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ABSTRACT 

Herbs have been the basis for medical treatments through much of human history, 

and even now such herbalism is still widely practiced around the world. Most frequently 

and traditionally, water is used as the extraction solvent for preparing medicinal herbs to 

generate decoction or infusion for medicinal purpose. In other words, in most cases, 

multiple chemical components in water extracts should be responsible for therapeutic 

(toxic and side, if any) effects of medicinal herbs. Phytochemical analysis of water 

extracts for quality control of medicinal herbs is therefore important to ensure their 

safeties and efficacies. Unfortunately, however, it is not given enough attention in the 

modern research whereas the relative current studies are intensively focused on organic 

solvent-extracts of medicinal herbs. In this project, analysis of medicinal herbs’ water 

extracts is thus focused.  

Various analytical approaches have been exhaustively developed for qualitative 

and quantitative analysis of chemicals in water extracts of medicinal herbs. However, 

many research challenges in methodology still exist. Polysaccharides and small 

molecules are two most important kinds of chemcials in water extracts of medicinal 

herbs, so they also widely regarded as markers for quality evaluation. For analysis of 

small molecules, the levels of quantitative determination are always far unsatisfactory, 

normally less than 10%. For analysis of polysaccharides, the existed problems are even 

more serious in both sample preparation and chemical analysis. Ethanol precipitation is 

always the first step for crude polysaccharide preparation. But it is just directly used 

without optimization and its capacity has never been evaluated. Following that, 

chemical analysis of natural polysaccharide also suffers severe methodological 

bottlenecks and many drawbacks occurre in qualitative and quantitative characterization. 

Besides, polysaccharides and small molecules in medicinal herbs are always 

individually investigated but hardly studied together before.  

Concerning these issues, here several approaches and stratigies were accordingly 

proposed to improve the current situations using decoctions of some traditional Chinese 

medicines (TCMs) as the research objects and examples. In detail, first, a quantitative 

method was developed for quality evaluation of Huang-Lian-Jie-Du-Tang. In this study, 

quantitative levels of small molecules were greatly improved, compared with the current 

analogous studies for quality evaluation of medicinal herbs. Then, shifting to 

polysaccharides, availability of ethanol precipitation for natural polysaccharide 
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precipitation was critically evaluated. Parameters which could affect the ethanol 

precipitation results, such as structural features, molecular size of polysaccharide, and 

ethanol concentration were systematically investigated. Successively, a novel and rapid 

HPGPC-based strategy for quality control of saccharide-dominant medicinal herbs was 

proposed using Dendrobium officinale as the example. Polysaccharides in the decoction 

of Dendrobium officinale were qualitatively and quantitatively determined. The 

methodological superiority of the developed method compared with conventional 

approaches was highlighted. To facilitate this study, research on chemistry, bioactivity 

and quality control of Dendrobium was systematically reviewed in advance. After that, 

small molecules and polysaccharides in in Angelicae Sinensis Radix and Chuanxiong 

Rhizoma were compared together. Lastly, effects of ginseng polysaccharides on the in 

vivo pharmacokinetics of ginsenoside Rg1 on induced immunosuppressive model rats 

was investigated to provide a chemically holistic view for Du-Shen-Tang.  

By these studies, the above mentioned predicament in chemical analysis on both 

small molecuels and polysaccharides in water extracts of medicinal herbs were 

methodologically improved to varying degrees. Concerning small molecules and 

polysaccharides from multiple perspectives, the successive studies are helpful for 

enhancing quality evaluation and scientific understanding of medicinal herbs’ 

decoctions. 
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CHAPTER 1 RECENT DEVELOPMENT ON PHYTOCHEMICAL ANALYSIS 

OF WATER EXTRACTS OF MEDICINAL HERBS 

1.1 Introduction 

Medicinal herbs have been used for centuries by billions of people worldwide in 

prevention and treatment of human diseases. Even now medicinal herbs are still 

attracting more and more interests due to their “natural” feature and undoubted efficacy 

(Qin, 2007). For thousands of years, in long-term empirically clinical use, water is the 

most frequently used extraction solvent for medicinal herbs preparation (Lei, 2010). For 

example, decoction, the boiling water extract of medicinal herb(s), is the earliest and 

most widely employed dosage formulation of traditional Chinese medicines (TCMs) in 

China. In many ancient and classic herbal medicine literatures, such as “Thousand 

Golden Prescriptions” and “Classic of Holy Benevolence”, decoction was recorded as 

the preferred dosage form of TCMs for disease treatment (Kuang, 2010). The 

prevalence of water extraction of medicinal herbs could be attributed to its multiple 

advantages, to name but a few, non-toxic solvent (water), simple and easy operations, 

and flexible dosages, etc. (Zhang, 2007). All too often, understandably, multiple 

chemical components in water extracts should be the basic substances responsible for 

therapeutic (toxic and side, if any) effects of medicinal herbs in clinical use. It is 

therefore more reasonable that analysis for quality control of medicinal herbs is 

intensively focused on water extracts to ensure their “real” safeties and efficacies in 

practical applications.  

Unfortunately, the current situation is different as demonstrated by publications 

concerning qualitatively and quantitatively phytochemical analysis of medicinal herbs 
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in the last decade which are summarized by searching Scopus database using advanced 

search as follows: TITLE (determination or determine or quantitation or quantification 

or quantitative or qualitative or qualitation or identify or identification or quality or 

analysis or authenticate or authentication) and TITLE-ABS-KEY (medicinal plant or 

herbal or herb or Chinese medicine) and PUBYEAR AFT 2004 (data were processed on 

August 30, 2014). The statistical results are shown in Figure 1.1. Among 1096 

publications retrieved, 331 papers concerned phytochemical analysis of medicinal herbs. 

However, water extracts were used as the objects for analysis in only 67 articles, 

whereas other 264 cases of studies employed organic solutions, organic aqueous 

solutions and organic mixture solutions (others in Figure 1.1) as the extraction solvents. 

Undeniably, compared with bio-macromolecules, i.e. polysaccharides, in medicinal 

herbs, small molecular chemicals, such as phenols, flavonoids and saponins, etc., are 

still the focus and hotspot nowadays in phytochemical analysis and quality control 

investigations. With superior dissolving capacity for small molecules and strong 

penetrability against plant cells, some organic solvents, mostly, methanol and ethanol, 

were therefore widely used in these studies to obtain excellent extraction efficiency of 

analytes (Marston and Hostettmann, 2009; Wu et al., 2013b). Moreover, to acquire 

chemical information in herbs as much as possible, organic aqueous solvents with 

different ratios (shown in Figure 1.1) were also generally used to extract both 

water-soluble and lipid-soluble components, wherein the ratios of organic solvents were 

mostly very high (no less than 70%). These methods using organic solutions as 

extraction solvents actually are unblamable for chemical exploration and 
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characterization. But from the perspective of practical application, they might be 

improper. The real chemical profiles (of water extracts) taken into the body (mainly oral 

administration) in traditionally clinical practice could not be, partly or completely, 

characterized by these methods. To explore the basis for safety and efficacy of 

medicinal herbs, phytochemical analysis of water extracts is strongly needful. 

 
Figure 1.1 The statistical results of the extraction solvents used for qualitative and quantitative 
analysis of medicinal herbs in the published papers in Scopus database in the last decade (data 
was processed on Aug. 30, 2014). 

 

Here, we first provide an overview of development in the last decade in 

phytochemical analysis of water extracts of medicinal herbs. Two main kinds of 

components in medicinal herbs, small molecules and polysaccharides, are focused. 

3 
 



Following that, the concerned existing issues therein mainly in terms of methodological 

defects are highlighted. Lastly, in this project, several improved approaches and 

strategies are accordingly proposed and seriatim stated in the subsequent chapters. 

  

1.2 Current status 

1.2.1 Small molecules 

Small molecules in medicinal herbs have been long investigated abundantly. 

Accumulated studies have proved that small molecules, e.g. flavonoids, alkaloids and 

saponins, harbor multiple distinguished pharmacological activities, such as anti-tumor, 

anti-inflammatory and anti-viral effects (Brusotti et al., 2014). Meanwhile, some small 

molecular components are also toxic. For example, aristolochic acid, a kind of 

substituted 10-nitro-1-phenantropic acids commonly found in the plant family 

Aristolochiaceae, including Aristolochia and Asarum, is verified to be carcinogenic, 

mutagenic, and nephrotoxic (Brusotti et al., 2014). Analysis of small molecules is 

therefore very important for ensuring safeties and efficacies of medicinal herbs. 

Qualitative and quantitative analysis of small molecules in water extracts of medicinal 

herbs over the last decade is summarized in Table 1.1. As shown in Table 1.1, except for 

single herb, prescriptions composed of more than two herbs in a specific ratio, the most 

widely used dosage form of TCM historically, are also of intensive interests to many 

researchers. Compounds with medium and large polarity, such as alkaloids and 

glycosides (e.g. flavonoid glycosides and saponins), in medicinal herbs could be easily 

extracted by water and therefore are always the investigated analytes in these studies. 
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Herein varied methods are adopted for sample preparation and chemical analysis.  
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Table 1.1 Qualitative and quantitative analysis of small molecules in water extracts of medicinal herbs over the last decade. 
Medicinal herbs/ 
prescriptions 

Extraction 
method 

Anlaytes Analytical conditions Analysis Ref. 

Analytical tool Mobile phase Stationary phase 

Cordyceps militaris Ultrasonication Fingerprint HPLC-DAD H2O-MeOH (PA) a) NM b) None (Zeng et al., 2012) 

Dysphania graveolens Infusion Flavonoids (5 components) HPLC-DAD H2O-ACN (FA) C18 (5 µm) QL and QN c) (Álvarez ‐ Ospina et 

al., 2013) 

Forsythia suspensa Boiling Fingerprint HPLC-DAD H2O-MeOH C18 (5 µm) QL and QN (Xia et al., 2009) 

Ke-Kong Tang d) Heating (< 

100 °C, same 

below) 

Monoterpene glycosides, 

flavonoids and triterpenes (6 

components) 

HPLC-DAD H2O-ACN (PA) C18 (NM) QL and QN (Chen and Lay, 2014) 

Le-Mai Keli d) Reflux Fingprint HPLC-DAD H2O-ACN (PA) C18 (5 µm) QL and QN (Leung and Fu, 2009) 

Mahuang Decoction d) Boiling Alkaloids and organic acid, 

etc. (9 components) 

HPLC-DAD H2O-ACN (FA and 

TEA) 

Phenyl (5 µm) QL and QN (He et al., 2014) 

Maoto and Kakkonto d) Boiling Alkaloids (4 components) HPLC-DAD H2O-ACN Gel-80 (5 µm) QL and QN (Hayashi et al., 2010) 

Notopterygium forbesii and 

Notopterygium incium  

Ultrasonication Fingerprint HPLC-DAD H2O-ACN (PA) C18 (5 µm) QL (Jiang et al., 2007) 

Panax notoginseng Ultrasonication Nucleobases, nucleosides and 

saponins (16 components) 

HPLC-DAD H2O-ACN (AA) C18 (5 µm) QL and QN 

(10.80%) 

(Qian et al., 2008) 

Sa-Huang-Xie-Yin-Tang d) NM Anthraquinones, flavonoids 

and alkaloids (12 

components) 

HPLC-DAD H2O-ACN (PA) C18 (5 µm) QL and QN (Huang et al., 2006) 

Sao-Ao Decoction d) Boiling Alkaloids, flavonoids and 

triterpenes (9 components) 

HPLC-DAD H2O-ACN (PA) C18 (5 µm) QL and QN (2.37%) (Shu et al., 2013) 
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Shaofuzhuyu Decoction d) Boiling Aromatic acids (10 

components) 

HPLC-DAD H2O-MeOH (HOAc) C18 (5 µm) QL and QN (0.37%) (Tang et al., 2012) 

ShuangDan Oral Liquid d) NM Phenolic acids and 

monoterpenes glucosides  

etc. (9 components) 

HPLC-DAD H2O-MeOH (HOAc) C18 (5 µm) QL and QN (Li et al., 2011a) 

Siwu Decoction d) Boiling Aromatic acids (10 

components) 

HPLC-DAD H2O-MeOH (HOAc) C18 (5 µm) QL and QN (0.37%) (Tang et al., 2012) 

Taohongsiwu Decoction d) Boiling Aromatic acids (10 

components) 

HPLC-DAD H2O-MeOH (HOAc) C18 (5 µm) QL and QN (0.37%) (Tang et al., 2012) 

Uncaria tomentosa NM Alkaloids and quinovic acid, 

etc. (8 components) 

HPLC-DAD H2O-ACN (AA); 

H2O-ACN (FA) 

C18 (5 µm) QL and QN (Jefferson et al., 2014) 

Xiangfusiwu Decoction d) Boiling Aromatic acids (10 

components) 

HPLC-DAD H2O-MeOH (HOAc) C18 (5 µm) QL and QN (0.37%) (Tang et al., 2012) 

Xiongqiong Decoction d) Boiling Aromatic acids (10 

components) 

HPLC-DAD H2O-MeOH (HOAc) C18 (5 µm) QL and QN (0.37%) (Tang et al., 2012) 

Xuanfu Daizhe Tang d) Boiling Saponins (5 components) HPLC-DAD H2O-ACN (PA) C18 (5 µm) QL and QN (Qin et al., 2012) 

Yi Chen Hao Tang d) Boiling Fingerprint HPLC-DAD H2O-ACN (PA) C18 (5 µm) QL and QN (Wang et al., 2008c) 

YIGONG Capsule d) NM Anthraquinones, alkaloids 

and terpenes, etc. (10 

components) 

HPLC-DAD H2O-ACN (PA) C18 (5 µm) QL and QN (9.79%) (Feng et al., 2008) 

Yiqing Preparation d) Ultrasonication Anthraquinones, flavonoids 

and alkaloids (9 components) 

HPLC-DAD H2O-MeOH (HOAc) C18 (5 µm) QL and QN 

(10.87%) 

(Li et al., 2010f) 

Artemisia annua Infusion Sesquiterpenes, caffeic acids 

and flavonoids, etc. (35 

components) 

HPLC-DAD-ELSD-ESI-MS H2O-ACN (FA) C18 (5 µm) QL and QN 

(11.42%) 

(Carbonara et al., 

2012) 
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Artemisia annua Boiling Artemisinin HPLC-ESI-MS H2O-ACN (HOAc) C18 (5 µm) QL and QN (0.93%) (Carra et al., 2014) 

Cynanchum paniculatum NM Steroids (8 components) HPLC-ESI-TOF-MS H2O-ACN  C18 (5 µm) QL and QN (0.01%) (Dou et al., 2007) 

Danshen Injection d) NM Fingerprint HPLC-DAD-ESI-MS and 

HPLC-CL 

H2O-ACN (PA) C18 (5 µm) QL (Chang et al., 2008) 

Deng's Herbal Tea d) NM Caffeic acids, saponins and 

flavonoids, etc. (28 

components) 

HPLC-DAD-TOF-MS (or 

IT-MS) 

H2O-ACN (FA) C18 (2.7 µm) QL and QN (0.68%) (Deng et al., 2011) 

Dianthus versicolor Heating Flavonoids (26 components) HPLC-DAD-ESI-IT-MS H2O-ACN (FA) C18 (5 µm) QL and QN (0.57%) (Obmann et al., 2011) 

Ganoderma lucidum and 

Ganoderma sinense 

Boiling Nucleosides and triterpenes 

(19 components) 

HPLC-DAD-ELSD-MS H2O-ACN (HOAc) C18 (5 µm) QL (Qian et al., 2012) 

Ge-Gen Decoction d) Boiling Flavonoids, monoterpenes 

glucosides, alkaloids, 

triterpenoids, etc. (60 

components) 

HPLC-DAD-Q-TOF-MS H2O-ACN (FA) C18 (5 µm) QL and QN 

(12.63%) 

(Yan et al., 2013) 

GuiZhiFuLing-Wan d) Boiling Monoterpene glycosides, 

galloyl glucoses, 

acetophenones, phenylallyl 

compounds and triterpenoids 

(27 components) 

HPLC-DAD-ESI-MS H2O-ACN (HOAc) C18 (5 µm) QL (Chen et al., 2009a) 

Huangqin Tang d) Heating Fingerprint HPLC-DAD-ESI-QTOF-MS H2O-ACN (FA) C18 (3 µm) QL (Tilton et al., 2010) 

Huangqin Tang d) Heating Monoterpene glycosides, 

flavonoids, Saponins, etc. (64 

components) 

HPLC-DAD-ESI-QTOF-MS H2O-ACN (FA) C18 (3 µm) QL (Ye et al., 2007) 

8 
 



Isatis Indigotica  Boiling Alkaloids and phenolic acid, 

etc. (12 components) 

HPLC-DAD-ESI-MS H2O-MeOH (FA) C18 (5 µm) QL (Xiao et al., 2007) 

Maytenus ilicifolia Reflux Flavonol glycosides HPLC-DAD-ESI-MS H2O-ACN (HOAc) Ultrahydrogel 120 

(SEC) and C18 (5 µm, 

RP) 

QL (de Souza et al., 2009) 

Mercurialis perennis  NM Depsides, flavonols and 

volatiles (24) components 

HPLC-ESI-DAD-MS and 

GC-MS 

H2O-ACN (FA) 

(HPLC-DAD); He 

(GC-MS) 

C18 (5 µm) (HPLC); 

5% phenyl-95% 

dimethyl polysiloxane 

(0.25 µm) (GC) 

QL (Lorenz et al., 2012) 

Radix Rehmanniae Reflux Fingerprint HPLC-IT-TOF-MS H2O-ACN (FA) C18 (3.5 µm and 

1.7µm) 

QL (Wang et al., 2013b) 

Salvia miltiorrhiza Reflux Fingerprint HPLC-DAD-ESI-MS H2O-ACN (FA) C18 (5 µm) QL (Hu et al., 2005) 

Samgiumgagambang Preparation 

d) 

Boiling Flavonoids, alkaloids and 

terpenes, etc. (9 components) 

HPLC-DAD-ESI-MS and 

CE-DAD 

H2O-ACN (FA) 

(HPLC-DAD); Borate 

buffer (CE-DAD) 

C18 (5 µm) 

(HPLC-DAD); 

Fused-silica 

(CE-DAD) 

QL and QN (2.71%) (Chen et al., 2011a) 

Shenmai Injection d) NM Fingerprint HPLC-ESI-MS H2O-ACN (HOAc) C18 (5 µm) QL (Fan et al., 2006) 

Siho-Gyeoji Tang d) Reflux Saponins and flavonoids, etc. 

(9 components) 

HPLC-DAD-ESI-MS H2O-ACN (HOAc) C18 (5 µm) QL and QN (Lee et al., 2009) 

Sijunzi Decoction d) Boiling Ginsenosides, flavonoids and 

triterpenoids 

HPLC-ESI-MS H2O-ACN (HOAc) C3 (5 µm) QL (Liu et al., 2006) 

Xiao-Qing-Long Decoction, 

Mahuang-Xingren-Shigao-Gancao 

Decoction, Mahuang-Fuzi 

Reflux Flavonoids, alkaloids, 

saponins, etc. (85 

components) 

HPLC-ESI-IT-MS and 

UPLC-TOF-MS 

H2O-ACN (FA) C18 (5 µm) QL (Xiao et al., 2014) 
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Decoction, Houpu-Mahuang 

Decoction and Da-Qing-Long 

Decoction d) 

Sochengryongtang d) Ultrasonication Monoterpene glycosides and 

organic acids, etc. (11 

components) 

HPLC-DAD-ESI-MS H2O-ACN (TFA) C18 (3 µm or 5 µm) QL and QN (2.10%) (Weon et al., 2012) 

Stachys recta Boiling and 

infusion 

Caffeoylquinic acids, 

phenylethanol glycosides and 

flavonoids (30 components) 

HPLC-DAD-ESI-MS H2O-ACN (FA) NM (5 µm) QL and QN (3.37%) (Karioti et al., 2010) 

Uncaria sinensis MAE 

(Microwave 

assisted 

extraction) 

Organic acids, flavonoids, 

alkaloids, sucrose and 

phenylalanine 

HPLC-DAD and GC-MS H2O-MeOH (FA) 

(HPLC-DAD); He 

(GC-MS) 

C18 (5 µm) 

(HPLC-DAD) and 5% 

phenyl-95% methyl 

polysiloxane 

(0.25µm) (GC-MS) 

QL and QN (0.35%) (Tan et al., 2011) 

Verbena officinalis  and Lippia 

citriodora  

Boiling Phenylpropanoids HPLC-DAD-ESI-MS H2O-ACN (FA) C18 (5 µm) QL and QN (4.40%) (Bilia et al., 2008) 

Yinchenzhufu Decoction d) Boiling Organic acids, etc. (10 

components) 

HPLC-ESI-MS H2O-ACN (HOAc) C18 (5 µm) QL and QN (0.44%) (Wang et al., 2013c) 

Kaixinsan d) Boiling Ginsenosides and organic 

acids, etc. (9 components) 

RRLC-DAD-ESI-QQQ-MS H2O-ACN (FA) C18 (1.8 µm) QL and QN (Zhu et al., 2010a) 

Danggui Buxue Tang d) Boiling  Saponins, phenolic acids and 

flavonoids (8 components) 

RRLC-QQQ-MS H2O-ACN (FA) C18 (1.8 µm) QL and QN (0.23%) (Zhang et al., 2013; 

Zhang et al., 2012) 

Da-Cheng-Qi Decoction d) Boiling Anthraquinone and 

flavonoids, ect. (24 

components) 

UPLC-IT-TOF-MS H2O-MeOH (FA) C18 (1.8 µm) QL (Wang et al., 2014) 
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Du-Shen-Tang d) Reflux Ginsenosides (45 

components) 

UPLC-PDA-Q-TOF-MS H2O-ACN (FA) C18 (1.8 µm) QL (He et al., 2014) 

San-Huang-Xie-Xin-Tang d) Boiling Anthraquinones, flavonoids 

and alkaloids, etc. (25 

components) 

UPLC-PDA-TOF-MS H2O-ACN (AA) C18 (1.7 µm) QL (Li et al., 2010c) 

Shixiao San d) Reflux Flavanoids (10 components) UPLC-Q-TOF-MS H2O-ACN (HOAc) C18 (1.7 µm) QL (Zhou et al., 2010b) 

Suanzaoren Decoction d) Boiling Flavonoids and saponins, etc. 

(22 components) 

UPLC-ESI-Q-TOF-MS H2O-MeOH C18 (1.7 µm) QL (Yang et al., 2011) 

Trollius ledibouri  Reflux Flavonoids (15 components) UPLC-ESI-MS H2O-ACN (AA) C18 (1.7 µm) QL (Li et al., 2006) 

Maytenus ilicifolia Reflux Flavonol glycosides (36 

components) 

2D-LC-MS H2O-ACN (HOAc) Ultrahydrogel 120 

(SEC); C18 (5 µm) 

QL (de Souza et al., 2009) 

Curcuma wenyujin, C. 

phaeocaulis and C. 

kwangsiensis 

MAE  Volatiles (3 components) GC-MS He 5% phenyl-95% 

methyl polysiloxane 

(0.25 µm) 

QL and QN (2.51%) (Deng et al., 2006a) 

Flos Chrysanthemi Indici MAE  Volatiles (2 components) GC-MS He 5% phenyl-95% 

methyl polysiloxane 

(0.25 µm) 

QL and QN (0.05%) (Deng et al., 2006b) 

Fructus amomi PHWE 

(Pressurized hot 

water extraction) 

Volatiles (35 components) GC-MS He 5% phenyl-95% 

methyl polysiloxane 

(0.25 µm) 

QL (Deng et al., 2005) 

Panax notoginseng Heating Dencichine GC-MS He 5% phenyl-95% 

methyl polysiloxane 

(0.25 µm) 

QL and QN (0.59%) (Xie et al., 2007) 
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Flos Carthami Heating Fingerprint CEC and HPLC-DAD H2O-MeOH (TFA) 

(CEC); H2O-ACN (PA) 

(HPLC) 

C18 (CEC); C18 (5 

µm) (HPLC) 

QL (Xie et al., 2006) 

Larrea divaricata  Boiling and 

infusion 

Organic acid (1 component) MEKC Phosphate buffer Fused-silica (75 µm) QL and QN  (Stege et al., 2011) 

Flos Lonicera Japonica Boling Fingerprint NIR spectroscopy NA e) NA QL (Xiong et al., 2012) 

Panax ginseng Boiling Fingerprint HNMR NA NA QL and QN (Chan et al., 2012) 

Inonotus hispidus and 

Sparassis crispa 

Heating Alkaloids and volatiles, etc. 

(20 components) 

NMR (1H and 13C); 

HPLC-DAD-ESI-MS and 

GC-MS 

H2O-ACN (FA) 

(HPLC-DAD); He 

(GC-MS) 

C18 (10 µm) (HPLC) 

and 5% phenyl-95% 

methyl polysiloxane 

(0.25µm) (GC-MS) 

QL (Politi et al., 2007) 

Danshen Injection d) NA (direct 

analysis) 

Salvianolic acids, mono- and 

di-saccharide 

DART-MS NA NA QL (Zeng et al., 2012) 

Shuang-Huang-Lian Oral 

Liquid d) 

NA (direct 

analysis) 

Organic acids, flavonoids and 

phenylethanoid glycosides, 

etc. 

Wooden-tip ESI-MS NA NA QL (Yang and Deng, 

2014) 

 
a) PA, FA, TFA, AA, HOAc were phosphoric acid, formic acid, trifluoroacetic acid, ammonium acetate and acetic acid, respectively; 
b) NM: not mentioned; 
c) QL: qualitative analysis; QN: quantitative analysis; 
d) Ke-Kong-Tang consists of Puerariae Radix, Ephedrae Herba, Cinnamomi Ramulus, Paeoniae Radix, Zingiberis Rhizoma and Jujubae Fructus; Lemai Keli consists of 

Salviae Miltiorrhizae Radix Et Rhizoma, Chuanxiong Rhizoma, Carthami Flos, Aucklandiae Radix, Cyperi Rhizoma, Paeoniae Rubra Radix and Crataegi Fructus; 
Mahuang Decoction consists of Ephedrae Herba, Cinnamomi Ramulus, Armeniacae Amarum Semen, Glycyrrhizae Radix Praeparatae; Maoto consists of Ephedra Herb, 
Glycyrrhiza, Cinnamon Bark and Apricot Kernel; Kakkonto consists of Ephedra Herb, Pueraria Root, Glycyrrhiza, Cinnamon Bark, Ginger, Jujube and Paeoy Root; 
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Sa-Huang-Xie-Yin-Tang consists of Rhei Rhizome, Coptidis Rhizome and Scutellariae Radix; Sao-Ao Decoction consists of Ephedrae Herba, Armeniacae Semen 
Amarum and Glycyrrhizae Radix et Rhizoma; Siwu Decoction consists of Angelica Sinensis Radix, Chuanxiong Rhizoma, Paeoniae Radix Alba and Rehmanniae Radix 
Praeparata; Xiongqiong Decoction consists of Angelica Sinensis Radix and Chuanxiong Rhizoma; Taohongsiwu Decoction consists of Persicae Semen, Carthami Flos, 
Angelica Sinensis Radix, Chuanxiong Rhizoma, Paeoniae Radix Alba and Rehmanniae Radix Praeparata; Xiangfusiwu Decoction consists of Cyperi Rhizoma, Corydalis 
Rhizoma, Aucklandiae Radix, Angelica Sinensis Radix, Chuanxiong Rhizoma, Paeoniae Radix Alba and Rehmanniae Radix Praeparata; Shaofuzhuyu Decoction 
consists of Foeniculi Fructus, Zingiberis Rhizoma, Corydalis Rhizoma, Myrrha, Angelica Sinensis Radix, Chuanxiong Rhizoma,  Cinnamomi Cortex, Paeonia Radix 
Rubra, Typhae Pollen and Faeces Trogopterori; ShuangDan Oral Liquid consists of Radix Salvia Miltiorrhizae and Cortex Moutan; Xuanfu Daizhe Tang consists of 
Inula Flower, Ginseng Radix, Red Ochre, Glycyrrhiza, Ginger, Jujubae and Pinelliae Rhizoma; Yi Chen Hao Tang consists of Artemisia capillaries Thunb, Gardenia 
jasminoides Ellis and Rheum officinale Baill; YIGONG Capsule consists of Psoraleae Fructus, Coastal Glehnia Root, Polygoni Multiflori Radix, Ligustri Lucidi Fructus, 
Schisandrae Fructus, Rubiae Radix, Leonuri Herba and Glycyrrhizae Radix, etc.; Yiqing Preparation consists of Coptidis Rhizoma, Rhei Radix et Rhizoma and 
Scutellariae Radix; Danshen Injection consists of Salvia miltiorrhiza Bunge; Deng's Herbal Tea consists of Honeysuckle, Chrysanthemum, Rhizoma imperatae, Folium 
mori, Dandelion and Liquorice; Ge-Gen Decoction consists of Pueraria Radix, Ephedrae Herba, Cinnamomi Ramulus, Glycyrrhizae Radix et Rhizoma Preparata, 
Paeoniae Radix Alba Preparata, Zingiberis Rhizoma Recens and Jujubae Fructus; GuiZhiFuLing-Wan consists of Ramulus Cinnamomi, Poria Cocos, Cortex Moutan, 
Radix Paeoniae and Semen Persicae; Huangqin Tang consists of Scutellaria baicalensis Georgi, Paeonia lactiflora Pall., Glycyrrhiza uralensis Fisch. and Ziziphus 
jujuba Mill.; Samgiumgagambang Preparation consists of Rehmanniae Radix Preparata, Eucommiae Cortex, Achyranthis Radix, Lycii Fructus, Hoelen Alba, Paeoniae 
Radix, Aconiti Tuber, Araliae Continentalis Radix, Glycyrrhizae Radix, Cinnamoni Ramulus, Angelicae Radix, Coptidis Rhizoma, Bambusae Caulis in Taeniam and 
Zingiberis Rhizoma; Shenmai Injection consists of Radix Ginseng Rubra and Radix Ophiopogonis; Siho-Gyeoji Tang consists of Bupleurum falcatum, Pinellia ternata, 
Scutellaria bicalensis, Panax ginseng, Ziziphus jujube var. inermis, Zingiber officinale, Glycyrrhiza glabra, Cinnamomum cassia and Paeonia lactiflora; Sijunzi 
Decoction consists of Panax ginseng, Poria cocos, Atractylodes macrocephala and Glycyrrhiza uralensis; Xiao-Qing-Long Decoction consists of Glycyrrhizae Radix, 
Zingiberis Recens Rhizoma, Ephedrae Herba, Cinnamomi Ramulus, Paeoniae Alba Radix, Pinellia Tuber, Asari Herba and Schisandrae Chinensis Fructus; 
Mahuang-Xingren-Shigao-Gancao Decoction consists of Glycyrrhizae Radix, Ephedrae Herba and Armeniacae Amarum Semen; Mahuang-Fuzi Decoction consists of 
Glycyrrhizae Radix, Ephedrae Herba and Aconiti Lateralis Radix Preparata; Houpu-Mahuang Decoction consists of Zingiberis Recens Rhizoma, Ephedrae Herba, 
Pinellia Tuber, Armeniacae Amarum Semen, Asari Herba, Schisandrae Chinensis Fructus, Magnoliae Officinalis Cortex and Triticum aestivum Linn. Da-Qing-Long 
Decoction consists of Glycyrrhizae Radix, Zingiberis Recens Rhizoma, Jujubae Fructus, Ephedrae Herba and Cinnamomi Ramulus; Sochengryongtang consists of 
Ephedra sinica, Paeonia lactiflora, Schisandra chinensis, Pinellia ternate, Asiasarum heterotropoides, Zingiber officinale, Cinnamomum cassia and Glycyrrhiza 
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uralensis; Yinchenzhufu Decoction consists of Artemisia capillaris Thunb., Rhizoma Atractylodes macrocephala, Glycyrrhizae Radix, Aconiti Lateralis Radix Preparata, 
Zingiberis Rhizoma and Cinnamomum cassia Presl; Kaixinsan consists of Ginseng Radix et Rhizome, Polygalae Radix, Acori Tatarinowii Rhizoma and Poria. Danggui 
Buxue Tang consists of Astragali Radix and Angelicae Sinensis Radix; Da-Cheng-Qi Decoction consists of Rhei Radix et Rhizoma, Sulfas Natrii, Aurantii Immaturus 
Fructus and Magnoliae officinalis Cortex; Du-Shen-Tang consists of Panax ginseng; San-Huang-Xie-Xin-Tang consists of Rhei Radix et Rhizoma, Coptidis Rhizoma 
and Scutellariae Radix; Shixiao San consists of Pollen Typha and Faeces Trogopterori; Suanzaoren Decoction consists of Ziziphi Spinosae Semen, Poria, Chuanxiong 
Rhizoma, Anemarrhenae Rhizoma and Glycyrrhizae Radix; Shuang-Huang-Lian Oral Liquid consists of Lonicerae Japonicae Flos, Scutellariae Radix and Forsythiae 
Fructus; 

e) NA: not available. 
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1.2.1.1 Sample preparation 

As mentioned above, since ancient times in China decoction is the most commonly 

used dosage form of medicinal herbs. Different hot extraction methods are therefore 

preferred for sample preparation of water extracts in modern research to imitate 

traditional usage. Among them, boiling is the simplest and also the most conventional 

method. The approach has low requirement on processing equipment. During boiling 

process, the extraction system is always open. The water (extraction solvent) is 

therefore rapidly vaporized under the surrounding environmental pressure at the boiling 

point (100°C). The consequence hereof is that the extraction capacity would be reduced 

along with the decrease of extraction solvent. Hence adding fresh water and then 

repeating the extraction are usually performed in the studies. Alternatively, reflux 

method which can condense the vapors and then return the condensate to the extraction 

matrix is also widely employed for water extract preparation. And this circulatory 

system could provide a complete extraction in a long duration automatically. 

Additionally, water extracts of medicinal herbs are also obtained by two other 

conventional methods with moderate conditions, heating (often around 50°C) and 

infusion. 

Honestly the above-mentioned extraction approaches, though compatible with 

traditional usage, require long extraction time, intensive manual procedures and 

extravagant solvent consumption. Other than them, some modern extraction techniques 

are also used for sample preparation of water extract of medicinal herbs. Popularly, herb 

samples are water-extracted by ultrasonication, typically, in an ultrasonic bath. The ultra 
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sound energy could first induce enlargement of the pores of plant cell walls and 

sometimes directly break the cell walls by facilitating the swelling and hydration of 

herbal materials in the aqueous medium. Then the intra cellular chemicals would be 

rapidly transferred into the extraction solvent. The whole course is so efficient that the 

extraction duration could be largely reduced (Huie, 2002; Tang et al., 2009). In addition, 

microwave-assisted extraction (MAE), a relatively new extraction technique, involves 

the process of heating solvent and sample with microwave energy to increase the kinetic 

of extraction for partitioning components interested from the sample matrix into the 

solvent (Zhang et al., 2004b). Recently, volatile or semi-volatile components in 

medicinal herbs are often extracted by using MAE, in which water was commonly used 

as the extraction solvent (Table 1.1). A number of advantages of MAE, e.g., shorter 

extraction time, less solvent, higher extraction rate and lower cost, are emerged over 

traditional extraction method of natural products. For example, MAE and reflux were 

compared for water-extraction of chemicals in Uncaria sinensis (Tan et al., 2011). The 

results showed the extraction efficiency of these two methods were comparable. But the 

time and solvent taken of MAE were greatly saved. However, it's worth mentioning that, 

for facilitating analysis of specific types of chemicals, e.g. volatiles, the MAE extracts 

always need further extraction and enrichment by liquid-liquid extraction or solid-phase 

extraction, etc. due to chemical complicacy of herbal water extracts (Yang et al., 2013). 

