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ABSTRACT  

 

Heshouwu, derived from the tuberous root of Polygonum multiflorum Thunb., 

has been widely used in Traditional Chinese Medicine for centuries. It has a 

purgative effect when unprocessed, while used as a tonic after processing, and 

according to historical records, heshouwu should be steamed and sun-dried nine 

times to generate processed materials.  

Up until recently, three aspects of heshouwu have not been sufficiently 

studied. First, it is necessary to understand the history of heshouwu, including the 

emergence in the literature, the descriptions of its appearance, its effects and 

controversies, as well as the evolution of heshouwu’s processing. As historical 

texts open a window to the past and clarify the issues of important clinical 

concern in the modern world, historical bencao (materia medica) literature 

research should be conducted. Second, in commercial herbal markets, heshouwu 

is divided into different grades based on morphological features of size and 

weight. A heavier weight and larger size command a higher price, and both sellers 

and buyers accept this grading. However, two questions arise: Does the existing 

grading system accurately represent the quality of the herb?  If not, is there 

another system, or are there other morphological criteria, that could be used to 

reliably represent quality?  Lastly, while heshouwu has been processed for 

hundreds of years, including the present, the chemistry of that processing has not 

been well studied. 

To address these issues, this study is divided into four parts. First, a 

systematic review of the text and illustrations in historical bencao literature is 

conducted. The bencao literature study illustrates the origin, botanical 
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characteristics, actions and processing of heshouwu, as well as the origin and 

historical evolution of baishouwu (“white heshouwu”).  

To assess the inherent quality of various grades and to explore whether the 

existing grading system of heshouwu accurately represent quality, we firstly 

analyze the chemical profiles in three different commercial grades of heshouwu 

raw materials, using UPLC-QTOF-MS/MS and UPLC-QqQ-MS/MS. The results 

reveal that production regions and specifications both influence the chemical 

constituents of heshouwu, but the influence of production regions is even more 

evident. Differences in the constituents among production regions are relatively 

large, while there are no significant differences among the existing commercials 

grades.  

As the relationship between bioactive components and morphological 

features can be found by analyzing the distribution patterns of chemical 

components in different tissues, in order to find other reliable morphological 

indicators of quality furtherly, a method combining laser microdissection (LMD), 

UPLC-QTOF-MS/MS and UPLC-QqQ-MS/MS is applied in the third part of this 

study. The results indicate that, heshouwu with broader cork and phloem, as seen 

in a transverse section, are typically of better quality as these parts are where the 

bioactive components accumulate.  

In the fourth part of this study, targeted and untargeted metabolomics 

analyses using UPLC-QTOF-MS/MS and UPLC-QqQ-MS/MS are integrated to 

investigate the processing chemistry of heshouwu. The results demonstrate that 

processing by nine cycles of steaming and drying can qualitatively and 

quantitatively alters the chemical profile of heshouwu, which suggests that the 

nine cycles might be necessary for the preparation of processed heshouwu.  
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The historical bencao literature research, chemical basis for quality 

evaluation, as well as processing chemistry investigation of heshouwu have been 

conducted in depth in this study. The results will be helpful in providing scientific 

basis of heshouwu’s application. 
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CHAPTER 1 GENERAL INTRODUCTION  

 

1.1 Background information of heshouwu 

Polygoni Multiflori Radix (fleeceflower, heshouwu in Chinese, HSW), 

belonging to the genus of Polygonum, derived from the tuberous root of 

Polygonum multiflorum Thunb.
 
(Chinese Pharmacopoeia Commission, 2015), has 

been used in Chinese medicine for centuries. Polygonum is one of a genus in the 

family of Polygonaceae with approximate 230 species which distributed all 

around the world. About 120 species can be found in China, and they are mainly 

distributed in eastern, central, southern and southwestern China. About 80 species 

are used as medicinal herb in China, such as P. bistorta, P. cuspidatum, P. 

tinctorium Ait. etc. (Chinese Pharmacopoeia Commission, 2015; Zhao and Xiao, 

2010). 

In Chinese Medicine, HSW was used in the form of both raw and processed 

materials with different therapeutic effects. The raw material is used to resolve 

toxin, disperses welling-abscesses, moisten the intestines, and frees the stool, 

whereas the processed HSW is used to supplement the liver and kidney, boot the 

blood and help for hair-blacking. The emergence of HSW material with a human 

shape reflects a pursuit of its supplementing effects. However, reports of HSW 

toxicity have repeatedly surfaced in recent years, attracting widespread concern 

(Furukawa et al., 2010; Jung et al., 2011). The potential toxic chemical 

components and mechanisms that may linked with the hepatotoxicity remain 

unclear (Li et al., 2017; Lin et al., 2015b; Wang et al., 2015). The extensive use of 

processed CMMs is a distinctive feature of traditional Chinese medicine, with the 

objectives to reduce toxicity and enhance efficacy. However, as technology has 
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changed and as demand has increased, processing methods of HSW have changed 

greatly. It is not clear whether side effects of CMMs are due to modern processing 

methods, which may produce different chemical products than traditional 

processing methods.  

 

1.2 Previous studies on heshouwu 

1.2.1 Authentication  

1.2.1.1 Authentication of source plants 

The original plant of HSW, Polygonum multiflorum (Figure 1.1), is an 

herbaceous perennial winding vines plant. Its tuberous roots are hypertrophic, 

dark brown to reddish brown, and oval in shape. Its stem is hollow, woody in the 

base part. Leaves alternate, petioles, narrowly ovate or heart-shaped, 4-8 cm in 

length, 2.5-5 cm in width, apex acuminate, heart-shaped or arrow-shaped in the 

base, entire, above dark green, below pale green, both sides are smooth and 

hairless. The inflorescences are paniculate. Bracts triangular-oval, 2-4 flowers in 

each bract; flowers small, 2 mm in diameter, multiflorum, pedicel small and 

sectional, membranous bracts in the base; perianth green to white and petaline, 

fivepartite; lobes oval, ranging, three outside large, winged at the back, expand on 

fruiting; stamens 8, shorter than perianth; pistil 1, ovary triangular, style very 

short, stigma tripartite with capitulum. Achenes oval, 3 ribbed, black, shiny, 

wrapped by persistent perianth, perianth distinctly 3-winged. Flowering: August 

to September. Fruiting: September to October. The plant is widely cultivated in 

Gansu, Shanxi, Sichuan, Yunnan, Guizhou, Henan and other countries as well as 

Japan and other countries. It grows in valley thickets, hillside forests, trenches, 

and other elevations 200-3000 meters above sea level (State Administration of 
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Traditional Chinese Medicine of China, 1999). As a widely used traditional 

Chinese medicine, this plant has some of its impurities, involving nine species 

belonging to six families. The original plant was Pteroxygonum giraldii Dammet 

Diels, P. cillinerve (Nakai) Ohwi, P. subertii L. Henry, Cynanchum auriculatum 

Royle ex Wight, C. wilfordi (Maxim) Hemsl. Stephania cepharantha Hayata, 

Musa basjoo Sieb.et Zucc, Dioscorea bulbifera L (Chen et al., 1999; Cheng and 

Zhou, 2005; Xia and Li, 2003; Zhao et al., 1998). 

 

     Figure 1.1 Original plant of heshouwu (Polygonum multiflorum)  

1.2.1.2 Macroscopic identification 

The tuberous root is irregular fusiform shape or lump-shape, 7-17 cm long, 

2.5-11 cm in width, externally reddish-light brown to reddish-dark brown. 

Fractured surface is light yellowish-brown or light reddish-brown. “cloudy 

brocade pattern” is the main identification character of HSW, which refers to 

numerous abnormal vascular bundles on the cortex of the tuberous root’s 

horizontally cut surface, and form a pattern similar to the shape of clouds. Also 

called “cloud lines (雲紋, yun wen)” (Figure 1.2). Texture is heavy, firm, not 
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easily broken, with an obviously powdery fractured surface. Odour is faint, and 

taste is slightly bitter but sweet and astringent (Chinese Pharmacopoeia 

Commission, 2015; Zhao and Chen, 2014).  

 

 

 

 

 

Figure 1.2 Heshouwu (Polygoni Multiflori Radix) A: crude drug; B: decoction 

pieces 

 

1.2.1.3 Microscopic identification  

1.2.1.3.1 Transverse section 

The cork consists of several layers of cells filled with brown contents. 

Phloem relatively broad, scattered with numerous abnormal vascular bundles. The 

central cambium of the tuberous root is in the form of a ring, few vessels in the 

xylem, surrounded by some tracheids and a few xylem fibres. The parenchyma 

cells contain cluster crystals of calcium oxalate and starch grains (Chinese 

Pharmacopoeia Commission, 2015; Zhao and Chen, 2016). 

1.2.1.3.2 Powder 

Yellowish brown in colour. Simple starch grains numerous, surround, 8-31 

μm in diameter. Cluster crystals of calcium oxalate 14-129 μm in diameter, jointed 

with prisms occasionally found; bright when observed under the polarized 

microscope. Cork cells fill with yellowish-brown contents. Vassels 12-118 μm in 

diameter (Figure 1.3) (Chinese Pharmacopoeia Commission, 2015; Zhao and 

Chen, 2016).  

A B 
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Figure 1.3 Microscopic features of powder of heshouwu. 1: Cluster crystals of 

calcium oxalate; 2: starch grains; 3: vassels; 4: cork cells. a: Features under the 

light microscope; b: Features under the polarized microscope. 
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1.2.2 Chemical consituents 

Approximate 100 chemical compounds have been isolated from HSW, 

including stilbenes, anthraquinones, flavones and other compounds (Liang et al., 

2018; Lin et al., 2015b), and the details are shown in Table 1.  

1.2.2.1 Stilbene 

Stilbene is the most abundant components of HSW, with the representative of 

trans-2,3,5,4’-tetrahydroxystilbene-2-O-β-glucoside (trans -THSG) and its isomer, 

cis-THSG, etc. Trans-THSG is not only abounding, but also a unique compound 

of HSW, and thus it was selected as chemical markers (Liang et al., 2018).  

1.2.2.2 Quinones  

Most of the quinones in HSW are anthraquinones, which are considered to be 

another class of major bioactive constituents of HSW, with the representative of 

emodin, physcion, emodin-8-O-β-D-glucopyranoside, and 

physcion-8-O-β-D-glucopyranoside, etc. Based on previous study, these chemicals 

were also used as markers in chemical analysis (Liang et al., 2018).  

1.2.2.3 Flavonoids 

HSW is rich in flavonoids, which have anti-oxidant activities (Li et al., 2012). 

The flavonols in Polygonum multiflorum include tricin, rutin, luteolin, quercetin, 

kaempferol, isoorientin, apigenin, hyperoside, vitexin, 

andquercetin-3-O-arabinoside. Inaddition, a novel flavono stilbene glycoside was 

isolated from Polygonum multiflorum and identified as polygonflavanol A (Chen 

et al., 2012). 

1.2.2.4 Other compounds 

There are also other chemical compounds in HSW, including caffeic acid, 

copaene, hexanoic acid and β-amyrin.  
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Table 1.1 Chemical constitunents in heshouwu 

No. Chemical constituents 

Molecular 

formula 

CAS 

 

Reference 

1 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucopyranoside C20H22O9 82373-94-2 (Liang et al., 2018) 

2 cis-2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucopyranoside C20H22O9 82373-94-2 (Liang et al., 2018) 

3 tetrahydroxystilbene-O-(malonyl)-hexoside C23H24O12 - (Qiu et al., 2013) 

4 tetrahydroxystilbene-O-(acetyl)-hexoside C22H24O10 - (Qiu et al., 2013) 

5 tetrahydroxystilbene-O-(caffeoyl)-hexoside C29H28O12 - (Qiu et al., 2013) 

6 tetrahydroxystilbene-O-(coumaroyl)-hexoside C29H28O11 - (Wang et al., 2017) 

7 tetrahydroxystilbene-2-O-(feruloyl)-hexoside C30H30O12 - (Wang et al., 2017) 

8 di-THSG C40H42O18 - (Wang et al., 2017) 

9 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-(2″-O-monogalloyl esters)-glucopyranoside C27H26O13 - (Nonaka et al., 1982) 

10 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-(3″-O-monogalloyl esters)-glucopyranoside C27H26O13 - (Nonaka et al., 1982) 

11 2,3,5,4’-tetrahydroxystilbene-2,3-di-O-β-D-glucopyranoside C26H32O14 - (Zhou, 1994) 

12 2,3,5,4’-tetrahydroxystilbene-2-O-(6″-O-α-D-glucopyranosyl)-β-D-glucopyranoside C26H32O14 - (Chen et al., 2000) 
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13 2,3,5,4’-tetrahydroxystilbene-2-O-(6″-O-acetyl)-β-D-glucopyranoside C23H26O9 - (Chen et al., 2000) 

14 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-xyloside C19H20O8 - (Sun et al., 2013) 

15 2,3,5,4’-tetrahydroxystilbene-2-O-(4″-O-α-D-glucopyranosyl)-β-D-glucopyranoside C26H32O14 - (Li et al., 2013) 

16 2,3,5,4’-tetrahydroxystilbene-2-O-(6″-O-β-D-glucopyranosyl)-β-D-glucopyranoside C26H32O14 - (Li et al., 2013) 

17 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucopyranosyl-4’-O-α-D-glucopyranoside C26H32O14 - (Li et al., 2013) 

18 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucopyranosyl-5-O-α-D-glucopyranoside C26H32O14 - (Li et al., 2013) 

19 2,3,5,4’-tetrahydroxystilbene-2-O-(2″-O-β-D-fructofuranosyl)-β-D-glucopyranoside C26H32O14 - (Li et al., 2013) 

20 resveratrol C14H12O3 501-36-0 (Xu et al., 2009) 

21 resveratrol –galloyl-hexose C27H26O12 - (Wang et al., 2017) 

22 polydatin C20H22O8 65914-17-2 (Xu et al., 2009) 

23 rhaponticoside C21H24O8 - (Yi et al., 2007) 

24 cis-2,3,5,4’-tetrahydroxystilbene-2-O-(6″-O-α-D-glucopyranosyl)-β- D-glucopyranoside C26H32O14 - (Xiao et al., 2002) 

25 polygonumosides A C27H24O13 - (Yan et al., 2014) 

26 isomer of polygonumosides A C27H24O13 - (Wang et al., 2017) 

27 polygonumosides B C27H24O13 - (Yan et al., 2014) 



9 

 

28 polygonumosides C C40H44O19 - (Yan et al., 2014) 

29 polygonumosides D C40H44O19 - (Yan et al., 2014) 

30 emodin C15H10O5 518-82-1 (Sun et al., 2013) 

31 aloe-emodin C15H10O5 481-72-1 
(Wang et al., 2017) 

32 chrysophanol C15H10O4 481-74-3 (Yi et al., 2007) 

33 physcion C16H12O5 521-61-9 (Sun et al., 2013) 

34 rhein C15H8O6 478-43-3 (Wang et al., 2017) 

35 emodin-8-O-β-D-glucopyranoside C21H20O10 23313-21-5 (Sun et al., 2013) 

36 physcion-8-O-β-D-glucopyranoside C22H22O10 26296-54-8 (Qiu et al., 2013) 

37 emodin-1-O-β-D-glucopyranoside C21H20O10 38840-23-2 (Qiu et al., 2013) 

38 physcion-1-O-β-D-glucopyranoside C22H22O11 26296-54-8 (Wang et al., 2017) 

39 emodin-O-(malonyl)-hexoside C24H22O13 - (Qiu et al., 2013) 

40 physcion-8-O-(6’-O-acetyl)- β-D-glucopyranoside C25H24O13 - (Sun et al., 2009) 

41 di-emodin-di-hexose C42H42O18 - (Wang et al., 2017) 

42 emodin-8-O- (6’-O-acety1)-β-D-glucopyranoside C24H22O13 - (Sun et al., 2013) 
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43 emodin-8-O-β-D-glucopyranoside-sulfate C21H20O13S - (Wang et al., 2017) 

44 citreorosein C15H10O6 481-73-2 (Qiu et al., 2013) 

45 citreorosein-O-hexose C21H20O11 - (Qiu et al., 2013) 

46 citreorosein-8-methyl ether C16H12O6 - (Li et al., 2013) 

47 emodin-3-methyl ether-8-O-β-D-glucopyranoside C22H22O10 - (Xu et al., 2006) 

48 rhein-methyl ether C15H10O6 - (Wang et al., 2017) 

49 hydroxyl-rhein C15H8O7 - (Wang et al., 2017) 

50 acetyl-aloe-emodin C15H10O5 - (Wang et al., 2017) 

51 chrysophanol-8-O-β-D-glucopyranoside C24H22O12 13241-28-6 (Yi et al., 2007) 

52 6-methoxyl-2-acetyl-3-methyl-1,4-naphthoquinone-8-O-β-D-glucopyranoside C20H20O10 - (Chen et al., 2000) 

53 carboxyl emodin C23H22O11 - (Wang et al., 2017) 

54 tricin C17H14O7 520-32-1 (Xu et al., 2006) 

55 proanthocyanidin B1 C30H26O12 20315-25-7 (Liang et al., 2018) 

56 proanthocyanidin B2 C30H26O12  29106-49-8 

 

(Liang et al., 2018) 

57 catechin C15H14O6 7295-85-4 (Liang et al., 2018) 
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58 epicatechin C15H14O6 490-46-0 (Liang et al., 2018) 

59 epicatechin-3-gallate C22H18O10 1257-08-5 (Liang et al., 2018) 

60 acetyl-epicatechin-glucoronide C23H26O12 - (Wang et al., 2017) 

61 rutin C27H30O16 153-18-4 (Xu et al., 2006) 

62 luteolin C15H10O6 491-70-3 (Xu et al., 2006) 

63 quercetin C15H10O7 117-39-5 (Xu et al., 2006) 

64 kaempferol C15H10O6 520-18-3 (Xu et al., 2006) 

65 kaempferol-O-hexose-rhamnose C27H30O15 - (Thiruvengadam et al., 2014) 

66 isoorientin C21H20O11 4261-42-1 (Xu et al., 2006) 

67 apigenin C15H10O5 520-36-5 (Xu et al., 2006) 

68 hyperoside C21H20O12 482-36-0 (Xu et al., 2006) 

69 3-O-galloyl-(-)-catechin C22H15O10 - (Nonaka et al., 1982) 

70 3-O- galloyl-(-)-epicatechin C22H15O10 - (Nonaka et al., 1982) 

71 3-O-galloyl-procyanidin B2 C37H30O16 - (Wang et al., 2017) 

72 3,3’-di-O- galloyl-procyanidinB2 C44H34O20 - (Wang et al., 2017) 
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73 vitexin C21H20O10 3681-93-4 (Wang et al., 2017) 

74 vitexin-O-gallate C28H24O14 - (Wang et al., 2017) 

75 isomer of vitexin-O-gallate C28H24O14 - (Wang et al., 2017) 

76 quercetin-3-O-arabinoside C20H18O11 22255-13-6 (Xu et al., 2006) 

77 polygonflavanol A C35H34O15 - (Chen et al., 2012) 

78 gallic acid C7H6O5 149-91-7 (Liang et al., 2018) 

79 methyl gallate C8H8O5 99-24-1 (Yang et al., 1998) 

80 copaene C15H24 3856-25-5 (Chen et al., 2000) 

81 eicosane C20H42 112-95-8 (Chen et al., 2000) 

82 hexanoic acid C6H12O2 142-62-1 (Chen et al., 2000) 

83 caffeic acid C9H8O4 331-39-5 (Wang et al., 2017) 

84 carboxyvanillic acid C9H8O6 2134-91-0 (Wang et al., 2017) 

85 vanillic acid C8H8O4 121-34-6 (Wang et al., 2017) 

86 hexadecanoic acid ethyl ester C18H36O2 - (Chen et al., 2000) 

87 octadecanoic acid ethyl ester C20H40O2 - (Chen et al., 2000) 
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88 ethyl oleate C20H38O2 111-62-6 (Chen et al., 2000) 

89 squalene C30H50 111-02-4 (Chen et al., 2000) 

90 5-carboxy- methyl-7-hydroxy-2-methylchromone C12H10O5 - (Qiu et al., 2013) 

91 torachrysone-8-O-β-D-glucopyranoside C20H24O9 64032-49-1 (Wang et al., 2017) 

92 torachrysone-O-acetyl-glucopyranoside C22H26O10 - (Wang et al., 2017) 

93 torachrysone-O - galloyl-glucoside C27H28O13 - (Wang et al., 2017) 

94 1,2-dihydroxynonadecone-3 C19H38O3 - (Chen et al., 2000) 

95 β-amyrin C30H50O 559-70-6 (Rao et al., 2009) 

96 β-sitosterol C29H50O 83-46-5 (Rao et al., 2009) 

97 2-vinyl-1-h-indole-3-carboxylic acid C11H9NO2 - (Wang et al., 2017) 

98 ceratric acid C9H10O4 - (Wang et al., 2017) 
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1.2.3 Pharmacological studies 

1.2.3.1 Anti-aging effect 

HSW extracts, as well as its major bioactive compounds, such as THSG, 

emodin and emodin-8-O-β-D-glucopyranoside, are proved to have anti-aging 

effect and the ability to treat Alzheimer’s disease (AD) and Parkinson’s disease 

(PD) (Su et al., 2014). There are four major potential mechanisms involved in 

treating AD and PD. Since acetylcholinesterase (AChE) inhibitors are used to treat 

AD and PD, HSW extracts and its bioactive coumounds were reported to inhibit 

AChE (Liu et al., 2008). Li et al found the stilbene THSG to have neuroprotective 

effects against MPP
+
 induced damage, as well as protection of dopaminergic 

neurons by preventing MPTP-induced decreases in substantia nigra tyrosine 

hydroxylase positive cells (Li et al., 2010; Qin et al., 2011). Studies evaluated the 

antioxidant effect of THSG against aging by improving the memory ability, 

regulating the body weight, increasing superoxide dismutase (SOD), decreasing 

the levels of LPF in the brain (Song et al., 2003; Zhou et al., 2013). Wang and 

Zhang found that THSG can enhance cognition (Wang et al., 2011; Zhang et al., 

2013).  

1.2.3.2 Immunomodulating effect 

The polysaccharides and glycosides are the major bioactive components of 

HSW, which are related to the immunomodulating effect. Chen found a 

polysaccharide fraction as a potential immunomodulatory agent (Chen et al., 2012; 

Zhang et al., 2008). Sun found that the anthraquinone glycosides of HSW to have 

immunomodulating effect too. In addition, the water extracts of HSW were also 

proved to have this effect, as the extract could increase the serum IgM level (Hu et 

al., 2009), enhance the function antibody-secreting cells (Qin et al., 1990), as well 
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as enhace the eccects of ConA and LPS (Deng et al., 2008). 

1.2.3.3 Anti-hyperlipidaemia effect 

THSG, polysaccharides and anthrquinones are the major constitutents of 

HSW that contributed the antioxidant function, and these ingredients are also 

related to anti-hyperlipidaemin effect. Wang and Gao found THSG can decrease 

total cholesterol (TC), triglyceride (TG), low-density lipoprotein cholesterol 

(LDL-C) and malondialdehyde (MDA) (Gao et al., 2007; Wang, 2009). Zhai 

found that the serum levels of TC, TG and AI were decreased by the 

polysaccharides of HSW (Zhai et al., 2010). Other studies also suggest that the 

anthrquinones class bioactive components of HSW, such as emodin and physcion, 

may be the effective components for the treatment of hyperlipidaemia (Wang et al., 

2014; Wu, 2008). 

1.2.3.4 Anticancer effect 

The major substances attributed to the anti-cancer effect are reported to be 

anthraquinones. Two potential mechanisms, effect on apoptosis and on the 

P13K/AKT/mTOR are involved. Hsu found that emodin could suppress liver 

cancer cells (Hsu et al., 2010), and others found aloe-emodin could inhibit growth 

of cervical cancer (Guo et al., 2007), bladder cancer (Lin et al., 2006) and tongue 

squamous cancer (Chiu et al., 2009).  

1.2.3.5 Hepatoprotective effect 

Many studies were carried on to investigate the hepatoprotective effect of the 

compounds and extracts of HSW. Emodin (Bhadauria, 2010), rhein (Zhao et al., 

2011), polysaccharide (Lv et al., 2014) and the water extracts of HSW were 

proved to exhibit hepatoprotective effect (Huang et al., 2007). 

1.2.3.6 Effects on hair growth and coloring 
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Pharmacological studies on preventing and treatment of hair loss and hair 

graying were also conducted. Chen found that mice treated with THSG showed 

significantly hair growth (Chen et al., 2018). Tang found the extracts of HSW 

could be used as a potential agent for the treatment of hair graying (Thang et al., 

2017). Han found processed HSW, instead of HSW crude drug should be used to 

blacken hair (Han et al., 2015). In addition, torachrysone-8-O-β-D-glucoside was 

reported to have the effect of increasing hair-fiber length (Sun et al., 2013).  

1.2.4 Toxicology 

Reports of HSW toxicity have repeatedly surfaced in recent years, attracting 

widespread concern. Studies suggested that HSW may link with hepatotoxicity. 

However, the toxicity mechanism of HSW liver injury remained unclear. Hepatic 

adverse effects of HSW have been reported since the 1990s in China, Canada, 

Korea, Japan, Britain, Italy, Australia, and other countries (Niu, 1996; Ye, 1996). 

According to the reports, acute toxic hepatitis is the most commonly adverse 

effect (Jung et al., 2011; Park et al., 2001). Studies reveal that the aqueous, 

acetone and water extracts of HSW may have liver toxicity (Li et al., 2017), and 

other studies suggest that processed HSW may also has hepatotoxicity (Wu et al., 

2012). Li and Sun found that emodin, which is the major bioactive component of 

HSW, had concentration- and time- dependent toxic effects on L-O2 cells; while 

Sun found that rhein, antoher chemical compound of HSW, had time- and 

dosages- dependent toxic effects on L-O2 cells (Sun et al., 2010). Kang found that 

emodin and chrysophanol are the hepatotoxic components (Kang et al., 2017). 

There were controversial opinions about the toxicity of stilbenes. Yang found that 

stilbenes, including THSG, showed no obvious toxicity (Yang et al., 2018). But 

Meng found that cis-stilbene glucoside induced immunological idiosyncratic 
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hepatotoxicity (Meng et al., 2017). In addition, researchers found that HSW might 

exert lung toxicity (Li et al., 2013). 

 

1.2.5 Quality control 

Many studies on the quality control of HSW were done. Trans-THSG, 

emodin, and physcion are the major markers used for quality assessment. 

Combined anthraquinone (calculate by emodin and physicon) and trans-THSG 

are used as chemical markers for this plant material in the Pharmacopoeia of the 

People’s Republic of China (Chinese Pharmacopoeia Commission, 2015). During 

the past years, chromatographic separation and mass spectrometry (MS) are used 

for HSW quality assessment, including qualitative determination (Sun et al., 2009; 

Yi et al., 2007) and quantitative analysis (Han et al., 2009; Jiao and Zuo, 2009). 

Until recently, in most of the research, an entire CMM or a whole plant was taken 

as the basis of research analysis (Xu et al., 2009). Recently, with advanced 

technology, histochemical studies can extend to tissue-level analysis by a 

combination method of LMD and UPLC/MS, which creates a reliable 

morphological criterion for quality grading of HSW (Liang et al., 2018).   

 

1.3 Objectives and design of this study 

In this research, the Chinese herbal medicine, heshouwu, is taken as a 

research target. In the first part of this study, the purpose of bencao research is to 

directly face the questions of the origin, botanical characteristics, actions and 

processing of heshouwu, as well as the origin and historical evolution of 

baishouwu (“white heshouwu”). This part utilizes a systematic review of the text 

and illustrations in historical bencao (materia medica) literature to investigate 
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heshouwu from the above aspects. 

The second part of this research aims to analyze the chemical components of 

heshouwu from different growing areas with various commercial grades. The 

quality assessment could be conducted on the chemical analysis instruments, 

ultra-high-performance liquid chromatography quadrupole/time-of-flight-mass 

spectrometry (UPLC-QTOF-MS) and ultra-high performance liquid 

chromatography with Triple Quadrupole mass spectrometry (UPLC-QqQ-MS).  

In the third part of this study, since the cross-section is a key feature for 

morphological evaluation as it reveals tissue structures and arrangement, this part 

aims to map the accumulation and distribution features of secondary metabolites 

and extend the use of new techniques to the field of quality assessments of 

heshouwu. The studies of macroscopic structure, microscopic character, and 

phytochemistry give a strong scientific explanation of the concept of 

“Differentiating Appearance to Determine Quality”. The research of 

tissue-specific metabolite profiling in heshouwu could be conducted by combining 

the techniques of laser microdissection (LMD), UPLC-QTOF-MS and 

UPLC-QqQ-MS.  

As for the clinical use, the raw HSW (RHSW) is traditionally processed by 

nine cycles of steaming and drying to generate processed HSW (PHSW); RHSW 

and PHSW have distinct medicinal purposes based on the theory of traditional 

Chinese medicine. While HSW has been processed with the nine cycles for 

hundreds of years, including today, the chemistry behind that processing has not 

been well studied. As a result, in the forth part of this study, targeted and 

untargeted metabolomics analyses are integrated to investigate the processing 

chemistry of HSW by UPLC-QTOF-MS/MS and UPLC-QqQ-MS/MS.  
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CHAPTER 2 BENCAO LITERATURE INVESTIGATION 

 

2.1 Introduction  

Heshouwu (HSW) is a Chinese medicinal herb that is currently garnering 

widespread interest both within China and around the world. The media 

continuously shows HSW supposedly in human shapes, leading some to praise 

HSW as “one of the four ancient Chinese magical herbs.” At the same time, 

reports on the toxicity of HSW have also been repeatedly published in domestic 

and international studies (Jung et al., 2011; Park et al., 2001).
 
As a result, doctors, 

patients, medicinal examination bodies, and herbal growers and sellers are all 

paying close attention to this issue.  

Nevertheless, when did HSW first appear? When did it become popular? Is 

HSW a medicine? Is it a tonic? How does it change when processed? How come 

records in Chinese and Japanese pharmacopeia are inconsistent? How should its 

effects be classified? How come reports on HSW are so common in recent years? 

These questions remained to be answered. 

This research aims to fully clarify and organize these varying issues from the 

perspective of the Chinese materia medica. 

 

2.2 Origin fables of heshouwu 

The earliest appearance of HSW can be found in the Tang dynasty 

philosopher Li Ao’s A Record of Heshouwu (Heshouwu Lu) (see Chapter 18 of the 

Liwengongji, written in 813 CE) (Li, 1983). Its story, which took place over 200 

years before the Li Ao was born, was told in the legendary tales of Told Fables 

(Huoyue Yuyan). In this story, a man happened to eat a root which cured his 
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congenital impotence, and then allowed him to live to 160 years of age and father 

19 children; these children lived to 160 yeares old and fathered 30 children; the 

grandchildren lived to 130 years old and fathered 21 children. Among the 

grandchildren was one named Heshouwu, which is how later generations 

gradually came to call this herb heshouwu. The absurdity of this story goes 

without saying. 

In the story, there are many contradictions regarding the herb. It is descried 

as a vine, its tendrils intersect at night, its leaves are like peach or willow, it is a 

solitary plant, and it has a trunk that is divided between male and female, with 

yellow-white male seedlings. It is also described as having seedlings like the herb 

bixie, being a trailing plant, and possessing roots like cup fist (Li, 1983). 

