. Blood samples were 

immediately centrifuged at 6000 rpm (4 ◦C) for 20 min to obtain plasma. The 

plasma samples were stored at − 80 ◦C until UPLC-MS analysis. 
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Urine samples from each rat were collected from 0, 0-2, 2-4, 4-6, 6-8, 8-10, 

10-12, 12-24, 24-36h after administration. Fecal samples were collected from 0-

24, 24-36h.  

4.2.4 Sample preparation 

4.2.4.1. Reference standards  

     Reference standards were dissolved in methanol to produce individual stock 

solutions (0.5 mg/mL). Solutions containing either three aglycones (DG, TG and 

SG) or seven glycosides (PD, PG, PSD, DC, GR, PV, and TR), was prepared 

separately and serially diluted to obtain working solutions for qualitative 

identification (25 μg/mL for each reference standard). RG and RC were dissolved 

and mixed in the same solvent to produce an IS solution (10 μg/mL for each 

compound). All solutions were sealed and stored at 4 OC until use. 

4.2.4.2 Samples for analysis in vitro 

The total saponins from DN, DP and DZ were prepared separately. The dried 

rhizomes of these herbs were crushed and 1 kg portions were refluxed thrice with 

8 L of 70% ethanol for 2 hours each time at 80 oC. The mixture was filtered and 

the combined ethanolic extracts were rotary evaporated under reduced pressure at 

60 oC to concentrated aqueous extract (equivalent to 1.5 g of crude drug/mL). A 

portion of 200 mL was successively extracted with 200 mL n-butanol pre-

saturated with water three times. The upper layer (n-butanol layer) was combined 

and evaporated to dryness. The residue was dissolved in methanol, and 

centrifuged. The supernatant was dried under vacuum and re-dissolved in a small 

amount of methanol. The methanolic solution was added, drop by drop, into 

approximately 20-fold volume of ethyl acetate while stirring. The precipitate was 

filtered under vacuum and washed with fresh ethyl acetate. The total saponins 
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were obtained after drying the precipitate at 50 oC. These extracts, as well as four 

single compounds, namely, PD, PSD, DC and DG, were individually suspended 

in 0.5% (w/v) aqueous CMC-Na for animal administration. 

4.2.4.3 Samples for analysis in vivo 

Plasma was obtained by centrifuging the blood at 4000 rpm for 10 min at 

4oC. For plasma samples, 150 μL plasma and 50 μL of IS solutions were mixed 

with 700 μL of methanol. These mixtures were vortexed for 1 min, ultrasonicated 

in a water bath for 5 min, then centrifuged at 13000 rpm for 10 min to precipitate 

the protein. The supernatant was dried using a vacuum oven at 37 oC, and 

reconstituted with 150 μL methanol and ultrasonicated for 1 min, then centrifuged 

again at 13000 rpm for 10 min. The supernatants obtained were used as UPLC-

MS samples.  

Collected urine samples were centrifuged at 6000 rpm for 10 min. For urine 

samples, 150 μL of urine and 50 μL of IS solution were mixed with 200 μL of 

acetonitrile. These mixtures were vortexed, ultrasonicated and centrifuged at 

13000 rpm for 10 min, and then the supernatant was ready for UPLC-MS analysis.  

Feces samples were dried at 37 oC, then ground into powder and mixed 

thoroughly. For feces samples, 200 μL of IS solution and 1.8 mL of methanol 

were added to the same weight of feces powder. Then the feces samples were 

extracted by an ultrasonic bath for 30 min, followed by filtration through a 0.2 

μm filter before analysis. An aliquot of 3 μL taken from each filtered sample 

solution was injected for UPLC-QTOF-MS analysis. 

4.2.4.4 Quality control (QC) solutions and QC samples 



98 
 

Reference standard solutions containing either three aglycones (DG, TG and 

SG) or seven glycosides (PD, PG, PSD, DC, GR, PV, and TR), was prepared 

separately and serially diluted to obtain working solutions. 

QC stock solutions were prepared at three concentration levels as high QC 

(HQC), middle QC (MQC), low QC (LQC) based on linear ranges of the analytes 

established in our previous study (Tang et al., 2013). Different concentrations of 

QC stock solutions (0.5, 1, 4, 5, 8, 10, 80, 100 μg/mL for each reference standard) 

were used in method validation of matrix effect, extraction efficiency, and 

stability study.  

For QC plasma samples, 150 μL of QC stock solution (0.5, 1, 10 μg/mL) 

was added to 150 μL blank plasma, followed by the addition of 50 μL of IS 

solution and 550 μL of methanol. 

For QC urine samples, 50 μL of QC stock solution (4, 8, 80 μg/mL) was 

added to 150 μL blank urine, and then mixed with 50 μL of IS solution and 150 

μL of acetonitrile. 

For QC feces samples, 200 μL of QC stock solution (5, 10, 100 μg/mL), 200 

μL of IS solution and 1.6 mL of methanol were added to 0.1 g of blank feces 

powder. 

The rest of preparation procedures were the same as that of drug-containing 

samples (plasma, urine and feces) described in 4.2.4.3 Samples for analysis in 

vivo.  

4.2.5. Instrumentation and conditions 

Ultra-high performance liquid chromatography with ultra-high definition 

accurate mass quadrupole time-of-flight mass spectrometer (Agilent 

Technologies, G6540A) was used for qualitative and quantitative analyses. 
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Chromatographic separation was conducted on a Waters ACQUITYTM UPLC 

BEH C18 column (1.7 μm, 2.1 × 100 mm). The chromatographic conditions were 

the same as for our previous study (Tang et al., 2013).  

     For the analysis of glycosides, the mobile phase consisted of 0.1% (v/v) 

formic acid in water (A) and 0.1% (v/v) formic acid in acetonitrile (B). Gradient 

elution program was used: 0-2 min, 20-20% B; 2-12min, 20-28% B; 12-20 min, 

28-45% B; 20-35min, 45-48% B. The flow rate was 0.4 mL/min. The column 

temperature was set at 25 OC. The mass scan was over the range of m/z 50-1700 

for negative ion mode with electrospray ionization (ESI) interface. The ESI 

capillary voltage was set at -3.5kV for negative mode. 

     For the analysis of aglycones, the mobile phase consisted of water (A) and 

methanol (B). Elution program was set as follows: 0-10 min, 55-95% B; 10-

18min, 95-95% B. The flow rate was 0.45 mL/min. The column temperature was 

set at 45 OC. The mass scan was over the range of m/z 100-1000 for positive ion 

mode with an atmospheric-pressure chemical ionization (APCI) source. The 

capillary voltage was set at +4.5kV. MS2 data were acquired in the automatic 

data-dependant mode, and the collision energy was simultaneously set at 20 and 

40 ev. All the results were analyzed by Aglient MassHunter Workstation 

Qualitative Analysis B.04.00 (Q-TOF) B.04.00. 

4.2.6 Characterization of changes in sustained levels of major saponins 

Using the internal standard method, the ratios of extracted ion chromatography 

(EIC) peak areas of major saponins to EIC peak areas of internal standards (IS) 

were calculated as an index; this index was used for characterizing the changes in 

sustained levels of saponins in experimental groups. Because the concentrations 

of IS added to plasma and urine samples were different, the changes in sustained 
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levels of saponins in plasma or urine samples are shown, separately. For each 

group of rats, the major saponins appearing in the plasma or urine samples were 

selected for a plot of relative concentration versus time. For each rat, at each time 

point, if the signal-to-noise ratio of EIC peaks of that saponins was no less than 3, 

the ratio of EIC peak area of that saponin / EIC peak area of IS was calculated. 

The mean of these ratios from each of the three rats in a group was then 

calculated. 

4.2.7 Method validation 

Matrix effects and extraction efficiency were examined in three series 

groups of standard addition experiments. For each series, three concentrations 

were used. In series A, QC solutions were added to blank plasma and then 

extracted as QC samples; in series B, QC solutions were added to pre-extracted 

blank plasma; in series C, analytes were dissolved in methanol, as described in 

4.2.4.1. Reference standards. The matrix effect was calculated as: ME (%) = 

(measured peak areas of each analyte in series B) / (measured corresponding peak 

areas of each analyte in series C) ×100%. Extraction efficiency was calculated as: 

EE (%) = (measured peak areas of each analyte in series A) / (measured 

corresponding peak areas of each analyte in series B) ×100%. A similar method 

was used for calculating the ME and EE of urine samples.  

The stability in rat plasma and urine was investigated by comparing the 

measured peak areas of each analyte at three spiked concentrations of QC 

samples under the following two storage conditions: (1) after 24h storage at 4 OC, 

and (2) after 30 days’ storage at -80 OC. All the analytes were considered stable 

when the percent deviation was within 15%. 
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4.3 Results and discussion 

4.3.1 Optimization of sample preparation 

Various methods of sample preparation were tested to select an efficient 

extraction method for obtaining superior profiles of target compounds and 

reducing matrix effects from other irrelevant components in plasma, urine and 

feces. The methods included protein precipitation with several organic solvents, 

liquid-liquid extraction and directive extraction with solvents. For plasma 

samples, compared to using acetonitrile direct precipitation with methanol 

resulted in relatively higher values for targeted metabolites and internal standards 

in plasma. Liquid-liquid extraction with n-butanol or ethyl acetate led to very few 

characteristic peaks in plasma samples, probably due to the relatively high 

polarity of metabolites in rat plasma. As for the pretreatment of urine samples, 

directive precipitation with acetonitrile resulted in better metabolic profiles than 

methanol did. The test results of liquid-liquid extraction for urine samples were 

similar to those for plasma samples. For the ultrasonic extraction of feces samples, 

methanol was chosen because it gave the highest extraction efficiency compared 

to ethanol and acetonitrile, a result that agrees with a previous report (Yi et al., 

2014b). Therefore, methanol and acetonitrile were selected for pretreatment of 

plasma and urine samples, respectively, by precipitation. Methanol was chosen as 

the extraction solvent for the treatment of feces samples. 