1.2.1.2 Qualitative and quantitative analysis 

1.2.1.2.1 Liquid chromatography (LC) 

Hundreds or even thousands of chemicals are always present as a very complex 
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mixture in water extract of medicinal herb or prescription. Analytical technique with 

strong separation capability is therefore desired for analysis of such a complex mass 

(Ning et al., 2013). On this regard, high-performance liquid chromatography (HPLC, 

formerly referred to as high-pressure liquid chromatography) has become the most 

prevailing technique currently for qualitative and quantitative analysis of small 

molecular components in medicinal herbs (Tsai et al., 1997). Normally, it relies on 

pumps to deliver a pressurized liquid solvent (mobile phase) containing the loading 

sample through a column filled with a solid adsorbent material (stationary phase). The 

chemicals in the sample could be separated with different retention times by the 

stationary phase of the column under different separation mechanisms, e.g. adsorption, 

partition, ion exchange, size exclusion and affinity. That is to say that column 

(stationary phase) is the most key part for chemical separation in the whole liquid 

chromatography system. Columns’ stationary phases used in LC analysis of small 

molecules in herbal water extracts were summarized in Table 1.1. Reverse-phase 

chromatography is the most widely employed technique in these developed methods. Its 

stationary phases are always hydrophobic and therefore have strong absorption for 

hydrophobic molecules (Zhou et al., 2009). Its resulted separation is that hydrophilic 

(polar) compounds would be eluted first followed by elution of hydrophobic (non-polar) 

compounds along with the decreasing of mobile phase polarity. Multiple types of 

constituents with different polarities in water extracts of medicinal herb could be 

satisfactorily or acceptably separated in reverse-phase chromatography using an 

optimized elution conditions. Octadecylsilanol (C18) chemically-bonded silica gel is the 
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most often used packing material for reverse-phase HPLC in analysis of herbal water 

extracts. Besides, C3-attached silica gel is seldom employed. Particle size of the 

commercialized column used in conventional HPLC methods is usually 2.7-5 μm. 

According to the Van Deemter equation, a mathematical expression relates the resolving 

power (HETP, height equivalent to a theoretical plate) of a chromatographic column to 

the various flow and kinetic parameters which cause peak broadening, particle size is 

one of important variables related to column efficiency. Theoretically, with the 

permission of system pressure, the smaller the particle is, the higher column efficiency 

is. The particle size of column is therefore greatly decreased in some advanced HPLC 

approaches. Utilizing sub-2μm particles as stationary phase and operating at much 

higher system pressure, Ultra-performance liquid chromatography (UPLC, also known 

as ultra-high performance liquid chromatography, UHPLC) could perform analyses with 

higher resolution, greater sensitivity, shorter analytical time and less mobile phase 

consumption (Liang et al., 2009). Taking the place of HPLC, UPLC has become more 

and more prevalent in analysis of medicinal herbs.  

Gradient elution with mixed aqueous-organic mobile phases is always adopted in 

reverse-phase chromatographic analysis because of its comprehensive elution capability 

originated from gradually decreased mobile phase polarity. It is thus widely used for 

analysis of various kinds of components in herbal water extracts. Acetonitrile and 

methanol are always used as the organic phases. Generally speaking, acetonitrile 

performs better in elution capability and causing system pressure. But it is more 

poisonous and higher cost than methanol. In addition, due to different chemical 
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properties (methanol is a protonic solvent while acetonitrile is aprotic), acetonitrile and 

methanol are also different in separation selectivity (Hao et al., 2008). Moreover, in 

mobile phases of reverse phase chromatography, some pH modifiers, frequently formic 

acid, acetic acid, phosphoric acid (for acidic analytes), ammonium acetate and, and 

diethyl amine (for alkali analytes), are often required to improve the resolution and peak 

shapes.  

Multiple detectors are used for LC analysis. UV detector, mainly including UV-Vis 

detector and photo diode array detection (DAD) (also known as PDA), the most 

conventional detector for phytochemical analysis, has been widely used in analysis of 

water extracts of medicinal herbs (Table 1.1) (Lough and Wainer, 1995). In theory, a 

compound can be detected by UV detector as long as it has ultraviolet absorption. 

Chemicals with different structural types always have maximum ultraviolet absorption 

at different ultraviolet wavelengths and the wavelengths in the maximum ultraviolet 

absorption are always preferred for analysis to improve the detection sensitivity. 

Multi-wavelength LC methods are thus often developed for analysis of different small 

molecules in herbal water extracts (Kwok et al., 2013). Besides, it is mentionable that 

UV detector is a kind of non-destructive detector and thus affords for the further analyte 

recovery. As an ideal alternative of UV detector, evaporative light scattering detector 

(ELSD), a mass detector for general purpose, is also often used for detecting non- or 

weak- ultraviolet absorbed chemicals, frequently saponins, alkaloids and 

sesquiterpenoids, in herbal water extracts (Zhao and Li, 2003). But it cause loss of 

analytes and the generated waste gas (nitrogen and vaporized mobile phases) is harmful 
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to environment. 

In the last decades or so, LC analysis coupled with mass spectrometry detector 

(LC-MS) tremendously developed and has been the most popular and advanced 

analytical technique in different fields, such as foods, natural products and medicinal 

herbs due to its powerful selectivity and sensitivity (Steinmann and Ganzera, 2011; Wu 

et al., 2013b; Zeng et al., 2007; Zhou et al., 2009). For LC-MS analysis, the ionization 

technique mainly includes electrospray ionization (ESI) and atmospheric pressure 

chemical ionization (APCI). ESI is common for herbal water extract analysis since it is 

more suitable for analysis of polar chemicals. Different types of mass analyzers, ion trap 

(IT), quadrupole (Q) and time-of-flight (TOF), have been coupled with LC as online 

detectors for qualitative and quantitative analysis. Their advantages and purposes are 

different. IT could produce MSn data and therefore more selective in qualitative analysis 

while Q has several scanning modes (selective ion monitoring, multi-reaction 

monitoring and neutral loss monitoring, etc.), and is more suitable for quantification, 

and TOF provides accurate mass measurement (<5ppm), thus is more helpful in the 

structure elucidation of the analytes in medicinal herbs. Precisely because the 

complementary superiorities mentioned above of these mass detectors, tandem mass 

spectrometry has been becoming the leading technique for accurate structural 

elucidation and sensitive quantitative determination simultaneously in phytochemical 

analysis. Triple quadrupole (QQQ or TQ), Q-TOF and IT-TOF are commonly used for 

herbal water extract analysis. For instance, to investigate the major components in 

Deng’s herbal tea, a famous traditional Chinese medicine, different tandem mass 
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spectrometry methods were used. First, twenty-eight compounds were identified or 

tentatively characterized based on their exact molecular weights and fragmentation 

patterns generated from IT-TOF. Then, fifteen major components therein were 

quantified by TQ, in which multiple-reaction monitoring mode (MRM) was employed 

for sensitivity improvement (Deng et al., 2011). Additionally, except for combination 

with LC, a novel mass mass-spectrometric technique, namely ambient mass 

spectrometry that could permit direct ionization and analysis of complicated samples 

under open-air condition without sample preparation and chromatographic separation 

has been recently become an advanced choice for rapid analysis of some Chinese patent 

drugs prepared from herbal water extracts (Yang and Deng, 2014; Zeng et al., 2012). 

For example, a new spectroscopic fingerprint was successfully developed by 

wooden-tip electrospray ionization mass spectrometry, wherein a sharp wooden tip 

(wooden toothpick) was employed as solid substrate for sampling and ionization of 

complex mixtures, for rapid quality evaluation of Shuang-Huang-Lian oral liquid. 

Without any sample pretreatment and chromatographic separation, Shuang-Huang-Lian 

samples with different product origins and manufacturing dates were quickly 

discriminated (Yang and Deng, 2014).  

As shown in Table 1.1, LC fingerprint analysis has gained prominence for quality 

control of water extracts of medicinal herbs since it is a unique profile chemically 

characterizing the sample components and wherein, normally, as much information as 

possible could be reflected (Goodarzi et al., 2013). On this basis, some biological 

effect-integrated LC fingerprints have been established not only to identify 
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efficacy-related components, but also to predict the therapeutic efficacy of medicinal 

herbs. Taking Rehmanniae glutinosa as an example, first, chemical fingerprints of water 

extracts were analyzed by LC-MS. Urinary metabolic profiling of rats with nephropathy 

after i.g. administrated water extracts of Rehmanniae glutinosa was then chemically 

explored. After that, statistical analysis was performed to investigate the correlation 

between the chemical fingerprints and urinary metabolic profiling, and chemicals in 

Rehmanniae glutinosa having close relationship with the efficacy on nephropathy were 

further screened (Wang et al., 2013b). In addition, an anti-oxidative activity-integrated 

fingerprint of Danshen injections (derived from water extracts of Salvia miltiorrhiza) 

was also established by HPLC coupled with an online scavenging hydrogen peroxide 

system. Superiority hereof is that both chemical characteristics and antioxidant activities 

of the constitutions were simultaneously shown and consequently quality of Danshen 

injection could be more comprehensively revealed (Chang et al., 2008). These 

developed chemical-bioactivity integrated fingerprints in which the relationship 

between efficacy and constituents were explored in some way (in vitro or in vivo) could 

directly give expression to one of the most important characteristics of medicinal herbs, 

namely synergistic effect of multiple components, and therefore are greatly helpful to 

evaluate the quality of medicinal herbs. 

Once again, a myriad of small molecular components with different chemical 

properties could be present in water extracts of medicinal herbs. It is always very 

challenging to separate these components using a single column in LC analysis. As a 

resolve method, multiple dimensional chromatographic techniques in offline or online 
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modes have been efficiently employed to separate and identify such a board range of 

compounds. Flavonol glycosides are abundant as the main bioactive components in the 

leaves of Maytenus ilicifolia, a commonly used traditional Brazilian medicinal herb. 

These flavonol glycosides are always structurally similar consisting of kaempferol or 

quercetin as the aglycone together with positionally isomeric galactose and glucose 

residues linked to the aglycone. Conventional LC-MS analysis is incapable for 

separation and identification of these analogue analytes. Souza et al developed a 

heart-cutting 2D-LC-UV-MS method to improve the flavonol glycoside analyzes in 

water extracts of Maytenus ilicifolia leaves. Using size exclusion chromatography (SEC) 

and reverse phase chromatography as the first and second dimensional chromatography, 

respectively, a great number of flavonol glycosides were successfully separated and 

identified with great peak shape and high resolution (de Souza et al., 2009). For another 

example, a multiple columns LC method by column switching technique was developed 

for simultaneously quantitative analysis of different types of chemical components, i.e. 

nucleobases, nucleosides and saponins, in water extracts of Panaxnoto ginseng roots, a 

valued TCM (Qian et al., 2008). Specifically, these constituents were pre-separated 

based on their chemical polarities on a pre-column, and the nucleobase and nucleoside 

components with stronger polarity were separated by an aqueous column while a 

reverse phase column was used for analysis of the saponins by column switching 

technique.  

1.2.1.2.2 Gas chromatography (GC ) 

Going back to bed from bench, in daily use, volatile components may not be 
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preserved by drastically decocting in an open-air condition on account of their low 

boiling points. However, using moderate extraction methods, e.g. infusion, volatile 

components could be extracted and retained in water extracts. Moreover, the herbal 

volatiles have been experimentally proven to have multiple distinguished 

pharmacological activities. Volatile constituents are thus a group of important chemicals 

in water extracts of medicinal herbs (Kalemba and Kunicka, 2003). GC has been widely 

employed for analysis of volatiles in medicinal herbs (Grob and Barry, 2004). It should 

be explained that only volatiles in water extracts which was used for further sample 

pretreatment and analysis are summarized (Table 1.1) and introduced, and analysis of 

volatiles extracted by other methods, such as steam distillation and CO2 supercritical 

fluid extraction, are not included here. GC is always coupled with flame ionization 

detector (FID) or MS detector, but GC-MS is often selected for analysis of volatiles in 

water extracts of medicinal herbs due to its great superiority in qualitative specificity 

which related to structural information and quantitative sensitivity compared with FID. 

Three major active volatile components, curcumol, curdione and germacrone in water 

extracts of three species of Curcuma rhizomes were absolutely qualitatively and 

quantitatively determined using MAE and headspace solid-phase microextraction 

(HS-SPME) sample preparation followed by GC-MS analysis (Deng et al., 2006a). 

Employing the same approach, two other bioactive volatiles, camphor and borneol, in 

water extracts of Flos Chrysanthemi Indici were also investigated. Dencichine, a 

well-known haemostatic agent, was quantified in water extracts of Panax notoginseng 

by pre-column ethyl chloroformate derivatization and GC-MS analysis (Deng et al., 
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2006b). Except for absolutely qualitative and quantitative analysis, chemical profiling 

of volatile components with temporary identification and relative quantification are also 

popular for quality evaluation of medicinal herbs. For example, total volatile 

constituents in water extracts of Uncaria sinensis and Fructus Amomi were respectively 

characterized (Deng et al., 2005). They were temporarily identified by an online mass 

spectral library and their contents in the samples were relatively determined using 

relative peak area ratios.  

To be honest, volatiles in water extracts of medicinal herbs are not concerned too 

much and the employed analytical techniques are monotonous and laggard. For example, 

the MS analyzers used in all the above mentioned studies are single quadrupole (Q) type 

and it is limited to varying degrees in both qualitative and quantitative analysis. Actually, 

some advanced GC hyphenated techniques, such as GC-TOF and 2D-GC, have been 

widely developed for volatile analysis in food chemistry for methodological 

improvement (Adahchour et al., 2006; Gogus et al., 2007). They are also recommended 

for analysis of volatile components in water extracts of medicinal herbs. 

1.2.1.2.3 Capillary electrophoresis (CE) and Capillary electrochromatography 

(CEC)  

CE, a general type of electrokinetic separation methods performed in submillimeter 

capillaries and in micro- and nanofluidic channels, refers frequently capillary zone 

electrophoresis (CZE), micellar electrokinetic chromatography (MEKC), sometimes 

capillary gel electrophoresis (CGE) and capillary isoelectric focusing (CIEF). 

Subsequently, packed with LC stationary phase and driven by electroosmotic flow, 
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capillary electrochromatography (CEC) is available as a hybrid technique of LC and CE. 

Applications of CE and CEC for phytochemical analysis have been well documented 

(Chen et al., 2010a; Chen et al., 2012a; Ganzera, 2008; Yang et al., 2010b). Compared 

with other analytical techniques, generally speaking, CE and CEC are preponderant in 

separation efficiency while CEC additionally possesses HPLC’s strength in selectivity. 

For water extract analysis of medicinal herbs, their superiority over conventional LC 

method is also revealed. For example, HPLC and CZE were simultaneously used for 

quality control of “samgiumgagambang” (SGMX), a new herbal medicinal decotioin 

containing 14 different herbs, and their separation efficiencies were compared. The 

results showed that the nine selected chemical markers could be well separated and 

determined within 13 min using CZE, compared in 60 min using HPLC (Chen et al., 

2011a). Similarly, a fingerprint analysis of water extracts of Flos Carthami was 

performed by CEC and HPLC. The fingerprint obtained with HPLC consisted of 21 

common peaks within 65 min while 43 common peaks were produced by CEC in the 

same duration (Xie et al., 2006).  

In addition, some spectroscopic approaches, namely nuclear magnetic resonance 

(NMR) and near infrared reflection (NIR) were also employed for quality evaluation of 

medicinal herbs by qualitative and/or quantitative analysis in a few studies (Table 1.1).   

1.2.2 Polysaccharides 

Except for small molecules, natural polysaccharide is the other kind of most 

important chemical components in medicinal herbs due to their distinguished multiple 

pharmacological effects, such as anti-tumor, immune-regulation and anti-inflammatory 
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(Han and Duan, 2003; Wang et al., 2013a; Yang and Zhang, 2009; Zong et al., 2012). 

Lots of medicinal herbs contain high amount of polysaccharides, e.g. Cordyceps 

sinensis (Yan et al., 2014), Dendrobium officinale (Xu et al., 2013b), Panax ginseng 

(Sun, 2011), and their bioactivities have been experimentally proved. It is generally 

known that polysaccharide is a class of carbohydrates consisting of a number of (more 

than 10) monosaccharides linked with glycosidic bonds in branched and unbranched 

chains. The consequence hereof is that they always present with huge molecular mass 

and strong chemical polarity. Based on “like dissolves like” principle, polysaccharides 

are frequently abundant in water extracts of medicinal herbs and water is therefore 

generally employed as the solvent for extraction of water-soluble polysaccharides. The 

bioactivities of polysaccharides are closely related to their structural characteristics, e.g. 

monosaccharide composition, molecular mass, position of glycosidic linkage, and 

spatial configuration (Hu et al., 2013; Li et al., 2013b). Thus phytochemical analysis of 

polysaccharides is very necessary for quality control of water extracts of medicinal 

herbs. Unfortunately, differed with small molecules, qualitative and quantitative 

analysis of polysaccharides is nascent and still severely suffers from methodological 

bottlenecks in completely chemical separation and structural elucidation because of 

their extremely complicated stereo-chemical structures (Li et al., 2013b). 

1.2.2.1 Sample preparation 

Here should it be first explained that not all the natural polysaccharides could be 

easily extracted by water. For example, alkali solution is more suitable for extraction of 

some water-insoluble acid polysaccharides (Ghosh et al., 2004; Oosterveld et al., 2003). 
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For extracting water-soluble polysaccharides (mostly neutral polysaccharides), hot 

water extraction by reflux or open-air boiling is the most widely employed approach. 

Additionally, similar with small molecular component extraction, some other methods, 

e.g. infusion, ultrasonication and MAE introduced above, are also commonly used (Hu 

et al., 2007; Nie et al., 2004).  

Prior to qualitative and quantitative analysis, extracted polysaccharides generally 

need further purification to exclude co-existed small molecules in water extracts. For 

water-soluble polysaccharide preparation, ethanol precipitation is the most convenient 

and also the most frequently used method (Jian et al., 2014). It is designed by adding 

specific amount of ethanol into the water extract solution to separate polysaccharides 

and small molecular impurities based on their discrepancy on chemical solubility in 

different concentrations of aqueous ethanol solution. Similarly, utilizing difference of 

molecular weight between polysaccharide and small molecules, ultrafiltration by 

molecular sieve with different cut-off molecular weight is also used for sample 

pretreatment of polysaccharides (Xu et al., 2011).   

1.2.2.2 Qualitative and quantitative analysis 

Generally speaking, for comprehensive analysis of polysaccharides in water 

extracts of medicinal herbs, currently, systematic isolation and purification followed by 

completely structural elucidation for each purified polysaccharide should be the most 

reliable approach. Specifically, for the first step-isolation and purification, acidic and 

neutral polysaccharides could be separated by anion-exchange chromatography, in 

which neutral polysaccharides are first eluted by running buffer and acidic 
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polysaccharides are then eluted with higher salt concentration. Different 

polysaccharides with different molecular sizes in each elution fraction could be further 

separated by size exclusion chromatography (SEC) (Sanz and Martinez-Castro, 2007). 

After obtaining purified polysaccharide (generally indicated by anthrone-sulfuric acid 

procedure), primarily and stereoscopically structural properties would be successively 

investigated by multiple analytical methods. Purity could be tested by paper 

chromatography, TLC, SEC, electrophoresis, diffusion ordered spectroscopy (DOSY) 

and/or NMR; molecular weight and distribution could be tested by CE, HPSEC, MS 

and/or NMR; compositional monosaccharides could be obtained by acid hydrolysis and 

the types and ratios are then tested by TLC, GC, LC or CE; features of glycosidic 

linkages could be characterized by methylation analysis, NMR and/or MS; spatial 

configurations could be observed by atomic force microscopy (AFM) (Jin et al., 2014; 

Jin et al., 2012; Nie et al., 2013; Wang and Fang, 2004; Xu et al., 2013b; Yan et al., 

2014). It is conceivable that all these involved methodologies are highly complex, 

difficult, and time-consuming. For example, the polysaccharide purification by multiple 

column chromatography techniques is usually interminable and needs vast labor. 

Moreover, structural elucidations for purified polysaccharide are also challenging and 

always require multiple complicated procedures for each step. For instance, unlike 

proteins, linkage types and configurations between each two monomeric units in a 

polysaccharide are capricious and the total and complete confirmation is tough. 

Methylation analysis could only provide the positions of glycosidic linkages, but not the 

sequence of consisted residues and the configuration of glycosidic linkages. Other 
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advanced techniques, e.g. NMR (for determining spin-spin coupling constants and 

registration of the nuclear Overhauser effect), are thus needed for further exploration. In 

a word, for routine and convenient analysis, the above mentioned means for 

unambiguous identification are obviously impracticable. Therefore, without systematic 

purification, several relatively rapid methods based on hydrolysis have been developed 

for qualitative and quantitative analysis of total polysaccharide components in water 

extracts of medicinal herbs, in which structural properties in terms of compositional 

monosaccharides and glycosidic linkages could be partially characterized. 

1.2.2.2.1 Acidic hydrolysis analysis 

Monosaccharides are the basic constituent units of polysaccharides. Thus the types 

and molar ratios of compositional monosaccharides are one of the most important 

structural information of polysaccharides (Hu et al., 2013). On the other hand, due to 

the difficulties described above in obtaining proper polysaccharide standards for 

qualitative and quantitative analysis, monosaccharides with available standards is 

constrainedly employed as the research objects. Generally, glycosidic bonds in 

polysaccharides can be cleaved by acidic hydrolysis with some strong acids, e.g. 

sulfuric acid, hydrochloric acid or trifluoroacetic acid, and the linked constituent 

monosaccharides are therefore released (Smidsrod et al., 1966). In this step, the 

concentration of used acid, the temperature and time of hydrolysis are always need 

optimized for acquiring satisfactory hydrolysis efficiency. After the reaction, 

neutralization of excess acid in the system with alkaline solution, e.g. sodium hydroxide, 

barium hydroxide or barium carbonate, is necessary. Subsequently, the generated 
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monosaccharides in the hydrolysate could be analyzed by multiple analytical means, 

such as TLC, GC and LC. These methods have their own advantages and disadvantages. 

The hydrolysate could be directly analyzed by TLC without further treatment and 

parallel analysis of several samples in a single run could be achieved (de Pinto et al., 

2001; Dong et al., 2003; Martinez et al., 2003). As known, however, TLC has low 

sensitivity and accuracy, especially for quantitative analysis. Oppositely, GC coupled 

with FID or MS performs very well for monosaccharide analysis in terms of sensitivity, 

selectivity and accuracy. But prior to instrumental analysis, volatile derivatization of 

monosaccharides is needed and normally prepared to be trimethylsilyl ether derivatives 

or acetate derivatives with specific derivatization reagents, for example, 

hexamethyldisilane, trimethylchlorosilane, trimethylsilyl, N,O-bis-(trimethylsilyl) 

trifluoroacetamide (trimethylsilyl ether derivatives), or hydroxylamine hydrochloride 

and acetic anhydride (acetate derivatives) (Guerrant and Moss, 1984; Medeiros and 

Simoneit, 2007). Some specialized columns for carbohydrate analysis, such as amino 

columns, could be employed for HPLC analysis of monosaccharides. Nonetheless, they 

are always useless for analysis of uronic acids (Zhang et al., 2015). Pre-column 

derivatization, usually with either fluorescence or UV labeling, followed by separation 

with conventional reverse phase column is therefore more frequently used in HPLC 

analysis for simultaneously qualitative and quantitative determination of 

monosaccharides and uronic acids (Tian et al., 2010). Anyway, all these methods have 

been successfully, though not widely, employed for both qualitatively and quantitatively 

characterizing polysaccharides in water extracts of medicinal herbs. For example, a 
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simple, rapid and effective HPTLC method was established for discriminating total 

polysaccharide components in six commonly used TCMs based on monosaccharide 

composition analysis. The TCMs’ crude polysaccharides were prepared with 

water-MAE extraction followed by ethanol precipitation, and then acidic hydrolyzed 

under optimized conditions. The hydrolysate was separated well on a HPTLC silica gel 

plate. Seven aldoses and two uronic acids were employed as the reference standards. 

The results showed the polysaccharides with different origins have different 

monosaccharide compositions and the method is helpful to distinguish the origins of 

TCMs’ polysaccharides (Yang et al., 2010a). Afterwards, a faster and more sensitive 

UPLC method with reverse phase column was developed for separating the same nine 

monosaccharide standards within 5.5 min, in which pre-column derivatization with 

1-phenyl-3-methyl-5-pyrazolone (PMP) was employed and UV detector was set at 250 

nm. The method was then undertaken coupled with statistical approaches to 

discriminate the crude polysaccharides from five TCMs by simultaneously qualitative 

and quantitative determination (Kuang et al., 2011). Interestingly, to investigate 

monosaccharide compositions of crude polysaccharides in water extracts of Tremella 

fuciformis, TLC, GC and HPLC were compared by Han et al and they concluded that 

HPLC with PMP pre-column derivatization was the best choice based on the 

experimental results in light of sensitivity, resolution and information integrity (Han et 

al., 2012). Actually, except for these three familiar methods, CE was also once 

employed for analogous analysis. A novel derivative reagent, namely 

1-(2-naphthyl)-3-methyl-pyrazolone (NMP) was adopted for labeling UV chromophore 
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and the comparative study demonstrated that derivatization with NMP was more 

sensitive than that with PMP (Xia et al., 2010).  

Actually, except for the chromatographic analysis mentioned above, colorimetry 

based on acidic hydrolysis, such as phenol-sulfuric acid, anthracenone-sulfuric acid, and 

carbazole-sulfuric acid, is widely used for quantitative determination of total 

polysaccharides in medicinal herbs (Timell et al., 1956). Phenol-sulfuric acid is most 

frequently employed. In brief, polysaccharide could be hydrolyzed to monosaccharides 

by concentrated sulfuric acid. The released monosaccharides are quickly dehydrated and 

then generated orange products with phenol which could be directly detected under 

specific wavelength (normally 490 nm) (Saha and Brewer, 1994). The method is easy 

and economic. But it is incapable for qualitative purpose. In addition, its repeatability 

and accuracy of quantitative analysis are easily influenced by multiple factors and 

therefore far unsatisfactory. Though improved strategies were once proposed (Cuesta et 

al., 2003), it has been gradually excluding in modern experimental research. 

Critically speaking, although monosaccharide composition analysis followed by 

acidic hydrolysis is now well-accepted and also regarded as the most reliable method 

for carbohydrate content determination of natural products, it is still severely faulty. 

First, acidic hydrolysis is strong and non-selective for different glycosidic linkage types. 

Structural discrepancy on different polysaccharides is therefore greatly weakened. Then, 

actually, complete acidic hydrolysis is idealized. The degree of acidic hydrolysis is hard 

to control and both incomplete and excessive acidic hydrolysis could cause inaccurate 

qualitative and quantitative results (Cuesta et al., 2003; Wu et al., 2014). Similarly, for 
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monosaccharide derivatization, the extent of derivatization which is closely related with 

determined results is rarely concerned. 

1.2.2.2.2 Enzymatic hydrolysis analysis 

In recent years, enzymatic hydrolysis followed by multiple characterization 

techniques has been springing up for qualitative analysis of polysaccharides in TCM’s 

decoction. The involved principle and methodologies could be briefly introduced as 

follows. First, crude polysaccharides are obtained by hot water-extraction and ethanol 

precipitation. Following that, the polysaccharide solution is treated with various 

endo-carbohydrases under optimized moderate conditions, and the existed glycosidic 

linkage in the polysaccharide could be hydrolyzed by the corresponding 

endo-carbohydrase (e.g. 1, 4-β-D-galactosidic linkages to 1, 4-β-D-galactanase). Next, 

the generated hydrolysates are characterized by many analytical techniques, for example, 

HPLC, HPTLC or carbohydrate gel electrophoresis (PACE), in terms of the changed 

structural properties caused by enzymatic hydrolysis, mainly including molecular 

weight distribution and released carbohydrate fragments with low molecular weights 

(e.g. monosaccharides and oligosaccharides). Other than acidic hydrolysis, enzymatic 

hydrolysis is more moderate and specific, and could therefore generate more 

characteristic structural information of polysaccharides. Based on this strategy, 

polysaccharides from different medicinal herbs could be easily discriminated. Li’s 

group first proposed the strategy for analysis of medicinal herbs and named it as 

“saccharide mapping”, and a series of studies using “saccharide mapping” have been 

performed by this group to discriminate polysaccharide components in different 
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medicinal herbs, e.g. natural and cultured Cordyceps sinensis (Guan et al., 2011; Wu et 

al., 2014), Dendrobium spp. from different locations (Xu et al., 2011), different 

Ganoderma species (Wu et al., 2013a; Xie et al., 2012). 

Due to the advantages mentioned above, the analysis of enzymatic hydrolysis is 

becoming the preferred choice for qualitative analysis of natural polysaccharides. But 

the method is also not faultless. First, it might not correctly provide the structural 

information because of the uncontrollable degree of enzymatic hydrolysis for different 

polysaccharides with different chemical structures (Eremeeva, 2003). Then, because 

structural properties of polysaccharides are only partially reflected by enzymatic 

hydrolysis analysis, the method could merely be used for discrimination of 

polysaccharides, but is incapable for completely qualitative identification. 

 

1.3 Research challenges concerned 

1.3.1 Analysis of small molecules 

Various analytical approaches have been exhaustively developed for qualitative 

and quantitative determination of small molecules in water extracts of medicinal herbs. 

As described above, qualitative analysis of small molecules is no longer difficult due to 

the rapid development of separation and detection techniques. For example, up to more 

than sixty chemicals in water extracts of medicinal herbs could be qualitatively 

analyzed by LC-MS (Table 1.1). In contrast, quantitative determination is challenging 

since enough chemical standards are unavailable. In general, quantitative analysis is 

more in-depth, decisive and significant than qualitative analysis for quality evaluation 
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of medicinal herbs. As known, it is very difficult for botanical drugs to get approved by 

FDA (Food and Drug Administration, USA) due to their obscure and complicated 

chemical components. FDA asserted that comprehensive quality control methods must 

be issued if the active ingredients of botanical drugs are not definitely confirmed. Up to 

now, only two botanical drugs derived from herbal extracts with complex chemical 

profiles, namely Fulyzaq and Veregen, were approved by FDA in 2013 and 2006 

respectively, in which up to 90% components were controllable. However, as indicated 

in Table 1.1, quantitative determinations of small molecules in water extracts of 

medicinal herbs are not as satisfactory. The total quantitative amounts are only limited 

to 12.63%. In other words, more than 87% components in these herbs are uncontrollable 

using the developed methods. It is obviously unreasonable and insufficient. Improved 

approaches with higher quantitative levels of small molecules are thus needed for more 

comprehensive quality control of water extracts of medicinal herbs. 

1.3.2 Analysis of polysaccharides 

Polysaccharide is one of the most important kinds of components always with rich 

contents and superior bioactivities in water extracts of medicinal herbs. However, 

polysaccharide analysis in medicinal herbs still suffers severe methodological 

bottlenecks. Drawbacks in qualitative and quantitative characterization of herbal 

polysaccharides have been described in detail above. Prior to chemical analysis, actually, 

sample preparation does not stand up to scrutiny either. For example, ethanol 

precipitation is commonly used for polysaccharide preparation. But its capacity for 

polysaccharides’ precipitation is never evaluated. Further research on both currently 
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methodological feasibility and novel approach development is thus needed for chemical 

analysis of polysaccharides in water extracts of medicinal herbs. 

1.3.3 Simultaneous analysis of small molecules and polysaccharides 

As known, medicinal herb is characterized by multiple components and has 

holistic attribute derived from multiple components acting and/or interacting, both with 

each other and with the human body system. This therapeutic approach is commonly 

characterized as “multiple components against multiple targets”. This is the main 

principle of medicinal herbs, and understanding of this should guide every aspect and 

phase of research on medicinal herbs (Wang et al., 2008b). For example, for 

comprehensive quality evaluation of medicinal herbs, qualitative and quantitative 

analysis should simultaneously concern multiple kinds of bioactive components, e.g. 

small molecules and polysaccharides. However, the current situation is different. As 

seen in the above studies, polysaccharides and small molecules are always alternatively 

analyzed in the developed methods for quality evaluation of water extracts of medicinal 

herbs. Based on these analytical results, one-sided conclusions could always be obtained. 

Relevant improvements are therefore necessary. Additionally, small molecules and 

polysaccharides are two very different chemical groups with distinct chemical 

properties and biological activities. Thus except for simultaneous determination, their 

interaction with each other in different aspects, e.g. pharmacokinetics and 

pharmacodynamics, are also worth studying hopefully to give expression to the 

principle of TCMs regarding “multiple components against multiple targets”. Similarly, 

it has never been concerned before either. 
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1.4 Objectives of this study 

In consideration of these existed research challenges, in this study, several 

improved approaches and strategies for qualitative and quantitative analysis are 

accordingly proposed. Decoctions of several medicinal herbs or prescriptions are 

selected as the research objects and examples, and analysis of small molecules and/or 

polysaccharides from multiple perspectives were carried out as follows: 

Employing the decoction named Huang-Lian-Jie-Du-Tang (HLJDT) as an example, 

a comprehensive analytical approach using multiple wavelengths HPLC method was 

developed for simultaneous determination of different types of small molecules in 

HLJDT. In this study, the quantitative levels of chemicals as the chemical markers for 

quality evaluation were greatly improved (Chapter 2). 

Employing the decoctions of eight commonly-used polysaccharide-rich medicinal 

herbs as examples, the feasibility of ethanol precipitation for herbal polysaccharide 

precipitation was critically evaluated. Multiple parameters which could affect the 

ethanol precipitation results, such as structural features, molecular size of 

polysaccharide, and ethanol concentration, were systematically investigated (Chapter 

3). 

Employing Dendrobium officinale as an example, a novel and rapid HPGPC-based 

strategy for quality control of saccharide-dominant medicinal herbs was proposed. The 

polysaccharides in the decoction of D. officinale were qualitatively and quantitatively 

determined (Chapter 5). The methodological superiority of the developed method 
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compared with conventional approaches was highlighted. To facilitate this study, 

research on chemistry, bioactivity and quality control of Dendrobium spp. was 

systematically reviewed in advance (Chapter 4). 

Employing the decoctions of Angelicae Sinensis Radix and Chuanxiong Rhizoma 

as examples, their chemical constituents were holistically compared, wherein both 

polysaccharide and small molecules were concerned. The previously one-sided concept 

that Angelicae Sinensis Radix and Chuanxiong Rhizoma possess similar chemicals was 

corrected and explained from a chemical perspective (Chapter 6). 

Employing the decoction named Du-Shen-Tang (DST) as an example, effects of 

ginseng polysaccharides on the in vivo pharmacokinetics of i.g. administrated 

ginsenoside Rg1 (micro-molecule) were evaluated on induced immunosuppressive 

model rats. From a novel point of view, the role of ginseng polysaccharides in DST in 

impacts on small molecules was revealed (Chapter 7). 
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CHAPTER 2 QUALITY EVALUATION OF COMMERCIAL 

HUANG-LIAN-JIE-DU-TANG BASED ON SIMULTANEOUS 

DETERMINATION OF FOURTEEN MAJOR CHEMICAL CONSTITUENTS 

USING HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

2.1 Introduction 

Huang-Lian-Jie-Du-Tang (HLJDT), one of often used Chinese medicinal 

prescriptions, which is composed of four commonly used medicinal herbs, namely 

Coptidis Rhizoma, Scutellariae Radix, Phellodendri Cortex and Gardeniae Fructus in 

3:2:2:3 proportions, is historically employed for clearing heat and detoxifying (Cao et 

al., 1996).  Current studies manifested that alkaloids (mostly isoquinoline alkaloids) 

from Coptidis Rhizoma and Phellodendri Cortex, flavonoids from Scutellariae Radix 

and terpenes (largely iridoid glycosides) from Gardeniae Fructus are the major active 

components in HLJDT and therefore are normally regarded as markers for quality 

control of HLJDT (Deng et al., 2006c; Hu et al., 2012; Lu et al., 2006; Lu et al., 2007; 

Zeng et al., 2010; Zhu et al., 2012). 

In view of the popular use of HLJDT in Asia countries and the lack of agreed quality 

standard for the commercial HLJDT, quality control is crucial for ensuring its safety and 

efficacy. Additionally, because of the complicated chemical properties of HLJDT, if 

possible, the method for quality evaluation of HLJDT should be furthest comprehensive 

to take account of all kinds of active components. In recent years, seldom analytical 

methods have been proposed and developed for quality evaluation of HLJDT. Even in 

these reported methods, only eight or less compounds were used as chemical markers 

for quality evaluation of HLJDT (Deng et al., 2008; Dou et al., 2009; Sun et al., 2006). 
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These methods are far powerful and reasonable since there are still many undetermined 

peaks (compounds) in the chromatograms given in these studies. Furthermore, these 

methods were only applied to self-made but not any commercial samples. 

