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ABSTRACT 

Xihuangcao is a folk medicinal herb used in southern China with three 

botanical origins: Isodon lophanthoides (IL), I. lophanthoides var. graciliflorus 

(ILG) and I. serra (IS). They are often used indiscriminately, numerous 

commercially available herbal products list Xihuangcao as an ingredient without 

listing the source. This situation has led to a growing concern about the 

differentiation and quality evaluation of Xihuangcao. To address this concern, a 

systematic study was conducted to identify the origin. 

The study is divided into five parts, which aimed to establish and apply 

the authentication methods of the origins. Four Isodon species were recorded in 

research papers as the plant sources. However, a new classification suggested in 

2004 and two of the IL varieties were merged. In the ancient herbal documents, 

ILG was first recorded as the origin plant. IL was the major species in the ancient 

texts, IS was only listed as an additional sources in recent herbal references. The

“yellow juices” which proven to be the exudates of glandular scales was the key 

identification features recorded. 

Macroscopic and microscopic studies provided identification features of 

the three Isodon species. IL and ILG share very similar features, but IS can be 

easily distinguished. By morphological features, IL and ILG can be distinguished 

by the shape of leaves, which IL has a broader leaves than ILG; IS can be 

identified by its very bitter taste and broadly winged petioles. By microscopic 

features, IL and ILG have a tiny difference in the shape of epidermal cells of leaf, 

and IS can be recognized by small raphides of calcium oxalate. 

In the UPLC-MS fingerprinting and tissue-specific profiling, the 

chemical profiles the three species were revealed. The chemical profiles of IL and 

ILG were similar, while IS has its specific chemical profiles. Twenty-seven 

characteristic peaks were chosen and showed a good distinction of the three 

species. The tissue-specific profiling of leaves showed the diterpenoids of all the 

species were accumulated only in the glandular scales. 

Lipidomics study on IL, ILG and IS was also conducted. A total of 92 

lipids were identified. The variation of lipid profiles of the three Isodon species 
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was further quantified, the results showed that the contents of the lipids in the 

three Isodon species varied. Statistical analyses showed IS has distinctly different 

lipid profile, while that of IL and ILG are very similar. 

Finally, the methods of macroscopic microscopic authentication and 

UPLC-MS fingerprinting were applied in identifying the source species of 

commercial Xihuangcao products. Twenty-seven batches of Xihuangcao 

decoction pieces were identified, results showed ILG is the major source of the 

collected samples. The ingredients in eight Xihuangcao herbal tea bags were also 

identified. IS is the major species, and none of the samples match their labels. 

The study provided valuable information on the authentication and 

quality control of folk medicinal herb Xihuangcao. The work also provided 

fundamental information on further studies on the chemical constituents of IL and 

ILG, also and role of lipids in the production of bioactive diterpenoids in Isodon 

species. 
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1.1 Traditional Medicine and Folk Medicinal Herbs 

Traditional medicine, also called alternative or complementary medicine, 

is the accumulation of knowledge and skills on treating, preventing illnesses 

which has a long history and is native to different cultures (Zhang X., 2000). 

Comparing with evidence-based western medicine, traditional medicine was 

considered as unscientific in the old day. However, scientific data has proven that 

traditional treatment has superior effect on some diseases, especially chronic 

disease. Although herbal therapy is always recognized as an alternative medicine 

or just a form of dietary supplement at the present time, therapeutic potential of 

herbs has drawn the attentions of scientists, numerous researches on medicinal 

herbs have been conducted in recent decades.  

The traditional theories on using herbal medicine have proven to be a 

powerful tool for new drug discovery (Saslis-Lagoudakis et al., 2012).According 

to World Health Organization, around quarter of medicines are plant-derived 

(Saslis-Lagoudakis et al., 2012), and a research found that 80% of plant-derived 

drugs have the same or similar actions with their ethnomedical claims (Fabricant 

& Farnsworth, 2001). In new drug development, only about ten thousandth of 

chemical synthetic drugs can pass through animal experiments, clinical trials and 

finally approved by the Food and Drug Administration (FDA), but the ratio can be 

significantly increase with the help of traditional theories (Huai& Pei, 2002). 

Artemisinin is one of the successful cases. Artemisiae Annuae Herba, the aerial 

part of Artemisia annua L., has been used in China for over two thousand year for 

treating intermittent fevers. Its crude diethyl ether extract was found to have good 

antimalarial effect in 1972, the active compound artemisinin was then isolated and 

become the most effective antimalarial drug. Coartem, the mixture of artemether 

(the derivative of artemisinin) and lumefantrine, has been approved by FDA in 

April 2009 as recommended as the first-line treatment for Plasmodium falciparum 

malaria (Maude et al., 2010; Manyando et al., 2015).  

Chinese Medicinal Material (CMM) refers to medicines prescribed in 

accordance with principles and theories of traditional Chinese medicine. In China, 

a great amount of practical experiences have been accumulated in various 

nationalities of different places. Apart from the several hundreds of commonly 
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used CMMs, folk medicine is also the traditional natural medicine uses in China. 

Folk medicine refers to the experience and knowledge of treating illnesses in a 

limited segment of the population, which orally transmitted from generation to 

generation as general knowledge (Yin & Wang, 2010). As there are huge 

potentials in the research and development of new medicinal substances from folk 

medicine, studies on folk medicine were carried out increasingly. Valuable folk 

medicines are not only be used regionally, but also nationally in nowadays. For 

examples, Lingnan herb Gendarussae Herba (小駁骨) , Henan folk medicine 

Rabdosiae Rubescentis Herba (冬凌草) and Tibet medicine Pterocephali Herba 

(翼首草) have been added to Pharmacopoeia of the People's Republic of China 

(PPRC) 2010 officially.  

Folk medicine provides treasured information on the use of medicinal 

herbs which accumulated by experience and practice. However, influenced by 

historical, geographic regional, economical, and cultural factors, only a small part 

of folk medicinal knowledge was documented. In order to collect the valuable 

information, nationwide resource surveys on CMM were conducted in the 

twentieth century. From 1969 to 1972, with the launched of mass herbal campaign, 

huge amount of folk herbs and their prescriptions were collected and collated (Yin 

& Wang, 2010; Wu & Zhao, 2013). Several herbal monographs were published, 

including Compilation of Chinese Herbal Medicine in China (全國中草藥匯編), 

Dictionary of Chinese Medicinal Material (中藥大辭典) and numerous handbook 

of herbal medicine (Yin & Wang, 2010). In 1983, a 5-year resources survey was 

conducted and over 80 % of China has been investigated. Resources of Chinese 

Medicine in China (中國中藥資源),Conspectus of Chinese Medicine Resources in 

China (中國中藥資源志要),Folk Experiential Formulas with Single Drug in 

China (中國民間單驗方) were published later on (Yin & Wang, 2010).The 

monographs provided important information on the names, botanical origins, 

function and usages of folk medicinal herbs.  

It is more challenging to study a folk medicine than commonly used 

CMMs, particularly the botanical origins of the herb. Unlike the nationally used 

CMMs, folk medicine is mainly transmitted orally in a small region by a common 
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name. Different names may be used in different regions for the same herb, or 

different herbs share a same common name. For instance, Asparagus 

cochinchinensis generally called "tianmendong" in Chinese, but also named 

"mingtiandong" in Guangdong and Guangxi, "xiaoyeqing" in Jiangxi and Fujian, 

and "shizicao" in Anhui and Jiangxi (Xie & Yu, 1996a); meanwhile "shizicao" 

may refer to Lycopodium japonicum, Rhodiola kirilowii, Euphorbia hirta etc. at 

least 16 herbs (Xie & Yu, 1996b). Furthermore, most of the common names of 

folk medicine were originated from the local dialect (Jin, 2012), this further 

increase the difficulties of clarifying the sources of the herbs. As the source 

species greatly affect the safety and efficiency of the herbs, systematic researches 

on clarify and authentication of origin of folk medicine are needed. 

 

1.2 Background Information of Isodon and Xihuangcao 

Isodon is one of a genus in the family Lamiaceae with about one hundred 

of species which mainly distributed in tropical and subtropical Asia (Isodon -The 

Plant list, n. d.; Isodon- Flora of China, n. d.). The studies on the active 

ingredients in this genus have been started in 1910s, diterpenoid enmein was first 

isolated and the structure was elucidated in 1966 (Sun, Xu et al., 2001). Since then, 

more and more diterpenoids were isolated from the genus, over six hundreds 

diterpenoids were found and number of them were proved to have superiors 

anti-inflammatory, antibacterial and anti-tumor effects (Sun et al., 2006). In China, 

Isodon mainly distributed in southwestern area including Yunnan, Sichuan and 

Guizhou Province, about 80 % of Isodon species can be found in this region (Guo 

& Cao, 2003). Over thirty Isodon species are used as medicinal herb in China, 

such as I. rubescens, I. nervosus, I. lophanthoides, I. japonicus, I. eriocalyx etc. 

(Guo & Cao, 2003).  

Xihuangcao is a folk medicinal herb which commonly used in southern 

China, four Isodon species were recorded as its source plants, namely 

“Xianwenxiangchacai” (線紋香茶菜), “Xianhuaxianwenxiangchacai” (纖花線紋

香茶菜), “Xiajixianwenxiangchacai” (狹基線紋香茶菜) and “Xihuangcao” (溪黃

草) in Chinese. The plants are widely distributed in the south of the Yangtze River 
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geographically, including Sichuan, Yunnan, Jiangxi, Guangdong and Guangxi and 

Fujian (Deng, 2009). It is a featured ingredient of Hakka culinary culture which 

used to prepare soup for protecting liver (Liu, Wang et al., 2007). In recent years, 

Xihuangcao has become an emerging healthcare herb, numerous products of 

Xihuangcao can be found in the market which claimed to have superiors liver 

protecting effects (Figure 1-1). It also be developed as a medicine to treat chronic 

hepatitis B and hepatitis C (Deng, 2009). As limited information about the source 

of Xihuangcao can be found in ancient documents, a variety of plants are used as 

Xihuangcao, which of them should be the origins of Xihuangcao are still remains 

controversial. Although many studies of Xihuangcao had been reported, different 

plants were used in the studies and some of them even did not mention which 

plants were used. In recent decades, twenty pharmacological studies on 

Xihuangcao were reported. 53% of the studies did not mention which species of 

plants were used. 30% of the studies just simply purchased samples from 

commercial market without any authentication, 20% of them even did not provide 

any information on the samples (Figure 1-2). The statistics shows that the studies 

of Xihuangcao are very chaotic, the results are meaningless if the origin herbs are 

not properly collected and authenticated. Systematic studies should be conducted 

to clarify the origin of Xihuangcao.  

 

Figure 1-1 Commercial products of Xihuangcao found in market. 
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Figure 1-2 The origins of Xihuangcao used in reported pharmacological studies. 

(A) The methods of sample collection; (B) the plants used in the experiments. 

 

 

 

1.3 Previous Studies on Xihuangcao 

1.3.1 Origin Plants and Resources Survey of Xihuangcao 

An investigation was done by Chen and Liu in 1994-1995. They 

collected plants and commercial products form several counties of Guangdong 

Province, including Guangzhou, Shaoguan, Wengyuan, Boluo, Fengshun and 

Longchuan. They found that Isodon lophanthoides var. gerardianus 

(Xiajixianwenxiangchacai) was the major cultivated species of Xihuangcao, it is 

widely planted by local farmers and is very easy to grow. Wild I. serra 

(Xihuangcao) richly distributed in Northern Guangdong, it was collected and sold 

at a lower price in some counties. I. lophanthoides (Xianwenxiangchacai) and I. 

lophanthoides var. graciliflorus (Xianhuaxianwenxiangchacai) were not 

commercially found, but they were cultivated in some botanical gardens and 

institutes of botany, the former was labeled as authentic sources of Xihuangcao in 

The South China Botanical Garden and Guangdong Institute of Chinese Medicine 

(Chen & Liu, 1996).  

Deng found that the major cultivated species of Xihuangcao in 

Guangdong were I. serra, I. lophanthoides var. graciliflorus and I.lophanthoides 

var. gerardianus. I. lophanthoides was mainly wild, and the plant is relativity 

small and was not commercially used. I. lophanthoides var. graciliflorus mainly 

used as medicinal materials and commonly called “sweet Xihuang”; I. serra 

mainly used as raw material of herb tea, and commonly called “bitter Xihuang”. In 
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her view, the authentic sources of Xihuangcao should be I. lophanthoides and its 

varieties, as their fresh leaves have yellow juice when rubbed, which is the major 

identification feature of Xihuangcao recorded in ancient herbal medicine books, 

but I. serra do not have this feature (Deng, 2009; Deng et al., 2012)  

Zhang and Pan explored the cultivation area and species of commercial 

Xihuangcao in Guangdong. Hutchison Whampoa Guangzhou Baiyunshan Chinese 

Medicine Company has 3 plantations in Yingde, Taishan and Kaiping which 

cultivate Rabdosia lophanthoides var. graciliflorus and R. lophanthoides var. 

gerardianus for producing Xiaoyan Lidan Pian (消炎利膽片). Qingyunshan 

Medicine Company owns 1 planting site in Wengyuan, cultivate R. serra as the 

raw material of Shiwei Xihuangcao Keli (十味溪黄草颗粒 ). Guangdong 

Heruntang Healthcare Products Company cultivates R.serra for producing 

Xihuangbazhencha (溪黄八珍茶). R. lophanthoides var. gerardianus and R. serra 

are also be cultivated in Meizhou and Kaiping, Chaozhou respectively for retail 

sale (Zhang & Pan, 2012a).  

 

1.3.2 Authentication of Source Plants 

Studies on the morphological features on the four origins of Xihuangcao 

were reported. Liu et al. compared the length, width, angles of apex and base of 

leaves of the four species, also the amount of glandular hairs on surface of leaves, 

petioles and stems. Result showed I. lophanthoides var. graciliflorus and var. 

gerardianus were very similar; I .lophanthoides can be identified from its varieties 

by the length and width ratio of leaf; I. serra can be distinguished by the number 

of glandular hairs (Liu, Huang et al., 2010). Zhang & Pan compared the features 

of whole plants, stems, leaves, flowers and fruits, individual identification keys 

were provided for each feature (Zhang & Pan, 2012b). Pollen morphology of the 

four plants was also studied by using light microscope and scanning electron 

microscope (Chen et al., 2000; Liu et al., 2010). 