4.3.2 Method validation  

Validation of the method’s quantitation, in terms of linearity, precision, 

accuracy and recovery, was not included in this present study for two reasons: (1) 

The quantitation for seven marker analytes namely, PD, PG, PSD, DC, GR and 

DG, in the extract of Dioscorea herbs has been fully validated in our previous 
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study (Tang et al., 2013). (2) Because our study was designed to focus on 

comparing the profiles and general changes in sustained levels of saponins, 

comprehensive validation for quantitation did not seem necessary. While 

validation of the method in terms of quantitation did not seem necessary, 

assessment of any matrix effect (ME), and of the method’s extraction efficiency 

(EE) and stability did seem necessary, given the complicated bio-matrices 

involved, namely, plasma, urine and feces. Therefore, ME, EE and stability were 

assessed according to the U.S. FDA guidance on bioanalytical method validation 

(U.S. Food and Drug Administration, 2001).  

The matrix effect is used to characterize the ion suppression or enhancement 

of analyte ionization. Results in Table S1 show that ME varied from 85.12% to 

114.10%. Thus it can be concluded that there was no significant ion 

suppression/enhancement of any of the analytes under the experimental 

conditions. Extraction efficiency represents the ability of a solvent to extract 

target components from an existing matrix. EE of the eight analytes varied within 

±15% at all three concentrations (Table 4.1). 
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Table 4.1 Matrix effects and extract efficiencies of the analytes 

    Analytes     
 PD PG PSD DC GR PV TR DG 
Plasma         
LQC (0.5 μg/mL)         

EE% 85.96 100.31 93.16 90.02 85.25 111.77 89.70 108.08 
ME% 101.11 110.10 96.79 88.59 99.92 107.94 104.77 111.42 

MQC (1 μg/mL)         
EE% 91.75 101.72 86.50 106.52 92.80 86.34 112.06 109.45 

ME% 88.92 113.44 85.56 113.77 86.69 91.13 98.23 103.21 
HQC (10 μg/mL)         

EE% 92.99 115.25 106.32 89.71 87.61 99.68 108.21 112.55 
ME% 112.70 87.32 98.76 103.53 104.42 105.35 114.10 104.09 

Urine         
LQC (0.5 μg/mL)         

EE% 91.63 108.32 114.65 96.83 95.80 102.11 92.27 104.16 
ME% 114.39 113.31 110.26 87.51 106.75 108.35 113.48 96.59 

MQC (1 μg/mL)         
EE% 115.24 97.00 85.12 96.72 85.85 104.46 90.54 108.70 

ME% 92.06 107.31 112.93 97.25 96.24 99.10 88.81 112.19 
HQC (10 μg/mL)         

EE% 108.60 93.95 107.47 112.98 89.92 91.53 88.80 104.51 
ME% 92.52 110.01 110.51 97.68 92.33 113.14 110.34 105.16 

Feces         
LQC (0.5 μg/mL)         

EE% 87.50 92.14 110.63 109.40 111.27 105.42 104.04 86.24 
ME% 94.32 110.89 95.81 112.59 115.39 104.69 107.34 113.80 

MQC (1 μg/mL)         
EE% 102.59 99.58 107.67 94.28 103.97 112.15 95.52 108.26 

ME% 94.75 97.79 110.79 87.24 90.76 110.83 98.63 97.47 
HQC (10 μg/mL)         

EE% 86.15 98.20 105.30 112.94 107.88 94.51 88.15 110.37 
ME% 109.39 111.32 108.45 88.53 109.32 114.02 84.92 113.52 

EE, extraction efficiency (%); ME, matrix effect (%).   
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The stabilities of all the analytes in rat plasma and urine under different 

storage condition are summarized in Table 4.2. These compounds were proved 

stable as the percent deviation was below 15% for both storage conditions, i.e., 

when kept at 4 OC for 24 hours and when stored at -80 OC for 30 days. 

Table 4.2 Stabilities of the analytes 

    Analytes     
 PD PG PSD DC GR PV TR DG 
Plasma         
LQC  
(0.5 μg/mL) 

        

24h V % 13.90 8.42 13.05 11.03 13.38 7.33 16.20 7.36 
30-day V % 5.13 -2.91 14.79 9.62 8.35 14.07 10.95 -3.39 

RSD 9.11 10.30 13.35 9.19 11.12 6.52 9.93 4.88 
MQC  
(1 μg/mL) 

        

24h V % -12.23 9.34 10.28 12.18 4.81 6.29 5.77 6.93 
30-day V % 8.04 4.61 -7.37 2.44 -10.76 -8.72 14.81 10.90 

RSD 7.63 7.52 13.77 8.70 11.33 9.12 14.62 10.14 
HQC  
(10 μg/mL) 

        

24h V % 4.01 8.21 8.34 -14.57 3.15 10.10 -12.67 13.20 
30-day V % 3.15 2.55 -11.29 5.79 5.73 2.27 -11.21 8.34 

RSD 5.24 12.35 8.54 11.68 9.60 12.48 14.85 10.99 
Urine         
LQC 
(0.5 μg/mL) 

        

24h V % 5.26 -14.29 -13.30 10.17 -11.27 12.57 11.52 10.60 
30-day V % 4.92 13.31 -12.76 2.61 13.00 6.61 8.74 13.86 

RSD 5.01 10.13 15.38 8.20 9.09 3.51 12.60 11.59 
MQC  
(1 μg/mL) 

        

24h V % 6.31 15.81 5.71 7.02 -9.25 -6.85 -11.41 12.96 
30-day V % -5.68 4.65 -2.89 8.74 -15.84 -13.08 12.74 8.18 

RSD 10.03 9.11 12.29 12.77 11.19 11.74 9.41 5.98 
HQC 
(10 μg/mL) 

        

24h V % 11.45 -12.87 8.58 -10.60 2.71 -7.00 9.16 -4.09 
30-day V % 8.81 8.06 6.32 -8.46 3.43 10.18 -7.98 -5.11 

RSD 6.23 11.10 10.55 10.65 9.24 12.39 11.69 10.53 

V, variation in %; RSD, relative standard deviation in %; 24 h, 24-hour storage; 10 d, 30-day 

storage. 
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4.3.3 Characterization of the main constituents in DNTS, DPTS and DZTS 

     The constituents in total saponins of DN, DP and DZ were characterized by 

UPLC-QTOF-MS using the method established in our previous study (Tang et al., 

2013). Quasi-molecular ions ([M-H]- and [M+H]+) and adduct ions ([M+HCOO]- 

and [M+Na]+) were identified for most constituents. By comparing the retention 

times and accurate mass data of TS samples and reference standards solutions, as 

well as the widely accepted accuracy threshold for confirmation of elemental 

composition established at 5 ppm (Zhu et al., 2010), six characteristic peaks of 

glycosides were identified in both DNTS and DPTS sample solutions; these are 

PD (peak 1), PG (2), PSD (3), DC (5), GR (6) and PV (7) (Fig. 4.3 b-d). Among 

these glycosides, only three, namely PD, DC, and PV, were also identified in 

DZTS. The content of PD and DC in DNTS and DPTS were remarkably higher 

than that in DZTS as their peak intensity indicated. By comparing molecular 

weights, retention times, MS/MS behavior and reported structures with 

compounds described in the literature (Qi et al., 2009; Zhu et al., 2010), an 

additional nine glycosides (For full chemical names, see Fig. 4.2) were tentatively 

identified in DZTS as PAR (9), PDL (10), PB (11), FUN (12), ZSA (13), DL (14), 

DGT (15), DGD (16), and PII (17) (Table 4.3). One aglycone, diosgenin (DG) 

was identified as the main component in all acid hydrolyzed samples of DNTS, 

DPTS and DZTS (Fig. 4.3 f-h). 

Overall, UPLC-QTOF-MS analysis indicated that the chemical compositions 

of DNTS and DPTS are quite similar, and that both are remarkably different from 

that of DZTS.  
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Table 4.3 Identified constituents from DNTS, DPTS or DZTS, related parent and metabolites in rat biosamples from three total saponins and four single 

compounds groups by UPLC-QTOF-MSn   (To be continued) 

Peak RT 
(min) 

Compounds Molecular 
formula 

Negative MS fragments 
observed (m/z) 

Negative MS2 
fragments (m/z) 

Positive MS 
fragments (m/z) 

Positive MS2 fragments 
(m/z) 

1 10.8 
Protodioscin 
(PD) 

C51H84O22 The same compound generated almost same MS fragments under the same detection condition as 

described in 3.2.1.1. For details, see Table 3.3 

2 11.3 
Protogracillin 
(PG) 

C51H84O23 1109.5390 
[M+HCOO]- 

1063.5370* 
[M-H]- 
 

917.4765 
[M-H-Rha]- 
901.4816 
[M-H-Glc]- 
755.4227 
[M-H-2Glc]- 
593.3701 
[M-H-3Glc]- 

1087.5293 
[M+Na]+ 
1047.5406* 
[M+H-H2O]+ 
 

885.4861 
[M+H-H2O-Glc]+ 
741.3692 
[M+H-H2O-Glc-C8H16O2]

+ 
739.4270 
[M+H-H2O-Glc-Rha]+ 
577.3742 
[M+H-H2O-2Glc-Rha]+ 

3 16.1 
Pseudoprotodioscin 
(PSD) 

C51H82O21 1075.5313 
[M+HCOO]- 

1029.5280* 
[M-H]- 
 

883.4722 
[M-H-Rha]- 
865.4663 
[M-H-Rha-H2O]- 
737.4102 
[M-H-2Rha]- 

1053.5236 
[M+Na]+ 
1031.5427* 
[M+H]+ 
 

869.4871 
[M+H-Glc]+ 
723.4285 
[M+H-Glc-Rha]+ 
577.3726 
[M+H-Glc-2Rha]+ 
415.3196 
[M+H-2Glc-2Rha]+ 

4 16.5 
Ginsenoside Rc 
(RC, internal 
standard) 

C53H90O22 1123.5910 
[M+HCOO]- 
1077.5857* 
[M-H]- 

945.5424 
[M-H-Ara]- 
915.5309 
[M-H-Glc]- 
783.4910 
[M-H-Ara-Glc]- 
621.4343 
[M-H-Ara-2Glc]- 

1101.5816 
[M+Na]+ 
 

789.4755 
(unknown) 
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Table 4.3 (Continued) 

Peak RT 
(min) 

Compounds Formula Negative MS fragments 
observed (m/z) 

Negative MS2 
fragments (m/z) 

Positive MS 
fragments (m/z) 

Positive MS2 fragments 
(m/z) 

5 26.6 
Dioscin 
(DC) 

C45H72O16 
See Table 3.3 

6 27.0 
Gracillin 
(GR) 

C45H72O17 929.4768* 
[M+HCOO]- 
883.4722 
[M-H]- 
 

883.4727 
[M-H]- 
737.4134 
[M-H-Rha]- 
721.4186 
[M-H-Glc]- 
575.3596 
[M-H-Glc-Rha]- 

885.4866* 
[M+H]+ 
907.4667 
[M+Na]+ 
 

741.3683 
[M+H-C8H16O2]

+ 
723.4321 
[M+H-Glc]+ 
577.3738 
[M+H-Glc-Rha]+ 
415.3219 
[M+H-2Glc-Rha]+ 

7 29.1 
Polyphyllin V 
(PV) 

C39H62O12 

See Table 3.3 
8 35.5 Trillin 

(TR) 
C35H52O8 
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Table 4.3 (To be continued) 

Peak RT 
(min) 

Compounds Molecular 
formula 

Negative MS 
fragments 
observed (m/z) 

Negative MS2 
fragments 
(m/z) 

Positive MS 
fragments 
(m/z) 

Positive MS2 
fragments 
(m/z) 

9 10.1 Parvifloside 
(PAR) 

C57H94O28 

To avoid redundancy, see Table 3.3 for details. 