As known, it is very difficult for botanical drugs to get approved by FDA (Food and 

Drug Administration, USA) due to their obscure and complicated chemical components. 

FDA asserted that comprehensive quality control methods must be issued if the active 

ingredients of botanical drugs are not definitely confirmed (Zhou and Han, 2009). Up to 

now, only two botanical drugs derived from herbal extracts with complex chemical 

profiles, namely Fulyzaq and Veregen, were approved by FDA in 2013 and 2006 

respectively, in which up to 90% components were controllable (Zhou and Han, 2009) . 

On the other hands, however, the quality control of herbal medicines are commonly 

based on several chemical components, which only account for about 10% (even lower) 

total herbal materials (Li et al., 2011c; Liang et al., 2009). It is obviously unreasonable 

and could not far meet the requirements of FDA. Thus, developing more powerful 

quantitative methods is urgent for quality evaluation of herbal medicines, especially 

traditional herbal formulas. 

Hereby, a comprehensive analytical approach using multiple wavelengths 

HPLC-DAD on simultaneously determination of fourteen components, including seven 

isoquinoline alkaloids (berberine, palmatine, jatrorrhizine, coptisine, phellodendrine, 

epiberberine and magnoflorine), four flavonoids (baicalin, wogonin, baicalein and 

wogonoside) and three terpenes (two iridoid glycosides: geniposide and 

genipin-1-β-D-gentiobioside; one diterpene: crocin I) was established and validated, and 
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then successfully applied to quality evaluation of commercial HLJDT samples. 

 

2.2 Experimental 

2.2.1 Chemicals and materials 

The commercial HLJDT samples (dried powders) (HLJDT-01 to HLJDT-09) were 

purchased from different pharmacy shops in Zhejiang, Sichuan, and Taiwan provinces, 

China and sample HLJDT-10 was purchased from Tokyo, Japan (Table 2.1). The 

voucher specimens were deposited at School of Chinese Medicine, Hong Kong Baptist 

University, Hong Kong, China. 

Methanol (HPLC grade) from RCI Labscan Ltd. (Bangkok, Thailand) and formic 

acid (analytical grade) from Guangdong Chemical reagent Co. (Guangdong, China) 

were purchased. Deionized water was prepared by Millipore Milli Q-Plus system 

(Millipore, Bedford, MA, USA). 

The reference compounds (Figure 2.1), berberine, palmatine, jatrorrhizine, coptisine, 

epiberberine, magnoflorine, geniposide, baicalin, baicalein, wogonoside, wogonin and 

crocin I were purchased from Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai, 

China), and the other two reference compounds, phellodendrine and 

genipin-1-β-D-gentiobioside were bought from Shanghai Shifong Bio-Technology Co., 

Ltd. (Shanghai, China). All of them were confirmed by their MS spectra before use. 
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Table 2.1    Contents of fourteen investigated compounds in ten batches of commercial HLJDT samples (mg/g). 

a The compound numbers are the same as in Figure 2.2; 
b The data was present as average of triplicate determinations;  
c The RSD value of triplicate quantitative results (%); 
d Under the limit of detection (LOD); 
e LOD value of the corresponding analyte (mg/g); 
f Under the limit of quantification (LOQ); 
g LOQ value of the corresponding analyte (mg/g)

Analyte HLJDT-01 HLJDT-02 HLJDT-03 HLJDT-04 HLJDT-05 HLJDT-06 HLJDT-07 HLJDT-08 HLJDT-09 HLJDT-10 

1 a 0.46 b (0.30) c - d (0.05) e - (0.05) + f (0.15) g - (0.05) - (0.05) 1.18 (1.40) - (0.05) - (0.05) 10.01 (0.30) 

2 - (0.11) - (0.11) 1.96 (3.11) - (0.11) 0.57 (3.33) - (0.11) - (0.11) - (0.11) - (0.11) 16.49 (1.32) 

3 - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) 13.34 (4.10) 

4 - (0.05) - (0.05) - (0.05) - (0.05) - (0.05) - (0.05) - (0.05) - (0.05) - (0.05) 9.86 (1.03) 

5 + (0.15) - (0.08) 1.90 (3.01) - (0.08) - (0.08) - (0.08) - (0.08) - (0.08) 2.28 (2.34) 7.10 (1.15) 

6 0.57 (0.37) - (0.13) 1.46 (4.24) - (0.13) - (0.13) - (0.13) + (0.35) - (0.13) 0.95 (1.35) 2.36 (0.25) 

7 - (0.15) - (0.15) - (0.15) - (0.15) - (0.15) - (0.15) + (0.51) - (0.15) 9.62 (0.75) 3.88 (1.01) 

8 + (0.53) - (0.18) 1.58 (0.13) + (0.53) - (0.18) - (0.18) 2.85 (1.86) + (0.53) 2.01 (3.48) 57.26 (0.58) 

9 4.30 (4.03) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) 7.54 (0.71) 

10 - (0.03) - (0.03) - (0.03) - (0.03) - (0.03) - (0.03) 2.81 (2.20) - (0.03) 28.80 (0.35) 69.13 (3.18) 

11 1.99 (1.55) 0.29 (3.57) 8.10 (2.73) - (0.06) - (0.06) 0.91 (2.35) 1.28 (0.36) 1.43 (2.55) 47.28 (1.15) 414.17 (0.91) 

12 1.15 (1.34) - (0.05)  1.95 (0.25) - (0.05) 1.76 (0.44) + (0.17) 2.59 (3.71) 1.04 (0.52) 7.87 (0.29) 62.46 (1.69) 

13 - (0.21) - (0.21) 0.85 (0.83) - (0.21) - (0.21) - (0.21) 1.10 (0.81) - (0.21) + (0.51) 13.12 (0.15) 

14 - (0.02) - (0.02) - (0.02) 0.26 (1.24) - (0.02) - (0.02) - (0.02) - (0.02) - (0.02) 21.55 (1.42) 

Total 8.47 0.29 17.80 0.26 2.33 0.91 11.81 2.47 98.81 708.27 
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Figure 2.1 Chemical structures of fourteen investigated compounds. 
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2.2.2 Sample preparation 

The sample powder was homogeneously pulverized (60-80 mesh), accurately 

weighed (approximately 0.0200 g) and then ultrasonic extracted with 10 mL 70% 

methanol for 30 min. After the powder was well dissolved by mechanically vibration 

(no any obvious megascopic particles could be found in the solution), the solution were 

filtered through a 0.22 µm nylon-membrane filter (Millipore, Barcelone) prior to 

injection into the HPLC system. 

2.2.3 HPLC analysis 

All analyses were performed on an Agilent Series 1100 (Agilent Technologies, USA) 

system, equipped with a vacuum degasser, a quaternary pump, an auto-sampler, a 

column compartment, a diode-array detector, controlled by Agilent 1100 LC software. 

The separation of fourteen analytes was achieved with a Diamonsil C18 column (100 

mm×4.6 mm i.d., 2.6 μm) at 50 °C. The mobile phase consisted of (A) 0.1% formic acid 

aqueous solution and (B) methanol containing 0.1% formic acid. The gradient elution 

was optimized as follows: 15-38% B (0-15 min), 38-72% B (15-25 min), 72-15% B 

(25-30 min). The flow rate was 1.0 mL/min and sample injection volume was 2 µL. The 

fourteen analytes were simultaneously monitored at 254 nm (geniposide, 

genipin-1-β-D-gentiobioside), 275 nm (berberine, palmatine, jatrorrhizine, coptisine, 

epiberberine, magnoflorine, baicalin, baicalein, wogonoside and wogonin), and 440 nm 

(crocin I). 
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2.2.4 Method validation 

The method for quantitative analysis was validated in terms of linearity, sensitivity, 

precision, accuracy and stability. 70% methanol stock solutions of fourteen reference 

compounds were diluted to appropriate concentrations for the construction of 

calibration curves. At least eight concentrations of the solution were analyzed in 

duplicate, and then the calibration curves were constructed by plotting the peak areas 

versus the concentration of each analyte. The stock solutions were diluted to a series of 

appropriate concentrations with 70% methanol, and an aliquot of the diluted solutions 

were injected into HPLC for analysis. The limits of detection (LODs) and limits of 

quantification (LOQs) under the present chromatographic conditions were determined at 

a signal-to-noise ratio (S/N) of about 3 and 10, respectively. Intra- and inter-day 

variations were chosen to determine the precision of the developed assay. For intra-day 

variability test, the sample HLJDT-10 was extracted and analyzed for six replicates 

within one day, while for inter-day variability test, the same sample was examined in 

duplicates for consecutive three days. Variations were expressed by the RSDs of the 

data. The spiked recovery test was used to evaluate the accuracy of the method. The 

recovery was performed by adding a known amount of individual standards into a 

certain amount (0.0100 g) of sample HLJDT-10. Three replicated were performed for 

the test. The spike recoveries were calculated by following equation: Spike recovery (%) 

= (total amount detected – amount original)/amount spiked x 100%. The stability test 

was performed by analyzing the sample (HLJDT-10) extract over period of 2 h, 4 h, 6 h, 
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8 h, 12 h, 24 h, the RSDs of the peak areas of each analyte were taken as the measures 

of stability. 

 

2.3 Results and discussion 

2.3.1 Method optimization  

In sample preparation procedure, multifarious solvents, such as different 

concentrations (10%, 30% 50%, 70% and 90%) of ethanol and methanol, were tested 

and 70% methanol solution was selected because of its excellent dissolving capacity for 

HLJDT sample. For HPLC analysis, two mobile phase systems, including 

acetonitrile-water and methanol-water, in various proportions were compared and 

different mobile phase additive, such as phosphate buffer, formic acid and acetic acid 

were also investigated, and finally, 0.1% formic acid aqueous solution and methanol 

containing 0.1% formic acid were used as mobile phases which could provide 

satisfactory separation and peak shapes of all fourteen investigated compounds. In 

addition, determine wavelengths for these different kinds of analytes were also 

optimized for improving sensitivity. Finally, in consideration of corresponding 

maximum ultraviolet absorptions of the analytes, three ultraviolet wavelengths, 254 nm, 

275 nm and 440 nm, were respectively chosen for detection. 

2.3.2 Method validation 

   The linearity, regression and linear ranges of fourteen analytes were summarized in 
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Table 2.2. The data indicated good relationship between concentrations and peak areas 

of the analytes within the test ranges (R2≥0.9990). The LOQs and LODs of all analytes 

were less than 1.06 and 0.41 µg/mL on column, respectively. It is worth mentioning that 

the LOD and LOD values in this study were much lower than those in previous 

publications (Deng et al., 2008; Dou et al., 2009; Sun et al., 2006), which demonstrated 

that the newly developed method is more sensitive. The overall RSDs of intra- and 

inter-day variations for fourteen analytes were not more than 4.49 % and 6.54 %, 

respectively. The established method also had acceptable accuracy with spike recovery 

of 95.50-104.92 % for all analytes. As to stability test, the RSDs of the peak areas for 

fourteen analytes detected within 24 h were lower than 4.25 %. All these results 

demonstrated that the developed HPLC method was sufficiently reliable and accurate 

for simultaneous quantification of the fourteen investigated compounds in HLJDT.
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Table 2.2 Calibration curves, LODs, LOQs, repeatability, accuracy and stability of the HPLC assay of fourteen compounds. 

Analyte 
Linearity LOQ LOD Repeatability (RSD, %, n=6) Spike recovery (RSD, %, n=3) Stability 

(RSD, 
%, n=6) 

Range (µg/mL) Equation R2 (µg/mL) (µg/mL) Intra-day Inter-day High Middle Low 

1 a  0.36~39.90 y=6.6673x-3.4768 0.9996 0.30 0.09 2.02 4.35 101.23% (1.41) 101.26% (2.71) 99.57% (2.39) 1.54 
2 0.50~80.17 y=4.7851x-4.12 0.9995 0.45 0.22 2.97 4.37 101.45% (2.63) 104.11% (0.74) 100.12%(2.17) 2.68 
3 1.00~71.40 y=12.03x-8.0755 0.9997 0.12 0.04 2.39 3.89 101.13% (3.23) 104.48% (4.07) 102.31%(3.02) 4.25 
4 0.85~21.80 y=8.5564x-1.8856 0.9998 0.31 0.10 1.99 3.46 102.70% (3.92) 97.93% (1.13) 100.03% (3.89) 1.85 
5 2.66~42.60 y=3.8716x-1.5643 1 0.30 0.15 2.93 4.40 95.91% (1.54) 98.67% (0.83) 97.68% (0.64) 2.25 
6 0.70~82.20 y=2.6718x-0.3366 1 0.70 0.25 4.04 4.24 100.04% (1.32) 96.91% (1.92) 97.13% (1.63) 3.21 
7 7.35~117.00 y=1.6177x+0.1395 1 1.01 0.30 3.75 3.13 99.85% (3.61) 102.78% (3.83) 102.89%(4.22) 3.63 
8 1.27~163.30 y=6.2962x-1.5128 0.999 1.06 0.35 4.49 6.01 101.41% (2.78) 100.07% (3.41) 99.99% (1.63) 2.89 
9 1.18~18.90 y=18.189x-6.1544 0.9997 0.14 0.04 4.36 4.69 96.81% (1.68) 102.95% (0.70) 102.29%(1.40) 1.89 
10 1.02~178.50 y=7.5572x-1.0339 1 0.19 0.05 2.71 4.25 100.78% (2.52) 103.20% (1.32) 97.18% (3.26) 4.21 
11 0.47~1048.50 y=4.8022x-10.469 0.9993 0.39 0.12 2.32 3.97 102.33% (4.64) 104.83% (0.52) 104.92%(0.32) 3.2 
12 0.62~187.00 y=2.0377x-2.8414 0.9993 0.34 0.09 2.93 4.26 97.47%(1.98) 102.98% (1.67) 99.11% (3.76) 2.96 
13 1.50~75.00 y=2.2663x-0.8219 0.9999 1.02 0.41 4.36 6.54 96.99% (0.67) 99.91% (4.03) 98.56% (0.83) 2.21 
14 0.30~177.70 y=11.583x+3.8005 0.9999 0.08 0.03 2.36 2.58 96.25% (1.19) 95.50% (3.25) 95.62% (2.23) 3.25 

a The compound numbers are the same as in Figure 2.2.
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2.3.3 Quantification of fourteen analytes in commercial HLJDT samples 

The developed HPLC method was successfully employed for simultaneous 

determination of the fourteen major active components in ten batches of commercial 

HLJDT samples collected from different localities. Typical chromatograms of reference 

compounds (A) and HLJDT samples (B and C) were shown in Figure 2.2. The 

analytical time was greatly shortened compared with the previous publications while 

more analytes with ideal resolution were quantified in this study (Deng et al., 2008; Dou 

et al., 2009; Sun et al., 2006). The identification of the investigated compounds was 

carried out by comparison of their retention time and UV spectra with reference 

chemicals. The contents of fourteen investigated compounds in ten commercial HLJDT 

samples were summarized in Table 2.1.   
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Figure 2.2 Typical HPLC chromatograms of reference standards (A) and HLJDT samples 
(HLJDT-10 and HLJDT-02) (B and C) with DAD detection under different wavelengths. 1, 
berberine; 2, coptisine; 3, palmatine; 4, jatrorrihizine; 5, epiberberine; 6, magnoflorine; 7, 
phellodendrine; 8, baicalein; 9, wogonin; 10, wogonoside; 11, baicalin; 12, geniposide; 13, 
genipin-1-β-D-gentiobioside; 14, crocin I 

 

As shown in Table 2.1, the contents of fourteen analytes varied greatly in different 

HLJDT samples. In the sample HLJDT-10, all investigated compounds could be 

detected and baicalin was the most abundant. More impressively, the total contents of 

fourteen analytes in this sample reached to 70.83% (of the sample material weight), 

which inspired that the developed method might be quite suitable and reasonable for 
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quality control of commercial HLJDT since it could cover the majority of the 

components. As to the samples HLJDT 01-08, however, the situation is quite different. 

Only part of the investigated compounds could be determined in these samples with 

extremely low contents. The total contents of fourteen analytes in these samples existed 

in a narrow range of about 0.03-1.78%. HLJDT-09 showed a significant improvement 

with the total content of 9.94%, which is still much lower than that of the HLJDT-10.  

The greatly varied contents of the analytes in the investigated commercial HLJDT 

samples might be attributed to several reasons. First, confused originals of the 

compositional herbal materials used in the HLJDT sample preparation with different 

purposes might make their quality discrepancy. Herbal materials from GAP (Good 

Agricultural Practices) farms are preferred for quality control purpose. It is also 

suggested that the quality analysis method itself should not be tested only with 

self-made sample, validation with representative real sample based on large number of 

sample batches is more necessary. Second, the inconsistent manufacturing processes 

followed by different manufacturers, e.g. with/without excipients, could directly affect 

the contents of individual ingredients. And the existence excipients could also influence 

the dissolubility and detection of the investigated compounds in the samples. 

Furthermore, when we check back the instruction of these commercial samples, it is 

found that all the samples (HLJDT 01-08) collected in China were veterinary medicine 

while only those from Taiwan and Japan (HLJDT-09 and 10) were human use. The 

different quality standards of HLJDT samples for veterinary and human use might 

directly lead to their distinct quality, suggesting that more attention to the quality control 
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of veterinary medicines is also burn-desired. 

   Compared to the reported methods, the current method unprecedentedly reach a 

high level quantitation of the active ingredients beyond 70% of HLJDT commercial 

sample, which make it reasonable that Chinese medicine formula, even much more 

complicated than a single botanical drug, could be brought under desired quantitative 

control, if the manufacturing process is well designed and the quantitation method is 

considerate enough. 

 

2.4 Concluding remarks 

In this study, an efficient HPLC-DAD analytical method using multiple UV 

wavelengths was established and validated for simultaneous determination of fourteen 

major components, including seven isoquinoline alkaloids, four flavonoids and three 

terpenes, and then successfully applied to quality evaluation of commercial HLJDT 

products. The experimental results demonstrated that the developed method was very 

well validated and effective, and therefore could make a contribution to the quality 

control of HLJDT products. 
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CHAPTER 3 STRUCTURAL DIVERSITY REQUIRES INDIVIDUAL 

OPTIMIZATION OF ETHANOL CONCENTRATION IN PRECIPITATION OF 

NATURAL POLYSACCHARIDES 

3.1 Introduction 

Natural polysaccharides are important biologically active components of many 

medicinal herbs, and have thus been attracting increasing multidisciplinary research 

interest (Hu et al., 2013). Several challenges exist in this research field: crystal structure 

determination, quality control, in vivo detection, and molecular target determination 

(Shang et al., 2013; Wang and Fang, 2004; Wang et al., 2013d; Zong et al., 2012). 

However, before these challenges can be effectively tackled, a more fundamental 

problem must be addressed, namely, accurate, consistent sample preparation (Koh et al., 

2009; Li et al., 2013a; Ma et al., 2013).  

As the commonly-used sample pretreatment operation, ethanol precipitation is 

generally the first step in preparing crude polysaccharides from water extracts (Jin et al., 

2012; Ku et al., 2003; Sun and Tomkinson, 2001).  To some extent, the methodology 

of ethanol precipitation for some specific samples, e.g. Citrus pectins (Mañas and 

Saura-Calixto, 1993), inulinases (Golunski et al., 2011), water extracts of Danshen 

(Salvia miltiorrhiza Bge.) and Chuanxiong (Ligusticum chuanxiong Hort.) (Gong et al., 

2013), was investigated in terms of ethanol concentration, supernatant pH value, and 

refrigeration temperature. The results indicated that the yield of total saccharides 

increases as ethanol concentration increases. The effect of supernatant pH value is not 

very significant. Although temperature decreased from 25-5 °C also leads to an increase 

of saccharide yield, as the precipitation is usually performed at around 4 °C in a 
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laboratory refrigerator, ethanol concentration seems to be the most important variable in 

ethanol precipitation.  

We found and reviewed a total of 171 publications in ScienceDirect from Jan 1 to 

May 30, 2013 (Figure 3.1) in which ethanol precipitation was used for the preparation 

of natural polysaccharide. In more than 70% of these publications—i.e., an 

overwhelming majority--the ethanol concentration used was 70-80%, which seems a 

standardized condition. Approximately 15% of these papers did not mention the ethanol 

concentration they used, suggesting that ethanol concentration was not considered 

important. And none of these publications include an optimization of the ethanol 

concentration. Some questions naturally arise: Will a fixed ethanol concentration (e.g., 

70-80%) completely precipitate all polysaccharides in every type of natural product? 

Will varied ethanol concentrations extract different polysaccharides from the same 

sample? Will different polysaccharides within similar molecular sizes share the same 

optimal ethanol concentration? Should ethanol concentration be optimized for each 

natural product?  

 
Figure 3.1 The statistical results of the ethanol concentration used for polysaccharide 
precipitation from natural products in the published paper in Science Direct Database since Jan, 
2013 (data was processed on May 30, 2013) (NM: not mentioned) 

55 
 



In order to answer these questions, in the current study we first used two series of 

reference glucans, branched dextrans and unbranched pullulans, to qualitatively and 

quantitatively evaluate the effect of ethanol concentration on the precipitation of 

polysaccharide by HPGPC (high performance gel permeation chromatography). 

Multiple parameters that could affect the ethanol precipitation results, such as structural 

features, molecular size, and ethanol concentration, were systematically investigated. 

Eight commonly-used polysaccharide-rich herbal/fungi materials were then used as 

natural samples to determine if and how variation in ethanol concentration affected 

polysaccharide precipitation.  

 

3.2 Experimental 

3.2.1 Materials and chemicals 

Eight commonly used medicinal herbs/fungi, namely Angelica sinensis, 

Codonopsis pilosula, Dendrobium officinale, Ligusticum chuanxiong, Panax ginseng, 

Panax notoginseng, Ganoderma lucidum and Ganoderma sinensis, were selected as 

representative polysaccharide-rich natural samples. The herbal/fungi materials were 

purchased from herb markets in mainland China and were authenticated by Dr. Chen 

Hubiao. The voucher specimens were deposited at School of Chinese Medicine, Hong 

Kong Baptist University, Hong Kong, China. 

Deionized water was prepared by Millipore Milli Q-Plus system (Millipore, 

Bedford, MA, USA) and ethanol was purchased from RCI Labscan Ltd. (Bangkok, 

Thailand). The reference glucan substances, dextrans and pullulans (Figure 3.2) with 
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known molecular sizes (1-270 kDa for dextrans, 6-805 kDa for pullulans), and glucose 

were bought from Sigma (St. Louis, MO, USA). 

 

 
Figure 3.2 Chemical structures of reference polysaccharides, branched dextrans (A) and 
unbranched pullulans (B). 

 

3.2.2 Preparation of water extracts 

Herbal material was dried and powdered. For each sample, 10 g of powder was 

first ultrasonically extracted with 100 mL of acetone for 1 h to remove liposoluble 

substances, and then reflux-extracted with water at 100 °C (100 mL) for one hour, twice. 

The decoctions were combined and centrifuged at 3500 rpm for 10 min. The total sugar 

content in the solution, calculated as glucose, was adjusted to about 2.0 mg/mL for 

further analysis (Xu et al., 2013a).  

3.2.3 Ethanol precipitation 

Aqueous stock solutions of dextrans and pullulans with different molecular 

weights (2 mg/mL, 5 mL) were precipitated by adding ethanol to make a final 

concentration of 10-90% (v/v), respectively, and left overnight (12 h) at 4 °C. After 

centrifugation (3500 rpm) for 10 min, the precipitate was collected, washed with 

ethanol, dried (water bath, 70 °C) to remove any residual ethanol, and then was 
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completely re-dissolved in 5 mL hot water (60 °C) by drastic mechanical vibration for 2 

hours.  Finally, each solution was filtered through a 0.22 μm syringe filter (Agilent 

Technologies, USA) for HPGPC analysis (Xu et al., 2011). Solutions of the herbal 

samples were prepared using the same method. 

3.2.4 HPGPC analysis 

HPGPC analyses were performed on an Agilent 1100 series (Agilent Technologies, 

Palo Alto, CA) equipped with DAD and ELSD and two tandem TSK GMPWXL columns 

(300 mm×7.8 mm i.d., 10 μm) at 40 °C. Ammonium acetate aqueous solution (20 mM) 

was used as mobile phase at a flow rate of 0.6 mL/min. DAD was set at 260 nm and 280 

nm. The parameters of ELSD were set as: the drift tube temperature was 120 °C, and 

nebulizer nitrogen gas flow rate was at 3.2 L/min, impact-off mode. An aliquot of 20 μL 

solution was injected for analysis. Because polysaccharides have no UV absorption, UV 

detector was set at 260 nm and 280 nm in order to monitor the existence of nucleic acid 

and/or peptide in this study.  

Aqueous stock solutions of dextrans and pullulans with different molecular 

weights were diluted to appropriate concentrations for the construction of calibration 

curves. At least five concentrations of each solution were analyzed in duplicate, and 

then the calibration curves were constructed by plotting the logarithm of the peak area 

versus concentration of each analyte. 

 

3.3 Results and discussion 

3.3.1 Impact of ethanol concentration, molecular size and structural features 
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The reference standards dextrans and pullulans were precipitated at different 

concentrations of ethanol (10-90%). The obtained precipitates were quantitatively 

determined using the established HPGPC calibration curves (Table 3.1). The recovered 

yields of these glucans are shown in Figure 3.3, and their individual HPGPC 

chromatogram can be found in Figures 3.4 and 3.5.  

 
Table 3.1 Calibration curves of the HPGPC quantitative assay of dextrans and pullulans. 

  Mw (kDa) 
Range 
(mg/mL) 

Equation R2 

Dextrans 1 0.13~4.23 y=1.8387x+3.8191 a 0.9981 

 
5 0.23~3.68 y=2.0166x+3.7503 0.9975 

 
12 0.22~3.59 y=1.9444x+3.7895 0.9997 

 
25 0.11~3.51 y=1.749x+3.7965 0.9971 

 
50 0.12~3.72 y=1.8751x+3.7307 0.9989 

 
80 0.21~3.30 y=1.9263x+3.6545 0.9991 

 
270 0.23~3.67 y=1.9301x+3.671 0.9973 

Pullulans 6 0.12~3.69 y=1.812x+3.8354 0.9991 

 
10 0.21~3.41 y=1.7843x+3.8979 0.9994 

 
21.7 0.15~4.89 y=1.797x+3.7683 0.9987 

 
48.8 0.11~3.48 y=1.8902x+3.8747 0.9974 

 
113 0.10~3.32 y=1.8518x+3.7968 0.9963 

 
210 0.13~4.14 y=1.81x+3.7918 0.9955 

 
366 0.12~3.84 y=1.7973x+3.8851 0.9955 

  805 0.11~3.66 y=1.8666x+3.7908 0.9967 
a X and Y means the logarithms of corresponding saccharide concentration and HPGPC peak 
area. 
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Figure 3.3 Effects of ethanol concentration (10-90%) on the precipitation of dextrans (A) and 
pullulans (B) from aqueous solution (n=3). 
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Figure 3.4 HPGPC chromatograms of dextrans before (original) and after (10-90%) ethanol 
precipitation. 
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Figure 3.5 HPGPC chromatograms of pullulans before (original) and after (10-90%) ethanol 
precipitation. 

 

As demonstrated in Figure 3.3, both series of glucan standards exhibit a consistent 

trend in that the precipitate yield steadily increases as ethanol concentration increases, 

as investigated, from 10% to 90%. This is consistent with the findings in the published 

report (Gong et al., 2013).  
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More importantly, results suggest that molecular size affects yield: those with 

larger molecular size could be easily precipitated at a lower ethanol concentration 

(Figure 3.3). For example, when ethanol concentration is set at 50%, the precipitate 

yield reaches 90% for 270 kDa of dextran, while it decreases to zero for 1 kDa. At the 

most commonly used ethanol concentration of 80%, precipitate yield from dextrans 

increased from 10% to 100% as molecular size increased from 1 kDa to 270 kDa. 

Among them, dextrans of both 5.0 kDa and 1.2 kDa generated close yields around 60%. 

In other words, not all polysaccharides could be completely precipitated in 80% ethanol.  

Another factor apparently affecting precipitate yield is the physical structure of 

polysaccharides. Of these two kinds of reference polysaccharides, which have the same 

sugar composition and similar molecular size, one is branched and the other is 

unbranched (Figure 3.2), and they exhibited distinctively different ethanol precipitation 

behaviors. Pullulan, the branched glucan, seems to be precipitated more easily. As 

demonstrated in Figure 3.3, in 70% ethanol, pullulan with a molecular size of 48.8 kDa 

was completely precipitated, while dextran with a similar molecular size of 50 kDa was 

only 70% extracted. Moreover, in 90% ethanol, pullulan of 6 kDa was fully precipitated, 

while dextran of 5 kDa was only 50% extracted. If we want to ensure a high yield above 

90%, the minimum ethanol concentration needs to be set at 50% for pullulan with 

molecular sizes of 48.8 kDa and above, while for dextran with similar molecular size, it 

needs to be 80%.   

In summary, our results indicate that molecular size and structure influence 

polysaccharide precipitation in ethanol. Different concentrations of ethanol precipitate 
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different polysaccharides to greater and lesser extents. Thus, for maximum yield of any 

given polysaccharide, the ethanol concentration must be individually optimized.  

3.3.2 Further tests on natural samples 

Our tentative conclusion was confirmed in further tests on natural materials that 

are rich in polysaccharides. First, high diversity in the molecule distribution pattern of 

these investigated natural materials was revealed by HPGPC-ELSD-UV analysis. As 

shown in Figure 3.6 (the originals), small molecules below 1 kDa are dominant in 

Angelica sinensis and Panax ginseng; molecules in the range of 1-22 kDa are in the 

majority in both Ganoderma species, yet in the minority in Dendrobium officinale; 

macromolecules beyond 22 kDa were dominant in Dendrobium officinale, but hardly 

found in Ganoderma samples. Any influence from nucleic acids or peptides was 

excluded because the major ELSD peaks had no obvious UV absorbance under the 

investigated conditions. 
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Figure 3.6 HPGPC chromatograms of water extracts of investigated herbal materials before 
(original) and after (10-90%) ethanol precipitation. A. Angelica sinensis, B. Codonopsis pilosula, 
C. Dendrobium officinale, D. Ligusticum wallichii, E. Panax ginseng, F. Panax notoginseng, G. 
Ganoderma lucidum and H. Ganoderma sinensis. 

 

These natural polysaccharides responded significantly differently to variations in 

ethanol concentration. For instance, as shown in Figure 3.6-A, peak a in Angelica 
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sinensis was mostly released into its 90% ethanol precipitate; while for peak b in 

Ligusticum wallichii and peak c in Panax ginseng, both possessing molecular size 

similar to peak a (based on the identical retention time), only around half of them were 

obtained after 90% ethanol precipitation (Figure 3.6 D and 3.6 E). More significantly, 

the critical ethanol concentration for macromolecules beyond 22 kDa varied greatly in 

different cases: it was 60% for Angelica sinensis (Figure 3.6 A) and Panax ginseng 

(Figure 3.6 E), 40% for Codonopsis pilosula (Figure 3.6 B), 50% for Dendrobium 

officinale (Figure 3.6 C), 30% for Ligusticum wallichii (Figure 3.6 D), and 20% for 

Panax notoginseng (Figure 3.6 F).  

3.3.3 Impact of other factors 

In this study, other factors like precipitation (a) time, (b) temperature, and the (c) 

original sample concentration were also evaluated for their impact on ethanol 

precipitation of polysaccharides. The results indicated that they are not decisive factors. 

(a) It was found that the solubility of polysaccharides in ethanol is so poor that the 

precipitation of polysaccharides is always quickly finished within minutes. Hence, time 

is not a factor.  (b) Polysaccharides exhibit relatively stable solubility between 4°C and 

room temperature (25°C). And the precipitation is usually performed at around 4 °C in a 

laboratory refrigerator.  Hence, temperature in the average laboratory is not a factor.  

(c) As for the original sample concentration, no significant variation in the precipitate 

yield was observed during a wide range of concentrations (2-40 mg/ml, Figure 3.7). 

While, theoretically, too little precipitate for detection might be produced if the 

concentration is too low, in practice this is seldom a cause for concern. 
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Figure 3.7 Precipitate yields of three concentrations (2, 20, 40 mg/mL) of water extracts 
(Angelica sinensis) by three concentrations (10%, 50%, 90%) of ethanol precipitation. 

 

3.4 Concluding remarks 

In conclusion, our work demonstrates that chemical diversity in polysaccharides 

including different structural features and varied molecular sizes is the decisive factor of 

ethanol precipitation of polysaccharides. Polysaccharides with different structural 

features and molecular sizes will precipitate to different degrees in different 

concentrations of ethanol. This has significant implications for researchers.  Currently, 

an overwhelming majority of researchers use 70-80% ethanol for precipitation. This 

might be appropriate for comparison work, however, in cases where the goal is different, 

e.g. to extract as much or as many polysaccharides as possible from a given sample, it is 

strongly recommended that the ethanol concentration used in precipitation of natural 

polysaccharides should be individually optimized in advance.  
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CHAPTER 4 CHEMISTRY, BIOACTIVITY AND QUALITY CONTROL OF 

DENDROBIUM, A COMMONLY USED TONIC HERB IN 

TRADITIONAL CHINESE MEDICINE 

4.1 Introduction 

Dendrobium, one of the largest genera in Orchidaceae, having more than 1100 

species identified, is widely distributed throughout Asia, Europe and Australia (Zhang 

et al., 2003a). In China, the fresh or dried stems of many Dendrobium species are 

collectively regarded as a famous herbal medicine. Listed as a “superior grade” 

medicinal herb in “Shen Nong's Herbal Classic,” which is one of the earliest herbal 

pharmacopeia in the world, Dendrobium has been used in Chinese medicine for 

thousands of years for its traditional properties of supplementing the stomach, 

promoting the production of body fluids, nourishing Yin, and clearing heat (Deng et al., 

2002).  

Despite 78 species of Dendrobium found in China, thirty of which are currently 

used under the same Chinese name Shihu, Chinese Pharmacopoeia (2010 edition) has 

only two monographs of medicinal Dendrobium plants. One is Dendrobii Caulis (Shihu 

in Chinese), derived from Dendrobium nobile, D. chrysotoxum, D. fimbriatum and other 

related Dendrobium species. The other is Dendrobii Officinalis Caulis (Tiepi shihu in 

Chinese), derived from D. officinale (Figure 4.1). 
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Figure 4.1 The original plants of D. nobile (A), D. chrysotoxum (B), D. fimbriatum (C) and D. 
officinale (D). 

 

Chemical studies on Dendrobium plants have been conducted since the 1930s.  

While alkaloids, aromatic compounds, sesquiterpenoids and polysaccharides have been 

identified as the main components (Chen and Guo, 2000a), the chemical profile varies 

greatly among species and samples collections (Xu et al., 2011; Xu et al., 2010b; Yang 

et al., 2006c) which in turn makes these Dendrobium species possess diverse 

bioactivities: Dendrobium polysaccharides exhibit immunomodulatory, antioxidant and 

hepatoprotective activity; the alkaloids are anti-cataract and neuroprotective, and the 

aromatic compounds and sesquiterpenoids exert anti-angiogenesis, anti-tumor and 

anti-mutagenesis effects (Ng et al., 2012).  

Therefore, quality control becomes urgent for ensuring the efficacy and safety of 

Dendrobium in clinical applications. Chinese Pharmacopoeia (2010 edition) 

recommended only one chemical marker which seems powerless for so many 
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Dendrobium species involved. Furthermore, there are multiple factors affecting the 

quality, not only species, but also geographic localities, harvest times and processing 

methods (Xu et al., 2010b). To date, many studies have attempted to develop accurate, 

sensitive and selective analytical methods for qualitative and quantitative evaluation of 

Dendrobium materials. 

In this paper, the progress in researches of chemistry, bioactivity and quality control 

of Dendrobium plants is reviewed with some existing problems addressed and 

suggestions for further study are also proposed. 