In 785 CE, Li Ao became a successful candidate in the highest imperial civil 

service examinations (Li, 1983) and started writing. He once wrote the parable of 

The Gallant Horse and the Country Horse (Li, 1983), so A Record of Heshouwu 

might also have been meant to be a fable. Medical texts and materia medica prior 

to and including the Tang dynasty did not mention this herb. Yet A Record of 

Heshouwu seems both real and fictional; it borrowed the style of materia medica 

entries, causing later generations to believe it as real. Materia Medica for Famine 

Relief (Jiuhuang Bencao) catalogs HSW, stating 50-years old called slave of the 

hill, 100-years old called brother of the hill, 150-years old called uncle of the hill, 

200-years old called old-man of the hill, and 300-years old called eidolon of the 

hill (Zhu, 1999). The descriptions are fantastic.  

This magical tale describes the shape of the plant in simple terms, making it 

hard to clearly differentiate which plant is being described. In order to obtain this 

imaginary treasure of immortality, much like the imaginary ginseng searched for 
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in Journey to the West, people began scouring nature for the most similar-looking 

plants. Numerous plants from the Polygonum, Apocynaceae, Menispermaceae, 

Dioscoreaceae, Leguminosae, Vitaceae and Convolvulaceae families possess 

creeping qualities with rough cup fist roots below. So which plant could shoulder 

the burden of possessing these magical tonifying effects? 

 

2.3 The inconsistent descriptions of heshouwu’s appearance 

Over 159 years after A Record of Heshouwu was written, The Materia Medica 

of the Kaibao Era (Materia Medica of Kaibao Era; 972 CE) was the first to 

officially include HSW into a materia medica, transforming it into an actual 

identifiable herb (Lu and Li, 1998).
 
So which plant was first identified as HSW? 

The Materia Medica of the Kaibao Era was organized by academics and 

herbal scholars during the Kaibao era (968-976 CE) of the Song Dynasty, as a 

successor to the Tang dynasty government tradition of writing and compiling 

medical books. In the entry on HSW, the herb’s place of origin, alternate names, 

usage, and to some extent appearance and effects, are all clearly based on the 

information in A Record of Heshouwu. The HSW described in this book is, 

“tendrilled, purple, yellow-white flowers, leaves like Chinese yam yet not glossy.   

Leaves opposite, roots large as a fist; with both red and white varieties; red are male, 

white are female (Lu and Li, 1998)”. The HSW used today (Polygonum 

multiflorum Thunb.) (Chinese Pharmacopoeia Commission, 2015)
 

for its 

description in terms of being tendrilled, purple, and having yellow-white flowers, 

leaves like Chinese yam yet not glossy… roots large as a fist,” does not fit the 

description of “Leaves opposite, with both red and white varieties.” In other words, 
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the plant described in The Materia Medica of the Kaibao Era includes the HSW 

(Polygonaceae) used today, but does not unquestionably point to this plant. 

During the Northern Song dynasty, Su Song’s Illustrated Classics of Materia 

Medica (Ben Cao Tu Jing) also included HSW. Its recorded that the place of origin 

was much more widespread, while the description of the plant itself was more 

detailed, stating it “produces seedlings in spring, possesses opposing leaves, like 

the sweet potato but without a sheen; its stems and tendrils extend between the 

wood walls. In summer and autumn, it possesses yellow-white flowers. Its seeds 

have edges, small like buckwheat, but as big as a grain. It takes root in autumn and 

winter, and it is as big as a fist, each is pentagonal, similar to a small sweet melon. 

There are two varieties: red are male, white are female (Su, 1994). As for the, 

“yellow-white flowers, its seeds have edges, small like buckwheat, but as big as a 

grain,” which clearly marks the HSW of the Northern Song dynasty as Polygonum 

multiflorum Thunb. The description of its root is also very accurate. However, the 

Illustrated Classics of Material Medica left a ‘tail’ that is difficult to understand: 

“There are two varieties: red are male, the white ones are female.” Is this “two 

varieties” actually two variations of the same plant? Or are they two completely 

different plants? Does this red and white refer to the stems or the root tuber? The 

sweet potato Ipomoea batatas (Linn.) Lam of the Convolvulaceae family does 

possess red and white varieties, which seems to satisfy that aspect of the 

description, but the plant haven’t yet to be introduced to China at that time. The 

exterior of the HSW cultivated in the Deqing area of Guangdong province was 

yellow-white in color, while the wild variety of HSW was a purple-red color. So 

there is still no consistent and clear answer for the description given of HSW 

having both red and white varieties.  
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Figure 2.1 Illustrations of heshouwu in the historical bencao literature. A: 

Illustrated Classics of Materia Medica (本草圖經); B: Materia Medica of the 

Shaoxing Period (紹興本草) 

 

The first drawing of HSW in the Illustrated Classics of Materia Medica is 

shown in Figure 2.1 A (Su, 1994). However, it does not show the plant’s fruit, and 

only shows a couple side by side. Perhaps this is depicting one male and one female. 

The tendrilled herb is shown with three small leaves, which are facing and opposing 

each other. Looking at the shape of the leaves in the picture, we can see that it does 

not conform to the text description in the book. The picture is clearly not HSW, and 

in fact may be in the Convolvulaceae family. Some creeping plants in the 

Leguminosae family also possess large roots, such as Pachyrhizus 

erosus (Linn.) Urb. or Apios fortunei Maxim. In addition, Ampelopsis 

japonica (Thunb.) Makino and Tetrastigma hemsleyanum of the Vitaceae family 

also possess robust roots. The leaves in Figure 2.1 A could have been wrongly 

B A 
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drawn as three small leaves. As the drawing is simple, it is impossible to 

definitively identify which plant it is, but we can confirm that it is not the HSW 

we use today. The HSW shown in the Illustrated Classics of Materia Medica 

contradicts the text itself and is not the same plant. 

The Materia Medica Arranged According to Pattern (Jing Shi Zheng Lei Bei 

Ji Ben Cao), states “in the center it has the form of birds and beasts, with the 

shape of mountains and hills; it is highly valued” (Tang, 1999a).   This 

description may relate to the feature of abnormal vascular bundles seen in 

Polygonaceae plants. The earliest edition of this book is the Southern Song 

Dynasty Liu Jia edition, but the illustrations and a portion of the characters for 

HSW are no longer clear (Tang, 1999a). In the Da Guan edition of the Materia 

Medica Arranged According to Pattern from 1108, the text and pictures inside are 

more clear, and the HSW illustrations did not feature an intertwined shape (Tang, 

1999b). Later, in the early Southern Song Dynasty, the state-sponsored medical 

scholar Wang Jixian and others published a supplement to the Materia Medica 

Arranged According to Pattern (Shao Xing Bencao, 1159 AD). The HSW 

illustration in this text (Figure 2.1 B) (Tang, 1999c) shows two plants entwined 

together, possibly due to influence from the A Records of Heshouwu (Heshouwu 

Lu). 

In the Ming dynasty, the Essentials of Materia Medica Descrptions was 

influenced by the Illustrated Classic of the Materia Medica; the author  

consciously painted the root of one red and one white (Figure 2.2 A) (Liu, 1999) 

to match the textual description of both white and red forms. However, this image 

only reflects the personal understanding of the painter, and the actual plant that is 

used medicinally as HSW does not have red and white forms. 
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Figure 2.2 Illustrations of heshouwu in the historical bencao literature. A: 

Essentials of Materia Medica Distinctions (本草品匯精要); B: Materia Medica 

for Famine Relief (救荒本草) 

 

The first clear illustrations of HSW were recorded in the Materia Medica for 

Famine Relief (Figure 2.2 B) (Zhu, 1999), and the textual descriptions were based 

on the A Records of Heshouwu and the Essentials of Materia Medica Distinctions. 

The inflorescence, leaf shape, habitat, and root shape represented in the image are 

in accordance with the textual description, and the illustration does not depict 

male and female plants, suggesting that the illustration was based on a model of 

the live plant. Later, in the text Taiyi Immortal Compendium on the Nature of 

Materia Medica (Tai Yi Xian Zhi Ben Cao Yao Xing Da Quan), the illustration of 

HSW (Figure 2.3 A) (Wang, 1999) was simple and rough, so it is difficult to 

confirm what the plant is. In the Ming dynasty Compendium of Materia Medica 

(Jinling edition) (Figure 2.3 B) (Li, 2008), the illustration seems to be a 

combination of the images from the Essentials of Materia Medica Distinctions 

and the Materia Medica for Famine Relief, and the sprawling, singular leaves, 

flower spikes, and thick roots are similar to the HSW used today. However, 

A 
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drawing two entwined plants reflects the legend of HSW. Later, the illustrations in 

the Qian edition of the "Compendium of Materia Medica" (Zheng, 2006) have no 

new distinguishing features except for smoother lines and sharper detail. At the 

end of the Ming Dynasty, the illustration of HSW from the Origins of the Materia 

Medica (Figure 2.3 C) (Li, 1999) obviously shows the root of Polygonum 

multiflorum. The Origins of the Materia Medica is a unique text in herbal 

medicine (Zhao, 2014); the medicinal materials in the book are drawn by the 

author Li Zhongli after actual observation. The annotations in the figure are very 

concise, and the image illustrates the authenticity of medicinal materials and the 

characteristics of authentic materials. 

 

 

 

 

 

 

 

 

 

 

Figure 2.3 Illustrations of Heshouwu in the historical bencao literature. A: Taiyi 

Immortal Compendium on the Nature of Materia Medica (Tai Yi Xian Zhi Ben 

Cao Yao Xing Da Quan, 太乙仙制本草藥性大全); B: Compendium of Materia 

Medica (Jinling edition) (本草綱目金陵版); C: Origins of the Materia Medica 

(本草原始); D: Illustrated Reference of Botanical omenclature (植物名实图考) 

 

A 
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Heshouwu images in Qing dynasty texts were basically imitate of the 

Essentials of Materia Medica Distinctions, Materia Medica for Famine Relief and 

the Compendium of Materia Medica; however, the illustration of HSW in the 

Illustrated Reference of Botanical omenclature (Figure 2.3 D) (Wu, 1999) is the 

most accurate pre-modern illustration, particularly with its intricate depiction of 

the inflorescence and the fruit.  

In conclusion, although several different kinds of plants were likely recorded 

as HSW, from the Northern Song dynasty Essentials of Materia Medica 

Distinctions onward, the most popular plant is likely Polygonum multiflorum 

Thunb., which is red HSW. However, it is not certain what plant was recorded in 

the A Records of Heshouwu. Based on the influence of the A Records of 

Heshouwu, a plant that is similar to the description was gradually recognized.  

 

2.4 The efficacy and controversy of heshouwu 

Treatment effect is a key component in terms of assessing the origin of HSW. 

The A Records of Heshouwu described the unusual medicinal effects of HSW, and 

people eagerly sought to find this plant with supplementing effects and the ability 

to blacken the whiskers. After the people of the time found a plant that seemed 

similar to HSW, the medicinal effects of the legend were transmitted down and 

ascribed to it, which can be seen in the Materia Medica of Kaibao Era. 

In the Materia Medica of Kaibao Era, the following actions were ascribed to 

HSW: “governs scrofula, disperses swelling from welling-abscesses, treats wind 

sores of the head and face, the five hemorrhoids, relieves heart pain, boosts Qi and 

Blood, blackens the moustache and hair, and improves the complexion. Taking it 

for an extended time grows sinew and bone, boosts essence and marrow, and 
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extends life to prevent aging. It also treats all postpartum disorders and abnormal 

vaginal discharge” (Lu and Li, 1998). Among these, the supplementing actions 

clearly came from the actions promoted in the A Records of Heshouwu. After the 

Materia Medica of Kaibao Era, the Tai Ping Sheng Hui Fang (982-992 AD) 

includes 21 formulas that use HSW, indicating that the previously mythical 

substance began to really be used as a medicine for treatment. The formulas that 

use HSW within the Tai Ping Sheng Hui Fang include all the actions and 

indications found in the Materia Medica of Kaibao Era (Wang, 1958). 

The Materia Medica of Kaibao Era and the Tai Ping Sheng Hui Fang were 

both officially edited works of Northern Song dynasty, published 16 years apart. 

Both were consistent in the actions they accorded to HSW (Lu and Li, 1998; 

Wang, 1958), which indicates that HSW had exceeded the scope of actions 

described in the A Record of Heshouwu (invigorating yang, extended life, 

increasing fertility, and restoring hair color). 

The Materia Medica of Kaibao Era was an officially edited bencao, so that 

the authors could not have been unaware of the legendary origin HSW’s 

supplementing effects. Given that this medicinal was mostly used in clinical 

practice to treat scrofula and sore toxin, the authors put the uses in first place, and 

put the supplementing actions reported in the A Record of Heshouwu after them. 

The style of the Northern Song bencao was to provide all layers of knowledge that 

had accumulated, without adding any commentary. For this reason, there were no 

commentaries on the effects of HSW in the Northern Song Bencao literature. 

From the Northern Song Tai Ping Sheng Hui Fang to the early half of the 

Ming Dynasty, HSW was mainly said to be used for scrofula, sore toxin, and 

swollen welling-abscesses, and as such it was paid little attention. Thus the 
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bencao literature mostly only transmitted the statements of previous scholars. The 

Japanese Pharmacopoeia continued to follow the records of the Song, it has had 

no record of the supplementing actions of HSW even to this day (The Japanese 

Pharmacopoeia. Sixteenth edition, 2012). However, HSW came into stardom in 

the middle of the Ming Dynasty. And the reason for this was that during the reign 

of Jiajing (1522-1567), there was a burst of popular interest in invigorating yang 

(enhancing virility) and supplementation, as a result which of people became 

fascinated with all manner of strange medicines. The A Record of Heshouwu is 

doubtlessly a product of this misguided popular interest. The reason for sudden 

rise in popularity of HSW is recorded in the Ming Dynasty bencao literature. 

The Hidden Aspects of the Materia Medica (1565) states, “HSW is used 

today by a famous cabinet member, who prepares it according to a special method 

as a pill that he takes every day. Because of its great effectiveness, its fame has 

spread. Ba Xian Dan, Yan Shou Dan, and Ba Shen Zhi Bao Dan are formulas that 

attest to this” (Chen, 1999). 

The Compendium of Materia Medica (1578) state: “Although this medicinal 

has been around for a long time, few people use it. At the beginning of Jia-Jing’s 

reign, Shao Ying-Jie Zhen-Ren used it in Mei Ran Dan Fang. Emperor Shi Zong 

Su took it and found it effective, since it gave him an heir. In this way, HSW’s 

fame has spread throughout the world (Li, 2008).
 

The Hidden Aspects of the Materia Medica and the Compendium of Materia 

Medica are both books published in the years of Jia-Jing and Wan-Li that describe 

the reasons for the popularity of HSW (Chen, 1999; Li, 2008). Apparently Jia-Jing 

had taken Shao Zhen-Ren’s Qi Bao Mei Ran Dan and given birth to a son, which 

prompted the aristocracy to take all sorts of ready-prepared medicines containing 
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HSW. This brought these actions of HSW into the light to such a degree that even 

erudite medical scholar as Li Shi-Zhen conceded that HSW was “a good 

supplementing medicinal that could nourish the blood and boost the liver, secure 

essence and boost the kidney, as well as strengthening the sinews and bones, 

being neither cold or drying, and superior in efficacy to medicinals such as di 

huang or tian men dong” (Li, 2008). Many medical books at the end of the Ming 

and in the Qing corroborated this view. 

As to HSW’s toxic side effects, these are mentioned not only in modern 

clinical and experimental literatures, but in fact were also mentioned in clinical 

reports by medical scholars who had objections to the supplementing actions of 

HSW. In his Treasury of Words on the Materia Medica published at the end of the 

Ming Dynasty, Ni Zhu-Mo state: “People take it, prepared according to the 

prescribed method, over years without confirmation of its effects. The idea that 

HSW enhances fertility and extends life seems absurd” (Ni, 1999). He also quotes 

his contemporary Ge Xiao-Xi, saying, “The claim by previous writers that HSW 

supplements essence and boosts the blood, plants progeny promotes fertility, and 

extends life are not to be given complete credit. When we look at the Kai Bao 

Fang, we find it says that HSW treats scrofula, disperses the swelling of 

welling-abscess, eliminates the five hemorrhoids, gets rid of heat sores on the 

head and face, and cures soft wind of the legs and feet, none of which involve 

supplementing actions” (Ni, 1999). 

Ge Xiao-Xi described the nature and flavor of HSW as “bitter, astringent, 

fishy-smelling, with cold toxin which possibley damage the stomach.” This 

fundamentally refutes the medicinal’s claim to supplementing essence and blood. 

Ni Zhu-Mo agreed with Ge Xiao-Xi, saying, “People before said it has 
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life-extending and seed-planting properties. But this is not true. Frequent taking of 

HSW can cause serious illness and death, so when people don’t know that there is 

no cure for this, they are consuming poison without knowing it. The mere fact of 

its fishy odor and harshness tells us that it is not a sweet warm or balanced 

medicinal.” Ni told people quite directly: “Astute people should not be led astray 

by ignorant quacks” (Ni, 1999).
 
In fact, Ni Zhu-Mo thought that those who hailed 

HSW as a miracle medicine were simply ignorant. 

The Qing Dynasty scholar Chen Xiu-Yuan in his Reading of The Divine 

Husbandman’s Classic of Materia Medica says: To say that HSW enriches yin, 

supplements the kidney, blackens the hair, boosts qi and blood, improves the 

complexion, promotes growth of sinew and bone, boosts essence and marrow, or 

extends life, is an error that comes from believing anything that people say” (Chen, 

1959). These harsh words are a warning not to take these claims seriously. Chen 

further said, “Anything that enriches or moistens, must be fat and juicy. Anything 

that supplements and nourishes must have a harmonious odor. So how can HSW, 

which is astringent and stagnating, possibly be enriching? How can a bitter and 

poor quality/harsh product such as HSW be supplementing? Those who believe 

that HSW is top-grade medicine these days have had the wool pulled over their 

eyes by Li Shi-Zhen, who in his Compendium of Materia Medica said, “neither 

cold or drying, and superior in efficacy to medicinals such as di huang or tian men 

dong.” Over the last 20 years, I have seen countless people who have been harmed. 

Doctors have become the arbiter’s of the destiny of the people, and do not dare to 

avoid being contentious by finding out the facts” (Chen, 1959). In other words, 

HSW’s astringency and harshness mean that it cannot be considered as a 

supplementing medicine and to believe otherwise is to have been misguided by 
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statements in the Compendium of Materia Medica. 

Qing Dynasty medical scholar Wang Xue-Quan in his Chong Qing Tang Sui 

Bi scroll points out, “HSW does not have any supplementing power. Although 

people say that it can replace shou di, in fact it cannot (Wang, 1999). In his book, 

he also quotes Qing Dynasty celebrity Xu Hui-Tang, saying, “The bencao says 

that large lumps of HSW will turn white hair to black when taken. In Guangxi, 

where they produce HSW, and eat it like sweet potato or taro, do not speak of its 

power to whiten black hair.” Xu, describing his own experience, did not believe 

that HSW had the power to turn white hair black. 

From the evidence presented, it is clear that people who do not accept that 

HSW has miraculous supplementing properties are not in the minority. By 

contrast, no-one has ever questioned the other actions of this medicinal, which 

have actually increased in number. For example, Jiang Yi of the Ming Dynasty in 

his Yao Jing says, “raw HSW has a moistening action that can move dry stool, so 

it can be used instead of dahuang. Itchy wind sores, scab and lichen can be 

effectively treated with the stems and leaves” (Chen, 1996). So we can see that it 

was long ago discovered that HSW is similar to da huang in its effects. The Ben 

Cao Xin Bian by Chen Shi-Duo of the early Qing Dynasty says: “In recent times, 

this medicinal has been prized for its life-extending qualities. I don’t share this 

view and don’t use it for this. I only use it to treat malaria, for which it is really 

effective. It is good for glomus, which is an action that not everyone knows about 

(Zhao, 1962). Chen Shi-Feng personal experience taught him not to use HSW for 

its alleged life-extending properties, but to use it for malaria and glomus. 

So to sum up, the claims of the miracle effects of HSW touted in the A 

Record of Heshouwu, though influential, have been contested. By contrast, the 
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other effects of HSW have never been contested and have constantly been 

expanded through new discoveries. 

2.5 The evolution of heshouwu’s processing 

In the A Records of Heshouwu, the only method described is to crush 

heshouwu and consume it with wine. The Materia Medica of Kaibao Era 

preserved methods such as blast-drying and crushing, and added soaking in water 

that rice has been rinsed in
 
(Lu and Li, 1998). The Tai Ping Sheng Hui Fang 

added nine cycles of steaming and drying, as well as mixing and steaming with 

black beans, but most formulas within it still used unprocessed HSW (Wang, 

1958). Assuming that the HSW used was of the Polygonaceae origin described 

above, it must have had a purgative action similar to related herbs such as 

dahuang (Rhei Radix et Rhizoma). 

In the records from the Illstrated Classic of the Materia Medica, that are 

quoted in the Essentials of Materia Medica Distinctions, an additional method 

that combines steaming with dazao (Jujubae Fructus) is described: Mix and steam 

with dazao (Jujubae Fructus) until the dazao is cooked” (Liu, 1999). In the 

Materia Medica Arragend According to Pattern, a steaming method without 

adjuvants is described: “Place in a steamer as if cooking rice, with a stone pot 

underneath. Iron cannot be used. Next to it place another pot with water, and 

gradually allow the hot water to drip down from above; do not allow it to 

overflow, when finished the HSW will lack flavor and aroma” (Tang, 1999b). In 

the Song dynasty, the Sheng Ji Zong Lu mentions HSW that has had the black skin 

removed before soaking in rice water, stir-frying, and wine-frying, as well as: 

“softening by soaking in rice water and slicing, then steaming with black beans 

until they fall apart before drying” (Chen, 1999). 
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Bencao texts offer conflicting information regarding the methods used for 

HSW. The author of the Qing dynasty text Newly Revised Bencao (Ben Cao Xin 

Bian), Chen Shiduo, takes the perspective that unprocessed HSW is 

supplementing and does not need to be processed. He states: “HSW has a sweet 

taste and its nature is warm; the unprocessed material is already supplementing so 

it is not necessary to process it. Moreover, it has an astringent taste when 

unprocessed; as the essence of a person must not slip away, the astringent taste 

can supplement. However, after processing the HSW is no longer astringent, so 

when it is used to supplement it is unable to do so (Zhao, 1962). Therefore, I 

advise it to be used unprocessed.” Thus, there were already different perspectives 

on the processing of HSW by the Qing dynasty.
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Table 2.1 Processing methods of heshouwu in ancient texts 

Book Raw material Text/Unprocessed herb/Processing method 

 

A Records of 

Heshouwu 

Good if taken 

as powder 

with wine (Lu 

and Li, 1998) 

 

—— 

 

Materia Medica 

of the Kaibao 

Era 

 

  

Cut with a bamboo knife, soak overnight in water that rice has been washed in, stir-fry until dry and grind 

until crushed (Lu and Li, 1998) 

 

 

 

 

Tai Ping Sheng 

Hui Fang 

 

formulas use 

the 

unprocessed 

material (out 

of 21 

formulas) 

 

 

1. Nine steaming and nine drying cycles 

2.Use one dou of black beans, wash clean and dry, then place a thin layer of beans on the bottom of a 

steamer. Then add a thin layer of HSW, repeat the layer of black beans, continue until the beans and medicine 

are finished. Steam it until the beans are cooked, then discard the beans and dry the medicine. It can also be 

done by changing the beans and steaming in three cycles (Wang, 1958). 

 

 

Materia Medica 

arranged 

According to 

Pattern 

  

After harvesting fresh heshouwu, remove the cortex and soil and use a copper or bamboo knife to slice it, put 

it into a steamer as if cooking rice, with a stone pot underneath. Iron cannot be used. Next to it place another 

pot with water, and gradually allow the hot water to drip down from above; do not allow it to overflow, when 

finished the HSW will lack flavor and aroma (Tang, 1999b) 
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Materia Medica 

for Famine 

Relief 

   

(Rescuing Flesh) Use a bamboo knife to slice it, then soak overnight in water that rice has been washed in. 

Change the water until it no longer has a bitter taste, then use water to wash it clean or boil it for 

consumption (Zhu, 1999).  

 

 

 

Essentials of 

Materia Medica 

Distinctions 

  

1. Use a bamboo knife to slice it, then soak it overnight in water that rice has been washed in before drying it 

and grinding it before use. 

2. Mix with dazao (Jujubae Fructus) and steam. 

3. Mix with black beans and steam until the beans are cooked. 

4. Steam and dry nine times while avoiding iron implements (Liu, 1999).  

 

 

 

 

Compendium of 

Materia Medica 

 The method used in contemporary times is to take one jin (~600g) each of red and white HSW, and use a 

bamboo knife to remove the coarse cortex. Soak it overnight in water that rice has been washed in and cut 

into slices. Use 3 dou of black beans, and each time use three sheng, three he, and three spoons until the 

water bubbles. In a clay pot add one layer of beans and one layer of heshouwu, repeat until it is used up and 

steam it. When the beans are cooked, remove the beans and dry the heshouwu in the shade, then steam the 

beans again, repeating until nine cycles of drying and steaming are complete before use (Li, 2008).  

 

Illstrated 

Reference of 

Botanical 

Nomenclature 

  

Cut into sections with a bamboo knife, then steam and dry nine times (Wu, 1999) 
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2.6 Publications and use of white heshouwu (baishouwu) 

The Tang dynasty A Records of Heshouwu by Li Ao described 

yellowish-white shoots of heshouwu as male and yellowish-red shoots as female. 

Song dynasty bencao texts continued to divide HSW into male and female forms, 

but they had different statements. In the Illustrated Classics of Materia Medica, it 

is recorded that “the red is male and the white is female  (Su, 1994)” but it does 

not describe whether this color refers to the root or the plant. The Materia Medica 

Arranged According to Pattern quotes the Rihuazi Bencao as stating “males have 

yellowish-white shoots while females are reddish-yellow”
 
(Tang, 1999a). 

The Southern Song dynasty text Compromised Materia Medica of Bao Qing 

Era stated that it is not necessary to separate HSW into male and female or red 

and white forms: “In the Illustrated Classics of Materia Medica description of 

HSW, it states that male plants have red roots while female plants are white, but 

Rihuazi states that those with white leaves are male while those with red leaves 

are female. The male and female need to be combined and then there is an effect. 

However, the two forms are not separated based on their actions, and are not like 

shaoyao (Paeonia Radix) and fuling (Poria), wherein the white forms are 

supplementing and the red forms are disinhibiting. In the formulas from the He Ji 

Ju Fang that are widely used, is used for freeing blockages and it is not necessary 

to distinguish male and female forms” (Y. Chen, 1999). This demonstrates that in 

the Song dynasty there was not an emphasis on distinguishing male and female, 

red and white forms.  

The black and white pictures in ancient bencao texts are unable to illustrate 

red vs. white HSW, and with the exception of the Essentials of the Materia 

Medica (Liu, 1999), in general bencao texts did not feature separate illustrations 
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for red and white HSW. 

Let us consider the ingredients in “Qi Bao Mei Ran Dan” (seven treasures for 

beautiful whiskers): chiheshouwu, baiheshouwu, chifuling, baifuling, niuxi, 

danggui, gouqizi, tusizi, buguzhi; a total of nine medicinals (Li, 2008). If the red 

and white fuling forms and red and white HSW forms are counted as separate 

medicinals, the formula should be named Jiu Bao Mei Ran Dan (nine treasures for 

beautiful whiskers). This suggests that the red and white HSW described here 

reflect the same plant with different colors or different varieties. 

In the text Chinese Medicinal Varieties, Theory, and Usage, Xie Zongwan 

writes: “In recent years, some people in Guangxi province have proposed that 

white HSW reflects a variety of HSW known as Polygonum multiflorum Thunb. 

var. angulatum S. Y. Liu; it has an off-white fractured surface without a pale 

purplish-red color; additionally, the tips of the white vs. red plants have a 

difference in color. This author agrees that this might be the white HSW 

mentioned in ancient bencao texts (Xie, 2008). 

Ancient medical texts mentioned the name baishouwu (white HSW), so 

people have continued to seek out this medicine. In Ming and Qing dynasty texts, 

baishouwu commonly appears, and the red and white forms are often used 

together. However, bencao texts have very few references to baishouwu. The only 

source that can be currently found that mentions it is the Sheng Cao Yao Xing Bei 

Yao, which records “baishouwu treats sores and disperses toxins. Its leave clears 

heat and toxin. It is also called wuzhualong (five-clawed dragon) (He, 1999). 

However, the descriptions and illustrations of it make it different to identify which 

genus it comes from. 

Based on contemporary surveys, the plant Cynanchum auriculatum Royle ex 



 

39 

 

Wight, which has over a hundred years of history, and is often used as a confused 

herb or substitute for HSW. It is already used as “baishouwu”, and it was used as a 

confused species for HSW historically. In the border region of Jilin near Korea, C. 

wilfordii (Maxim.) Hemsl. is used as baishouwu, while in the Qinsan region of 

Guangzhou the plant C. bungei Decne. is used. In Hubei, and the Lijiang region of 

Yunnan province, C. otophyllum Schneid. In addition, the tuberous roots of some 

plants from the Menispermaceae and Convolvulaceae are used as baishouwu (Xie, 

1990). 

Based on special characteristics such as the leaves and the white tuberous 

roots, it is understandable that these sources of baishouwu continue to be used. 

 

2.7 Conclusion and discussion  

2.7.1 Heshouwu arises from a legend 

The first appearance of HSW arose from a myth or fable by Li Ao in the 

Tang Dynasty, entitled A Records of Heshouwu. The medicinal substance in this 

story and its properties were made up, but the story inspired people to search with 

interest for this legendary plant. By the Northern Song Dynasty, Polygonum 

multiflorum (Polygonaceae) and other plants that were called HSW were recorded, 

and different names such as red and white HSW emerged.    

2.7.2 The sociological background surrounding the appearance of “Qi Bao 

Mei Ran Dan” (Pill of seven treasures for beautiful beard) 

Research into the sociology of the Ming Dynasty Jiajing era reveals an 

enthusiasm for seeking the Dao and attaining immortality; in the pursuit of 

immortality, an unhealthy trend of seeking longevity tonics gradually led to the 

emergence of many strange medicinal substances. In this historical setting, 
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heshouwu began to be regarded as a miraculous and popular tonic, and its 

reputation was further boosted by the association of Qi Bao Mei Ran Dan with the 

Jiajing Emperor. Nonetheless, during the Ming and Qing Dynasties, there were 

also doctors who strongly criticized and questioned its supplementing actions. 

2.7.3 The true therapeutic actions of heshouwu 

In the quest for immortal elixirs that led to HSW, some medicinal substances 

were encountered.  Since it is a medicinal substance, it should have a clear place 

in clinical application.  

In the Jin-Yuan period, the text Yao Xing Fu served as a textbook for young 

doctors; as it was concise and comprehensive and easy to read aloud, it was 

widely disseminated among the common people. At this time, HSW was listed as 

a warm-natured medicinal with the singular statement that “HSW treats sores and 

scabies” (Yao Xing Fu. The Complete Collection of Traditional Texts on Chinese 

Materia Medica, vol. 25, 1999); this suggests that treating sores and scabies was 

its primary action. 

The Japanese Pharmacopoeia is based in Song Dynasty bencao records, and 

to this day it lists no supplementing actions for HSW (The Japanese 

Pharmacopoeia. Sixteenth edition, 2012). Whether or not HSW actually has any 

“supplementing actions” requires further clinical and experimental research. 

2.7.4 White heshouwu 

From my perspective, it appears that the name white HSW may refer to the 

same plant with a different appearance or different cultivars. 

The species that correspond to the name baishouwu are unclear, which has 

led to a concerted effort to follow clues to seek its origin. Following the Qing 

Dynasty, diverse new materials that share the name emerged. Many of these 
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involve plants in the Polygonaceae, which should be different from Polygonum 

multiflorum. In the 1977 Chinese Pharmacopoeia, Cynanchum bungei Decne. 