For the microscopic authentication, Chen et al. from Guangzhou 

University of Chinese Medicine conducted a detail studies on the epidermis, 

transverse sections and powders of the leaves. The shape of epidermal cells, 
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distribution of stomata, features of glandular hairs, glandular scales and 

non-glandular hairs were found to be different between the four species (Chen et 

al., 2006). Chen from Guangzhou Institute for Drug Control compared the 

transverse section of stems of I. lophanthoides and I. serra, the major difference 

between the two species is the features of non-glandular hairs (Chen, 2009). Lai et 

al. studied the characteristic of leaf surfaces of the four species by scanning 

electron microscope, differences were found on the shape and size of epidermal 

cells, shape of thickened cuticle, density, size and shape of non-glandular hairs, 

density and form of stomata, and pattern of cuticle striations of guard cells (Lai et 

al., 1996).  

 

1.3.3 Chemical Constituents  

Diterpenoids are the major active compound in Isodon genus (Sun, Xu et 

al., 2001). The studies on chemical constituents of Xihuangcao mainly focused on 

isolating new diterpenoids. A few studies on the volatile compounds and 

flavonoids were also reported. The diterpenoids and other compounds found in the 

four origins plant of Xihuangcao were listed in Table 1-1 and Table 1-2.  

 

Table 1-1 The diterpenoids of Xihuangcao reported in literatures.  

Compound name Formula Species References 

(15S)-12,16-Epoxy-11,14-di

hydroxy-8,11,13-abietatrien-

7-one 

C20H26O4 I. serra Lin et al., 2007 

11β-hydroxyisopimara-8, 

15-diene-3-one 
C20H30O2 

I. lophanthoides, I. 

lophanthoides var. 

gerandianus 

Jiang et al., 2000; 

Sun, Xu et al., 2001 

15-hydroxy-1-oxosalvibretol C20H30O2 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

15-hydroxy-20-deoxocarnos

ol 
C22H28O5 

I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

15-O-methylgraciliflorin F C23H30O6 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 
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15α,20β-dihydroxy-6β-meth

oxy-6,7-seco-6,20-epoxy-ent

-kaur-16-en-1,7-olide 

C21H30O6 I. serra Yan et al., 2007 

16-acetoxy-12-O-acetyl 

hormone 
C24H32O7 

I. lophanthoides var. 

gerandianus 
Sun, Xu et al., 2001 

16-acetoxy-7-ethroxyroylean

one 
C24H34O6 I. serra Sun, Xu et al., 2001 

16-acetoxy-7-O-acetyl 

hormone 
C24H32O7 

I. serra,  I. 

lophanthoides var. 

gerandianus 

Chen et al., 2000; 

Sun, Xu et al., 2001 

16-acetoxy-7α-hydroxyroyle

anone 
C22H30O6 

I. lophanthoides var. 

gerandianus 
Yang et al., 2011 

16-acetoxy-7α-methoxyroyle

anone 
C23H32O6 

I. lophanthoides var. 

gerandianus 

Yang et al., 2011; 

Sun, Xu et al., 2001 

16-acetoxylsugiol C22H30O4 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

3α-hinokiol C20H30O2 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

3β-acetoxyabieta-8,11,13-tri

en-12-ol 
C22H32O3 

I. lophanthoides var. 

gerandianus 
Yang et al., 2011 

3β-hydroxysempervirol C22H28O4 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

6,12,15-trihydroxy-5,8,11,13

-abietatetraen-7-one 
C20H26O4 

I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

6,7-dihydroxycoumarin C9H6O4 
I. lophanthoides var. 

gerandianus 

Zhang et al., 2006; 

Lin et al., 2008; 

Yang et al., 2011 

6,7-Dehydroroyleanone C20H26O3 I. serra Lin et al., 2007 

6α,15α-dihydroxy-20-aldehy

de-6,7-seco-6,11α-epoxy-ent

-kaur-16-en-1,7-olide 

C20H26O6 I. serra Yan et al., 2007 

6α-hydroxyferruginol C20H30O2 
I. lophanthoides var. 

gerandianus 

Lin, Huang et al., 

2008 

7-O-methylhorminone C21H30O4 
I. lophanthoides var. 

gerandianus 
Yang et al., 2011 

8(17), 12, 

14-labdatriene-19-oic acid 
C20H30O2 

I. lophanthoides, I. 

lophanthoides var. 

gerandianus 

Jiang et al., 2000; 

Sun, Xu et al., 2001 

Abieta-8,11,13-triene-14,19-

diol 
C20H30O2 

I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

Daucosterol C35H60O6 I. serra Zheng et al, 2011 
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Dihydrokamebakaurin C22H40O3 I. serra Zheng et al, 2011 

Effusanin A C20H28O5 I. serra 
Liu, Du et al., 2010; 

Guo et al., 2014 

Effusanin E C20H28O6 I. serra Lin et al., 2013 

Effusanin F C24H32O8 I. serra Lin et al., 2013 

Ememogin C20H26O8 
I. lophanthoides var. 

graciliflora 
Liang et al., 2013 

Enmein C20H26O6 
I. serra, I. 

lophanthoides 

Liu, Du et al., 2010; 

Yan et al., 2007; Guo 

et al., 2014; Sun, Xu 

et al., 2001 

Enmenol C20H30O6 I. serra Liu, Du et al., 2010 

Ent-1α, 7α, 14β, 

20-tetrahydroxy-11, 

16-kauradien-15-one 

C20H28O5 I. serra Zheng et al, 2011 

Epinodosin C20H26O6 I. serra 
Liu, Du et al., 2010; 

Yan et al., 2012; 

Epinodosinol C20H28O6 I. serra 
Liu, Du et al., 2010; 

Guo et al., 2014 

Excisanin A C20H30O5 I. serra Sun, Xu et al., 2001 

Gerardianin A C24H32O7 
I. lophanthoides var. 

gerandianus 

Lin, Zhang et al., 

2008; Sun, Xu et al., 

2001 

Gerardianin B C24H32O7 
I. lophanthoides var. 

gerandianus 
Sun, Xu et al., 2001 

Graciliflorin C C20H30O4 
I. lophanthoides var. 

graciliflora 
Liang et al., 2013 

Graciliflorin D C20H24O4 
I. lophanthoides var. 

graciliflora 
Liang et al., 2013 

Graciliflorin E C21H28O4 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

Graciliflorin F C22H28O6 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013a 

Graciliflorins A C14H24O2 
I. lophanthoides var. 

graciliflora 
Liang et al., 2013 

Graciliflorins B C17H26O2 
I. lophanthoides var. 

graciliflora 
Liang et al., 2013 

Horminone C20H28O4 

I. serra, I. 

lophanthoides var. 

gerandianus 

Chen et al., 2000; 

Yang et al., 2011 

Isodoacetal C22H28O6 I. serra Yan et al., 2012 
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Isodocarpin C20H26O5 I. serra 

Liu, Gao et al., 2007; 

Liu, Du et al., 2010; 

Yan et al., 2007; Guo 

et al., 2014 

Isodonoiol C22H30O7 I. serra Liu, Du et al., 2010 

Isohinokiol C20H30O2 
I. lophanthoides var. 

gerandianus 
Yang et al., 2011 

Isolophanthins A C20H30O2 
I. lophanthoides var. 

gerandianus 
Yang et al., 2011 

Isolophanthins B C21H32O2 
I. lophanthoides var. 

gerandianus 
Yang et al., 2011 

Isolophanthins C C17H24O2 
I. lophanthoides var. 

gerandianus 
Yang et al., 2011 

Isolophanthins D C24H34O4 
I. lophanthoides var. 

gerandianus 
Yang et al., 2011 

Kamebakaurin C20H30O5 I. serra 
Zheng et al, 2011; 

Sun, Xu et al., 2001 

Lasiodonin C20H28O6 I. serra 
Liu, Gao et al., 2007; 

Liu, Du et al., 2010 

Lasiokaurin (Lasiodin) C22H30O7 I. serra 
Liu, Du et al., 2010; 

Lin et al., 2013 

Lasiokaurinol C22H32O7 I. serra Liu, Du et al., 2010 

Longirabdolides C C20H26O7 
I. lophanthoides var. 

graciliflora 
Guo et al., 2014 

Lophanic acid C20H32O3 

I. lophanthoides, I. 

lophanthoides var. 

gerandianus 

Jiang et al., 2000; 

Sun, Xu et al., 2001 

Lophanthin A C20H32O2 
I. lophanthoides var. 

gerandianus 
Sun, Xu et al., 2001 

Lophanthin B C20H32O2 
I. lophanthoides var. 

gerandianus 
Sun, Xu et al., 2001 

Lophanthodin G C20H28O4 
I. lophanthoides var. 

gerandianus 

Lin, Huang et al., 

2008 

Lophanthoidin A C23H32O7 I. lophanthoides Sun, Xu et al., 2001 

Lophanthoidin B C23H32O8 I. lophanthoides Sun, Xu et al., 2001 

Lophanthoidin C C22H30O7 I. lophanthoides Sun, Xu et al., 2001 

Lophanthoidin D C22H32O6 I. lophanthoides Sun, Xu et al., 2001 

Lophanthoidin E C22H30O7 I. lophanthoides Sun, Xu et al., 2001 

Lophanthoidin F C24H34O7 I. lophanthoides Sun, Xu et al., 2001 

Micranthin B C22H28O5 
I. lophanthoides var. 

graciliflora 
Liang et al., 2013 



12 

 

Nervosanin B C20H30O6 I. serra Liu, Du et al., 2010 

Nervosin C21H28O6 I. serra Yan et al., 2007 

Nodosin C20H26O6 I. serra 

Liu, Gao et al., 2007; 

Liu, Du et al., 2010; 

Yan et al., 2012; Yan 

et al., 2007; Guo et 

al., 2014 

Oridonin C20H28O6 I. serra Liu, Du et al., 2010 

Podocarpa-8,11,13-triene-3α,

13-diol 
C17H24O2 

I. lophanthoides var. 

graciliflora 
Liang et al., 2013 

Ponicidin C20H26O6 I. serra Liu, Du et al., 2010 

Rabdoinflexin A C20H28O6 I. serra Zheng et al, 2011 

Rabdoserrin A C20H26O5 I. serra Sun, Xu et al., 2001 

Rabdoserrin B C20H30O6 I. serra Sun, Xu et al., 2001 

Rabdoserrin D C20H30O5 I. serra Sun, Xu et al., 2001 

Rabdosichuanin D C24H34O8 I. serra Lin et al., 2013 

Rabdosin B C24H32O8 I. serra 
Liu, Du et al., 2010; 

Yan et al., 2012 

Rabdosinate C28H38O10 I. serra Liu, Du et al., 2010 

Royleanone C20H28O3 
I. lophanthoides var. 

gerandianus 
Sun, Xu et al., 2001 

Sculponeatin F C20H26O6 
I. lophanthoides var. 

graciliflora 
Liang et al., 2013 

Serrin B C21H30O5 I. serra Liu, Du et al., 2010 

Shikokianidin C26H34O9 I. serra Liu, Du et al., 2010 

Sodoponin C22H32O7 I. serra Liu, Du et al., 2010 

 

 

Table 1-2 The compounds (except diterpenoids) of Xihuangcao reported in 

literatures. 

Compound name Formula Species References 

(E)-β-ocimene C10H16 I. serra 
Huang & Hou, 

2006 

1,8-cinede C10H18O I. serra 
Huang & Hou, 

2006 

1-epi-cubenol C15H26O I. serra 
Huang & Hou, 

2006 

1-formyl-2, 

2-dimethyl-3-trans-(3-methy

l-but-2-enyl)-6-methylene-cy

clohexane 

C15H24O I. lophanthoides Yao et al., 2006 
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1-methyl- 

4-(5-methyl-1-methylene-4-

hexenyl)-cyclohexene 

C15H24 I. lophanthoides Yao et al., 2006 

2, 

6-dimethyl-6-(4-methyl-3-pe

nt enyl)-2-norpinene 

C15H24 I. lophanthoides Yao et al., 2006 

24-methylcholesterol C28H48O I. serra Meng et al., 1999 

2E, 6E-farnesol C15H26O I. serra 
Huang & Hou, 

2006 

2-heptano1 C7H16O I. serra 
Huang & Hou, 

2006 

2-isopropyl-5-methyl-anisole C10H16O I. lophanthoides Yao et al., 2006 

2-methyl-5-(1-methylethenyl

)-2-cyclohexen-1-one 
C10H14O I. lophanthoides Yao et al., 2006 

2α-hydroxyursolic acid C30H48O4 

I. serra,  I. 

lophanthoides var. 

gerandianus 

Chen et al., 2000; 

Hu et al., 2005 

3,4-dihydroxybenzoic acid C7H6O4 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

3-O-β

-stigmasterol-D-glucoaide 
C35H58O6 I. serra Chen et al., 2001 

5-hydroxymethylfuraldehyde C6H6O3 
I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

5-methoxymethyl-1H-pyrrol

e-2-carbaldehyde 
C7H9NO2 

I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

9-hydroxy-5,7-megastigmadi

en-4-one 
C13H20O2 

I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

Acetophenone C8H18O I. serra 
Huang & Hou, 

2006 

Asarone C12H16O3 I. lophanthoides Yao et al., 2006 

Benzaldehyde C7H6O I. serra 
Huang & Hou, 

2006 

Bergamotene C15H24 I. lophanthoides Yao et al., 2006 

Bopyl butanoate C7H14O2 I. serra 
Huang & Hou, 

2006 

Borneol C19H18O8 I. serra 
Huang & Hou, 

2006 

Caffeic acid C9H8O4 

I. serra, I. 

lophanthoides var. 

graciliflora, I. 

lophanthoides var. 

gerandianus 

Liu, Du et al., 

2010; Lin, Cui et 

al., 2011; Lin, 

Dong et al., 2011; 

Lin et al., 2013; 

Kuang, Liang et 
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al., 2013; Zhang et 

al., 2006 

Camphene C10H16 I. serra 
Huang & Hou, 

2006 

Carvacrol C10H14O I. lophanthoides Yao et al., 2006 

Caryophyllene oxide C15H24O 
I. serra, I. 

lophanthoides 

Huang & Hou, 

2006; Yao et al., 

2006 

Caryotanacelene C10H16O 
I. serra, I. 