 

4.2 Chemistry 

In the past eighty years, more than forty Dendrobium species have been 

investigated for their phytochemistry, with a focus on small molecules, such as alkaloids, 

aromatic compounds, and sesquiterpenoids, while researches on biomacromolecules in 

Dendrobium species started thirty years ago. The results showed that different 

Dendrobium sources presented unique chemical profiles. 

4.2.1 Alkaloids 

Alkaloids are the first category of compounds extracted from Dendrobium with 

confirmed chemical structures. So far, five types of alkaloids with different structural 

skeletons have been reported from Dendrobium, namely sesquiterpenoids, indolizidine, 

pyrrolidines, phthalides and imidazoles (Table 4.1). As shown in Figure 4.2 A and 

Table 4.1, a sesquiterpenoid, also categorized as the dendrobine-type, has been found in 
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six Dendrobium species. Its basic skeleton consists of one picrotoxane-type 

sesquiterpenoid combined with a five-membered C2-C9-linked N-heterocycle and a 

C3-C5-linked lactonic ring (Figure 4.2 A1). Various substituent groups, frequently a 

methyl group, appear on the N atom. In particular, the C2-C9 N-heterocycle and C3-C5 

lactonic ring are open in some sesquiterpenoid alkaloids from Dendrobium species 

(Figure 4.2 A 2-4). Indolizidine alkaloids in Dendrobium are formed by mixed-joint 

multiple substituted piperidine(s) and pyrrolidine with mutual C and N atoms (Figure 

4.2 B 1-2). Substituent groups, such as methyl, hydroxyl, acetyl and phenyl, are always 

present on the piperidine(s). Indolizidine alkaloids have only been found in D. 

crepidatum and D. primulinum. The structures of pyrrolidine alkaloids, isolated mainly 

from D. chrysanthum, are simple. Only one or two pyrrolidines linked by di-substituted 

acetonyl, with some ordinary substituents, such as cinnamoyl, methyl and acetonyl, 

compose this kind of alkaloid (Figure 4.2 C). The other two types of alkaloids, 

phthalides and imidazoles, are rarely found in the four Dendrobium species investigated 

(Table 4.1 and Figure 4.2 D and E).  
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Table 4.1 Micromolecular compounds in Dendrobium spp.. 
Dendrobium species Components Ref. 

Dendrobium 

aduncum 

Fluorenones: chrysotoxone (A1 a); dengibsin (A1); dengibsinin (A1); 

Sesquiterpenoids: aduncin (A1); 

Other kinds of compounds: monoaromatics; steroids 

 

(Bi et al., 2006; Gawell and 

Leander, 1976) 

D. amoenum Bibenzyls: moscatilin (A); chrysotobibenzyl (A); batatasin III (A); 3,4′-dihydroxy-5-methoxybibenzyl (A); amoenylin (A); isoamoenylin 

(A); gastrochilinin (B1); gastrochilin (B1); 

Phenanthrenes: confusarin (A1); 2,7-dihydroxy-3,4,6-trimethoxyphenanthrene (A1); imbricatin (A2); amoenumin (A2);  

Sesquiterpenoids: amotin (A1); amoenin (A1) 

 

(Dahmén and Leander, 1978; 

Majumder and Bandyopadhyay, 

2010; Majumder et al., 1999; 

Veerraju et al., 1989) 

D. amplum Bibenzyls: gigantol (A); batatasin III (A);  

Phenanthrenes: 2,7-dihydroxy-3,4,6-trimethoxyphenanthrene (A1); 2,3,7-trihydroxy-4,6-dimethoxyphenanthrene (A1); 

2,3,7-trihydroxy-4,6-dimethoxy-9,10-dihydrophenanthrene (A2); 2,7-Dihydroxy-3,4,6-trimethoxy-9,10- dihydrophenanthrene (A2); 

coelonin (A2); amplumthrin (A2); flavanthrin (A2) 

 

(Majumder et al., 2008) 

D. anosmum Alkaloids: dendroparine (E) 

 

(Leander and Lüning, 1968) 

D. aphyllum Bibenzyls: moscatilin (A); gigantol (A); batatasin III (A); tristin (A); 3,4′,5-trihydroxybibenzyl (A); 4,4′-dihydroxy-3,5-dimethoxybibenzy 

(A);  

Phenanthrenes: moscatin (A1); 2,4,7-trihydroxy-9,10-dihydrophenanthrene (A2); lhridinusiant (A2); coelonin (A2); flavanthrin (A2); 

Other kinds of compounds: monoaromatics; flavonoids; lignans 

 

(Chen et al., 2008a; Shao et al., 

2008; Zhang et al., 2008a) 

D. aurantiacum var. 

denneanum 

Bibenzyls: moscatilin (A); gigantol (A); chrysotobibenzyl (A); chrysotoxine (A); crepidatin (A); 

Phenanthrenes: moscatin (A1); confusarin (A1); 

(Chang et al., 2001; Liu et al., 

2009b; Ma et al., 1998a; Yang et 
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Dendrobium species Components Ref. 

Fluorenones: dendroflorin (A1); dengibsin (A1); 

Coumarins: coumarin (B); 

Other kinds of compounds: monoaromatics; steroids; flavonoids; terpenes 

 

al., 2007c; Yang et al., 2006b; 

Zhang et al., 2005b; Zheng et al., 

2000a) 

D. cariniferum Bibenzyls: gigantol (A); batatasin III (A); 3,3′,5-trihydroxybibenzyl (A); 

Phenanthrenes: dendronone (C2); 

Other kinds of compounds: steroids 

 

(Chen et al., 2008b; Liu et al., 

2009a)) 

D. chrysanthum Alkaloids: cis- and trans- dendrochrysine (C); cis- and trans- dendrochrysanines (C); hygrine (C);  

Bibenzyls: moscatiline (A); gigantol (A); chrysotobibenzyl (A); chrysotoxine (A); crepidatin (A); 

Phenanthrenes: moscatin (A1); 2,5-dihydroxy-4,9-dimethoxyphenanthrene (A1); denthyrsinin (A1); denchryside A (A1); 

dendrochrysanene (B3); cypripedin (C1); 

Fluorenones: dendroflorin (A1); denchrysan A (A1); dengibsin (A1); 3,5-dihydroxy-2,4-dimethoxy-9H-fluoren-9-one (A1); 

3,5-dihydroxy-4-methoxy-9H-fluoren-9-one (A1); denchrysan B (A2); 

Other kinds of compounds: lignans; monoaromatics; anthraquinones; steroids 

 

(Barlocco, 2006; Ekevag et al., 

1973; Luning and Leander, 1965; 

Yang et al., 2006a; Yang et al., 

2004c; Yang et al., 2005b; Ye et 

al., 2003; Ye et al., 2004) 

D. chrysotoxum Bibenzyls: gigantol (A); chrysotobibenzyl (A); chrysotoxine (A); batatasin III (A); erianin (A); trigonopol B (B3); 

Phenanthrenes: moscatin (A1); confusarin (A1); chrysotoxene (A1); 2,5-dihydroxy-4,9-dimethoxyphenanthrene (A1); 

2,6-dihydroxy-5,7-dimethoxyphenanthrene (A1); 2,7-dihydroxy-3,4,6-trimethoxyphenanthrene (A1); nudol (A1); fimbriatone (A1); 

2,4,7-trihydroxy-9,10-dihydrophenanthrene (A2); erianthridin (A2); chrysotoxol A (B2); chrysotoxol B (B4); densiflorol B (C1); 

Fluorenones: dendroflorin (A1); chrysotoxone (A1); denchrysan A (A1); dengibsin (A1); 1,4,5-trihydroxy-7-methoxy-9H-fluoren-9-one 

(A1); 2,4,7-trihydroxy-1,5-dimethoxy-9H-fluoren-9-one (A1); denchrysan B (A2); 

Other kinds of compounds: monoaromatics; steroids; lignans; flavonoids 

 

(Gong et al., 2006; Hu, 2007; Li et 

al., 2011b; Li et al., 2009f; Ma et 

al., 1998b; Ma et al., 1996; Ma et 

al., 1994b; Yang et al., 2004a; 

Yang et al., 2004b; Yang et al., 

2001; Yang et al., 2002) 
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Dendrobium species Components Ref. 

D. crepidatum Alkaloids: crepidine (B1); crepidamine (B2); isocrepidamine (B2); 1-((5S, 6R, 7S, 

8aR)-6-hydroxy-7-methyl-6-phenyl-octahydroindolizin-5-yl) propan-2-one (B2); dendrocrepine (B2); isodendrocrepine (B2); 

Bibenzyls: moscatilin (A); crepidatin (A);  

Other kinds of compounds: monoaromatics; steroids; flavonoids; terpenes 

 

(Elander et al., 1973; Hu, 2007; 

Majumder and Chatterjee, 1989; 

Zhao et al., 2011) 

D. crystallinum Bibenzyls: gigantol (A); batatasin III (A); 3-O-methylgigantol (A); 3,3′-dihydroxy-5-methoxybibenzyl (A); 

3,4′-dihydroxy-5-methoxybibenzyl (A); 4,4′-dihydroxy-3,5-dimethoxybibenzy (A); 3,5′-dihydroxy-3′,4-dimethoxybibenzy (A); 

4′-hydroxy-3,3′,5-trimethoxybibenzyl (A); dencryol A (B4); dencryol B (B4); 

Phenanthrenes: crystalltone (A1); 

Sesquiterpenoids: dendronobilin B (A1); crystallinin (A2);  

Other kinds of compounds: monoaromatics; flavonoids; steroids; lignans; terpenes; nucleosides 

 

(Li et al., 2007; Wang et al., 

2008a; Wang et al., 2009b, 2011a) 

D. cumulatum Bibenzyls: tristin (A); cumulatin (A) 

 

(Majumder, 1993) 

D. densiflorum Bibenzyls: moscatilin (A); gigantol (A); tristin (A); densiflorol A (B2); 

Phenanthrenes: moscatin (A1); denthyrsinin (A1); lhridinusiant (A2); densiflorol B (C1); cypripedin (C1); 

Fluorenones: dendroflorin (A1); dengibsin (A1); 

Coumarins: scoparone (B); scopoletin (B); scopolin (B); ayapin (C1); dihydroayapin (C2); 

Sesquiterpenoids: dendrodensiflorol (A1); 

Other kinds of compounds: flavonoids; monoaromatics 

 

(Dahmen et al., 1975; Fan et al., 

2001; Fan et al., 2000; Tang et al., 

2004; Zheng et al., 2000b) 

D. draconis Bibenzyls: gigantol (A); batatasin III (A); 

Phenanthrenes: 2,5,7-trihydroxy-4-methoxy-9,10-dihydrophenanthrene (A2); hircinol (A2); 

5-methoxy-7-hydroxy-9,10-dihydro-1,4-phenanthrenequinone (C2) 

(Sritularak et al., 2011a) 
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Dendrobium species Components Ref. 

 

D. falconeri Bibenzyls: dendrofalconerol B (B3); 

Other kinds of compounds: monoaromatics 

 

(Sritularak and Likhitwitayawuid, 

2009) 

D. farmerii Fluorenones: dengibsin (A1); 

Coumarins: scoparone (B) 

 

(Majumder and Chakraborti, 1989) 

D. fimbriatum Bibenzyls: moscatilin (A); chrysotobibenzyl (A); chrysotoxine (A); crepidatin (A); 

Phenanthrenes: confusarin (A1); fimbriatone (A1); 

Coumarins: scoparone (B); ayapin (C1); 

Sesquiterpenoids: denhydroshizukanolide (C3); 

Other kinds of compounds: monoaromatics; anthraquinones; steroids 

 

(Bi et al., 2003; Bi et al., 2001a, b; 

Majumder and Bandyopadhyay, 

2010; Qing et al., 2009; Talapatra 

et al., 1992)  

D. findlayanum Alkaloids: dendrobine (A1); 10-hydroxydendrobine (A1); nobiline (A4);  

Sesquiterpenoids: crystallinin (A2); findlayanin (A4) 

 

(Granelli et al., 1970; Qin et al., 

2011) 

D. friedricksianum Alkaloids: dendramine (A1); N-isopentenyldendroxinium (A1); N-isopentenyl-6-hydroxydendroxinium (A1); nobiline (A4); 

6-hydroxy-nobiline (A4) 

 

(Hedman et al., 1971) 

D. fuscescens Other kinds of compounds: monoaromatics 

 

(Talapatra et al., 1989) 

D. gibsonii Fluorenones: dengibsin (A1); dengibsinin (A1) 

 

(Talapatra et al., 1985) 

D. gratiosissimum Bibenzyls: moscatilin (A); gigantol (A); batatasin III (A); tristin (A); erianin (A); 3,4′,5-trihydroxybibenzyl (A); (Wang et al., 2007; Zhang et al., 
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Dendrobium species Components Ref. 

3,4′-dihydroxy-5-methoxybibenzyl (A); 3,4-dihydroxy-4′,5-dimethoxy bibenzyl (A); isomoniliformine A (A); dengraols A (B5); dengraols 

B (B5); 

Other kinds of compounds: monoaromatics; steroids; flavonoids 

 

2007a; Zhang et al., 2008b) 

D. hilderbrandii Alkaloids: dendramine (A1); N-isopentenyldendroxinium (A1); N-isopentenyl-6-hydroxydendroxinium (A1) ; nobiline (A4); 

6-hydroxy-nobiline (A4)  

 

(Elander and Leander, 1971; 

Hedman et al., 1971) 

D. huoshanense Other kinds of compounds: flavonoids; monoaromatics 

 

(Chang et al., 2010) 

D. loddigessi Alkaloids: shihunidine (C); shihunine (D1);  

Bibenzyls: moscatilin (A); gigantol (A); batatasin III (A); loddigesiinol C (A); loddigesiinol D (A); 

Phenanthrenes: moscatin (A1); 5-hydroxy-2,4-dimethoxyphenanthrene (A1); loddigesiinol A (A1); plicatol C (A2); lhridinusiant (A2); 

hircinol (A2); loddigesiinol B (B1); 

Other kinds of compounds: steroids; lignans 

 

(Ito et al., 2010; Li et al., 1990) 

D. lohohense Alkaloids: shihunine (D1) 

 

(Inubushi et al., 1964) 

D. longicornu Bibenzyls: moscatilin (A); gigantol (A); batatasin III (A); aloifol I (A); tristin (A); 3,3′,4-trihydroxybibenzyl (A); longicornuol B (A); 

3,4′-dihydroxy-3′,4,5-trimethoxybibenzyl (A); 3,3′-Dihydroxy-4,5-dimethoxybibenzyl (A); cannabistilbene II (A); longicornuol A (B4); 

trigonopol A (B4); 

Phenanthrenes: 2,5,7-trihydroxy-4-methoxy-9,10-dihydrophenanthrene (A2); coelonin (A2); hircinol (A2); dendronone (C2); 

ephemeranthoquinone (C2); 

Other kinds of compounds: monoaromatics; steroids; flavonoids 

(Chen et al., 2010b; Hu, 2007; Hu 

et al., 2008a; Hu et al., 2010a) 

D. moniliforme Alkaloids: monoline (A3); (Bae et al., 2004; Bi et al., 2004; 
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Dendrobium species Components Ref. 

Bibenzyls: moscatilin (A); 3,4′-dihydroxy-5-methoxybibenzyl (A); 3,4′-dihydroxy-3′,5-dimethoxybibenzyl (A); 

3,4-dihydroxy-4′,5-dimethoxy bibenzyl (A); dendromoniliside E (A);  

Phenanthrenes: 2,4,7-trihydroxy-9,10-dihydrophenanthrene (A2); 7-hydroxy-5,6-dimethoxy-1,4-phenanthrenequinone (C1); denbinobin 

(C1); moniliquinone (C3); 

Sesquiterpenoids: dendromoniliside B (A1); dendromoniliside D (A1); dendroside F (A1); dendrobiumane B (A1); dendrobiumane D 

(A1); dendromoniliside C (A1); α-dihydropicrotoxinin (A1); picrotin (A1); dendrobiumane E (A1);dendrobiumane C (A2); 

dendromoniliside A (A6); dendrobiumane A (B); 10β,13,14-trihydroxyalloaromadendrane (B); dendroside A (B); dendroside C (B); 

Other kinds of compounds: monoaromatics; lignans; steroids 

 

Bi et al., 2002; Lin et al., 2001; 

Liu et al., 2007b; Zhao et al., 

2003a; Zhao and Zhao, 2003; 

Zhao et al., 2003b) 

D. moscatum Bibenzyls: moscatilin (A);  

Phenanthrenes: moscatin (A1); 

 

(Majumder and Sen, 1987) 

D. nobile Alkaloids: dendrobine (A1); dendramine (A1); dendrine (A1); dendronobiline A (A1); 3-hydroxy-2-oxodendrobine (A1); dendroxine (A1); 

6-hydroxy-dendroxine (A1); 8-hydroxy-dendroxine (A1); N-methyldendrobinium (A1); N-isopentenyldendrobinium (A1); dendrobine 

N-oxide (A1); N-isopentenyldendroxinium (A1); N-isopentenyl-6-hydroxydendroxinium (A1); nobiline (A4);  

Bibenzyls: moscatilin (A); gigantol (A); chrysotobibenzyl (A); chrysotoxine (A); crepidatin (A); batatasin III (A); tristin (A); 

3-O-methylgigantol (A); dendrobin A (A); 4-hydroxy-3,3′,5-trimethoxybibenzyl (A); nobilin A (A); nobilin B (A); nobilin C (A); nobilin D 

(A); dendronophenol A (A); dendronophenol B (A); nobilin E (B3); 

Phenanthrenes: moscatin (A1); confusarin (A1); 2,5-dihydroxy-4,9-dimethoxyphenanthrene (A1); 

2,6-dihydroxy-5,7-dimethoxyphenanthrene (A1); 2,5-dihydroxy-3,4,8-trimethoxyphenanthrene (A1); 

2,8-dihydroxy-3,4,7-trimethoxyphenanthrene (A1); 2,3,5-trihydroxy-4,9-dimethoxyphenanthrene (A1); 

3-hydroxy-2,4,7-trimethoxyphenanthrene (A1); 2,5-dihydroxy-3,4-dimethoxyphenanthrene (A1); flavanthrinin (A1); nudol (A1); 

bulbophyllanthrin (A1); fimbriol B (A1); plicatol A (A1); fimbriatone (A1); 4,5-dihydroxy-3,7-dimethoxy-9,10-dihydrophenanthrene (A2); 

3-hydroxy-2,4,7-trimethoxy-9,10-dihydrophenanthrene (A2); 2,8-dihydroxy-3,4,7-trimethoxy-9,10- dihydrophenanthrene (A2); 

(Hedman and Leander, 1972; 

Hwang et al., 2010; Inubushi and 

Nakano, 1965; Lee et al., 1995; Li 

et al., 2010g; Liu et al., 2007a; Liu 

and Zhao, 2003; Miyazawa et al., 

1997; Miyazawa et al., 1999; 

Okamoto et al., 1966a, b, 1972; 

Shu et al., 2003; Shu et al., 2004; 

Suzuki and Keimatsu, 1932; Wang 

et al., 1985; Xu et al., 2008; 

Yamamura and Hirata, 1964; Yang 

et al., 2007a; Yang and Xin, 2006; 

77 
 



Dendrobium species Components Ref. 

2-hydroxy-4,7-dimethoxy-9,10-dihydrophenanthrene (A2); 2-hydroxy-3,4,7-trimethoxy-9,10-dihydrophenanthrene (A2); 

4,5-dihydroxy-2-methoxy-9,10-dihydrophenanthrene (A2); lhridinusiant (A2); coelonin (A2); erianthridin (A2); ephemeranthol A (A2); 

ephemeranthol C (A2); hircinol (A2); flavanthridin (A2); 2,2′-dihydroxy-3,3′,4,4′,7,7′-hexamethoxy-9,9′,10,10′- 

tetrahydro-1,1′-biphenanthrene (A2); denbinobin (C1); 

Fluorenones: dendroflorin (A1); denchrysan A (A1); dengibsin (A1); nobilone (A1); 

Sesquiterpenoids: dendronobilin B (A1); dendronobilin J (A1); dendronobilin L (A1); dendrodensiflorol (A1); dendroside F (A1); 

dendroside G (A1); dendronobilin C (A1); dendronobilin D (A1); dendronobilin E (A1); dendronobilin F (A1); dendronobilin M (A1); 

nobilomethylene (A1); 

7,12-dihydroxy-5-hydroxymethyl-11-isopropyl-6-methyl-9-oxatricyclo[6.2.1.02,6]undecan-10-one-15-O-β-D-glucopyranoside (A1); 

dendronobiloside A (A5); dendronobiloside B (A5); 6α,10,12-trihydroxypicrotoxane (A5); 10,12-dihydroxypicrotoxane (A5); bullatantriol 

(A5); dendronobilin A (A6); dendronobilin K (A6); dendronobilin H (B); dendrobiumane A (B); 10β,13,14-trihydroxyalloaromadendrane 

(B); 10β,12,14-trihydroxyalloaromadendrane (B); dendroside A (B); dendroside B (B); dendroside D (B); dendronobilin G (C2); dendroside 

E (C4); dendronobiloside C (C5); dendronobiloside D (C5); dendronobilin I (C6); dendronobilin N (C6); dendronobiloside E (C6); 

dendrobane A (C6); 

Other kinds of compounds: monoaromatics; lignans; anthraquinones; terpenes; flavonoids 

 

Ye and Zhao, 2002; Zhang et al., 

2007c; Zhang et al., 2006d, e; 

Zhang et al., 2007d; Zhang et al., 

2008c; Zhang et al., 2007e; Zhang 

et al., 2008d; Zhang et al., 2008e; 

Zhao et al., 2001) 

D. ochreatum Other kinds of compounds: steroids 

 

(Behr et al., 1975; Behr and 

Leander, 1976) 

D. officinale Bibenzyls: gigantol (A); 3-O-methylgigantol (A); 3,4′,5-trihydroxybibenzyl (A); 3,4′-dihydroxy-5-methoxybibenzyl (A); 

4,4′-dihydroxy-3,5-dimethoxybibenzy (A); 3,4-dihydroxy-4′,5-dimethoxy bibenzyl (A); dendrophenol (A); dendromoniliside E (A); 

dendrocandin A (A); dendrocandin C (A); dendrocandin D (A); dendrocandin E (A); dendrocandin M (A); dendrocandin F (B3); 

dendrocandin G (B3); dendrocandin J (B3); dendrocandin K (B3); dendrocandin N (B6); dendrocandin O (B6); dendrocandin P (B6); 

dendrocandin Q (B6); dendrocandin B (B6); dendrocandin I (B6); dendrocandin R (B7);  

Phenanthrenes: confusarin (A1); 2,5-dihydroxy-3,4-dimethoxyphenanthrene (A1); 2,3,4,7-tetramethoxyphenanthrene (A1); nudol (A1); 

(Guan et al., 2009; Li, 2009; Li et 

al., 2010d; Li et al., 2008; Li et al., 

2009d; Li et al., 2009e; Sritularak 

and Likhitwitayawuid, 2009)((Li 

et al., 2009a; Li et al., 2010e; 

Wang et al., 2010a) 
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Dendrobium species Components Ref. 

bulbophyllanthrin (A1); 2,4,7-trihydroxy-9,10-dihydrophenanthrene (A2); denbinobin (C1); dendrocandin H (C4); dendrocandin L (C4); 

Sesquiterpenoids: aduncin (A1); 

Other kinds of compounds: monoaromatics; lignans; flavonoids; terpenes; steroids 

 

D. parishii Alkaloids: dendroparine (E); 

 

(Leander and Lüning, 1968) 

D. pierardii Alkaloids: pierardine (D2); 

 

(Elander et al., 1971)  

D. plicatile Bibenzyls: batatasin III (A); 3-O-methylgigantol (A);  

Phenanthrenes: moscatin (A1); 2,6-dihydroxy-5,7-dimethoxyphenanthrene (A1); 3-hydroxy-2,4,7-trimethoxyphenanthrene (A1); plicatol 

A (A1); plicatol C (A2); 2-hydroxy-5,6,7-trimethoxy-9,10-dihydrophenanthrene (A2); lhridinusiant (A2); erianthridin (A2); hircinol (A2); 

4,4′,7,7′-tetrahydroxy-2,2′-dimethoxy-9,9′,10,10′- tetrahydro-1,1′-biphenanthrene (A2); ephemeranthoquinone (C2) 

 

(Honda and Yamaki, 2000, 2001; 

Yamaki and Honda, 1996) 

D. polyanthum Bibenzyls: moscatilin (A); gigantol (A); batatasin III (A); 

Phenanthrenes: moscatin (A1); 2,4,7-trihydroxy-9,10-dihydrophenanthrene (A2); hircinol (A2); 

Sesquiterpenoids: corchoionoside C (D1); 

Other kinds of compounds: steroids 

 

(Hu et al., 2009) 

D. primulimun Alkaloids: dendroprimine (B2); hygrine (C);  

Sesquiterpenoids: corchoionoside C (C1); 

Other kinds of compounds: steroids 

 

(Blomqvist et al., 1972; Hu, 2007; 

Luning and Leander, 1965) 

D. rotundatum Bibenzyls: batatasin III (A); 

Phenanthrenes: moscatin (A1); 2,7-dihydroxy-3,4,6-trimethoxyphenanthrene (A1); nudol (A1); plicatol C (A2); 

(Majumder and Pal, 1992) 
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Dendrobium species Components Ref. 

2,7-Dihydroxy-3,4,6-trimethoxy-9,10- dihydrophenanthrene (A2) 

 

D. secundum Bibenzyls: moscatilin (A); 4,5,4′-Trihydroxy-3,3′-dimethoxybibenzyl (A); brittonin A (A) 

 

(Sritularak et al., 2011b) 

D. snowflake Alkaloids: mubironine A (A1); mubironine B (A1); mubironine C (A2); 

Sesquiterpenoids: flakinin B (A2); flakinin A (A3); 

(Morita et al., 2000) 

D. sonia Bibenzyls: gigantol (A); 3-O-methylgigantol (A); 

Phenanthrenes: confusarin (A1); nudol (A1); lhridinusiant (A2) 

 

(Huang et al., 2000) 

D. thyrsiflorum Bibenzyls: moscatilin (A); gigantol (A); tristin (A); 

Phenanthrenes: moscatin (A1); denthyrsinin (A1); denthyrsinol (A1); hircinol (A2); densiflorol B (C1); denthyrsinone (C1); 

Fluorenones: dendroflorin (A1); denchrysan A (A1); dengibsin (A1); denchrysan B (A2); 

Coumarins: scoparone (B); scopoletin (B); scopolin (B); xeroboside (B); denthyrsin (B); ayapin (C1); 

Other kinds of compounds: monoaromatics; flavonoids; steroids; terpenes; anthraquinones 

 

(Liu et al., 2011; Wrigley, 1960; 

Zhang et al., 2005a; Zhang et al., 

2004a; Zhang et al., 2005c) 

D. trigonopus Bibenzyls: moscatilin (A); gigantol (A); tristin (A); trigonopol B (B3); trigonopol A (B4); 

Phenanthrenes: moscatin (A1); hircinol (A2); 

Fluorenones: dendroflorin (A1); 

Other kinds of compounds: lignans; steroids; flavonoids 

 

(Hu, 2007; Hu et al., 2008b; 

Zhang et al., 2005d) 

D. wardianum Alkaloids: dendrowardine (A5) (Glomqvist et al., 1973) 
a) Code for chemical skeleton of each kind of compounds  
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Figure 4.2 Chemical skeletons of alkaloids in Dendrobium. A. sesquiterpenoid type; B. 
indolizidine type; C. pyrrolidine type; D. phthalide type; E. imidazole type. 
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4.2.2 Main aromatics 

A large number of aromatic compounds, representated by bibenzyls, phenanthrenes, 

fluorenones and coumarins, have been reported from Dendrobium. 

Bibenzyls are widespread in different Dendrobium species. For example, 

moscatilin and gigantol have been isolated from nearly twenty species of Dendrobium 

(Table 4.1). The structures of the major bibenzyls in Dendrobium are simple and 

generally consist of a basic framework, bibenzyl, also known as 1, 2-diphenylethane, 

with substituents, always located at the para- and/or meta- positions on the benzene ring 

C atoms which are substituted by ethyl (Figure 4.3 A). The substituents are frequently 

hydroxyl and/or methoxyl, and sometimes phenyl, phenoxyl, phenacetyl and glucosyl. 

The total number of these groups is between 3 and 6. The structural diversity of 

bibenzyls in Dendrobium depends on the type, number and position of these 

substituents. In particular, the two C atoms in ethyl (C7 and C8) can rarely be 

substituted. Interestingly, none of the bibenzyls in Dendrobium has been found with 

mono-substitution. The same situation also occurs with phenanthrenes (except for 

phenanthraquinones) and fluorenones in Dendrobium. The other bibenzyls found in 

Dendrobium species possess more intricate structural characteristics (Figure 4.3 B). In 

these bibenzyl derivatives, one of the two benzene rings in bibenzyl is always combined 

with an intricately substituted oxygenic (benzo-) heterocycle. This kind of bibenzyl has 

been found in abundance in D. officinale. 
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Figure 4.3 Chemical skeletons of bibenzyls in Dendrobium. A. simple bibenzyls; B. intricate 
bibenzyls. 
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Most natural phenanthrenes in Dendrobium species appear to be hydroxyl- and/or 

methoxyl-substituted 9, 10-dihydro or dehydro derivatives (Table 4.1 and Figure 4.4 A). 

The numbers of hydroxyl and methoxyl moieties are also between 3 and 6, and can be 

found usually at C2-7 and sometimes at C1, C8 and C9. Furthermore, C4 and C5 in 

some phenanthrenes in Dendrobium can be linked with a di-substituted ester or 

methoxyl group to form an oxygen-bearing hexatomic ring or lactonic ring. Additionally, 

some novel types of 9, 10-dehydro and dihydro-phenanthrene combined with 

miscellaneous substituted pyran or furan have also been isolated and identified from 

several Dendrobium species (Figure 4.4 B). Another type of phenanthrenes found in 

Dendrobium is the group of phenanthraquinones. 1, 4-phenanthraquinone and 9, 

10-dihydro-1, 4-phenanthraquinone are frequent skeletons of phenanthraquinones in 

Dendrobium (Table 4.1 and Figure 4.4 C). 
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Figure 4.4 Chemical skeletons of phenanthrenes in Dendrobium. A. simple phenanthrenes; B. 
intricate phenanthrenes; C. phenanthrenequinones. 
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Fluorenones and coumarins are widespread in Dendrobium species as well. 

However, the quantities of these two categories of aromatics in Dendrobium are much 

lower than bibenzyls and phenanthrenes. Universally, C1-8 of the fluorenones in 

Dendrobium are selectively substituted by 3 to 5 hydroxyls and methoxyls (Figure 4.5 

A). As to coumarins in Dendrobium species, they generally consist of a coumarin 

skeleton with C5 and C6, sometimes C2, substituents, mostly hydroxyls and methoxyls 

(Figure 4.5 B and C). It is worth mentioning that D. densiflorum and D. thyrsiflorum are 

the richest resources for coumarins. 

4.2.3 Sesquiterpenoids 

Sesquiterpenoids are also frequently found in Dendrobium species. Unlike 

aromatics in Dendrobium, which are widely distributed, sesquiterpenoids have been 

found in only nine Dendrobium species so far, and the majority is only found in D. 

nobile and D. moniliforme (Table 4.1). As shown in Table 5.1, the picrotoxane type is 

the most common sesquiterpenoid isolated from Dendrobium (Figure 4.6 A). Similar to 

sesquiterpenoid alkaloids in Dendrobium, the picrotoxane skeleton is sometimes 

combined with C2-C9- and/or C3-C5-linked, rarely C5-C7 or C5-C10-linked, lactonic 

rings (Figure 4.6 A). General substituents, mostly hydroxyl and/or hydroxymethyl, and 

occasionally methyl, methoxyl, carboxyl, carbonyl or glycosyl, are found on the 

picrotoxane-type skeleton. In particular, C5 and C9 in the picrotoxane skeleton can be 

linked with a carbonyl (Figure 4.6 A). The alloaromadendrane type, another kind of 

sesquiterpenoid (Figure 4.6 B), is also rich in D. nobile and D. moniliforme. Methyl is 

always attached to the C4 of the alloaromadendrane skeleton while several kinds of 
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substitutions frequently happen at C10 and C11. Furthermore, other types of 

sesquiterpenoids, such as cyclocopacamphane, cadinene, emmotin and muurolene, have 

also been found, mainly in D. nobile (Figure 4.6 C). 

 

 
Figure 4.5 Chemical skeletons of fluorenones (A) and coumarins (B and C) in Dendrobium. 
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Figure 4.6 Chemical skeletons of sesquiterpenoids in Dendrobium. A. Picrotoxane type; B. 
alloaromadendrane type; C. other types. 

 

4.2.4 Other small molecules 

In addition to the above mentioned characteristic components in Dendrobium, 

other common types of small molecular compounds have also been isolated from many 
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Dendrobium species (Table 4.1) and most of them are mono-aromatics, lignans, steroids, 

flavonoids, or anthraquinones. 

4.2.5 Polysaccharides  

Polysaccharides, a class of carbohydrate consisting of numerous (usually more than 

ten) monosaccharides linked by glycosidic bonds in branched or unbranched chains, are 

usually considered as one of the most important active compounds in medicinal plants. 

Polysaccharides always present with significant amounts in Dendrobium, even 

representing up to nearly 50% of the total dry weight in some species, e.g. D officinale 

(Li and Xu, 1990) and have been experimentally proven to exert multiple biological 

properties, such as immuno-modulation, anti-tumor and anti-oxidant activity (Ng et al., 

2012). 

To date, several kinds of polysaccharides have been isolated and purified from 

Dendrobium species (Table 4.2). However, compared with studies on small molecular 

compounds, reports on the chemistry with regard to isolation, purification, and in-depth 

structural elucidation of the polysaccharides in Dendrobium are limited and only focus 

on six frequently used species in China, i.e., D. officinale, D. nobile, D. huoshanense, D. 

aurantiacum var. denneanum, D. moniliforme and D. aphyllum, as summarized in Table 

4.2. As shown in Table 4.2, there are discrepancies in reports of the molecular weights 

of the purified polysaccharides from these Dendrobium species. Glucose, mannose and 

galactose, which are most frequently found, are the three main monosaccharides 

comprising the polysaccharides isolated from Dendrobium. In addition, other 

monosaccharides and uronic acids, such as arabinose, rhamonose, xylose and 
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galaturonic acid, also occasionally appeared in the backbone or branched and terminal 

residues of purified Dendrobium polysaccharides. Moreover, glucosidic bonds in 

Dendrobium polysaccharides are complicated, mainly including 1→4, 1→6 or 1→3 

linkages. Pyranosyls with α- or β-configuration are prevalent in the polysaccharides 

found in Dendrobium. 
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Table 4.2 Polysaccharides isolated and purified from Dendrobium spp.. 
Occurence Name MW (Da) Molar Ratio Stuctural characteristics (backbone, branch and repeating units)  Ref. 