10 10.6 Protodeltonin 
(PDL) 

C51H84O23 

11 11.6 Protobioside 
(PB) 

C45H74O18 

12 17.1 Funkioside 
(FUN) 

C33H54O9 

13 24.2 Zingberensis 
newsaponins 
(ZSA) 

C51H82O22 

14 26.0 Deltonin 
(DL) 

C45H72O17 

15 28.5 Diosgenin 
Triglucoside 
(DGT) 

C45H72O18 

16 30.9 
 

Diosgenin 
diglucoside 
(DGD) 

C39H62O13 
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Table 4.3 (Continued) 

Peak RT 
(min) 

Compounds Formula Negative MS fragments 
observed (m/z) 

Negative MS2 
fragments (m/z) 

Positive MS 
fragments (m/z) 

Positive MS2 fragments 
(m/z) 

17 32.8 Progenin II 
(PII) 

C39H62O12 721.4182 
[M-H]- 
767.4211* 
[M+HCOO]- 

721.4182 
[M-H]- 
575.3555 
[M-H-Rha]- 

745.4102 
[M+Na]+ 
723.4285* 
[M+H]+ 
 

579.3127 
[M+H-C8H16O2]

+ 
415.3168 
[M+H-Glc-Rha]+ 
397.3059 
[M+H-Glc-Rha-H2O]+ 

18 7.4 Ruscogenin 
(RG, internal 
standard) 
 

C27H42O4 - - 431.3174 
[M+H]+ 

287.3220 
[M+H-C8H16O2]

+ 
269.3055 
[M+H-C8H16O2-H2O]+ 

19 9.3 Diosgenin 
(DG) 

C27H42O3 - - 437.3381 
[M+Na]+ 
415.3230* 
[M+H]+ 
397.3108 
[M+H-H2O]+ 

271.3314 
[M+H-C8H16O2]

+ 
253.3114 
[M+H-C8H16O2-H2O]+ 

20 9.5 Tigogenin 
(TG) 

C27H44O3 - - 439.3544 
[M+Na]+ 
417.3353* 
[M+H]+ 
399.3248 
[M+H-H2O]+ 

273.3221 
[M+H-C8H16O2]

+ 
255.3099 
[M+H-C8H16O2-H2O]+ 

21 9.5 Sarsasapogenin 
(SG) 

C27H44O3 - - 439.3524 
[M+Na]+ 
417.3355* 
[M+H]+ 
399.3236 
[M+H-H2O]+ 

273.3353 
[M+H-C8H16O2]

+ 
255.3047 
[M+H-C8H16O2-H2O]+ 

*indicates precursor ion for MS2 ; - indicates “related MS fragments not detected”. 
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Fig. 4.3 Chromatograms of reference standards, DNTS, DPTS and DZTS in vitro  (To be continued) 

a) and e) Reference standards of glycosides and aglycones, respectively.  

b) – d): unhydrolyzed Dioscorea total saponins; b) DNTS; c) DPTS; d) DZTS. 

1. PD, 2. PG, 3. PSD, 4. RC (IS, not shown), 5. DC, 6. GR, 7. PV, 8. TR, 9. PAR, 10. PDL, 11. PB, 12. FUN, 

13. ZSA, 14. DL, 15. DGT, 16. DGD, 17. PII, 18. RG (Interal standard), 19. DG. 
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Fig. 4.3  (Continued) 

f) – h): acid hydrolyzed Dioscorea total saponins. f) DNTS; g) DPTS; h) DZTS. 
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4.3.4 Profiling of parent compounds and metabolites in rat plasma, urine and 

feces 

The parent compounds and metabolites in rat biosamples were screened by 

comparing the chromatograms of single compound- and total saponins- administered 

groups with those of blank controls. The identification and further characterization of 

these compounds were performed by UPLC-QTOF-MS with ESI and APCI sources 

in both positive and negative modes. It is found that the chromatograms of (-) ESI-

MS showed more characteristic peaks of glycosides than those of (+) ESI-MS did, 

and few aglycone anions were observed with (-) APCI-MS; thus chromatograms of (-) 

ESI-MS and (+) APCI-MS for analyzing glycosides and aglycones, respectively, in 

rat biosamples, are shown in Figs. 4.4 to Fig. 4.9. Totally 10 saponin-related 

compounds were detected in rat plasma, 10 in rat urine and 18 in rat feces (Table 4.4). 
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Table 4.4 The parent compounds and metabolites identified from the groups of  

single compounds and total saponins  

Group Feces Plasma Urine 

PD DC*,PV*,PII*,TR*, 

TG*,SG*, DG*, 

PG*,PD,GR*,DC*,DG* 

 

PD 

 

PSD PDL*,DL*,PV*,PII*,TR*, 

TG*,SG*,DG* 

PD*,DC*,DG* PD*,PSD, 

 

DC DC,PV*,PII*,TR*, 

TG*,SG*,DG* 

DC,DG* 

 

N.D. 

DG TR*,TG*,SG*,DG TG*,SG*,DG, DG 

DNTS PG,PD,GR,DC,PV, 

PII*,TR*, 

TG*,SG*,DG* 

PG,PD,DC, 

TG*,SG*,DG* 

PG,PD,PSD,GR,DC 

DPTS PG,PD,GR,DC,PV,PII*,TR* 

DG*,TG*,SG* 

PG,PD,DC 

TG*,SG*,DG* 

PG,PD,PSD,GR,DC 

DZTS PAR,PDL,ZSA,PB,DL,DGT,

DGD,PV,PII,FUN,TR, 

TG*,SG*,DG* 

PAR,PDL,PB, 

TG*,SG*,DG* 

PAR,PDL,PB,DL, 

N.D. indicates “glycosides or aglycones not detected”.  

Compared with the agents administered, compounds with* are metabolites; compounds 

without * are parent compounds.  

Compounds in bold are metabolites/parents commonly found in single compound-treated or 

total saponins-treated groups.  

Compounds in italics are constituents presenting in DZTS but not in DNTS and DPTS. But 

they appeared, as metabolites, in the feces samples from rat groups given DNTS and DPTS. 
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Fig. 4.4 Representative chromatograms from UPLC-MS analysis of plasma from four single compound-administered groups  

a,f) Blank plasma; b,g) PD group; c,h) PSD group; d,i) DC group; e,j) DG group. The name of compounds marked by peak numbers can 

be referred in Fig. 4.3. Peak 20 and 21, overlapped. To simplify, EIC of peaks 4 and 18 (internal standards) are not shown in all 

chromatograms.
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Fig. 4.5 Representative chromatograms from UPLC-MS analysis of urine from four single compound-administered rat groups   

a) Blank urine; b) PD group; c) PSD group; d) DC group; e) DG group; Corresponding chromatograms with (+) APCI are not shown except 

EIC of peak 19 of DG group. The name of compounds marked by peak numbers can be referred in Fig. 4.3. 
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Fig. 4.6 Representative chromatograms from UPLC-MS analysis of feces from four single compound-administered groups.  

a,f) Blank feces; b,g) PD group; c,h) PSD group; d,i) DC group; e,j) DG group.  

Note: as EIC of peak 8 with (+) ESI was more obvious than that with (-) ESI, peak 8 with (+) ESI was shown in b, d, and e. 
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Fig. 4.7 Representative chromatograms from UPLC-MS analysis of plasma from three total saponins-administered rat groups.   

a,d) DNTS group; b,e) DPTS group; c,f) DZTS group.  
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Fig. 4.8 Representative chromatograms from UPLC-MS analysis of urine from three total saponins-administered rat groups.  

 a) DNTS group; b) DPTS group; c) DZTS group. 
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Fig. 4.9 Representative chromatograms from UPLC-MS analysis of feces from three total saponins-administered rat groups.  

a,d) DNTS group; b,e) DPTS group; c,f) DZTS group. The name of compounds marked by peak numbers can be referred in Fig. 4.3. 
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4.3.4.1 Metabolic profiling from single compound-administered groups 

      As DNTS, DPTS and DZTS are mixtures of several steroidal glycosides, even if 

one compound is absorbed in circulation, multiple metabolites might be subsequently 

generated, which would further complicate the metabolic picture. For this reason, in 

order to identify as many metabolites of Dioscorea saponins as possible, PD, PSD, 

DC and DG were orally administered to four separate groups of rats. The parent 

compounds and metabolites later identified in rat plasma, urine and feces from each 

group are listed in Table 4.3. The typical base peak chromatograms (BPCs) of 

plasma, urine and feces samples are shown in Fig. 4.4 to Fig. 4.6, respectively. In 

most cases, no obvious peaks of compounds related to glycosides were found in 

plasma, urine and feces samples, as shown in the BPCs. However, the identified 

EICs of quasi-molecular ion/adduct ion and corresponding accurate mass proved the 

existence of glycoside-type compounds. Because endogenous interference from 

complex biological matrices usually undermines identification of compounds in BPC, 

using EIC for identification of compounds could increase sensitivity and facilitate 

data processing. As intensity of EIC peak is correlated with amount, therefore, this 

finding suggests that glycoside-type compounds present in very low amounts. in 

plasma and urine. Compared with glycoside-type compounds, BPC peaks of 

aglycones were clearly found in feces samples, suggesting aglycones (i.e. DG, TG 

and SG) present in higher amounts in feces. 