lophanthoides 

Huang & Hou, 

2006; Yao et al., 

2006 

Chrysoplenetin C19H18O8 
I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

Cirsimaritin C17H14O6 
I. lophanthoides var. 

gerandianus 
Zhang et al., 2006 

Cis-asarone C12H16O3 I. lophanthoides Yao et al., 2006 

Citronellol C10H20O I. serra 
Huang & Hou, 

2006 

Clinopodic acid A C27H22O12 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

Cumin aldehyde C10H12O I. serra 
Huang & Hou, 

2006 

Danshensu C9H10O5 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

Daucene C15H24 I. serra 
Huang & Hou, 

2006 

Daucosterol 
C35H60O

6 

I. serra,  I. 

lophanthoides var. 

gerandianus 

Zheng et al, 2011, 

Liu, Gao et al., 

2007; Hu et al., 

2005 

E-anrthole C10H12O I. serra 
Huang & Hou, 

2006 

E-caryophyllene C15H24 I. serra 
Huang & Hou, 

2006 

E-methyl cinnamate C10H10O2 I. serra 
Huang & Hou, 

2006 

E-Nerolidol C15H26O I. serra 
Huang & Hou, 

2006 

Fenchol C10H18O I. serra 
Huang & Hou, 

2006 

Ferruginol C20H30O I. serra Chen et al., 2000 
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Ferulic acid C10H10O4 I. serra 
Liu, Du et al., 

2010 

Furocoumarins C11H6O3 
I. lophanthoides var. 

gerandianus 
Hu et al., 2005 

Geraniol C10H18O I. serra 
Huang & Hou, 

2006 

Humulene epoxide II C15H24O I. serra 
Huang & Hou, 

2006 

Hydroxytyrosol C8H10O3 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

Indole-3-aldehyde C9H7NO 
I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

Isoledene C15H24 I. serra 
Huang & Hou, 

2006 

Isoquercitrin C21H20O12 I. lophanthoides Zhao, 2009 

Isorhamnetin C16H12O7 I. serra 
Liu, Du et al., 

2010 

Isoschaftoside C26H28O14 
I. lophanthoides var. 

graciliflora 

Kuang, Liang et 

al., 2013 

iso-Sylvestrene C10H16 I. serra 
Huang & Hou, 

2006 

latifolicinin C C10H12O4 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

Linalool C10H18O I. serra 
Huang & Hou, 

2006 

loliolide C11H16O3 
I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

Lophanthoside A C22H34O13 I. lophanthoides Feng et al.,2009 

Methyl 6 dehy-droxyl 

rosmarinate 
C19H18O7 

I. lophanthoides var. 

gerandianus 
Zhang et al., 2006 

Methyl rosmarinate C19H18O8 

I. serra, I. 

lophanthoides var. 

graciliflora, I. 

lophanthoides var. 

gerandianus 

Lin, Dong et al., 

2011; Lin et al., 

2013; Zhou et al., 

2013b; Zhang et 

al., 2006 

Myrcene C10H16 I. serra 
Huang & Hou, 

2006 

n-Butyl methyl ether C15H22O I. serra 
Huang & Hou, 

2006 

Nepetoidin B C17H14O6 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

Nerol C10H18O I. serra 
Huang & Hou, 

2006 
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n-Pinene C10H16 I. serra 
Huang & Hou, 

2006 

Occidenol C15H24O2 I. serra 
Huang & Hou, 

2006 

ortho-Cymene C10H14 I. serra 
Huang & Hou, 

2006 

Pachypodol C18H16O7 
I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

palmitic acid C16H32O2 I. serra 
Meng et al., 1999; 

Chen et al., 2000 

para-Cymenene C10H12 I. serra 
Huang & Hou, 

2006 

Pedalitin C16H12O7 I. serra 

Lin, Dong et al., 

2011; Lin et al., 

2013 

Phytol C20H40O I. serra Chen et al., 2000 

Piperitone C10H16O8 I. serra 
Huang & Hou, 

2006 

Protocatechuic aldehyde C7H6O3 

I. serra, I. 

lophanthoides var. 

graciliflora 

Liu, Du et al., 

2010; Zhou et al., 

2013b 

Quercetin C15H10O7 

I. serra,  I. 

lophanthoides var. 

gerandianus; I. 

lophanthoides 

Liu, Du et al., 

2010; Zhang et al., 

2006; Zhao, 2009 

Rosmarinic acid C18H16O8 

I. serra, I. 

lophanthoides var. 

graciliflora, I. 

lophanthoides var. 

gerandianus 

Liu, Du et al., 

2010; Lin, Cui et 

al., 2011; Lin, 

Dong et al., 2011; 

Lin et al., 2013; 

Kuang, Liang et 

al., 2013; Hu et al., 

2005 

Rutin C27H30O16 
I. serra, I. 

lophanthoides 

Liu, Du et al., 

2010; Zhao, 2009 

Salicylic acid C7H6O3 I. serra 
Liu, Du et al., 

2010 

Salvianolic acid A C26H22O10 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

Schaftoside C26H28O14 
I. lophanthoides var. 

graciliflora 

Kuang, Liang et 

al., 2013 

Stearic acid C18H36O2 I. serra Chen et al., 2000 

Stigmasterol C29H48O I. serra 
Meng et al., 1999; 

Chen et al., 2000 
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Succinic acid monobutyl 

ester 
C8H14O4 

I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

Syringic acid C9H10O5 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

Terpindene C10H16 I. serra 
Huang & Hou, 

2006 

Terpinene-4-ol C10H18O I. serra 
Huang & Hou, 

2006 

Thyrnol C10H14O 
I. serra, I. 

lophanthoides 

Huang & Hou, 

2006; Yao et al., 

2006 

trans-Cadina-1(2), 4-diene C15H24 I. serra 
Huang & Hou, 

2006 

trans-cadina-1(6), 4-diene C15H24 I. serra 
Huang & Hou, 

2006 

trans-Calamenene C15H22 I. serra 
Huang & Hou, 

2006 

trans-Piperitol C10H18O I. serra 
Huang & Hou, 

2006 

Ursolic acid C30H48O3 I. serra Chen et al., 2000 

Vinyl caffeate C11H10O4 
I. lophanthoides var. 

graciliflora 
Zhou et al., 2013b 

Vitexin C21H20O10 
I. lophanthoides var. 

graciliflora 
Liang et al., 2010 

α-Cadinol C15H26O I. serra 
Huang & Hou, 

2006 

α-Calacorene C15H20 I. serra 
Huang & Hou, 

2006 

α-Caryophyllene C15H24 I. lophanthoides Yao et al., 2006 

α-Copaene C15H24 I. serra 
Huang & Hou, 

2006 

α-Glucose C6H12O6 I. serra 
Liu, Gao et al., 

2007 

α-Humulene C15H24 I. serra 
Huang & Hou, 

2006 

α-Muurolol C15H26O I. serra 
Huang & Hou, 

2006 

α-Terpinene C10H16 I. serra 
Huang & Hou, 

2006 

α-Terpineol C10H18O I. serra 
Huang & Hou, 

2006 

β-Pinene C10H16 I. serra 
Huang & Hou, 

2006 
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β-Sitosterol C29H50O 

I. serra,  I. 

lophanthoides var. 

gerandianus 

Zheng et al, 2011, 

Liu, Gao et al., 

2007, Meng et al., 

1999; Hu et al., 

2005 

γ-Terpinenene C10H16 I. serra 
Huang & Hou, 

2006 

δ-Cadinene C15H24 I. serra 
Huang & Hou, 

2006 

δ-α-Carene C10H16 I. serra 
Huang & Hou, 

2006 

 

 

1.3.4 Pharmacological Studies 

Hepatoprotective and choleretic effects 

Most of the pharmacological studies of Xihuangcao were forced on its 

hepatoprotective and choleretic effect. Liao & Liao compared the 

anti-inflammatory and hepatoprotective effect of aqueous extract of I. 

lophanthoides, I. lophanthoides var. gerardianus and I. serra, both of them can 

reduce the amount of serum glutamic-pyruvic transaminase (SGPT) in acute liver 

injured mice, and the maximum tolerated dose of oral administration of the three 

herbs are 60, 60 and 90 g/kg (Liao & Liao, 1996). Han et al. found that the 

Xihuangcao extractum can reduce the enzyme activity of SGPT and decrease the 

bilirubin level of chemical hepatic injured mice and rate (Han et al., 2005). Liu et 

al. also evidenced aqueous extract of Xihuangcao has liver protective effect on 

chemically acute liver injury in rats (Liu et al., 2007). Hou et al. showed the 

aqueous extract of I. lophanthoides var. gerardianus could attenuate 

alcohol-induced liver injury and improve the bile secretion in animal models (Hou 

et al., 2010).Liu et al. proved that decoction of Xihuangcao has good protective 

effect against acute liver injury by inhibiting the lipid preoxidation, and a have 

better effect when Huzhang is added (Liu et al., 2008). Xie found that Xihuangcao 

can prevent acute liver injury by reducing the activities of aspartate transaminase 

and alanine transaminase (Xie, 2008b). Zhu & Yan found that the aqueous extract 

of Xihuangcao has good dealcoholic and hepatoprotective effects (Zhu & Yan, 

2010). For the studies on choleretic effect, Liu et al. showed aqueous extract of 
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Xihuangcao can increase muscle tension of guinea pig gallbladder and accelerate 

the contraction frequency (Liu et al., 2006), also significantly increased the 

amount of bile in rats and reduced the cholesterol levels in bile (Liu, Chen et al., 

2009; Liu, Liang et al., 2009).  

 

Anti-cancer effect 

Diterpenoids are the major active ingredients in Xihuangcao that proved 

to have good anti-cancer effect. Zhang found that normal dose Xihuangcao has a 

better effect on inhibit mouse hepatoma tumor than a high dose (Zhang W.F., 

2000). However, Sunet al. found that water decoction of Xihuangcao had no 

inhibition effect on the growth of ascitic liver cancer H22 cells (Sun, Dong et al., 

2001). Five diterpenoids isolated from I. lophanthoides var. gerardianus by Yang 

et al. showed significant activities against several human tumor cell lines (Yang et 

al., 2011).Zhou et al. isolated ten abietane diterpenoids from I. lophanthoides var. 

graciliflorus and six of them showed in vitro cytotoxicity against human lung 

adenocarcinoma, breast adenocarcinoma and cervical carcinoma (Zhou et al., 

2013a). Liang et al. also isolated one diterpenoids from I. lophanthoides var. 

graciliflorus that exhibited in vitro cytotoxicity against human carcinoma (Liang 

et al., 2013).  

 

Anti-hepatitis B virus (HBV) effects 

Hu found that ursolic acid and 2α -hydroxyursolic acid from I. 

lophanthoides var. gerardianus have in vitro anti-HBV effect (Hu et al., 2005). An 

in vitro screening of anti-HBV and antitumor compounds of I. serra was done by 

He et al., 14 compounds from the ethyl acetate extract showed a strong inhibition 

on the replication of HBV virus (He et al., 2011). Five diterpenoids isolated from I. 

lophanthoides var. gerardianus by Yang et al. showed significant activities against 

the surface antigen HBsAg and HBeAg of the HBV virus in HBV-transfected cell 

line (Yang et al., 2011). 
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Anti-bacterial effect 

Zheng found ethanol extract of Xihuangcao have good antibacterial 

effect, especially for Staphylococcus aureus (Zheng, 2009). Lin et al. found that 

the ethanol extract of I. serra have a broad-spectrum antibacterial activity against 

Gram-positive bacterial (Lin et al., 2013) 

 

Other effects 

Duan & Liang found that the flavones in Xihuangcao and its fermented 

product have good inhibitory effects on free radicals (Duan& Liang, 2007). Xie 

found that Xihuangcao can enhance the immune function of mice by activating 

reticuloendothelial system, increasing serum hemolysin amount and promoting the 

transformation of lymphocyte (Xie, 2008a). Duan & Huang found that both the 

aqueous and ethanol extracts of Xihuangcao exhibited anti-lipid peroxidation 

effect on tissue homogenate of mice (Duan & Huang, 2008). With the data of 100 

inpatients, clinical trials by Liu et al. showed the decoction of I. serra can improve 

prothrombotic and proinflammatory states of patients with metabolic syndrome 

(Liu et al., 2009). Kuang et al. compared the anti-inflammatory effects of I. 

lophanthoides var. graciliflora and I. serra, and showed that I. lophanthoides var. 

graciliflora has a stronger effect (Kuang, Lin et al., 2013).  

Pharmacological studies on the patent medicine of Xihuangcao were also 

conducted. Xie & Chen conducted an in vitro study on inhibition of HVB of 

Shiwei Xihuangcao Keli, results showed it significantly inhibited the secretion of 

HBsAg and HBeAg (Xie & Chen, 2005). Study on Sangshenxihuang Granule 

showed it has protection effect on chemically acute liver injury in mice and rats 

(Luo et al., 2000). 

 

1.3.5 Quality Control 

Limited researches on the quality control of Xihuangcao were done, 

especially on the differentiation of the source species. 2α- hydroxyl-ursolic acid 
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and rosmarinic acid are the major markers used for quality control. Wu et al. 

conducted a series of studies on the amount of 2α-hydroxyl-ursolic acid in 

different planting sites and medicinal parts (Wu et al., 2004a), collection periods 

(Wu et al., 2004b), also fertilized areas (Wu et al., 2004ac) of I. lophanthoides var. 

gerardianus. Results showed that I. lophanthoides var. gerardianus from 

Qingyuan planting site has the highest amount of 2α-hydroxyl-ursolic acid, leaves 

have a higher amount than that of stems, and the whole plants contain highest 

amount of 2α-hydroxyl-ursolic acid in August. Zhu et al. used caffeic acid and 

rosmarinic acid as chemical standards for the quantitative comparison between I. 

lophanthoides var. graciliflorus, I. lophanthoides var. gerardianus and I. serra by 

high-performance liquid chromatography (HPLC) (Zhu et al., 2013). Kuang et al. 

developed a HPLC-based determination of isoschaftoside, schaftoside and 

rosmarinic acid for the quality control of I.lophanthoides var. graciliflorus (Kuang, 

Liang et al., 2013). Wang et al. also chose rosmarinic acid as the marker for 

qualitative and quantitative control of I. lophanthoides var. gerardianus (Wang et 

al., 2014).  