Dendrobium 
officinale 

CI 1.0×10 6 ---a Backbone b: 

Several  and one  
Branch: 

 

(Wang et al., 1988) 
 
 CII 5.0×10 5 --- 

CIII 1.2×10 5 --- 

DT2 7.4×10 5  Glc c:Gal:Xyl:Ara:Man= 
5.9:1.0:1.0:0.8:0.5 

Backbone: 

  

(Yang et al., 2003) 
 

DT3 5.4×10 5 Glc:Gal:Xyl:Ara:Man=7.9:1.3:1.0:
0.5:0.7 

DOP-1-A1 1.3×10 5 
 

Man:Glc:Ara=40.2:8.4:1.0 Repeating unit : 

 

(Hua et al., 2004) 

DCPP1a-1 1.89×10 5 Man:Glc=7.015:1.000 --- (He et al., 2007) 

DOPW-1 7.8×10 4 Rha:Ara:Xyl:Man:Gal:Glu=0.09:1.
00:0.14:0.18:2.73:2.16 

--- (Chen et al., 2011b) 
 
 
 
 
 

DOPW-2 3.7×10 4 Rha:Ara:Xyl:Man:Gal:Glu=0.06:1.
00:0.22:0.46:4.43:1.02 

--- 

DOPS1-1 2.87×10 5 Rha:Ara:Xyl:Man:Gal:Glu=0.03:1.
00:0.12:0.04:2.05:0.29 

--- 

DOPS1-2 3.51×10 5 Rha:Ara:Xyl:Gal:Glu=0.44:1.00:0. --- 
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21:3.16:0.26 

DOPS1-3 3.35×10 5 Rha:Ara:Xyl:Man:Gal:Glu=0.30:1.
00:0.32:0.15:2.37:0.37 

--- 

DOPS1-4 1.71×10 5 Rha:Ara:Xyl:Gal:Glu=0.87:1.00:0.
20:2.20:0.24 

--- 

DOP-1 5.34×10 5 Man:Glc:Gal:Ara=3.13:1.34:0.02:
0.01 

--- 
 

(Xia et al., 2012) 
 

DOP-2 1.60×10 5 Man:Glc:Gal:Ara=3.13:1.24:0.12:
0.02 

--- 

D. nobile DNP 8.76×10 4 Rha:Ara:Xyl:Man:Glc:Gal=1.0:2.8
:2.2:30.8:117.9:31.8 

Repeating unit: 

  

(Luo et al., 2009) 

DNP-W2 1.8×10 4 Glc:Man:Gla=6.1:2.9:2.0 Backbone: 

 and  and  
Branch: 
α-D-galactopyranoyl 

(Wang et al., 2010c) 
 

DNP-W3 7.1×10 5 Gal:Rha:Ara=3.1:1.1:1.0 Repeating unit:  

 
DNP1-1 1.36×10 5 Rha:Ara:Xyl:Man:Glc:Gal=2.11:3.

54:0.89:12.97:44.65:35.85 
--- (Luo et al., 2010) 
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DNP2-1 2.77×10 4 Man:Glc:Gal=16.99:53.26:29.74 ---  
 DNP3-1 1.18×10 4 Rha:Ara:Man:Glc:Gal=3.76:8.48:6

.55:12.58:68.63 
--- 

DNP4-2 1.14×10 4 Rha:Ara:Man:Glc:Gal=12.59:4.20:
11.64:23.47:48.10 

--- 

DNP-W5 4.6×10 5 Man:Glc:Gal:Xyl:Rha:GalA=3.1:8
.1:8.2:0.6:4.2:3.9 

Backbone: 

 ; 
Branches: galactosyl, mannosyl, glucosyl, and xylosyl 

(Wang et al., 
2010b) 

D. huoshanense HPS-1B23 2.2×10 4 Glc:Man:Gal=31:10:8 Repeating unit: 

 

(Zha et al., 2007)  

--- 9.7×103 Man:Glc=10:1  Repeating unit: 

 

(Hsieh et al., 2008) 

D. aurantiacum 
var. denneanum 

DDP1-1 5.15×10 4 Ara:Xyl:Man:Glc:Gal=1.00:2.82:5
7.11:140.82:7.76 

--- (Fan et al., 2009) 
 

93 
 



a) No informations. 
b) Manp, Glcp, OAc, Araf, Galp, Arap, Rhap are mannopyranosyl, glucopyranosyl, O-acetyl, arabinofuranosyl, galactopyranosyl, arabinopyranosyl and rhamnopyranosyl, 
respectively. 
c) Man, Glc, Ara, Gal, Xyl, Rha and GalA are mannose, glucose, arabinose, galactose, xylose, rhamnose and galacturonic acid, respectively. 

 

 

  

DDP2-1 2.61×10 4 Ara:Xyl:Man:Glc:Gal=1.00:1.62:1
.18:77.5:7.79 

--- 

DDP3-1 6.95×10 3 Ara:Man:Glc:Gal=1.00:1.03:8.84:
2.00 

--- 

D. moniliforme DMP1a-1 2.8×10 4 Glc:Man=1:4.798 --- (Chen et al., 2003) 

DMP2a-1 6.0×10 3 Glc:Man=5.1:0.5 Backbone: 

 

(Xu et al., 2004) 

DMP4a-1 3.05×10 3 Glc:Man:Rha:Ara:Gal=2.873:2.85
0:1.762:1.279:1 

--- (Chen et al., 2005) 

D. aphyllum AP-1 8.63×10 4 --- --- (Zhao et al., 1994) 
 AP-2 6.15×10 4 --- --- 

AP-3 4.31×10 4 --- --- 
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4.3 Bioactivity 

According to traditional Chinese medical theory, Dendrobium is an herbal tonic for 

supplementing the stomach, promoting the production of body fluids, nourishing Yin, 

and clearing heat. At present, accumulating studies provide evidence that Dendrobium 

demonstrates extraordinarily comprehensive bioactivities, involving the immune, 

nervous, cardiovascular, endocrine, gastrointestinal and urinary systems (Ng et al., 

2012). 

Nonetheless, bioactivity studies on Dendrobium still suffer from serious problems. 

All too often, pharmacological effects of Dendrobium extracts or its pure components 

have been tested and verified only by in vitro experiments. Crucial factors that might 

directly influence in vivo efficacy, such as bioavailability and pharmacokinetics, cannot 

be considered by in vitro experiments. Thus, to assess the actual activity of Dendrobium, 

in vivo experiments must be executed. To provide an example, gigantol, a bibenzyl that 

normally occurs in Dendrobium, has been reported to possess multiple positive effects 

that correlate with molecular mechanisms according to in vitro experiments, including 

anti-cataract, anti-tumoral, anti-mutagenic, anti-inflammatory, and antioxidant effects 

(Miyazawa et al., 1997; Wei et al., 2011; Won et al., 2006) (Simmler et al., 2009). 

However, few in vivo studies have been carried out to further confirm the bioactivity of 

gigantol. 

Secondly, the concentration-effect paradigm, also called the dose-response 

relationship, of Dendrobium extracts or components should be a factor of concern in 

evaluating studies. For example, many reports state that purified polysaccharides from 
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different Dendrobium plants present competitive antioxidant activity (Lin et al., 2003). 

However, the dosages are often amazingly unreasonable. DFHP, a water-soluble 

polysaccharide isolated from D. fimbriatum, was tested for its in vitro antioxidant 

activity (Luo and Fan, 2011). In the scavenging activity on ABTS assay, DFHP showed 

a high scavenging effect on ABTS at 3.0 mg/mL, reaching 90.05%, which was close to 

that of vitamin C in the same concentration (P<0.05). However, it should be noticed that 

the scavenging effect on ABTS of vitamin C at 0.25 mg/mL (about 90%) was already 

close to the level achieved at 3.0 mg/mL, but obviously much stronger than that of 

DFHP at 0.25 mg/mL (less than 30%). In other words, the scavenging effect on ABTS 

of DFHP at 3.0 mg/mL was similar with that of vitamin C at just 0.25 mg/mL. 

Generally, extraordinarily high concentrations of an extract or a natural product can get 

a “satisfactory” pharmacological response (Gertsch 2009). Unfortunately, the 

conclusion “the results indicated that DFHP had strong scavenging power for ABTS 

radicals and should be explored as novel potential antioxidants” was readily obtained 

when the similar scavenging effects on ABTS of DFHP and vitamin C were compared 

at a considerably high concentration (3.0 mg/mL). Additionally, beyond the 

concentration-effect paradigm, the yield of extracts or refined single components in 

Dendrobium herbal materials needs to be determined and calculated in order to 

determine potentially effective dosages for whole herbal material or to evaluate the 

feasibility of using herbal materials as sustainable resources. This issue has been 

ignored in most related published papers. 

Thirdly, apart from pure components, most in vitro and in vivo pharmacological 
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studies on Dendrobium used crude extracts, such as aqueous extracts, alcohol extracts, 

crude polysaccharides and total alkaloids (Lin et al., 2003). However, the specific 

bioactive substances in these crude extracts are obscure, and such information is not 

helpful for development of novel natural products from Dendrobium medicinal plants 

because it is difficult to standardize the crude extracts. Thus, crude Dendrobium extracts 

should be further investigated for particular components that are responsible for 

bioactivity. Furthermore, the interaction between components in crude Dendrobium 

extracts should also be studied to reveal the scientific basis that multiple components 

interact to create holistic therapeutic actions in traditional Chinese medicines. 

 

4.4 Quality control 

4.4.1 Qualitative analysis 

4.4.1.1 Authentication 

Due to the distinct chemical components, bioactivities and clinical effects of 

different Dendrobium species, authentication of Dendrobium is crucial and the first step 

for implementing its rational administration as a medicine. Traditional morphological 

and microscopic approaches along with molecular techniques used for Dendrobium 

authentication have been reviewed in detail (Zhang et al., 2005e). On the other hand, the 

diverse chemical components of different Dendrobium herbs make it possible to identify 

and discriminate Dendrobium species by chemical methods. Recently, multiple 

chromatographic fingerprints, such as high performance liquid chromatography (HPLC) 
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(Zhang et al., 2003b), capillary electrophoresis (CE ) (Zha et al., 2009), gas 

chromatorgraphy (GC) (Wang et al., 2011b) and thin-layer chromatography (TLC) 

(Wang et al., 2003a), have been readily exploited for successful identification and 

discrimination of five Dendrobium species. In addition, some spectroscopic methods 

such as 1H nuclear magnetic resonance (1H-NMR) (Zhang et al., 2007b), infra-red 

spectrum (IR) (Li et al., 2009c), near infra-red spectrum (NIR) (Wang et al., 2009a) and 

ultraviolet spectrum (UV) (Teng et al., 2009) are also being employed for fingerprint 

analysis and/or discrimination of Dendrobium species. 

In general, though extensive work has been conducted for authentication of 

Dendrobium species, problems still exist. Morphological and microscopic identification 

is very limited for Dendrobium herbs or processed products with similar macroscopic 

and anatomical characteristics. Molecular methods are quite effective, but might be not 

appropriate for routine use owing to the high cost. In spite of the feasibility of using 

chromatography for routine sample authentication, current and future studies on the 

development of fingerprint methods for authentication of Dendrobium species should be 

more comprehensive and be concerned with not only species, but also other factors that 

could cause chemical inconsistency, such as sample localities, harvesting time, and 

processing methods. Spectroscopic methods could be used for ordinary discrimination 

of Dendrobium species, but they are very limited in Dendrobium authentication due to 

their poor specificity. Hence, abundant exploratory studies are still needed. 

4.4.1.2 Qualitative analysis of polysaccharides 

Quality control of polysaccharides remains a challenge because of their 
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complicated structures and macro-molecular mass. Generally, isolation and purification 

followed by complete structural characterization is the most reliable method for quality 

evaluation of polysaccharides in medicinal herbs (Table 4.2). However, this procedure is 

complex and time consuming. Therefore, over the past twenty years, rapid and 

convenient methods for qualitative analysis of polysaccharides in Dendrobium have 

been developed, in which structural information of the investigated polysaccharides 

could be partially represented in different ways. Pre-column derivatization HPLC (Zhou 

and Lu, 2011), TLC (Huang and Ruan, 1997), GC (Luo et al., 2011) and derivatization 

polyacrylamide gel electrophoresis (PACE) (Zha et al., 2012) analysis based on the 

constituent saccharides profiles produced by total or partial acid hydrolysis have been 

frequently used for characterization and quality control of crude polysaccharides from 

different Dendrobium herbs. However, the selectivity of acid hydrolysis for different 

glycosidic bonds is poor, which limits the structural characterization for various 

polysaccharides. Consequently, several novel methods were established, in which 

polysaccharides from Dendrobium were selectively hydrolyzed by specific 

carbohydrases, especially glycosidases, with more moderate conditions. A new 

“saccharide mapping” based on enzymatic (carbohydrase) digestion and subsequent 

chromatographic analysis of enzymatic hydrolysate was successfully employed for 

discrimination of crude polysaccharides from different Dendrobium species as well as 

the same species grown in different localities (Xu et al., 2011). Analogously, enzymatic 

fingerprints derived from carbohydrase hydrolysis followed by PAGE analysis were 

also created for species and locality identification of Dendrobium (Zha et al., 2012). 
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These methods, based on specific glycosidic bonds, provide a different approach to the 

concise discrimination of polysaccharides from various origins and are helpful for 

assessing the pharmaceutical or therapeutic quality of polysaccharides in Dendrobium. 

4.4.2 Quantitative analysis 

Polysaccharides, alkaloids and aromatics have been proven to be largely 

responsible for the many biological activities of Dendrobium (Ng et al., 2012). Thus, 

quantitative analysis for the quality control of Dendrobium has mostly focused on these 

kinds of compounds. To date, a series of analytical methods have been employed and 

reported to quantify the contents of active components in various Dendrobium species. 

However, it should be noted that although sesquiterpenoids are also widely distributed 

in Dendrobium with proved bioactivities, studies on the quantitative analysis of 

sesquiterpenoids in Dendrobium has not been carried out yet. 

4.4.2.1 Colorimetry and titration 

The contents of total alkaloids and polysaccharides in Dendrobium have been 

determined by colorimetry and potentiometric titration (Li et al., 2002; Sun et al., 2009; 

Zhang et al., 2001; Zhu et al., 2010b; Zhu et al., 2010c). However, these methods, 

though simple and rapid, are sometimes unreliable due to the effects of uncontrolled 

experimental conditions (Hua et al., 2010; Xu et al., 2011).  

4.4.2.2 Chromatography 

Currently, HPLC coupled with different detectors, such us UV and MS, has 

become the preferred analytical technique for separation and quantification of markers 

from complicated Chinese medicinal material extracts, due to its many advantageous 
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features, including high resolution, favourable reproducibility and powerful 

maneuverability (Liang et al., 2009). HPLC methods for quantitative analysis of 

Dendrobium are summarized in Table 4.3. It can be seen that aromatic compounds, e.g., 

bibenzyls, phenanthrenes, fluorenones and coumarins, and alkaloids are always selected 

as chemical markers in HPLC quantitative analysis for the quality control of 

Dendrobium species. UV detection is mostly employed in these methods. Electrospray 

ionization (ESI)-mass spectrometry (MS) detection is seldomly used in HPLC analysis 

for further structural elucidation of targeted compounds in the quality control of 

Dendrobium. However, differing from aromatics with intense absorption in the 

ultraviolet region, alkaloids of Dendrobium, especially the sesquiterpenoid alkaloids, 

are extremely weak in ultraviolet absorption due to the absence of conjugated double 

bonds in their chemical structures. Thus, HPLC-UV methods for quantification of 

sesquiterpenoid alkaloids of Dendrobium, which are usually poorly sensitive, are 

actually inappropriate. Some other universal or sensitive approaches, such as ELSD or 

mass spectrometry, are suggested to be used to improve sensitivity. Additionally, 

comprehensive analysis, for example, simultaneous determination of multiple bioactive 

components by HPLC, is also desirable because the “holistic” actions of medicinal 

herbs are ascribed to complex chemicals. However, so far limited work has been done 

for the “holistic” quality control of Dendrobium.  
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Table 4.3 HPLC applications on quantitative analysis for quality control of Dendrobium spp. 
Analytes Samples Extraction method Column Mobile phase Analytical 

Time 
Detection Ref. 

Bibenzyls, fluorenones and 
phenanthrenes (11 chemcial 
markers) 

31 Dendrobium 
species 

Ultrasonic extraction with 
80% (v:v) methonal 
aqueous solution 

ODS (Beckman Coulter TM) 
(4.6mm×250mm, 5μm) 

Acetonitrile–1 ‰ TFAa), 
gradient elution; 
Flow rate: 1.0 mL/min 

45 mins UV 280 nm (Yang et al., 
2006c) 

Bibenzyls, phenanthrenes 
and coumarins (9 chemcial 
markers) 

D. aurantiacum 
var. denneanum 

Ultrasonic extraction with 
80% (v:v) methonal 
aqueous solution 

ODS (Beckman Coulter TM) 
(4.6mm×250mm, 5μm) 

Acetonitrile–5 ‰ formic 
acid, gradient elution; 
Flow rate: 1.0 mL/min 

50 mins UV 280 nm 
ESI-MS 

(Yang et al., 
2007e) 

Bibenzyls, fluorenones and 
phenanthrenes (6 chemcial 
markers) 

D. thyrsiflorum Soak and then ultrasonic 
extraction with 80% (v:v) 
methonal aqueous 
solution 

ODS (Beckman Coulter TM) 
(4.6mm×250mm, 5μm) 

Acetonitrile–1 ‰TFA, 
gradient elution; 
Flow rate: 1.0 mL/min 

55 mins UV 280 nm (Yang et al., 
2008b) 

Bibenzyls, fluorenones and 
phenanthrenes (6 chemcial 
markers) 

D. chrysotoxum Refluxing extraction with 
chloroform 

ODS (Shim-Pack CLC) 
(4.6mm×200mm) 

Methanol-water (58:42); 
Flow rate: 1.0 mL/min 

35 mins UV 237 nm (Yang et al., 
2005a) 

Bibenzyls and phenanthrenes 
(3 chemcial markers) 

16 Dendrobium 
species 

Refluxing extraction with 
chloroform 

ODS (DICP, China) 
(4.6mm×240mm) 

Methanol-acetonitrile-wate
r (60:60:165); 
Flow rate: 1.2 mL/min 

40 mins UV 237 nm (Ma et al., 1994a) 

Bibenzyls (2 chemcial 
markers) 

15 Dendrobium 
species 

Refluxing extraction with 
chloroform 

ODS (Shim-Pack CLC) 
(4.6mm×200mm, 5μm) 

Methanol-water (60:40); 
Flow rate: 1.0 mL/min 

40 mins UV 237 nm (Ding et al., 2008) 

Bibenzyls (2 chemcial 
markers) 

18 Dendrobium 
species 

Ultrasonic extraction with 
methonal 

RP-18 (Waters XTerraTM) 
(4.6mm×250mm, 5μm) 

Acetonitrile–0.1 ‰ TFA, 
gradient elution; 
Flow rate: 1.0 mL/min 

35 mins UV 230 nm (Xu et al., 2010a) 

102 
 

app:ds:aqueous
app:ds:solution
app:ds:aqueous
app:ds:solution
app:ds:aqueous
app:ds:solution


Analytes Samples Extraction method Column Mobile phase Analytical 
Time 

Detection Ref. 

Bibenzyls (2 chemcial 
markers) 

6 Dendrobium 
species 

Ultrasonic extraction with 
60% (v:v) methonal 
aqueous solution 

C18 (Shimadzu) 
(2.1mm×150mm, 5μm) 

Acetonitrile with 1 ‰ 
formic acid–1 ‰ formic 
acid, gradient elution; 
 

40 mins UV 270 nm (Zhou et al., 
2010a) 

Bibenzyls (1 chemcial 
marker) 

D. aurantiacum 
var. denneanum 

Ultrasonic extraction with 
methonal 

ODS (Shim-Pack CLC) 
(4.6mm×150mm, 5μm) 

Acetonitrile–2 ‰ formic 
acid (35:65); 
Flow rate: 1.0 mL/min 

25 mins UV 280 nm (Yang et al., 
2007b) 

Bibenzyls (1 chemcial 
marker) 

D. chrysotoxum Ultrasonic extraction with 
methonal 

XDB-C18 (Agilent Zorbax 
Eclipse) 
(4.6mm×250mm, 5μm) 

Methanol-acetonitrile-wate
r (30:30:40); 
Flow rate: 1.0 mL/min 

18 mins UV 232 nm (Xia et al., 2008) 

Alkaloids (1 chemcial 
marker) 

D. nobile Infiltration with aqueous 
ammonia and then 
refluxing extraction with 
chloroform 

RP-18 (Waters XTerraTM) 
(3.9mm×150mm, 5μm) 

Acetonitrile-water- TEA 
(21:79:0.005); 
Flow rate: 1.0 mL/min 

25 mins UV 210 nm (Li et al., 2009b) 

Alkaloids (1 chemcial 
marker) 

D. nobile Ultrasonic extraction with 
chloroform 

XDB-C18 (Agilent 
ZORBAX) 
(4.6mm×250mm, 5μm) 

Acetonitrile-phosphate 
buffer (pH=8.0), gradient 
elution; 
Flow rate: 0.8 mL/min 

38 mins  UV 198 nm (Xie, 2008) 

Coumarins and 
2-glucosyloxy-cinnamic 
acids (6 chemical markers) 

D. thyrsiflorum Soak and then ultrasonic 
extraction with 50% (v:v) 
methonal aqueous 
solution 

C18 (Polaris) 
(4.6mm×250mm, 5μm) 

Acetonitrile-5 ‰ acetic 
acid, gradient elution; 
Flow rate: 0.8 mL/min 

45 mins UV 342 nm; 
ESI-MS 

(Zhang et al., 
2006a) 
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Analytes Samples Extraction method Column Mobile phase Analytical 
Time 

Detection Ref. 

Coumarins (2 chemical 
markers) 

D. thyrsiflorum Ultrasonic extraction with 
methonal 

ODS (Meta Chem) 
(4.6mm×250mm, 5μm) 

Methanol-THF-1% acetic 
acid (15:5:80); 
Flow rate: 1.0 mL/min 

20 mins UV 342 nm (Zhang et al., 
2006b) 

Coumarins (1 chemical 
marker) 

8 Dendrobium 
species 

Infiltration with aqueous 
ammonia and then 
refluxing extraction with 
chloroform 

C18 (Kromasil) 
(4.6mm×250mm, 5μm) 

Acetonitrile-water (20:80); 
Flow rate: 1.0 mL/min 

25 mins UV 343 nm (Sun et al., 2008) 

Coumarins (1 chemical 
marker) 

D. aurantiacum 
var. denneanum 

Ultrasonic extraction with 
methonal 

C18 (Diamonsil) 
(4.6mm×200mm, 5μm) 

Methonal-water (30:70); 
Flow rate: 1.0 mL/min 

35 mins UV 274 nm (Zhou et al., 
2010c) 

2-Glucosyloxy-cinnamic 
acids (3 chemical markers) 

3 Dendrobium 
species 

Soak and then ultrasonic 
extraction with 50% (v:v) 
methonal aqueous 
solution 

ODS-80Ts (Tosoh) 
(4.6mm×150mm, 5μm) 

Methanol-5 ‰ formic acid, 
gradient elution 
Flow rate: 0.8 mL/min 

50 mins UV 270 nm; 
ESI-MS 

(Yang et al., 
2007d) 

a) TFA, THF and TEA were trifluoroacetic acid, tetrahydrofuran and triethylamine, respectively 
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 Ultra-performance liquid chromatography (UPLC), utilizing sub-2 µm particles as 

solid phase and operating at much higher system pressure than that of HPLC, could 

perform analyses with higher resolution, greater sensitivity and greater speed with little 

solvent consumption. So UPLC has been more and more dominant in the area of 

pharmaceutical analysis, especially in the analysis of traditional Chinese medicines 

(Liang et al., 2009). Nevertheless, so far, only one study has reported on quantitative 

analysis for the quality control of Dendrobium by UPLC (Xu et al., 2010b), in which 

five components of Dendrobium, of three types, were baseline-separated within 6 

minutes. With apparent superiority compared with HPLC with regard to resolution, 

sensitivity and analytical time, UPLC coupled with multiple detectors, such as UV and 

MS, should be widely used in qualitative and quantitative analysis for quality evaluation 

of Dendrobium in the future. 

GC and TLC are also repeatedly used for quantitative purposes in quality control 

of Dendrobium (Cai et al., 2011; Wang and Zhao, 1985). But their application is limited 

since GC is only available for volatile components while TLC quantification is 

relatively poor in reproducibility, resolution and sensitivity.  

In short, numerous methods of qualitative and quantitative analysis for the quality 

assessment of Dendrobium have been developed. However, due to the extraordinary 

differences in morphological, microscopic, molecular and chemical characteristics of 

different Dendrobium herbs, establishing a universal approach for quality evaluation of 

multiple Dendrobium herbs remains difficult—a goal, not yet a reality.   
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CHAPTER 5 A NOVEL AND RAPID HPGPC-BASED STRATEGY FOR 

QUALITY CONTROL OF SACCHARIDE-DOMINANT HERBAL MATERIALS: 

DENDROBIUM OFFICINALE, A CASE STUDY 

5.1 Introduction 

Qualitative and quantitative characterization of natural saccharides, especially 

polysaccharides, in herb materials remains a challenge due to their complicated 

structures and macro-molecular masses (Hu et al., 2013). Generally, isolation and 

purification followed by complete structural characterization, namely homogeneity and 

molecular weight determination, compositional monosaccharide analysis, glucosidic 

linkage type confirmation and then repetitive structural unit speculation, is the most 

reliable approach to quality evaluation of polysaccharides and oligosaccharides in 

herbal materials (Li et al., 2013b). However, it is widely acknowledged that the 

methodologies involved are extremely complicated, difficult and time-consuming (Jin et 

al., 2012; Nie and Xie, 2011; Sun, 2011; Zhang et al., 2006c) and therefore not suitable 

for routine analysis. In addition to the comprehensive approach described above, there 

are two kinds of analytical methods, namely, total sugar content determination and 

sugar composition analysis that have been widely employing for quality control of 

carbohydrates in herbal materials (Crowell and Burnett, 1967; Dubois et al., 1956). But 

these two methods have serious defects. Total sugar content determination by 

colorimetric method has very poor specificity and is thus inapplicable for qualitative 

purposes (Rondle and Morgan, 1955; Timell et al., 1956). Sugar composition analysis 

entails complicated operations, like acid hydrolysis and derivation, followed by 
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qualitative and quantitative determination of sugar derivatives by chromatographic 

approach. In this latter method, the experimental results are always affected by multiple 

factors in the operating procedure, e.g. the temperature, reaction time and acid 

concentration of acid hydrolysis, and are therefore significantly variable (Chen et al., 

2009b; Van Waes et al., 1998; Xu et al., 2013a; Yang et al., 2010a). Furthermore, more 

importantly, the method might be one-sided since it could not reflect the original 

existence of polysaccharides and oligosaccharides before acid hydrolysis (Guan and Li, 

2010). Nevertheless, data on the saccharide components is of increasing importance to 

quality control of herbal pharmaceuticals and even to clinical research. Therefore, a 

simple, efficient, quick and reliable method for identifying and quantifying 

carbohydrate components in herbal samples is urgently needed.  

High performance gel permeation chromatography (HPGPC), a type of size 

exclusion chromatography that separates analytes on the basis of molecular size, is 

designed for analytical and preparative separation of synthesized water-soluble 

polymers, oligomers and biological substances such as polysaccharides, nucleic acids, 

proteins, peptides, etc (Guan and Li, 2010). In research on herbal materials, HPGPC is 

widely employed for purity and molecular weight determination of purified 

polysaccharides or oligosaccharides by characterizing peak symmetry and calculating 

with established retention time-molecular weight standard curve, respectively (Wei and 

Fang, 1988; Yin et al., 2012). To the best of our knowledge, however, HPGPC has never 

been used for both qualitative authentication and direct quantitative determination of 

carbohydrates in herbal materials. 
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Dendrobii Officinalis Caulis, called Tiepi Shihu in Chinese, which is derived from 

dried stems of Dendrobium officinale Kimura et Migo, is traditionally recognized as the 

best Dendrobium herb for tonic purposes, such as benefiting the stomach, 

supplementing body fluids and strengthening immunity (Shao et al., 2004). Nowadays, 

due to extremely scarce wild resources and increasing demand, it has become one of the 

most expensive herbs in herbal markets worldwide, particularly in Southeast Asia. For 

selling in herbal markets, the stems of D. officinale are always heated, twisted into a 

spiral or spring form, and finally dried; in this form, it is commonly known as Tiepi 

Fengdou (Figure 5.1). The uncharacteristic appearance and high price of Tiepi Fengdou 

has led to the occurrence of adulterants, confused species, and counterfeits (Zhang et al., 

2005e). Authentication and quality evaluation of Tiepi Fengdou is therefore crucial for 

ensuring the safety and efficacy of this valuable herbal tonic. 
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Figure 5.1 Original plants of Dendrobium officinale (A), D. fimbriatum (C), D. nobile (D), D. 
chrysotoxum (E), D. thyrsiflorum (F) and Tiepi Fengdou (processed D. officinale) (B).  
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Continuous efforts have been made for quality control of D. officinale based on 

qualitative and/or quantitative characterization, but the methods used are far from 

satisfactory. This herb has a unique chemical profile, in which saccharides account for 

up to 70 %, along with some small molecules, such as bibenzyls and phenanthrenes 

(Chen and Guo, 2000b; Li et al., 2010a; Xu et al., 2013b), etc. Quality evaluation 

focusing on small molecules (Chen et al., 2012b; Xu et al., 2010b) has failed to 

efficiently distinguish D. officinale from other Dendrobium species. And in these 

studies, the investigated constituents were less than 0.21% of the whole herb material. 

In other words, more than 99% components in these samples were uncontrollable by 

these methods. Given their dominant contents and proved bioactivities, carbohydrates 

are a more natural and logical target for quality control of D. officinale. Nevertheless, as 

mentioned above, quality control of carbohydrates in D. officinale, just like other 

saccharide-dominant herbal materials, has been stymied by a methodological bottleneck 

(Chen et al., 2012b).  

In this study, taking D. officinale as a model herb, we developed a novel, rapid, 

and reliable HPGPC method for determination and quantification of carbohydrates in 

herbal materials. First, a compartmental HPGPC fingerprint based on molecular weight 

distribution was established for qualitative identification of saccharide components of D. 

officinale. Subsequently, the dominant polysaccharide peak in the GPC chromatogram 

was separated and then regarded as the unique holistic chemical marker for subsequent 

quantitative evaluation of D. officinale (Figure 5.2 A). For the purpose of comparison, 

the conventional method, sugar composition analysis (Figure 5.2 B), was also 
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performed.  

 
Figure 5.2 Flow charts of two methods, HPGPC (A) and sugar composition analysis (B) for 
quality evaluation of carbohydrates in herbal materials. 

 

5.2 Experimental 

5.2.1 Materials and chemicals 

The commercial Tiepi Fengdou samples were purchased from different locations in 

China. The authentic Tiepi Fengdou samples, and other fourteen Dendrobium species 

samples, namely D. fimbriatum, D. nobile, D. chrysotoxum, D. thyrsiflorum, D. 

chrysanthum, D. aurantiacum, D. crepidatum, D. densiflorum, D. williamsonii, D. 

aphyllum, D. pendulum, D. primulinum, D. trigonopus and D. chameleon (Figure 6.1), 

were kindly provided by several certificated production areas in mainland China and 

were authenticated by Dr. Chen Hubiao (Table 5.1). The voucher specimens were 

deposited at School of Chinese Medicine, Hong Kong Baptist University, Hong Kong. 
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Table 5.1 Quantitative results of carbohydrate components in the investigated Dendrobium samples (mg/g) based on sugar composition analysis and HPGPC analysis. 

Sample code 
Harvesting/Pur

chasing time 
Locality 

Sugar composition analysis HPGPC quantitative analysis 

Water extracts DOP 
DOP 

D-mannose D-glucose Total D-mannose D-glucose Total 

Authentic Tiepi Fengdou samples 

ATF-01 Oct., 2011 Guangxi, China  431.55 a) (4.97) b) 73.42 (3.57) 504.97 256.19 (4.27) 40.53 (4.04) 296.72 329.43 (0.97) 

ATF-02 May, 2012 Anhui, China 399.30 (4.44) 76.52 (1.00) 475.82  277.78 (4.05) 50.24 (3.35) 328.02 326.93 (0.95) 

ATF-03 Mar., 2012 Yunnan, China 413.27 (4.39) 77.86 (4.63) 491.13  247.44 (4.33) 42.23 (4.34) 289.67 324.01 (1.22) 

ATF-04 Jul., 2012 Zhejiang, China 458.40 (4.81) 63.79 (3.29) 522.19  265.04 (3.72) 47.46 (2.17) 312.50 323.43 (0.31) 

ATF-05 Oct., 2011 Guangxi, China  418.96 (1.73) 63.55 (2.18) 482.51  282.79 (4.99) 48.96 (4.75) 331.75 318.88 (1.50) 

ATF-06 Oct., 2011 Guangxi, China  388.19 (1.57) 105.72 (5.09) 493.91  270.84 (1.90) 43.00 (4.81) 313.84 311.33 (0.78) 

ATF-07 Jul., 2012 Zhejiang, China 414.72 (4.89) 67.31 (2.46) 482.03  280.74 (4.97) 56.64 (4.31) 337.38 308.15 (0.87) 

ATF-08 Mar., 2012 Yunnan, China 410.71 (3.31) 62.22 (4.98) 472.93  248.66 (5.08) 37.39 (4.96) 286.05 307.15 (1.34) 

ATF-09 Jul., 2012 Zhejiang, China 419.53 (3.13) 83.12 (3.84) 502.65 245.97 (4.70) 36.63 (4.41) 282.60 301.89 (1.53) 

ATF-10 Mar., 2012 Yunnan, China 424.55 (2.10)  65.38 (5.38) 489.93 248.34 (1.60) 43.23 (4.06) 291.57 303.71 (1.44) 

Commercial Tiepi Fengdou samples   

CTF-01 Apr., 2012 Hong Kong  404.38 (3.88) 75.97 (4.39) 480.35  307.88 (4.26) 35.60 (4.44) 343.48 365.03 (0.71) 

CTF-02 Apr., 2012 Hong Kong  289.86 (5.01) 93.82 (4.22) 383.68  283.51 (4.75) 22.02 (4.99) 305.53 334.08 (2.02) 

CTF-03 May, 2012 Guangzhou, China  460.07 (4.31) 117.23 (2.40) 577.30  309.77 (4.72) 48.40 (3.35) 358.17 333.42 (2.11) 

CTF-04 Apr., 2012 Hong Kong  468.69 (3.92) 78.86 (3.19) 547.55  288.27 (3.05) 44.78 (4.22) 333.05 317.30 (2.63) 

CTF-05 Apr., 2012 Hong Kong  338.72 (4.79) 70.71 (2.13) 409.43  249.17 (4.36) 25.39 (3.38) 274.56 299.15 (0.83) 

CTF-06 Jun., 2012 Anhui, China 380.61 (4.64) 106.36 (4.23) 486.97  238.88 (1.52) 56.21 (4.24) 295.09 287.92 (2.47) 

CTF-07 Jun., 2012 Anhui, China 290.71 (4.86) 112.02 (1.98) 402.73  225.97 (4.26) 52.83 (3.25) 278.80 266.62 (1.65) 
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CTF-08 May, 2012 Guangzhou, China  385.85 (4.12) 57.23 (4.36) 443.08  191.46 (4.22) 9.02 (4.35) 200.48 238.53 (1.44) 

CTF-09 Apr., 2012 Hong Kong  309.29 (2.94) 121.45 (3.43) 430.74  172.02 (3.68) 57.02 (4.38) 229.04 223.93 (2.75) 

CTF-10 Apr., 2012 Hong Kong  169.47 (3.15) 86.93 (4.01) 256.40  138.86 (1.93) 59.61 (3.75) 198.47 202.46 (1.22) 

CTF-11 Jun., 2012 Jiangsu, China 205.57 (4.07) 174.86 (4.85) 380.43  167.62 (4.39) 39.29 (4.68) 206.91 199.80 (2.31) 

CTF-12 Apr., 2012 Hong Kong  275.23 (4.97) 121.79 (3.39) 397.02  115.38 (4.78) 60.23 (3.34) 175.61 152.50 (2.66) 

CTF-13 Apr., 2012 Hong Kong  198.94 (4.11) 86.64 (3.28) 285.58  88.24 (4.10) 1.52 (4.06) 89.76 100.34 (1.10) 

Other Dendrobium species 

D. nobile  Yunnan, China 46.66 (4.01) 37.90 (3.46) 84.57   

D. thyrsiflorum  Yunnan, China 189.98 (4.74) 76.47 (4.74) 266.45    

D. chrysanthum  Yunnan, China 104.26 (3.38) 4.45 (4.31) 108.71  

D. aurantiacum  Yunnan, China 93.04 (4.12) 24.88 (4.14) 117.92  

D. crepidatum  Yunnan, China 107.91 (4.86) 45.45 (4.74) 153.36  

D. densiflorum  Yunnan, China 139.09 (2.33) 12.50 (4.11) 151.59  

D. williamsonii  Yunnan, China 78.54 (4.63) 125.19 (5.02) 203.73  

D. aphyllum  Yunnan, China 118.99 (3.33) 37.15 (4.93) 156.14  

D. pendulum  Yunnan, China 121.45 (4.69) 34.26 (4.57) 155.71  

D. primulinum  Yunnan, China 32.64 (4.21) 94.30 (4.16) 126.94  

D. fimbriatum  Yunnan, China 123.43 (4.43) 59.97 (4.77) 183.40   

D. chrysotoxum  Yunnan, China 135.13 (4.25) 181.64 (4.37) 316.77    

D. trigonopus  Yunnan, China 60.74 (4.08) 71.25 (4.84) 132.00  

D. chameleon  Yunnan, China 96.16 (3.20) 13.36 (4.27) 109.52  

a) The data was present as average of triplicate determination; 
b) The RSD value of triplicate quantitative results (%). 
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Acetonitrile and ammonium acetate for HPLC analysis were purchased from 

Merck (Darmstadt, Germany). Deionized water was prepared by Millipore Milli Q-Plus 

system (Millipore, Bedford, MA, USA). Trifluoroacetic acid (TFA) used for acid 

hydrolysis of carbohydrates was from Riedel-de Haën (Honeywell International Inc., 

Germany). 1-Phenyl-3-methyl-5-pyrazolone (PMP) for monosaccharide derivatization 

was bought from Sigma (St. Louis, MO, USA). The reference substances, 

D-galacturonic acid monohydrate (GalA), D-glucuronic acid (GlcA), L-arabinose (Ara), 

D-mannose (Man), D-galactose (Gal), D-glucose (Glc), L-rhamnose monohydrate (Rha), 

D-fucose (Fuc) and D-ribose (Rib), and a series of Dextrans with different molecular 

weights (1 kDa; 5 kDa; 12 kDa; 25 kDa; 50 kDa; 80 kDa; 150 kDa; 270 kDa; 410 kDa 

and 670 kDa) were purchased from Sigma (St. Louis, MO, USA). 