(taishan baishouwu) was recorded (Ministry of health of People’s Republic of 

China (Pharmacopoeia Commission), 1978), but later editions of the Chinese 

Pharmacopoeia no longer included any materials as baishouwu. 

2.7.5 Processing and medicinal effect 

Heshouwu is regarded as a blood-supplementing medicinal, but can it live up 

to its great reputation? 

It is evident that transformations occur when Polygonum multiflorum is 

subjected to processing; in particular, it is clear that its toxicity is reduced (Cui et 

al., 2016; Ma et al., 2015). However, following processing, is the 

blood-supplementing action that is produced related to HSW itself or the 

adjuvants that it is exposed to during processing? Are the effects of “Qi Bao Mei 

Ran Dan” (pill of seven treasures for beautiful whiskers) due to HSW or the other 

herbs that are in the formula? These questions should be investigated with 

rigorous research and controlled studies to seek evidences and clarify the 

mechanisms involved. 

2.7.6 Seeking the truth 

Ancient Chinese literature contains questionable material as well as valuable 

material. In the long historical development of Chinese medicine, both precious 

and worthless material has mixed together, and the wheat must be separated from 

the chaff. A full and accurate investigation must provide an objective assessment 

to determine which material is objectively reliable and which is based on 

fabrications or forced analogies. The purpose of bencao research is to directly 

face these questions to benefit Chinese medicine and develop Chinese medicinals. 
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CHAPTER 3 QUALITY EVALUATION OF COMMERCIAL 

GRADES BASED ON QUALITATIVE AND QUANTITATIVE 

ANALYSES OF CHEMICAL COMPONENTS 

 

3.1 Introduction  

Various specifications or grades of Chinese medicinal materials (CMMs) can 

be found in the market. The upper grade CMMs are supposed to be of better 

quality, thus justifying higher prices. Today, for determining grade and price, 

medicinal vendors mostly use morphological features, both external and internal 

(e.g., stem cross-sections), including shape, size (diameter, length), color, and 

texture (Zhao et al., 2011). Similarly, consumers primarily evaluate the quality of 

CMMs on the basis of morphological features in herbal markets. For each CMM, 

the particular characteristics used for grading were fixed centuries ago. However, 

modern research has found that the traditional interpretations of morphological 

features used for commercial grading of CMMs do not always reliably correspond 

to quality (Chu et al., 2011; Wang et al., 2010). The accurate correspondence 

between quality and grading/price is an important issue both for the commercial 

markets and for clinical use of CMMs. 

Today, chemical analysis has been applied to determine the content of active 

components in different commercial specifications and grades of herbal medicine. 

Until recently, in most of the research, an entire CMM or a whole plant was taken 

as the basis of research (Al-Saidi et al., 2012; Wang et al., 2017, 2014). The 

technique of ultra-performance liquid chromatography-quadrupole/time-of-flight 

mass spectrometry (UPLC-QTOF-MS/MS), ultra-performance liquid 

chromatography triple-quadrupole mass spectrometry (UPLC-QqQ-MS/MS) has 
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been used for precise qualitative and quantitative analyses of the complex mixture 

of multi-components in CMMs with superior sensitivity and specificity (Anderson 

and Hunter, 2006; Engström et al., 2015; Krauss et al., 2010). The application of 

UPLC-QTOF-MS/MS and UPLC-QqQ-MS/MS technique is proving to be a 

valuable technical platform for metabolite profiling of CMMs (Chen et al., 2014). 

The method combining UPLC-QTOF-MS/MS and UPLC-QqQ-MS/MS can both 

qualitatively and quantitatively analyze bioactive components of CMMs, and thus 

provides the scientific basis for their quality evaluation. 

According to the Compendium of Materia Medica (Ben Cao Gang Mu), an 

ancient Chinese reference text, heshouwu (HSW) of a larger size are of better 

quality (Li, 2008). In the modern herbal market, based on our preliminary 

investigation in a local commercial herbal market, we found that HSW is sold in 

three grades according to their weight and size, with the price varying from 30 

HKD (US$4) per kg for smaller pieces to 150 HKD (US$20) per kg for the largest 

pieces. Wholesalers grade HSW according to weight: grade 1 represents tuberous 

roots more than 100 g in weight; grade 2, between 50 g to 100 g in weight; and 

grade 3, below 50 g in weight (Bai and Zhang, 1999). Commercial herb dealers 

chop the herb into smaller pieces and grade/sell it accordingly. While both sellers 

and buyers accept this grading, does the existing grading system accurately 

represent the quality of the herb?  

In this study, we conducted quality assessment of HSW by combining 

UPLC-QTOF-MS/MS and UPLC-QqQ-MS/MS. The objective of this study is to 

determine whether the existing grading system based on morphology corresponds 

to quality. To achieve this goal, we firstly characterized the secondary metabolites 

in different grades of HSW by UPLC-QTOF-MS/MS, to compare the overall 
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chemical profile in different grades of HSW. And then we furtherly determined 

the contents of 12 major chemicals in three different commercial grades of HSW 

raw materials by UPLC-QqQ-MS/MS to explore the differences among the 

chemical contents of different grades HSW divided by existing grading system. 

The 12 analytes were trans-2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucopyranoside 

(trans-THSG), cis-THSG, emodin, physcion, emodin-8-O-β-D-glucosides and 

physcion-8-O-β-D-glucosides, gallic acid, proanthocyanidin B1, proanthocyanidin 

B2, epicatechin, catechin and epicatechin-3-gallate (Table 3.1); which have been 

widely reported to be the major types and major bioactive chemical components in 

HSW (Choi et al., 2007; Han et al., 2013; Kim et al., 2008; Liang et al., 2011) and 

thus were used as evidence of quality for this purpose. The results provide the 

chemical basis for quality evaluation of HSW. 
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Figure 3.1 Chemical structures of the major compounds for quanlitative analysis. 

a: trans-THSG (cis-THSG); b: emodin; c: physcion; d: 

emodin-8-O-β-D-glucosides; e: physcion-8-O-β-D-glucosides; f: gallic acid; g: 

catechin (epicatechin); h: eipcatechin-3-gallate; i: proanhocyanidin B1 

( proanhocyanidin B2) 

 

3.2 Materials and methods 

3.2.1 Plant materials, chemicals and reagents 

The HSW materials were collected from three different habitats in China, 

and three replicate sample materials were from different biological plants (Table 

3.1). All samples were authenticated as the tuberous roots of Polygonum 

multiflorum Thunb. by Prof. Zhong-Zhen Zhao from School of Chinese Medicine, 

Hong Kong Baptist University. Voucher specimens were deposited in the Bank of 

China (Hong Kong) Chinese Medicines Centre of Hong Kong Baptist University.  
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Table 3.1 Sample information of heshouwu (raw materials) 

 

Sample No. Grade Cultivated Location Collection Date 

HSW-RMA1 1 
(a)

 Guizhou Province, Shibing 

Country 

2017-01-18 

HSW-RMA2 1 Guizhou Province, Shibing 

Country 

2017-01-16 

HSW-RMA3 1 Guizhou Province, Shibing 

Country 

2017-02-18 

HSW-RMA4 2 Guizhou Province, Shibing 

Country 

2017-01-18 

HSW-RMA5 2 Guizhou Province, Shibing 

Country 

2017-02-16 

HSW-RMA6 2 Guizhou Province, Shibing 

Country 

2017-02-18 

HSW-RMA7 3 Guizhou Province, Shibing 

Country 

2017-01-18 

HSW-RMA8 3 Guizhou Province, Shibing 

Country 

2017-02-16 

HSW-RMA9 3 Guizhou Province, Shibing 

Country 

2017-02-18 

HSW-RMB1 1 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMB2 1 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMB3 1 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMB4 2 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMB5 2 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMB6 2 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMB7 3 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMB8 3 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMB9 3 Guangdong Province, Xinxing 

Country 

2017-02-08 

HSW-RMC1 1 Hubei Province, Lizhou City 2017-01-16 

HSW-RMC2 1 Hubei Province, Lizhou City 2017-01-16 

HSW-RMC3 1 Hubei Province, Lizhou City 2017-01-16 

HSW-RMC4 2 Hubei Province, Lizhou City 2017-01-16 

HSW-RMC5 2 Hubei Province, Lizhou City 2017-01-16 

HSW-RMC6 2 Hubei Province, Lizhou City 2017-01-16 

HSW-RMC7 3 Hubei Province, Lizhou City 2017-01-16 

HSW-RMC8 3 Hubei Province, Lizhou City 2017-01-16 

HSW-RMC9 3 Hubei Province, Lizhou City 2017-01-16 

(a) Grade 1: >100 g; grade 2: 50–100 g; grade 3: <50 g; all samples were 1 year 

cultivated ones. 
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Chemical standards for trans-THSG, emodin, physcion, catechin, 

proanthocyanidin B1, proanthocyanidin B2, and gallic acid were purchased from 

Chengdu Must Bio-Technology Co., Ltd. (Chengdu, China); standards for 

cis-THSG, epicatechin, epicatechin-3-gallate, emodin-8-O-β-D-glucoside, and 

physcion-8-O-β-D-glucoside were purchased from Chengdu Xunchen Biological 

Technology Co., Ltd. (China). HPLC-grade methanol and acetonitrile (E. Merck, 

Darmstadt, Germany), ammonium acetate (Sigma-Aldrich, St. Louis, MO, USA), 

HPLC grade formic acid (Tedia, Fairfield, OH, USA) were purchased. Ultra-pure 

water was prepared by a Mili-Q water purification system (Millipore, Burlington, 

MA, USA). 

3.2.2 Sample extraction  

Raw materials were powdered, and each powdered sample of 0.1 g 

(accurately weighed) was ultra-sonicated with 20 mL 70% methanol for 45 min at 

60 °C and the solutions were then centrifuged at 3000 rpm for 10 min. The 

supernatant was saved, the residue was extracted for one more time, and the 

supernatant was saved and combined with the former supermatant. Then the 

residue was washed with 5 mL 70% methanol, combined with former supermatant 

too, made up to 50 mL with 70% methanol, and finally filtered through a 0.22 μm 

filter for quantitative analysis. 

3.2.3 Secondary metabolites profiling 

3.2.3.1 Conditions 

Secondary metabolites profiling was performed on an Agilent 6540 

UPLC-QTOF-MS/MS system (Agilent Technologies, USA). The chromatographic 

separation was achieved on a UPLC C18 analytical column (2.1 mm×100 mm, 

I.D. 1.7 μm, BEH) coupled with a C18 pre-column (2.1 mm×5 mm, I.D.1.7 μm, 
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ACQUITY UPLC BEH, Waters, USA). The elution was conducted under the 

following conditions: the mobile phase consisted of (A) water containing 0.1% 

formic acid and (B) acetonitrile containing 0.1% formic acid, and the gradient 

program was: 2-5% B (0-2 min); 5-70% B (2-16 min); 70-100% B (16-23 min); 

100% B (23-26 min). The injection volume was 3 μL, and the flow rate was 0.4 

mL/min. The mass spectra were acquired in both negative and positive modes, m/z 

ranging from 100 to1700, ESI ion source. The dry gas (N2) flow rate was 8 L/min 

with the temperature at 300 °C. The capillary voltage, nozzle voltage, and 

fragment voltage were set at 4500 V, 500 V and 150 V, respectively; while 

nebulizer pressure was 45 psi, and column temperature was set at 40 °C.  

3.2.3.2 Establishment of in-house database and peak characterization  

Previously reported chemical components derived from HSW were collected 

and summarized in a Microsoft Office Excel table, and the table was applied to 

establish a compound database using Agilent Mass Hunter PCDL Manager 

software (Agilent Technologies, B.04.00, 2011). The database included compound 

names, chemical structures, molecular formulae, weights and related references. 

Agilent Mass Hunter Work station software-Qualitative Analysis (version B.06.00, 

Agilent Technologies 2012) was used. Base Peak Chromatogram (BPC with m/z 

ranging from 100 to 1000) was selected to show the results. The empirical 

molecular formulae were deduced by a comparison of the accurately measured 

mass values and the theoretical exact mass values of protonated and deprotonated 

molecular ions and/or fragment ions with a mass accuracy less than 10 ppm, and 

then matched with known compounds in the database using the “Find” function. 

For those compounds which were not listed in the PCDL database, possible 

formulae were deduced according to the molecular mass, fragment ions and mass 
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accuracy. 

3.2.3.3 Multivariate statistical analysis 

The raw data of UPLC-QTOF-MS/MS were processed by DA Reprocessor 

(version B.06.00, Agilent Technologies, Inc. 2012), and the parameters were set as 

follows: retention time range from 0-30 min, mass range 100-1000 Da, minimum 

absolute height 5000 counts, mass tolerance 10 ppm, peak spacing tolerance 

within 0.0025 m/z and the limit assigned charge states to a maximum of 5. The 

generated data were then processed for principal component analysis (PCA) and 

Volcano Plot analysis by Mass Profiler Professional (2.0 vision, Agilent 

Technologies, Inc. 2009). The Volcano Plot was used to provide information 

regarding the differential abundance between different grades and different 

cultivatied locations of HSW raw materials based on p-value (<0.05) and 

fold-change at 3.  

3.2.4 Quantification of 12 major chemical components  

3.2.4.1 Conditions 

The quantitative analysis was conducted on an Agilent 6460 

UPLC-QqQ-MS/MS (Agilent Technologies, Santa Clara, CA, USA) with ESI ion 

source in negative mode. The chromatographic separations were acquired under 

two different conditions: (1) A UPLC T3 analytical column (2.1 mm × 100 mm, 

I.D. 1.8 μm, ACQUITY UPLC HSS, Waters, USA) coupled with a T3 pre-column 

(2.1 mm × 5 mm, I.D.1.8 μm, ACQUITY UPLC HSS, Waters, Milford, MA, USA) 

was used at 40 °C. The mobile phase consisted of (A) water and (B) acetonitrile, 

both containing 0.1% formic acid, and the gradient program was: 0 min, 5% B; 7 

min, 20% B; 13 min, 50% B; 14.5 min, 100% B; 17 min, 100% B. The flow rate 

was 0.35 mL/min, and the injection volume was 2 μL. The source parameters 
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were as follows: dry gas (N2) temperature 350 °C; flowrate 8 L/min; sheath gas 

flow 8 L/min with heater at 350 °C; nebulizer pressure, 45 psi; capillary voltage 

3500 V, and dwell time of each ion pair 20 ms. (2) a UPLC C18 analytical column 

(2.1 mm × 100 mm, I.D. 1.7 μm, BEH) coupled with a C18 pre-column (2.1 mm 

× 5 mm, I.D.1.7 μm, ACQUITY UPLC BEH, Waters, USA) was used for 

chromatographic separations at 60 °C. The mobile phase consisted of 3 mM 

ammonium acetate in water (A) and methanol (B), and the gradient program was: 

0 min, 35% B; 7 min, 100% B; 7–9 min, 100% B. The flow rate was 0.35 mL/min; 

the injection volume was 2 μL. The mass spectrometer parameters were set as: dry 

gas (N2) temperature 300 °C; flow rate 7 L/min; sheath gas flow 8 L/min; sheath 

gas heater 350 °C; nebulizer pressure, 45 psi; 500 V charging; capillary voltage 

3500 V; and the dwell time for each ion pair was 40 ms. Other details are shown 

in Table 3.2. Each sample was analyzed in triplicate, and the final chemical 

contents of each analyte were calculated as an average ± standard deviation (SD) 

of those three readings. 
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Table 3.2 Multiple reaction monitoring (MRM) conditions in ultra-performance liquid chromatography triple-quadrupole mass 

spectrometry (UPLC-QqQ-MS/MS) analysis and method validation (linearity, limits of detection (LODs), and limits of 

quantification (LOQs)) for quantitative determination of secondary metabolites in heshouwu raw materials 

Analyte MRM 

Collision Voltage 

(eV) 

Calibration Curve Sensitivity (ng/mL) 

Range (ng/mL) Equation R
2
 LODs LOQs 

Gallic acid 169.0→125.0 11 80–4000 y=190.85x-2283.90 0.9981 5.52 15.36 

Proanthocyanidin B1 577.1→407.0 23 40–2000 y=54.51x+299.37 0.9965 2.12 8.19 

Catechin 289.1→245.1 7 20–1000 y=52.88x+20.66 0.9915 14.59 43.68 

Proanthocyanidin B2 577.1→407.0 23 40–2000 y=55.74x+72.31 0.9974 1.06 2.99 

Epicatechin 289.1→245.1 7 10–1000 y=53.44x+234.19 0.9950 7.80 38.61 

cis-THSG 405.0→243.0 15 5–1000 y=210.39x+1408.73 0.9961 7.09 7.76 

Epcatechini-3-gallate 441.1→169.0 15 5–1000 y=108.24x-155.39 0.9948 1.39 5.31 

trans-THSG 405.0→243.1 15 40–8000 y=243.73x+8094.51 0.9972 3.39 8.21 

Emodin-8-O-β-D-glucoside 431.1→269.1 27 40–2000 y=581.22x+16866.01 0.9918 2.09 2.36 

Physcion-8-O-β-D-glucoside 445.1→283.1 7 40–2000 y=77.09x+168.23 0.9966 1.68 3.81 

Emodin 269.0→225.0 25 80–800 y=812.60x+64794.03 0.9913 0.63 3.60 

Physcion 283.0→240.0 20 40–2000 y=200.82x-410.28 0.9965 1.47 6.77 
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3.2.4.2 Quantitative method validation 

Method validation in terms of linearity, LODs, LOQs, precision (intra-day 

and inter-day), repeatability, recovery and stability was carried out. The stock 

solutions of reference standards were diluted with methanol to yield a series of 

appropriate concentration solutions for assessing linearity, LODs (signal-to-noise 

(S/N) ratios of 3) and LOQs (S/N ratios of 10). 

The precision validation of the assay method was calculated based on 

intra-day and inter-day variations. For intra-day variation assessment, six 

replicates of HSW-RMA5 were extracted and analyzed over the course of one day. 

For the inter-day variability test, the same samples were examined in triplicate on 

two consecutive days. Variations were expressed by the RSDs of the data (n = 6). 

Method repeatability was evaluated by assessing variation in six replicated 

extracts of HSW-RMA5. A stability test was performed on the sample solutions of 

HSW-RMA5 over periods of 0, 2, 4, 8, 12, 24, 48 h after extraction, respectively. 

As a recovery test for raw materials, 0.1 g of HSW-RMA5 was accurately 

weighed and different amounts (low, middle and high levels) of reference standards 

(gallic acid: 14.00, 18.00 and 22.00 μg; proanthocyanidin B1: 38.00, 48.00 and 57.00 

μg; proanthocyanidin B2: 13.00, 16.00 and 19.00 μg; catechin: 130.00, 160.00 and 

190.00 μg; epicatechin: 8.00, 10.00 and 12.00 μg; epicatechin-3-gallate: 18.00, 23.00 

and 28.00 μg; cis-THSG:, and 32.00, 40.00, 48.00 μg; trans-THSG: 3.08, 3.85 and 

4.62 mg; emodin-8-O-β-D-glucoside: 125.00, 156.00 and 187.00 μg; 

physcion-8-O-β-D-glucoside: 19.00, 24.00 and 29.00 μg; emodin: 30.00, 38.00 and 

46.00 μg; physcion: 25.00, 32.00 and 38.00 μg, repectively) were spiked, and then 

extracted and analyzed in triplicate. 
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3.2.4.3 Data analysis 

The quantitative data obtained were processed by Agilent Mass Hunter Work 

station software-Quantitative Analysis (version B.06.00, Build 6.0.388.1, Agilent 

Technologies Inc., Santa Clara, CA, USA, 2008). Data were presented as mean ± 

SD of triplicate determinations. To compare the significant differences between 

the content of active compounds in the samples, one-way ANOVA was conducted 

by IBM SPSS Statistics 19.0 software (IBM, USA). A significant difference is 

indicated by p values. 

 

3.3 Results and discussion 

3.3.1 Sample extraction 

Ultra-sonicated extraction conditions with regard to solvent (methanol, 

ethanol, 70% methanol) and time (30 min, 45 min, 60 min) were optimized 

according to the extraction efficiency of the total amount of the 12 analytes. For 

the extraction of experimental samples, the following conditions were chosen: 70% 

methanol was chosen as the solvent because it extracted a greater total of the 12 

chemical components based on the total respondant peak area and because it gave 

better chromatographic resolution (Table 3.3). Two extractions were selected 

because two extractions yielded more than 95% of the total 12 chemical 

components, which was deemed acceptable.
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Table 3.3 Method optimization for quantification of secondary metabolites  

Secondary metabolites 

 

Extraction solvents Ion mode 

Ethanol 

(peak area) 

Methanol 

(peak area) 

70% methanol 

(peak area) 

Positive Negative 

Ion pairs abundance Ion pairs abundance 

Gallic acid 1081 14414 16916 -a -a 169.0→125.0 43290 

Proanthocyanidin B1 26621 77828 74614 579.2→73.0 40589 577.1→407.0 16084 

Catechin 130703 190111 179497 291.1→139..1 33504 289.1→245.1 134961 

Proanthocyanidin B2 10451 13187 12183 579.2→73.1 32829 577.1→407.0 53145 

Epicatechin 5436 8304 7496 291.1→139.1 336451 289.1→245.1 46459 

cis-THSG 100538 106339 112458 -b -b -b -b 

Epcatechini-3-gallate 803693 205802 789209 443.1→123.0 108037 441.1→169.0 158778 

trans-THSG 15209041 16725440 17105686 407.1→245.1 971191 405.0→243.0 778569 

Emodin-8-O-β-D-glucoside 2810316 2576490 3197349 433.1→365.1 856 431.1→269.1 835457 

Physcion-8-O-β-D-glucoside 54205 36351 62959 447.1→207.1.1 13145 445.1→283.1 26439 

Emodin 366282 504696 559892 271.1→115.0 15371 269.0→225.0 255952 

Physcion 30143 36044 61706 285.1→139.0 35857 283.0→240.0 17876 

total 19548507 20495004 22179962 - 1587830 - 2367010 

Data in the table is an average of duplicate. a) No ion pair was found under the positive mode; b) for the ion mode selection, cis-THSG was referenced 

with its isomer trans-THSG.
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3.3.2 Secondary metabolites profiling 

3.3.2.1 Optimization of UPLC-QTOF- MS/MS analytical conditions 

LC-QTOF-MS/MS is one of the most frequently used techniques for 

secondary metabolites profiling of CMMs. In a QTOF-MS/MS analysis, each 

precursor ion selected by the quadrupole mass analyzer is dissociated in the 

collision cell, and the generated fragment ions are then successively detected by 

the TOF analyzer. The principle of QTOF-MS/MS allows it to effectively detect a 

wide range of chemicals in a few minutes. Furthermore, it can provide accurate 

mass measurement and sufficient fragment information for secondary metabolite 

identification (Chernushevich et al., 2001). In this study, secondary metabolites 

profiling was therefore performed by UPLC-QTOF-MS/MS. To achieve more 

fragment information for chemical components identification, negative ion modes 

was used. For chromatographic separation, different mobile phases were 

compared, including two organic phases: acetonitrile and methanol, as well as two 

additives: formic acid and 3 mM ammonium acetate. Finally, 0.1% formic acid–

water and 0.1% formic acid–acetonitrile was selected because they can elute more 

chemical compounds with better separation. 

3.3.2.2 Compounds identification  

A total of 51 compounds were definitely or tentatively identified in HSW 

from different grades and different production area by chemical standards (11 

compounds) and/or the established in-house database (40 coumpounds) (Table 3.4) 

(Lin et al., 2015a; Qiu et al., 2013; Wang et al., 2017). In details, a total of 43, 36 

and 48 chemical components were detected in the sequence of the samples from 

Guizhou, Guangdong and Hubei, respectively. The representative LC-MS base 

peak chromatograms (BPCs) for different grades and different production area are 
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shown in Figure 3.1. Three types of chemicals, namely stilbenes, anthraquinones, 

and catechin, were identified as the major secondary metabolites of HSW, and 

typical compounds of these three types of chemicals are used as examples here to 

explain the mass fragmentation pathways.  

Peak 25 produced precursor ions at m/z 405.1194 [M-H]
-
 (C20H22O9), and in 

the negative MS/MS spectrum, fragmentation of this molecule generated product 

ions at m/z 243.0668 (C14H11O4) by losing a glucoside (162 Da), at m/z 225.0554 

(C14H9O3) by losing a H2O (18 Da), and at m/z 197.0601 (C13H9O2) by losing a 

CO (28 Da), respectively. Peak 25 was confirmed as trans-THSG by comparing 

with the mass data of reference standard. The proposed fragmentation pathway is 

shown in Figure 3.2A. Peak 18 showed precursor ions of m/z 405.1190 ([M-H]
-
) 

and 407.1332 ([M+H]
+
), respectively, and the fragment ions at m/z 243.0665 

(C14H11O4), 225.0552 (C14H9O3), 197.0599 (C13H9O2) were found. The m/z values 

of peak 18 were similar to those of peak 25, thus it was deduced as cis-THSG, an 

isomer of trans-THSG.  

The molecular formula of peak 51 was established as C15H10O5, based on the 

detected precursor ion at m/z 269.0456 ([M-H]
-
) in negative mode. Fragment ions 

at m/z 241.0507 were deduced to be generated by loss of a -CO (28 Da) and. 

Based on these data as compared with the reference standard, peak 51 was 

confirmed as emodin (Figure 3.2B). Compound 40 produced a precursor ion 

at m/z 431.0985 ([M-H]
-
) (C21H20O10), and the fragmentation of this molecule 

produced product ions at m/z 269.0458 resulting from the loss of a glucoside 

(162 Da), at m/z 241.0558 resulting from a further loss of a -CO (28 Da). After 

comparing with the MS/MS spectra of emodin and emodin-8-O-β-D-glucoside, 

compound 40 was identified as emodine-8-O-β-D-glucoside. Compound 34 
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produced precursor ions [M-H]
-  

at m/z 431.0986 (C21H20O10), and diagnostic ions 

at m/z 269.0453, while m/z 240.0440 corresponded to the loss of a glucoside and a 

-CHO (29 Da). Taken together, this data indicates compound 34 should be a 

isomer of emodine-8-O-β-D-glucoside, and it was therefore identified as 

emodin-1-O-glucoside.  

 Compound 9 was found to have a retention time of 4.61 min, producing 

molecular ions of m/z at 289.0720 ([M-H]
-
). It produced fragment ions at m/z 

245.0803, 205.0489 and 151.0396 in the MS/MS spectrum (Figure 3.2C). Based 

on this data and previous literature reports, it could be deduced as catechin. Peaks 

6 and 11 gave [M-H]
-  

ions at m/z at 577.1353 (C30H26O12) and 577.1349, 

respectively. In the MS/MS spectrum, peak 6 gave dominant ions at m/z 425.0863 

with a loss of C8H8O3 (152 Da), at m/z 407.0773 with a loss of H2O (18 Da), and 

m/z at 289.0726 (C15H14O6) was observed; Peak 11 produced dominant ions at m/z 

425.0871, 407.0776 and 289.0735, implying a disintegration similar to the 

compound represented by peak 11. After comparing with the reference standard, 

peak 6 was confirmed to be proanthocyanidin B1, and compound 11 was 

identified as proanthocyanidin B2.  
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Figure 3.2 Typical UPLC-QTOF-MS/MS chromatograms of secondary 

metabolites in heshouwu. A: Guizhou; B: Guangdong; C: Hubei; D: blank
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Figure 3.3 The chemical structure, typical mass spectra and proposed fragmentation pathways 

of three types of chemical components from heshouwu.  A: trans-THSG; B: emodin; C: 

catechin
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Table 3.4 Identification of the major secondary metabolites in heshouwu raw materials by UPLC-QTOF-MS/MS.  

Peak 

No. 