For group PD, the parent compound PD was detected in plasma and urine, but 

not in feces. Four metabolites (PG, DC, GR, and DG) were detected in plasma, seven 

(DC, PV, PII, TR, TG, SG, and DG) in feces. By comparing their aglycone parts and 



121 
 

sugar chain moieties, we hypothesized that PD was transformed into these 

metabolites initially via two pathways: 1) DC was formed through the loss of 26-O-

β-D-glucopyranosyl and then ring cyclization at C22; 2) PG was formed through 

substitution of β-D-glucopyranosyl (1→3) for α-L-rhamnopyrannosyl (1→4) at 3-O-

β-D-glucopyranosyl. This probably occurs via hydrolysis of rhanmosyl by α-L-

rhamnosidase, followed by a conjunction reaction by glycosyl transferase and β-D-

glucosidase in the liver where liberated glucose could be utilized as reactant (Crout 

and Vic, 1998). The stronger EIC peak of DC compared to PG suggests that path 1) 

is the main pathway of PD metabolism at the initial phase. Then PG was further 

converted into GR through the ring cyclization at C22 (Fig. 4.10). For the third step, 

DC and GR possibly generate the desugarized product DG by loss of 3-O-sugar 

chain.   

Further, the metabolites detected in feces indicate other transformations of PD. 

DC, as the metabolite of PD for the first step, appeared to undergo continuous 

desugarization. Secondly, DC was transformed via two pathways: 1) PV was formed 

through hydrolysis of α-L-rhamnopyrannosyl (1→4) linked to 3-O-β-D-

glucopyranosyl; 2) PII was formed through hydrolysis of α-L-rhamnopyrannosyl 

(1→2) linked to the same glucosyl. Either of these two rhamnosyls of DC could be 

hydrolyzed at almost equal probability, thereby resulting in a pair of isomers, PV and 

PII. In contrast, in plasma, PV, PII and TR, were not found. One hypothesis could 

explain this phenomenon: too little PV, PII and TR was produced in the 

gastrointestinal tract such that, even if absorbed into the blood, amounts were still 

below detectable limits. Third, PV and/or PII was further converted to TR and DG 
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via loss of one rhamnosyl and 3-O-sugar chain, respectively, by hydrolysis. 

Meanwhile, as the peak intensity of DG (in feces) in EIC was much higher than that 

of PV, PII and TR, it is likely that more DG was created from DC, GR, PV, PII and 

TR by one step of deglycosylation. Next, DG was hydrogenated through a reduction 

reaction yielding two diastereomers, TG and SG, according to the direction of 

hydrogen addition. As TG and SG were diastereomers, their BPC peaks almost 

overlapped under the present elution gradient program, with a difference in retention 

time of less than 0.1 min (Figs. 4.6 j and 4.9 f). Based on the BPC evidence we tried 

to separate them by UPLC and to identify which is TG and which is SG. However, 

even using various elution programs with different gradient and isocratic modes, we 

could not separate and identify these diastereomers by UPLC.  

For group PSD, the parent compound PSD was only detected in urine, three 

metabolites (PD, DC and DG) in plasma; eight (PDL, DL, PV, PII, TR, TG, SG, and 

DG) in feces. PSD can be regarded as the dehydrated form of PD, with one 

additional double bond at C20(22). Hydration of this double bond of PSD yields PD. 

PG and GR, which are two potential metabolites from PD, were not detected in 

plasma, probably too little was produced. Although PSD was not detected in plasma, 

as it is well known that primary urine originates from plasma ultra-filtrated by 

glomeruli, this finding constitutes evidence that PSD was absorbed into the blood, 

from which it reached the urine. Concerning the formation of DL and PDL, we 

hypothesize that after PD was formed by hydration of PSD, the rhamnosyl (1→4) of 

PD is replaced by one glucosyl to yield PDL; finally, PDL is converted into DL by 

ring cyclization.  
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For group DC, the parent compound DC was detected in plasma and feces, one 

metabolite (DG) in plasma, six (PV, PII, TR, DG, TG, and SG) in feces. In urine, no 

DC or other types of glycoside was detected. The low water solubility of DC, which 

is much lower than that of PSD or PD, makes it unfavorable for its urinary excretion. 

Indeed, it has been reported that urinary excretion is not an important elimination 

pathway for DC; in one study, only around 0.005% of i.v.-dosed DC was recovered 

in rat urine (Li et al., 2005a). In feces, the EIC peak intensity of DC was remarkably 

higher than other derived glycosides, suggesting DC is one of the most prominent 

saponin-type compounds in feces. This finding is supported by a previous report (Li 

et al., 2005a) that approximately 34% of i.v.- dosed dioscin was excreted in rat feces.  

For group DG, the parent compound DG was detected in plasma, urine and 

feces, two metabolite (TG and SG) in plasma, three (TR, TG, and SG) in feces. 

Neither TG nor SG was detected in plasma from the groups of PD, PSD and DC, 

each of which was given the same dose (60 mg/kg) of a single compound. Two 

possible reasons could explain this phenomenon: 1) oral bioavailability of DG 

appeared to be better than DC (Li et al., 2005a; Xu et al., 2009); 2) the dose of DG 

for group DG was higher than that of group DC, PD or PSD when the quantity of DC, 

PD or PSD (aglycone + sugar chains) was calculated as that of DG (aglycone). 

Typically, the absorption of a drug is dose-dependent. In this case, it is possible that 

because so much DG was absorbed into the blood, the concentrations of TG and SG 

reached or exceeded their limits of detection (LODs), with the result that these two 

compounds could be detected in plasma. In urine, only traces of DG were found; this 

is probably because DG has a quite low aqueous solubility (0.0023 μM) (Yu et al., 
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2012), which is also unfavorable for urinary excretion. The BPC peak of DG was 

significantly higher than that of TG and SG, suggesting DG is the most prominent 

sapogenin in feces. In addition, TR, the glycosylated product of DG, supports the 

finding that endogenous glucose was a reactant in the metabolism of DG.  

In summary, the proposed major pathways by which PD, PSD, DC and DG 

were metabolized in vivo are shown in Fig. 10. The results of analysis of rat plasma 

and feces from these four groups indicated that the formation of diosgenin by 

continuous and one-step desugarization was the main pathway for the metabolism of 

steroidal glycosides. Other types of bio-transformation were: 1) ring cyclization at 

C22 through loss of 26-O-glucosyl; 2) substitution of β-D-glucopyranosyl (1→3) for 

α-L-rhamnopyrannosyl (1→4), which was “ex-situ substitution”; 3) substitution of β-

D-glucopyranosyl (1→4) for α-L-rhamnopyrannosyl (1→4), which was “in-situ 

substitution”; 4) hydration at the double bond at C20(22); 5) epimerization through 

hydrogenation; and 6) β-D-glucopyranosylation of the hydroxyl group at C3 of DG. 

Furthermore, comparing amounts of metabolites, we found that more kinds of 

metabolites were found in feces than in plasma, while the fewest kinds of metabolites 

were detected in urine. 

Although various glycoside- and aglycone-type metabolites were found in the 

present study, glycoside-related glucuronides and sulfates were not detected in 

plasma, urine and feces from any of these four groups. Glucuronidation and sulfation 

are the major pathways by which several types of compounds, such as isoflavonoids 

(Zhang et al., 2014), coumarins (Yi et al., 2014b) and alkaloids (Zuo et al., 2006) are 

metabolized; however, it seems that these pathways are not for saponins. Indeed, 
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current research on the metabolism of ginsenosides, licorice saponins, astragalosides 

and saikosaponins, as well as a few Dioscorea saponins, such as methyl protodioscin 

and DC, seldom reports glucuronidation and sulfation pathways (Yu et al., 2012). To 

verify the absence of glucuronides and sulfates in our present study, we searched for 

glucuronides and sulfates of PD, PSD, DC and DG, as well as their deglycosylated 

saponins, in rat biosamples, but found none. Therefore, our results constitute further 

evidence that PD, PSD, DC and DG in particular and Dioscorea saponins in general, 

are not metabolized through glucuronidation and sulfation. 

4.3.4.2 Metabolic profiling from total saponins-administered groups 

Typical chromatograms of plasma, urine and feces samples from groups of 

DNTS, DPTS and DZTS are shown in Fig. 4.7 to Fig. 4.9. Generally, the metabolic 

profiling of DNTS and DPTS groups were very similar, but notably different from 

that of the DZTS group.  

For the groups of DNTS and DPTS, three parent compounds (PD, PG and DC) 

and three metabolites (DG, TG, and SG) were detected in plasma, five parent 

compounds (PD, PG DC, GR and PSD) in urine; five parent compounds (PG, PD, 

GR, DC and PV, except PSD) and five metabolites (PII, TR, DG, TG and SG) in 

feces. Based on the results of plasma samples from the PD, PSD and DC groups, it 

can be inferred that PD, PG and DC, apparently as parent compounds, actually came 

from two sources: 1) the constituents from DNTS and DPTS, which probably 

constituted the major part; and 2) the metabolites through the transformation of PD 

or DC in phase I metabolism. For example, a minor part of DC was probably the 

product of the metabolism of PD and/or PSD. Minor saponins of DNTS and DPTS, 
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namely, PSD and PV, were not detected in plasma. In feces, the presence of PV 

(some possibly being the original compound), PII, TR, DG, TG and SG was assumed 

to result from the same pathways by which PD, PSD and DC were metabolized. 

However, neither PDL nor DL was found in the feces; this is likely due to the low 

content of PSD in DNTS and DPTS, which resulted in too little PDL and DL 

generated.  