 

1.3.6 Other Studies  

Wang et al. discovered 164 optimal cultivation sites of I. lophanthoides 

var. graciliflorus in Guangdong, Guangxi, Fujian and Hainan provinces by 

ecological factors and spatial analysis methods in Georgraphic Information 

System for Traditional Chinese Medicine (Wang et al., 2011). Deng et al. 

conducted studies on optimizing the propagation, hertilization, harvesting, 

processing etc. of I. lophanthoides var. graciliflorus in order to develop a 

standardized cultivation site with Good Agricultural Practices (Deng et al., 2010; 

Deng et al., 2011). Studies on the tissue culture for rapid propagation of 

Xihuangcao were also reported (He & Xian, 2001; Lin, 2006).  

Chen et al. distinguished the four source species of Xihuangcao by 

Random Amplified Polymorphic DNA with oligonucleotide primers (Chen et al., 

1998). Huang revealed the karyotype formula of I. serra is “2 n=2 X=24=14 m+6 

sm+4 st”, which belongs to “2 A” type (Huang, 2011). Gao & Fan used psbA-trnH 

sequence to identify the four source species of Xihuangcao, variation can be found 
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between I.lophanthoides varieties and I. serra, but is not significant for the 

distinguish of plants (Gao & Fan, 2012).  

Serval pharmaceutics studies on Xihuangcao related products were 

conducted. Xiu & Lai developed the optimized the preparation method of 

Xihuangcao Oral Solution by orthogonal experiments (Xiu & Lai, 1999). Lai also 

conducted a similar research on the oral solution in addition of stability test (Lai, 

1999).  

 

1.4 Objectives and Design of This Study 

The species, production area, harvesting time and processing method of 

the plants greatly affect the safety and efficiency of herbal medicine, especially 

the species of the plants. As indicated previously, the sources of Xihuangcao are 

still controversial, varieties of plants are used which may affect the safe and 

effective use of xihuangcao. A systematic study should be conducted to clarify the 

origin of Xihuangcao, authentication methods should be built.  

In this study, several authentication methods of the plant sources of 

Xihuangcao will be developed. Literature review was the first step of this study. 

The information of botanical origins in ancient documents, reference books and 

literatures were listed and compared. The taxonomy of the original plants was also 

studied in order to identify the plants. Followed by field investigation, plant 

samples were collected. The samples were distinguished and compared by the 

macroscopic and microscopic features, chemical profile, also the lipid profile. As 

the present of yellow juice is the traditional identification feature of Xihuangcao, 

the chemical profile of different tissues, especially the secretary glands, were 

studied by laser microdissection technique in order to reveal the relationship 

between macroscopic features and chemical constituents. The authentication 

techniques were further applied in the market investigation of commercial 

samples.  
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CHAPTER 2 TEXTUAL RESEARCH AND FIELD 

INVESTIGATION ON THE BOTANICAL ORIGINS 
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2.1 Taxonomy of the Original Plants 

As mentioned in the literature review, four plants were reported as the 

source of Xihuangcao, which named “Xianwenxiangchacai”(線紋香茶菜 ), 

“Xianhua xianwenxiangchacai” (纖花線紋香茶菜), “Xiaji xianwenxiangchacai” 

(狹基線紋香茶菜) and “Xihuangcao”(溪黃草) in Chinese. The scientific names 

used in literatures were very confusing, Rabdosia serra and Isodon serra was used 

for “ Xihuangcao” (Huang & Hou, 2006; Lin et al., 2007), Rabdosia 

lophanthoides, Isodon lophanthoides, Isodon striatus, Plectranthus striatus (Liao 

& Liao, 1996; Wu et al., 2004b; Han et al., 2005; Chen, 2009) were used for 

“Xianwenxiangchacai”. In order to clarify the correct names and classification of 

the plants, a review on the taxonomy of Xihuangcao related species will be given 

as follow.  

Serval rearrangements on the genus Isodon were happened, the name of 

the plants have been revised several times. With the help of botanical names 

database The Plant List (http://www.theplantlist.org/) and references (Fujita & 

Node, 1984; Li, 1988; Zhong et al., 2010), the alternation of the names was 

elucidated. “Xianwenxiangchacai” was first recorded as Hyssopus lophanthoides 

Buch.-Ham. ex D. Donis in 1825, and was relocated to genus Plectranthus in 

1882, two varieties var. gerardianus and var. graciliflorus were found in 1884 . At 

the same time, “Xihuangcao” was first recorded as P. serra Maxim. in 1875. In 

1929, some species in genus Plectranthus were relocated to an independent genus 

Isodon, P. serra become I. serra, and further moved to a new genus 

Amethystanthus in 1934, which was reduced to synonymy within Isodon later on 

(1949). In 1972, most of species in Isodon were transferred to genus Rabdosia, 

“Xihuangcao” was renamed as R. serra, “Xianwenxiangchacai” was renamed as 

R. lophanthoides and one more variety var. micrantha was reported in 1977. The 

genus was finally restored to Isodon in 1985 by Japanese botanist Hiroshi Hara. 

The synonyms of Xihuangcao botanic sources were listed in Table 2-1.  

  

http://www.theplantlist.org/
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Table 2-1 The synonyms of Xihuangcao botanic sources and their key features. 

Species Synonym Key features 

Isodon 

lophanthoides 

(Buch.-Ham. ex 

D.Don) H.Hara 

Hyssopus lophanthoides Buch.-Ham. ex D.Don; Plectranthus lophanthoides var. gerardianus (Benth.) Bennet; 

Plectranthus striatus var. kerrii Doan; Rabdosia fangii (Y.Z.Sun) H.Hara; Plectranthus volkensianus Muschl.; 

Plectranthus fangii Y.Z.Sun; Plectranthus esquirolii H.Lév.; Orthosiphon glabrescens Vaniot; Orthosiphon 

bodinieri Vaniot; Rabdosia lophanthoides (Buch.-Ham. ex D.Don) H.Hara; Rabdosia lophanthoides var. kerrii 

(Doan) Phuong; Rabdosia lophanthoides var. micrantha C.Y.Wu; Rabdosia volkensiana (Muschl.) H.Hara; 

Rabdosia shimizuana Murata; Isodon volkensianus (Muschl.) Murata; Isodon shimizuanus (Murata) H.Hara; 

Isodon lophanthoides var. kerrii (Doan) A.L.Budantzev; Isodon lophanthoides var. micranthus (C.Y.Wu) H.W.Li 

 Annual or short-lived 

perennial herb, up to 1 m tall 

 Leaves ovate or broad-ovate 

in shape, acute or obtuse at 

apex, upper side pubescent, 

lower side light green or 

purplish when dry 

Isodon 

lophanthoides 

var. graciliflorus 

(Benth.) H.Hara 

Plectranthus lophanthoides var. graciliflorus (Benth.) Bennet; Plectranthus striatus var. graciliflorus (Benth.) 

Hand.-Mazz.; Plectranthus tatei Hemsl.; Plectranthus oblongifolius Wall. ex Benth.; Plectranthus graciliflorus 

Benth.; Plectranthus gerardianus var. graciliflorus (Benth.) Hook.f.; Plectranthus gerardianus var. brachyanthus 

Hook.f.; Rabdosia lophanthoides var. graciliflora (Benth.) H.Hara; Rabdosia lophanthoides var. brachyantha 

(Hook.f.) V.Singh & P.Singh; Isodon lophanthoides var. brachyanthus (Hook.f.) B.G.Kulk., Lakshmin. & Das 

Das; Isodon lophanthoides var. gerardianus (Benth.) H.Hara 

 Undershrub, up to 1.5 m 

tall 

 Leaves ovate, long-ovate 

to ovate-lanceolate; upper 

surface scaberulous or 

scabrous, lower surface 

green to yellowish-brown 

when dry 

Isodon serra 

(Maxim.) Kudô 

Plectranthus serra Maxim.; Plectranthus lasiocarpus Hayata; Isodon lasiocarpus (Hayata) Kudô; 

Amethystanthus serra (Maxim.) Nemoto; Amethystanthus lasiocarpus (Hayata) Nemoto; Amethystanthus 

lasiocarpus var. brevistaminfer Masam.; Rabdosia lasiocarpa (Hayata) H.Hara; Rabdosia serra (Maxim.) 

H.Hara; Isodon lasiocarpus (Hayata) Kudô 

 Perennial herb, up to 2 m 

tall 

 Stems slightly 4-sulcate 

 Petiole broad-alate toward 

apex 

http://www.theplantlist.org/tpl1.1/record/kew-175892
http://www.theplantlist.org/tpl1.1/record/kew-102972
http://www.theplantlist.org/tpl1.1/record/kew-102972
http://www.theplantlist.org/tpl1.1/record/kew-102972
http://www.theplantlist.org/tpl1.1/record/kew-102972
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According to English version of Flora of China-Volume 17 (published in 

1994), the scientific names of the four botanical sources of Xihuangcao are named 

I. lophanthoides (Xianwenxiangchacai), I. lophanthoides var. graciliflorus 

(Xianhua xianwenxiangchacai), I. lophanthoides var. gerardianus (Xiaji 

xianwenxiangchacai) and I. serra (Xihuangcao). It is noted that there is one more 

variety of I. lophanthoides called I. lophanthoides var. micrantha (Xiaohua 

xianwenxiangchacai, 細花線紋香茶菜 ) was not recorded to be origins of 

Xihuangcao. The major differences between I. lophanthoides and its varieties are: 

I. lophanthoides and I. lophanthoides var. micrantha are 50 to 100 cm in height, 

apices of leaves are obtuse, var. micrantha has a much smaller corolla (2-3 mm) 

than that of I. lophanthoides (6-7 mm); I. lophanthoides var. graciliflorus and I. 

lophanthoides var. gerardianus can grow up to 150 cm in height, apices of leaves 

are acuminate, var. graciliflorus has smaller leaves (5-8.5 × 1.5-3.5 cm) and 

ovate-lanceolate to lanceolate in shape, whereas leaves of var. gerardianus can up 

to 20 × 8.5 cm in large, ovate in shape (Isodon lophanthoides - Flora of China, n. 

d.).  

A new classification of I. lophanthoides and its varieties was suggested 

by Suddee et al.. The authors revised the tribe Ocimeae in South East Asia by 

studying 4500 herbarium specimens from 40 herbaria. They found that the name 

of I. lophanthoides and its related species have been much confused, a number of 

the same specimens have been assisted to different names frequently by the same 

author. By comparing specimens from the whole region, they came to the 

conclusion that the degree of differences, such as leaf shape, size and color when 

dry, between I. lophanthoides and the three varieties recognized by Li Hsi Wen in 

1988 are not significant. Only one variety under I. lophanthoides was suggested 

by the authors, which var. graciliflorus and var. gerardianus should be merged, 

var. micrantha was considered as the same species as I. lophanthoides (Suddee et 

al., 2004). A visit to Royal Botanic Gardens, Kew was conducted to consult 

specimens in July 2013. Dr. Alan Paton, an expert on the systematics of the 

Lamiaceae and the author of the article mentioned before, said that the confusion 

on classifying the varieties was caused by insufficient sample sizes. Specimens 

were collected in a limited region, and the botanists recognized significant 

differences between the specimens and assigned them into different varieties. 
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However, when more samples were collected from a larger region, the variations 

were found to be continuous but not discontinuous, hence cannot be separated into 

different species. Some photos of the I. lophanthoides related herbarium 

specimens were shown in Figure 2-1.  

 

 

Figure 2-1 I. lophanthoides related herbarium specimens from Royal Botanic 

Gardens, Kew. 

(A) Specimens of I. lophanthoides; (B) Specimens of I. lophanthoides var. graciliflorus 
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Under the new classification, the botanical origins of Xihuangcao should 

be revised to I. lophanthoides (Buch.-Ham. ex D. Don) H. Hara (IL), I. 

lophanthoides var. graciliflorus (Benth.) H.Hara (ILG) and I. serra (Maxim.) 

Kudô (IS). The morphological features of the plants were described as follow, and 

key features were listed in Table 2-1:  

I. lophanthoides: Annual or short-lived perennial herb, erect or ascending, 

up to 1 m tall. Stems are square, glabrescent or pubescent. Leaves 

sometimes clustered at base, membranous; ovate or broad-ovate in shape, 

acute or obtuse at apex, cuneate sub-truncate or cordate at base, 1.5-8 × 

0.8-6.5 cm; margin crenate or serrate; upper side pubescent, lower side 

glabrescent or pubescent, light green or purplish when dry; petioles up to 

5 cm long, gradually reduced in length on the upper leaves. Panicles 

terminal and axillary; composed of 8-18 flowered cymes; floral leaves 

ovate; calyx campanulate, 2-lipped; corolla white, with purple spots, 

2-lipped, posterior 4-lobed; stamens 4, exserted; style exserted, longer 

than stamens. Nutlets brown, oblong to ovoid, surface smooth. Flowering 

and fruiting from August to December (Li, 1988; Suddee et al., 2004; 

Isodon lophanthoides - Flora of China, n. d.).  

I. lophanthoides var. graciliflorus: Undershrub, up to 1.5 m tall. Stems 

are glabrous to pubescent. Leaves ovate, long-ovate to ovate-lanceolate, 

acuminate at apex; upper surface scaberulous or scabrous, lower surface 

green to yellowish-brown when dry. Other features similar to that of I. 

lophanthoides (Suddee et al., 2004). 

I. serra: Perennial herb, up to 2 m tall. Stems much branched at upper 

part, square, slightly 4-sulcate, purplish. Leaves thin-chartaceous; ovate 

to lanceolate, sub-acuminate at apex, cuneate at base, 3.5-10 × 1.5-4.5 cm; 

margins incurved-serrate; upper surface dark green, lower surface green; 

petiole 0.5-2.5 cm long, broad-alate toward apex. Panicles terminal; 

floral leaves simular to the leaves, the upper floral leaves reduced to 

bracts; calyx campanulate, 5-teethed; corolla purple, 2-lipped, posterior 

4-lobed; stamens 4, included; style included. Nutlets brown, broad-ovoid, 

whitish-barbate at apex. Flowering from August to October, fruiting from 

http://www.theplantlist.org/tpl1.1/record/kew-102972
http://www.theplantlist.org/tpl1.1/record/kew-102972
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September to October (Li, 1988; Isodon serra - Flora of China, n. d.). 