Rt 

(min) 

Identity Molecular 

formula 

Molecular 

ions/ 

adduction

s 

m/z Fragment ions of 

[M+H]+/[M-H]- 

(mass accuracy, ppm) 

Occurrence 

in HSW 

(production

areas) 

Mean 

measured 

mass (Da) 

Theoretical 

exact mass 

(Da) 

Mass 

accuracy 

(ppm) 

1 0.76 Cephulac C12H22O11 [M-H] - 341.1081 341.1089 0.9 179.0565 [M-H-Glu]-  (5.0) 

119.0349 [ M-H-Glu-CH2COOH]-  (4.2) 

ABC(a) 

2 0.76 Hydroxysuccinic acid C4H6O5 [M-H]- 133.0144 133.0142 1.5 115.0033 [M-H-H2O]-  (-3.4) ABC 

3 1.05 Hydocerol A C6H8O7 [M-H]- 191.0206 191.0197 -1.0 111.0086 [M-H-CO2-2H2O]-  (3.6) ABC 

4 1.49 Gallic acid C7H6O5 [M-H]- 169.0150 169.0142 -2.4 125.0236 [M-H-CO2]
-  (-2.4) 

107.0141 [M-H-CO2-H2O]-  (7.5) 

ABC 

5 2.91 Gallocatechin C15H14O7 [M-H] - 305.0668 305.0667 0.3 179.0357 [M-H-C6H6O3]
-  (1.8) 

125.0242 [M-H-C9H8O4]
-  (2.4) 

ABC 

6 4.34 Proanhocyanidin B1 C30H26O12 [M-H]- 577.1353 577.1351 0.3 425.0863 [M-H-C8H8O3]
-  (-2.4) 

407.0773 [M-H-C8H8O3-H2O]-  (1.5) 

289.0726 [M-H-C15H14O6]
-  (4.8) 

BC 

7 4.54 2-Vinyl-1H-indole-carboxylic acid C11H9NO2 [M-H]- 186.0558 186.0561 -1.6 142.0662 [M-H-CO2]
-  (3.5) 

116.0615 [M-H-CO2-CN]-  (-9.5) 

ABC 

8 4.54 Hypaphorine C14H18N2O2 [M-H] - 245.1294 245.1296 -0.8 142.0667 [M-H-N(CH3)3-CO2]
-  (-3.5) ABC 
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9 4.61 Catechin C15H14O6 [M-H] - 289.0720 289.0718 0.7 245.0803 [M-H-C2H3OH]-  (-4.4) 

151.0396 [M-H-C7H6O3]
-  (0.7) 

205.0489 [M-H-C2H3OH-C2OH]-  (1.8) 

ABC 

10 5.01 Salicylaldehyde C7H6O2 [M-H] - 121.0291 121.0295 -3.3 -- C 

11 5.07 Proanhocyanidin B2 C30H26O12 [M-H] - 577.1349 577.1351 -0.3 425.0871 [M-H-C8H8O3]
-  (-0.5) 

407.0776 [M-H-C8H8O3-H2O]-  (2.2) 

289.0735 [M-H-C15H14O6]
-  (8.0) 

BC 

12 5.20 Polygonumoside E C19H22O9 [M-H] - 393.1186 393.1191 -1.3 231.0653 [M-H-Glu]-  (-0.5) 

189.0556 [M-H-Glu-C3H6]
-  (-0.5) 

C 

13 5.37 Epicatechin C15H14O6 [M-H] - 289.0708 289.0718 -3.5 245.0828 [M-H-C2H3OH]-  (5.7) 

205.0495 [M-H-C2H3OH-C2OH]-  (3.0) 

151.0401 [M-H-C7H6O3]
-  (1.8) 

ABC 

14 5.47 Procyanidin B1-3-O-gallate C37H30O16 [M-H] - 729.1460 729.1461 -0.1 577.1355 [M-H-C8H8O3]
-  (1.6) 

407.0763 [M-H-2C8H8O3-H2O]-  (2.2) 

289.0710 [M-H-C8H8O3-C15H14O6]
- (-0.7) 

AC 

15 5.69 Unknown C27H34O16 [M-H]- 613.1795 613.1774 3.4 405.1185 [M-H-C7H12O7 ]
-  (1.5) 

243.0665 [M-H-C7H12O7-Glu]-  (-0.8) 

ABC 

16 5.78 isomer Proanhocyanidin B C30H26O12 [M-H] - 577.1346 577.1351 -0.8 425.0882 [M-H-C8H8O3]
-  (2.1) 

407.0756 [M-H-C8H8O3-H2O]-  (-2.7) 

289.0721 [M-H-C15H14O6]
-  (3.1) 

BC 



 

62 

 

17 5.80 Isomer Procyanidin B-3-O-gallate C37H30O16 [M-H] - 729.1456 729.1461 -6.9 577.1355 [M-H-C8H8O3]
-  (-0.7) 

407.0784 [M-H-2C8H8O3-H2O]-  (-2.9) 

AC 

18 5.90 cis-THSG C20H22O9 [M-H] – 

 

405.1190 

 

405.1191 

 

 

-0.2 

 

 

243.0665 [M-H-Glu]-  (3.3) 

225.0550 [M-H-Glu-H2O]-  (-2.9) 

197.0599 [M-H-Glu-H2O-CO]-  (179) 

ABC 

19 5.90 Polygoacetophenoside C14H18O10 [M-H] - 345.0825 345.0827 -0.6 183.0293 [M-H-Glu]-  (0) C 

20 5.90 Acetyl-emodin-O-hexose C23H22O11 [M-H] - 473.1071 473.1089 -3.8 405.1182 [M-H-C3HO2]
-  (1.5) 

243.0661 [M-H -C9H10O7]
-  (0.8) 

AC 

21 6.12 Polygonimitin C C26H32O14 [M-H] - 567.1723 567.1719 0.7 243.0663 [M-H-C12H21O10]
-  (-4.1) ABC 

22 6.23 Polygonflavanol A C35H34O15 [M-H] - 693.1816 693.1825 -1.3 541.1307 [M-H-C8H8O3]
-  (-2.8) 

405.1199 [M-H-C15H11O6]
-  (-1.5) 

ABC 

23 6.40 Phlorizin C21H24O10 [M-H] - 435.1329 435.1297 7.3 227.0717 [M-H-CO-H2O-Glu]-  (-1.32) C 

24 6.49 Epicatechin-3-gallate C22H18O10 [M-H] - 441.0838 441.0827 2.5 289.0731 [M-H-C8H8O3]
-  (8.6) 

169.0143 [M-H-C15H12O5]
-  (3.6) 

ABC 

25 6.51 trans-THSG C20H22O9 [M-H] - 405.1194 

 

405.1191 

 

 

0.7 

 

 

243.0668 [M-H-Glu]-  (4.5) 

225.0554 [M-H-Glu-H2O]-  (0) 

197.0601 [M-H-Glu-H2O-CO]-  (1.9) 

ABC 

26 6.51 Unkown C40H44O18 [M-H] - 811.2397 811.2455 -5.9 405.1200 [M-H-Glu-C20H21O9]
-  (2.2) ABC 

27 6.54 Di-emodin-Di-hexose C42H42O18 [M-H] - 833.2283 833.2298 -1.8 405.1196 [M-H -C22H21O9]
-  (-1.2) 

243.0671 [M-H -C22H21O9-Glu]-  (-1.6) 

ABC 
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28 6.57 Emodin-O-(O-acetyl)-glucopyranoside C23H22O11 [M-H] - 473.1071 473.1089 -3.8 405.1185 [M-H-C3HO2]
-  (1.5) 

243.0668 [M-H-C9H10O7]
-  (-2.1) 

ABC 

29 6.66 Tetrahydroxystilbene-O-(galloyl)-glucoside C27H26O13 [M-H] - 

 

 

557.1307 

 

 

557.1301 

 

 

 

1.0 

 

 

 

405.1185 [M-H-C7H4O4]
-  (-0.2) 

313.0565 [M-H-C14H12O4]
-  (1.6) 

243.0662 [M-H-C7H4O4-Glu]-  (2.1) 

169.0137 [M-H-C20H20O8]
-  (0) 

ABC 

30 6.85 isomer polygonflavanol A C35H34O15 [M-H]- 693.1829 693.1825 0.6 567.1480 [M-H-C6H6O3]  (-2.8) 

405.1049 [M-H-C6H6O3-Glu]  (-2.8) 

125.0248 [M-H-C29H28O12]
-  (-3.2) 

AC 

31 7.09 Tetrahydroxystilbene-O-(acetyl)-hexose C22H24O10 [M-H] - 447.1257 447.1297 -8.9 405.1168 [M-H-C2H2O]-  (-4.4) 

243.0656 [M-H-C2H2O-Glu]-  (-0.4) 

ABC 

32 7.28 Mludanpioside E C24H30O13 [M-H] - 525.1608 525.1614 -1.1 405.1212 [M-H-C2H7O4]
-  (-6.1) A 

33 7.53 isomer Tetrahydroxystilbene-O-(galloyl)-glucoside C27H26O13 [M-H] - 557.1290 557.1301 -2.0 243.0675 [M-H-C7H4O4-Glu]-  (-4.9) C 

34 7.68 Emodin-1-O-glucoside C21H20O10 [M-H] - 431.0986 431.0984 1.8 269.0453 [M-H-Glu]-  (1.1) 

240.0440 [M-H-Glu-CHO]-  (7.1) 

AC 

35 8.15 Emodin-8-O-β-D-hexose-sulfate C21H20O13S [M-H] - 511.0549 511.0552 -0.6 431.1000 [M-H-SO3]
-  (-3.7) 

269.0445 [M-H-SO3-Glu]-  (-1.9) 

ABC 

36 8.20 N-trans-feruloyl tyramine C18H19NO4 [M-H] - 312.1238 312.1241 -1.0 297.1012 [M-H-CH3]
-  (1.7) 

190.0517 [M-H-CH3-C8H7O]-  (-0.6) 

ABC 

37 8.22 Tetrahydroxystilbene-2-O-(coumaroyl)-glucoside C29H28O11 [M-H] - 551.1555 551.1559 -0.7 405.1159 [M-H-C9H6O2]
-  (-6.7) 

243.0670 [M-H-C9H6O2-Glu]-  (5.3) 

AC 
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(a) Production area, A: Guizhou; B: Guangdong; C: Hubei

38 8.34 Tetrahydroxystilbene-2-O-(feruloyl)-hexose C30H30O12 [M-H] - 581.1661 581.1664 -0.5 405.1206 [M-H-C10H8O3]
-  (4.9) 

243.0665 [M-H-C10H8O3-Glu]-  (3.3) 

ABC 

39 8.89 Torachrysone-8-O-D-glucoside C20H24O9 [M-H] - 

 

407.1344 

 

407.1348 

 

-1.0 

 

245.0822 [M-H-Glu]-  (3.3) 

230.0578 [M-H-Glu-CH3]
-  (-0.4) 

AB 

40 8.99 Emodin-8-O-β-D-glucoside C21H20O10 [M-H] - 

 

431.0985 431.0984 

 

0.2 

 

269.0458 [M-H-Glu]-  (3.0) 

225.0558 [M-H-Glu-CO2]
-  (2.7) 

ABC 

41 9.40 Emodin-8-O-(6′-O-malonyl)-β-D-glucoside C24H22O13 [M-H] - 517.0986 517.0988 

 

-0.4 

 

473.1095 [M-H-CO2]
-  (2.3) 

269.0462 [M-H-C3H2O3-Glu]-  (4.5) 

ABC 

42 9.53 Torachrysone-8-O-(6 -acetyl)-glucopyranoside C22H26O10 [M-H] - 449.1451 449.1453 -0.4 245.0821 [M-H-C2H3O-Glu]-  (2.9) 

230.0583 [M-H-C2H3O-Glu-CH3]
-  (1.7) 

ABC 

43 9.77 2-Hydroxyemodin C15H10O6 [M-H] - 285.0394 285.0405 -3.9 241.0525 [M-H-CO2]
-  (7.9) AC 

44 9.89 Physcion-8-O-β-D-glucoside C22H22O10 [M-H] - 445.1135 

 

445.114 

 

-1.1 

 

283.0622 [M-H-Glu]-  (5.7) 

240.0435 [M-H-Glu-CO-CH3]
-  (5.0) 

A 

45 9.89 Tetrahydroxystilbene-O-(malonyl)-hexose C23H24O12 [M-H]- 491.1195 491.1195 0 283.0605 [M-H-C9H12O7]
-  (-0.4) AC 

46 9.89 Questin C16H12O5 [M-H] - 283.0600 283.0612 -4.2 240.0421 [M-H-CH3-CO]-  (-3.7) ABC 

47 10.48 Unknown C18H34O5 [M-H] - 329.2337 329.2333 1.2 211.1331 [M-H-C6H14O2]
-  (-1.4) BC 

48 10.50 Physcion-8-O-(6′-O-acetyl)-β-D-glucoside C24H24O11 [M-H] - 487.1243 487.1246 -0.6 283.0599 [M-H-C2H3O-Glu]-  (2.9) 

240.0435 [M-H-C2H3O-Glu-COCH3]
- (5.0) 

ABC 

49 10.50 isomer questin C16H12O5 [M-H] - 283.0613 283.0612 0.4 240.0428 [M-H-CH3-CO]-  (2.1) ABC 

50 11.03 Unknown C16H18O5 [M-H] - 289.1064 289.1081 -5.9 221.1191 [M-H-C3HO2]
-  (-3.6) ABC 

51 13.44 Emodin C15H10O5 [M-H] - 269.0456 269.0455 0.4 241.0507 [M-H-CO]- (2.5)  ABC 
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3.3.2.3 Multivariate statistical analysis 

In order to further visualize the differences in overall chemical profiles 

among HSW from different grades and different production areas, Principal 

Component Analysis (PCA) and Volcano Plot were used to process the MS data of 

secondary metabolites. To exclude the affection of production area, PCA analysis 

of each grade was firstly carried out by each cultivated location, respectively. PCA 

score plots clearly show that the plots of various grades are mixed together 

(Figure 3.3). In details, for samples from each production area, the plots of all 

three grades were cross with each other. PCA were then conducted on samples 

from different locations, and all the plots were also mixed up together (Figure 3.4). 

This tendency demonstrates that there is no significant difference among the 

chemical profiles of HSW from different grades and different production areas. 
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Figure 3.4 PCA score plots of different grades of heshouwu samples based on 

untargeted metabolomics analysis. A: Guizhou; B: Guangdong; C: Hubei  
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Figure 3.5 PCA score plots of heshouwu from different production areas based on 

untargeted metabolomics analysis.  

 

3.3.3 Quantitative analysis of the 12 major bioactive components 

3.3.3.1 Optimization of analytical conditions 

UPLC-QqQ-MS/MS has already been reported to do quantitative analyses 

and bioanalyses of complex mixtures precisely with low detection limits (Guo et 

al., 2012; Peterson et al., 2012). Multiple reaction monitoring (MRM) is a 

powerful quantitative mode operated on QqQ-MS/MS, in which two quadrupole 

mass analyzers are comprised and programmed at selective scanning, allowing 

only one ion pair (precursor and product ions) to be detected. Since two stages of 

mass selectivity are utilized, there is little interference from the background 

matrix (Guo et al., 2012; Peterson et al., 2012). In this study, UPLC-QqQ-MS/MS 

was used to explore the variation in content of the 12 major bioactive components 
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among different grades and different production areas of HSW. In the 

optimization of UPLC-QqQ-MS/MS conditions, both negative and positive ion 

modes were tried, and negative ion mode was selected for its higher sensitivity 

(Table 3.3). The MRM fragments and collision voltage (eV) of each analyte were 

individually optimized by Mass Hunter Optimizer Software (Aglient Technologies, 

Inc. 2010, Version B.03.01) (Table 3.2). For example, the ions [M-H]
−
 m/z 243.1 

and m/z 173.1 of trans-THSG were observed under the MS condition of a 130 V 

fragmentor with the collision energy of 15 eV and 39 eV, respectively. Since the 

ion of m/z 243.1 was more abundant, it was selected as the precursor ion of 

trans-THSG. The ion pairs of the other 11 analytes were similarly optimized. The 

MS spectra of the analytes are shown in Figure 3.5. Two UPLC columns, 

ACQUITY HSS T3 (100 mm × 2.1 mm, 1.8 μm) and ACQUITY BEH (100 mm × 

2.1 mm, 1.7 μm), together with different mobile phase compositions 

(methanol-H2O/acetonitrile-H2O with or without acidic additive) were tested. For 

10 chemical components of the 12 analytes, including gallic acid, 

proanthocyanidin B1, proanthocyanidin B2, cis-THSG, trans-THSG, catechin, 

epicatechin, epicatechin-3-gallate, emodin-8-O-β-D-glucoside, and 

physcion-8-O-β-D-glucoside, better chromatographic resolution was achieved by 

the ACQUITY HSS T3 column using water containing 0.1% (v/v) formic acid and 

0.1% (v/v) acetonitrile-formic acid as the mobile phases; whereas for emodin and 

physicon, better chromatographic resolution was obtained by the ACQUITY BEH 

column using 3 mM ammonium acetate in water and methanol. Based on the 

results, to provide suitable analytical conditions for all 12 analytes, two different 

conditions were used in this study. Mass spectrometry (MS) of 12 analytes with 

MRM mode is shown in Figure 3.5. 
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3.3.3.2 Method validation 

HSW-RMA5 was selected for the quantitative method validation. The 

methods of validation, including tests of linearity, limits of detection (LODs), 

limits of quantification (LOQs) are summarized in Table 3.2; precision, 

repeatability, stability and recovery are summarized in Tables 3.5. The results 

show good relationships between concentrations (R
2
 ≥ 0.9900). The LODs of all 

analytes are less than 14.59 ng/mL, while the LOQs are less than 43.68 ng/mL. 

The overall RSDs of intra-day and inter-day variations are not more than 8.32% 

and 9.95%, respectively. The spike recoveries of HSW raw materials are from 

82.51% to 107.37%. The need for stability is satisfied because the RSDs are no 

more than 8.73% in 48 h. All these results show that the established methods are 

accurate, sensitive, and precise for raw materials determination of all the 12 

analytes in HSW. 
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Figure 3.6 Mass spectrometry (MS) of 12 analytes with MRM mode. A: 

reference standard; B: sample (HSW-RMA5). 1, gallic acid; 2, 

proanthocyanidin B1; 3, proanthocyanidin B2; 4, catechin; 5, epicatechin; 6, 

cis-THSG; 7, trans-THSG; 8, epicatechin-3-gallate; 9, 

emodin-8-O-β-D-glucoside; 10, physcion-8-O-β-D-glucoside; 11, Emodin; 

12, Physcion. 
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Table 3.5 Method validation (repeatability, precision, spike recovery and stability) for quantitative determination of secondary 

metabolites of heshouwu raw materials 

 

Repeatability 

(n = 6, 

RSD, %) 

Precision (n = 6) Spike Recovery (n = 3, mean (RSD), %) Stability (48 h, n = 7) 

Intra-Day Inter-day 

Low Middle High 

Mean 

(ng/mL) 

RSD, % Mean 

(ng/mL) 

RSD, % 

Mean 

(ng/mL) 

RSD, % 

Gallic acid 10.81 394.15 3.01 471.86 7.69 96.71 (4.58) 97.23 (4.15) 94.94 (1.53) 445.58 8.73 

Proanthocyanidin B1 7.43 959.60 2.47 999.00 4.08 90.73 (6.29) 91.72 (5.46) 90.85 (4.85) 1042.45 7.81 

Catechin 9.35 293.40 4.43 329.87 9.01 101.89(7.75) 95.14(6.51) 98.52(1.86) 315.646 7.38 

Proanthocyanidin B2 8.31 341.51 2.21 357.12 4.16 96.17(4.73) 93.72(1.52) 96.08(3.70) 369.96 5.54 

Epicatechin 3.48 205.35 5.58 221.47 4.09 102.69(4.13) 107.37(1.31) 101.70(4.44) 203.26 5.68 

cis-THSG 4.22 2012.47 1.21 2198.07 1.79 82.51(10.18) 102.87(9.21) 87.96(10.49) 2107.79 4.76 

Epcatechini-3-gallate 7.27 440.67 7.25 448.75 5.69 103.50(5.13) 95.52(8.18) 100.89(2.06) 456.16 4.23 

trans-THSG 2.42 7396.96 2.28 7932.62 6.72 95.15(6.80) 92.82(5.34) 85.98(8.56) 7865.36 5.95 

Emodin-8-O-β-D-glucoside 3.19 2124.69 0.48 2365.74 0.78 94.72(1.47) 100.49(1.99) 97.93(1.58) 2272.80 4.48 

Physcion-8-O-β-D-glucoside 3.58 503.18 1.54 558.48 1.59 94.11(2.09) 95.36(4.40) 85.81(0.38) 529.89 4.66 

Emodin 2.02 719.23 8.32 669.05 9.95 99.05(2.92) 106.78(2.56) 101.18(2.33) 682.54 5.77 

Physcion 3.40 605.38 4.49 569.70 6.19 97.94(9.05) 92.87(6.61) 99.27(8.78) 578.33 3.97 
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3.3.3.3 Quantitative results  

Three major classes of chemicals, 12 compounds in total were quantitatively 

determined in raw materials of HSW samples, in order to explore the variation in 

major chemicals content of each grade and each production area and find out the 

correlations between the existing grading system and the quality of HSW. Sample 

extractions were first analyzed by UPLC-QqQ-MS/MS, and then one-way 

analysis of variance (ANOVA) statistical analysis was conducted by IBM SPSS 

Statistics 19.0 software (IBM, Armonk, NY, USA). The content of the 12 

chemicals and variations are shown in Figure 3.6 and Table 3.6. In the statistical 

analysis, to exclude the factor of cultivated location, the ANOVA analysis was 

firstly carried out on different grades of one production area each time.  

For different grades of HSW from Guizhou Province, all p-values of the 12 

analytes of each grade varied from 0.076 to 0.097. Since a p-value below 0.05 is 

taken as a significant difference between targeted groups, the results of statistical 

analysis in this study indicated that there were no significant differences among 

the three grades in the contents of the 12 chemical components. In detail, there 

were only slightly differences in the content of two stilbene glucosides, namely 

trans-THSG and cis-THSG. For example, the average contents of trans-THSG in 

the first grade, second grade and third grade were 42,018.66 ± 3115.35 μg/g, 

42,853.91 ± 638.17 μg/g and 45,425.93 ± 1600.70 μg/g, respectively; and the 

p-value of three groups was 0.188 (>0.05). Similarly, the variations of the content 

of four anthraquinones, namely emodin, physcion, emodin-8-O-β-D-glucosides, 

physcion-8-O-β-D-glucosides, were only slightly different. For example, the 

average content of physcion was 414.95 ± 158.59 μg/g (grade 1), 343.84 ± 89.16 

μg/g (grade 2) and 360.46 ± 80.12 μg/g (grade 3), and the p-value was 0.741 
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(>0.05). In the case of the six polyphenols, namely gallic acid, proanthocyanidin 

B1, proanthocyanidin B2, catechin, epicatechin, and epicatechin-3-gallate, the 

content of each grade also varied slightly. For example, the average content of 

catechin was 1559.21 ± 249.69 μg/g, 1670.31 ± 20.93 μg/g and 1995.95 ± 172.68 

μg/g in the sequence of first grade, second grade and third grade; and p-value was 

0.076 (>0.05). Results revealed that HSW (Guizhou Province) of different weights 

and sizes, which were recorded to be the basis for traditional quality grading (Bai 

and Zhang, 1999; Li, 2008), do not show any significant difference in chemical 

content.  

In the statistical analysis of different grades of HSW from Guangdong 

Province, all p-values varied dramatically, between 0.001 to 0.191. The p-values 

of six analytes, namely proanthocyanidin B1, proanthocyanidin B2, cis-THSG, 

physcion-8-O-β-D-glucoside, emodin, and physcion were greater than or equal to 

0.05, which suggested that there were no significant differences among the three 

grades in the contents of these 6 chemical components. While for the other six 

analytes, namely gallic acid, catechin, epicatechin, epcatechini-3-gallate, 

trans-THSG and emodin-8-O-β-D-glucoside, the p-values, were below 0.05, 

which suggested that there were significant differences among the three grades in 

the contents of these 6 chemical components. Even though different grades HSW 

show different in the contents of these 6 analytes, the quantitative results indicated 

that in some cases, HSW from lower grade contains more chemical contents.  

For example, the average contents of gallic acid in the first grade, second grade 

and third grade were 110.26 ± 7.31 μg/g, 147.96 ± 5.62 μg/g and 162.82 ± 23.10 

μg/g, respectively, which suggested the garde 3 contains higher gallic acid 

(p-value 0.011); the average contents of trans-THSG in the first grade, second 
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grade and third grade were 30512.16 ± 1240.58 μg/g, 31131.06 ± 1154.45 μg/g 

and 28445.92 ± 487.51 μg/g, respectively, which means grade 2 contains greater 

amount of  trans-THSG ( p-value 0.041). Results revealed that even if the three 

grades show significant different in chemical contents, grade 1 does not always 

represent the best quality based on chemical analysis. 

Similarly, p-values of different grades of HSW from Hubei Province also 

varied a lot, and they are varied between 0.003 to 0.980. The p-values of six 

analytes, namely gallic acid, proanthocyanidin B2, epicatechin, 

epcatechini-3-gallate, emodin and physcion were greater than 0.05, which 

suggested that there were no significant differences among the three grades in the 

contents of these 6 chemical components. While for the other six analytes, namely 

proanthocyanidin B1, catechin, cis-THSG, trans-THSG, 

emodin-8-O-β-D-glucoside and physcion-8-O-β-D-glucoside, the p-values were 

below 0.05, which suggested that there were significant differences among the 

three grades in the contents of these 6 chemical components. Although based on 

the contents of these 6 analytes, different grades HSW represent different quality, 

sometimes; HSW from lower grade contains more chemical contents. For 

example, the average contents of emodin-8-O-β-D-glucoside (p-value 0.046) and 

physcion-8-O-β-D-glucoside (p-value 0.041) were more abundant in grade 2, 

while proanthocyanidin B2 (p-value 0.019), catechin (p-value 0.041), cis-THSG 

(p-value 0.025) and trans-THSG (p-value 0.035) were more abundant in grade 3. 

Results revealed that base on chemical and statistical analyses, grade 1 does not 

always represent the best quality based on chemical analysis. All these results of 

quantitative analyses suggest that the existing morphological criterion is 

unreliable for quality grading of HSW. 
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On the contrary, the statistical analysis results showed that production area is 

a more important factor contributing to its chemical contents of HSW. Based on 

AVONA analysis, for HSW from different locations, all p-values of the 12 

analytes were under 0.05. Details p-values are listed as follows: trans-THSG 

(p-value 0.000), cis-THSG (p-value 0.003), emodin (p-value 0.000), physcion 

(p-value 0.000), emodin-8-O-β-D-glucosides (p-value 0.000) and 

physcion-8-O-β-D-glucosides (p-value 0.000), gallic acid (p-value 0.013), 

proanthocyanidin B1 (p-value 0.000), proanthocyanidin B2 (p-value 0.000), 

epicatechin (p-value 0.000), catechin (p-value 0.000) and epicatechin-3-gallate 

(0.000). Results indicated that the total amount of the 12 major chemical 

components vary among production regions; the contents are highest in material 

from Hubei, and lowest in samples from Guangdong. 
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Figure 3.7 Content of the 12 analytes in raw material of heshouwu



  

77 

 

Table 3.6 Quantitative results of secondary metabolites in raw materials of heshouwu (μg·g
-1

) (n=3) 

Secondary metabolites 

Cultivated 

Location 

Mean (RSD %) 
p-value of 

different 

grades 

p-value of 

different 

cultivated 

locations 

HSW-RMA1 HSW-RMA2 HSW-RMA3 HSW-RMA4 HSW-RMA5 HSW-RMA6 HSW-RMA7 HSW-RMA8 HSW-RMA9 

Gallic acid 

GZ 402.07(1.80) 186.06(4.06) 182.35(6.37) 253.46(4.44) 179.23(4.98) 166.29(9.04) 227.60(11.04) 162.81(7.98) 197.92(2.10) 0.605 

0.013 GD 104.29(5.46) 108.07(3.16) 118.42(4.29) 153.08(6.35) 148.86(4.35) 141.95(6.05) 137.17(3.84) 169.35(3.40) 181.94(4.22) 0.011 

HB 166.41(2.98) 125.26(7.49) 110.50(6.14) 204.27(5.76) 199.94(2.05) 160.22(3.37) 153.18(5.35) 218.18(3.40) 196.59(1.25) 0.000 

Proanthocyanidin B1 

GZ 295.02(4.25) 490.67(3.16) 493.72(2.55) 406.08(3.11) 502.83(4.49) 507.67(0.43) 485.89(4.23) 611.76(3.15) 635.29(0.80) 0.173 

0.000 GD 188.36(2.82) 210.55(2.68) 188.44(0.89) 151.76(4.53) 157.21(0.85) 145.01(3.78) 173.79(1.01) 151.45(3.97) 166.57(2.82) 0.005 

HB 229.10(4.54) 377.61(2.05) 203.65(6.16) 345.77(2.97) 358.80(2.96) 344.94(5.43) 439.03(3.75) 447.61(6.30) 526.56(0.80) 0.000 

Catechin 

GZ 1274.44(1.83) 1740.64(2.05) 1662.55(4.98) 1647.71(0.94) 1689.03(3.20) 1674.20(13.81) 1781.35(9.49) 1959.84(4.14) 2126.65(7.37) 0.076 

0.000 GD 1920.25(2.59) 2219.23(3.64) 2037.80(6.69) 1683.97(3.53) 1779.53(6.65) 1719.62(12.94) 1798.46(3.73) 1576.31(7.41) 1661.43(4.84) 0.012 

HB 674.83(17.64) 939.34(5.74) 620.44(9.48) 1024.17(11.20) 1096.75(8.65) 1072.31(0.47) 1246.10(3.48) 1284.88(8.51) 1474.26(7.01) 0.000 

Proanthocyanidin B2 

GZ 84.26(7.14) 160.86(5.68) 150.71(1.71) 111.53(6.27) 179.71(6.11) 159.64(0.75) 115.88(9.61) 168.66(5.34) 193.97(2.81) 0.693 

0.000 GD 86.11(4.97) 96.31(4.26) 92.97(1.59) 63.57(0.14) 61.79(4.11) 69.44(2.30) 74.36(4.12) 53.62(7.20) 59.97(6.04) 0.005 

HB 627.89(2.69) 1190.84(1.68) 655.64(6.67) 443.83(1.42) 605.37(2.65) 505.28(4.50) 481.88(3.27) 550.47(4.64) 493.28(2.19) 0.373 

Epicatechin GZ 71.56(13.22) 98.09(7.06) 88.80(5.61) 65.12(5.34) 89.49(3.05) 88.93(2.46) 76.48(15.14) 105.27(5.21) 113.88(8.29) 0.438 0.000 
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GD 31.73(6.02) 36.63(7.38) 31.79(9.22) 38.06(6.58) 36.52(5.84) 39.81(3.01) 39.23(6.88) 41.11(2.95) 41.34(5.45) 0.001 

HB 250.04(4.31) 407.02(2.60) 224.75(7.82) 289.14(7.60) 308.59(0.62) 226.43(2.03) 254.72(3.56) 270.79(6.26) 271.67(1.75) 0.038 

cis-THSG 

GZ 684.52(8.66) 870.18(13.59) 772.65(10.00) 759.46(16.08) 847.04(11.74) 828.27(8.72) 685.83(10.79) 781.87(9.23) 901.23(10.12) 0.880 

0.003 GD 646.84(10.77) 676.78(12.47) 1165.41(10.38) 1124.12(8.73) 1138.69(6.75) 1124.69(10.73) 1208.45(6.39) 1192.57(4.05) 1349.73(9.39) 0.062 

HB 1032.78(3.42) 1072.23(8.05) 917.13(7.84) 982.06(6.80) 992.12(4.14) 919.87(6.23) 1093.73(9.63) 1316.34(7.26) 1415.86(8.91) 0.547 

Epcatechini-3-gallate 

GZ 108.96(5.21) 225.90(1.33) 205.48(3.92) 144.92(3.58) 224.15(1.91) 195.86(1.31) 154.64(6.00) 225.56(3.28) 246.99(2.78) 0.783 

0.000 GD 91.36(1.90) 103.95(3.83) 96.97(4.11) 51.70(3.75) 54.21(4.52) 65.81(2.21) 63.11(1.73) 38.97(5.52) 49.19(2.37) 0.012 

HB 817.62(2.10) 1329.20(2.65) 805.72(5.38) 827.65(1.95) 992.27(2.21) 730.88(5.94) 813.26(8.90) 901.19(8.61) 904.48(3.48) 0.958 

trans-THSG 

GZ 38539.11(2.30) 42967.88(2.63) 44548.99(0.13) 42211.42(2.21) 43487.67(1.24) 42862.64(0.51) 43803.45(4.80) 45470.41(1.22) 47003.93(2.17) 0.188 

0.000 GD 29840.95(2.43) 31943.73(1.52) 29751.80(0.92) 29813.27(2.64) 31964.08(4.08) 31615.83(4.77) 29007.99(4.01) 28191.72(1.35) 28138.05(5.22) 0.041 

HB 49104.07(3.26) 54002.63(2.34) 46465.45(3.39) 55267.71(0.99) 58918(2.77) 51105.50(0.95) 57087.15(3.75) 63281.41(2.86) 60406.50(1.87) 0.000 

Emodin-8-O-β-D-glucoside 

GZ 248.69(5.21) 1120.62(1.76) 1159.35(0.36) 582.48(1.06) 1042.90(1.70) 1104.73(1.39) 717.48(0.66) 1206.13(1.26) 1122.51(0.69) 0.852 

0.000 GD 55.12(12.33) 51.19(4.58) 47.80(2.65) 61.97(5.43) 63.56(3.71) 63.23(2.31) 55.93(7.74) 68.79(5.91) 66.48(4.41) 0.027 

HB 2312.38(2.82) 2180.98(1.65) 2994.60(4.77) 2986.42(1.41) 3027.23(0.39) 3312.20(1.89) 2529.81(3.28) 2312.56(2.12) 2445.27(1.50) 0.000 

Physcion-8-O-β-D-glucoside 

GZ 60.26(6.46) 288.31(2.42) 288.16(4.69) 141.12(2.46) 240.22(3.62) 255.17(2.39) 180.54(4.60) 314.43(8.07) 229.08(0.94) 0.907 

0.000 GD 24.90(9.84) 28.58(5.30) 19.31(7.96) 26.71(6.43) 37.32(2.80) 23.26(8.20) 27.62(4.82) 38.56(8.47) 38.49(9.20) 0.191 

HB 225.06(8.20) 178.20(3.90) 286.13(5.07) 319.41(6.54) 355.76(6.51) 461.61(4.97) 351.88(3.86) 300.12(3.64) 347.69(2.71) 0.001 

Emodin 

GZ 902.99(2.19) 349.57(1.46) 371.48(1.85) 652.66(2.49) 332.25(2.36 312.93(1.54) 653.89(2.05) 302.52(4.31) 309.05(2.65) 0.805 

0.000 

GD 112.51(1.61) 93.21(4.21) 94.54(2.49) 234.66(1.86) 215.82(5.66) 198.81(1.84) 167.25(5.09) 293.93(5.81) 137.73(7.78) 0.056 
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HB 584.57(0.07) 356.93(3.02) 668.45(0.37) 541.88(4.02) 476.70(3.60) 539.18(2.45) 453.02(1.46) 475.59(1.73) 640.06(2.70) 0.002 

Physcion 

GZ 597.68(1.39) 313.10(4.98) 334.08(5.86) 445.46(1.33) 307.35(4.92) 278.71(4.23) 452.86(6.71) 318.08(11.01) 310.43(13.22) 0.741 

0.000 GD 69.81(1.21) 72.22(9.88) 64.14(4.53) 155.52(3.46) 153.69(8.08) 151.05(2.30) 138.48(8.20) 202.83(8.77) 50.61(8.89) 0.128 

HB 360.00(6.26) 211.40(9.17) 485.42(2.98) 298.47(7.81) 258.34(8.29) 373.46(5.94) 278.91(5.84) 259.88(0.70) 352.39(3.42) 0.000 

Data in the table are an average of triplicate, and the numbers in parentheses/brackets are the RSD values in % of triplicate; p values 

are generated by One-way ANOVA Statistical analysis; p-values of different grades are generated by each grade (9 data in total), 

while p-values of different cultivated locations are generated by each location (27 data in total).
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3.4 Conclusions 

In this study, a combination of UPLC-QTOF-MS/MS, UPLC-QqQ-MS/MS 

was applied for quality assessment of different grades and different production 

areas of HSW, in order to find the differences between the qualities of different 

commercial grades and cultivated locations, and thus provide scientific basis for 

quality evaluation. UPLC-QTOF-MS/MS was used to analyze the overall 

chemical profile of HSW raw materials from different grades and locations; while 

UPLC-QqQ-MS/MS was used to quantitatively determine the content of 12 major 

bioactive components of HSW. Interestingly, results reveal that production 

regions and specifications both influence the chemical constituents of HSW, but 

the influence of production regions is even more evident. Differences in 

constituents between production regions are relatively large, while there were no 

significant differences among specifications. This secondary metabolites analysis 

provides criterion for quality assessment of HSW. 
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CHAPTER 4 TISSUE-SPECIFIC ANALYSIS OF SECONDARY 

METABOLITES CREATES A RELIABLE MORPHOLOGICAL 

CRITERION FOR QUALITY GRADING 

 

4.1 Introduction  

As was reported in chapter 3, we found that the existing grading system could 

not accurately represent the quality of the herb. Is there another system, or are there 

other morphological criteria, that could be used to reliably represent quality?  Up 

until recently, in most of the research, an entire CMM or a whole plant was taken as 

the basis of research (Al-Saidi et al., 2012; Z. H. Wang et al., 2017, 2014). Today, 

with advanced technology, histochemical studies can extend to tissue level 

analysis, and have shown that different tissues of CMMs contain different and 

distinct types of secondary metabolites (Ng et al., 2007; Wu et al., 2007b, 2007a). 