The metabolic profile of the DZTS group appeared to be similar to the 

composition of total saponins of DZ. Four major components of DZTS, namely, PAR, 

PDL, PB, and DL, were also found in plasma, urine and feces samples. Other minor 

components in DZTS, such as FUN, ZSA, DC, PV, PII, DGT, DGD and TR, were 

not identified in plasma and urine, but were found in feces. This is probably related 

to the amount of water present. In blood and urine, a large volume of water was 

present, diluting the metabolites. In feces, most of the water had been absorbed by 

the large intestine, so these minor metabolites were concentrated and hence readily 

detected by UPLC-MS. What’s more, three sapogenin-type metabolites (DG, TG and 

SG), same as in DNTS and DPTS groups, were also detected in plasma and feces 

from DZTS group. In addition, it is likely that more biotransformation occurred 

among glycosides in DZTS according to the usual pathways found in single 

compound groups, for instance, through ring cyclization, PAR conversion to ZSA, 

and PB conversion to PV. However, due to unavailability of pure compounds of PAR, 

PB or other saponins in DZ from commercial sources, no rat groups were 

administered with these individual saponins to investigate the possible pathways by 

which they metabolized. Thus, this hypothesis has not been tested.  
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In summary, comparison of the metabolic profiles of the single compound- and 

total saponins- experimental rat groups and chemical profiles of the total saponins 

extracts of three Dioscorea species shows clear relationships. One of the main 

saponins, DG, as well as a pair of derived epimers, TG and SG, were commonly 

found in plasma and feces from all DNTS, DPTS and DZTS groups, as well as 

individual saponins groups. Particularly, the phytochemicals, PD, PSD, and DC in 

DNTS and DPTS were transformed in vivo into certain glycosides existing in DZTS 

but not in DNTS and DPTS. These compounds are PDL, DL, PII, and TR. These 

relationships constitute evidence supporting, or explaining, the similarity in efficacy 

of these three herbs from the perspective of metabolism. 



128 
 

 

Fig. 4.10 Proposed pathways for metabolism of the main constituents in DNTS, DPTS and DZTS. 

a) Detailed pathway; b) brief illustration of the pathway.  
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4.3.5 Characterization of changes in sustained levels of major saponins from single 

compound- and total saponins-administered groups 

     As it is well known that the drug concentrations sustained in plasma and the excretion rate of 

drugs are close related to the efficacies, therefore, it would be interesting to find out whether 

these Dioscorea saponins, in particular, DNTS, DPTS and DZTS, show some similarities in 

metabolic trends of their major parent compounds and metabolites over time. Although accurate 

concentration of these compounds in plasma and urine were not determined, their continuous 

changes can be characterized by their relative concentration over time.  

     The metabolic trends for sing compound groups, PD, PSD, DC and DG, with the same dose 

of 60 mg/kg bodyweight, are shown in Fig. 11 a-c, f. For plasma samples, the peak concentration 

of PD in the PD group (about 5-8 fold higher than DC in PSD and DC groups) appeared at 6 h, 

significantly later than other metabolites. In the PSD group, no parent compound (PSD) was 

detected at the first sampling point (1 h) nor later, suggesting that it was transformed quickly. In 

contrast, the other two metabolites derived from PSD, namely PD and DC, were found from 1-4 

h and 1-10 h, respectively. In the DC group, the concentration of DC gradually increased after 1 

h and lasted longer, even after 36 h. The concentration of metabolite DG from these four groups 

almost increased gradually (except a slight drop after 12 h in PD and DC groups) and sustained 

for 36 h. The DG level of DG group was approximate 5-10 times higher than that of the other 

three groups. Compared to DC and PD groups, lower concentration of DG in PSD group 

indicated that less DG was produced at the same dose. 

For urine samples, the accumulated peak concentrations of PD and PSD came at the 0-2 h 

section, then decreased remarkably, and was undetectable after 10 h. In contrast, the detectable 

concentration of DC, which was 2-5 fold lower than that of PD and PSD, was sustained from 2-
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10 h with no obvious rise or drop, suggesting that the urinary excretion of PD and PSD start 

earlier than that of DC, and their excretion rates are faster than that of DC probably due to their 

different molecular polarities.  
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Fig. 4.11 Changes in relative concentrations of major saponins in plasma and urine 

samples from single compound- and total saponins- groups 

Each point in the figures represents the mean values of calculated ratio (EIC peak area of a 

saponin / EIC peak area of internal standard) ± SD (n = 3 for each group). EIC= Extracted ion 

chromatogram 

a) plasma samples: 1st and 4th legends (in order from top to bottom) for PD and DC groups, 

respectively; 2nd and 3rd legends for PSD group; b) DG in plasma samples from PD, PSD and DC 

groups; c) urine samples from PD, PSD and DC groups; d) plasma samples: 1st-3rd legends for 

DNTS group, 4th-6th for DPTS group; e) plasma samples from DZTS groups; f) DG in plasma 

samples from DNTS, DPTS, DZTS and DG groups; g) urine samples: 1st-3rd legends for DNTS 

group, 4th-6th for DPTS group; h) urine samples from DZTS group. 
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       As for the three groups given different total saponins, both similar and dissimilar 

trends in the presence of saponins in plasma and urine samples were observed. Some 

major saponins were chosen for plotting; these were: PD, PG and DC found in both 

the DNTS and DPTS groups; PAR, PDL and PB found in the DZTS group; and DG, 

which was common to all three groups (Fig. 11 d-h). 

For plasma samples, the concentrations of PD and PG from the DNTS and 

DPTS groups decreased notably from the 1-6 h, with the peak at 1 h. In particular, 

the concentration of PD in the DNTS group, which was approximately 2-3-fold than 

that of the DPTS group at the 1 h point (probably due to the higher content of PD in 

DNTS than in DPTS given to rats), plummeted from the 1-4 h. Compared with the 

peak concentration of PD appearing at 6 h from the PD group, the peak time was 

shifted ahead. One possible reason is that metabolic behavior can be altered by co-

existing constituents in DNTS and DPTS. This phenomenon has been reported for 

licorice (Qiao et al., 2012). The similarity of the curves of DC indicates that the 

patterns of concentrations of DC over time for the two groups are alike, increasing 

slowly after at least 2 h and holding steady for more than 36 hours, which was also 

similar to the behavior of the DC group. Compared with PD and PG, similar trends 

were observed for PAR, PDL and PB from the DZTS group. With regard to DG, in 

these three total saponins groups, it was undetectable at 1 h, and gradually increased 

over the subsequent 36 hours. This pattern suggests that very little DG was generated 

from glycosides initially, but that conversion rates increased over time. The DG 

levels of the DNTS and DPTS groups were similar, and both were approximate 2-4-

fold lower than that for the DZTS group. Compared with these total saponins groups, 
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the DG level of the DG group was approximately 2-10-fold higher. One possible 

reason is that the major glycosides in DNTS and DPTS, such as PD, PG and DC, 

have physicochemical traits that restrict or prevent intestinal adsorption. Molecular 

size may be one such trait. Their molecular masses are 1049 (PD), 1065 (PG) and 

869 (DC), which are greater than the favorable value < 500. In addition, these 

saponins possess more than the ideal number of hydrogen bond acceptors (HBA) and 

hydrogen bond donors (HBD), <12.  DC has 16+8, PD has 22+13, and PG has 23+14. 

They also have too large value of NROTB (number of rotatable bond), namely, 15 

for DC, 27 for PD, and 29 for PG, while the favorable value <10. DG has slightly 

better physicochemical properties, namely, 415, 1+1, and 3 for the molecular mass, 

HBA and HBD, and NROTB, respectively, thus leading to higher plasma 

concentration.  

For urine samples, the curves of PD and PG from the DNTS and DPTS groups 

show 2-3 peaks, while DC shows 1 peak. These differences are likely due to the 

different elimination rates for the three compounds. Compared with the duration of 

PD, PG and DC existing in plasma (0-6 h for PD and PG, 0-36 h for DC), PD and PG 

are sustained longer in urine (0-24 h), while there is no obvious difference for that of 

DC (0-36 h). For the DZTS group, the curves for PAR and PDL in urine show 

similar peaks, with the greatest concentration at 4-6 h. The concentration of PB in 

urine was up to 150- fold lower than PAR at the same duration, probably due to the 

poorer water solubility of PB than PAR. These three compounds were all eliminated 

within 24 hours.  
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To summarize the patterns of metabolic levels of three total saponins, furostane-

type saponins in DNTS, DPTS or DZTS, such as PD, PG, PSD, PAR, PDL and PB, 

showed fast absorption into blood (< 1 h), but were maintained for a relatively short 

period (mostly < 8 h), while the spirostane-type saponin, DC, was absorbed into 

circulation more slowly (>1 h), but increased gradually and lasted longer (> 36 h). 

DG, biotransformed from diverse furostane- or spirostane-type saponins, exhibited 

metabolic behavior similar to DC. DG levels varied widely in plasma from the 

groups of four single compounds and three total saponins and it was not shown in 

urine. However, the urinary excretion of these glycosides, both furostane and 

spirostane types, was usually within 36 hours. Thus, these compounds appear to 

constitute a complex and dynamic inter-related family of compounds that might 

explain the clinical actions of these three Dioscorea herbs.  

Finally, there is one limitation in the present study that should be mentioned. 

The number of animals in each treatment group (a sample size of 3) was small; this 

might limit the validity of the data. Although no dramatic differences or abnormal 

data from 3 rats in the same group was observed, such as targeted peaks missing or 

relative concentration of targeted saponin varied drastically, it is unlikely to 

determine the effect of one abnormal animal on the data for that group. On the one 

hand, because our study was designed to focus on comparing the profiles and general 

changes in sustained levels of metabolites in biosamples, it was neither designed as a 

pharmacokinetic study requiring accurate determination of drug plasma 

concentration, nor a pharmacodynamic study for which sample size is crucial to 

statistical significance; on the other hand, the difficulty of isolating single 
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compounds, namely PD, PSD and DC and their commercial scarcity limits the 

animal number in the present study. 

 

4.4 Conclusion 

In the present study, based on the comparison of parent compounds and 

metabolites in rat plasma, urine and feces after oral administration of total saponins 

from Dioscorea nipponica (DN), D. panthaica (DP) and D. zingiberensis (DZ), it is 

found that, generally, the metabolic profiles from DNTS and DPTS were similar, and 

both were distinct from DZTS. However, some particular similarities and relations 

were found in these three total saponins, which constitute evidence supporting 

similarity in efficacy of these three herbs from the perspective of metabolism. 