 

2.2 Botanical Origins of Xihuangcao Documented in 

Literatures 

2.2.1 In Herbal Documents 

In order to found out ancient and other documents of Xihuangcao, a visit 

to Sun Yat-sen Library of Guangdong Province for searching their collections of 

ancient books was conducted. The library contains more than 470 thousand 

ancient books, which included nearly 60,000 Guangdong ancient literatures. 

Full-text Database of Herbal Practical Guide during the Cultural Revolution (“文

革 ” 期 間 中 草 藥 實 用 手 冊 全 文 數 據 庫 ) 

(http://wgcy.cnki.net/bookweb/Default.aspx), which contains about eight hundreds 

herbal documents, and other online resources were used for the study. Seventeen 

records of Xihuangcao were found. 

Xihuangcao was first documented by Compendium of common folk 

medicine used in Jieyang (揭陽縣民間常用草藥簡篇 ) by Jieyang County 

Medical Association (揭陽縣醫學會) that published in October 1962 (Figure 2-2). 

The book recorded 200 folk herbs in Guangdong Jieyang which commonly used 

by local people, and the herbarium specimens were identified by local doctors and 

experienced farmers. Fengxuecao (風血草 ) was also listed as the alias of 

Xihuangcao. A simple description and a sketch of its botanical origins are 

recorded: “Herbs, 2 to 3 chi (66-99 cm) in height. Stems rounded, with 4 ridges. 

Leaves opposite, blades elliptical, golden yellow juice come out when fresh leaf is 

squeezed. (草本。高二、三尺﹐莖圓狀，有四角棱起，葉對生，葉片橢圓形 —

生葉擠之出金黃汁。)” Square stems and opposite leaves are the typical features 

of family Lamiaceae. Those features also clearly showed in the sketch of the plant. 

A special description, the fresh leaves with yellow juice, was given. Taste of the 

plant was described as “slightly bitter and astringent”. Habitat, action, usage and 

dosage were also listed. 

 



30 

 

 

Figure 2-2 Compendium of common folk medicine used in Jieyang and the record of 

Xihuangcao. 

 

 

The scientific name of the botanical origin was first list in Commonly 

Used Herbs for TCM Practitioners and Veterinarians in Guangdong (廣東中獸醫

常用草藥) that published in October 1968, “Plectranthus striatus Benth.”, a 

synonym of IL, was used. However, in Chaoshan Herbal (潮汕草藥) that 

published in March 1968, “Plectranthus lasiocarpus Hayata”, a synonym of IS, 

was recorded. The Chinese name of IL (Xianwenxiangchacai) was first appeared 

in December 1969, in Handbook of Commonly Used Herbal Medicine (常用中草

藥手冊). In The Compilation of Chinese Herbal Medicine-Second Edition (全國

中草藥匯編-第二版) that published in October 1996, IS was listed in the remark 

as the other botanical origin. After that, both IL and IS were listed as the sources 

of Xihuangcao. The information of the books, and the name, aliases, scientific 

name, key identification features and taste of Xihuangcao recorded in each books 

were listed in Table 2-2.  
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Table 2-2 Xihuangcao recorded in herbal documents. 

Book 

(Publication date) 

Area of 

Survey 
Name Aliases Scientific name Key Identification features Taste 

Compendium of 

Common Folk 

Medicine Used in 

Jieyang 

揭陽縣民間常用草

藥簡篇 

(1962-10) 

Jieyang, 

Guangdong 

Province 

Xihuangcao Fengxuecao (風血草) —— 

2-3 chi tall; leaves 

elliptical;“golden yellow juice 

come out when fresh leaf is 

squeezed”(生葉擠之出金黃汁) 

Slightly 

bitter and 

astringent 

Commonly Used 

Herbs for TCM 

Practitioners and 

Veterinarians in 

Guangdong 

廣東中獸醫常用草

藥 

(1968-10) 

Guangdong 

Province 
Xihuangcao —— 

Plectranthus striatus 

Benth. 

About 60 cm in height or taller; 

“with yellow juice when 

rubbed” (揉之有黃色液汁); 

corolla with pale red or red 

spots; stamens exserted 

Sweet 

Chaoshan Herbal 

潮汕草藥 

(1969-03) 

Chaozhou, 

Jieyang and 

Shantou, 

Guangdong 

Province 

Xihuangcao 

Shanxiongdan (山熊膽), 

Xiongdancao (熊膽草), 

Fengxuecao (風血草), 

Shanyangxue (山羊血), 

Ninxuecao (牛血草), 

Xuejianchou (血見愁), 

Plectranthus 

lasiocarpus Hayata 

2-3 chi tall; leaves 

long-elliptical; “juice of stems 

and leaves dark yellow” (莖葉

汁液深黃色); corolla white, 

slightly purplish 

Bitter, 

sweet and 

slightly 

astringent 
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Xuelucao (血路草), 

Shansanxuecao (山散血

草), Yinzhuhong (銀朱紅) 

Xingning Herbal 

興寧草藥 

(1969-10) 

Xingning, 

Guangdong 

Province 

Xihuangcao Xiongdancao (熊膽草) —— 

1-2 chi tall; leaves elliptical; 

“fresh leaves dark yellow when 

rubbed” (生葉揉之呈深黃色); 

flower white 

Bitter 

Herbal Medicine of 

Guangdong 

廣東中草藥 

(1969-10) 

Guangdong 

Province 
Xihuangcao 

Taiwanyanhusuo (台灣延

胡索), Shanyangmian (山

羊面), Shoucahuang (手擦

黃), Zhuyecashouhuang (竹

葉擦手黃) 

Plectranthus 

lasiocarpus Hayata 

Leaves long-elliptical; “juice of 

stems and leaves dark yellow” 

(莖葉汁液深黃色); corolla 

white, slightly purplish 

Sweet and 

bitter 

Yuebei herbal 

粵北草藥 

(1969-11) 

Shaoguan, 

Guangdong 

Province 

Xihuangcao 
Huangzhicao (黃汁草); 

Huangbingyao (黃病藥) 

Plectranthus 

lasiocarpus Hayata 

2-3 chi tall; whole plant 

purplish-green; “with dark 

yellow when stems and leaves 

are rubbed”(搓擦莖葉有深黃

色液汁) ); flowers white, 

slightly purplish 

Bitter, 

sweet and 

slight 

astringent 

Handbook of 

Commonly Used 

Herbal Medicine 

常用中草藥手冊 

(1969-12) 

Guangzhou

, 

Guangdong 

Province 

Xihuangcao 

(Xianwenxia

ngchacai) 

Xiongdancao (熊膽草), 

Fengxuecao (風血草) 

Plectranthus striatus 

Benth. 

40-60 cm tall; leaves “with 

yellow juice after rubbing” (揉

碎後有黃色汁液); flowers 

white, slightly purplish 

Sweet and 

bitter 

Handbook of Herbal Jiangxi Xiangchacai Xiongdancao (熊膽草), Plectranthus striatus Up to 60 cm tall; flowers white, Sweet and 
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Medicine 

草藥手冊 

(1970-01) 

Province Fengxuecao (風血草) Benth. slightly purplish bitter 

Herbal Medicine of 

Guangxi 

廣西中草藥 

(1970-09) 

Guangxi 

Province 

Xihuangcao 

(Xianwenxia

ngchacai) 

Xiongdancao (熊膽草), 

Tuhuanglian (土黃連) 

Plectranthus striatus 

Benth. 

Up to 60 cm tall; leaves “with 

yellow juice when rubbed” (揉

爛有黃色液汁); white, slightly 

purplish 

Bitter 

Color Atlas of 

Commonly Used 

Herbal Medicine 

常用中草藥彩色圖

譜 

(1970-10) 

Nationwide Xihuangcao 

Xigoucao (溪溝草), 

Shanyangmian (山羊面), 

Taiwanyanhusuo (台灣延

胡索) 

Plectranthus striatus 

Benth. 

60-80 cm tall; leaves “with 

yellow juice when rubbed” (揉

之有黃色液汁); flower pale 

purple, stamens exserted 

Bitter 

Commonly Used 

Herbal Medicine in 

Fengshun 

豐順常用中草藥 

(1973-03) 

Fengshun, 

Guangdong 

Province 

Xihuangcao 

(Xianwenxia

ngchacai) 

Xigoucao (溪溝草) 
Plectranthus striatus 

Benth. 
—— 

Sweet, 

slightly 

bitter 

The Compilation of 

Chinese Herbal 

Medicine 

全國中草藥匯編 

(1975-09) 

Nationwide Xihuangcao 

Xiongdancao (熊膽草), 

Shanxiongdan (山熊膽), 

Fengxuecao (風血草), 

Huangzhicao (黃汁草) 

Rabdosia lophanthoides 

(Buch.-Ham. ex D.Don) 

40-60 cm tall; leaves “with 

yellow juice after rubbing” (揉

碎後有黃色汁液); flowers 

white or pink, with purple spots 

Bitter 

Food, Chinese 

Medicine and 
Nationwide Xihuangcao Xiongdancao (熊膽草) —— 

“leaves with yellow juice when 

rubbed” (其葉揉之有黃色液
Bitter 
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Convenient 

Formulas 

食物中藥與便方 

(1977-01) 

汁); 

Encyclopedia of 

Chinese Medicine 

中藥大辭典 

(1977-10) 

Nationwide Xihuangcao 

Xiongdancao (熊膽草), 

Fengxuecao (風血草), 

Xigoucao (溪溝草), 

Shanyangmian (山羊面), 

Taiwanyanhusuo (台灣延

胡索), Tuhuanglian (土黃

連), Sifanghao (四方蒿), 

Xiangchacai (香茶菜) 

Isodon striatus (Benth.) 

Kudo 

60-80 cm tall; leaves “with 

yellow juice when rubbed” (揉

之有黃色液汁) 

Sweet and 

bitter / 

bitter 

The Compilation of 

Chinese Herbal 

Medicine-Second 

Edition 

全國中草藥匯編-第

二版 

(1996-10) 

Nationwide Xihuangcao 

Xiongdancao (熊膽草), 

Shanxiongdan (山熊膽), 

Fengxuecao (風血草), 

Huangzhicao (黃汁草) 

Rabdosia lophanthoides 

(Buch.-Ham. ex D.Don), 

Rabdosia serra listed in 

remark 

40-60 cm tall; leaves “with 

yellow juice after rubbing” (揉

碎後有黃色汁液); flowers 

white or pink, with purple spots 

Bitter 

Compendium of 

Chinese Materia 

Medica 

中華本草 

(1999-09) 

Nationwide Xihuangcao 

Xiongdancao (熊膽草), 

Fengxuecao (風血草), 

Xigoucao (溪溝草), 

Shanyangmian (山羊面), 

Tuhuanglian (土黃連), 

Rabdosia serra 

(Maxim.) Hara and R. 

lophanthoides 

(Buch.-Ham. ex D.Don) 

Rabdosia serra: 1.5 – 5 m tall; 

corolla purple, style included; R. 

lophanthoides: “leaves with 

yellow juice after rubbing or 

folding” (葉折揉碎後有黃色汁

Bitter 
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Taiwanyanhusuo (台灣延

胡索), Xiangchacai (香茶

菜), Shanxiongdan (山熊

膽), Huangzhicao (黃汁草) 

液); flowers white or pink, with 

purple spots, stamens and style 

exserted 

Encyclopedia of 

Chinese 

medicine-Second 

Edition 

中藥大辭典-第二版 

(2006-01) 

Nationwide Xihuangcao 

Xiongdancao (熊膽草), 

Fengxuecao (風血草), 

Xigoucao (溪溝草), 

Shanyangmian (山羊面), 

Tuhuanglian (土黃連), 

Taiwanyanhusuo (台灣延

胡索), Xiangchacai (香茶

菜), Shanxiongdan (山熊

膽), Huangzhicao (黃汁草) 

Rabdosia serra 

(Maxim.) Hara and R. 

lophanthoides 

(Buch.-Ham. ex D.Don) 

Rabdosia serra: 1.5 – 5 m tall; 

corolla purple, style included; R. 

lophanthoides: “leaves with 

yellow juice after rubbing or 

folding” (葉折揉碎後有黃色汁

液); flowers white or pink, with 

purple spots, stamens and style 

exserted 

Bitter 
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By studying the sketches and the descriptions, the botanical origins in the 

books were identified. In most of the documents, “yellow juice” was recorded as a 

feature of Xihuangcao’s botanical origin. It is a very important identification 

feature of Xihuangcao, as the herb was named by this feature: “xi” means the herb 

is grows beside stream, “huang” is refers to the yellow juice, and “cao” showed it 

is an herbaceous plant. Refer to chapter 1.3.1, the “yellow juice” only appears in 

IL and its variety, more details on this will be given in chapter 2.3. It seems that 

most of the plants recorded in the ancient documents were IL or its variety ILG. 

Fifteen out of seventeen documents included the sketch of the plant, and will be 

divided into 4 groups and discussed as follow paragraphs. 

Sketches in Compendium of Common Folk Medicine Used In Jieyang, 

Chaoshan Herbal, Xingning Herbal, and Herbal Medicine of Guangdong were 

similar, the latter two shared the same sketch (Figure 2-3). Both of the 

descriptions included the features of “yellow juice”, hence they should be IL or 

ILG. From the sketches, leaves are elliptical or long-ovate in shape. Although the 

height of the plants are not so tall according to the description (2 to 3 chi (66-99 

cm) or 1 to 2 chi (33-66 cm), they are more likely to be ILG. A synonym of IS was 

used to name the plants in Chaoshan Herbal and Herbal Medicine of Guangdong, 

but the sketches clearly showed the petioles are not alate, and the enlargement of 

flower showed exserted style. Therefore the scientific name is wrong.  

 

 

Figure 2-3 Sketches of the origin plant in (A) Compendium of Common Folk 

Medicine Used In Jieyang, (B) Chaoshan Herbal, (C) Xingning Herbal, and (D) 

Herbal Medicine of Guangdong.  
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Commonly Used Herbs For TCM Practitioners and Veterinarians in 

Guangdong, Yuebei Herbal, Handbook of Commonly Used Herbal Medicine, 

Handbook of Herbal Medicine, Herbal Medicine of Guangxi, Color Atlas of 

Commonly Used Herbal Medicine, The Compilation of Chinese Herbal Medicine 

and its second edition were grouped as the both the leaves showed in pictures are 

ovate in shape, five of them even have the same sketch (Figure 2-4). In the sketch, 

the upper leaves have shorter petioles, and exserted style can be seem in some 

flowers. Combined with their descriptions, the botanical origins are identified as 

IL.  