5.2.2 HPGPC analysis 

5.2.2.1 Water extraction 

Dried sample powder (0.10 g) was extracted with water at 100°C (5 mL×1h×2 

times). The extracted solutions were centrifuged at 4000×g for 10 min and the 

supernatants were then combined for further analysis. 

5.2.2.2 HPGPC conditions 

The prepared water extracts of Dendrobium samples were directly analyzed using 

HPGPC performed on an Agilent 1100 series HPLC-DAD system (Agilent 

Technologies, Palo Alto, CA) coupled with evaporative light scattering detector (ELSD). 

The separation was achieved on a two tandem TSK GMPWXL columns (300 mm×7.8 

mm i.d., 10 μm) system operated at 40°C. Ammonium acetate aqueous solution (20 mM) 
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was used as mobile phase at a flow rate of 0.6 mL/min. The signal from ELSD was 

transmitted to an Agilent Chemstation for processing through an Agilent 35900E 

interface. The parameters of ELSD were set as follows: the drift tube temperature was 

120 °C; nebulizer nitrogen gas flow rate was at 3.2 L/min; impact off mode. An aliquot 

of 20 μL solution was injected for analysis. UV detection wavelengths were set at 260 

and 280 nm. 

Aqueous stock solutions of dextrans (2 mg/mL) with different molecular weights 

(1 kDa; 5 kDa; 12 kDa; 25 kDa; 50 kDa; 80 kDa; 150 kDa; 270 kDa; 410 kDa and 670 

kDa) and glucose were injected into the HPGPC using the same conditions as for the 

construction of the molecular weight-retention time calibration curve by plotting 

logarithm of the peak area versus the retention time of each analyte. 

5.2.2.3 HPGPC-guided chemical marker separation 

The dominant peak (named DOP) in the HPGPC fingerprints of Tiepi Fengdou, 

representing most of the polysaccharides in Tiepi Fengdou, were separated using ultra 

centrifugal filters [molecular weight cut-off (MWCO)= 10 kDa] (Millipore, Billerica, 

MA). In detail, each water extract of D. officinale (15 mL) was transferred into an 

ultra-centrifugal filter tube and then centrifuged at 4000×g eight times (15 min each). 

Finally, the remains were re-dissolved in 15 mL water and then freeze-dried for further 

analysis. 

5.2.2.4 HPGPC quantitative method validation 

The HPGPC method for quantitative analysis of DOP was validated in terms of 

linearity, sensitivity, precision, accuracy and stability. 
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Aqueous stock solution of DOP was diluted to appropriate concentrations for the 

construction of a calibration curve. Six concentrations of the solution were analyzed in 

triplicate, and the calibration curve was constructed by plotting logarithms of the peak 

areas versus logarithms of the DOP concentrations. The stock solutions were diluted to 

a series of appropriate concentrations with aqueous solutions, and an aliquot of each of 

the diluted solutions was injected into HPGPC for analysis. Intra- and inter-day 

variations were chosen to determine the precision of the developed assay. For intra-day 

variability test, the Tiepi Fengdou sample (ATF-03) was extracted and analyzed for six 

replicates within one day, while for inter-day variability test, the same sample was 

examined in duplicates for three consecutive days. Variations in the logarithms of the 

peak areas were expressed by the RSDs of the data. The spike recovery test was used to 

evaluate the accuracy of the method. About 0.05 g of Dendrobium sample (ATF-03) 

with known contents of DOP was weighed, and different amounts (high, middle and 

low level) of DOP were spiked, then extracted and analyzed in triplicate. The spike 

recoveries were calculated by the following equation: Spike recovery (%) = (total 

amount detected-amount original) / amount spiked×100 %. The stability test was 

performed by analyzing the sample (ATF-03) extract over periods of 2 h, 4 h, 6 h, 8 h, 

12 h, and 24 h. The RSD for the logarithm of the DOP peak areas was taken as the 

measures of stability.  

5.2.3 Sugar composition analysis 

5.2.3.1 Acid hydrolysis of water extracts 

The prepared water extract (Section 5.2.2.1) solution (0.50 mL) was mixed with 
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2.50 mL of trifluoroacetic acid (TFA) (final concentration 2 M) solution in a screw-cap 

vial, and hydrolyzed for 2 h at 120 °C. After cooling, the hydrolysate was evaporated at 

55°C on a rotary evaporator until dry. Then 1 mL aqueous solution was added to 

dissolve the hydrolysate, and the precipitate was removed after centrifugation (15700 

×g, 5 min), the supernatant was then subjected to PMP derivatization. 

5.2.3.2 PMP derivatization of monosaccharides 

The sugar derivatization was performed according to previous report (Guan et al., 

2011) with modifications. Briefly, the acid hydrolysate (100 μL) was mixed with the 

same volume of ammonia water and 0.5 M PMP methanolic solution (200 μL). The 

mixture was allowed to react at 70°C for 30 min and then cooled to room temperature. 

Afterwards, 100 μL glacial acetic acid and 500 μL chloroform were successively added 

to neutralize the reaction solution and remove the excess PMP reagents, respectively. 

After vigorous shaking followed by centrifugation at 15700 ×g for 5 min, the organic 

phase was discarded. The operation was performed five times, and finally the aqueous 

layer was diluted 10 times and filtered through a 0.22 μm syringe filter (Agilent 

Technologies, USA) before LC-DAD analysis. A standard solution, containing 7 

monosaccharides (Rha, Ara, Fuc, Man, Glc, Gal and Rib) and 2 uronic acids (GlcA and 

GalA), was also treated as mentioned above. 

5.2.3.3 HPLC analysis 

Analysis of PMP derivatives of released monosaccharides in Dendrobium aqueous 

extracts after acid hydrolysis was performed on an Agilent 1100 series HPLC-DAD 

system (Agilent Technologies, Palo Alto, CA) which was equipped with a vacuum 

117 
 



degasser, a binary pump, an autosampler and a diode array detector. Samples (5 μL) 

were injected onto a Grace AlltimaTM C18 column-W (250 mm × 4.6 mm i.d., 5 μm) 

operated at 30°C. The separation was achieved using gradient elution with 100 mM 

ammonium acetate aqueous solution (A) (pH=5.58) and acetonitrile (B) at a flow rate of 

1.0 mL/min: 0~5 min, 17~20 % B; 5~30 min, 20~28 % B; 30-35 min, 28 % B. UV 

detection wavelength was set at 245 nm. 

The HPLC method for quantitative analysis of the compositional monosaccharides 

was validated with regard to linearity, sensitivity, precision, accuracy and stability. 

 

5.3 Results and discussion 

5.3.1 Methodology optimization 

5.3.1.1 Optimization of water extraction 

Extraction conditions were optimized in order to achieve complete extraction of 

carbohydrates. The saccharides in the sample materials could be completely extracted at 

100°C after two times (1h each time) since no sugar was detected by sulfuric 

acid-phenol method in the subsequent third extraction.  

5.3.1.2 Optimization of HPGPC analysis 

In order to furthest separate the carbohydrates in the investigated Dendrobium 

samples, the HPGPC columns used in this study were optimized. Previously, the TSK 

G3000PWXL gel column was tested, but the results showed that some of the 

macro-molecular polysaccharides (>60 kDa) were not retained on the columns and 
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instead were eluted immediately due to the limited molecular weight range capacity 

(~60 kDa) of these columns (Xu et al., 2011). Finally, the other kind of SEC column 

with greater molecular weight range (~7, 000 kDa), TSK GMPWXL column, was 

employed in this study and two TSK GMPWXL columns were connected in series for 

improving the resolution. Under the optimized conditions, polysaccharides, 

oligosaccharides and monosaccharides in the Dendrobium samples could be roughly 

separated (calculated by the established molecular weight-retention time calibration 

curve) (Figure 5.3). 
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Figure 5.3 HPGPC chromatograms of water extracts from authentic Tiepi Fengdou samples, 
other Dendrobium species (A) and commercial Tiepi Fengdou samples (B). The sample codes 
are the same as in Table 5.1. 

 

Additionally, the method for separation of DOP from the water extracts of Tiepi 

Fengdou samples was also optimized. Ultra centrifugal filters [molecular weight cut-off 

(MWCO) = 10 kDa] were used because the molecular weights of DOP were larger than 

10 kDa and the other part with smaller molecular weights (< 10 kDa) (seen in Section 

5.3.4) could be completely cut off by centrifugation (Figure 5.4 A). The centrifugal time 
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was confirmed with the aid of HPGPC monitoring till no peak with the molecular 

weight less than 10 kDa was detected in the remains. 

 
Figure 5.4 Ultra-filtration for preparation of the holistic polysaccharides marker (peak 1, DOP) 
(A) and the statistical results for the description of Tiepi Fengdou HPGPC fingerprints (B). The 
sample codes are the same as in Table 5.1. 
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5.3.1.3 Optimization of sugar composition analysis  

The concentration of TFA, the reaction time and temperature of acid hydrolysis 

were optimized. The total amount of derivative monosaccharides produced from water 

extracts of Tiepi Fengdou samples by acid hydrolysis was used as the evaluation maker 

for optimization. The results suggested that 2 M TFA should be selected for acid 

hydrolysis and that the reaction was most efficient at 120°C for 2 h. In the PMP 

derivation, ammonia water, instead of the conventionally used sodium hydroxide, was 

selected because it could be easily removed by acetic acid. The ammonium acetate 

generated by this process was identical with the mobile phase of HPLC assay and 

therefore had no negative effect either on the HPLC column or the analysis. Different 

types of reversed-phase columns were tested for the HPLC analysis and the Grace 

AlltimaTM C18 column-W was finally selected on account of its excellent separation 

efficiency and repeatability.  

5.3.2 Method validation for quantitative analysis 

Method validation for HPGPC quantitative analysis was performed. The linearity 

data indicated good relationship between concentrations and logarithm peak areas of the 

separated DOP within the test ranges (R2 = 0.9990). And the overall RSDs of intra- and 

inter-day variations were not more than, severally, 1.64 % and 3.85 %. The established 

method also had acceptable accuracy with spike recovery of 95.69-107.89 % for the 

analytes (RSDs < 6.23 %). As to stability test, the RSDs of the peak areas detected 

within 24 h were lower than 1.43 %. All these results indicated that the established 

quantitative HPGPC method was linear, sensitive, precise, accurate, and stable enough 
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for determination of DOP in the Dendrobium sample.  

5.3.3 Sugar composition analysis 

The compositional monosaccharides in the water extracts of investigated 

Dendrobium samples were determined using the established HPLC method. The typical 

chromatograms and calculated contents of the released monosaccharides after acid 

hydrolysis in water extracts of all Dendrobium samples were summarized in Figure 5.5 

and Table 5.1, respectively, and further confirmed the obtained results in previous 

reports (Chen et al., 2012b). The analysis demonstrated that sugar composition 

exhibited highly qualitative consistence in all Dendrobium samples. There were mainly 

two compositional monosaccharides, Man and Glc, in the water extracts of the 

Dendrobium samples. In addition, the quantitative results of the two compositional 

monosaccharides in some of the samples were also similar. It has been clearly proved 

that sugar composition analysis was poor in selectivity and therefore might hinder the 

authentication and quality evaluation of D. officinale. Besides, the experimental 

procedure was so complicated that the quantitative results could be influenced by 

multiple factors (Most RSD values of the quantitative results are close to 5%) (Table 

5.1).  
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Figure 5.5 HPLC chromatograms of compositional monosaccharide analysis in different 
Dendrobium samples. (A) Mixed monosaccharide standards; (B) Authentic and commercial 
Tiepi Fengdou samples and other Dendrobium species samples. The sample codes are the same 
as in Table 5.1. 

 

5.3.4 HPGPC analysis 

Total Dendrobium samples were qualitatively analyzed by HPGPC. First, water 

extracts of ten batches of authentic Tiepi Fengdou samples (Table 5.1) were analyzed 

and compared using HPGPC-DAD-ELSD, in which UV 260 nm and 280 nm were 

selected for monitoring saccharide-conjugated nucleic acids and/or peptides, and the 

major peaks had no obvious absorbance under the investigated conditions. As shown in 
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Figure 5.3 A, the GPC chromatograms of the 10 batches of Tiepi Fengdou samples were 

strikingly similar. According to the overlapped GPC chromatograms, five peaks, 

namely peak 1 (DOP, RT: 23.39±1.06 min; MW: 276.23-877.66 kDa), 2 (RT: 

29.73±0.31 min; MW: 5.58-9.34 kDa), 3 (RT: 30.94±0.16 min; MW: 2.16-2.90 kDa), 4 

(RT: 32.40±0.49 min; MW: 0.34-0.98 kDa) and 5 (RT: 33.93±0.51 min; MW: 0.05-0.18 

kDa) (calculated by the established molecular weight-retention time calibration curve: 

y=-0.3207x+13.389, R2=0.9927), appeared in these Tiepi Fengdou samples based on 

their molecular distribution (Figure 6.3) with peak 1 (DOP) was dominant. The results 

could preliminarily demonstrate the quality of the ten batches of authentic Tiepi 

Fengdou samples presented consistently and the chromatograms could be regarded as 

the HPGPC fingerprints for qualitative identification of Tiepi Fengdou. 

When fourteen other commonly used Dendrobium species sampleswere also 

analyzed, their GPC chromatograms differed from that of D. officinale with regard to 

not only molecular size range but also the peak pattern (Figure 5.3 A). In particular, 

peak 1 (DOP), which was most prominent in samples of D. officinale, was hardly 

detected in most of these samples. This was true even for D. nobile, one of the most 

frequently used substitutes of D. officinale. These results clearly demonstrate that the 

carbohydrates in D. officinale are characteristic and dissimilar with those in other 

confused species. 

Finally, thirteen batches of commercial Tiepi Fengdou samples were investigated. 

Their GPC chromatograms are summarized in Figure 5.3 B. It can be seen that they are 

similar to authentic samples and distinctively different from other Dendrobium species 
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samples. However, based on the chromatograms, even though the molecular weight 

ranges of carbohydrates in these commercial samples were similar with the authentic 

ones, their distributions were inconsistent. For example, in the chromatograms of some 

commercial samples (CTF-11, 12 and 13), peak 1 (DOP) were sharply decreased while 

peak 5 was dominant compared with those of authentic Tiepi Fengdou samples. The 

HPGPC analysis results could partly illustrate that all these commercial samples might 

be derived from D. officinale plants but just their quality were not well controlled.  

To sum up, in the HPGPC fingerprints, the dominant role of peak 1 (DOP) in the 

non-monosaccharide (polysaccharide and oligosaccharide) parts (peak 1, 2, 3 and 4) 

was the most distinctive trait of the authentic and commercial Tiepi Fengdou samples 

and this peak pattern consistently distinguished D. officinale from other species. So the 

area of peak 1 (DOP) was selected as the underlying variable and a correlation 

coefficient (F) for all the samples was obtained by the following equation: 

F = 𝐴𝐴1−∑ 𝐴𝐴𝑘𝑘4
𝑘𝑘=2

∑ 𝐴𝐴𝑘𝑘4
𝑘𝑘=1

, 

where A means the area of the corresponding peak, to represent the HPGPC fingerprint 

characteristics and further evaluate the quality of Tiepi Fengdou (Figure 5.4 B). 

Theoretically, the more dominant peak 1 in four peaks, the closer F approaches 1. As 

shown in Figure 5.4 B, the F values of ten authentic Tiepi Fengdou samples are stable 

and very close to 1.0 while those of the commercial samples fluctuated between 0.5-1.0. 

However, the values of the other species samples were far from 0.5-1.0 and even 

dropped to -1.0. The curve on the graph clearly shows that two numerical intervals, 

F→1.0 and 0.5<F<1.0, could be regarded as the judgement standards for superior 
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quality and authenticity of Tiepi Fengdou samples, respectively. 

The above obtained results of HPGPC analysis should be more reasonable than 

those of sugar composition analysis. For example, carbohydrate components in CTF-10 

and D. thyrsiflorum should be qualitatively and quantitatively consistent in view of their 

similar monosaccharide compositions (Table 5.1). But, based on HPGPC 

chromatograms, they were definitely different (Figure 5.3). As known, sugar 

composition analysis is built on breakdown of original existential state of 

polysaccharides and oligosaccharides in herbal materials. So it is easy to understand that 

there is no necessary relationship between compositional monosaccharides and holistic 

chemical properties, such as molecular weight, of carbohydrate components, which are 

very important for carbohydrate-based quality control of herbal materials. It could be 

therefore concluded that sugar composition analysis method seemed to be unreasonable 

and might confuse the quality control of Tiepi Fengdou. Conversely, HPGPC 

fingerprint, which does not need any sample pretreatment and is therefore much more 

convenient than sugar composition analysis, could provide characteristics of component 

carbohydrates in terms of molecular weight distribution. After all, as a fingerprint 

method, the use of this HPGPC marker needs to be tested by more real samples. 

5.3.5 HPGPC quantitative analysis 

In addition to identification, the highly consistent GPC chromatograms of ten 

batches of authentic Tiepi Fengdou samples also suggested that the dominant 

polysaccharide peak (peak 1, DOP) could be used for quantitative quality control of 

Tiepi Fengdou. Thus, in this study, DOP in ten batches of authentic Tiepi Fengdou 
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samples was purified (Section 5.3.1.2) (Figure 5.4 A) and the qualitative consistency of 

ten separated peaks was then further confirmed in terms of their highly similar 

compositional monosaccharides (peak area ratios of Man and Glc are 5.37~6.17). After 

that, the obtained DOP was used as the holistic polysaccharide marker for quantitative 

determination of all investigated Tiepi Fengdou samples, and the method was validated 

(Section 5.3.2). The results, summarized in Table 5.1, illustrated that the contents of 

DOP in ten batches of authentic Tiepi Fengdou samples were close and all over 30%, 

while those in commercial samples varied greatly. This verifies the unstable quality of 

commercial Tiepi Fengdou.  

Though multiple defects mentioned above, sugar composition analysis is still a 

presently well-accepted, and also most reliable method for carbohydrate content 

determination in natural products (Hu et al., 2013). To verify the accuracy of our 

HPGPC quantitative method, DOP in all the D. officinale samples was separated and 

then subjected to sugar composition analysis as described above (Section 5.2.3). The 

quantitative results are listed in Table 5.1 and statistically compared (Figure 5.6). It can 

be expressly seen that the sets of data derived from these two methods are close without 

significant differences (Figure 5.6), further confirming that the novel HPGPC approach 

is accurate and credible for quantitative determination of polysaccharides in herbal 

materials. The results are the same but the HPGPC-based quantitative method is much 

more convenient, stable (RSD less than 2.75%, Table 5.1) and therefore efficient than 

sugar composition analysis, which is generally recognized as a tedious method 

susceptible to error. 
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Figure 5.6 Statistical comparison of quantitative results of DOP in different Tiepi Fengdou 
samples by sugar composition analysis (A) and the developed HPGPC method (B). 

 

5.4 Concluding remarks 

In this study, taking D. officinale as a model herb, a novel and rapid HPGPC-based 

method was developed for quality control of saccharide-dominant herbal materials by 

simultaneously qualitative and quantitative characterization of saccharide components. 

The concepts of HPGPC fingerprint and holistic polysaccharide marker were firstly 

proposed, and HPGPC was also firstly employed for direct quantitation of natural 

polysaccharides. The experimental results indicated that the newly-established method 

was more efficient, stable and convenient in the authentication and quality evaluation of 

D. officinale, compared to the current methods. We expect the method will have similar 
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advantages when used for other saccharide-dominant herbal materials and products. 
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CHAPTER 6 WHY ANGELICAE SINENSIS RADIX AND CHUANXIONG 

RHIZOMA ARE DIFFERENT? AN EXPLANATION FROM CHEMICAL 

PERSPECTIVE 

6.1 Introduction 

Angelicae Sinensis Radix (ASR) (Danggui in Chinese) and Chuanxiong Rhizoma 

(CR) (Chuanxiong in Chinese) are two different herbal materials. ASR, which is 

derived from the dried roots of Angelica sinensis (Oliv.) Diels (Umbeliferae), is 

believed to be blood-nourishing and well-known as a nutrient herbal material used in 

some traditional foods, especially Chinese soups, for gynecological daily care in Asia 

(Dog, 2005; Wen, 2011). It is also employed as a dietary herbal supplement in Europe 

and America (Yang et al., 2007f). CR, the roots of Ligusticum chuanxiong Hort 

(Umbeliferae), is a commonly used Chinese medicine for promoting blood circulation 

and “Qi” (Shu et al., 2006). As a danger to pregnancy, CR could never be a food 

material (Zheng et al., 1997).   

However, the reported phytochemical investigations on ASR and CR indicated an 

opposite direction. These two herbal materials contain very similar chemical profiles in 

which Z-ligustilide (Figure 6.1) like volatile components are dominant so that they share 

the similar quality control methods which are focused on the volatile components (Cho 

et al., 2007; Piao et al., 2007; Yang et al., 2008a). It is hard to distinguish ASR from CR 

because the same chemical marker, Z-ligustilide, is used for both ASR and CR (Lao et 

al., 2004; Yan et al., 2005), which makes a potential risk for ASR related food safety.  

An interesting relationship of ASR/CR is that ASR “tail” (root end, dia. < 1.0 mm) 
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(Xiao and Yang, 2001) is not used in Chinese soup and is an additional Chinese 

medicine which has the same functions as CR. Ben Cao Zheng Yi, an ancient book on 

herbal materials in China, described that ASR “body” (main root, dia. > 1.0 mm) could 

enrich the blood, while “tail” was medically used for promoting blood circulation (Hu 

and Hu, 2010). Another interesting observation is that ASR needs to be processed 

before use and the processed products, such as peeled ASR, wine-washed ASR and 

coal-fried ASR, are believed to have enhanced tonic effect (Ye and Yuan, 2005; Zhan et 

al., 2011). Unfortunately, the mechanisms remain unknown. 

Both ASR and CR are traditionally used in the form of decoction for nutrient and 

medicinal purpose (Li et al., 2010c). It is therefore suggested that the decisive chemical 

components which are responsible for the above-mentioned differences between ASR 

and CR might be water-soluble. Studies on the water extracts of ASR and CR showed 

that carbohydrates are always the abundant while other small molecules like phthalides 

are the minority (Fan and Zhang, 2006; Jin et al., 2012; Wang et al., 1984; Yan et al., 

2005; Yi et al., 2009; Yuan et al., 2008). Therefore, carbohydrates should not be 

ignored as an important group of components in the water extracts (decoctions) of ASR 

and CR. Actually, polysaccharides bearing diverse structural features have been isolated 

and purified from ASR and CR. They varied in terms of molecular weight, sugar 

composition, as well as glucosidic bond (Jin et al., 2012; Yuan et al., 2008). It was 

suggested that carbohydrates in the water extracts of ASR and CR might contain 

significantly different. 

In order to figure out the decisive chemical differences which are responsible for 
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the functional differences between ASR and CR, in present study, both Z-ligustilide like 

volatile constituents and carbohydrates were qualitatively and quantitatively analyzed 

and compared in ASR and CR, and different botanical parts and processed products of 

ASR. 

 

Figure 6.1 Chemical structure of Z-ligustilide. 

 

6.2 Experimental 

6.2.1 Materials and chemicals 

The samples of ASR and CR were purchased from different locations in China (Table 

6.1). They were authenticated by Dr. Chen Hubiao and the voucher specimens were 

deposited at School of Chinese Medicine, Hong Kong Baptist University, Hong Kong, 

China. 
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Table 6.1 Contents of compositional monosaccharides in ASR and CR water extracts (mg/g). 

Sample code Sample name Locality L-mannose Galacturonic acid D-glucose D-galactose L-arabinose Total 

ASR-01 Angelicae sinensis Radix Hong Kong, China 21.97 20.83 263.43 14.29 31.06 351.58 

ASR-02 Hong Kong, China 23.00 19.16 235.90 12.56 30.71 321.33 

ASR-03 Hong Kong, China 33.96 23.54 262.61 13.88 31.29 365.28 

ASR-04 Guangzhou, China 13.03 17.18 230.29 14.00 27.83 302.33 

ASR-05 Guangzhou, China 13.68  23.41 274.14 15.32 21.81 348.36 

ASR-06 Guangzhou, China 14.49  17.90 280.27 16.84 29.44 358.94 

ASR-07 Guangzhou, China 17.50  25.53 267.03 14.62 19.71 344.39 

ASR-08 Guangzhou, China 20.56  26.28 279.61 21.75 29.14 377.34 

ASR-09 Guangzhou, China 23.71  24.89 286.79 25.07 37.29 397.75 

ASR-10 Guangzhou, China 23.49 26.89 258.49 17.13 21.73 347.73 

ASR-11 Bozhou, China 21.22 16.43 226.55 14.12 25.90 304.22 

ASR-12 Bozhou, China 21.77 22.48 232.48 15.78 17.63 310.14 

ASR-13 Bozhou, China 28.57 23.29 267.55 15.91 25.13 360.45 

CR-01 Chuanxiong Rhizoma Hong Kong, China 7.06 14.71 253.51 24.81 72.34 372.43 

CR-02 Hong Kong, China 8.60 24.90 202.61 24.16 55.92 316.19 

CR-03 Hong Kong, China 8.28 20.93 258.90 24.93 59.72 372.76 

CR-04 Guangzhou, China 9.58 14.91 291.43 17.95 49.97 383.84 

CR-05 Guangzhou, China 21.88 13.88 157.72 13.80 34.30 241.58 

CR-06 Guangzhou, China 28.48 21.91 200.00 20.93 48.72 320.04 

CR-07 Guangzhou, China 29.20 22.46 199.69 20.44 47.31 319.10 
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CR-08 Bozhou, China 27.10 33.38 162.47 17.40 41.14 281.49 

CR-09 Bozhou, China 23.89 12.86 159.46 14.29 34.45 244.95 

CR-10 Bozhou, China 34.15 15.02 191.51 16.13 41.06 297.87 

The data was present as average of duplicate.  
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Hexane for sample preparation, acetonitrile and ammonium acetate for HPLC 

analysis were purchased from Merck (Darmstadt, Germany). Deionized water was 

prepared by Millipore Milli Q-Plus system (Millipore, Bedford, MA, USA). 

Trifluoroacetic acid (TFA) used for acid hydrolysis of carbohydrates was from 

Riedel-de Haën. 1-Phenyl-3-methyl-5-pyrazolone (PMP) for monosaccharide 

derivatization was bought from Sigma (St. Louis, MO, USA). The reference substances, 

D-galacturonic acid monohydrate (GalA), D-glucuronic acid (GlcA), L-arabinose (Ara), 

D-mannose (Man), D-galactose (Gal), D-glucose (Glc), L-rhamnose monohydrate (Rha), 

D-fucose (Fuc) and D-ribose (Rib) were purchased from Sigma (St. Louis, MO, USA). 

Yellow wine (15-16% alcohol) used for preparation of wine-washed ASR was produced 

by Guyue Longshan, Zhejiang, China. 

6.2.2 Sample preparation 

6.2.2.1 Preparation of herb samples 

The main roots were manually peeled with a knife to get “body” peel and peeled 

“body”; lateral roots and the terminal of main roots (dia. < 1.0 mm) were selected to be 

the “tail” in which peel could occupy the vast majority of total weight. ASR materials 

were mixed and washed with yellow wine (1:10, g/mL), and then baked in oven at 

80 °C for 2 h using the reported method (Zhan et al., 2011). All the ASR and CR 

samples were successively cut into small homogeneous pieces and pulverized into 

well-distributed powders (60-80 mesh) for extraction. 

6.2.2.2 Sample preparation for GC-MS analysis of volatile components  

Dried powder of samples (0.50 g) was ultrasonic-extracted with hexane (25 mL×30 
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min×2 times). The extracted solutions were combined and then centrifuged at 3500 rpm 

for 10 min on an Allegra X-15R centrifuge (Beckman Coulter, Fullerton, CA). Finally, 

the supernatant was filtered through a 0.22 μm syringe filter (Agilent Technologies, 

USA) for GC-MS analysis. 

6.2.2.3 Sample preparation for analysis of carbohydrates 

6.2.2.3.1 Preparation of water extracts 

Dried powder of samples (0.25 g) was extracted with water at 100 °C (5 mL×1h×2 

times). The extracted solutions were centrifuged at 3500 rpm for 10 min and the 

supernatants were then combined for further analysis. 

6.2.2.3.2 Preparation of crude polysaccharides 

5 mL supernatant of the water extracts was collected and precipitated by adding 

ethanol to make a final concentration of 80% (v/v), and stayed overnight (12 h) under 4 

°C. After centrifugation (3500 rpm) for 10 min, the precipitate was collected and dried 

on water bath (60 °C) to remove residual ethanol. The dried extract was re-dissolved in 

5 mL hot water (60 °C) for further analysis. 

6.2.2.3.3 Acid hydrolysis of water extracts and crude polysaccharides 

The prepared aqueous extracts or crude polysaccharides solution (0.50 mL) was 

mixed with 2.50 mL of 2 M TFA solution in a screw-cap vial, and hydrolyzed for 2 h at 

120 °C. After cooling, the hydrolysate was evaporated at 55 °C on a rotary evaporator 

until dry. Then 1 mL water was added to dissolve the hydrolysate, and the precipitate 

was removed after centrifugation (15700 ×g, 5 min), the supernatant was then subjected 

to PMP derivatization. 
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6.2.2.3.4 PMP derivatization of monosaccharides 

The sugar derivatization was performed according to previous report (Xu et al., 2011) 

with modifications. Briefly, the acid hydrolysate (100 μL) was mixed with the same 

volume of NH3 solution and 0.5 M PMP methanolic solution (200 μL). The mixture was 

allowed to react at 70 °C for 30 min and then was cooled to room temperature. 

Afterwards, 100 μL glacial acetic acid and 500 μL chloroform were successively added 

in to neutralize the reaction solution and remove the excess PMP reagents, respectively. 

After vigorous shaking followed by centrifugation at 15700 ×g for 5 min, organic phase 

was discarded. The operation was performed five times, and finally the aqueous layer 

was diluted 10 times and filtered through a 0. 22 μm syringe filter (Agilent 

Technologies, USA) before LC-DAD analysis. A standard solution, containing 7 

monosaccharides (Rha, Ara, Fuc, Man, Glu, Gal and Rib) and 2 uronic acids (GlcA and 

GalA), was also treated as mentioned above. 

6.2.3 GC-MS analysis of volatile constituents 

GC-MS analysis was performed on a Shimadzu 2010 GC instrument coupled with 

a Shimadzu 5973 mass spectrometer and a capillary column (30 m × 0.25 mm id) 

coated with 0.25 mm film 5% phenyl methyl siloxane. The column temperature was set 

at 40 °C and held for 1 min for injection, then programmed at 3 °C /min to 130 °C, then 

at 5 °C /min to 160 °C, and finally, at 20 °C /min to 280 °C. High-purity helium was 

used as carrier gas with flow-rate of 1 mL/min. Split injection (1 mL) was conducted 

with a split ratio of 5:1. The mass spectrometer was operated in electron-impact mode, 

the scan range was 40–550 amu, the ionization energy was 70 eV and the scan rate was 
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0.34 s per scan. The quadrupole, ionization source temperatures were 150 and 230 °C, 

respectively. 

The tentative identification of the volatile components was performed by matching 

against the standard mass spectral database of National Institute of Standards and 

Technology (NIST147) mass-spectral library (Shimadzu, Kyoto, Japan). The mass 

spectra obtained were inspected manually and only those molecules with probability 

matching higher than 85 (the maximum similarity is 100) were considered and reported 

here. 

6.2.4 High performance gel permeation chromatography (HPGPC) analysis of 

water extracts and crude polysaccharides 

The analysis was performed on an Agilent 1100 series LC-DAD system (Agilent 

Technologies, Palo Alto, CA) coupled with evaporative light scattering detector (ELSD). 

The separation was achieved on a two tandem TSK GMPWXL columns (300 mm×7.8 

mm i.d., 10 μm) system operated on 40 °C. Ammonium acetate aqueous solution (20 

mM) was used as mobile phase at a flow rate of 0.6 mL/min. The signal from ELSD 

was transmitted to Agilent Chemstation for processing through an Agilent 35900E 

interface. The parameters of ELSD were set as follows: the drift tube temperature was 

120 °C and nebulizer nitrogen gas flow rate was at 3.2 L/min, impact off mode. An 

aliquot of 20 μL solution was injected for analysis. 

6.2.5 Sugar composition analysis of carbohydrates 

Analysis of PMP derivatives of released monosaccharides in ASR and CR aqueous 
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extracts and crude polysaccharides after acid hydrolysis was performed on an Agilent 

1100 series LC-DAD system (Agilent Technologies, Palo Alto, CA) which was 

equipped with a vacuum degasser, a binary pump, an autosampler and a diode array 

detector. Samples (5 μL) were injected onto Grace AlltimaTM C18 column-W (250 mm × 

4.6 mm i.d., 5 μm) operated at 30 °C. The separation was achieved using gradient 

elution with 100 mM ammonium acetate aqueous solution (A) (pH=5.58) and 

acetonitrile (B) at a flow rate of 1.0 mL/min: 0~5 min, 17~20 % B; 5~30 min, 20~28 % 

B; 30-35 min, 28 % B. UV detection wavelength was set at 245 nm. 

6.2.6 HPLC method validation 

The HPLC method for quantitative analysis of sugar composition was validated in 

terms of linearity, sensitivity, precision, accuracy and stability. 

Aqueous stock solutions of nine reference compounds were diluted to appropriate 

concentrations for the construction of calibration curves. Six concentrations of the 

solution were analyzed in triplicates, and the calibration curves were constructed by 

plotting the peak areas versus the concentrations of analytes. The stock solutions were 

diluted to a series of appropriate concentrations with aqueous solutions, and an aliquot 

of the diluted solutions were injected into HPLC for analysis. The limits of detection 

(LODs) and limits of quantification (LOQs) under the present conditions were 

determined at an S/N (signal to noise) of about 3 and 10, respectively.  

Intra- and inter-day variations were chosen to determine the precision of the developed 

assay. For intra-day variability test, the ASR sample (ASR-04) was extracted and 

analyzed for six replicates within one day, while for inter-day variability test, the same 
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sample was examined in duplicates for consecutive three days. Variations were 

expressed by the RSDs of the data. 