Diosgenin, as one of the main metabolites commonly found in plasma and feces 

(excluding urine), from all groups receiving different TS, as well as individual 

saponins, is likely to be one of the bioactive constituents playing an essential role in 

cardioprotective efficacy. Sustained levels of furostane- and spirostane- type 

saponins in plasma and urine from DNTS, DPTS and DZTS showed two changing 

patterns, suggesting that the therapeutic effect of these Dioscorea saponins is 

achieved through a complex, multi-step process over time. In addition, it appears that 

protodioscin, pseudoprotodioscin, and dioscin contained in DN and DP were 

transformed into certain glycosides originally found in DZ but not in DN or DP, 

namely, protodeltonin, deltonin, trillin, and progenin II, which might indicate another 

linkage among these three species. 
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In-depth analysis of the active components working in vivo would help reveal 

the pharmacology and mechanism of DNTS, DPTS and DZTS. The specific and 

sensitive UPLC-QTOF-MS analytical system was here shown to be a useful tool for 

investigating the active constituents and metabolites of botanical material in general 

and herbal medicine in particular.  
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CHAPTER Ⅴ  

ANTI-MYOCARDIAL ISCHEMIA ACTIVITY STUDY ON  

THREE DIOSCOREA SPECIES 

 

5.1 Introduction  

Ischemic heart disease (IHD) is the leading cause of morbidity and mortality 

in the western world, even in China. It is estimated by the World Health 

Organization that IHD will be the leading cause of death in the world in the 

coming decades (Yang et al., 2013).  

Recently, there has been a growing interest in establishing the therapeutic 

potentials of medicinal plants against IHD.  For instance, total peony glycosides 

from Radix Paeoniae rubrae, and cinnamic acid and cinnamic aldehyde from 

Cinnamomum cassia were explored for their protective effect against 

isoprenaline-induced myocardial ischemia (MI) in rats (Long et al., 2012; Song et 

al., 2013). In particular, it is noteworthy that the bioactive steroidal saponins from 

three medicinal species of the genus Dioscorea (family Dioscoreaceae) have been 

successfully developed as effective single-herb medicines by the pharmaceutical 

industry for treating IHD, and have been in use since the 1970s. These are 

Dioscorea nipponica Makino (DN), D. panthaica Prain et Burkill (DP), and D. 

zingiberensis C. H. Wright (DZ). (Tang et al., 2013).  

In order to discover and develop more new drugs from these Dioscorea 

herbs, understanding the mechanism of Dioscorea saponins for treating IHD 

could be important. In our previous study, it was found that the chemical 

compositions of DN and DP were similar, and both were remarkably different 

from DZ (Tang et al., 2013; Zhu et al., 2010). Further, so far the efficacies of 
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these herbs have not been compared in the same animal model or a unified 

clinical trial. For DN, it is reported that trillin, a steroidal saponin isolated from 

DN, exerts protective effects against hyperlipidemia and oxidative stress (Wang 

et al., 2012). For DP, total saponins extracted from DP increased the antioxidative 

ability of myocardium in rats with coronary artery ligation (Wang et al., 2009). 

For DZ, a clinical trial studied the effect of DZ extract (as a patent Chinese 

medicine) on treating angina pectoris by monitoring indices of electrocardiogram 

and blood rheology, as well as blood lipid etc. (Lu et al., 2008). Thus, it is still 

unknown that whether these three herbs act via similar mechanism and whether 

they possess comparable therapeutic efficacy for experimental MI. 

As it is widely accepted that isoprenaline (ISO) injection can readily induce 

acute MI in rats and as antioxidant activity is one of the key mechanisms of anti-

MI efficacy (Long et al., 2012; Song et al., 2013; Cokkinos et al., 2006), it is 

reasonable to use this model to compare the therapeutic effect of these three herbs 

with respect to antioxidant activity. So far, the published studies concerning anti-

MI activity of DN, DP and DZ monitored only four indices related to the 

antioxidant activity in MI model. These were:  creatine kinase (CK) and lactate 

dehydrogenase (LDH); malondialdehyde (MDA); and total superoxide 

dismutases (SOD) (Ning et al., 2008; Wang et al., 2009; Wang et al., 2012). But 

nonenzymatic antioxidants, which are also part of the antioxidant defense system, 

have not been reported for the bioactivity of these Dioscorea species in MI 

animals.  

To comprehensively compare the anti-MI effect of DN, DP and DZ, in the 

present study, an additional myocardial injury marker enzyme, aspartate 

aminotransferase (AST), two enzymatic antioxidants namely, catalase (CAT) and 
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glutathione peroxidase (GPx), as well as an indicator of both nonenzymatic and 

enzymatic antioxidants, namely, total antioxidant capacity (T-AOC) were assayed 

for different rat groups administered with total saponins from these three 

Dioscorea herbs. In addition, histological changes of experimental rat groups 

were examined by hematoxylin and eosin (H&E) staining and light microscopy 

observation.  

5.2 Material and methods 

5.2.1 Materials, chemicals and reagents 

The rhizomes of DN, DP, and DZ were collected from Lingbao in Henan 

Province, Xichang in Sichuan Province and Enshi in Hubei Province, China. All 

the crude drugs were of high quality and authenticated by Dr. Hubiao Chen, 

School of Chinese Medicine, Hong Kong Baptist University. Eight reference 

standards were used for qualitative and quantitative analysis, namely seven 

glycosides, i.e. ― protodioscin, protogracillin, pseudoprotodioscin, dioscin, 

gracillin, polyphyllin V and trillin, and one aglycone, i.e. ― diosgenin. The purity 

and sources of reference standards are the same as that described in Chapter Ⅳ 

4.2.1 Chemicals and materials. Isoprenaline hydrochloride (purity > 98.5%) was 

purchased from Sigma (St. Louis, US). Propranolol was purchased from Kangpu 

Pharmaceutical Co., Ltd. (Changzhou, China). Test kits for CK, LDH, AST, SOD, 

CAT, GPx, T-AOC and MDA were all purchased from Nanjing Jiancheng 

Biotechnology Institute (Nanjing, China).  

5.2.2 Preparation and quantification of Dioscorea total saponins 

The total saponins from DN, DP and DZ were prepared separately. The 

detailed preparation procedures are the same as that described in Chapter Ⅳ 

4.2.4.2 Samples for analysis in vitro. These obtained extracts were individually 
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suspended in 0.5% (w/v) aqueous sodium carboxymethyl cellulose (CMC-Na) for 

animal administration. 

The quantification of DNTS, DPTS and DZTS was performed using ultra-

high performance liquid chromatography with ultra-high definition accurate mass 

quadrupole time-of-flight mass spectrometry (Agilent Technologies, G6540A). 

The chromatographic conditions were the same as for our previous study (Tang et 

al., 2013). For details, see Chapter Ⅲ 3.2.1.1 UPLC-QTOF-MS analysis. The 

base peak chromatograms of DNTS, DPTS and DZTS, and identified constituents 

are the same as that shown in Chapter Ⅳ Fig. 4.3. The results of eight quantified 

constituents are shown in Table 5.1. 

Table 5.1 Content of quantified analytes in DNTS, DPTS, and DZTS 

Chemical name 
Content of quantified analytes (mg/g) 

DNTS                DPTS                  DZTS 
Diosgenin 248.56 ± 7.95 169.10 ± 4.78 194.44 ± 4.62 

Dioscin 156.12 ± 4.06 144.62 ± 4.69 1.85 ± 0.07 

Gracillin 27.73 ± 0.99 38.62 ± 1.02 N.D. 

Polyphyllin V 2.28 ± 0.05 5.96 ± 0.26 19.79 ± 0.62 

Trillin N.D. N.D. 5.32 ± 0.17 

Protodioscin 235.29 ± 4.61 140.05 ± 2.35 7.72 ± 0.16 

Protogracillin 39.16 ± 0.98 157.62 ± 4.59 N.D. 

Pseudoprotodioscin 19.05 ± 0.63 10.77 ± 0.41 N.D. 
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5.2.3 Animals and acute myocardial ischemia induced by isoprenaline 

Male Sprague-Dawley rats (200 ± 20g) were purchased from Laboratory 

Animal Services Center, the Chinese University of Hong Kong, Hong Kong. The 

rats were bred in a breeding room with temperature of 23 ± 1 oC, humidity of 60 

± 5%, and 12 h dark – light cycle. They were given tap water and fed normal food 

ad libitum. All the experimental animals were housed under the above conditions 

for 3 days’ acclimation. All experimental protocols were approved by the 

Committee on the Use of Human & Animal Subjects in Teaching and Research of 

Hong Kong Baptist University (No. of License: 12-17 in DH/HA&P/8/2/6 Pt.2), in 

accordance with the Animals Ordinance (Department of Health, Hong Kong).  

A total of 72 rats were randomly divided into 9 groups: (1) normal control 

(0.5% w/v aqueous CMC-Na, i.g.); (2) model group (ISO injection only); (3) 

positive group (propranolol, 15 mg/kg i.g. for 3 days after ISO injection); (4)–(6) 

post-ISO groups (each group administered with DNTS, DPTS or DZTS; 300 

mg/kg for 3 days after ISO injection) and (7)–(9) both pre- and post-ISO groups 

(each group administered with DNTS, DPTS or DZTS; 150 and 300 mg/kg, 

respectively for 3 days before and after ISO administration). All TS and 

propranolol were administered once daily except the day on which ISO injection 

was given. Fig. 5.2 is the illustrated administration protocol. 



142 
 

 

Fig. 5.1 Illustrated administration protocol 

DN-P, DP-P and DZ-P: orally given DNTS, DPTS and DZTS, respectively, after ISO 

injection; DN-PP, DP-PP and DZ-PP: orally given DNTS, DPTS and DZTS, respectively, 

both before and after ISO injection; 

Animals were treated with isoprenaline (1 mg/kg, s.c.) to induce 

experimental MI twice at an interval of 8 hours on the 4th day. On the last day of 

experiment (8th day), the animals were sacrificed. The blood samples were 

collected from the femoral arteries of rats anesthetized with diethyl ether. Serum 

was saved at -80 oC following centrifugation at 4 oC at 4000 rpm for 20 min. 