 

 

Figure 2-4 Sketches of the origin plant in (A) Commonly used herbs for TCM 

practitioners and veterinarians in Guangdong; (B) Yuebei herbal; (C) Handbook of 

commonly used herbal medicine; (D) Handbook of herbal medicine; (E) Herbal 

medicine of Guangxi; (F) Color Atlas of Commonly Used Herbal Medicine; and (G) 

The Compilation of Chinese Herbal Medicine- First Edition and Second Edition. 
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The leaves of Encyclopedia of Chinese Medicine are broad-ovate in 

shape (Figure 2-5). The plant is 60-80 cm tall, feature of exserted style can be 

clearly seen in the sketch. Consequently, the botanical origin of Xihuangcao 

described in the book is identified as IL.  

 

Figure 2-5 Sketch of the origin plant in Encyclopedia of Chinese Medicine.  

 

The last group of sketch is from Compendium of Chinese Materia 

Medica and Encyclopedia of Chinese medicine-Second Edition. Both of them 

were recently published, and two species of plants, IL and IS, are clearly recorded. 

They also shared the same sketches (Figure 2-6). In picture of IS, alate petioles 

can be found, and the enlarged flower have no exserted style. In picture of IL, the 

leaves are broad-ovate and with acute apexes, exserted styles can be barely seen in 

some flowers. All the features are consistent to the descriptions of the 

corresponding plants.  

 

Figure 2-6 Sketch of the origin plant in (A) Compendium of Chinese Materia Medica 

and (B) Encyclopedia of Chinese medicine-Second Edition; (I) IS, (II) IL. 
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2.2.2 In CMM Standards 

Xihuangcao has not yet been recorded in PPRC as a CMM. However, 

patent medicine Xiaoyan Lidan Pian which using Xihuangcao as one of the 

ingredients was first included in PPRC-2010 edition, Xihuangcao was listed in the 

appendix. The source of Xihuangcao is the dried aerial part of I. lophanthoides 

(Benth.) Kudô or I. serra (Maxim.) Kudô. Xihuangcao is also included in four 

CMM local standards: 

1. Hunan Chinese Materia Medica Standards: the aerial part of IL (I. 

striatus (Benth.) Kudô) was used as the source in the 1993 edition, 

and the scientific name was revised as I. lophanthoides (Buch.-Ham. 

ex D. Don) H. Hara in the 2009 edition, and the medicinal part was 

revised as dried whole plant.  

2. Guangxi Chinese Materia Medica Standards (Volume 2): published in 

1996, the dried aerial part of IL (I. lophanthoides (Buch.-Ham. ex D. 

Don) Hara) was used. It is worth noting that IS was listed as the 

source of another CMM Lanhuachaihu (藍花柴胡) in this standard.  

3. Guangdong Chinese Materia Medica Standards: the dried whole plant 

of IL (I. lophanthoides (Buch.-Ham. ex D.Don) H.Hara) was listed in 

the Volume 1 (published in 2004); IL (R. lophanthoides (Buch. –Ham. 

ex D. Don) H. Hara), ILG (R. lophanthoides (Buch. –Ham. ex D. 

Don) Hara var. graciliflora (Benth.) H. Hara) and IS (R. serra 

(Maxim.) H. Hara) were listed n the Volume 2 (published in 2011) 

4. Yunnan Chinese Materia Medica Standards (Volume 4·Yi medicine): 

published in 2005, also called Shaonongao (哨弄傲), is the whole 

plant of I. lophanthoides (Buch.-Ham.ex D.Don) Hara var. 

gerardianus (Benth.) Hara.  
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2.3 Field investigation and Collections of Plant Samples 

A field investigation on the source plants of Xihuangcao was conducted 

with the help of Ms. Qiaohua Deng, an expert of Xihuangcao who work on the 

resource study for over ten years. According to Ms. Deng, there are two major 

types of Xihuangcao, commonly called “sweet xihuang” and “bitter xihuang”. 

“Sweet xihuang” taste bland or slightly bitter, yellow juice appears when rub, it 

further divided into “small leaves species” and “large leaves species”. “Small 

leaves species” is shorter and has smaller and rounder leaves, whereas “large 

leaves species” is higher and has bigger and longer leaves. For “bitter xihuang”, it 

taste very bitter and no yellow juice appears when rubbed. A species called “long 

leaves species” is also used by a few local people, it has a narrow and long leaves, 

yellow juice appears when rub. Four “small leaves sweet xihuang”, four “large 

leaves sweet xihuang”, three “bitter xihuang” and two “long leaves species” were 

collected in that investigation (Figure 2-7). The colors of juices were observed by 

rubbing their fresh leaves on filter papers (Figure 2-8). 

 

Figure 2-7 Plant samples collected in field investigation. 

(a) “small leaves sweet xihuang”; (b) “large leaves sweet xihuang”; (c) “bitter xihuang”; and (d) 

“long leaves species”. 
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Figure 2-8 The colors of juices of the plant samples. 

(a) “small leaves sweet xihuang”; (b) “large leaves sweet xihuang”; (c) “bitter xihuang”; and (d) 

“long leaves species”. 

 

By comparing the height of plants, size, shape and the margin of the 

leaves and the features of stems with taxonomic descriptions, the collected plants 

were identified. “Bitter xihuang” can be easily identification as I. serra by its 

height (up to 2m tall) and the shape of the leaves (petiole broadly winged at apex, 

leaf ovate to ovate-lanceolate). For the “sweet xihuang”, high level of 

morphological variation on their leaves was found. The size and shape of leaves 

were varied among samples, and leaves from the upper part and lower part of the 

same plant may also different. Substantially, the “small leaves species” has a 

broader leaves, mainly broad-ovate or ovate in shape; whereas the “large leaves 

species” has a longer leaves, mainly long-ovate or ovate-lanceolate in shape. The 

difference of the apex of leaves is not significant. The “small leaves species” was 

identified as IL and “large leaves species” was identified as ILG according to the 

new classification of Suddee et al.. The “long leaves species” has 

narrow-lanceolate leaves, and does not march with any recorded sources of 

Xihuangcao. It is preliminary identified as I. nervosus (Hemsl.) Kudô (State 

Administration of Traditional Chinese Medicine of China, 1999; Isodon nervosus 

- Flora of China, n. d.). It may be misused by some people because it also has 

yellow juice when rubbed. The leaves of the four types of collected plants were 

shown in (Figure 2-9). 
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Figure 2-9 The leaves of the collected plants.  

(a) “small leaves sweet xihuang”; (b) “large leaves sweet xihuang”; (c) “bitter xihuang”; and (d) 

“long leaves species”. 

 

The surface of fresh leaves and stems were observed under 

stereomicroscope. Numerous reddish dots can be observed on the leaf lower 

surfaces of IL, ILG and I. nervosus. The dots also can be found on the leaf upper 

surfaces and stem of those species. However, there are no reddish dots on any 

surfaces of IS (Figure 2-10). It is believed that the present of reddish dots is 

related to the “yellow juices”. According to the features observed under 

microscope, the reddish dots are glandular scales. Both the three species have 

glandular scales, but those of IL and ILG are reddish brown, and that of IS is pale 

brownish-yellow. More detail on this will be given in the next chapter. The 

“yellow juice” should be the dark reddish brown secretion in glandular scales and 

released when the glandular scales are broken by rubbing.  
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Figure 2-10 The surface of leaves and stems of the collected plants under 

stereomicroscope. 

(a) “small leaves sweet xihuang”; (b) “large leaves sweet xihuang”; (c) “bitter xihuang”; and (d) 

“long leaves species”. (i) lower epidermis of leaf; (ii) upper epidermis of leaf; (iii) epidermis of 

stem. 

 

Three more batches of ILG and one batch of IS were collected later on. 

In total four batches of IL, seven batches of ILG and four batches of IS were used 

in the following study as reference plants of Xihuangcao (Table 2-3). Half of each 

sample was cut into sections and dried under the sun for microscopic study, 

chemical analyses and sample reserve, the other half was kept under -20°C for 

lipidology and histochemical studies.  
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Table 2-3 Reference plants of Xihuangcao collected. 

Sample 

no. 
Species Source Date of Collection 

IL-01 I. lophanthoides 
Baiyun, Guangdong Province  

(Transplant from Fujian) 
July 2012 

IL-02 I. lophanthoides Baiyun, Guangdong Province July 2012 

IL-03 I. lophanthoides Yingde, Guangdong Province July 2012 

IL-04 I. lophanthoides Yingde, Guangdong Province July 2012 

ILG-01 
I. lophanthoides var. 

graciliflora 

Pingyuan, Guangdong 

Province 
July 2012 

ILG-02 
I. lophanthoides var. 

graciliflora 

Pingyuan, Guangdong 

Province 
July 2012 

ILG-03 
I. lophanthoides var. 

graciliflora 
Heping, Guangdong Province July 2012 

ILG-04 
I. lophanthoides var. 

graciliflora 
Baiyun, Guangdong Province July 2012 

ILG-05 
I. lophanthoides var. 

graciliflora 
Shatin, Hong Kong August 2013 

ILG-06 
I. lophanthoides var. 

graciliflora 
Meizhou, Guangdong Province September 2013 

ILG-07 
I. lophanthoides var. 

graciliflora 
Panyu, Guangdong Province February 2014 

IS-01 I. serra Yingde, Guangdong Province July 2012 

IS-02 I. serra Baiyun, Guangdong Province July 2012 

IS-03 I. serra 
Zhaoqing, Guangdong 

Province 
July 2012 

IS-04 I. serra Panyu, Guangdong Province February 2014 
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2.4 Conclusions 

Four plants were reported as the source of Xihuangcao in present 

literatures, and the scientific names used were very confusing. A review on the 

taxonomy of Xihuangcao related species was conducted. Four Isodon species, 

namely IS, IL and its two varieties were recorded in Flora of China. However, a 

new classification was suggested in 2004. As the degree of differences between IL 

and the three varieties recorded are not significant, the varieties were merged. The 

botanical origins of Xihuangcao were revised to IL, ILG and IS under the new 

classification. 

Studies on the ancient documents which recorded Xihuangcao were also 

conducted. Seventeen documents were found, and fifteen of them included 

sketches of the origin plants. In most of the documents, “yellow juice” was 

recorded as a feature of the origins. Xihuangcao was first documented by 

Compendium of common folk medicine used in Jieyang in October 1962. By 

studying the sketches and the descriptions, the botanical origins in the books were 

identified. The origin plant in the first record of Xihuangcao was ILG, and IL was 

the major species in the documents. IS was also listed as one of the sources of 

Xihuangcao in recent herbal references. Xihuangcao has not yet been officially 

recorded in PPRC as a CMM, but is listed in the appendix. Xihuangcao is also 

included in four CMM local standards. 

Origin plants of Xihuangcao were investigated and collected in field 

investigation. Total fifteen batches of reference plants, including four IL, seven 

ILG and four IS, were collected for further studies. There are two major types of 

Xihuangcao, commonly called “bitter xihuang” and “sweet xihuang”. “Sweet 

xihuang” can be it further divided into “small leaves species” and “large leaves 

species”, and have yellow juice when rubbed. The plants were identified as IS, IL 

and ILG respectively. “Long leaves species” was also used by a few local people, 

which identified as I. nervosus. Numerous reddish dots can be observed on the 

leaves and stems surfaces of IL, ILG and I. nervosus under a stereomicroscope. It 

is believed that the present of reddish dots is related to the “yellow juices”, the 

reddish dots are glandular scales and the secretion released when the glandular 

scales are broken by rubbing.  
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CHAPTER 3 AUTHENTICATION OF XIHUANGCAO 

BY MACROSCOPIC AND MICROSCOPIC 

TECHNIQUE  
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3.1 Introduction 

Authentication of the source plants is vital for the safe and efficacy use 

of herbal medicine. With advances in technology, numerous methods such as 

HPLC fingerprinting, deoxyribonucleic acid (DNA) genechip, random 

amplified polymorphic DNA (RAPD) analysis etc. were developed to identify 

the sources of CMMs (Zhao et al., 2006). Nonetheless, macroscopic and 

microscopic identification are still the important and irreplaceable methods for 

the authentication of medicinal materials. It has been officially adopted in the 

Chinese Pharmacopeia, also British Herbal Pharmacopoeia, British 

Pharmacopoeia, American Herbal Pharmacopoeia, Japanese Pharmacopoeia, 

Korea Herbal Pharmacopoeia etc.. 

Macroscopic identification is always the first step of authenticating a 

CMM. Morphological features are achieved by observing, smelling, touching 

and tasting the samples, in some cases, testing by water or fire is also conducted. 

In general, the exterior appearance, size, shape, color, features of fracture or cut 

surface, texture, smell and taste are used to distinguish a CMM. Morphological 

features not only can identify the source species of CMM, but also can evaluate 

its quality (Zhao et al., 2011). It is a fast and straightforward mean to 

authenticate CMM, but it cannot be applied in identifying broken or powdered 

samples, and may not be effectual to distinguish CMMs with close genetic 

relationship. Other technique should be used in conjunction with the method.  

Microscopic authentication is a commonly used technique in which 

herbal materials are identified by observing their cellular features under a 

microscope. The methods only require simple equipment and reagents. It is a 

fast and easy to operate which can be applied in testing laboratories practically. 

It is useful for identifying broken or powdered samples, and has been 

successfully applied in the identification of different species of herbal materials 

(Tang et al., 2014), also in identifying the ingredients in Chinese proprietary 

medicines and herbal tea (Lau et al., 2004; Zhao et al., 2005; Tam et al., 2006).  

In this study, the macroscopic and microscopic identification of the 

three botanical origins of Xihuangcao were first conducted. By using the fifteen 

batches of reference plants collected in Guangdong (Table 2-3), morphological 
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and microscopic features for distinguishing IL, ILG and IS were described.  

 

3.2 Macroscopic Identification 

3.2.1 Materials and Methods 

Apparatus 

Olympus SZ-CTV Stereo Microscopes with Leica DFC420 Digital 

Camera, and Olympus E-PL5 Digital Camera were used. 

Methods 

Representative photos including exterior appearance and flattened 

leaves were taken under suitable light. Dried leaves were sorted in water until 

soft and carefully flatten, then pressed between papers until dry. Enlarged 

surface views of leaves were taken under stereomicroscope directly. Dried and 

water sorted leaves were rubbed on filter papers to observe the color of juice. 