At the gross, macroscopic level, the structure of different tissues creates 

morphological features, which is the external form of CMMs. As a result, the 

relationship between bioactive components and morphological features can be 

found by analyzing the distribution patterns of chemical components in different 

plant tissues. As such, tissue- and cell-specific chemical profiling can link 

morphological features with secondary metabolites, and thus can be used to assess 

the quality of CMMs (Liang et al., 2013; Q. L. Wang et al., 2015; Yi et al., 2012).  

Recently, laser microdissection (LMD) has been used as an accurate 

sampling tool for precise, contamination-free preparation of cell groups or single 

cells excised from histological tissue sections without adjoining tissues adhering. 

In addition, an accurate cutting area can be recorded, with the degree of 

preciseness up to 1 μm
2
 (Moco et al., 2009; Outlaw and Zhang, 2001). A 
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fluorescence light built inside the LMD unit enables each tissue or cell to appear 

with a specific fluorescence color according to its chemical constituents. This 

makes the border of each tissue more clear, enabling tissue or cell separation to be 

more accurate and specific (Fricker et al., 2006). The application of 

UPLC-QTOF-MS/MS, UPLC-QqQ-MS/MS and the LMD technique is proving to 

be a valuable technical platform for tissue- and cell-specific metabolite profiling 

of CMMs (Chen et al., 2014). The method combining UPLC-QTOF-MS/MS, 

UPLC-QqQ-MS/MS and LMD not only can qualitatively and quantitatively 

analyze bioactive components of CMMs, but also can map the distribution 

patterns of bioactive components. Linking chemicals and morphological features 

of CMMs provides the scientific basis for their quality evaluation. 

We preliminarily performed qualitative histochemical analysis of HSW by 

means of fluorescence microscopy and high performance liquid chromatography 

time-of-flight mass spectrometry (HPLC-TOF-MS). However, due to the 

limitations of tissue-separating technology at that time, the tissue parts were only 

roughly separated manually (Liang et al., 2011). Because some types of specific 

tissues or cells of HSW are tiny, with a thickness even in units of μm, and close 

together, they can be impossible to see and thus easily mis-cut manually; 

furthermore, the size of the cutting area is hard to measure, again due to its small 

size, and thus it is too inaccurate for quantitative study. Therefore, the analytes in 

the previous study were only qualitatively investigated without quantitative 

determination, which thus cannot reveal the histological distribution of chemicals 

in HSW. 

In this study, we conducted a tissue-specific histochemical analysis of HSW 

by combining UPLC-QTOF-MS/MS, UPLC-QqQ-MS/MS and LMD. The 
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objective of this study is to determine whether and how morphology corresponds 

to quality. To achieve this goal, we firstly used LMD to separate six different 

tissues of HSW plant, namely cork, cortex, phloem of abnormal vascular bundles, 

xylem of abnormal vascular bundles, phloem and xylem (Figure 4.1); secondly, 

we characterized the secondary metabolites in HSW by UPLC-QTOF-MS/MS, to 

map the overall chemical profile in different tissues of HSW. Thirdly, we used 

UPLC-QqQ-MS/MS to map the distribution patterns of 12 analytes in six 

different HSW tissues quantitatively, in order to find out other morphological 

criteria for the quality grading of HSW furtherly. The 12 analytes were 

trans-2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucopyranoside (trans-THSG), 

cis-THSG, emodin, physcion, emodin-8-O-β-D-glucosides and 

physcion-8-O-β-D-glucosides, gallic acid, proanthocyanidin B1, proanthocyanidin 

B2, epicatechin, catechin and epicatechin-3-gallate; which have been widely 

reported to be the major types and major bioactive chemical components in HSW 

(Choi et al., 2007; Han et al., 2013; Kim et al., 2008; Liang et al., 2011) and thus 

were used as evidence of quality for this purpose. The results provide the chemical 

basis for quality evaluation of HSW and expand the evaluation criteria to include 

internal morphological features. 
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Figure 4.1 Transverse section of heshouwu (HSW) (HSW-TA1). (A) 

morphological features; (B) under microscope (6.3×). (i) Under normal light 

microscope; (ii) under fluorescence mode. CR: cork; CT: cortex; PAB: phloem 

of abnormal vascular bundles; XAB: xylem of abnormal vascular bundles; P: 

phloem; X: xylem 
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4.2 Materials and methods 

4.2.1 Plant materials, chemicals and reagents 

The HSW materials were collected from three different habitats in China, 

and three replicate sample materials were from different biological plants (Table 

4.1). All samples were authenticated as the tuberous roots of Polygonum 

multiflorum Thunb. by Prof. Zhong-Zhen Zhao from School of Chinese Medicine, 

Hong Kong Baptist University. Voucher specimens were deposited in the Bank of 

China (Hong Kong) Chinese Medicines Centre of Hong Kong Baptist University. 

Table 4.1 Sample information of heshouwu (for tissue specific analysis) 

Sample No. Grade Cultivated Location Collection Date 

HSW-TA1 1
(a)

 Guizhou Province, Shibing Country 2017-2-16 

HSW-TA2 2 Guizhou Province, Shibing Country 2017-2-16 

HSW-TA3 3 Guizhou Province, Shibing Country 2017-2-16 

HSW-TB1 1 Guangdong Province, Xinxing Country 2017-2-8 

HSW-TB2 2 Guangdong Province, Xinxing Country 2017-2-8 

HSW-TB3 3 Guangdong Province, Xinxing Country 2017-2-8 

HSW-TC1 1 Hubei Province, Lizhou City 2017-1-16 

HSW-TC2 2 Hubei Province, Lizhou City 2017-1-16 

HSW-TC3 3 Hubei Province, Lizhou City 2017-1-16 

 (a) Grade 1: >100 g; grade 2: 50–100 g; grade 3: <50 g; all samples were 1 year 

cultivated ones. 

 

Chemical standards for trans-THSG, emodin, physcion, catechin, 

proanthocyanidin B1, proanthocyanidin B2, and gallic acid were purchased from 

Chengdu Must Bio-Technology Co., Ltd. (Chengdu, China); standards for 

cis-THSG, epicatechin, epicatechin-3-gallate, emodin-8-O-β-D-glucoside, and 
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physcion-8-O-β-D-glucoside were purchased from Chengdu Xunchen Biological 

Technology Co., Ltd. (China). HPLC-grade methanol and acetonitrile (E. Merck, 

Darmstadt, Germany), ammonium acetate (Sigma-Aldrich, St. Louis, MO, USA), 

HPLC grade formic acid (Tedia, Fairfield, OH, USA) were purchased. Ultra-pure 

water was prepared by a Mili-Q water purification system (Millipore, Burlington, 

MA, USA). 

4.2.2 Sample preparation 

4.2.2.1 Laser microdissection 

HSW samples were first softened by wrapping with ultra-pure water-soaked 

non-cellulose paper, and then cut into small sections. Each section was then 

embedded in tissue-freezing medium (Thermo Shandon Limited, Runcorn, UK), 

and placed on a cutting platform in the cryostat (Thermo Shandon As620 

Cryotome, UK) at −20 °C. Serial slices of 35 μm thickness were cut at −20 °C and 

directly moved on to a non-fluorescent positron-emission tomography (PET) 

microscope steel frame slide (76 mm×26 mm, 4 μm thick, Leica, Wetzlar, 

Germany). 

The slides were observed in fluorescence mode using a Leica microscope 

(Leica LMD 7000 system, Leica, Ben-shein, Germany). Laser microdissection 

was operated by a diode-pumped solid state (DPSS) laser beam at a speed of 1, 

aperture of 3, under a Leica LMD-BGR fluorescence filter system consisting of 

red light (excitation filter), blue light (suppression filter), green light (dichromatic 

mirror), with intensity of 50%, at 10× magnification. Six tissues, namely the cork, 

cortex, phloem of abnormal vascular bundles, xylem of abnormal vascular 

bundles, phloem and xylem were dissected under fluorescence inspection mode, 

within an area of approximately 1.5 × 10
6
 μm

2
. The micro-dissected tissues were 
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collected into caps of 500 μL microcentrifuge tubes (Leica, Germany). 

4.2.2.2 Micro-dissected tissue extraction 

The micro-dissected tissue in each cap was transferred to the bottom of a 

microcentrifuge tube by centrifugation (Centrifuge 5415R, Eppendorf, Hamburg, 

Germany) at 10,000 rpm for 5 min, and then was ultra-sonicated with 100 μL 70% 

methanol for 60 min, at 60 °C. Then the microcentrifuge tubes were centrifuged 

again for 10 min at 10,000 rpm. 90 μL of each supernatant was transferred to a 

glass insert with a plastic bottom spring (400 μL, Grace, Hong Kong, China) in a 

1.5 mL brown HPLC vial (Grace, HK) and stored at 4 °C for quantitative analysis. 

4.2.3 UPLC-QTOF-MS/MS analysis 

4.2.3.1 Conditions 

Secondary metabolites profiling was performed on an Agilent 6540 

UPLC-QTOF-MS/MS system (Agilent Technologies, USA). The chromatographic 

separation was achieved on a UPLC C18 analytical column (2.1 mm×100 mm, 

I.D. 1.7 μm, BEH) coupled with a C18 pre-column (2.1 mm×5 mm, I.D.1.7 μm, 

ACQUITY UPLC BEH, Waters, USA). The elution was conducted under the 

following conditions: the mobile phase consisted of (A) water containing 0.1% 

formic acid and (B) acetonitrile containing 0.1% formic acid, and the gradient 

program was: 2-5% B (0-2 min); 5-70% B (2-16 min); 70-100% B (16-23 min); 

100% B (23-26 min). The injection volume was 3 μL, and the flow rate was 0.4 

mL/min. The mass spectra were acquired in negative mode, m/z ranging from 100 

to1700, ESI ion source. The dry gas (N2) flow rate was 8 L/min with the 

temperature at 300 °C. The capillary voltage, nozzle voltage, and fragment 

voltage were set at 4500 V, 500 V and 150 V, respectively; while nebulizer 

pressure was 45 psi, and column temperature was set at 40 °C.  
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4.2.3.2 Establishment of in-house database and peak characterization  

Previously reported chemical components derived from HSW were collected 

and summarized in a Microsoft Office Excel table, and the table was applied to 

establish a compound database using Agilent Mass Hunter PCDL Manager 

software (Agilent Technologies, B.04.00, 2011). The database included compound 

name, chemical structure, molecular formula, weight and related references. 

Agilent Mass Hunter Work station software-Qualitative Analysis (version B.06.00, 

Agilent Technologies 2012) was used. Base Peak Chromatogram (BPC with m/z 

ranging from 100 to 1000) was selected to show the results. The empirical 

molecular formulas were deduced by a comparison of the accurately measured 

mass values and the theoretical exact mass values of protonated and deprotonated 

molecular ions and/or fragment ions with a mass accuracy less than 10 ppm, and 

then matched with known compounds in the database using the “Find” function. 

For those compounds which were not listed in the PCDL database, possible 

formulas were deduced according to the molecular mass, fragment ions and mass 

accuracy. 

4.2.3.3 Multivariate statistical analysis 

The raw data of UPLC-QTOF-MS/MS were processed by DA Reprocessor 

(version B.06.00, Agilent Technologies, Inc. 2012), and the parameters were set as 

follows: retention time range from 0-30 min, mass range 100-1000 Da, minimum 

absolute height 5000 counts, mass tolerance 10 ppm, peak spacing tolerance 

within 0.0025 m/z and the limit assigned charge states to a maximum of 5. The 

generated data were then processed for principal component analysis (PCA) and 

Volcano Plot analysis by Mass Profiler Professional (2.0 vision, Agilent 

Technologies, Inc. 2009). The Volcano Plot was used to provide information 
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regarding the differential abundance between different tissues of HSW based on 

p-value (<0.05) and fold-change at 3.  

4.2.4 UPLC-QqQ-MS/MS analysis 

4.2.4.1 Conditions 

The quantitative analysis was conducted on an Agilent 6460 

UPLC-QqQ-MS/MS (Agilent Technologies, Santa Clara, CA, USA) with ESI ion 

source in negative mode. The chromatographic separations were acquired under 

two different conditions: (1) A UPLC T3 analytical column (2.1 mm × 100 mm, 

I.D. 1.8 μm, ACQUITY UPLC HSS, Waters, USA) coupled with a T3 pre-column 

(2.1 mm × 5 mm, I.D.1.8 μm, ACQUITY UPLC HSS, Waters, Milford, MA, USA) 

was used at 40 °C. The mobile phase consisted of (A) water and (B) acetonitrile, 

both containing 0.1% formic acid, and the gradient program was: 0 min, 5% B; 7 

min, 20% B; 13 min, 50% B; 14.5 min, 100% B; 17 min, 100% B. The flow rate 

was 0.35 mL/min, and the injection volume was 2 μL. The source parameters 

were as follows: dry gas (N2) temperature 350 °C; flowrate 8 L/min; sheath gas 

flow 8 L/min with heater at 350 °C; nebulizer pressure, 45 psi; capillary voltage 

3500 V, and dwell time of each ion pair 20 ms. (2) a UPLC C18 analytical column 

(2.1 mm × 100 mm, I.D. 1.7 μm, BEH) coupled with a C18 pre-column (2.1 mm 

× 5 mm, I.D.1.7 μm, ACQUITY UPLC BEH, Waters, USA) was used for 

chromatographic separations at 60 °C. The mobile phase consisted of 3 mM 

ammonium acetate in water (A) and methanol (B), and the gradient program was: 

0 min, 35% B; 7 min, 100% B; 7–9 min, 100% B. The flow rate was 0.35 mL/min; 

the injection volume was 2 μL. The mass spectrometer parameters were set as: dry 

gas (N2) temperature 300 °C; flow rate 7 L/min; sheath gas flow 8 L/min; sheath 

gas heater 350 °C; nebulizer pressure, 45 psi; 500 V charging; capillary voltage 
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3500 V; and the dwell time for each ion pair was 40 ms. Other details are shown 

in Table 4.2. Each sample was analyzed in triplicate, and the final chemical 

contents of each analyte were calculated as an average ± standard deviation (SD) 

of those three readings. 
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Table 4.2 Multiple reaction monitoring (MRM) conditions in ultra-performance liquid chromatography triple-quadrupole mass 

spectrometry (UPLC-QqQ-MS/MS) analysis and method validation (linearity, limits of detection (LODs), limits of quantification (LOQs)) 

for quantitative determination of secondary metabolites in various tissues of heshouwu. 

Analyte MRM 
Collision 

Voltage (eV) 

Calibration Curve Sensitivity (ng/mL) 

Range (ng/mL) Equation R
2
 LODs LOQs 

Gallic acid 169.0→125.0 11 80–4000 y = 95.80x − 605.88 0.9972 4.12 14.85 

Proanthocyanidin B1 577.1→407.0 23 40–2000 y = 28.09x − 105.54 0.9994 2.51 7.59 

Catechin 289.1→245.1 7 20–1000 y = 25.33x + 256.56 0.9974 17.95 48.25 

Proanthocyanidin B2 577.1→407.0 23 40–2000 y = 25.93x − 48.90 0.9991 3.17 15.92 

Epicatechin 289.1→245.1 7 10–1000 y = 31.33x − 78.60 0.9939 15.52 40.66 

cis-THSG 405.0→243.0 15 5–1000 y = 213.54x − 348.14 0.9948 1.04 1.62 

Epcatechini-3-gallate 441.1→169.0 15 5–1000 y = 55.85x − 82.32 0.9936 0.99 6.62 

trans-THSG 405.0→243.1 15 40–8000 y = 196.23x − 357.59 0.9992 9.64 11.02 

Emodin-8-O-β-D-glucoside 431.1→269.1 27 40–2000 y = 801.51x + 29.72 0.9911 4.36 4.58 

Physcion-8-O-β-D-glucoside 445.1→283.1 7 40–2000 y = 58.92x − 103.32 0.9929 4.84 7.14 

Emodin 269.0→225.0 25 80–800 y = 2422.72x + 16798.78 0.9907 0.22 1.15 

Physcion 283.0→240.0 20 40–2000 y = 117.20x − 1082.86 0.9945 1.73 4.03 
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4.2.4.2 Quantitative method validation 

Method validation in terms of linearity, LODs, LOQs, precision (intra-day 

and inter-day), repeatability, recovery and stability were carried out. The stock 

solutions of reference standards were diluted with methanol to yield a series of 

appropriate concentration solutions for assessing linearity, LODs (signal-to-noise 

(S/N) ratios of 3) and LOQs (S/N ratios of 10). 

The precision validation of the assay method was calculated based on 

intra-day and inter-day variations. For intra-day variation assessment, six 

replicates of the micro-dissected tissues HSW-TC4-5 and HSW-TC7-6 were 

extracted and analyzed over the course of one day. For the inter-day variability 

test, the same samples were examined in triplicate on two consecutive days. 

Variations were expressed by the RSDs of the data (n = 6). 

Method repeatability was evaluated by assessing variation in six different 

replicated extracts of HSW-TC2-5 and HSW-TC3-6. A stability test was performed 

on the sample solutions of HSW-TC2-5 and HSW-TC3-6 over periods of 0, 2, 4, 8, 

12, 24, 48 h after extraction, respectively. 

To assess the recovery for micro-dissected tissues, tissues with known contents 

of the 12 analytes were cut by LMD with an area of 1.5 × 10
6
 μm

2
, and different 

amounts (low, middle and high levels) of reference standards (gallic acid: 90, 110 

and 130 ng; proanthocyanidin B1: 40, 50 and 60 ng; proanthocyanidin B2: 110, 140 

and 170 ng; catechin: 200, 250 and 300 ng; epicatechin: 100, 125 and 150 ng; 

epicatechin-3-gallate: 120, 150 and 180 ng; cis-THSG: 2300, 2800 and 3300 ng; 

trans-THSG: 3600, 4400 and 5200 ng; emodin-8-O-β-D-glucoside: 150, 190 and 

230 ng; physcion-8-O-β-D-glucoside: 22, 27 and 32 ng; emodin: 150, 180 and 210 

ng; physcion: 80, 100 and 120 ng, in solution, respectively) were spiked, then 
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extracted and analyzed in triplicate for each level. 

4.2.4.3 Data analysis 

The quantitative data obtained were processed by Agilent Mass Hunter Work 

station software-Quantitative Analysis (version B.06.00, Build 6.0.388.1, Agilent 

Technologies Inc., Santa Clara, CA, USA, 2008). Data were presented as mean ± 

SD of triplicate determinations. To compare the significant differences between 

the content of active compounds in the samples, one-way ANOVA was conducted 

by IBM SPSS Statistics 19.0 software (IBM, USA). A significant difference is 

indicated by p values. 

4.3 Results and discussion 

4.3.1 Sample extraction 

In the extractions of micro-dissected tissues, based on our previously 

qualitative analysis of HSW raw materials, 70% methanol was selected (chapter 

3). However, the extremely tiny size of the micro-dissected tissue samples and the 

tiny amount of extraction solvent meant that errors in operation could easily occur. 

Thus, the micro-dissected tissues were extracted only once, with 100 μL 70% 

methanol.  

4.3.2 Secondary metabolites profiling 

4.3.2.1 Optimization of UPLC-QTOF- MS/MS analytical conditions 

As discussed in chapter 3, in this study, secondary metabolites profiling was 

therefore performed by UPLC-QTOF-MS/MS due to its advantages and 

applications. To achieve more fragment information for chemical components 

identification, a negative ion mode was used. For chromatographic separation, 0.1% 

formic acid–water and 0.1% formic acid–acetonitrile were selected according to 

previously study in chapter 3. 
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4.3.2.2 Compounds identification  

A total of 33 compounds (Table 4.3) were definitely or tentatively identified 

in different micro-dissected tissues by chemical standards and/or the established 

in-house database (Lin et al., 2015a; Qiu et al., 2013; L. L. Wang et al., 2017). In 

details, a total of 31, 21, 18, 20, 21 and 20 chemical components were detected in 

the sequence of cork, cortex, phloem of abnormal vascular bundles, xylem of 

abnormal vascular bundles, phloem and xylem, respectively. The representative 

LC-MS base peak chromatograms (BPCs) for different micro-dissected tissues are 

shown in Figure 4.2. Three types of chemicals, namely stilbenes, anthraquinones, 

and catechin, were identified as the major secondary metabolites of HSW.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Typical UPLC-QTOF-MS/MS chromatograms of secondary 

metabolites in HSW. A: Cork; B: Cortex; C: Phloem of abnormal vascular bundles; 

D: Xylem of abnormal vascular bundles; E: Phloem; F: Xylem; G: Blank. The 

peak numbers represent the same meanings as in Table 4.3
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Table 4.3 Identification of the major components in various tissues of heshouwu by UPLC-QTOF-MS/MS 

Peak 

No. 

Rt 

(min) 

Identity Molecular 

formula 

Molecular 

ions/adduct 

ions 

m/z Fragment ions of 

[M+H]+/[M-H]- 

(mass accuracy, ppm) 

Occurrence 

in HSW 

(tissues) 

Mean 

measured 

mass (Da) 

Theoretical 

exact mass 

(Da) 

Mass 

accuracy 

(ppm) 

1 0.76 Cephulac C12H22O11 [M-H] - 

 

341.1094 

 

341.1089 1.5 

 

179.0561 [M-H-Glu]-  (2.8) 

119.0341 [M-H-Glu-CH2COOH]-  (-2.5) 

1,2,3,4,5,6 

2 0.76 Hydroxysuccinic acid C4H6O5 [M-H]- 133.0142 133.0142 0 115.0025 [M-H-H2O]-  (-5.6) 1,2,3,4,5,6 

3 1.05 Hydocerol A C6H8O7 [M-H]- 191.1210 191.1197 6.8 111.0084 [M-H-CO2-2H2O]-  (1.8) 1 

4 1.49 Gallic acid C7H6O5 [M-H]- 169.0142 169.0142 0 125.0243 [M-H-CO2]
-  (3.2) 

107.0128 [M-H-CO2-H2O]-  (-4.7) 

1,2,5,6 

5 2.91 Gallocatechin C15H14O7 [M-H] - 305.0664 305.0667 -1.0 179.0351 [M-H-C6H6O3]
-  (3.9) 

125.0248 [M-H-C9H8O4]
-  (7.2) 

1 

6 4.34 Proanhocyanidin B1 C30H26O12 [M-H]- 577.1358 577.1351 1.2 425.0880 [M-H-C8H8O3]
-  (1.6) 

407.0762 [M-H-C8H8O3-H2O]-  (-1.2) 

289.0723 [M-H-C15H14O6]
-  (3.8) 

1,2 

7 4.54 2-Vinyl-1H-indole-carboxylic acid C11H9NO2 [M-H]- 

 

186.0570 186.0561 4.8 

 

142.0664 [M-H-CO2]
-  (4.9) 

116.0504 [M-H-CO2-C2H2]
-  (3.4) 

1,2,3,4,5,6 

8 4.61 Catechin C15H14O6 [M-H] - 

 

 

289.0715 289.0718 

 

-1.0 

 

245.0819 [M-H-C2H3OH]-  (2.0) 

151.0395 [M-H-C7H6O3]
-  (0) 

205.0510 [M-H-C2H3OH-C2OH]-  (1.8) 

1,2,3,4,5,6 
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9 5.01 Salicylaldehyde C7H6O2 [M-H] - 121.0294 121.0295 -0.8 -- 1,2,3,4,5,6 

10 5.37 Epicatechin C15H14O6 [M-H] - 289.0711 289.0718 -2.4 245.0807 [M-H-C2H3OH]-  (-2.9) 

205.0499 [M-H-C2H3OH-C2OH]-  (4.2) 

151.0383 [M-H-C7H6O3]
-  (-7.9) 

1,2,3,4,5,6 

11 5.47 Procyanidin B1-3-O-gallate C37H30O16 [M-H] - 729.1462 729.1461 0.1 577.1320 [M-H-C8H8O3]
-  (-4.5) 

407.0779 [M-H-2C8H8O3-H2O]-  (2.9) 

289.0744 [M-H-C8H8O3-C15H14O6]
- -0.7) 

1,2 

12 5.69 Unknown C27H34O16 [M-H]- 613.1750 613.1774 -3.9 405.1188 [M-H-C7H12O7 ]
-  (-0.5) 

243.0666 [M-H-C7H12O7-Glu]-  (3.7) 

1,2,5 

13 5.90 Cis-THSG C20H22O9 [M-H] – 405.1179 

 

405.1191 

 

3.0 

 

243.0656 [M-H-Glu]-  (-0.4) 

225.0552 [M-H-Glu-H2O]-  (0) 

197.0599 [M-H-Glu-H2O-CO]-  (-2.0) 

1,2,3,4,5,6 

14 5.90 Polygoacetophenoside C14H18O10 [M-H] - 345.0826 345.0827 -0.3 183.0293 [M-H-Glu]-  (0) 1 

15 5.90 Acetyl-emodin-O-hexose C23H22O11 [M-H] - 473.1066 473.1089 -4.9 405.1193 [M-H-C3HO2]
-  (1.7) 

243.0668 [M-H -C9H10O7]
-  (4.5) 

1,2,3,4,5,6 

16 6.13 Torachrysone-8-O-glucoside C20H24O9 [M-H] - 407.1361 407.1348 -3.2 245.0836  [M-H-Glu]-  (-6.9) 1,2,3,4,5,6 

17 6.32 Tetrahydroxy-phenanthrene-O-hexose C20H20O9 [M-H] - 403.1047 403.1035 3.0 241.0506 [M-H-Glu]-  (2.0) 1,2,3,4,5,6 

18 6.49 Epicatechin-3-gallate C22H18O10 [M-H] - 441.0816 441.0827 -2.5 289.0718 [M-H-C8H8O3]
-  (2.1) 

169.0131 [M-H-C15H12O5]
-  (-4.1) 

3,4,5,6, 
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19 6.51 THSG C20H22O9 [M-H] - 

 

 

405.1195 

 

405.1191 

 

1.0 

 

243.0667 [M-H-Glu]-  (4.1) 

225.0555 [M-H-Glu-H2O]-  (1.3) 

197.0601 [M-H-Glu-H2O-CO]-  (1.9) 

1,2,3,4,5,6 

20 6.51 Unkown C40H44O18 [M-H] - 811.2462 811.2455 0.9 405.1200 [M-H-Glu-C20H21O9]
-  (2.2) 1,2,3,4,5,6 

21 6.54 Di-emodin-Di-hexose C42H42O18 [M-H] - 833.2283 833.2298 -1.8 405.1100 [M-H -C22H21O9]
-  (2.2) 

243.0670 [M-H -C22H21O9-Glu]-  (5.3) 

1,4 

22 6.57 Emodin-O-(O-acetyl)-glucopyranoside C23H22O11 [M-H] - 473.1066 473.1089 -4.9 405.1202 [M-H-C3HO2]
-  (3.0) 

243.0664 [M-H-C9H10O7]
-  (2.9) 

1,2,3,4,5,6 

23 6.66 Tetrahydroxystilbene-O-(galloyl)-glucoside C27H26O13 [M-H] - 

 

557.1304 

 

 

557.1301 

 

 

0.5 

 

405.1199 [M-H-C7H4O4]
-  (2.9) 

313.0559 [M-H-C14H12O4]
-  (-0.3) 

243.0664 [M-H-C7H4O4-Glu]-  (2.9) 

1,2,3,4,5,6 

24 7.43 Tetrahydroxystilbene-O-(malonyl)-hexose C23H24O12 

 

[M-H] - 491.1215 491.1195 4.1 313.0336  [M-H-C7H14O5]-  (5.8) 

243.0278  [ M-H-C10H16O7]-  (8.6) 

1 

25 7.46 Resveratrol-O-glucopyranoside C20H22O8 [M-H] - 389.1257 389.1242 -3.9 209.0801  [M-H-C9H8O4]-  (8.6) 5,6 

26 8.20 N-trans-feruloyl tyramine C18H19NO4 [M-H] - 312.1229 312.1241 -1.0 297.1017 [M-H-CH3]
-  (4.2) 

190.0536 [M-H-CH3-C8H7O]-  (-0.6) 

1,4 

27 8.22 Tetrahydroxystilbene-2-O-(coumaroyl)-glucoside C29H28O11 [M-H] - 551.1560 551.1559 0.2 405.1198 [M-H-C9H6O2]
-  (3.0) 

243.0670 [M-H-C9H6O2-Glu]-  (5.3) 

1 

28 8.34 Tetrahydroxystilbene-2-O-(feruloyl)-hexose C30H30O12 [M-H] - 581.1673 581.1664 1.5 405.1192 [M-H-C10H8O3]
-  (1.5) 

243.0659 [M-H-C10H8O3-Glu]-  (0.8) 

1 
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29 8.89 Torachrysone-8-O-D-glucoside C20H24O9 [M-H] - 407.13453 

 

407.1348 

 

1.2 

 

245.0810 [M-H-Glu]-  (3.7) 

230.0558 [M-H-Glu-CH3]
-  (-9.1) 

1 

30 8.99 Emodin 8-O-β-D-glucoside C21H20O10 [M-H] - 

 

431.0986 

 

431.0984 

 

0.4 

 

269.0451 [M-H-Glu]-  (0.4) 

225.0568 [M-H-Glu-CO2]
-  (7.1) 

1 

31 9.40 Emodin-8-O-(6′-O-malonyl)-β-D-glucoside C24H22O13 [M-H] - 

 

517.0996 

 

517.0988 

 

1.5 

 

473.1084 [M-H-CO2]
-  (0) 

269.0449 [M-H-C3H2O3-Glu]-  (-0.4) 

1,2,3,4,5,6 

32 10.50 Physcion-8-O-(6′-O-acetyl)-β-D-glucoside C24H24O11 [M-H] - 487.1230 487.1246 -3.3 283.0599 [M-H-C2H3O-Glu]-  (2.9) 

240.0435 [M-H-C2H3O-Glu-COCH3]
- (5.0) 

1,2,3,4,5,6 

33 13.44 Emodin C15H10O5 [M-H] - 269.0448 269.0455 -2.6 241.0495 [M-H-CO]-  (-2.5) 1,2,3,4,5,6 
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4.3.2.3 Multivariate statistical analysis 

As shown in Figure 4.2 and Table 4.3, the chemical profiles of micro-dissected tissues 

differ from each other. In order to further visualize the differences in overall chemical profiles 

between different micro-dissected tissues, Principal Component Analysis (PCA) and Volcano 

Plot were used to process the MS data of secondary metabolites. PCA score plots clearly show 

cork plots shift away from plots of other plant tissues (Figure 4.3). This tendency 

demonstrates that the chemical profile of cork is distinct from the other tissues.  