5.2.3.1 Histological examination of myocardium 

Immediately after the sacrifice of the rats, the hearts were removed, washed 

with iced normal saline and fixed in 10% neutral formalin solution. The heart 

tissue was processed for sectioning and staining by standard histological methods. 

Sections (5 μm, Leica RM 2125, Germany) from the left ventricle were stained 

with hematoxylin and eosin (H&E) and examined by light microscopy (Leica 

DMR, Germany) at 200× magnification. 

5.2.3.2 Assays for biological activities 

Pre-ISO
Total Saponins: 150mg/kg

ISO 
Injection

1 mg/kg, 
s.c., twice

Post-ISO
Total Saponins: 300 mg/kg
Positive (propranolol ): 15 mg/kg

Sacrifice
All groups

1 2 3 4 5 6 7 8 day

Normal control: given vehicle, without ISO injection
Both pre- and post-ISO group: DN-PP; DP-PP; DZ-PP

Model group (ISO)

Post-ISO group: DN-P; DP-P; DZ-P; 
Positive group
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Activities of CK, LDH, AST, SOD, GPx, CAT, T-AOC and MDA were 

measured using kits according to the manufacturer’s instructions. 

5.2.3.3 Data analyses 

Data were expressed as means ± SD. A one-way analysis of variance 

(ANOVA) was used to compare the means among different groups. Post hoc 

multiple comparisons were done with Bonferroni and Turkey tests to further 

compare group data.  

Analyses were conducted with SPSS 18.0 software. P value < 0.05 was 

considered to be statistically significant.  

 

5.3 Results and discussion 

5.3.1 Effects of Dioscorea TS on CK, LDH, and AST serum levels 

The relatively high content of CK, LDH and AST in cardiac tissue accounts 

for the clinical usefulness of measuring the activity of these enzymes in serum to 

diagnose and monitor MI. This is because leakage of these enzymes acted as a 

marker of cell membrane damage. (Cokkinos et al., 2006). Thus, CK, LDH, and 

AST were measured in serum from experimental group animals (Fig. 5.2). 

Compared with levels in the normal control group, ISO injection resulted in 

significantly increased activities of CK, LDH and AST in ISO model group (##P 

< 0.01), clearly suggesting that ISO produced myocardial damage.  

Although there are some minor differences in values of enzyme activities 

among groups treated with DNTS, DPTS or DZTS, in general, no remarkable 

differences were observed. In other words, all three species restore the activities 

of myocardial injury marker enzymes more or less to the same extent. For the 

change percentage of CK, LDH and AST (defined in Fig. 5.2 ii), three pre- and post- ISO 
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groups given different total saponins show greater changes than the positive group did 

except the LDH% of DP-PP group, and even DN-P and DP-P group exert greater 

changes than the positive group did in AST%. Thus it appears that these three TS could 

attenuate the cell membrane injury almost as potent as the positive drug. 
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Fig. 5.2 Effects of Dioscorea saponins on acute experimental myocardial ischemia. i) A-H: CK, LDH, AST, SOD, CAT, GPx, T-AOC and MDA serum levels.  ii) 

Change percentage of assay markers for each group administered with different total saponins or positive drug. Compared to the model group, the change 

percentage of each marker was calculated as indicated in Fig. 2 ii. Values indicate greater changes than in positive group. Normal: normal control; ISO: model 

group only injected with isoprenaline; Pos: positive control (propranolol, 15 mg/kg); DN-P, DP-P and DZ-P: orally given DNTS, DPTS and DZTS, respectively, 

after ISO injection (300 mg/kg); DN-PP, DP-PP and DZ-PP: orally given DNTS, DPTS and DZTS, respectively, both before (150 mg/kg) and after ISO injection 

(300 mg/kg). Data are expressed as mean ± SD (n = 8 for each group). ## P < 0.01 vs. normal control; * P < 0.05, ** P < 0.01 vs. ISO group.
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5.3.2 Effects of Dioscorea TS on SOD, CAT, GPx, T-AOC and MDA serum 

levels 

Oxidative stress plays an essential role in the pathologenesis of MI injury. 

The major reactive oxygen species (ROS), such as hydrogen peroxide (H2O2), 

superoxide and hydroxyl radicals, are generated during ischemia and particularly 

during reperfusion (Cokkinos et al., 2006). However, these potentially deleterious 

ROS are controlled by a system of enzymatic and nonenzymatic antioxidants 

which eliminate prooxidants and scavenge free radicals. As for enzymatic 

antioxidants, superoxide, is converted to H2O2 by superoxide dismutase; then, 

excess H2O2 can be reduced to H2O via the catalase or the glutathione peroxidase 

system. Thus, SOD, CAT and GPx were chosen to assay. As for nonenzymatic 

antioxidants, they are actually the scavangers of ROS; these involve myocardial 

hydrophilic antioxidants such as ascorbate and glutathione, and lipophilic 

antioxidants, such as ubiquinol 9, vitamin E (Haramaki et al., 1998; Noori, 2012). 

Total antioxidant capacity is used to characterize the total level of antioxidants, 

particularly the nonenzymatic in biosamples by accessing ferric reducing antioxidant 

power (FRAP) (Benzie and Strain, 1996). MDA, as a lipid peroxidation product, can be 

regarded as an index for the severity of cellular damage caused by ROS. 

Compared with the normal control group, SOD, CAT, GPx and T-AOC levels in the 

ISO group decreased significantly (##P < 0.01), while MDA levels increased significantly 

(##P < 0.01) (Fig. 2 D-H). Although groups administered with different TS, either post-

ISO or pre- and post- ISO groups, did not show greater change percentage in all these 

five markers than the positive group did (Fig. 2 ii), pathological levels of SOD, CAT, 

GPx and T-AOC and MDA in experimental MI rats were almost normalized by TS 

treatment compared with ISO group (**P < 0.01 or *P < 0.05). 
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Further, comparing the serum antioxidant activities of the post-ISO groupS 

and both pre- and post-ISO group administered with the same Dioscorea TS, 

revealed that the latter — i.e., all groups that received Dioscorea TS, both before 

and after ISO injection, showed greater improvement. These results represent 

evidence that Dioscorea saponins have measurable, distinct and specific ability to 

prevent MI.  

Compared with the relevant reports published, namely, methyl protodioscin, a single 

compound isolated from Dioscorea spp. (Ning et al., 2008), and total saponins extracted 

from DP increased the antioxidative ability of myocardium in rats with ischemia-

reperfusion model induced by coronary artery ligation (Wang et al., 2009), the decreased 

activities of CK and MDA and enhanced activity of SOD were in accordance with our 

results; thus, the effect of Dioscorea saponins on CK, MDA and SOD were verified in 

our experiment. Furthermore, our findings revealed that the anti-MI mechanism of 

Dioscorea saponins is related to not only more varieties of enzymatic antioxidant, such 

as GPx and CAT, but also to nonenzymatic antioxidants. Our recent study shows that 

diosgenin, which is the main metabolite found in plasma and feces samples from all rat 

groups individually administered with DNTS, DPTS or DZTS (Tang et al., 2015); thus, 

we hypothesize that diosgenin is one of the bioactive compounds responsible for the 

amelioration effect of these three TS on MI, and the related research is ongoing. 

5.3.3 Effects of Dioscorea TS on myocardial histology 

Histopathlogy of rat heart from normal control showed a normal myofibrillar 

structure with striations, branched appearance and continuity with adjacent 

myofibrils (Fig. 5.2 I-Q). Tissue from the ISO group revealed marked infiltrating 

inflammatory cellsand loss of striations with nuclear changes. Tissue sections 
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from the positive group showed approximately normal myofibrillar structure with 

clear striations and slight inflammatory cell infiltration. Post-ISO groups showed 

diminished myocardial cell swelling, unclear transverse striations, and reduced 

inflammatory cell infiltration. Compared with these groups, tissues from  both 

pre- and post-ISO groups revealed less severe histological damage, namely, 

normal myocardial arrangement, clear transverse striations, and few invasive 

inflammatory cells. Groups treated with different TS, namely DNTS, DPTS or 

DZTS, did not show significant differences in improvement of pathological 

changes. 

 

5.4 Conclusion  

The findings of the present study provide evidence that DNTS, DPTS and 

DZTS can prevent MI and that they can protect the myocardium against ischemic 

insult. Furthermore, the protective effect can be attributed to the increase of 

enzymatic and nonenzymatic antioxidant levels in vivo, and decrease of lipid 

peroxidation formed. Although the chemical compositions of DNTS and DPTS 

were similar, and distinct from DZTS, in general, the cardioprotective efficacy of 

these three TS for rat myocardial ischemia were closely comparable based on 

LDH, CK, AST, SOD, GPx, CAT, T-AOC and MDA levels, as well as on 

myocardial histology, thereby explaining the similarity in their clinical efficacy as 

anti-MI drugs.  
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CHAPTER Ⅵ 

OVERALL CONCLUSIONS AND FUTURE PROSPECTS 

 

6.1 Overall conclusions for the study 

Used as traditional Chinese Medicine since 1950s, three Dioscorea herbs, 

namely, Dioscorea nipponica Makino (穿龍薯蕷, DN), D. panthaica Prain et 

Burkill (黃山藥, DP), and D. zingiberensis C. H. Wright (盾葉薯蕷, DZ) possess 

more or less similar therapeutic actions, such as relieve pain and disperse 

swelling. In particular, of the 49 species of the genus Dioscorea distributed in 

China, it is noteworthy that only three species, have been successfully developed 

as effective single-herb medicines by the pharmaceutical industry for treating 

ischemic heart disease (IHD), and have been in use since the 1970s.  

However, the traditional therapeutic effects and indications of DN, DP and 

DZ are not exactly same, and moreover, their modern indications are not fully 

identical with their traditional efficacies. Thus, to find out 1) whether they have a 

common chemical composition / substance basis responsible for the treatment of 

cardiovascular diseases; and 2) whether they are in fact equally effective against 

cardiovascular disease in animal model, systematic comparison of the 

morphology, chemical composition, metabolism and cardiovascular 

pharmacological potencies of these herbs has been performed. The overall 

conclusions for this study are detailed as follows: 

Chapter Ⅰ gives an overview of the history, applications, resources, 

chemical and biological research advances related to the medicinal and edible 

species of Dioscorea, particularly the three medicinal species focused on in the 
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present study, DN, DP and DZ. Various steroidal saponins are regarded as the 

bioactive compounds for the medicinal species, while nutritional constituents, 

such as tuber protein, polysaccharide, total fiber, minerals, and phenolic 

compounds contribute to the health functions of the edible species. 