 

3.2.2 Results and Discussion 

General descriptions of the dried samples (Figure 3-1) 

IL: Stems square or sub-square, oppositely branched, surface 

yellowish-green to brownish-yellow, glabrescent or pubescent, wood yellowish, 

pith white, usually hollowed in cut surface. Leaves papyraceous, ovate or 

broad-ovate when intact, apex acute, base cuneate or sub-truncate, sometimes 

sub-cordate; margin crenate or serrate; upper surfaces green or dark green, 

pubescent, lower surfaces light green, green, brownish-green or reddish-green. 

Odor delicately aromatic; taste slight bitter and astringent.  

ILG: Stems yellowish-brown to brown. Leaves elliptical, long-ovate to 

ovate-lanceolate when intact, base cuneate or sub-truncate. Other features 

similar to that of IL.  

IS: Stems square, with 4 grooves, oppositely branched, surface 
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yellowish-brown, purplish-brown or brown, glabrous, wood yellowish, pith 

white, always hollowed in cut surface. Leaves papyraceous, long-ovate to 

ovate-lanceolate when intact, upper surfaces green, lower surface green to 

yellowish-green, glabrescent; margin incurved-serrate; petioles broad-alate 

toward apex. Odor delicately aromatic; taste very bitter. 

 

Figure 3-1 The photos of the dried samples.  

(a) IL; (b) ILG; (c) IS. (i) exterior appearance; (ii) shape of leaves. Scale: 1 cm.  
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Surface view and color of juice of leaves 

As “yellow juice” is the key identification features of Xihuangcao, and 

reddish dots that relate to the juice can be observed in fresh leaves, the dried 

leaves of the three species were also observed under stereomicroscope. The 

results are consisting with that of fresh samples. Red or dark red dots can be 

found on both surface of IL and ILG, but not in IS (Figure 3-2). Reddish-brown 

and were observed when dried and sorted leaves of IL or ILG were rubbed on 

filter papers; brownish-green were observed for that of IS (Figure 3-3). 

 

Figure 3-2 The surface of leaves of the dried samples under stereomicroscope. 

(a) IL; (b) ILG;; (c) IS; and. (i) lower epidermis of leaf; (ii) upper epidermis of leaf. 

 

 

Figure 3-3 The colors of juices of the dried samples. 

(A) IL; (B) ILG;; (C) IS; and. (I) sorted leaves; (ii) dried leaves. 
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3.3 Microscopic Authentication 

3.3.1 Materials and Methods 

Apparatus and reagents 

Thermo Shandon Finesse 325 Microtome, Leica DM5000B Upright 

Microscope and Leica DFC450 Digital Camera, with software Leica Application 

Suite Version 4.3.0.were used. 

Reagents used including 35-40% formaldehyde (RCI Labscan, Thailand), 

AR grade ethanol (Merck, Germany) and AR grade xylene (RCI Labscan, 

Thailand), paraffin wax (Uni-chem, China), Canada balsam (Sigma-aldarich, 

Switzerland), Safranin T (Riedel-dehaen, Germany), fast green FCF (Aldrich, 

America), Chloral hydrate (Acros organics, USA), glycerol (Panreac, European 

Union) and acetic acid (Uni-chem, China). 

Formalin-acetic acid-alcohol (FAA) solution was prepared by mixing 90 

ml 50% ethanol, 5 ml acetic acid and 5 ml formaldehyde. Safranin solution was 

prepared by dissolving 0.5 g Safranin T in 100 ml of 50% ethanol. Fast green 

solution was prepared by dissolving 0.25 g fast green in 100 ml of 95% ethanol. 

Diluted glycerin test solution was prepared by diluting 33 ml of glycerin with 

water to 100 ml. Chloral hydrate test solution was prepared by dissolving 50.0 g 

chloral hydrate in a mixture of 15 mL water and 10 mL glycerin. Glycerol-acetic 

acid test solution was prepared by mixing equal volumes of glycerin, 50% acetic 

acid and water. 

 

Determination of Microscopic Characteristics of the Transverse Sections 

Fresh stems and leaves were cut into small cubes and were kept in FAA 

solution for over 24 hours. The solution was replaced by low to high gradient 

concentration of ethanol, and ethanol was replaced by xylene gradually. Then 

xylene was replaced by paraffin wax, and the materials were embedded in paraffin 

cubes. The paraffin cubes were fixed on microtone and cut into slices of 20μm 

thick. Paraffin slices were transferred to clean slides and stained with Safranin 

solution and fast green solution by double staining. The stained slices were sealed 

with Canada balsam, then observed and photographed under a common light 
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microscope.  

Determination of Microscopic Characteristics of the Powders 

Samples were dried and powdered. The powdered samples were passed 

through a No. 4 sieve. The sieved samples were treated with glycerol-acetic acid 

or chloral hydrate test solution and were observed under a common light and 

polarized microscope, representative characteristics were chosen and 

photographed. 10 data of each representative characteristic were measured by the 

software and recorded. 

 

3.3.2 Results and Discussion 

Transverse sections of leaves (Figure 3-4a) 

For IL, both upper and lower epidermis consist of 1 layer of cells, with 

non-glandular hairs, glandular hairs and glandular scales scattered, and are more 

abundant on the lower epidermis. A few layers of collenchyma present at the inner 

sides of the upper and lower epidermis of midrib. Mesophyll consists of 1-2 layers 

of palisade cells and several layers of spongy cells. Vascular bundle of midrib is 

collateral. ILG have features similar to those of IL. For IS, mesophyll consists of 

2-3 layers of palisade cells. Cells of mesophyll and parenchyma contain fine 

raphides of calcium oxalate. Other features are similar to those of IL. 

 

Features of the transverse sections of stems (Figure 3-4b) 

IL is subsquare in shape. Epidermis consists of 1 layer of cells, with 

non-glandular hairs, glandular hairs and glandular scales scattered. Collenchyma 

is abundant in the angular region. Cortex consists of several layers of cells. 

Pericyclic fibre bundles arranged in a interrupted ring. Phloem is narrow. 

Cambium is in a ring .Xylem consists of vessels and fibers and is relatively well 

developed in the angular region. Pith large, consists of large parenchymatous cells. 

ILG have features similar to those of IL. For IS, it is subsquare in shape, with four 

distinct protuberance in the angular region. Xylem is well developed. Parenchyma 

contains fine raphides of calcium oxalate. Other features are similar to those of IL. 
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Figure 3-4 Features of the transverse sections of the reference plants.  

A. transverse sections of leaf; B: transverse sections of stem. 1. Non-glandular hair; 2. Upper 

epidermis; 3. Palisade cells; 4. Spongy cells; 5. Vascular bundle of midrib; 6. Lower epidermis; 

7. Epidermis of stem; 8. Collenchyma; 9. Cortex; 10. Pericyclic fibre bundles; 11. Phloem; 12. 

Xylem; 13. Pith. 
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Features of the powder (Table 3-1) 

For IL, non-glandular hairs numerous, consisting of 1-7 cells, 25-149 m 

in diameter. 41-320 m long, surfaces are warty or with short cuticular striations. 

Glandular scales numerous, reddish brown when mounted with diluted glycerin 

test solution, each consisting of a 4-8-celled head and 1-celled stalk, 24-69 m in 

diameter. Glandular hairs are consisting of a 1-4-celled head and 1-celled stalk, 

14-40 m in diameter. Upper epidermal cells subpolygonal, anticlinal walls are 

wavy, sometimes relatively straight, usually slightly beaded. Lower epidermal 

cells irregular or subpolygonal, anticlinal walls are wavy, stomata numerous, 

diacytic or anomocytic, always with glandular scales and glandular hairs. 

Epidermal cells of stem subpolygonal to subrectangular, often with glandular hairs 

and scars of non-glandular hairs. Fibers are often in bundles, pits slit-shaped or 

dotted; bright yellowish under the polarized microscope (Figure 3-5). 

Features of ILG are similar to those of IL. Non-glandular hairs numerous, 

each consisting of 1-8 cells, 34-112 m in diameter. 31-361 m long, surfaces are 

warty or with short cuticular striations. Glandular scales numerous, reddish brown 

when mounted with diluted glycerin test solution, each consisting of a 4-8-celled 

head and 1-celled stalk, 29-61 m in diameter. Glandular hairs are consisting of 

1-4-celled head and 1-celled stalk, 15-34 m in diameter. Upper epidermal cells 

subpolygonal, with wavy anticlinal walls, usually slightly beaded. Lower 

epidermal cells, epidermal cells of stem and fibers are similar to those of IL 

(Figure 3-6). 

For IS, non-glandular hairs are consist of 1-6 cells, 16-42 m in diameter. 

50-183m long, warty. Glandular scales numerous, pale brownish-yellow when 

mounted with diluted glycerin test solution, each consisting of a 4-celled head and 

1-celled stalk, 28-45 m in diameter. Glandular hairs are consisting of 1-2-celled 

head and 1-celled stalk, 15-26 m in diameter. Upper epidermal cells are 

subpolygonal, with wavy anticlinal walls. Lower epidermal cells irregular or 

subpolygonal, anticlinal walls are wavy, diacytic or anomocytic stomata numerous, 

always with glandular scales and glandular hairs. Epidermal cells of stem 

subpolygonal to subsquare, often with scars of non-glandular hairs, those of older 

stems yellowish-brown. Fibers often in bundles, pits sparse; polychromatic or 
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bright yellowish under the polarized microscope. Raphides of calcium oxalate are 

small, scattered in parenchymatous or mesophyll cells; bright white or 

polychromatic under polarized light (Figure 3-7). 

 

 

Figure 3-5 The microscopic features of powder of IL.  

(1) Glandular scales (1-1 mounted with diluted glycerol test solution; 1-2 mounted with chloral 

hydrate test solution); (2) Non-glandular hair; (3) Glandular hair; (4) Upper epidermal cells of 

leaf; (5) Lower epidermal cells of leaf; (6) Epidermal cells of stem; (7) Fibers. (a) Observed 

under the light microscope; (b) Observed under the polarized light microscope. 
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Figure 3-6 The microscopic features of powder of ILG.  

(1) Glandular scales (1-1 mounted with diluted glycerol test solution; 1-2 mounted with chloral 

hydrate test solution); (2) Non-glandular hair; (3) Glandular hair; (4) Upper epidermal cells of 

leaf; (5) Lower epidermal cells of leaf; (6) Epidermal cells of stem; (7) Fibers. (a) Observed 

under the light microscope; (b) Observed under the polarized light microscope. 
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Figure 3-7 The microscopic features of powder of IS.  

(1) Glandular scales (1-1 mounted with diluted glycerol test solution; 1-2 mounted with chloral 

hydrate test solution); (2) Non-glandular hair; (3) Glandular hair; (4) Upper epidermal cells of 

leaf; (5) Lower epidermal cells of leaf; (6) Epidermal cells of stem (6-1 young stem; 6-2 old 

stem); (7) Raphides of calcium oxalate; (8) Fibers. (a) Observed under the light microscope; (b) 

Observed under the polarized light microscope. 
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Table 3-1 The data of microscopic features of the reference plants. 

Sample no. 

Non-glandular hair Glandular hair Glandular scales 

no. of cells 
diameter 

(base) (μm) 
length (μm) 

no. of cells 

(head) 
Diameter (μm) no. of cells Diameter (μm) 

IL-01 2-7 40-112 66-320  1-4 24-40  6-8 43-69  

IL-02 2-6 32-149  41-282  1-4 18-34  4-8 31-52  

IL-03 1-6 30-87  54-221  2-4 20-36  4-8 24-58  

IL-04 2-5 25-80  41-183  1-2 14-31  6-8 24-51  

ILG-01 2-6 34-58  37-219  1-4 17-34  4-8 32-47  

ILG-02 2-8 48-104  43-361  1-3 23-32  6-8 43-60  

ILG-03 1-7 36-92  29-303  2-4 15-25  4-8 37-48  

ILG-04 2-5 50-69  46-196  1-4 20-27  4-8 29-56  

ILG-05 2-5 53-112  69-285  1-2 19-31  6-8 40-61  
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ILG-06 2-7 49-89  31-210  1-2 19-30  4-8 35-59  

ILG-07 2-6 42-98  56-163  1-2 15-29  4-8 31-46  

IS-01 2-5 20-38  50-148  1-2 16-26  4 32-43  

IS-02 1-6 16-42  56-183  1-2 15-26  4 28-42  

IS-03 1-5 19-36  52-157  1-2 15-22  4 30-37  

IS-04 2-6 22-40  54-217  1-2 16-25  4 31-45  
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3.4 Conclusion  

Morphological and microscopic features were recorded for the 

authentication of the three origins of Xihuangcao. IL and ILG share very similar 

features, but IS can be easily distinguished. IL and ILG are slightly bitter and 

astringent in taste, stems square or sub-square, leaf margins crenate or serrate. IL 

has a broader leaves than ILG. IS is bitter in taste, stems with 4 obvious grooves, 

leaf margins incurved-serrate, petioles broad-alate toward apex.  

The three species basically share the same microscopic features but with 

different characteristics. Non-glandular hairs, epidermal cells with glandular 

scales and glandular hairs are the key identification features of the three species. 

IL and ILG are very similar, with minor differences in the shape of epidermal cells 

of leaf in powder, which the anticlinal walls of IL are relatively straighter than that 

of ILG. IS can be easily distinguished from IL and ILG by both features of 

transverse section and powder based on the shape of epidermal cells and 

non-glandular hairs, number of cells of glandular scales and the presence of small 

raphides of calcium oxalate. 
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CHAPTER 4 UPLC-MS FINGERPRINTING AND 

HISTOCHEMICAL STUDY 

  



62 

 

4.1 Introduction 

As was reported in chapter 3, IL and its variety ILG are very similar 

which only have tiny differences in their morphological or microscopic features. 

IS can be easily distinguished from IL and ILG by morphological and microscopic 

features, but the method cannot be applied in identifying the samples in extracted 

form. In order to ensure their safe and effective use, methods should be developed 

to identify the three source species of Xihuangcao. Xihuangcao has not yet been 

recorded in PPRC. The only official analytical method is recorded in Guangdong 

Chinese Materia Medica Standards, which comparing samples with a reference 

material (ILG) by thin-layer chromatography only and does not give any 

characteristics for differentiating the three species. Although quite a number of 

researches on Xihuangcao have been done in recent years, most of them focused 

on chemical separation or pharmacological studies. A few chemical analytical 

studies have been published, but most of them were worked on one species only 

and non-specific markers were used. Therefore, it is necessary to develop an 

analytical identification method to differentiate the three Isodon species of 

Xihuangcao.  