The spike recovery test was used to evaluate the accuracy of the method. About 

0.1250 g of ASR sample (ASR-04) with known contents of the target analytes was 

weighed, and different amounts (high, middle and low level) of reference standards 

were spiked, then extracted and analyzed in triplicates. The spike recoveries were 

calculated by following equation: Spike recovery (%) = (total amount detected-amount 

original) / amount spiked×100 %.  

The stability test was performed by analyzing the sample extract over period of 2 h, 

4 h, 6 h, 8 h, 12 h, 24 h, the RSDs of the peak areas of each analyte were taken as the 

measures of stability. 

6.2.7 Data analysis 

To evaluate the consistency of saccharide components between ASR and CR, a 

three-dimensional graphics of principal component analysis (3D-PCA) was performed 

by Simca-P+ 9 (Umetrics, AN MKS company, Sweden), which comprise a number of 

“procedures”-graphical, statistical, reporting, processing, and tabulating procedures-that 

enable simple and rapid data evaluation. For saccharides analysis, a list of the 

investigated samples was generated using detected monosaccharides as variables. Then, 

the resulting three-dimensional data comprising of detected monosaccharide name, 

sample code and the contents of compositional monosaccharides was analyzed by 

Simca-P+ 9. For volatile components comparison, similarly, the identified peaks from 

the GC-MS chromatograms were selected and used as variables. The relative percentage 
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of every compound in the total volatile components of one sample was calculated by 

area normalization method. If a peak (compound) was not detected in a sample, the 

relative percentage was documented as zero in the table.  

 

6.3 Results and discussion 

6.3.1 Methodology optimization 

6.3.1.1 Optimization of sample preparation procedure 

In this study, the extraction conditions were optimized in order to achieve complete 

extraction of carbohydrates. The saccharides in ASR and CR materials could be 

completely extracted at 100 °C after two times (1h each time) because no sugar was 

detected by sulfuric acid-phenol method in the subsequent third extraction. Similarly, 

the extraction of volatile components was optimized to be ultra-sonication with hexane 

for two times (30 min each time) with the aid of GC-MS detection.  

6.3.1.2 Optimization of acid hydrolysis and PMP derivatization of saccharides  

The concentration of TFA, the reaction time and temperature of acid hydrolysis 

were optimized. The total amount of derivative monosaccharides produced from water 

extracts of ASR by acid hydrolysis was used as the evaluation maker for optimization. 

The results (Figure 6.2) suggested that 2 M TFA should be selected for acid hydrolysis 

and the reaction could be more efficient at 120 °C for 2 h. In the PMP derivation, 

ammonia water, instead of the conventionally used sodium hydroxide, was selected 

because it could be easily removed by acetic acid, and the generated ammonium acetate 
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was identical with the mobile phase of HPLC assay and therefore had no negative effect 

on the HPLC column and analysis. In addition, the water layer after the chloroform 

extraction was diluted ten times before HPLC injection in order to alleviate the damage 

on the column caused by residual chloroform. And different types of reversed-phase 

columns were tested for the HPLC analysis and the Grace AlltimaTM C18 column-W was 

finally selected on account of its excellent separation efficiency and repeatability.  
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Figure 6.2 Influence of selected factors including the concentration of TFA (A), the reaction 
temperature (B) and reaction time (C) for acid hydrolysis of carbohydrates. 
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6.3.2 HPLC method validation 

The linearity, regression and linear ranges of seven neutral sugars and two uronic 

acid were summarized in Table 6.2. The data indicated good relationship between 

concentrations and peak areas of the analytes within the test ranges (R2≥0.9987). The 

LOQs and LODs of all analytes were less than 0.39 and 0.15 µg on column, respectively. 

The overall RSDs of intra- and inter-day variations for nine analytes were not more than 

5.10 % and 6.38 %, respectively. The established method also had acceptable accuracy 

with spike recovery of 95.48-104.82 % for all analytes. As to stability test, the RSDs of 

the peak areas for nine analytes detected within 24 h were lower than 3.96 %. All these 

results indicated that the established HPLC-DAD method was linear, sensitive, precise, 

accurate, and stable enough for simultaneous quantification of sugar composition of the 

water extracts as well as the crude polysaccharides. 
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Table 6.2 Calibration curves, LODs, LOQs, repeatability, accuracy and stability of the HPLC assay of sugar composition. 

Analyte 
Linearity LOQ 

(µg) 

LOD 

(µg) 

 Repeatability (RSD, %, n=6) Spike recovery (RSD, %, n=3) Stability (RSD, 
%, n=6) Range (µg/mL) Equation R2  Intra-day Inter-day High Middle Low 

L-mannose 0.36-46.38 y=24.004x+2.6953 0.9996 0.09 0.03  4.10 5.38 104.01% (2.91) 98.63% (1.90) 97.50% (6.81) 3.10 

L-rhamnose 0.36-46.51 y=16.871x+8.0616 0.9987 0.12 0.04  -a) - 95.82% (2.12) 104.79% (6.49) 103.79% (3.95) - 

L-ribose 0.81-52.04 y=7.1214x+0.2191 0.9999 0.20 0.08  - - 100.55% (2.65) 101.98% (4.84) 95.48% (3.46) - 

Glucuronic acid 0.41-52.20 y=19.078x-4.537 0.9995 0.10 0.03  - - 104.63% (3.66) 99.08% (3.92) 96.02% (3.07) - 

Galacturonic acid 0.41-52.51 y=29.328x-6.2597 0.9999 0.06 0.02  4.45 5.10 101.03% (3.64) 104.56% (5.06) 103.23% (4.47) 3.96 

D-glucose 0.41-52.13 y=35.357x-1.9079 0.9999 0.03 0.01  5.10 6.38 96.92% (2.76) 103.42% (5.56) 99.87% (3.28) 3.88 

D-Galactose 0.42-53.18 y=30.858x-4.9719 0.9996 0.03 0.01  4.72 5.45 100.28% (2.51) 102.24% (5.33) 104.82% (4.87) 2.85 

L-arabinose 0.38-49.40 y=21.789x-9.379 0.9998 0.12 0.04  3.48 4.19 103.47% (2.03) 99.41% (5.63) 104.32% (4.03) 3.12 

D-fucose 1.58-50.44 y=3.787x-0.9133 0.9999 0.39 0.15  - - 102.05% (5.85) 100.34% (4.27) 97.83% (4.13) - 
a) Not detected in the selected sample
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6.3.3 Comparative study on ASR and CR 

6.3.3.1 Volatile components 

The published reports indicated that both ASR and CR were rich in volatile 

components in which Z-ligustilide was dominant, and CR contained a higher content 

(Feng and Yang, 2009). These were confirmed by our results. As shown in Figure 6.3, 

the yields of volatile components (roughly regarded as hexane extracts) in CR were 

approximately between 5.47-9.78 % while those in ASR were less than 5.73 %. 

Furthermore, these volatile components of ASR and CR were qualitatively examined by 

GC-MS. The results were shown in Figure 6.4 A and B and Table 6.3. It was indicated 

that ASR and CR shared most of these volatile components, and Z-ligustilide was the 

overriding volatile constituent in both ASR and CR. Besides, from Figure 6.4 A and B, 

it could be intuitively seen that the ion intensities of the volatile components in CR were 

generally much higher than those in ASR, which further suggested that CR possessed 

more abundant volatile components than ASR. In a word, the experimental results 

showed that volatile components in ASR and CR were qualitatively similar, but 

quantitatively different. 
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Figure 6.3 Yields of crude polysaccharides, volatiles and water extracts of 13 batches of ASR 
and 10 batches of CR materials.  
 

 
Figure 6.4 Typical GC-MS chromatograms of volatile components in different ASR and CR 
samples. A. raw material of ASR; B. raw material of CR; C. ASR body “peel”; D. Peeled ASR 
“body”; E. ASR “tail”; F. Wine washed ASR. 
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Table 6.3 Identification of volatile components in ASR and CR by GC-MS. 
Compound RT (min) MW  Main ions (m/z) Occurrence Compound RT (min) MW  Main ions (m/z) Occurrence 
Alpha-Pinene  9.905 136 93, 77, 41, 121, 105 ASR/CR 2-Methyl-1-decanol 28.843 172 57, 43, 69, 85, 97 ASR/CR 

Nonane  11.305 142 57, 43, 71, 98, 85 CR 2,3,6,7-Tetramethyldecane 29.090 170 43, 71, 57, 85, 169 ASR/CR 

Beta-myrcene 12.658 136 41, 93, 69, 27, 53 CR 4-Methyl-1-undecene 32.732 168 43, 57, 71, 85, 98 ASR/CR 

2,5,5-Trimethylheptane  13.520 142 71, 43, 57, 113, 85 ASR/CR Cadina-1,4-diene  33.696 204 119, 105, 41, 161, 91 CR 

4-Methyldecane  13.730 156 43, 71, 57, 112, 85 CR 2,3-Dimethyldodecane 35.117 198 43, 57, 71, 85, 29 CR 

1-Methyl-4-(1-methylethyl)-1,3-cyclohexadiene  13.929 136 121, 93, 136, 77, 105 CR 2,3,5,8-Tetramethyldecane 35.445 198 57, 43, 71, 85, 99 ASR/CR 

1-Isopropyl-2-methylbenzene  14.331 134 119, 91, 134, 65, 39 CR Cedrene 35.864 204 41, 119, 161, 91, 105 ASR/CR 

6,6-Dimethyl-2-methylerebicyclo[3.1.1]heptane 15.007 136 93, 77, 121, 105, 53 ASR Eudesma-4(14),11-diene 36.420 204 41, 204, 105, 93, 81 ASR/CR 

1-Methyl-4-(1-methylethyl)-1,4-cyclohexadiene 16.023 136 93, 136, 121, 77, 43 CR Eremophila-1(10),11-diene 36.720 204 107, 101, 93, 79, 41 ASR/CR 

7-Methyl-1-undecene  16.970 168 43, 69, 57, 83, 111 ASR/CR 1-Iodo-2-methylundecane  37.090 296 57, 43, 71, 85, 29 CR 

2,4-Dimethyl-1-decene  17.187 168 57, 83, 70, 112, 125 ASR/CR 2,4-Bis(1,1-dimethylethyl)phenol 37.288 206 191, 57, 41, 206, 29 ASR/CR 

1-Methyl-4-(1-methylethylidene)-1-cyclohexene 17.379 136 93, 121, 136, 77, 105 CR 3-Icosene 37.650 280 69, 57, 43, 83, 97 ASR/CR 

3,7-Dimethylundecane 18.274 184 43, 57, 71, 85, 127 ASR/CR 3,7,11,15-Tetramethylhexadecyl acetate 38.061 340 57, 43, 69, 83, 97 ASR/CR 

Decamethylcylopentasiloxane 20.168 370 355, 267, 73, 251, 45 ASR/CR 2-Hexyl-1-decanol 38.805 242 57, 43, 69, 83, 97 ASR/CR 

3-Butyl-4-vinyl-1-cyclopentene 21.044 150 79, 93, 41, 67, 150 ASR/CR Hexadecyl ester 39.208 386 43, 57, 83, 97, 111 ASR/CR 

3-Cyclohexen-1-ol 22.201 154 71, 111, 154, 43, 55 ASR/CR Propanoic acid 40.094 241 44, 158, 55, 69, 159 ASR/CR 

3,7,7-Trimethylbicyclo[4.1.0]heptan-3-ol 22.983 154 43, 96, 81, 121, 136 CR Diethyl phthalate 40.597 222 149, 177, 29, 65, 105 ASR/CR 

3,7-Dimethyldecane 23.296 170 43, 57, 71, 85, 127 ASR/CR 1-Iodotridecane 41.217 310 57, 43, 71, 85, 28 ASR/CR 

2-Propyl-1-heptanol 23.889 158 43, 57, 71, 29, 85 ASR/CR 1-(2,4-Dimethylphenyl)-1-propanone 43.071 162 133, 105, 162, 77, 63 CR 

4-Dodecen-2-yne 24.606 164 66, 79, 43, 93, 107 CR 1(3H)-isobenzofuranone 43.818 188 159, 146, 131, 188, 77 ASR/CR 

4-Methyltridecane 24.786 198 43, 57, 71, 85, 29 ASR/CR 6-Butyl-1,4-cycloheptadiene 44.588 150 79, 93, 41, 150, 107 CR 

4,6-Dimethyldodecane 25.198 198 67, 43, 71, 85, 113 ASR/CR Alpha-ethylbenzyl alcohol 45.519 136 107, 79, 136, 39, 91 CR 

1,3-Ditertiarybutylbenzene 25.501 190 175, 57, 41, 190, 91 ASR/CR 1,3-Benzenediamine 45.789 108 108, 80, 54, 41, 91 CR 

Isotridecyl alcohol 28.060 200 69, 41, 55, 83, 97 ASR/CR Z-Ligustilide 46.061 190 55, 148, 161, 105, 190 ASR/CR 

7-Methyl-1-undecene 28.459 168 43, 69, 55, 84, 111 ASR/CR E-Ligustilide 48.325 190 55, 106, 148, 161, 190 ASR/CR 
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The 3D-PCA analysis was performed on comparison of volatile components 

between ASR and CR according to the statistical method described in Section 6.2.7, and 

a comparatively discrimination could be found between the investigated ASR and CR 

samples (Figure 6.5 A), which also implied that volatile components in ASR and CR 

were apparently different. 

 
Figure 6.5 Three-dimensional graphics of PCA scores by compositional monosaccharides in 
water extracts (A) and crude polysaccharides (B), and volatile components (C) of 13 batches of 
ASR and 10 batches of CR, respectively. ASR; CR 
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According to the above analysis, the quantitative difference of the volatile 

components might partly explain the functional difference between ASR and CR. 

Further study suggested that volatile components might be not the active ingredients 

being responsible for ASR’s tonic effect. Traditionally, ASR is divided into two parts: 

the “body” and the “tail”. The “tails” are believed to have the same bioactivities as CR, 

and the “body” needs to be peeled or wine-washed in order to enhance ASR’s nutrient 

function (Ye et al., 2005). Therefore, we peeled the ASR samples and compared the 

volatile components between the “body” peel and the peeled “body”. The results 

showed that the ion intensity of the marker Z-ligustilide in “body” peel was two times of 

that in peeled “body” (Figure 6.4 C and D), which suggested that volatile components 

tended to naturally gather in peel. Similar examination on the ASR “tail” and the 

wine-washed ASR revealed that the content of Z-ligustilide in “tails” was close to that 

in CR because peel was the majority of the “tail”, and ASR’s Z-ligustilide remained 

about only 10% after wine-washing (Figure 6.4 E and F).  

Based on the above mentioned results, it is suggested that high content of volatile 

components might lead to the function similarity with CR, but is excluded by the 

preferred ASR samples like peeled or wine-washed ASR. A recently published report 

indicated that the ethanol extract rather than the water extract of ASR could activate 

blood circulation (Li et al., 2012). Our results further indicated that the volatile 

components as the majority of the ethanol extract might be responsible for the medicinal 

function of activating blood circulation, but not the tonic effect of blood nourishing. 

6.3.3.2 Carbohydrate components 
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The above mentioned report (Li et al., 2012) also indicated that the water extract 

rather than the ethanol extract is blood-nourishing. In this study, the chemical 

differences of carbohydrates between the water extracts of ASR and CR were therefore 

also investigated.  

First of all, the sugar composition in the water extracts of ASR and CR was 

determined using the established HPLC method. The contents of the released 

monosaccharides after acid hydrolysis of water extracts of 13 ASR samples and 10 CR 

samples were summarized in Table 6.1. The results demonstrated that sugar composition 

pattern exhibited high consistence in water extracts of ASR and CR (Figure 6.6 A-C). 

There are mainly five monosaccharides, including four neutral sugars and one uronic 

acid, namely Man, GalA, Glc, Gal and Ara, in the water extracts of both ASR and CR, 

in which Glc in all ASR and CR samples was dominant. Same pattern was also 

observed in the “body” peel, peeled “body”, “tail”, wine-washed ASR samples (Figure 

6.6 D-G), suggesting carbohydrates had a uniform distribution in different ASR partial 

materials and could not be removed by wine processing. The total sugar contents in 

water extracts of ASR and CR samples, namely the sum of the individual sugar contents, 

as summarized in Table 6.1, were close to each other. The 3D-PCA results showed an 

unclear classification trend among ASR and CR (Figure 6.5 B), suggesting that there 

was inconspicuous global chemical difference in carbohydrate components of water 

extracts between the tested ASR and CR samples.  
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Figure 6.6 Typical HPLC chromatograms of compositional monosaccharides analysis in 
different ASR and CR samples. A. mixed standards; B. water extract of ASR raw material; C. 
water extract of CR raw material; D. water extract of ASR “body” peel; E. water extract of 
Peeled ASR “body”; F. water extract of ASR “tail”; G. water extract of wine-washed ASR; H. 
ASR crude polysaccharides; I. CR crude polysaccharides. 
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HPGPC, a type of size exclusion chromatography that separates analytes on the 

basis of molecular size, is often used for the analysis of purified polysaccharides (Ciric 

et al., 2012) and was employed in this study for further examination on the water 

extracts of ASR and CR. The GPC chromatograms showed similar profiles between 

ASR and CR (Figure 6.7), in which there are two groups of chemical components: small 

molecules (MW<1000) and macromolecules (MW>1000); and small molecules are the 

dominant parts. However, the macromolecules in water extracts of ASR and CR showed 

interesting difference as illustrated in Figure 6.7 A and C in both the range of molecular 

size and the peak patterns. For example, ASR contained a wider range of molecular size 

than CR. It was suggested that ASR and CR might be different in macromolecules. 

 

 

 

 

 

 

 

 

 

 

Figure 6.7 Typical HPGPC chromatograms of ASR and CR water extracts before (A and C) and 
after (B and D) ethanol precipitation. 
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Therefore, ASR and CR crude polysaccharides were prepared and compared. First, 

the yields of crude polysaccharides were calculated and the results were shown in 

Figure 6.3. It could be seen that the CR samples were slightly richer in crude 

polysaccharides than the ASR samples. Then, the analysis of sugar composition 

indicated that the content of Glc which was dominant in water extract of ASR greatly 

decreased in polysaccharides due to ethanol precipitation, and ASR and CR crude 

polysaccharides exhibited completely different composition pattern as shown in Figure 

6.6 H and I. CR crude polysaccharide remained the Glc-dominant pattern, but in the 

pattern of ASR crude polysaccharide, GalA, Glc, Gal and Ara shared a similar ratio. 

The data on the contents of compositional monosaccharides in the crude 

polysaccharides were also processed using the same 3D-PCA statistical method and the 

results indicated conspicuous global chemical difference between the ASR and CR 

samples was appeared (Figure 6.5 C). And HPGPC analysis of the prepared crude 

polysaccharide confirmed their difference in the range of their molecular size (Figure 

6.7 B and D). In a word, the water extracts of ASR and CR showed little difference 

because of the dominant content of Glc, while crude polysaccharide really made the true 

difference. It could explain, from chemical perspective, why pharmacological effects of 

ASR and CR polysaccharides are different. As mentioned above, polysaccharides 

isolated from ASR and CR has been reported to be diverse in structural characteristics. 

Additionally, it was also experimentally confirmed that ASR polysaccharides exhibited 

multiple activities, such as hematopoietic, immunomodulatory, antitumor and 

hepatoprotective activities (Jin et al., 2012) while CR polysaccharides were reported to 
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be antioxidative (Fan and Zhang, 2006; Yuan et al., 2008). 

 

6.4 Concluding remarks 

According to the study, it could be concluded that high content of volatile 

components might be not needed by the processed ASR dietary supplements, and could 

be negative indicator for ASR quality. On the other hand, the crude polysaccharides 

made the true difference between the water extracts of ASR and CR, and might be 

responsible for ASR’s tonic function of blood-nourishing. The present study is helpful 

for exploration of the differences between ASR and CR and could lay a foundation for 

quality control of ASR related food supplements. 
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CHAPTER 7 EFFECTS OF GINSENG POLYSACCHARIDES ON THE IN VIVO 

PHARMACOKINETICS OF GINSENOSIDE RG1 IN INDUCED 

IMMUNOSUPPRESSED RATS 

7.1 Introduction 

Du-Shen-Tang (DST) is the concentrated decoction of the roots of Panax ginseng 

alone first documented in the “Shi Yao Shen Shu” (Books on Ten Magic Herbs) of the 

Yuan dynasty some 1600 years ago. It is traditionally used in China as a tonic and a 

panacea. Specifically, DST is believed to reinforce Qi, thereby relieving exhaustion and 

restoring health throughout the body (Li et al., 2010b). Currently, it is clinically used for 

enhancing immunity, slowing or reversing the effects of aging and treating cardiogenic 

shock and dilated cardiomyopathy (Kang and Min, 2012; Liu, 2005; Zheng, 1997).  

Phytochemical studies have demonstrated that ginsenosides and ginseng 

polysaccharides are the major bioactive components of DST; they could account for up 

to 90% and 10% of the dry weight of the total extracts, respectively (Li et al., 2010b). 

Ginsenosides have been fully investigated in multiple aspects. Their chemical structures, 

and in vivo and in vitro pharmacokinetics and bioactivities have been exhaustively 

studied. Modern experimental research has proved that ginsenosides possess extensive 

pharmacological activities including anti-tumor, immune-regulatory, anti-inflammatory, 

antiallergenic and hypoglycemic effects, etc. (Leung and Wong, 2010). Based on their 

different structural skeletons, ginsenosides can be roughly classified into four groups, 

namely protopanaxadiol, protopanaxatriol, ocotillol and oleanolic acid type (Park et al., 

2005). However, most ginsenosides are not absorbed in their original forms; that is, 
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after oral administration, they are largely metabolized in the gastrointesintal tract into 

secondary glycosides and/or aglycones. These latter forms are highly bioavailable and 

thus are mainly responsible for ginseng’s pharmacological effects (Hasegawa, 2004).  

Given this thorough research on ginsenosides, they are commonly recognized as 

the main active ingredients of ginseng as well as DST (Guo et al., 2013; Li et al., 2010b; 

Zhou et al., 2014). In contrast, the ginseng polysaccharides are always ignored or 

underestimated in DST in several aspects, e.g. chemical analysis and pharmacokinetics, 

due to their unknown complicated chemical structures and low bioavailability. As all 

known, traditional Chinese medicine (TCM) is characterized by multiple types of 

components, e.g. polysaccharides and small molecules, and has holistic attribute derived 

from multiple components acting and/or interacting, both with each other and with the 

human body. This therapeutic approach is commonly described as “multiple 

components against multiple targets” (Hao et al., 2009). As the two foremost kinds of 

components in DST, ginseng polysaccharides and ginsenosides therefore deserve to be 

studied together in terms of their interaction with each other from a holistic point of 

view. This approach could further evaluate the role of ginseng polysaccharides in DST 

and thereby lead to deeper, holistic understanding of therapeutic actions of DST. 

Unfortunately, however, it has never been concerned before; and small molecules and 

polysaccharides in DST, even other TCMs, are always individually studied.  

In this study, we studied the effect of ginseng polysaccharides on the in vivo 

pharmacokinetics of ginsenoside Rg1, a protopanaxatriol and also one of the most 

common ginsenosides in DST. The in vivo pharmacokinetics of Rg1 has been previously 
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well elucidated. In detail, it possesses a very low bioavailability (around 1.9%) in 

prototype after oral administration (Odani et al., 1983) and is mainly metabolized in the 

gastrointestinal tract via a hydrolization pathway, with the 6- and 20-glucosidic bond 

hydrolyzed gradually under the catalysis of β-glucosaccharase to generate four 

metabolites, Rh1, F1, and Ppt (Figure 7.1) (Feng et al., 2010; Hasegawa et al., 1996; Sun 

et al., 2005). Here Rg1 and its metabolites were dynamically determined in the blood, 

urine and feces samples under the in vivo action of pre-dosed ginseng polysaccharides. 

And induced immunosuppressed model rats were used.   

 
Figure 7.1 The main metabolic pathway of Rg1. 
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7.2 Experimental 

7.2.1 Materials and chemicals 

HPLC-MS grade acetonitrile from TEDIA Company Inc. (Fairfield, USA) was 

purchased. Other solvents and chemicals were of analytical grade. Purified water was 

prepared using a Milli-Q SP Reagent water system (Millipore, Bedford, MA, USA). 

The reference standards of ginsenosides Rg1, S-Rh1, R-Rh1, F1, Ppt and digoxin 

(the internal standard) were provided by Chengdu Must Bio-Technology Co, Ltd. 

(Chengdu, China). Their purities were determined to be higher than 95% by HPLC-MS 

analysis. 

The ginseng sample was collected from, Jilin Province in China, the geo-authentic 

producing area of ginseng, and was authenticated by Prof. Song-Lin Li according to the 

monographs documented in Chinese Pharmacopoeia (Part I, 2010 version). Voucher 

specimens were deposited at the Department of Pharmaceutical Analysis and 

Metabolomics, Jiangsu Province Academy of Traditional Chinese Medicine, Nanjing, 

China. 

7.2.2 Crude polysaccharide preparation and characterization 

6 kg of dried roots of ginseng were dried, sliced and then refluxed with 14-fold 

distilled water at 100 °C for 1.5 hour. The extraction was repeated and the extracted 

solutions were combined. Following that, the extracts were concentrated and 

precipitated with 95% ethanol. The generated precipitate was then washed with Sevag 

reagent (isoamyl alcohol and CHCl3 in 1:4 ratio) and dried under vacuum, yielding the 

crude polysaccharides. The prepared ginseng polysaccharide was chemically 
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characterized in terms of molecular weight distribution and monosaccharide 

composition analysis by using our previously reported methods (Xu et al., 2013a).  

7.2.3 Animal pretreatment and modeling for immunosuppression 

Male Sprague–Dawley rats (230~260 g) were purchased from Laboratory Animal 

Center of Nantong University (fully accredited by the Association for the Assessment 

and Accreditation of Laboratory Animal Care International). Each animal was evaluated 

to be in good health, and then acclimated to the laboratory environment (12 h light/dark 

cycle, at 23-27 °C, and 50-70% relative humidity) for two weeks before experiment. 

Feed and potable water were provided ad libitum during molding and were stopped in 

the last two days of experiments. All the animal experimental protocols were approved 

by the Animal Care Ethics Committee, Jiangsu Province Academy of Euthanasia for 

Animals. 

Twelve male SD rats were randomly divided into two groups of 6 rats each, control 

group and polysaccharide-treated group. The immunosuppressed model was induced in 

all rats by intraperitoneal injection of cyclophosphamide injections. In detail, the 

cyclophosphamide injection (8 mg/mL in a solution of saline) was administrated on 

alternate days six times (i.e. over the course of 12 days), with doses of 40 mg/kg the 

first time and 20 mg/kg the following five times. At the same time, the control group 

and polysaccharide-treated group were daily i.g. administrated saline and ginseng crude 

polysaccharide extracts (228 mg/kg), respectively. At the first day after modeling (day 

12), rats in both groups were i.g. administrated a single dose of Rg1 at 40 mg/kg in 

aqueous solution, and then they were placed into separate metabolic cages. 

161 
 



7.2.4 Biological sample collection 

Blood samples (approximately 300 μL) were collected from the retinal vein plexus 

into test tubes containing sodium heparin at -0.25 h pre-dosing for background 

measurements, and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48h after 

administration of the dose. Plasma was separated and prepared by centrifugation of the 

blood sample at 4000 rpm for 5 min, and then stored at -20 °C for further analysis. 

Moreover, urine and feces were also collected at -0.5 h pre-dosing and at five time 

periods, 0-4 h, 4-8 h, 8-12 h, 12-18 h, and 18-24 h, after dosing. The volume of each 

urine sample was measured and then maintained in a container surrounded by ice. The 

collected feces were air-dried and then powdered. Urine and powdered faces samples 

were stored at -20 °C for further analysis.   

7.2.5 Biological sample treatment 

Each plasma sample (100 μL) was placed into a centrifuge tube (1.5 mL), diluted 

with 0.5 mL methanol; then 10 μL digoxin (9.5 μg/mL) was added as an internal 

standard. After vibrating for 2 min and centrifuging at 15000 rpm for 5min, the 

supernatant was obtained and then evaporated under vacuum to dryness at 45 °C. The 

residue was re-dissolved in an aqueous methanol solution (50%, v/v; 1 mL). The 

solution was centrifuged at 15000 rpm for 5min, and the supernatant (5 μL) was 

subjected to LC-MS/MS analysis. The same procedure was also used for the treatment 

of urinary samples. As for fecal samples, each fecal sample was accurately weighed 

(approximately 0.1 g), placed into a centrifugal tube (1.5 mL), and dissolved with 1.0 

mL methanol. Then 10 μL digoxin (9.5 μg/mL) was added as an internal standard. After 
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vibrating for 2 min and centrifuging at 15000 rpm for 5min, each supernatant (5 μL) 

was subjected to LC-MS/MS analysis. 

7.2.6 LC-MS analysis 

7.2.6.1 UHPLC-QTOF-MS/MS 

For the modeling evaluation, UHPLC analysis was performed on a Waters 

ACQUITY UPLCTM system (Waters Corporation, Milford, MA, USA) equipped with a 

binary solvent delivery system and auto-sampler. The chromatography separation was 

achieved with a Waters ACQUTIY BEH C18 column (100 mm×2.1 mm, 1.7μm). The 

mobile phases consisted of (A) 0.1% formic acid in acetonitrile and (B) 0.1% formic 

acid in water. The UHPLC elution conditions were optimized as follows: isocratic 5% A 

(0-1 min), linear gradient from 5-75% A (1-7.5 min), isocratic 75% A (7.5-9.5 min), 

75-95% A (9.5-10 min), isocratic 95% A (10-12 min), then back to 5% A in 1 min. The 

flow rate was set at 0.4 mL/min. The temperatures of column and auto-sampler were 

maintained at 35 ºC and 10 ºC, respectively. The injection volume was 2 μL. 

Mass spectrometric analysis was performed on a SYNAPT G2-S QTOF-MS mass 

spectrometer (Waters MS Technologies, Manchester, UK), which was connected to a 

Waters ACQUITY UPLC system via an electrospray ionization (ESI) interface. Positive 

and negative ionization mode mass spectra were both collected on a MSE mode with a 

scan range of 100-1500 Da. During acquisition, alternating MS scans were collected at 

low (6 V) and high collision energy (30-60 V), providing precursor and fragment ion 

information, respectively. The mass spectrometer was operated with the following 

parameters: capillary voltage of 2.5 kV, cone voltage of 40 V, source temperature of 100 
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ºC, desolvation temperature of 400 ºC, desolvation gas flow of 700 L/h, and cone gas 

flow of 50 L/h. The Q-TOF acquisition rate was 0.2 s. 

The mass accuracy and reproducibility were maintained using a LockSprayTM. The 

[M−H]− (m/z 554.2615) and [M+H]+ (m/z 556.2771) ions of leucine-enkephalin (1 

ng/μL infused at 5 μL/min) were used as reference lock mass. Centroided data were 

acquired for each sample with dynamic range enhancement (DRETM) applied 

throughout the MS experiment to ensure accurate mass measurements. Data were 

collected and acquired using MassLynx V4.1 software (Waters Co., Milford, USA). 

7.2.6.2 LC-TQ-MS/MS analysis 

For the pharmacokinetic study, HPLC analysis was performed on a Waters Alliance 

HPLC 2695 system (Waters Co., Milford, MA, USA), equipped with a binary solvent 

delivery system, auto-sampler, and a photo-diode array (PDA) detector. The separation 

was achieved on a Waters Nova-Pak C18 analytical column (150×2.0 mm, 5 μm). The 

mobile phase consisted of (A) water and (B) acetonitrile. The gradient elution was 

optimized as follows: 28% B (0-2.5 min), 28-38% B (2.5-10 min) and 38-85% B (10–17 

min). The flow rate was 0.25 mL/min. The column and auto-sampler temperature were 

maintained at 35 °C and 10 °C, respectively. 

Mass spectrometry was performed on a Micromass Quattro-Micro™ 

triple-quadrupole mass spectrometer (Waters Co., Milford, MA, USA) with electrospray 

ionization (ESI) interface in negative mode. For all the mass scan modes, the capillary 

voltage was 3,500 V, desolvation gas was set to 450 L/h at 400 °C, and source 

temperature was set at 120 °C. Multiple reaction mode (MRM) was employed for 
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analysis. Various parent and daughter ions, corresponding cone and collision voltages 

were selected for different analytes (Table 7.1). Argon was employed as the collision 

gas at a pressure of 4.0×10-3 mbar. 

 
Table 7.1 Multiple reaction mode (MRM) conditions for analytes. 

Analytes Patent and daughter ions (m/z) Cone voltage (V) Collision voltage (eV) 
Rg1 823.6643.6 65 40 

R-Rh1/S-Rh1/F1 661.6661.6 65 20 
Ppt 441.4441.4 18 5 
Digoxin 803.6283.2 75 50 
 

 

7.2.7 Quantitative method validation 

The LC-MS/MS method for quantitative analysis of biological samples was fully 

validated in terms of selectivity, linearity, sensitivity, recovery, matrix effects, precision 

and stability.  

Selectivity was tested by analyzing blank plasma, urinary and fecal samples to 

determine their interferences at the retention times of the analytes under the adopted 

analytical conditions. For constructing calibration curves, methanol stock solutions (10 

μL) of mixed standards were diluted to appropriate concentrations and, respectively, 

added into blank plasma, urinary and fecal samples (100 μL). The solutions were then 

treated according the corresponding prepared method described in Section 7.2.5. At 

least six concentrations of the solution were analyzed in triplicate, and the calibration 

curves were constructed by plotting the peak area ratios with those of the internal 

standard versus the concentrations of analytes. The limits of quantification (LOQs) of 

analytes in each sample were determined at an S/N (signal to noise) of about 10. The 
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extraction recovery was evaluated as follows. First, mixed standard solutions (without 

the internal standard) with high, middle and low concentration levels were spiked into 

the original (untreated) biological samples (100 μL) and the samples were treated 

according the corresponding prepared method described in Section 7.2.5. Following that, 

the internal standard solution (10 μL) was added to generate solution I. For preparing 

solution II, the same mixed standard solutions together with the internal standard were 

spiked into the biological samples after extraction (Section 7.2.5). Subsequently, both 

solution I and II were evaporated under vacuum to dryness at 45 °C, and then 

re-dissolved in mobile phase for LC-MS/MS analysis. Extraction recoveries of analytes 

were calculated by comparing the individual peak ratios (with the internal standard) 

obtained from the two methods. The relative recoveries of analytes were determined by 

comparing the detected amounts (calculated with the established standard curves) in the 

biological samples, spiked before treatment, with the spiked amounts (high, middle and 

low levels). Matrix effects were evaluated by comparing the peak responses of analytes 

(spiked after treatment) in the treated blank samples with the corresponding responses 

of analytes obtained by direct injection of their standard solutions prepared in the 

mobile phase. Intra- and inter-day variations were chosen to determine the precision of 

the developed assay. For intra-day variability testing, the biological samples containing 

the mixed standards with high, middle and low concentration levels were treated 

(Section 7.2.5) and analyzed for five replicates within one day at each concentration, 

while for intra-day variability testing, the same examination was performed on three 

consecutive days. Stability of the analytes in the biological samples was evaluated at 
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room temperature, 4 °C, -20 °C, and repeating freezing and thawing, respectively.   

7.2.8 Data analysis 

Data are expressed as the mean ± standard deviation (SD). A non-compartmental 

analysis using the computer software DAS (Drug and Statistics for windows) (version 

2.0 PK, Chinese Pharmacological Association) was employed to calculate the 

pharmacokinetic parameters of Rg1. The area under the concentration-time curve from 0 

to t h (AUC0-t) was calculated by the linear trapezoidal method, while AUC from 0 to 

infinity (AUC0-∞) was calculated as the sum of AUC0-t and the extrapolated part of the 

AUC in the light of the following equations: 

AUC0-t =∑ (Ci+Ci-1) (ti-ti-1) / 2; 

AUC0-∞= AUC0-t + Ct /K; 

t1/2 = 0.693/ K; 

CL = D / AUC0-∞;  

Here Ct means the concentration at t h while K means the terminal rate constants. 