Volcano plot analysis was then employed to explore the chemical markers that 

contributed most to the difference in chemical profiles between cork and other tissues. Each 

point on the volcano plot was based on both p-value and fold-change values, and in this study 

these two values were set at 0.05 and 3.0, respectively. The points which satisfy the condition 

p < 0.05 and fold change > 3.0 appear in red and are marker candidates, whereas the others 

appear in gray. The software displayed the results of the markers in red as a p-value table with 

molecular weights, retention times, p-values and fold changes. Here, as shown in Figure 3, the 

chemical profile of cork is unique compared to other tissues, thus cork were selected for the 

filtering analysis. Finally, 9 compounds, namely Proanhocyanidin B1 (6), 

Acetyl-emodin-O-hexose (15), Torachrysone-8-O-glucoside (16), Tetrahydroxy-phenanthrene 

-O-hexose (17), trans-THSG (19), Emodin-O-(O-acetyl)-glucopyranoside (22),  

Tetrahydroxystilbene-O-(galloyl)-glucoside (23), Tetrahydroxystilbene-O-(malonyl)-hexose 

(24), and Emodin (33) were explored as the chemical markers most responsible for the 

differences between cork and other tissues (Figure 4.4).  
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Figure 4.3 PCA score plots of different tissues of heshouwu based on untargeted 

metabolomics analysis. A: Guizhou; B: Guangdong; C: Hubei  

  

cork 

cortex 

xylem of abnormal vascular bundles 

phloem 

xylem 

phloem of abnormal vascular bundles 



   

101 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 Volcano plot of cork and phloem based on untargeted metabolomics analysis 

(HSW-TB2) 
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4.3.3 Quantitative analysis of the 12 major bioactive components 

4.3.3.1 Optimization of analytical conditions 

In this study, UPLC-QqQ-MS/MS was used to explore the variation in content of the 12 

major bioactive components between different grades and different tissues of HSW. In the 

optimization of UPLC-QqQ-MS/MS conditions, previously analytical conditions in chapter 3 

were refered. The MRM fragments and collision voltage (eV) of each analyte were shown in 

Table 4.2. The MS spectra of the analytes are shown in Figure 4.5.  

4.3.3.2 Method validation 

As different tissues contain different chemical components, two tissue parts HSW-TC2-5 

and HSW-TC3-6 were selected for the quantitative method validation. For 

emodin-8-O-β-D-glucoside, physcion-8-O-β-D-glucoside, emodin, physcion, gallic acid and 

epicatechin-3-gallate, method validations were conducted on HSW-TC2-5; for the other six 

analytes, namely cis-THSG, trans-THSG, catechin, proanthocyanidin B1, proanthocyanidin 

B2, and epicatechin, method validations were conducted on HSW-TC3-6.  
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Figure 4.5 Mass spectrometry (MS) spectra of 12 analytes with MRM mode. A: 

reference standard; B: sample (HSW-TA1). 1, gallic acid; 2, proanthocyanidin B1; 3, 

proanthocyanidin B2; 4, catechin; 5, epicatechin; 6, cis-THSG; 7, trans-THSG; 8, 

epicatechin-3-gallate; 9, emodin-8-O-β-D-glucoside; 10, physcion-8-O-β-D-glucoside; 

11, Emodin; 12, Physcion.  
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The methods of validation, including tests of linearity, limits of detection (LODs), limits 

of quantification (LOQs) are summarized in Table 4.2; precision, repeatability, stability and 

recovery of micro-dissected tissues are summarized in Tables 4.4. The results show good 

relationships between concentrations (R
2
 ≥ 0.9900). The LODs of all analytes are less than 

17.95 ng/mL, while the LOQs are less than 48.25 ng/mL. The overall RSDs of intra-day and 

inter-day variations are not more than 7.96% and 9.84%, respectively. The spike recoveries of 

micro-dissected tissues are from 90.12% to 120.95%. Taking trace determination and the 

extremely small size of the samples into consideration, recovery results are acceptable. The 

need for stability is satisfied because the RSDs are no more than 9.00% in 48 h. All these 

results show that the established methods are accurate, sensitive, and precise for 

tissue-specific determination of all the 12 analytes in HSW. 
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Table 4.4 Method validation (repeatability, precision, spike recovery and stability) for quantitative determination of secondary 

metabolites in micro-dissected tissues of heshouwu 

 

Repeatability 

(n = 6, 

RSD, %) 

Precision (n = 6) Spike Recovery (n = 3, mean (RSD), %) Stability 

(48 h, n = 7) Intra-Day Inter-day 

Low Middle High Mean 

(ng/mL) 

RSD, % 

Mean 

(ng/mL) 

RSD, % 

Mean 

(ng/mL) 

RSD, % 

Gallic acid 2.85 144.60 3.08 147.10 8.14 108.78(5.00) 101.82(15.80) 120.95(10.18) 142.90 3.82 

Proanthocyanidin B1 9.55 54.92 5.65 60.05 4.27 111.34(11.31) 109.33(10.52) 111.09(4.81) 51.82 5.19 

Catechin 6.11 113.16 7.96 141.29 6.68 109.47(5.94) 102.63(11.29) 98.44(5.67) 135.61 5.60 

Proanthocyanidin B2 6.25 96.75 6.14 103.44 6.50 100.39(11.61) 99.32(3.13) 100.73(0.33) 100.70 7.46 

Epicatechin 3.68 63.25 7.48 72.78 4.76 100.98(7.78) 100.80(9.17) 109.27(9.68) 78.55 8.64 

cis-THSG 4.25 3040.38 2.09 3682.49 3.91 113.93(9.18) 103.54(6.08) 99.46(5.65) 3378.57 5.82 

Epcatechini-3-gallate 6.33 162.27 6.03 178.00 4.79 93.66(8.48) 97.62(6.72) 90.98(10.54) 131.54 4.90 

trans-THSG 5.91 4296.71 0.56 4921.06 5.25 109.77(6.74) 112.86(4.00) 102.28(9.76) 7249.63 7.37 

Emodin-8-O-β-D-glucoside 4.92 193.50 2.44 241.92 3.34 113.83(1.50) 109.74(15.73) 101.83(2.13) 359.83 6.05 

Physcion-8-O-β-D-glucoside 11.17 25.00 6.44 31.79 9.84 109.61(6.19) 103.38(8.95) 115.32(8.42) 28.27 9.00 

Emodin 6.23 183.42 1.66 192.12 4.33 102.25(8.27) 107.03(11.56) 109.24(1.84) 218.22 8.14 

Physcion 11.22 90.94 1.92 85.36 5.69 94.96(4.87) 90.12(9.48) 92.84(6.01) 68.27 3.54 
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4.3.3.3 Quantitative Results  

In order to further explore how quality could be linked with morphological 

features, tissue-specific chemical profiling was further conducted by a combined 

method of LMD and UPLC-QqQ-MS. Twelve major chemical components were 

quantitatively determined in all tissues of all HSW samples listed in Table. 4.1. The 

varied amount of each chemical compound in all tissues is listed in Table 4.5 and 

graphed in Figure 4.6. 

Figure 4.6 Variation in content of the 12 analytes in various tissues of 

heshouwu. 
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Table 4.5 Quantitative results of secondary metabolites in micro-dissected tissues of heshouwu (ng/10
6 

μm
2
) (n=3) 

Secondary metabolites 

micro-dissected 

tissues 

Mean (RSD %) 

HSW-TA1 HSW-TA2 HSW-TA3 HSW-TB1 HSW-TB2 HSW-TB3 HSW-TC1 HSW-TC2 HSW-TC3 

gallic acid 

CR 110.97 (3.66) 97.42 (4.09) 121.34 (6.40) 75.63 (11.43) 213.00 (3.65) 120.30 (6.63) 48.82 (6.87) 63.04 (10.95) 62.98 (1.98) 

CT 39.94 (4.26) 83.67 (1.20) 83.27 (11.17) 30.67 (14.86) 33.25 (13.72) 86.27 (1.51) 26.29 (5.08) 31.69 (2.84) 32.46 (3.64) 

XAB 7.73 (9.35) 9.28 (10.57) 7.69 (14.37) 9.16 (4.16) 9.16 (18.05) 6.51 (22.77) 12.57 (3.44) 14.69 (2.31) 9.86 (2.07) 

PAB 8.01 (18.61) 6.39 (6.11) 9.39 (14.20) 9.11 (8.47) 10.88 (11.11) 15.40 (13.54) 14.47 (6.45) 17.48 (2.63) 10.23 (2.62) 

X 10.13 (3.25) 6.88 (1.20) 6.14 (8.08) 10.68 (7.11) 15.65 (7.70) 8.18 (27.13) 15.95 (16.12) 12.68 (2.37) 7.37 (11.28) 

P 13.95 (3.43) 7.84 (6.43) 7.82 (10.52) 8.58 (1.87) 16.44 (2.66) 9.51 (12.34) 12.37 (2.93) 12.49 (2.16) 8.82 (21.04) 

proanthocyanidin B1 

CR 57.23 (0.92) 35.49 (2.20) 54.25 (8.59) 19.11 (16.34) 49.64 (5.42) 11.25 (1.94) 9.86 (3.06) 18.43 (2.44) 37.27 (7.45) 

CT 6.66 (6.28) 9.14 (2.95) 14.74 (9.87) 6.21 (9.77) 9.14 (20.65) 3.34 (10.99) 3.62 (10.94) 4.92 (10.99) 6.27 (2.12) 

XAB 4.82 (4.16) 4.78 (6.07) 6.26 (6.35) 1.52 (18.30) 2.28 (6.38) 1.74 (34.18) 2.41 (3.15) 3.06 (17.79) 7.02 (0.61) 

PAB 4.27 (24.19) 4.89 (2.86) 6.35 (5.69) 1.34 (17.23) 2.15 (9.37) 3.66 (7.88) 2.39 (9.35) 2.39 (14.75) 5.98 (5.59) 

X 4.18 (17.36) 3.86 (5.70) 6.46 (9.45) 1.76 (12.11) 2.66 (15.73) 1.89 (11.41) 2.38 (19.70) 3.23 (3.27) 6.11 (16.74) 

P 4.66 (5.33) 4.83 (8.28) 7.58 (8.13) 1.28 (18.82) 2.59 (6.54) 1.75 (17.69) 3.41 (5.48) 3.48 (1.15) 5.90 (6.04) 

catechin 
CR 180.76 (2.13) 101.37 (2.87) 186.85 (7.00) 147.70 (8.00) 287.19 (2.66) 43.10 (7.18) 21.23 (5.45) 48.75 (4.96) 71.46 (3.73) 

CT 15.67 (9.78) 29.40 (1.18) 44.19 (6.65) 78.38 (3.87) 54.06 (15.52) 22.46 (1.99) 4.62 (4.25) 10.27 (9.46) 9.24 (8.09) 
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XAB 22.36 (10.71) 38.57 (4.02) 35.98 (3.01) 23.29 (8.05) 31.01 (7.92) 22.26 (9.54) 6.11 (3.27) 11.11 (8.54) 17.90 (2.26) 

PAB 21.60 (17.15) 34.44 (4.30) 40.69 (7.84) 25.31 (2.73) 20.60 (86.86) 35.83 (6.87) 6.39 (5.01) 8.59 (8.50) 15.13 (3.57) 

X 20.97 (6.61) 25.16 (7.30) 27.60 (8.05) 39.92 (5.84) 36.35 (6.76) 20.64 (8.95) 7.66 (2.50) 8.67 (5.15) 22.62 (10.25) 

P 24.26 (3.80) 31.81 (5.30) 32.55 (3.85) 34.56 (6.07) 36.79 (4.07) 17.67 (9.32) 7.98 (7.18) 8.56 (6.90) 18.19 (7.18) 

proanthocyanidin B2 

CR 5.57 (7.90) 4.82 (7.20) 4.40 (12.10) 1.97 (22.50) 3.75 (10.65) 1.96 (16.05) 9.87 (4.24) 12.11 (4.01) 12.68 (7.86) 

CT 1.87 (13.37) 4.57 (4.51) 3.53 (4.67) 1.78 (7.66) 1.43 (8.90) 1.55 (9.93) 8.02 (7.53) 9.85 (6.45) 6.24 (3.29) 

XAB 1.70 (15.29) 2.65 (14.18) 1.87 (11.19) * * 0.81 (19.84) 7.31 (4.88) 4.66 (15.15) 5.70 (4.65) 

PAB 1.98 (10.10) 2.81 (7.02) 1.85 (5.05) 1.49 (12.04) * * 7.44 (20.66) 4.15 (7.73) 6.50 (10.63) 

X 1.51 (16.56) 2.47 (13.27) 1.66 (10.38) * * * 7.54 (11.86) 5.48 (10.39) 11.69 (14.65) 

P 1.63 (21.47) 2.32 (5.07) 1.38 (24.65) * 0.81 (10.43) * 9.21 (5.29) 6.71 (8.45) 13.09 (7.83) 

epicatechin 

CR 13.49 (1.88) 14.22 (6.55) 14.23 (4.86) 3.10 (17.42) 9.37 (7.36) 3.54 (7.86) 7.65 (5.10) 17.30 (6.59) 35.48 (5.74) 

CT 1.75 (19.05) 3.65 (8.46) 4.24 (8.42) * * * 3.83 (15.57) 4.32 (3.49) 10.05 (8.04) 

XAB 2.60 (9.18) 2.74 (17.79) * * * * 4.29 (6.79) 3.75 (5.36) 13.73 (2.55) 

PAB 2.35 (4.48) 2.12 (11.01) 3.16 (9.52) * * 1.90 (5.95) 4.18 (8.46) 3.65 (5.45) 12.15 (5.11) 

X 2.01 (2.73) * 1.77 (3.32) * * * 4.59 (8.87) 5.01 (0.81) 17.05 (13.84) 

P 2.49 (15.33) 2.54 (23.02) 2.45 (18.77) * * * 4.69 (5.71) 4.70 (8.84) 13.76 (10.53) 

cis-THSG CR 189.76 (4.08) 123.52 (6.57) 157.43 (6.20) 244.08 (5.52) 304.24 (3.33) 123.34 (3.20) 116.48 (6.11) 180.27 (6.01) 102.23 (11.45) 
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CT 85.39 (4.34) 103.89 (2.67) 199.38 (7.13) 160.94 (8.80) 133.03 (10.09) 152.86 (1.35) 154.82 (2.19) 192.25 (7.27) 65.39 (1.60) 

XAB 128.35 (6.52) 135.58 (0.65) 133.87 (6.70) 105.94 (16.36) 155.29 (5.71) 116.16 (3.90) 183.62 (3.74) 218.33 (1.52) 108.47 (2.17) 

PAB 132.48 (11.93) 140.21 (5.58) 168.02 (4.38) 105.53 (12.99) 150.38 (13.10) 158.59 (6.77) 190.32 (8.24) 216.64 (2.55) 78.09 (0.86) 

X 136.10 (5.57) 157.74 (3.50) 183.04 (4.59) 125.80 (6.58) 167.50 (3.53) 119.39 (8.87) 199.40 (2.51) 239.20 (1.19) 131.07 (15.63) 

P 153.33 (5.04) 192.25 (2.53) 227.34 (1.85) 131.90 (1.83) 168.83 (2.04) 101.65 (13.51) 207.53 (1.92) 243.56 (1.09) 117.72 (2.02) 

epicatechin-3-gallate 

CR 2.81 (7.74) 3.99 (4.31) 3.18 (14.24) 2.83 (12.28) 6.36 (3.31) 0.66 (14.24) 5.16 (2.99) 10.01 (6.74) 17.26 (1.90) 

CT 1.12 (10.63) 4.00 (2.11) 1.38 (20.97) 2.26 (10.92) 1.07 (10.66) 0.69 (24.35) 6.76 (2.51) 8.69 (10.74) 14.68 (4.44) 

XAB 1.69 (9.66) 4.93 (14.68) 1.56 (10.58) 3.30 (16.39) 0.70 (18.50) 0.75 (13.36) 12.47 (6.99) 8.94 (7.87) 40.08 (1.71) 

PAB 2.06 (24.08) 3.87 (7.75) 1.36 (6.90) 2.70 (25.19) 0.84 (31.40) 1.74 (5.14) 14.01 (14.96) 8.55 (10.13) 34.56 (2.58) 

X 1.78 (15.29) 3.20 (1.17) 1.72 (13.88) 2.56 (3.51) 0.87 (4.60) 0.71 (16.40) 15.88 (8.07) 8.68 (4.22) 31.38 (9.42) 

P 1.97 (5.23) 4.39 (8.03) 1.35 (19.26) 1.89 (14.24) 0.57 (18.43) 0.50 (10.38) 17.56 (11.11) 10.59 (11.52) 26.65 (7.45) 

trans-THSG 

CR 898.54 (1.72) 621.95 (13.99) 522.94 (3.82) 1242.26 (7.65) 1271.63 (1.58) 499.75 (3.10) 528.15 (5.20) 936.45 (7.57) 457.52 (4.41) 

CT 255.06 (2.76) 262.00 (15.07) 421.98 (10.50) 387.70 (8.68) 453.24 (10.77) 349.04 (0.27) 406.06 (4.85) 616.05 (13.46) 133.58 (1.11) 

XAB 154.51 (5.57) 143.40 (4.25) 165.36 (7.57) 132.83 (9.35) 225.86 (8.57) 155.85 (12.88) 348.95 (6.08) 339.33 (2.10) 126.00 (0.79) 

PAB 157.59 (9.55) 152.16 (7.60) 200.27 (12.70) 165.02 (2.68) 199.77 (16.45) 98.94 (8.57) 273.09 (8.57) 378.08 (3.71) 87.88 (2.98) 

X 163.41 (13.00) 167.40 (5.00) 336.13 (9.46) 117.43 (7.66) 285.47 (9.88) 167.65 (11.12) 300.80 (6.64) 603.67 (6.46) 171.76 (1.40) 

P 236.61 (5.51) 187.20 (7.74) 291.68 (6.64) 90.80 (13.65) 322.83 (1.40) 125.64 (10.13) 348.36 (3.31) 462.93 (0.19) 153.76 (3.31) 
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emodin-8-O-β-D-glucoside 

CR 0.55 (7.27) 1.47 (8.00) 0.20 (7.15) 1.58 (4.03) 1.59 (7.88) 1.34 (3.18) 5.68 (9.33) 5.54 (3.10) 1.82 (3.15) 

CT 0.27 (7.41) 0.73 (6.56) 0.17 (11.02) 0.50 (20.63) 0.28 (12.37) 0.83 (1.99) 2.93 (9.80) 3.62 (7.33) 0.46 (3.24) 

XAB 0.19 (10.53) 0.08 (12.20) 0.11 (6.40) 0.15 (17.08) 0.14 (3.70) * 0.36 (19.34) 0.25 (12.60) 0.09 (6.26) 

PAB 0.09 (11.11) 0.05 (18.15) 0.08 (16.97) 0.11 (26.61) 0.14 (20.33) 0.16 (13.09) 0.18 (9.53) 0.34 (3.07) 0.06 (13.96) 

X 0.14 (21.43) 0.13 (4.48) 0.18 (10.47) 0.12 (11.15) 0.09 (12.96) * 0.14 (11.49) 0.31 (2.02) 0.12 (8.84) 

P 0.05 (20.00) 0.05 (23.50) 0.12 (11.27) 0.06 (14.01) 0.09 (2.06) * 0.04 (9.51) 0.32 (12.67) 0.05 (16.29) 

physcion-8-O-β-D-glucoside 

CR 5.52 (16.54) 2.07 (11.07) 7.86 (2.59) 13.97 (4.87) 3.75 (2.22) 1.54 (5.07) 1.26 (23.62) 2.67 (10.81) 2.67 (6.74) 

CT 3.36 (13.13) 1.92 (7.45) 3.01 (2.63) 7.30 (4.86) 2.90 (2.13) 0.24 (25.57) * 0.45 (10.10) 1.86 (6.05) 

XAB 1.46 (9.15) 0.59 (20.54) 0.58 (14.47) 0.30 (8.45) 0.36 (24.66) 0.06 (23.86) * * * 

PAB 1.37 (14.24) 0.08 (33.03) 0.38 (23.23) 0.22 (15.74) 0.23 (9.86) * * * * 

X 0.82 (15.15) 0.28 (13.96) 0.28 (12.33) 0.17 (22.86) 0.45 (4.44) 0.11 (24.70) * * * 

P 0.22 (13.03) * 0.15 (8.60) * 0.23 (31.40) * * * * 

emodin 

CR 13.84 (9.39) 13.86 (8.92) 10.99 (6.23) 3.81 (9.68) 1.21 (8.80) 11.86 (12.13) 5.95 (7.15) 14.49 (0.63) 11.47 (8.16) 

CT 8.57 (4.57) 12.00 (1.29) 11.71 (5.33) 3.13 (21.58) 5.08 (8.73) 12.82 (2.17) 4.85 (11.62) 12.70 (7.04) 9.32 (2.50) 

XAB 14.07 (8.46) 10.38 (3.49) 26.45 (2.03) 5.45 (12.50) 5.45 (15.98) 9.15 (5.00) 40.75 (9.61) 48.21 (8.84) 8.05 (1.96) 

PAB 3.95 (18.15) 3.25 (8.54) 3.89 (13.00) 0.68 (24.60) 1.33 (32.58) 7.68 (6.26) 6.38 (4.50) 6.38 (12.87) 6.03 (0.63) 

X 14.40 (6.39) 13.92 (4.74) 23.53 (3.98) 7.11 (4.56) 2.25 (21.42) 8.22 (10.00) 8.12 (3.28) 30.11 (13.88) 8.98 (5.27) 
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P 2.75 (13.72) 3.56 (13.25) 5.67 (6.01) 0.83 (15.79) 0.62 (9.63) 2.02 (10.20) 5.62 (16.56) 2.97 (2.68) 5.64 (3.39) 

physcion 

CR 4.72 (14.36) 6.18 (12.13) 2.94 (14.16) 2.04 (4.55) 1.25 (11.52) 5.11 (19.60) 1.57 (11.98) 3.14 (12.76) 2.40 (4.80) 

CT 2.46 (7.55) 5.20 (6.39) 3.80 (13.01) 1.64 (18.98) 2.31 (24.48) 7.04 (4.77) 1.26 (5.25) 2.85 (4.86) 2.28 (3.89) 

XAB 9.03 (7.29) 6.44 (11.80) 14.53 (15.96) 2.10 (12.86) 3.33 (18.90) 4.80 (11.51) 14.82 (3.87) 16.84 (12.97) 1.97 (3.68) 

PAB 0.78 (25.83) 1.00 (1.59) 0.94 (26.94) 0.76 (11.41) 0.83 (28.51) 1.93 (13.06) 1.22 (1.63) 1.52 (3.77) 1.66 (6.76) 

X 8.14 (10.63) 6.61 (8.18) 17.21 (1.56) 3.86 (9.08) 1.27 (24.62) 3.38 (8.78) 1.85 (3.35) 17.83 (9.79) 2.62 (4.43) 

P 0.98 (15.93) 0.88 (27.62) 1.65 (6.78) 0.88 (24.32) 0.90 (8.10) 1.02 (8.72) 1.26 (9.19) 1.11 (5.31) 1.48 (8.95) 

 

Data in the table is an average of triplicate, and the numbers in parentheses/brackets are the RSD values in % of triplicate; * represent undetected. 
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Results showed that the content of the 12 chemicals varied significantly in 

different tissues. For example, the content of trans-THSG of HSW-TA1 was 

898.54 ± 15.48 ng/10
6
 μm

2
 in the cork; 255.06 ± 7.05 ng/10

6
 μm

2
 in the cortex; 

154.51 ± 8.81 ng/10
6
 μm

2
 in the phloem of abnormal vascular bundles; 157.59 ± 

15.05 ng/10
6
 μm

2
 in the xylem of abnormal vascular bundles; 163.41 ± 21.24 

ng/10
6
 μm

2
 in the phloem; and 236.61 ± 13.04 ng/10

6
 μm

2
 in the xylem. In addition, 

the result of one-way ANOVA reveals that all p-values of the cork part were 0.00 

(<0.05), which means the content of trans-THSG is significantly different to those 

of other tissues. The results indicate that trans-THSG mainly accumulated in the 

cork. This result is the same as our previous findings in histochemical study of 

HSW (Liang et al., 2011). The same distribution pattern was found for the 

polyphenols: gallic acid (p-value 0.00), proanthocyanidin B1 (p-value 0.00), 

catechin (p-value 0.00), and epicatechin (p-value ≤ 0.019), and for the combined 

anthraquinones, namely emodin-8-O-β-D-glucosides (p-value ≤ 0.023) and 

physcion-8-O-β-D-glucosides (p-value 0.077 for cortex and p-value ≤ 0.01 for the 

other tissues). Two free anthraquinones: emodin and physcion presented a different 

tendency and were found to be mainly distributed in the phloem and abnormal 

phloem. For example, the content of emodin was 14.49 ± 1.39 ng/10
6
 μm

2
, 12.70 ± 

0.89 ng/10
6
 μm

2
, 48.21 ± 4.26 ng/10

6
 μm

2
, 6.38 ± 0.82 ng/10

6
 μm

2
, 30.11 ± 4.18 

ng/10
6
 μm

2
 and 2.97 ± 0.08 ng/10

6
 μm

2
 in the sequence of cork, cortex, phloem of 

abnormal vascular bundles, xylem of abnormal vascular bundles, phloem and 

xylem, respectively. Statistical analysis results have shown the p-value of 

physcion was no more than 0.038 and 0.006 in the phloem and abnormal phloem, 

respectively; and the p-value of emodin was no more than 0.022 in the abnormal 

phloem. This accumulated pattern differs from our previous findings, in which we 
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proposed that the anthraquinones mainly exist in the cortex. The inconsistency 

could be attributed to the limitations of tissue-separating technology at that time; 

tissues were separated manually and with adjoining tissues adhere, so tissues were 

easily mis-cut and, as a result, results were affected. In the case of the other three 

analytes: proanthocyanidin B2, epicatechin-3-gallate, and cis-THSG, the results of 

statistics analysis revealed that all p-values of these three analytes in different 

tissues were above 0.05, which indicates there were no obvious distribution 

patterns of these three chemical compounds. For different HSW samples, results 

showed that the 12 analytes have the same distribution patterns as HSW-TA1. The 

results indicate that stilbene glucosides, combined anthraquinones and polyphenols 

were mainly accumulated in the cork; free anthraquinones mainly existed in the 

phloem, and thus the cork and phloem should be of more medicinal value than other 

tissues. The tissue-specific analysis of secondary metabolites creates a new 

morphological criterion for quality grading of HSW. That is, HSW with broader 

cork and phloem, as seen in a transverse section, were typically of better quality as 

these parts are where the bioactive components accumulate. 

 

4.4 Conclusions 

In this study, a combination of UPLC-QTOF-MS/MS, UPLC-QqQ-MS/MS 

and LMD was applied for histochemical analysis of different individual tissues of 

HSW, in order to link the morphological features of HSW with its inner quality, 

and thus provide scientific basis for quality assessment. UPLC-QTOF-MS/MS was 

used to analyze the overall chemical profile of different tissues of HSW; while 

UPLC-QqQ-MS/MS was used to determine quantitatively the content of 12 major 

bioactive components of HSW, in order to find the distribution patterns of three 
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major types of chemicals (12 analytes) in different tissues of HSW. Interestingly, 

the tissue-specific analysis revealed a strong and consistent relationship between 

phytochemicals and histologic structures. In particular, qualitative result showed 

that more chemical compounds exist in cork. In addition, quantitative analysis 

results indicate that stilbene glucosides, combined anthraquinones and 

polyphenols, were mainly distributed in the cork, and free anthraquinones were 

mainly distributed in the phloem. Thus, HSW with broader cork and phloem, as 

seen in a transverse section, were typically of better quality as these parts are where 

the bioactive components accumulated. The tissue-specific analysis of secondary 

metabolites creates a reliable morphological criterion for the quality grading of 

HSW. 
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CHAPTER 5 INTEGRATING TARGETED AND 

UNTARGETED METABOLOMICS TO INVESTIGATE THE 

PROCESSING CHEMISTRY 

 

5.1 Introduction  

For traditional clinical use, raw hehsouwu (RHSW) is processed by nine 

cycles of steaming and sun-drying to generate processed HSW (PHSW) (Li, 2008). 

According to the theory of Chinese medicine, RHSW and PHSW are prescribed 

for distinct medicinal purposes (Chinese Pharmacopoeia Commission, 2015; Han 

et al., 2009). RHSW is used to resolve toxin and free the stool, while PHSW is 

regarded as a traditional tonic for its rejuvenation effects, with the function of 

supplying the liver and kidney, as well as strengthening the sinews and bones 

(Chinese Pharmacopoeia Commission, 2015). Modern pharmacological research 

has revealed that RHSW and PHSW have different bioactivities (Ye et al., 1987; 

Zhao et al., 2008). Nevertheless, the scientific basis involved in the processing of 

HSW is not yet well understood. The alternate steaming and sun-drying appears to 

transform certain bioactive components, changing the herb’s therapeutic 

properties. While those transformations are taken as theoretically true, in modern 

pharmaceutical processing, these steps are being abbreviated such that most 

PHSW in the market today has been processed through only one cycle (Chinese 

Pharmacopoeia Commission, 2015). The resulting product is being used, but no 

one has evaluated it in terms of its chemistry to determine if it resembles HSW 

processed through the prescribed nine cycles. Research on processing chemistry 

to elucidate how processing alters the chemical components is the first step to 

establishing a scientific basis for HSW processing. 
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It has been well demonstrated that several types of secondary metabolites are 

the major chemical components of HSW; of these, stilbene glucosides, 

anthraquinones and polyphenols, are most representative (Han et al., 2013; Lin et 

al., 2015b; Yao et al., 2006). By quantifying these secondary metabolites using 

liquid chromatography coupled with diode-array detectors or mass spectrometry 

(LC-DAD/MS), some previous studies investigated the processing chemistry of 

HSW. The results showed that processing indeed changed the contents of certain 

chemicals in HSW (Chen et al., 2016; Liang et al., 2010; Liu et al., 2011; Wang et 

al., 2016). For example, we previously found that two anthraquinones (emodin 

and physicon) in HSW were increased by the processing, while one stilbene 

glucoside named 2,3,5,4’-tetrahydroxystilbene-2-O-β-D-glucoside (THSG) was 

decreased (Liang et al., 2010). However, these studies are deficient in the 

following two aspects. Firstly, they selected several typical chemical components 

for the determination, and did not characterize the entire chemical profile of HSW.  