Morphological study (Chapter Ⅱ) is the first step of systematic comparison 

of DN, DP and DZ. Because the medicinal parts for DN, DP and DZ are the 

rhizomes, very similar in appearance, and become visibly indistinguishable when 

cut into decoction pieces, Thus, telling them apart only by observing external 

morphology has never been an easy task. This study aimed to distinguish the 

rhizomes of DN, DP and DZ by macroscopic and microscopic observation. 

Comprehensive microscopic techniques, including common light microscopy, 

fluorescence microscopy and polarized light microscopy were successfully 

applied to fulfill this purpose. What’s more, it is the first research to observe 

characteristics of transections of crude drugs under polarized lighting for the 

purpose of authentication. Polarized light has been found to provide a number of 

unique characteristics. The results indicate that starch granules, vascular bundles 

and other significant tissue features can be used to authenticate these three herbs. 

These powdered herbs were also observed under an ordinary light microscope 

and a polarized microscope so as to provide supplementary characters for 

authentication. Thus, a convenient and reliable method was established for the 

authentication of these three Dioscorea herbs. We believe this method can be 

widely applied to other confused Chinese Meteria Medica involving multiple 

species, genera and/or families. 

The chemical study (Chapter Ⅲ ) is the basis for the metabolism and 

biological study on DN, DP and DZ, and it constitutes an explanation for whether 
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DN, DP and DZ have a common substance basis responsible for the treatment of 

cardiovascular diseases from the perspective of chemical analysis in vitro. This 

study aimed to develop a reliable and effective protocol for comparing the 

chemical composition of these three herbs. Based on the qualitative results by 

UPLC-QTOF-MS of 13 batches of DN samples, 13 for DP and 10 for DZ, DN 

and DP have similar saponins profiles, but both are distinct from DZ. However, 

the aglycone, diosgenin, was the main component of all acid hydrolyzed samples 

of DN, DP and DZ. As diosgenin has been reported for the anti-myocardial 

ischemia (MI) activity (Jayachandran et al., 2009), we hypothesized that 

diosgenin could be one of the bioactive sapogenin related to the anti-myocardial 

ischemia (MI) activity of these three herbs. 

Then, to further validate the similarity of DN and DP, the major constituents, 

including six glycosides (protodioscin, protogracillin, pseudoprotodioscin, 

dioscin, gracillin and polyphyllin V) and one aglycone (diosgenin), contained in 

DN and DP were further quantified. The chemical composition of all DN and DP 

samples studied exhibited a high level of global similarity based on comparisons 

of chromatographic fingerprint profiles and the contents of determined 

components using fingerprint similarity evaluation, test of significance and 

principal component analysis,. This chemical similarity validates the common 

application of DN and DP in the pharmaceutical industry as anti-MI herbal drugs. 

The metabolism study (Chapter Ⅳ) constitutes an explanation for whether 

DN, DP and DZ have a common substance basis responsible for the anti-MI 

activity from the perspective of metabolism in vivo. This study aimed to a) 

compare the metabolic profiles of saponins from DN, DP and DZ, which are 
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considered to be their bioactive components, and b) to compare the changes in 

sustained levels of metabolites from rat biosamples (i.e., blood, urine, and feces).  

The metabolism study was designed as follows: total saponins from each of 

the three species (abbreviated as DNTS, DPTS and DZTS, respectively), and four 

individual saponins, namely protodioscin, pseudoprotodioscin, dioscin and 

diosgenin, were given to rats by oral administration. Chemical profiles of the rats’ 

plasma, urine and feces were monitored 1-36 h. A UPLC-QTOF-MS based 

method was performed to identify the absorbed constituents and their metabolic 

products in rat biosamples; the ratio of peak area of major saponins to that of 

internal standard was calculated and plotted versus time to characterize the 

sustained levels of saponins in biosamples. The results indicated that formation of 

diosgenin by desugarization was the main pathway by which steroidal glycosides 

were metabolized. Other types of bio-transformation were found among 

glycosides and aglycones, such as ring cyclization through loss of 26-O-glucosyl, 

substitution of β-D-glucopyranosyl for α-L-rhamnopyrannosyl, hydrogenation of 

diosgenin at 5(6)-double bond, and hydration of 20(22)-double bond. Generally, 

the metabolic profiles of DN and DP were shown to be quite similar, but different 

from that of DZ. However, some particular similarities and connections were 

found among these three total saponins. Diosgenin, as one of the main 

metabolites commonly found in plasma and feces (excluding urine), from all 

groups receiving different total saponins, as well as individual saponins; this is 

likely to be one of the bioactive constituents playing an essential role in 

cardioprotective efficacy. Furostane-type saponins in TS of DN, DP or DZ, such 

as protodioscin, protogracillin, parvifloside, protodeltonin and protobioside, 

showed fast absorption into blood (< 1 h), but were maintained for a relatively 
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short period (mostly < 8h), while the spirostane-type saponin and sapogenin 

(dioscin and diosgenin, respectively), were absorbed into circulation more slowly 

(>1 h), but increased gradually and lasted longer (> 36h). These two patterns 

suggest that the therapeutic effect of these Dioscorea saponins is achieved 

through a complex, multi-step process over time. In addition, it appears that 

protodioscin, pseudoprotodioscin, and dioscin contained in DN and DP were 

transformed into certain glycosides originally found in DZ but not in DN or DP 

(protodeltonin, deltonin, trillin, and progenin II), which might indicate another 

linkage among these three species.  

Thus, these similarities and connections described above constitute evidence 

supporting similarity in efficacy of these three herbs from the perspective of 

metabolism. The UPLC-QTOF-MS based method is accurate and efficient for 

analyzing metabolic changes in rat biosamples over time. 

The anti-myocardial ischemia activity study (Chapter Ⅴ) constitute evidence 

that whether they are in fact equally / comparably effective against cardiovascular 

disease in animal model. This study aimed to further investigate the underlying 

mechanisms with respect to anti-oxidative stress activity by which these 

Dioscorea spp. prevent myocardial ischemia, and to compare the therapeutic 

effect of total saponins from these three species on myocardial antioxidant levels 

and myocardium histology. The serum levels of three myocardial injure marker 

enzymes (CK, LDH, and AST), three enzymatic antioxidants (SOD, CAT, GPx), 

the total antioxidant capacity (T-AOC), and the content of lipid peroxidation 

product MDA, as well as myocardial histology, were compared among rat groups 

administered with DNTS, DPTS and DZTS. The rats experienced myocardial 

ischemia induced by isoprenaline (ISO) injection; the test solutions (DNTS, 
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DPTS, DZTS) were administered either after the ISO injection, or both before 

and after. Compared with the model group (ISO injection only), TS groups and 

positive group (propranolol) exhibited significantly reduced activities of CK, 

LDH and AST (P < 0.01), lowered level of MDA (P < 0.01 or P < 0.05), and 

increased activities of SOD, CAT, GPx and T-AOC (P < 0.01 or P < 0.05). Heart 

tissues from TS groups (administered either after the ISO injection, or both before 

and after) revealed less severe histological damage than the model group. The 

findings of the present study provide evidence that DNTS, DPTS and DZTS can 

prevent myocardial ischemia and that they can protect the myocardium against 

ischemic insult. Furthermore, the protective effect can be attributed to the 

increase of myocardial antioxidant levels, decrease of lipid peroxidation 

formation, and protection against cell necrosis. Although the chemical 

compositions of DNTS and DPTS were similar, and distinct from DZTS, in 

general, the cardioprotective efficacy of these three Dioscorea TS for rat 

myocardial ischemia were closely comparable based on LDH, CK, AST, SOD, 

GPx, CAT, T-AOC and MDA levels, as well as on myocardial histology, thereby 

explaining the similarity in their clinical efficacy as anti-MI drugs. 

In conclusion, these findings in the present study constitute evidence that 

DN, DP and DZ all can be used as starting material for anti-myocardial ischemia 

drugs in the pharmaceutical industry.  
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6.2 Prospective for future studies  

In the present study, metabolism and pharmacological studies were 

evaluated based on whole animal model in vivo. To further compare the 

metabolic and anti-myocardial ischemia activity of these three Dioscorea herbs in 

vitro, two aspects for follow-up research are proposed: 

1) Metabolism of Dioscorea saponins by cytochrome P450s and UDP-

glycosyltransferases in rat and human liver microsomes using a substrate 

depletion approach. The metabolic characteristics in Phase I and II metabolism of 

three total saponins metabolized by rat liver microsomes and human liver 

microsomes will also be compared. Analytes are to be quantified by ultra high-

performance liquid chromatography-mass spectrometry (UPLC-MS).  

2) The protective effect of total saponins of DN, DP and DZ on cultured 

cardiomyocytes in hypoxia/ reoxygenation injury. Cultured cardiomyocytes of 

neonatal SD rats will be randomly divided into eight groups: 1) normal control; 2) 

hypoxia/ reoxygenation injury group without treatment; 3)- 8) hypoxia/ 

reoxygenation injury groups individually treated with high and low dosages of 

total saponins of DN, DP and DZ. At the end of experiment, to investigate the 

antioxidant mechanism of Dioscorea saponins in protecting cardiomyotes, SOD, 

MDA and NO (nitric oxide) in culture medium will be assayed by kits; to 

investigate the possible mechanism of Dioscorea saponins in protecting 

mitochondria membrane and preventing calcium overload, cardiomyocytes 

beating rate, cell viability, alteration of mitochondria membrane potential on 

cardiomyocytes of each group will be determined by Rh123 staining method, 

alteration of [Ca2+]i on cardiomyocytes will be determined by laser scanning 

confocal microscopy.  
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Thus, it can be expected that these potential findings might constitute further 

evidence to reveal whether DN, DP and DZ all can be used as starting material 

for anti-myocardial ischemia drugs in the pharmaceutical industry.  
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