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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. 
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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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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) 
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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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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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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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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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2.2.4 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 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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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) 
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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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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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