Secondly, and more importantly, these studies analyzed PHSW that had been 

processed by only one cycle of steaming and drying (Chen et al., 2016; Liang et 

al., 2010; Liu et al., 2011; Wang et al., 2016), which is different from the 

traditional processing technology of HSW which stipulates nine cycles of 

steaming and sun-drying (Li, 2008). Given these facts, further research is needed 

to fully elucidate the processing chemistry of HSW. 

In recent years, metabolomics, both targeted and untargeted, has been widely 

applied to comprehensively investigate chemical variation in CMMs including 

processing. Untargeted metabolomics aims to qualitatively determine all 

measurable analytes in a sample, including chemical unknowns, while targeted 

metabolomics further absolutely quantifies a group of defined chemicals. The 
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integration of targeted and untargeted metabolomics can offer deeper insights into 

the processing chemistry of CMMs by providing comprehensive qualitative and 

quantitative information of total secondary metabolites. Actually, metabolomics 

has been preliminarily attempted for investigating the processing chemistry of 

HSW (Yu et al., 2017). However, absolute quantification was not involved in this 

study. Moreover, the study only observed impacts of processing time, rather than 

processing cycles, on HSW chemical profiles. Thus, here we integrated targeted 

and untargeted metabolomics to further investigate the processing chemistry of 

HSW. The study was designed in the following steps. Step 1, PHSW was prepared 

from RHSW by nine cycles of steaming and sun-drying. Step 2, the secondary 

metabolite profiles of RHSW and PHSW were characterized and compared by 

untargeted metabolomics using ultra-performance liquid 

chromatography-quadrupole/time-of-flight mass spectrometry 

(UPLC-QTOF-MS/MS), in which the chemicals that were most significantly 

altered by the processing were statistically explored by multivariate statistical 

analysis. Step 3, 12 typical chemical components were quantitatively determined 

by targeted metabolomics using ultra-high-performance liquid chromatograph 

with triple quadrupole mass spectrometry (UPLC-QqQ-MS/MS) to further 

observe their content variations in each processing cycle. Steps 4, based on the 

qualitative and quantitative results, the potential mechanisms involved in the 

processing-induced chemical transformations were proposed.  

 

5.2 Materials and methods 

5.2.1 Plant materials, chemicals and reagents 

RHSW materials were collected from Kaili City (Guizhou, China), the 
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geo-authentic producing area of HSW, and were authenticated as the tuberous 

roots of Polygonum multiflorum Thunb. by Prof. Zhongzhen Zhao. The voucher 

specimens were deposited in the Chinese Medicines Centre, Hong Kong Baptist 

University. 

Chemical standards including gallic acid, proanthocyanidin B1, 

proanthocyanidin B2, trans-2,3,5,4’-tetrahydroxylstilbene-2-O-β-D-glucoside 

(trans-THSG), emodin, physcion were ordered from Chengdu Must 

Bio-Technology Co., Ltd. (Chengdu, China); epicatechin, epicatechin-3-gallate, 

emodin-8-O-β-D-glucoside, and physcion-8-O-β-D-glucoside were supplied by 

Chengdu Xunchen Biological Technology Co., Ltd. (Chengdu, China). 

Acetonitrile (HPLC grade) and methanol (HPLC grade) were supplied by E. 

Merck (Darmstadt, Germany); ammounium acetate (Sigma-aldrich, USA) was 

purchased; formic acid (HPLC grade) was purchased from Tedia (USA); 

ultra-pure water was prepared by a Mili-Q water purification system (Millipore, 

MA, USA). 

5.2.2 Sample preparation 

5.2.2.1 Processing 

RHSW (20 kg) was randomly divided into 8 groups. One tenth of each group 

were reserved as materials of RHSW; the rest was subsequently processed by 4 

hours steaming with black bean (put one layer of water-soaked black beans and 

one layer of RHSW slices in a pot, repeat the layers, and then steam over boiling 

water) and then 24 hours sun-drying. The processing procedure was repeated for a 

total of 9 cycles respectively. Samples were retained after each cycle, thus 

generating nine PHSW samples (PHSW1-PHSW9). 

5.2.2.2 Extraction 
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Each RHSW and PHSW sample was powdered, accurately weighed (0.1g), 

and put into a 50-mL centrifugal tube with 20 mL 70% methanol. The mixture 

was then ultra-sonicated for 45 min at 60 °C. After that, the solution was 

centrifuged at 3000 rpm for 10 min to obtain the supernatant. The extraction 

procedure was repeated one more time. Then 5 mL 70% methanol was used to 

wash the residue. The three resultant solutions were combined and made up to 50 

mL, which was then filtered through a 0.22 μm filter for further analysis. 

5.2.3 Untargeted metabolomics analysis 

5.2.3.1 UPLC-QTOF-MS/MS conditions 

Untargeted metabolomics analysis was performed on an Agilent 6540 

UPLC-QTOF-MS/MS system (Agilent Technologies, USA). The chromatographic 

separation was achieved on a UPLC C18 analytical column (2.1 mm×100 mm, 

I.D. 1.7 μm, BEH) coupled with a C18 pre-column (2.1 mm×5 mm, I.D.1.7 μm, 

ACQUITY UPLC BEH, Waters, USA). The elution was conducted under the 

following conditions: the mobile phase consisted of (A) water containing 0.1% 

formic acid and (B) acetonitrile containing 0.1% formic acid, and the gradient 

program was: 2-5% B (0-2 min); 5-70% B (2-16 min); 70-100% B (16-23 min); 

100% B (23-26 min), with 4 min of balance back to 2% B. The injection volume 

was 3 μL, and the flow rate was 0.4 mL/min. The mass spectra were acquired in 

both negative and positive modes, m/z ranging from 100 to1700, ESI ion source. 

The dry gas (N2) flow rate was 8 L/min with the temperature at 300 °C. The 

capillary voltage, nozzle voltage, and fragment voltage were set at 4500 V, 500 V 

and 150 V, respectively; while nebulizer pressure was 45 psi, and column 

temperature was set at 40 °C.  

5.2.3.2 Establishment of in-house database and peak characterization  
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Previously reported chemical components derived from RHSW and PHSW 

were collected and summarized in a Microsoft Office Excel table, and the table 

was applied to establish a compound database using Agilent Mass Hunter PCDL 

Manager software (Agilent Technologies, B.04.00, 2011). The database included 

compound name, chemical structure, molecular formula, weight and related 

references. Agilent Mass Hunter Work station software-Qualitative Analysis 

(version B.06.00, Agilent Technologies 2012) was used. Base Peak 

Chromatogram (BPC with m/z ranging from 100 to 1000) was selected to show 

the results. The empirical molecular formulas were deduced by a comparison of 

the accurately measured mass values and the theoretical exact mass values of 

protonated and deprotonated molecular ions and/or fragment ions with a mass 

accuracy less than 10 ppm, and then matched with known compounds in the 

database using the “Find” function. For those compounds which were not listed in 

the PCDL database, possible formulas were deduced according to the molecular 

mass, fragment ions and mass accuracy. 

5.2.3.3 Multivariate statistical analysis 

The raw data of UPLC-QTOF-MS/MS were processed by DA Reprocessor 

(version B.06.00, Agilent Technologies, Inc. 2012), and the parameters were set as 

follows: retention time range from 0-30 min, mass range 100-1000 Da, minimum 

absolute height 5000 counts, mass tolerance 10 ppm, peak spacing tolerance 

within 0.0025 m/z and the limit assigned charge states to a maximum of 5. The 

generated data was then processed for principal component analysis (PCA) and 

Volcano Plot analysis by Mass Profiler Professional (2.0 vision, Agilent 

Technologies, Inc. 2009). The Volcano Plot was used to provide information 

regarding the differential abundance between raw and nine cycles processing 
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samples based on p-value (<0.05) and fold-change at 3. 

5.2.4 Targeted metabolomics analysis  

5.2.4.1 UPLC-QqQ-MS/MS conditions 

The targeted metabolomics analysis was conducted on an Agilent 6460 

UPLC-QqQ-MS/MS (Agilent Technologies, USA) with ESI ion source. The 

UPLC-QqQ-MS/MS conditions were optimized based on our previous study 

(Liang et al., 2018). The chromatographic separations was achieved on a UPLC 

C18 analytical column (2.1 mm×100 mm, I.D. 1.7 μm, BEH) coupled with a C18 

pre-column (2.1 mm×5 mm, I.D.1.7 μm, ACQUITY UPLC BEH, Waters, USA) 

by two different conditions: 1) the mobile phase consisted of (A) water containing 

0.1% formic acid and (B) acetonitrile containing 0.1%, and the gradient program 

was: 2% B (0-0.5 min); 5-15% B, (0.5-2 min); 15-40% B (2-8 min); 40-100% B 

(8-12 min); 100% B, (12-15 min), with 3 min of balance back to 2% B. The flow 

rate was 0.35 mL/min, and the injection volume was 2 μL. The mass spectra were 

acquired in negative mode, and the parameters were as follows: dry gas (N2) 

flowrate 8 L/min with the temperature at 350 °C; sheath gas flow 8 L/min with 

heater at 350 °C; nebulizer pressure, 45 psi; capillary voltage 3500 V for ESI, 

500V charging, and with a dwell time of 20 ms for each ion pair. Other details are 

shown in Table 5.1; 2) the mobile phase consisted of 3 mM ammonium acetate in 

water (A) and methanol (B), and the gradient program was: 0-7 min, 35-100% B; 

7-9 min, 100% B), with 3 min of balance back to 35% B. The flow rate was 0.35 

mL/min; the injection volume was 2 μL; the column temperature was 60 °C. 

Negative mode was selected for the mass spectra, and the details of parameters 

were set as: dry gas (N2) flowrate 7 L/min with temperature at 300 °C; sheath gas 

flow 8 L/min with the sheath gas heater 350 °C; nebulizer pressure, 45 psi; 500V 
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charging, capillary voltage 3500 V for ESI, and with a dwell time of 40 ms for 

each ion pair. Other details are shown in Table 5.1.  
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Table 5.1 MRM conditions in UPLC-QqQ-MS/MS analysis and method validation for quantitative determination 

Analyte MRM 

Collision 

voltage 

(eV) 

Calibration curve 

Sensitivity 

(ng/mL) 

(RSD, %) 

Repeat-

ability 

(n=6) 

Precision 

(n=6) 

Spike Recovery (n=3) Stability 

(72h, 

n=7) 
Range 

(ng/mL) 

Equation R2 LOD LOQ 

Intra

-day 

Inter

-day 

Low Middle High 

Gallic acid 169.0→125.0 11 80-4000 y=79.28x-14.86 0.9968 17.94 56.96 2.84 2.17 5.79 106.88 (0.87) 104.22 (3.85) 112.40 (2.18) 7.95 

Proanthocyanidin B1 577.1→407.0 23 80-2000 y=68.49x-1084.17 0.9959 12.50 15.66 4.96 1.13 3.56 113.48 (7.66) 105.21 (0.42) 102.97 (5.04) 6.07 

Proanthocyanidin B2 577.1→407.0 23 80-2000 y=78.28x-1088.89 0.9979 8.43 11.01 7.42 4.29 2.52 99.74 (7.16) 111.41 (8.21) 100.49 (11.86) 9.44 

Epicatechin 289.1→245.1 7 40-1000 y=38.44x-203.28 0.9916 4.08 38.96 6.25 5.59 11.74 89.75 (11.98) 106.90 (3.54) 96.42 (6.38) 7.30 

Epcatechini-3-gallate 441.1→169.0 15 20-400 y=125.61x-300.88 0.9916 4.81 7.61 2.00 2.79 3.56 100.23 (1.02) 93.55 (1.39) 93.78 (1.46) 3.09 

trans-THSG 405.0→243.0 15 160-8000 y=288.41x-11468.51 0.9951 2.14 3.37 1.49 1.29 3.48 96.23 (5.62) 98.23 (7.38) 93.92 (4.80) 5.90 

Emodin-8-O-β-D-glucoside 431.1→269.1 27 40-2000 y=556.32x-6573.43 0.9943 1.88 2.30 1.05 1.09 11.42 88.98 (4.00) 94.85 (4.66) 94.90 (6.70) 5.40 

Physcion-8-O-β-D-glucoside 445.1→283.1 7 40-2000 y=89.55x-643.74 0.9953 4.57 6.85 2.59 3.09 8.03 93.32 (8.90) 98.60 (8.00) 92.25 (2.49) 10.34 

Emodin 269.0→225.0 25 40-2000 y=758.58x-4801.43 0.9992 2.53 3.28 0.98 1.06 1.07 108.12 (1.23) 105.40 (1.58) 107.03 (0.58) 5.43 

Physcion 283.0→240.0 20 40-2000 y=200.82x-410.28 0.9965 1.69 5.18 1.55 2.74 1.01 109.14 (3.06) 108.77 (2.00) 106.25 (1.58) 6.09 
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5.2.4.2 Quantitative method validation  

The UPLC-QqQ-MS/MS methods for quantitative determination of the 12 

chemical compounds were validated with regard to linearity, sensitivity, precision, 

repeatability, stability and recovery.  

The stock solutions of reference compounds were diluted with methanol to 

yield a series of appropriate concentration solutions for the construction of the 

calibration curves. The limits of detection (LODs) and limits of quantification 

(LOQs) were determined with signal-to-noise (S/N) ratios of 3 and 10, 

respectively. 

The intra-day and inter-day variations were selected to determine the 

precision of the assay method. To assess intra-day variation, PHSW1 sample was 

extracted and analyzed for six replicates within one day; and to assess inter-day 

variation, the same sample was analyzed in triplicates in for two successive days. 

For repeatability, PHSW1 was extracted six times; the six extracts were analyzed, 

and the variation was used for repeatability evaluation. Stability test was 

performed by analyzing the extract of PHSW1 at 0, 2, 4, 8, 12, 24, and 72h, 

respectively.  

As for the recovery validation, 0.1g of each of PHSW1 with known contents 

of the target analyses were accurately weighed.  Then each was spiked with 

different amounts (low, middle and high level) of reference standards (gallic acid: 

56.00, 70.00 and 84.00 μg; proanthocyanidin B1: 16.00, 21.00 and  25.00 μg; 

proanthocyanidin B2: 4.00, 5.00 and 6.00 μg; trans-THSG: 3.30, 4.10 and 4.90 

mg; epicatechin: 29.00, 36.00 and 43.00 μg; epicatechin-3-gallate: 19.00, 24.00 

and 28.00 μg; emodin-8-O-β-D-glucoside: 132.00, 166.00 and 199.00 μg; 

physcion-8-O-β-D-glucoside: 75.00, 93.00 and 112.00 μg; emodin: 29.00, 36.00 
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and 43.00 μg; physcion: 12.00, 15.00 and 18.00 μg, in solutions), then extracted 

according to the sample preparation procedure listed in “2.2.2 Extraction” and 

analyzed in triplicate.  

5.2.4.3 Quantitative data analysis 

Three samples were taken from each processing cycle in order to assess the 

variation at each processing cycle; each sample was then analyzed three times, 

and the results of all nine analyses were averaged. Data were processed by Agilent 

Mass Hunter Work station software - Quantitative Analysis (version B.06.00, 

Build 6.0.388.1, Agilent Technologies, Inc. 2008). The charts of results were 

produced by GraphPad Prism 5 software (GraphPad, USA). 

5.3 Results and discussion 

5.3.1 Sample preparation 

According to Compendium of Materia Medica (also known as Ben Cao Gang 

Mu), a classic Chinese herbology volume, RHSW is traditionally processed by 

steaming with black beans and then sun-drying, and such processing needs to be 

repeated nine times (Li, 2008). In this study, RHSW was processed according to 

these specifications. To fix the specific factors involved in the processing, reports 

in the literature (Chen et al., 2016; Liang et al., 2010; Liu et al., 2011; Wang et al., 

2016) and the Chinese Pharmacopoeia (2015 edition) (Chinese Pharmacopoeia 

Commission, 2015) were referenced; in addition we performed preliminary 

experiments. Finally, 4-h steaming with black bean (over boiling water) followed 

by 24-h sun-drying were selected as the processing conditions. The color of 

PHSW samples became darker after each processing cycle (Figure 5.1). Two 

times extraction with 70% methanol were used as sample extract conditions 

according to our previous study (Liang et al., 2018). 
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Figure 5.1 The appearance of RHSW and PHSW1-9 

 

5.3.2 Untargeted metabolomics analysis 

5.3.2.1 Optimization of UPLC-QTOF- MS/MS analytical conditions 

In this study, untargeted metabolomics analysis was performed by 

UPLC-QTOF-MS/MS due to its advantages and applications, which has been 

addressed in chapeter 3. To achieve more fragment information for chemical 

components identification, both negative and positive ion modes were used. For 

chromatographic separation, different mobile phases were compared, including 

two organic phases: acetonitrile and methanol, as well as two additives: formic 

acid and 3 mM ammonium acetate. Finally, 0.1% formic acid–water and 0.1% 
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formic acid–acetonitrile was selected because they can elute more chemical 

compounds with better separation. 

5.3.2.2 Compounds identification  

A total of 87 compounds were definitely or tentatively identified in RHSW 

and PHSW by chemical standards and/or the established in-house database  

(Table 5.2) (Lin et al., 2015a; Qiu et al., 2013; L. L. Wang et al., 2017). The 

representative LC-MS base peak chromatograms (BPCs) for RHSW and PHSW 

are shown in Figure 5.2. Three types of chemicals, namely stilbenes, 

anthraquinones, and catechin, were identified as the major secondary metabolites 

of RHSW and PHSW, and typical compounds of these three types of chemicals 

are the same as examples in chapter 3 to explain the mass fragmentation 

pathways.  
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Table 5.2 Identification of the major secondary metabolites in RHSW and PHSW samples by UPLC-QTOF-MS/MS. 

Peak 

No. 

Rt 

(min) 

Identity 

Molecular 

formula 

Molecular 

ions/addu

ct ions 

m/z 

Fragment ions of 

[M+H]+/[M-H]- 

(mass accuracy, ppm) 

Occurr

ence in 

HSW 

(proce

ssing 

cycles) 

Mean 

measured 

mass (Da) 

Theoretical 

exact mass 

(Da) 

Mass 

accuracy 

(ppm) 

1 0.76 Cephulac C12H22O11 [M-H] - 

 

[M+Na] + 

341.1092 

 

365.1055 

341.1089 

 

365.1054 

0.9 

 

0.3 

179.0565 [M-H-Glu]-  (5.0) 

119.0349 [ M-H-Glu-CH2COOH]-  (4.2) 

0-9 

2 0.76 Hydroxysuccinic acid C4H6O5 [M-H]- 133.0140 133.0142 -1.5 115.0033 [M-H-H2O]-  (-3.4) 0-9 

3 1.05 Hydocerol A C6H8O7 [M-H]- 191.0195 191.0197 -1.0 111.0086 [M-H-CO2-2H2O]-  (3.6) 0-9 

4 1.49 Gallic acid C7H6O5 [M-H]- 169.0138 169.0142 -2.4 125.0236 [M-H-CO2]
-  (-2.4) 

107.0141 [M-H-CO2-H2O]-  (7.5) 

0-9 

5 2.91 Gallocatechin C15H14O7 [M-H] - 305.0666 305.0667 -0.3 179.0357 [M-H-C6H6O3]
-  (1.8) 

125.0242 [M-H-C9H8O4]
-  (2.4) 

0-4 

6 3.00 Unknown C11H18N2O5 [M+H]- 259.1285 259.1288 -1.2 130.0497 [M-H-C6H11NO2]
-  (-1.5) 0-7 

7 3.41 5-HMF C6H6O3 [M+H] + 127.0384 127.0390 4.7  7-9 

8 3.98 3-Hydroxybenzoic acid C7H6O3 [M-H] - 137.0246 137.0244 1.5 108.0201 [M-H-CHO]-  (-2.4) 2-9 
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9 4.34 Proanhocyanidin B1 C30H26O12 [M-H]- 577.1353 577.1351 0.3 425.0863 [M-H-C8H8O3]
-  (-2.4) 

407.0773 [M-H-C8H8O3-H2O]-  (1.5) 

289.0726 [M-H-C15H14O6]
-  (4.8) 

0-4 

10 4.35 Epigallocatechin C15H14O7 [M-H]- 305.0670 305.0667 1.0 179.0348 [M-H-C6H6O3]
-  (1.1) 

125.0242 [M-H-C9H8O4]
-  (-1.6) 

1-4 

11 4.54 2-Vinyl-1H-indole-carboxylic acid C11H9NO2 [M-H]- 

 

[M+H]+ 

186.0558 

 

188.0706 

186.0561 

 

188.0706 

-1.6 

 

0 

142.0662 [M-H-CO2]
-  (3.5) 

116.0615 [M-H-CO2-CN]-  (-9.5) 

0-9 

12 4.54 Hypaphorine C14H18N2O2 [M-H] - 

[M+H]+ 

245.1294 

247.1434 

245.1296 

247.1441 

-0.8 

-2.8 

142.0667 [M-H-N(CH3)3-CO2]
-  (-3.5) 0-9 

13 4.61 Catechin C15H14O6 [M-H] - 

 

 

[M+H] + 

289.0720 

 

 

291.0861 

289.0718 

 

 

291.0863 

0.7 

 

 

-1.7 

245.0803 [M-H-C2H3OH]-  (-4.4) 

151.0396 [M-H-C7H6O3]
-  (0.7) 

205.0489 [M-H-C2H3OH-C2OH]-  (1.8) 

0-9 

14 4.81 Bilobalide C15H18O8 [M-H]- 325.0927 325.0929 -0.6 289.0714 [M-H-2H2O]-  (-0.7) 

245.0815 [M-H-2H2O- CO2]
-  (1.4) 

0-1 

15 5.01 Salicylaldehyde C7H6O2 [M-H] - 121.0291 121.0295 -3.3  0-9 

16 5.07 Proanhocyanidin B2 C30H26O12 [M-H] - 577.1349 577.1351 -0.3 425.0871 [M-H-C8H8O3]
-  (-0.5) 

407.0776 [M-H-C8H8O3-H2O]-  (2.2) 

289.0735 [M-H-C15H14O6]
-  (8.0) 

0-2 
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17 5.11 Liquiritigenin-hexose-xyl/ara C26H30O13 [M-H] - 549.1602 549.1614 -2.2 459.1259 [M-H-C3H6O3]
-  (8.3) 

387.1098 [M-H-Glu]-  (-3.4) 

4-9 

18 5.20 Polygonumoside E C19H22O9 [M-H] - 393.1186 393.1191 -1.3 231.0653 [M-H-Glu]-  (-0.5) 

189.0556 [M-H-Glu-C3H6]
-  (-0.5) 

0-2 

19 5.20 isomer Polygonimitin C C26H32O14 [M-H] - 567.1713 567.1719 -1.1 549.1589 [M-H-H2O]-  (-1.3) 4-9 

20 5.37 Epicatechin C15H14O6 [M-H] - 289.0708 289.0718 -3.5 245.0828 [M-H-C2H3OH]-  (5.7) 

205.0495 [M-H-C2H3OH-C2OH]-  (3.0) 

151.0401 [M-H-C7H6O3]
-  (1.8) 

0-9 

21 5.47 Procyanidin B1-3-O-gallate C37H30O16 [M-H] - 729.1460 729.1461 -0.1 577.1355 [M-H-C8H8O3]
-  (1.6) 

407.0763 [M-H-2C8H8O3-H2O]-  (2.2) 

289.0710 [M-H-C8H8O3-C15H14O6]
- (-0.7) 

0-4 

22 5.69 Unknown C27H34O16 [M-H]- 613.1795 613.1774 3.4 405.1185 [M-H-C7H12O7 ]
-  (1.5) 

243.0665 [M-H-C7H12O7-Glu]-  (-0.8) 

0-5 

23 5.78 isomer Proanhocyanidin B C30H26O12 [M-H] - 577.1346 577.1351 -0.8 425.0882 [M-H-C8H8O3]
-  (2.1) 

407.0756 [M-H-C8H8O3-H2O]-  (-2.7) 

289.0721 [M-H-C15H14O6]
-  (3.1) 

0-2 

24 5.80 Isomer Procyanidin B-3-O-gallate C37H30O16 [M-H] - 729.1456 729.1461 -6.9 577.1355 [M-H-C8H8O3]
-  (-0.7) 

407.0784 [M-H-2C8H8O3-H2O]-  (-2.9) 

0-3 

25 5.86 Cinnamyl-galloyl-hexose C22H22O11 [M-H] - 461.1083 461.1089 -1.3 415.1033 [M-CH2O2]
-  (0.5) 

253.0509 [M-CH2O2-Glu]-  (-1.2) 

4-9 
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26 5.90 cis-THSG C20H22O9 [M-H] – 

 

 

[M+H] + 

405.1190 

 

 

407.1332 

405.1191 

 

 

407.1337 

-0.2 

 

 

1.2 

243.0665 [M-H-Glu]-  (3.3) 

225.0550 [M-H-Glu-H2O]-  (-2.9) 

197.0599 [M-H-Glu-H2O-CO]-  (179) 

0-9 

27 5.90 Polygoacetophenoside C14H18O10 [M-H] - 345.0825 345.0827 -0.6 183.0293 [M-H-Glu]-  (0) 0-3 

28 5.90 Acetyl-emodin-O-hexose C23H22O11 [M-H] - 473.1071 473.1089 -3.8 405.1182 [M-H-C3HO2]
-  (1.5) 

243.0661 [M-H -C9H10O7]
-  (0.8) 

0-9 

29 6.00 Methoxyl-acetyl-methyljuglone-O-hexose C20H22O10 [M-H] - 421.1139 421.114 -0.2 259.0597 [M-H-Glu]-  (5.8) 1-9 

30 6.04 isomer Tetahydroxystilbene-O-(malonyl)-hexose C23H24O12 [M-H] - 491.1193 491.1195 -0.4 445.1124 [M-H-CO-H2O]-  (3.6) 

283.0603 [M-H-CO-H2O -Glu]-  (3.2) 

7-9 

31 6.05 Hesperetin 7-O-glucoside C22H24O11 [M-H] - 463.1245 463.1246 -0.2 419.1362 [M-H-CO2]
-  (-3.3) 8-9 

32 6.12 Polygonimitin C C26H32O14 [M-H] - 567.1723 567.1719 0.7 243.0663 [M-H-C12H21O10]
-  (-4.1) 0-1 

33 6.23 Polygonflavanol A C35H34O15 [M-H] - 693.1816 693.1825 -1.3 541.1307 [M-H-C8H8O3]
-  (-2.8) 

405.1199 [M-H-C15H11O6]
-  (-1.5) 

0 

34 6.28 Procyanidin B 2-3,3′-di-O-gallate C44H34O20 [M-H] - 881.1586 881.1571 1.7 577.0968 [M-H-2C8H8O3]
-  (-6.8) 

407.0787 [ M-H-3C8H8O3-H2O]-  (-3.7) 

0 

35 6.32 Tetrahydroxy-phenanthrene-O-hexose C20H20O9 [M-H] - 403.1021 403.1035 -3.5 241.0512 [M-H-Glu]-  (-2.5) 5-9 

36 6.40 Phlorizin C21H24O10 [M-H] - 435.1329 435.1297 7.3 227.0717 [M-H-CO-H2O-Glu]-  (-1.32) 0-9 

37 6.48 Unknown C26H28O12 [M-H] - 531.1498 531.1508 -1.9 405.1182 [M-H-C6H7O3]
-  (2.2) 

243.0680 [M-H-C6H7O3-Glu]-  (-7.0) 

5-9 
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38 6.49 Epicatechin-3-gallate C22H18O10 [M-H] - 441.0838 441.0827 2.5 289.0731 [M-H-C8H8O3]
-  (8.6) 

169.0143 [M-H-C15H12O5]
-  (3.6) 

0-9 

39 6.51 trans-THSG C20H22O9 [M-H] -  

 

 

[M+H] + 

405.1194 

 

 

407.1338 

405.1191 

 

 

407.1337 

0.7 

 

 

0.2 

243.0668 [M-H-Glu]-  (4.5) 

225.0554 [M-H-Glu-H2O]-  (0) 

197.0601 [M-H-Glu-H2O-CO]-  (1.9) 

0-9 

40 6.51 Unkown C40H44O18 [M-H] - 811.2397 811.2455 -5.9 405.1200 [M-H-Glu-C20H21O9]
-  (2.2) 0-9 

41 6.54 Di-emodin-Di-hexose C42H42O18 [M-H] - 833.2283 833.2298 -1.8 405.1196 [M-H -C22H21O9]
-  (-1.2) 

243.0671 [M-H -C22H21O9-Glu]-  (-1.6) 

0-8 

42 6.57 Emodin-O-(O-acetyl)-glucopyranoside C23H22O11 [M-H] - 473.1071 473.1089 -3.8 405.1185 [M-H-C3HO2]
-  (1.5) 

243.0668 [M-H-C9H10O7]
-  (-2.1) 

0-9 

43 6.66 Tetrahydroxystilbene-O-(galloyl)-glucoside C27H26O13 [M-H] - 

 

 

 

[M+Na] + 

557.1307 

 

 

 

581.1268 

557.1301 

 

 

 

581.1266 

1.0 

 

 

 

0.3 

405.1185 [M-H-C7H4O4]
-  (-0.2) 

313.0565 [M-H-C14H12O4]
-  (1.6) 

243.0662 [M-H-C7H4O4-Glu]-  (2.1) 

169.0137 [M-H-C20H20O8]
-  (0) 

0-9 

44 6.72 Nepetin-7-O-glucoside C22H22O12 [M-H]- 477.1036 477.1038 -0.4 431.0993 [M-H-CO-H2O]-  (-2.1) 

269.0447 [M-H-CO-H2O-Glu ]-  (3.0) 

5-9 

45 6.82 2,4-Dihydroxy-6-[(1E)-2-(4-hydroxyphenyl)

ethenyl]phenyl beta-D-xylopyranoside 

C19H20O8 [M-H]- 375.1092 375.1085 1.9 243.0667 [M-H-C5H7O4]
-  (-1.7) 0 
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46 6.85 isomer polygonflavanol A C35H34O15 [M-H]- 693.1829 693.1825 0.6 567.1480 [M-H-C6H6O3]  (-2.8) 

405.1049 [M-H-C6H6O3-Glu]  (-2.8) 

125.0248 [M-H-C29H28O12]
-  (-3.2) 

0-7 

47 7.02 isomer Tetrahydroxystilbene-O-(galloyl)-glucoside C27H26O13 [M-H]- 557.1287 557.1301 -2.5 313.0557 [M-H-C14H12O4]
-  (2.6) 

243.0663 [M-H-C7H4O4-Glu ]-  (0) 

169.0137 [M-H-C20H20O8]
-  (3.0) 

0-8 

48 7.09 Tetrahydroxystilbene-O-(acetyl)-hexose C22H24O10 [M-H] - 447.1257 447.1297 -8.9 405.1168 [M-H-C2H2O]-  (-4.4) 

243.0656 [M-H-C2H2O-Glu]-  (-0.4) 

0-1 

49 7.19 Dihydroquercetin C15H12O7 [M-H] - 303.0506 303.051 -1.3 151.0394 [M-H-C7H4O4]
-  (4.6) 3-9 

50 7.28 Mludanpioside E C24H30O13 [M-H] - 525.1608 525.1614 -1.1 405.1212 [M-H-C2H7O4]
-  (-6.1) 0 

51 7.29 2,3,5,4'-tetrahydroxystilbene-2,3-O-β-D-glucopyra

noside 

C27H24O13 [M-H] - 555.1142 555.1144 -0.4 393.0623 [M-H-Glu]-  (-1.8) 

274.0140 [M-H-C14H17O6-Glu]-  (-7.7) 