Pharmacokinetic parameters of excretion (urine and feces) were estimated by the 

following equations: 

The amount of excretion in each time duration (nmol) = the concentration in 

urine/feces at the specified duration × the total volume of urine at the same 

duration/Mol. wt. × 103; 

The accumulated amount of excretion (nmol) = the sum of amount of excretion in 

successive time durations; 

The accumulated excretion rate (%) = the accumulated amount of excretion / the 

dosage of administration × 100%. 

7.3 Results and discussion 
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7.3.1 Sample preparation optimization and chemical characterization of ginseng 

polysaccharides  

In this study, the extraction conditions were optimized in order to achieve complete 

extraction of carbohydrates. The saccharides in Ginseng Radix could be completely 

extracted at 100 °C after two extractions of 1.5 hour each because no sugar was detected 

by sulfuric acid–phenol analysis in the subsequent third extraction. With regard to 

ethanol precipitation, according to our previous study (Chapter 3), 95% ethanol could 

precipitate most polysaccharides in DST, while lower concentrations resulted in loss of 

polysaccharides with low molecular weight. Thus 95% ethanol was adopted for 

precipitation of ginseng crude polysaccharides.  

The prepared ginseng crude polysaccharides were then chemically characterized in 

terms of molecular weight distribution and monosaccharide composition analysis. A 

typical HPGPC chromatogram of ginseng polysaccharides is shown in Figure 7.2-A. As 

seen in Figure 7.2-A, three peaks can be found with molecular weight ranges less than 

1308.98 kDa (calculated by the established molecular weight-retention time calibration 

curve: y=-0.3207x+13.389, R2=0.9927). Monosaccharide composition analysis showed 

that ginseng crude polysaccharide mainly consisted of seven monosaccharides and 

uronic acids, namely mannose (Man), rhamnose (Rha), galacturonic acid (GlaA), 

glucose (Glc), galactose (Gal), arabinose (Ara) and fucose (Fuc). Their peak area ratios 

under the current chromatographic conditions were105:67:855:2163:515:416:31(Figure 

7.2-B and C). 
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Figure 7.2 Chromatograms of molecular weight distribution (A) and monosaccharide 
compositions (B and C) of ginseng crude polysaccharides. B: Mixed monosaccharide standards; 
C: the ginseng crude polysaccharide sample. 

 

7.3.2 Biological sample treatment optimization 

The analytes tracked in this study including the protopanaxatriol Rg1 and its 

metabolites, Rh1, F1 and Ppt differ greatly in chemical polarity (Feng et al., 2010; Sun et 

al., 2005). An appropriate extraction solution is therefore important to ensure acceptable 

recoveries for all analytes. Based on the results of preliminary experiments, methanol 

169 
 



could extract all analytes with satisfactory (Rg1, Rh1, F1) or acceptable (Ppt) recoveries 

while other solvents with more or less chemical polarity, such as aqueous, acetonitrile 

and ethyl acetate, could not adequately recover all analytes. For example, ethyl acetate 

was very ideal for Ppt extraction, but hardly extracted Rg1. Thus methanol was 

employed as the solvent for biological sample extraction. 

7.3.3 LC-MS/MS optimization 

In our previous study analyzing the water-soluble small molecules in Ginseng 

Radix, acetonitrile and water were selected as the mobile phases, and formic acid was 

used as the additive (Xu et al., 2013c). Thus acetonitrile and water were also used as the 

two mobile phases in this study for LC-MS/MS analysis. The acidic additive, formic 

acid, was also tested, but its effect was not as good. It significantly reduced the 

determined sensitivities of Rg1, Rh1 and F1 while only slightly enhancing that of Ppt, 

and was therefore not used here. Besides, it is well known that two mass transition 

MRM scans in LC-TQ-MS/MS analysis have more selectivity and the best sensitivity 

among all scan modes (Wu et al., 2012; Yan et al., 2012). Thus two mass transitions, e.g. 

m/z 823.6→643.6 for Rg1; m/z 661.6→661.6 for R-Rh1, S-Rh1 and F1; m/z 441.4→441.4 

for Ppt were monitored, respectively, in the MRM scans. The corresponding cone and 

collision voltages were also individually optimized (Table 7.1).  
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7.3.4 Quantitative method validation 

Typical chromatograms of the blank and drug-administrated/spiked biological 

samples are shown in Figure 7.3. The figures show that no interfering peaks are 

observed at the retention times of the six analytes (including the internal standard) in the 

chromatograms of blank plasma, urine and feces samples. It clearly demonstrates that 

the LC-MS/MS assay in MRM scan mode is competent in selectivity for analysis of Rg1 

and its metabolites in these biological samples.  

The linearity, regression and linear ranges of five analytes in plasma, urine and 

feces samples are listed in Table 7.2. The data indicate good relationship between 

concentrations and peak area ratios (with the internal standard) of the analytes within 

the test ranges (R2 ≥ 0.9989). The LOQs of all analytes in different biological samples 

were not more than 11.25 ng/mL. The established method also had acceptable extraction 

and relative recoveries (RSDs less than 11.30%) for all analytes in three concentration 

levels (Table 7.3). The ratios for matrix effect evaluation were not less than 65.99±1.88 

with RSDs less than 13.12%, which suggested that the matrix effects were acceptable 

(Table 7.3). The overall RSDs of intra- and inter-day variations for five analytes were 

not more than 11.71% and 11.28%, respectively (Table 7.4). As for the stability tests, 

the results showed that the analytes in the biological samples were stable at room 

temperature for at least 12 h, at 4 °C for at least 48 h, and at -20 °C for at least five days, 

with mean percentage changes of less than 15%. All these results demonstrate that the 

established LC-MS/MS method was linear, sensitive, precise, accurate, and stable 

enough for pharmacokinetic study of Rg1 in rats. 
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Figure 7.3 Chromatograms of blank and drug-administrated/spiked biological samples. A: Blank 
plasma; B: Spiked plasma; C: Plasma after 1h drug administration; D: Blank urine; E: Spiked 
urine; F: Urine after 1h drug administration; G: Blank feces; H: Spiked feces; I: Feces after 1h 
drug administration 
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Figure 7.3 (Continued) 
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Figure 7.3 (Continued) 
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Figure 7.3 (Continued) 
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Figure 7.3 (Continued) 
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Figure 7.3 (Continued) 
  

177 
 



 
Figure 7.3 (Continued) 
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Figure 7.3 (Continued) 
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Figure 7.3 (Continued) 
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Table 7.2 Calibration curves, LOQs of analytes from rat plasma, urine and feces. 
  Analytes Calibration curves R2 Range (ng/mL) LOQ (ng/mL) 
Plasma Rg1 f1 = 0.0088C1+0.0010 0.9993 0.208-520.00 0.21 
 S-Rh1 f2 =0.0143C2+0.0046 0.9994 1.03-515.00 1.03 
 R-Rh1 f3 = 0.013C3+0.0043 0.9997 1.03-515.00 1.03 
 F1 f4 = 0.0325C4+0.0062 0.9998 1.24 -620.00 1.24 
  Ppt f5 = 0.0112C5+0.0047 0.9992 11.25-562.50 11.25 
Urine Rg1 f1 = 0.0061C1+0.0036 0.9996 0.52-520.00 0.21 
 S-Rh1 f2 = 0.0099C2+0.0021 0.9995 2.06-515.00 1.03 
 R-Rh1 f3 = 0.0093C3+0.0041 0.9997 2.06-515.00 1.03 
 F1 f4 = 0.0273C4+0.0047 0.9997 2.48-620.00 1.24 
  Ppt f5 = 0.0072C5+0.0033 0.9998 11.25-562.50 11.25 
Feces Rg1 f1 = 0.0056C1+0.0032 0.9992 5.20-520.00 0.52 
 S-Rh1 f2 = 0.0091C2+0.0052 0.9989 10.30-515.00 2.06 
 R-Rh1 f3 = 0.0077C3+0.0019 0.9995 10.30-515.00 2.06 
 F1 f4 = 0.0309C4+0.0094 0.9998 12.40-620.00 2.48 
  Ppt f5 = 0.0138C5+0.0074 0.9995 11.25-562.50 11.25 

 

  

181 
 



Table 7.3 Recovery and matrix effects of analytes from rat plasma, urine and feces (n=3).  

 
Analytes 

Spiked 
(ng/mL) 

Extraction 
recovery 
(%) 

RSD (%) 
Relative 
recovery (%) 

RSD (%) 
Matrix 
effects (%) 

RSD (%) 

Plasma Rg1 0.52  80.10±7.93 9.9 104.73±9.21 8.79 92.16±6.12 6.64 
20.80  83.80±7.42 8.86 93.83±6.42 6.84 77.33±3.14 4.06 
520.00  82.47±4.51 5.47 99.96±10.47 10.48 79.30±3.21 4.05 

S-Rh1 2.06  83.44±5.45 6.53 91.16±8.83 9.69 90.18±11.83 13.12 
20.60  99.08±6.21 6.26 99.45±7.61 7.65 93.82±8.63 9.20 
515.00  89.83±8.90 9.91 104.43±11.35 10.87 95.09±6.01 6.32 

R-Rh1 2.06  85.14±5.21 6.12 94.44±4.65 4.92 93.76±5.49 5.86 
20.60  84.86±8.77 10.33 99.57±8.75 8.78 94.97±10.91 11.49 
515.00  93.64±8.12 8.68 99.67±9.12 9.15 95.77±2.99 3.12 

F1 2.48  87.86±8.82 10.04 98.57±9.88 10.02 85.09±4.77 5.60 
24.80  91.13±4.52 4.96 98.81±6.67 6.75 82.71±5.23 6.32 

620.00  99.32±2.07 2.08 102.21±7.32 7.16 77.98±7.78 9.98 
Ppt 11.25  74.53±8.00 10.73 97.28±10.22 10.50 65.99±1.88 2.86 

112.50  68.30±1.88 2.76 96.34±7.98 8.28 80.13±4.19 5.23 
562.50  74.30±1.48 2 92.55±7.46 8.06 73.73±7.28 9.88 

Digoxin 950.00  
    

89.64±4.04 4.51 
         
Urine Rg1 0.52  77.41±4.15 5.36 108.14±7.59 7.02 77.34±4.17 5.39 

20.80  80.15±7.22 9.01 100.97±2.18 2.16 78.24±4.09 5.22 
520.00  88.11±1.92 2.17 99.03±9.20 9.29 86.07±2.06 2.39 

S-Rh1 2.06  70.95±5.43 7.66 92.31±7.81 8.46 85.03±4.03 4.74 
20.60  71.74±1.83 2.54 95.70±2.17 2.27 92.46±1.56 1.69 

515.00  78.25±6.36 8.13 100.33±1.51 1.51 88.63±2.11 2.39 
R-Rh1 2.06  70.14±6.95 9.91 97.37±10.95 11.24 86.08±3.21 3.72 

20.60  72.79±2.65 3.65 101.55±2.14 2.11 98.69±6.52 6.60 
515.00  77.74±3.71 4.77 103.28±1.87 1.81 93.78±1.14 1.22 

F1 2.48  71.34±5.85 8.2 99.31±11.20 11.28 77.13±2.19 2.84 
24.80  74.00±1.57 2.12 94.29±2.56 2.71 87.76±63.08 3.52 
620.00  77.83±5.77 7.41 98.60±2.88 2.92 87.58±0.77 0.88 

Ppt 11.25  71.68±2.37 3.3 105.83±6.88 6.5 80.34±8.55 10.64 
112.50  61.67±0.93 1.51 101.50±3.62 3.57 85.14±6.55 7.70 
562.50  66.78±0.70 1.04 107.50±4.30 4.00 88.61±4.72 5.32 

Digoxin 950.00  
    

86.57±4.30 4.96 
         
Feces Rg1 5.20  78.70±2.76 3.51 89.18±5.64 6.33 94.53±3.88 4.11 

26.00  78.38±3.06 3.91 96.55±3.93 4.07 93.16±4.89 5.25 
260.00  80.71±4.81 5.96 92.78±3.67 3.96 85.07±4.69 5.51 

S-Rh1 10.30  89.03±1.69 1.9 91.87±9.88 10.76 79.01±2.39 3.03 
51.50  80.11±6.27 7.83 106.90±7.48 7.00 76.25±2.95 3.86 
515.00  84.02±4.60 5.48 93.02±3.32 3.56 82.08±4.64 5.66 
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Analytes 

Spiked 
(ng/mL) 

Extraction 
recovery 
(%) 

RSD (%) 
Relative 
recovery (%) 

RSD (%) 
Matrix 
effects (%) 

RSD (%) 

R-Rh1 10.30  85.19±8.62 10.12 94.19±4.96 5.26 77.39±3.33 4.30 
51.50  90.03±8.34 9.27 95.76±4.84 5.05 83.90±2.45 2.92 

515.00  93.16±5.01 5.37 101.24±1.30 1.29 82.48±7.60 9.21 
F1 12.40  90.56±8.97 9.9 93.34±6.52 6.99 75.59±6.82 9.02 

62.00  88.95±4.08 4.59 99.05±8.11 8.18 75.99±3.68 4.84 
620.00  90.27±5.62 6.23 98.35±1.60 1.62 79.92±7.22 9.03 

PPT 11.25  69.20±7.82 11.3 101.89±7.33 7.19 89.16±6.29 7.05 
56.25  73.65±6.52 8.86 102.01±5.73 5.62 77.87±5.21 6.69 

562.50  75.05±2.76 3.68 102.83±1.19 1.15 87.73±7.66 8.73 
Digoxin 95.00  

    
84.44±2.87 3.40 
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Table 7.4 Precisions for determination of analytes from rat plasma, urine and feces (n=5).  

 

Analytes 
Spiked 

(μg/mL) 
Intra-day precision Inter-day precision 

Detected (μg/mL) RSD (%) Detected (μg/mL) RSD (%) 
Plasma Rg1 0.52  0.52±0.02 4.23  0.54±0.05 8.79  

20.80  20.28±0.30 1.50  19.52±1.33 6.84  
520.00  530.83±35.35 6.66  519.79±54.47 10.48  

S-Rh1 2.06  1.88±0.22 11.71  1.88±0.18 9.69  
20.60  21.20±1.37 6.48  20.49±1.57 7.65  
515.00  518.01±66.99 12.93  537.81±58.47 10.87  

R-Rh1 2.06  1.98±0.11 5.57  1.95±0.10 4.92  
20.60  19.56±1.04 5.31  20.51±1.80 8.78  
515.00  536.45±34.56 6.44  513.31±46.94 9.15  

F1 2.48  2.39±0.16 6.51  2.44±0.24 10.02  
24.80  25.40±0.79 3.10  24.50±1.66 6.75  
620.00  645.79±56.94 8.82  633.73±45.36 7.16  

Ppt 11.25  11.52±0.83 7.18  10.94±1.15 10.50  
112.50  112.66±7.20 6.39  108.39±8.98 8.28  
562.50 535.81±46.15 8.61 520.59±41.95 8.06 

Urine Rg1 0.52  0.55±0.04 8.00  0.56±0.04 7.02  
20.80  21.16±0.51 2.41  21.00±0.45 2.16  
520.00  529.14±37.99 7.18  514.97±47.86 9.29  

S-Rh1 2.06  1.95±0.19 9.87  1.90±0.16 8.46  
20.60  19.55±0.49 2.49  19.71±0.45 2.27  
515.00  523.01±12.49 2.39  516.71±7.80 1.51  

R-Rh1 2.06  2.09±0.24 11.64  2.01±0.23 11.24  
20.60  21.09±0.45 2.15  20.92±0.44 2.11  
515.00  534.76±11.67 2.18  531.87±9.65 1.81  

F1 2.48  2.30±0.06 2.52  2.46±0.28 11.28  
24.80  23.07±0.45 1.97  23.38±0.63 2.71  

620.00  607.29±23.23 3.82  611.31±17.84 2.92  
Ppt 11.25  11.64±0.89 7.62  11.91±0.77 6.50  

112.50  113.74±7.09 6.23  114.19±4.07 3.57  
562.50 612.25±28.70 4.69 604.66±24.18 4.00 

Feces Rg1 5.20  4.75±0.31 6.48  4.64±0.29 6.33  
26.00  25.64±0.58 22.27  25.10±1.02 4.07  
260.00  244.08±11.54 4.73  241.22±9.55 3.96  

S-Rh1 10.30  10.01±0.50 5.03  9.46±1.02 10.76  
51.50  53.53±3.96 7.40  55.05±3.85 7.00  
515.00  488.69±4.78 0.98  479.03±17.08 3.56  

R-Rh1 10.30  9.99±0.11 1.06  9.70±0.51 5.26  
51.50  50.32±2.53 5.02  49.32±2.49 5.05  
515.00  517.85±3.82 0.74  521.41±6.72 1.29  
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Analytes 
Spiked 

(μg/mL) 
Intra-day precision Inter-day precision 

Detected (μg/mL) RSD (%) Detected (μg/mL) RSD (%) 
F1 12.40  11.12±0.28 2.50  11.57±0.81 6.99  

62.00  63.29±5.41 8.55  61.41±5.03 8.18  
620.00  615.03±5.63 0.92  609.80±9.90 1.62  

Ppt 11.25  11.28±1.08 9.58  11.46±0.82 7.19  
56.25  59.20±0.97 1.65  57.38±3.23 5.62  
562.50  582.26±1.03 0.18  578.42±6.68 1.15  

 

7.3.5 Modeling evaluation 

As already mentioned, DST is most frequently used for immunocompromised 

sufferers (Kang and Min, 2012). For imitating the practical application, the current 

study was performed on the model rats in immunosuppression. Intraperitoneal injection 

of cyclophosphamide has been widely used for inducing immunosuppressed models 

(Huyan et al., 2011). It was also employed here and its availability was evaluated by 

metabolomics. Metabolomics is a powerful approach mainly based on mass 

spectrometry techniques for comprehensively profiling the endogenous metabolites at a 

cellular or organ level to characterize the response of a living system to 

pathophysiological stimuli or genetic modification (Nicholson et al., 2002). It has 

multiple advantages, e.g. globality, dynamic determination, and speed. Recently, 

metabolomics has been employed to evaluate the availability of pathological animal 

modeling (Welthagen et al., 2005). In this study, a UPLC-Q-TOF-MS/MS-based 

metabonomics approach followed by statistical analysis was used for the evaluation of 

immunosuppressed modeling. To be more specific, the established 

UPLC-Q-TOF-MS/MS method was used, in both positive and negative modes, to 

analyze plasma samples collected at different times from the rats in both the control 
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group and normal group (see Sections 7.2.4 and 7.2.5). The data obtained (m/z, retention 

time and ion intensity) were then processed by principal component analysis (PCA), and 

the results are given in Figure 7.4. On the eighth day (after 4 injections of 

cyclophosphamide), the PCA score points in the model group and normal groups could 

be separated in negative mode, but were overlapped in positive mode. Significant 

differences between the two groups in both modes were achieved on the twelfth day 

(after 6 injections of cyclophosphamide). Given these results, the modeling duration 

was settled as 12 days. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.4 PCA scores plot of rat plasma of normal group and control (model) group (n=9). A: 
Positive mode; B: Negative mode. (▲) Normal group; (●) Model-8d group; (◆) Model-12d 
group 
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7.3.6 Pharmacokinetic study results 

The effects of ginseng polysaccharides on the pharmacokinetics of Rg1 were 

evaluated in vivo on the established model rats in immunosuppression. The mean drug 

plasma concentration-time curves of Rg1 after i.g. administration in the control and 

polysaccharide-treated groups and relevant pharmacokinetic parameters are shown in 

Figure 7.5 and Table 7.5, respectively. The metabolites were not detected in the plasma, 

which might be attributed to the insufficient methodological sensitivity. As shown, 

AUC0→t of Rg1 in the polysaccharide-treated group was significantly (p<0.05) increased 

compared with the control group (from 174.81±52.10 to 101.31±42.89 μg·h/mL), which 

suggested that ginseng polysaccharides could improve oral relative bioavailability of 

Rg1 in the model animals. In addition, the Cmax of Rg1 was obtained at 0.75±0.18 h with 

32.03±16.94 μg/mL in the control group. Subsequently, the concentration decreased 

rapidly and was completely cleared from the blood within 36 h. In the 

polysaccharide-treated group, however, the time for achieving the Cmax was prolonged 

to 0.88±0.14 h with a higher Cmax of 48.83±33.03 μg/mL. Furthermore, compared with 

the control group, the plasma clearance (CL) of Rg1 in the polysaccharide-treated group 

was also significantly (p<0.05) slower with a longer t1/2. These data clearly demonstrate 

that ginseng polysaccharides could slow in vivo clearance of i.g. administrated Rg1 in 

the model animals. 
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Table 7.5 Main pharmacokinetic parameters of Rg1 in the control and polysaccharide-treated 
groups. 

Group AUC0→t (μg·h/mL) t1/2 (h) Tmax (h) CL (L/h·kg) Cmax (μg/mL) 

Control 101.31±42.89 5.06±1.12 0.75±0.18 462.07±90.37 32.03±16.94 

Polysaccharide-treated  174.81±52.10* 8.50±4.71 0.88±0.14 242.74±71.26* 48.83±33.03 

∗ : P<0.05 
 
 

 

 

 

 

 

 

Figure 7.5 Main blood concentrations of Rg1 in the rats of control and polysaccharide-treated 
groups after i.g. administration within 48 h (n=6, mean ± SD). (  ) Polysaccharide-treated 
group; (◆) Control group 
 

In the control group, after i.g. administration, the accumulated excretion rates of 

Rg1 in urine and feces within 24 h were 3.21% and 10.29%, while those of the 

metabolites were 0.87% and 70.58%, respectively (Table 7.6 and Figure 7.6). This 

reveals that Rg1 is in vivo eliminated mainly by metabolism and feces are the major 

excretion route in the model animals.  

In the polysaccharide-treated group, ginseng polysaccharides could simultaneously 

reduce the accumulated excretion rates of Rg1 in urine and feces within 24 h to 2.92% 

and 9.11%, respectively, but without significant differences (Table 7.6 and Figure 7.6). 

However, the accumulated excretion rates of the metabolites in urine and feces were 
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significantly (p<0.05) changed to 2.57% and 78.13%, respectively, in the 

polysaccharide-treated group (Table 7.6 and Figure 7.6). The fact further states that 

ginseng polysaccharides could stimulate the gastrointestinal metabolism of Rg1 in the 

model animals. 

 
Table 7.6 Accumulated excretion rates (%) of Rg1 and its metabolites in urine and feces after 
oral administration of Rg1 in the control and polysaccharide-treated groups within 24 h. 

    Analytes 0-4 h 0-8 h 0-12 h 0-18 h 0-24 h 

Urine Control Rg1 2.24±0.81 2.74±0.86 2.97±0.91 3.11±0.87 3.21±0.91 

S-Rh1 0.01±0.00 0.02±0.01 0.03±0.02 0.05±0.02 0.06±0.01 

R-Rh1 0.00±0.01 0.01±0.01 0.09±0.08 0.12±0.10 0.12±0.10 

F1 0.01±0.01 0.01±0.01 0.07±0.06 0.09±0.08 0.09±0.09 
Ppt 0.00±0.00 0.00±0.00 0.00±0.00 0.41±0.19 0.60±0.28 

Total 2.26±0.82 2.78±0.87 3.16±0.85 3.78±0.78 4.07±0.84 

Polysaccharide-treated Rg1 0.88±0.45 1.21±0.36 1.90±0.50 2.81±0.56 2.92±0.56 

S-Rh1 0.03±0.04 0.20±0.07 0.66±0.25 0.94±0.40 1.01±0.44 

R-Rh1 0.01±0.01 0.05±0.01 0.09±0.01 0.12±0.03 0.14±0.04 

F1 0.03±0.03 0.31±0.18 0.90±0.40 1.01±0.48 1.06±0.52 

Ppt 0.00±0.00 0.05±0.03 0.12±0.09 0.29±0.02 0.36±0.03 

Total 0.95±0.51 1.82±0.22 3.66±0.77 5.18±1.03 5.49±1.07 

Feces Control Rg1 0.03±0.03 0.69±0.83 1.06±0.70 9.33±4.92 10.29±5.32 

S-Rh1 0.17±0.20 0.83±1.01 1.23±0.85 8.35±3.03 9.13±3.11 

R-Rh1 0.30±0.36 2.20±2.66 2.48±2.50 15.01±9.85 17.69±11.35 

F1 0.36±0.43 2.45±2.96 2.79±2.76 9.41±4.36 10.50±4.98 

Ppt 1.69±2.03 9.50±11.46 12.02±10.14 29.25±5.84 33.26±5.22 

Total 2.53±3.06 15.68±18.92 19.58±16.84 71.36±7.79 80.87±8.98 

Polysaccharide-treated Rg1 0.83±0.98 3.35±2.91 4.22±2.38 7.97±0.16 9.11±0.98 

S-Rh1 0.28±0.27 3.37±3.17 4.34±2.74 8.11±1.42 9.47±2.01 

R-Rh1 0.40±0.54 7.77±6.98 10.56±5.26 16.79±2.58 18.40±3.26 

F1 0.42±0.35 3.16±2.04 5.27±0.99 10.54±2.52 11.55±3.10 

Ppt 0.79±1.10 17.54±12.21 24.35±7.73 33.27±3.56 38.71±3.49 

Total 2.73±2.83 35.20±27.10 48.73±18.62 76.69±4.02 87.25±5.36 
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Figure 7.6 Accumulated amounts of urine (A) and feces (B) excretion of Rg1 and its metabolites 
in the rats of control and polysaccharide-treated groups after oral administration of Rg1within 24 
h (n=6, mean ± SD). (  ) Polysaccharide-treated group; (◆) Control group 
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Figure 7.6 (Continued) 
 

It has been mentioned above that the in vivo bioavailability of Rg1 is very poor 

(Odani et al., 1983). And the current study indicates that metabolites are the main 

existence forms of Rg1 after oral administration. It could be therefore speculated that, 
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actually, it is Rg1’s metabolites that are responsible for the pharmacological effects of 

Rg1. Further, the experimental results also revealed that orally administrated ginseng 

polysaccharides could enhance oral relative bioavailability of Rg1 and then stimulate its 

metabolism and the formation of the metabolites in the model animals with 

immunosuppression. Thus it might be concluded the ginseng polysaccharides help 

enhance the in vivo pharmacological effects of Rg1 in immunosuppressed rats by 

changing its in vivo pharmacokinetic behaviors. However, the mechanism involved in 

this activity remains unknown. In recent years, actually, intensive studies have verified 

that many ginsenosides, including Rg1, are mainly metabolized in the intestine by 

multiple intestinal bacteria, to name but a few, Prevotella oris, Eubacterium A-44, 

Bifidobacterium K506, Bacteroides JY6, Fusobacterium K-60 (Bae et al., 2002; 

Hasegawa et al., 1996; Tawab et al., 2003). Additionally, another recently-found way in 

which herbal polysaccharides appear to function is as prebiotics to stimulate the growth 

of intestinal bacteria and consequently make the host healthier (Hu et al., 2010b; 

Veereman, 2007; Wang et al., 2003b). Given the facts above, a gut microbiota-mediated 

relationship between ginseng polysaccharides and ginsenosides in DST is proposed to 

explain the experimental results obtained in this study. In detail, the orally administrated 

ginseng polysaccharide components, though not intestinally absorbed, could exert 

prebiotic-like effects to regulate and stimulate the growth and activities of gut bacteria. 

And the improved circumstances of gut microbiota would then in turn stimulate 

intestinal metabolism and absorption of ginsenosides co-administrated in DST. The 

hypothesis is worthy of being experimentally explored in our follow-up research. 
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7.4 Concluding remarks 

Taking Rg1 as an example, effects of ginseng polysaccharides on the in vivo 

pharmacokinetics of i.g. administrated ginsenosides were investigated on 

immunosuppressed model rats. The results showed that orally pre-dosed ginseng 

polysaccharides could enhance oral relative bioavailability of Rg1 and then further 

stimulate its metabolism and the formation of the metabolites in the model animals. 

That is to say, though poorly absorbed after oral administration, with significant impacts 

on ginsenosides, ginseng polysaccharides might still play a very important role in the 

pharmacological activities of DST.  
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CHAPTER 8 SUMMARY AND FUTURE PROSPECTS 

8.1 Summary 

In this study, using several medicinal herbs as the examples, multiple aspects in 

analysis of medicinal herbs’ decoction were investigated, in which small molecules and 

polysaccharides were of interests. The project could be summarized as follows: 

First, the quantitative levels of small molecules as the chemical markers for quality 

evaluation of medicinal herbs’ decoction were concerned with an example. An effective 

quantitative method based on multiple wavelengths high performance liquid 

chromatography (HPLC) was developed for simultaneous determination of fourteen 

major ingredients (seven alkaloids, four flavonoids, three terpenes) in 

Huang-Lian-Jie-Du-Tang (HLJDT). The established method was well validated in terms 

of linearity, sensitivity, precision, accuracy and stability and then successfully applied to 

quality evaluation of commercial HLJDT samples. The developed method can 

quantitatively determine up to 70% of the chemicals of commercial HLJDT sample and 

effectively revealed the significant variation in the quality of the commercial HLJDT 

samples collected from different locations. 

Then, shifting to polysaccharides, the feasibility of ethanol precipitation for natural 

polysaccharide precipitation was critically evaluated. The precipitation yields produced 

in varied ethanol concentrations (10-90%) were qualitatively and quantitatively 

evaluated by high-performance gel-permeation chromatography (HPGPC), using two 

series of standard glucans, namely dextrans and pullulans, as reference samples. The 

results indicated that the response of a polysaccharide’s chemical structure, with 
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diversity in structural features and molecular sizes, to ethanol concentration is the 

decisive factor in precipitation of these glucans. Polysaccharides with different 

structural features, even though they have similar molecular weights, exhibit 

significantly different precipitation behaviors. For a specific glucan, the lower its 

molecular size, the higher the ethanol concentration needed for complete precipitation. 

The precipitate yield varied from 10% to 100% in 80% ethanol as the molecular size 

increases from 1 kDa to 270 kDa. Our trials, using different ethanol concentrations to 

extract the polysaccharides from water extracts of eight natural materials, demonstrate 

and confirm that natural polysaccharides respond differently to different concentrations 

of ethanol in ethanol precipitation extractions. This study aims to draw scientists’ 

attention to the fact that, in extracting natural polysaccharides by ethanol precipitation, 

the ethanol concentration must be individually optimized for each type of material.  

Subsequently, in light of the defects of currently available methods for qualitative 

and quantitative characterization of natural polysaccharides, a novel and rapid 

HPGPC-based approach is described for quality assessment of saccharide-dominant 

herbal materials by simultaneously qualitative and quantitative analysis of saccharide 

components. Dendrobium officinale was employed as the model herb. First, an HPGPC 

fingerprint based on the molecular weight distribution of its carbohydrate components 

was established for qualitative identification of D. officinale. Then, HPGPC-guided 

dominant holistic polysaccharide marker was separated using ultra-filtration followed 

by HPGPC determination for quantitative evaluation of D. officinale. The experimental 

results suggested that this method is more efficient, stable and convenient compared 
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with the currently available methods for authentication and quality evaluation of D. 

officinale. Besides, to facilitate this study, research on chemistry, bioactivity and quality 

control of Dendrobium was systematically reviewed in advance. 

After these studies separately focusing on small molecules or polysaccharides in 

decoctions of medicinal herbs, from a holistic point of view, the two kinds of chemical 

components were investigated together in both chemical analysis and pharmacokinetic 

studies on model medicinal herbs. Angelicae Sinensis Radix (ASR) and Chuanxiong 

Rhizoma (CR) are two commonly used herbs with different blood-related bioactivities 

for tonic and medicinal purpose, respectively. However, current available scientific 

evidences indicate that they share similar chemical profiles in which volatile 

components are the majority. In order to figure out the decisive chemical differences 

and then establish their individual quality control methods, comprehensive comparison 

on chemical ingredients between ASR and CR was carried out in this study. First, 

volatile components between ASR and CR were determined and compared by gas 

chromatography-mass spectrometry (GC-MS). Then, carbohydrates and 

polysaccharides in ASR and CR were qualitatively and quantitatively characterized 

using HPGPC and HPLC. Furthermore, these components in different botanical parts 

and processed products of ASR were also investigated. The results not only confirmed 

that ASR and CR contains similar profile of volatile components, but also suggested 

that the volatile components might be not the nutrient ingredients of ASR and the 

polysaccharides make real differences between ASR and CR. 
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Lastly, effects of ginseng polysaccharides on the in vivo pharmacokinetics of i.g. 

administrated ginsenoside Rg1 on induced immunosuppressive model rats. The results 

showed that orally pre-dosed ginseng polysaccharides could enhance the oral relative 

bioavailability of Rg1 and then further stimulate its metabolism and the formation of the 

metabolites in the model animals. That is to say, though poorly absorbed after oral 

administration, with significant impacts on ginsenosides, ginseng polysaccharides might 

still play a very important role in the pharmacological activities of Du-Shen-Tang 

(DST). The study is helpful to provide a scientific insight for DST and, broadly 

speaking, also other TCMs’ decoctions. 

 

8.2 Future prospects 

As already mentioned above, one of the most striking characteristics of herbal 

medicines is that they integrate the activities of multiple types of components, e.g. 

polysaccharides and small molecules. Clinical experience over thousands of years 

indicates that herbal medicines comprise multiple active components that target multiple 

sites in exerting synergistic therapeutic efficacies. This is the main principle of herbal 

medicines, and understanding of this should guide every aspect and phase of research 

on herbal medicines. Thus, the principle “multiple components against multiple targets” 

will lead our subsequent studies on medicinal herbs’ decoction in both chemical 

analysis and pharmacological evaluation by which the integral attributes of herbal 

medicines could be comprehensively evaluated.  

Firstly, an online multiple dimensional chromatography system for simultaneously 
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qualitative and/or quantitative determination of multiple kinds of chemical components 

in herb medicines including polysaccharides, oligosaccharides, monosaccharides and 

non-saccharide small molecules will be proposed. Chemical diversity of Dendrobium 

officinale has been revealed in our previous study in Chapter 5. D. officinale will be 

therefore sequentially investigated as the model herb in this study. 

Then, as known, D. officinale is typically documented as a rare stomach-beneficial 

herb in many renowned Chinese medicine classics, for example, “Sheng Nong's Herbal 

Classic” and “Compendium of Materia Medica”. In modern clinical application, D. 

officinale’s decoction has been widely used as an adjuvant therapy in combination with 

chemotherapeutic drugs for treatment of gastric cancer to enhance therapeutic efficacy, 

reduce adverse effects and, consequently, improve the life quality of patients, and the 

efficacy has been proved by large groups of clinical trials in China (Yao et al., 2010; 

Zhang et al., 2000). However, the related action mechanism still remains unknown. The 

representative bibenzyls and phenanthrenes in D. officinale, namely moscatilin and 

denbinobin, have been preliminarily studied with regard to their anti-gastric cancer 

activities (Ho and Chen, 2003; Song et al., 2012). But as is typical of past research, 

these studies not only failed to explore the holistic characteristic of TCMs but also did 

not reflect the practical clinical mode of administration. Hence, multiple components in 

D. officinale should be holistically studied with respect to the synergetic effects with 

chemotherapy on gastric cancer to provide a scientific basis for its clinical use. Based 

on our previous chemical exploration in Chapter 4 and 5, an HPGPC-guided chemically 

global partition of D. officinale is planned, and different chemical groups, representing 
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multiple components in different molecular weight distribution ranges, e.g. 

polysaccharides, oligosaccharides and small molecules, will be produced. The 

synergetic effects and underlying mechanisms of these different chemical groups with 

chemotherapy in counteracting gastric carcinoma will then be systematically 

investigated at the molecular, cellular, and whole-animal levels.  

Lastly, the effects of ginseng polysaccharides on the pharmacokinetic of 

ginsensosides will be further studied. First, normal group will be set. Then, to imitate 

practical useage, ginseng polysaccharides together with ginsenosides will be 

administrated instead of ginseng polysaccharide alone in the polysaccharide-treated 

group and another group administrated with ginsenosides without ginseng 

polysaccharides will also be set. Additionaly, the total ginsenosides, but not only 

ginsenoside Rg1, will be qualitatively and quantitatively investigated in this study. 

Following that, the proposed gut microbiota-mediated relationship between ginseng 

polysaccharides and ginsenosides in DST (Chapter 7) will also be explored on model 

animals.  
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