1-9 

52 7.53 isomer Tetrahydroxystilbene-O-(galloyl)-glucoside C27H26O13 [M-H] - 557.129 557.1301 -2.0 243.0675 [M-H-C7H4O4-Glu]-  (-4.9) 0-9 

53 7.61 isomer Tetrahydroxystilbene-O-(acetyl)-hexose C22H24O10 [M-H] - 447.131 447.1297 2.9 243.0675 [M-H-Glu-C2H2O]-  (-4.9) 1-9 

54 7.64 isomer Polygonumoside E C19H22O9 [M-H] - 393.1188 393.1191 -0.8 231.0674 [M-H-Glu]-  (-3.9) 0-1 

55 7.68 Emodin-1-O-glucoside C21H20O10 [M-H] - 431.0986 431.0984 1.8 269.0453 [M-H-Glu]-  (1.1) 

240.0440 [M-H-Glu-CHO]-  (7.1) 

0-9 

56 8.00 Di-THSG C40H42O18 [M-H] - 809.2307 809.2298 1.1 647.1782 [M-H-Glu]-  (-1.9) 

485.1278 [M-H-2Glu]-  (-7.4) 

405.1214 [M-H-C20H20O9]
-  (4.2) 

0-3 
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57 8.13 isomer Di-THSG C40H42O18 [M-H] - 809.2296 809.2298 -0.2 647.1758 [M-H-Glu]-  (1.6) 

485.1245 [M-H-2Glu]-  (-0.6) 

405.1216 [M-H-C20H20O9]
-  (4.3) 

0-9 

58 8.15 Emodin-8-O-β-D-hexose-sulfate C21H20O13S [M-H] - 511.0549 511.0552 -0.6 431.1000 [M-H-SO3]
-  (-3.7) 

269.0445 [M-H-SO3-Glu]-  (-1.9) 

0-1 

59 8.15 5,7-dihydroxyflavone C15H10O4 [M-H] - 253.0502 253.0506 -1.6 224.0461 [M-H-CHO]-  (-8.0) 6-9 

60 8.20 N-trans-feruloyl tyramine C18H19NO4 [M-H] - 312.1238 312.1241 -1.0 297.1012 [M-H-CH3]
-  (1.7) 

190.0517 [M-H-CH3-C8H7O]-  (-0.6) 

0-9 

61 8.22 Tetrahydroxystilbene-2-O-(coumaroyl)-glucoside C29H28O11 [M-H] - 551.1555 551.1559 -0.7 405.1159 [M-H-C9H6O2]
-  (-6.7) 

243.0670 [M-H-C9H6O2-Glu]-  (5.3) 

0-4 

62 8.34 Tetrahydroxystilbene-2-O-(feruloyl)-hexose C30H30O12 [M-H] - 581.1661 581.1664 -0.5 405.1206 [M-H-C10H8O3]
-  (4.9) 

243.0665 [M-H-C10H8O3-Glu]-  (3.3) 

0-6 

63 8.40 trans-N-Feruloyl-3-O-methyldopamine C19H21NO5 [M-H] - 343.1362 343.1347 4.4 327.1111 [M-H-CH3]
-  (0.3) 0 

64 8.89 Torachrysone-8-O-D-glucoside C20H24O9 [M-H] - 

 

[M+Na] + 

407.1344 

 

431.1309 

407.1348 

 

431.1313 

-1.0 

 

-0.9 

245.0822 [M-H-Glu]-  (3.3) 

230.0578 [M-H-Glu-CH3]
-  (-0.4) 

0-9 

65 8.91 Cirsimarin C23H24O11 [M-H] - 475.1235 475.1246 -2.4 245.0823 [M-H-C9H10O7]
-  (-1.6) 0-3 

66 8.99 Emodin-8-O-β-D-glucoside C21H20O10 [M-H] - 

 

[M+Na] + 

431.0985 

 

455.0946 

431.0984 

 

455.0949 

0.2 

 

-0.7 

269.0458 [M-H-Glu]-  (3.0) 

225.0558 [M-H-Glu-CO2]
-  (2.7) 

0-9 
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67 9.40 Emodin-8-O-(6′-O-malonyl)-β-D-glucoside C24H22O13 [M-H] - 

 

[M+Na] + 

517.0986 

 

541.0956 

517.0988 

 

541.0953 

-0.4 

 

0.6 

473.1095 [M-H-CO2]
-  (2.3) 

269.0462 [M-H-C3H2O3-Glu]-  (4.5) 

0-2 

68 9.53 Torachrysone-8-O-(6 -acetyl)-glucopyranoside C22H26O10 [M-H] - 449.1451 449.1453 -0.4 245.0821 [M-H-C2H3O-Glu]-  (2.9) 

230.0583 [M-H-C2H3O-Glu-CH3]
-  (1.7) 

0 

69 9.77 2-Hydroxyemodin C15H10O6 [M-H] - 285.0394 285.0405 -3.9 241.0525 [M-H-CO2]
-  (7.9) 0-9 

70 9.89 Physcion-8-O-β-D-glucoside C22H22O10 [M-H] - 

 

[M+Na] + 

445.1135 

 

469.1112 

445.114 

 

469.1105 

-1.1 

 

1.5 

283.0622 [M-H-Glu]-  (5.7) 

240.0435 [M-H-Glu-CO-CH3]
-  (5.0) 

0-9 

71 9.89 Tetrahydroxystilbene-O-(malonyl)-hexose C23H24O12 [M-H]- 491.1195 491.1195 0 283.0605 [M-H-C9H12O7]
-  (-0.4) 0-9 

72 9.89 Questin C16H12O5 [M-H] - 

[M+H] + 

283.06 

285.0770 

283.0612 

285.0757 

-4.2 

4.6 

240.0421 [M-H-CH3-CO]-  (-3.7) 0-9 

73 10.11 Emodin-O-(O-acetyl)-glucopyranoside C23H22O11 [M-H] - 473.1103 473.1089 3.0 269.0457 [M-H-C2H3O-Glu]-  (-0.7) 1-9 

74 10.21 Nootkatone C15H22O [M+H] + 219.1735 219.1743 -3.7  0-9 

75 10.48 Unknown C18H34O5 [M-H] - 329.2337 329.2333 1.2 211.1331 [M-H-C6H14O2]
-  (-1.4) 0-9 

76 10.50 Physcion-8-O-(6′-O-acetyl)-β-D-glucoside C24H24O11 [M-H] - 487.1243 487.1246 -0.6 283.0599 [M-H-C2H3O-Glu]-  (2.9) 

240.0435 [M-H-C2H3O-Glu-COCH3]
- (5.0) 

0 

77 10.50 isomer questin C16H12O5 [M-H] - 283.0613 283.0612 0.4 240.0428 [M-H-CH3-CO]-  (2.1) 0-1 

78 10.58 Torachrysone-O-acetyl-glucopyranoside C22H26O10 [M-H] - 449.1471 449.1453 1.0 245.0838 [M-H-C2H3O-Glu]-  (-7.7) 1-5 

79 11.03 Unknown C16H18O5 [M-H] - 289.1064 289.1081 -5.9 221.1191 [M-H-C3HO2]
-  (-3.6) 0-9 

80 12.23 Unknown C26H30N2O [M+H] + 387.246 387.2431 7.5  0-9 
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81 12.65 Unknown C18H31N5O5 [M+H] + 398.2403 398.2398 -1.3  0-8 

82 12.79 isomer acety-aloe-emodin C17H12O6 [M-H] - 311.0555 311.0561 -1.9 240.0420 [M-H-CH3CO-CO]-  (3.3) 4-9 

83 13.44 Emodin C15H10O5 [M-H] - 269.0456 269.0455 0.4 241.0507 [M-H-CO]-  (2.5) 0-9 

84 14.87 Unknown C16H37N3O2 [M+H] + 304.2985 304.2959 -8.5  0-9 

85 16.39 Polygonumate C16H22O4 [M+Na]+ 301.1398 301.141 -4.0  0-9 

86 17.18 Unknown C17H12O6 [M-H] - 311.2024 311.2017 2.2 149.0952 [M-H-Glu]-  (-9.4) 0-9 

87 19.78 Unknown C38H42O10 [M+H] + 659.2845 659.2851 -0.9  0-9 



   

137 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2 Typical UPLC-QTOF-MS/MS chromatograms of secondary 

metabolites in raw HSW (RHSW) and processed HSW (PHSW). A, D: RHSW; B, 

E: PHSW1; C, F: PHSW9; A, B, C: negative mode; D, E, F: positive mode. The 

peak numbers represent the same meanings as in Table 5.2
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5.3.2.3 Multivariate statistical analysis 

As shown in Figure 5.2 and Table 5.2, nine cycles processing qualitatively 

and progressively changed the chemical profile of HSW. A total of 68 chemical 

components were detected in RHSW. However, they were gradually depleted by 

the processing. For example, 61 and 36 of them were detected in PHSW1 and 

PHSW9, respectively. Meanwhile, 19 chemicals were newly detected after the 

processing. In order to further visualize the differences in overall chemical 

profiles between RHSW and PHSW, Principal Component Analysis (PCA) and 

Volcano Plot were used to process the MS data of untargeted metabolomics. PCA 

score plots clearly show PHSW plots distinct from RHSW plots; in other words, 

processing categorically changed the chemical profile of HSW. Furthermore, the 

plots from PHSW1 to PHSW9 gradually shift away from RHSW plots (Figure 

5.3). This tendency demonstrates that the number of cycles has a critical influence 

on the chemical components in the final product: more changes in the chemical 

profile occurred with more processing cycles.  
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Figure 5.3 PCA score plots of RHSW and PHSW samples based on untargeted 

metabolomics analysis  

 

Volcano plot analysis was then employed to explore the chemical markers 

that contributed most to the difference in chemical profiles between RHSW and 

PHSW. Each point on the volcano plot was based on both p-value and fold-change 

values, and in this study these two values were set at 0.05 and 3.0, respectively. 

The points which satisfy the condition p < 0.05 and fold change > 3.0 appear in 

red and are marker candidates, whereas the others appear in gray. The software 

displayed the results of the markers in red as a p-value table with molecular 
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weights, retention times, p-values and fold changes, and the contributing 

components were thus showed by this p-value table. Here, RHSW and PHSW9 

were selected for the filtering analysis. Finally, 18 compounds, namely cephulac 

(1), gallic acid (4), 3-hydroxybenzoic acid (8), catechin (13), 

liquiritigenin-hexose-xyl/ara (17), isomer polygonimitin C (19), 

cinnamyl-galloyl-hexose (25), methoxyl-acetyl-methyljuglone-O-hexose (29), 

isomer tetahydroxystilbene-O-(malonyl)-hexose (30), 

emodin-O-(O-acetyl)-glucopyranoside (42), 

tetrahydroxystilbene-O-(galloyl)-glucoside (43), nepetin-7-O-glucoside (44), 

isomer tetrahydroxystilbene-O-(galloyl)-glucoside (47), 

2,3,5,4'-tetrahydroxystilbene-2,3-O-beta-D-glucopyranoside (51), isomer 

tetrahydroxystilbene-O-(acetyl)-hexose (53), 5,7-dihydroxyflavone (59), 

emodin-O-(O-acetyl)-glucopyranoside (73) and isomer acety-aloe-emodin (82) 

were explored as the chemical markers most responsible for the differences 

between RHSW and PHSW9  (Figure 5.4). 

 

 

 

 

 

 

 

 

Figure 5.4 Volcano plot of raw (RHSW) and processed HSW (PHSW9) samples 

based on untargeted metabolomics analysis  
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5.3.3 Targeted metabolomics analysis  

5.3.3.1 UPLC-QqQ- MS/MS conditions 

To further explore how processing cycles quantitatively affect the chemical 

components of HSW, 12 chemicals, namely trans-THSG, cis-THSG, emodin, 

physcion, emodin-8-O-β-D-glucosides and physcion-8-O-β-D-glucosides, gallic 

acid, proanthocyanidin B1, proanthocyanidin B2, epicatechin, catechin and 

epicatechin-3-gallate, were selected as the analytes for targeted metabolomics 

analysis. These chemicals were not only detected as major chemical components 

but also reported to be the major bioactive chemical components in HSW (Han et 

al., 2013; Lin et al., 2015b; Yao et al., 2006). Furthermore, the 

UPLC-QTOF-MS/MS analysis preliminarily indicated that their contents were 

substantially changed by the processing.  

In this study, UPLC-QqQ-MS/MS was used for quantitative analysis of the 

targeted metabolomics due to its advantages and applications, which has been 

addressed in chapter 3. In our previous study on HSW by UPLC-QqQ-MS/MS, 

chromatography conditions (mobile phase, gradient program, flow rate, injection 

volume), and mass parameters (ion mode, dry gas flowrate and temperature, 

sheath gas flowrate and temperature, nebulizer pressure, capillary voltage, dwell 

time) were investigated, and finally two different conditions were optimized to 

achieve satisfactory separation for the 12 chemicals due to their different chemical 

properties (Liang et al., 2018). In detail, the first set of conditions was suitable for 

10 chemical components, namely gallic acid (4), proanthocyanidin B1 (9), 

proanthocyanidin B2 (16), cis-THSG (26), trans-THSG (39), catechin (13), 

epicatechin (20), epicatechin-3-gallate (38), emodin-8-O-β-D-glucoside (66), and 

physcion-8-O-β-D-glucoside (70). A second set of analytical conditions was 
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developed for emodin (83) and physcion because they could not be readily ionized 

under the first set of conditions. The MRM fragments and Collision voltage (eV) 

of each analyte were individually optimized by Mass Hunter Optimizer Software 

(Aglient Technologies, Inc. 2010, Version B.03.01) (Table 5.1). For example, the 

ion [M-H]
-
 (m/z 125.0) of gallic acid was observed to be specific, stable and 

abundant. Thus, the ion of m/z 125.0 was selected as the precursor ion of gallic 

acid. The ion pairs of the other 11 chemicals were also similarly optimized. The 

MS spectra of the analytes are shown in Figure 5.5. 
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Figure 5.5 MS spectra of 12 targeted metabolomics with MRM mode. A: 

reference standard; B: sample (RHSW); 1, gallic acid; 2, proanthocyanidin B1; 3, 

proanthocyanidin B2; 4, catechin; 5, epicatechin; 6, cis-THSG; 7, trans-THSG; 8, 

epicatechin gallate; 9, emodin-8-O-β-D-glucoside; 10, 

physcion-8-O-β-D-glucoside; 11, Emodin; 12, Physcion 
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5.3.3.2 Quantitative method validation 

The linearity, sensitivity, precision, repeatability, stability and recovery of 

quantitative method validation are summarized in Table 5.1. Due to the lack of 

reference standards, cis-THSG and catechin were semi-quantified referred to their 

isomers, trans-THSG and epicatechin, as shown in Table 5.1. The results showed 

a good liner relationship over the concentration range of each analyte, with 

correlation coefficients of determinations R
2
 all greater then 0.9900. The LODs of 

all analytes were less than 17.94 ng/mL, while the LOQs were less than 56.96 

ng/mL. The overall RSDs of intra-day and inter-day variations were not more than 

5.59% and 11.74%, respectively. The spike recovery RSDs ranged from 88.98% 

to 113.48%, which were acceptably accurate. Stability criteria were satisfied as 

the RSDs were no more than 10.34% in 72 h. All these results showed that the 

established methods were suitable to analyze all the 12 chemical compounds; 

details are shown in Table 5.1. 

5.3.3.3 Quantitative results 

The variations in contents of the 12 chemicals over RHSW and PHSW are 

shown in Figure 5.6 and Table 5.3. Data in the table are an average of nine 

replicates (three samples of each processing cycle, each sample was analyzed for 

three times). The RSD values of nine replicates were within 9.85%, which 

indicate that both of the variations at each processing cycle and variations of the 

same samples were acceptable. The contents of two stilbene glucosides, namely 

trans-THSG and cis-THSG, changed significantly after RHSW was processed. 

The content of cis-THSG was 1252.28 ± 45.70 μg/g in RHSW. It first increased 

gradually, peaked in PHSW5 at 2066.31 ± 57.88 μg/g, and then decreased step by 

step to 1195.41 ± 111.92 μg/g after the ninth processing cycle; this final content 
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was, lower than that of RHSW. In contrast, trans-THSG decreased consistently 

and regularly after each processing cycle, from 32675.01 ± 1102.04 μg/g in 

RPMR to 16661.65 ± 769.66 μg/g in PPMR9.  

The contents of two combined anthraquinones, namely 

emodin-8-O-β-D-glucosides and physcion-8-O-β-D-glucosides, increased after 

the first cycle，from 1039.48 ± 2.23 μg/g and 228.51 ± 10.84 μg/g to 1265.23 ± 

69.56 μg/g and 734.55 ± 55.28 μg/g, respectively. With further processing, their 

contents decreased to a final content of 799.70 ± 55.32 μg/g and 574.21 ± 27.95 

μg/g, respectively, after the ninth cycle. Free anthranquinoses, including emodin 

and physcion, presented an opposite tendency, decreased after the first cycle and 

then increasing with further processing cycles.  For example, the contents of 

emodin were 562.47 ± 8.95 μg/g, 328.81 ± 14.06 μg/g, and 720.81 ± 8.55 μg/g in 

the sequence of RHSW, PHSW1, and PHSW9 samples, respectively, while the 

contents of physcion were 363.44 ± 9.87 μg/g, 101.47 ± 6.07 μg/g, and 251.04 ± 

6.75 μg/g in the same sequence of RPMR and PPMR samples (Table 5.3). 

In the case of the six polyphenols, five of them (proanthocyanidin B1, 

proanthocyanidin B2, catechin, epicatechin, and epicatechin-3-gallate) increased 

after the first processing cycle compared to raw HSW. The content of the first 

three compounds started to decrease in the second cycle, whereas epicatechin and 

epicatechin-gallate still increased in the second cycle and began to decrease in the 

third cycle. For example, the content of catechin increased from 870.95 ± 55.44 

μg/g to 1002.10 ± 87.35 μg/g after being processed for one cycle, then decreased 

gradually after each cycle, and decreased to 105.75 ± 16.52 μg/g after nine cycles. 

While the variation in the contents of proanthocyanidin B1 and proanthocyanidin 

B2 are of the same tendency, and their contents first increased to 354.75 ± 17.10 
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μg/g and 70.81 ± 1.70 μg/g in PPMR1, respectively; and then decreased with the 

increasing of processing cycles, and finally cannot be detected after nine cycles 

processing. The contents of epicatechin and epcatechini-3-gallate continuously 

increased in the first two processing cycles, reaching its highest level of 197.43 ± 

9.39 μg/g and 174.17 ± 10.63 μg/g, respectively; after that the content decreased 

after each cycle, finally reaching a content of  40.30 ± 1.02 μg/g and 56.12 ± 

3.24 μg/g after the last cycle, respectively. The other water-soluble constituent 

gallic acid increased gradually after each processing cycle, from 73.53 ± 2.67 μg/g 

in RPMR to 287.07 ± 14.72 μg/g in PHSW9 samples (Table 5.3). 

In summary, the contents of gallic acid continuously increased, while 

trans-THSG continuously decreased, after each processing cycle. For emodin and 

physcion, the contents were first decreased and then increased with the increasing 

of processing cycles. In terms of the other eight analytes, namely cis-THSG, 

emodin-8-O-β-D-glucosides and physcion-8-O-β-D-glucosides, catechin, 

epicatechin, epicatechin-3-gallate, proanthocyanidin B1 and proanthocyanidin B2, 

the contents were first increased and then decreased after the increase of 

processing cycles. The above quantitative results not only show the changing 

tendency of the contents of these bioactive compounds with processing cycles, but 

also are helpful for further deduction of transformation mechanisms involved in 

the processing chemistry. 
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Figure 5.6 Contents of the 12 targeted secondary metabolites in RHSW and 

PHSW 
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Table 5.3 Quantitative results of analysis of secondary metabolites in RHSW and PHSW (μg·g
-1

) (n=9) 

Secondary metabolites 

 

Processing cycles 

RHSW PHSW-1 PHSW-2 PHSW-3 PHSW-4 PHSW-5 PHSW-6 PHSW-7 PHSW-8 PHSW-9 

Gallic acid 73.53(3.63) 84.47(6.27) 134.46(2.85) 163.23(1.38) 198.61(3.26) 212.92(2.29) 231.98(7.26) 258.18(7.87) 271.77(4.14) 287.07(5.13) 

Proanthocyanidin B1 304.03(1.95) 354.75(4.82) 213.09(4.72) 126.14(5.90) 63.05(2.48) 40.52(4.04) 20.50(3.46) 14.18(6.81) 9.08(1.67) * 

Proanthocyanidin B2 70.23(6.03) 70.81(2.41) 63.18(5.82) 55.23(9.85) 42.93(8.49) 28.98(2.59) 17.10(5.73) 12.74(4.92) 9.62(4.57) * 

Catechin 862.65(4.99) 1010.02(1.26) 1003.04(1.32) 780.65(2.09) 528.89(3.48) 379.18(2.09) 260.82(4.41) 177.47(7.92) 154.39(0.85) 104.42(3.87) 

Epicatechin 43.37(2.67) 157.27(1.96) 197.43(4.75) 183.05(8.20) 153.94(2.51) 108.52(6.80) 84.32(5.44) 69.24(6.57) 53.09(2.61) 40.30(2.53) 

Epcatechini-3-gallate 109.03(5.54) 159.38(2.88) 174.17(6.10) 150.91(3.96) 139.94(7.04) 109.28(7.52) 87.04(3.04) 70.24(6.75) 64.83(6.18) 56.12(5.77) 

cis-THSG 1252.28(3.65) 1469.65(9.29) 1600.44(8.86) 1966.26(8.11) 2066.31(2.80) 2241.49(3.98) 1596.00(4.68) 1453.99(7.43) 1365.56(9.18) 1195.41(9.36) 

trans-THSG 32675.01(3.37) 30744.70(6.66) 30429.92(9.73) 29550.48(1.31) 27368.83(2.03) 25053.72(5.02) 23852.30(3.72) 21855.66(4.32) 18778.02(4.38) 16661.65(4.62) 

Emodin-8-O-β-D-glucoside 928.84(0.21) 1265.23(5.50) 1231.02(1.69) 1199.16(0.71) 1130.09(2.30) 1109.99(4.21) 933.32(5.78) 919.80(0.72) 865.72(8.50) 799.70(6.92) 

Physcion-8-O-β-D-glucoside 228.51(4.75) 734.55(7.53) 730.52(3.99) 714.93(1.67) 708.51(1.36) 697.83(6.61) 661.46(6.38) 612.23(5.31) 592.57(1.87) 574.21(4.87) 

Emodin 562.47(1.59) 328.81(4.82) 362.96(4.63) 459.08(2.49) 494.92(3.78) 589.54(4.58) 594.98(2.71) 617.24(4.28) 659.06(1.46) 720.81(1.19) 

Physcion 363.44(2.72) 101.47(5.98) 135.43(7.52) 142.80(8.07) 153.42(3.71) 193.61(2.60) 191.22(4.18) 220.56(3.61) 225.86(1.24) 251.04(2.69) 

 

Data in the table is an average of nine replicates, and the numbers in parentheses/brackets are the RSD values in % of nine replicates; * represent 

undetected. 
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5.3.4 Chemical transformation mechanisms 

The targeted and untargeted metabolomics results provide abundant 

information to discuss potential mechanisms involved in the processing chemistry 

of HSW (Figure 5.7). With regard to the two stilbene glucosides, three reactions 

could be involved in the variation observed. First, trans-THSG is isomerized to 

cis-THSG when exposed to heat and light as in the processing (Likhtenshtein, 

2009), such that further processing would result in an  increase of cis-THSG in 

the first five processing cycles. Second, both cis-THSG and trans-THSG are 

readily hydrolyzed, such that the steaming would decrease their content (Liu et al., 

2009).  

According to the untargeted metabolomics results, 

emodin-8-O-(6’-O-malonyl)-β-D-glucoside, emodin-O-(O-acetyl)-glucoside, and 

physcion-8-O-(6′-O-acetyl)-β-D-glucoside occurred in RHSW, but were 

undetected after the first two processing cycles. We deduced that they were 

hydrolyzed to emodin-8-O-β-D-glucosides and physcion-8-O-β-D-glucosides, as 

both the latter were quickly increased after the first processing cycle. They would 

then be further hydrolyzed to emodin or physcion by the processing (Wianowska, 

2014). As a result, free anthraquinones increased after each processing cycle. 

It has been reported that condensed tannins can undergo acid-catalyzed 

cleavage in the presence of (or in the presence of an excess of) a nucleophile 

(Nonaka et al., 1982; Torres et al., 2002).  In other words, condensed polymers 

are depolymerized to oligomer and monomers under thermal and acidic conditions.  

In the case of PHSW, all six water soluble components increased after the first 

processing cycle. In addition, the oligomers and monomers, except for gallic acid, 

were also unstable in thermal and acidic conditions, so they were subject to 
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structural transformation after further processing, which caused catechin to be 

transformed to its isomeric compound epicatechin (Ross et al., 2011). Besides the 

isomerization, polymer and monmers were further depolymerized, so that the 

monomer protocatechuic aldehyde could, finally, be found after processing, and 

gallic acid, also a final derived monomer, accumulated after each processing 

cycle.   

Some studies have suggested that THSG is a toxic component of HSW (Meng 

et al., 2017; Wu et al., 2012), in which case, less THSG is safer for human 

consumption. Our results showed that the content of trans-THSG gradually 

decreased after each processing cycle and was lowest after nine cycles, while the 

content of cis-THSG initially increased and only began decreasing after the fifth 

processing cycle, reaching its lowest content after nine cycles. These results 

indicate that from the perspective of toxicity of PMR, ideally nine cycles, and 

certainly more than five cycles, is necessary to produce a safer PPMR for clinic 

use. However, this still warrants further confirmation by toxicodynamic studies. In 

addition, as mentioned above, RPMR and PPMR are used for distinct medicinal 

purposes, while RPMR is used to resolve toxin and free the stool, PPMR is 

regarded as a traditional tonic for its rejuvenation effects. As combined 

anthraquinones function as a purgative and are, thus, not suitable as a dietary 

supplement (Zhao and Xiao, 2010), we deduced that lower combined 

anthraquinones contents is more appropriate for seeking the supplement effect of 

PHSW. The content of combined anthraquinones was consistently decreased by 

the processing, and was lowest in PHSW9. These results indicate that nine cycles 

of processing might be necessary for its clinic function since combined 

anthraquinones, such as emodin and physcion, presented their lowest contents in 
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the last processing cycle. Besides the above mentioned contents variation, results 

show that the contents of other bioactive compounds in this study, such as 

catechin, gallic acid, and proanthocyanidin B2, changed after being processed, 

which may also linked with the changing of therapeutic effect (Yao, Li, and Kong 

2006; Lin, Ni, et al. 2015; Han et al. 2013). However, this still needs furtherly 

verified by pharmacodynamics studies. In summary, based on processing 

chemistry of PMR, nine cycles processing is necessary to produce a safer, more 

effective form of PHSW for clinical and home use, whereas further 

pharmacodynamics and toxicodynamic studies should be carry out to verify it.  
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Figure 5.7 Proposed processing-induced chemical transformation mechanisms of 

secondary metabolites in heshouwu. Solid arrows: prone to happen; dotted arrows: 

speculated/less likely to happen. 



   

153 

 

5.4 Conclusion 

In this study, targeted and untargeted metabolomics analyses were integrated 

to investigate the processing chemistry of HSW. The results demonstrate that the 

processing by nine cycles of steaming and drying qualitatively and quantitatively 

alters the chemical profiles of HSW. Several mechanisms, namely hydrolysis, 

dehydration, and isomerization were potentially involved in the chemical variation. 

The qualitative and quantitative data further suggest that the nine cycles of 

processing might be necessary for the preparation of PHSW, and the processing 

producers cannot be abbreviated to modern one processing cycle, as PHSW that 

has been processed nine times shows significant differences in its chemical profile 

and less potentially disruptive chemicals. The research results indicate that the 

metabolomics strategy could comprehensively characterize the processing 

chemistry of herbal medicines, thereby contributing to understand the scientific 

basis of herbal medicine processing.   
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CHAPTER 6 CONCLUDING REMARKS 

In this research, the Chinese herbal medicine, heshouwu, is taken as a 

research target. A systematic review of the text and illustrations in historical 

bencao (materia medica) literature was conducted, and the questions of the origin, 

botanical characteristics, actions and processing of heshouwu, as well as the origin 

and historical evolution of baishouwu (“white heshouwu”) were answered. The 

first appearance of heshouwu arose from a myth or fable by Li Ao in the Tang 

Dynasty, entitled “Records of Heshouwu”. In the pursuit of immortality, 

heshouwu began to be regarded as a miraculous and popular tonic, and its 

reputation was further boosted by the association of qibao meiran dan with the 

Jiajing Emperor. Nonetheless, during the Ming and Qing Dynasties, there were 

also doctors that strongly criticized and questioned its supplementing actions. As 

to HSW’s toxic side effects, these are mentioned not only in modern clinical and 

experimental literatures, but in fact were also mentioned in clinical reports by 

acient medical scholars. 

In this study, a combination of UPLC-QTOF-MS/MS and 

UPLC-QqQ-MS/MS was applied for quality assessment of different grades and 

different production areas of HSW, in order to find the differences among the 

qualities of different commercial grades and cultivated locations, and thus provide 

scientific basis for quality evaluation. UPLC-QTOF-MS/MS was used to analyze 

the overall chemical profile of HSW raw materials from different grades and 

locations; while UPLC-QqQ-MS/MS was used to quantitatively determine the 

content of 12 major bioactive components of HSW. Interestingly, results reveal 

that production regions and specifications both influence the chemical 

constituents of HSW, but the influence of production regions is even more evident. 
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Differences in constituents among production regions are relatively large, while 

there were no significant differences between specifications. This secondary 

metabolite analysis provides criterion for quality assessment of HSW. 

A combination of LMD, UPLC-QTOF-MS/MS, and UPLC-QqQ-MS/MS was 

applied for histochemical analysis of different individual tissues of HSW, in order 

to link the morphological features of HSW with its inner quality, and thus provide 

scientific basis for quality assessment. UPLC-QTOF-MS/MS was used to analyze 

the overall chemical profile of different tissues of HSW; while 

UPLC-QqQ-MS/MS was used to determine quantitatively the content of 12 major 

bioactive components of HSW, in order to find the distribution patterns of three 

major types of chemicals (12 analytes) in different tissues of HSW. The 

tissue-specific analysis revealed a strong and consistent relationship between 

phytochemicals and histologic structures. In particular, qualitative result showed 

that more chemical compounds exist in cork. In addition, quantitative analysis 

results indicate that stilbene glucosides, combined anthraquinones and 

polyphenols, were mainly distributed in the cork, and free anthraquinones were 

mainly distributed in the phloem. Thus, HSW with broader cork and phloem, as 

seen in a transverse section, were typically of better quality as these parts are where 

the bioactive components accumulated. The tissue-specific analysis of secondary 

metabolites creates a reliable morphological criterion for the quality grading of 

HSW. 

In the last part of this study, targeted and untargeted metabolomics analyses 

were integrated to investigate the processing chemistry of HSW. The results 

demonstrate that the processing by nine cycles of steaming and drying qualitatively 

and quantitatively alters the chemical profiles of HSW. Several mechanisms, 
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namely hydrolysis, dehydration, and isomerization were potentially involved in the 

chemical variation. The qualitative and quantitative data further suggest that the 

nine cycles of processing might be necessary for the preparation of PHSW, and the 

processing producers cannot be abbreviated to modern one processing cycle, as 

PHSW that has been processed nine times shows significant differences in its 

chemical profile and less potentially disruptive chemicals. The research results 

indicate that the metabolomics strategy could comprehensively characterized the 

processing chemistry of herbal medicines, thereby contributing to understand the 

scientific basis of herbal medicine processing. 
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