Chromatographic fingerprinting is an effective analytical method which 

identifies the samples by comparing their chemical profiles. Ultra-performance 

liquid chromatography (UPLC) can separate various compounds with superior 

resolution in a short time, coupled with mass spectrometry (MS), a universal 

detector for detecting almost every type of compounds with high sensitivity, the 

chemical profiles of the three Isodon species can be revealed. As MS can give a 

high mass accuracy of the detected compounds and their fragmentation features, 

accurate identification and classification of the three species can be done. In this 

part of study, an analytical identification method was built using 

ultra-performance liquid chromatography coupled with electrospray ionization 

quadrupole time-of-flight tandem mass spectrometry (UPLC-ESI-QTOF-MS/MS) 

to differentiate the three botanical origins of Xihuangcao. With the combination of 

chemometrics software, the variances and relationship between species can be 

discovered by statistical analysis. 

In addition to the analysis of chemical constituents of the whole plant, 

tissue-specific profiling was also conducted. “Yellow juices” was the key 
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identification features of Xihuangcao recorded in ancient texts, and is proven to be 

the exudates of glandular scales on leaves. Refer to chapter 3.3, three types of 

trichomes can be found on the surface of leaves, including glandular scale, 

glandular hair and non-glandular hair. They can be divided into two groups by 

their diverse function: simple trichomes (the non-glandular hair) and glandular 

secreting trichomes (glandular scale and glandular hair) (Dai et al., 2010). Plant 

trichomes, especially secretory trichomes, play important roles in protection 

against damage. They can increase the tolerance to change in environmental 

conditions by increasing surface areas, facilitating moisture condensation or 

reducing the absorption of solar energy (Dalin et al., 2008). The chemicals 

secreted by secretory trichomes may poisonous to or repellent by herbivory, hence 

increases the resistance to insects and other organisms (Dalin et al., 2008). 

Secretory trichomes just like “chemical factories” which synthesis and accumulate 

secondary metabolites, amount of secretion produced by trichomes can up to 30% 

dry weight of a leaf (Dai et al., 2010).  

Study on the secondary metabolites in plants trichomes was reported by 

staining the plants tissues with chemical reagents (Bisio et al., 1999). The method 

can only identify the type of compounds by the specific color changes with the 

reagents, but not the exact species of compounds. For instance, terpenes will show 

violet-blue after stained by Nadi reagent, however, type of terpenes cannot be 

identified by the staining (Bisio et al., 1999). Laser microdissection (LMD) 

technique was applied in this study. With the accurate dissection by LMD, target 

tissues or even single cell can be separated for further analysis (Yi et al., 2012). 

Glandular scales, glandular hairs, epidermal cells, mesophyll and vascular bundles 

of the leaves of the three Isodon species were collected and analyzed separately. 

As diterpenoids are the major active compounds in the species, the chemical 

profiles comparison within tissues was focused on the distribution of diterpenoids.  

 

 

4.2 Materials and Methods 

Chemicals and reference standards 

All the chemicals and reference standards used were of HPLC grade. 
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Oridonin (purity≥98%) and rosmarinic acid (purity≥98%) were purchased from 

Chengdu Must Bio-Technology Co., Ltd. (Chengdu, China), schaftoside (purity≥

98%) was purchased from Chengdu Biopurify Phytochemicals Ltd. (Chengdu, 

China). Methanol and acetonitrile were purchased from E. Merck (Darmstadt, 

Germany). Formic acid (purity 96.0%) was purchased from Tedia Company Inc. 

(U.S.A.). Water was obtained from a Milli-Q water purification system (Millipore, 

Bedford, MA, U.S.A.). 

 

Sample preparation for UPLC-MS fingerprinting 

All the fifteen batches of plant samples were collected in southern China 

were used (Table 2-3). All the samples were powdered by a blender. 0.5 g of each 

powdered sample was accurately weighed into a 15 ml centrifuge tube; 10 ml of 

methanol was added and sonicated for 30 min at room temperature. The 

supernatant was centrifuged at 12000 rpm for 10 min. 0.2 ml of extract was 

further diluted with 0.8 ml of methanol and transferred into a brown HPLC vial 

for injection. 

 

LMD of tissue 

Two batches of fresh samples from each species were used, including 

IL-02, IL-03, ILG-02, ILG-04, IS-02 and IS-03. Glandular scales, glandular hairs 

and epidermal cells were dissected from the lower epidermis of leaves. The 

epidermis were carefully peeled off with fine forceps and put on metal frame 

polyethylene terephthalate (PET) foil slides (1.4 m thick, Leica Microsystems, 

Germany). Mesophyll and vascular bundles were collected from the transverse 

sections of leaves. The leaves were cut into small pieces, and then embed with 

cryomatix (Thermo Scientific, UK) on a specimen stage. Frozen samples were cut 

into 30 m thick slices by cryotome (Thermo Shandon As620, UK) and 

transferred to PET slides.  

The PET slides were upside-down mounted on slide holder of Leica 

LMD 7000 Laser Microdissection System (Leica Microsystems, Germany). Areas 

of interest were selected by the software (version 7.4.0.0) under 10× 
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magnification, then laser beam was steered by optics along the line. The dissected 

samples were collected by a cap of 0.5 ml microcentrifuge tube by gravity (Figure 

4-1). About 100 glandular scales, 250 glandular hairs, and 5 × 10
6
 m

2
 of 

epidermal cells, mesophyll and vascular bundles were collected. A blank was also 

prepared by collecting 5 × 10
6
 m

2
 of PET membrane without any samples. The 

tube was centrifuged for several minutes in order to transfer the tissue to the 

bottom of tube. 50 l of methanol was added and sonicated for 30 min at room 

temperature. After centrifuged at 12000 rpm for 10 min, the supernatant was 

transferred into a brown HPLC vial for injection. 

 

Figure 4-1 The dissection of different tissues by LMD. 
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UPLC-ESI-QTOF-MS/MS analysis 

The analyses were performed on Agilent 6540 accurate mass Q-TOF 

LC/MS system (Agilent Technologies, U.S.A.). The chromatography was 

performed on a UPLC C18 analytical column (2.1 mm × 5 mm, I.D. 1.7 μm, 

ACQUITY UPLC
®

 BEH, Waters, U.S.A.). The mobile phase consisted of solvent 

A (0.1%, v/v, of formic acid in water) and solvent B (0.1%, v/v, of formic acid in 

acetonitrile). A gradient elution was used: 0-15 min, 10-45% B; 15-23 min, 45-70% 

B; 23-25 min, 70-100% B. The flow rate was 0.4 ml/min, the injection volume 

was 2 μL, and the column temperature was maintained at 40℃.  

The detections by ESI-QTOF-MS/MS were performed in positive ion 

mode. The source parameters were set as follows: gas temperature 300℃, gas 

flow 8.0 L/min, nebulizer 45 psi, sheath gas temperature 350℃, sheath gas flow 

8.0 L/min. The scan source parameters: VCap 3500, nozzle voltage 500V, 

fragmentor 120V. Reference masses were used at m/z 121.0508 (purine) and 

922.0097 (hexakisphosphazine). Automatic MS/MS was performed by using fixed 

collision energy 15 eV. 

 

Qualitative analysis 

Data analysis was carried out with Agilent MassHunter Workstation 

Software-Qualitative Analysis software (version B.06.00, build 6.0.633.0, Agilent 

Technologies Inc. 2012) with the following settings: extraction restrict retention 

time 2-25 min; peaks height ≥ 100 counts; charge state 1; peck spacing tolerance 

0.0025 m/z , plus 7.0 ppm; compound relative height ≥ 2.5%, and absolute 

height ≥ 2000 counts; elements of C, H, O from 3 to 60, 0 to 120, and 0 to 30 

respectively, for generating formulae.  

 

Statistical analysis 

Statistical analyses of the full set of UPLC-MS/MS results were carried 

out with Agilent MassHunter Mass Profiler Professional Software (version 

B.02.02, Agilent Technologies Inc. 2011). Data was first exported from Mass 

Hunter Workstation and then imported into Mass Profiler Professional Software 
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with the following settings: abundance filtering with minimum absolute 

abundance 5000 counts; all charge states permitted; perform retentions times (RT) 

correction with maximum allowed 0.5% plus 0.5 min, mass window 5.0 ppm plus 

2.0 mDa; compound alignment with RT window 0.1% plus 0.15 min. One-way 

analysis of variance (ANOVA) was used with a probability p value of 0.05 to 

further filter the data. A 3D principal component analysis (PCA) was conducted 

on all samples. A hierarchical cluster analysis (HCA) was also conducted with the 

following settings: cluster on conditions, Euclidean as distance metric, centroid as 

linkage rule.  

SIMCA (version 13.0.3.0, Umetrics AB 2013) was used for the analysis 

of selected peaks. The peak volumes were manually imported as X-variables, 

sample numbers as primary ID, peak numbers as secondary ID and species of 

samples as class ID. The model type was set as orthogonal partial least squared 

discriminant analysis (OPLS-DA), significant components were calculated by 

“Autofit” function. 

 

4.3 Results and Discussion 

4.3.1 Chromatographic Profiling of the Plants 

The UPLC-ESI-QTOF-MS/MS chromatograms revealed the chemical 

profiles of the three Isodon species, typical base peak chromatograms (BPC) of 

the three species were shown in Figure 4-2. The chemical profiles of IL and ILG 

were similar while IS has its specific chemical profiles. By comparing the batches 

of samples, eleven, seventeen and thirteen common peaks from each species were 

selected respectively. All selected peaks of IS were eluted before 16 minute, but 

most compounds of IL and ILG were eluted between 12 to 22 minutes. One 

common peak (peak 5) was found in all the three species. Thirteen common peaks 

were found in the chromatograms of IL and ILG, namely, peaks 1, 2, 5, 13, 14, 19, 

21, 22, 23, 24, 25, 26 and 27. The differences between IL and ILG were that peaks 

4, 16, 17 and 20 only appeared in IL. Moreover, peak 13 was absent or detected 

only in a small quantity in ILG but was distinct in IL; peak 14 was absented or 

detected in a small quantity in IL but was distinct in ILG; peak 22 was obviously 

higher in IL than ILG; peak 27 was higher than peak 26 in IL, and vice versa in 
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ILG. However, ten specific peaks (peaks 3, 6, 7, 8, 9, 10, 11, 12, 15 and 18) were 

only detected in the chromatogram of IS. 

 

Figure 4-2 The typical BPC of (A) IL, (B) ILG and (C) IS. 

 

In order to show their differences graphically, statistical analysis was 

carried out. All the raw UPLC-MS data of the reference plants were examined by 

Agilent MassHunter Mass Profiler Professional Software to further validate the 

differences between the three Isodon species. PCA, which exposed the variance in 

samples by converting the numerous variables into principal components, was 

first conducted. The UPLC-MS data of the plants were imported for the 

calculation. After the reduction of data by statistical means including ANOVA and 

frequency filter, three principal components were calculated. The PCA plot with 

the principal component 1 (41.20%), principal component 2 (22.26%), and 
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principal component 3 (7.42%) is presented in Figure 4-3. The samples were 

distinctively clustered in three groups, which correlated with the three species. 

The result showed that the UPLC-MS features of the three species are different 

and the data can be used to differentiate the species. HCA was also used to 

interpret the relationship between the species. By comparing the detected m/z 

signals and signal intensities of the UPLC-MS data, samples were organized into 

clusters based on the similarity of their MS spectra profiles. Figure 4-4 showed 

the dendrogram of hierarchical clustering, the samples grouped into three 

branches which correlated with the three species, and showing a closer 

relationship between IL and ILG than with IS. The result of HCA further supports 

the result of PCA, and reveals the phylogenetic relationships of the three Isodon 

species. 

 

Figure 4-3 The 3D PCA plot of samples. 

 

In the chromatograms of the three species, total twenty-seven distinct 

peaks were selected for differentiation. Also, the identification according to these 

peaks was further verified by OPLS-DA. A 3D OPLS-DA was shown in Figure 

4-5, the samples also separated into three groups by species. The consistent results 

with those of using all the MS data supported the representativeness of the 

selected peaks. 
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Figure 4-4 The hierarchical cluster analysis heat map for association of compounds 

detected in samples.  

Each line representing an m/z signal detected in MS, and the color indicates log2-transformed m/z 

signal intensities. 

 

Figure 4-5 The OPLS-DA plot of samples using the selected peaks.  
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4.3.2 Peak Assignments and the Interpretation of MS/MS Spectra 

QTOF-MS gives a high mass accuracy of the detected compounds, and 

can be used for the calculation of the molecular formula; the further fragmentation 

of ions in MS/MS can act as a structural characterization tool for deducing the 

possible chemical structure. Peak assignments of the three species were done 

according to references, standard compounds and possible fragmentation 

pathways. All the details of peaks identified from the three Isodon species are 

summarized in Table 4-1, and the structures of the identified compounds are 

shown in Figure 4-6. 

Peak 5 is the peak common to all three species. Dominant peak of m/z 

163.0392 was shown, which in agreement with the MS data of rosmarinic acid 

resulted from the cleavage of ester bond, weak m/z 383.0724 [M+Na]
+
 and m/z 

343.0814 [M+H-H2O]
+
 ions also found, thus it is regarded as rosmarinic acid 

(Kuang, Liang et al., 2013 ; MassBank Record: PR040220 , n. d.).  

Diterpenoids are the major active compounds in Isodon species. More 

than 600 diterpenoids have been isolated from the genus and a number of them 

have been reported to have good antibacterial, anti-inflammatory and anticancer 

activities (Sun et al., 2006). Six ent-kaurane type diterpenoids were identified or 

tentatively identified from IS in this study, including lasiodonin (peak 3), oridonin 

(peak 7), ponicidin (peak 8), lasiokaurin (peak 10), shikokianin (peak 13) and 

shikokianidin (peak 18) (Sun, Xu et al., 2001; Liu, Du et al., 2010). The losses of 

H2O (-18 Da) from hydroxyl group, AcOH (-60 Da) or CH2=CO (-42 Da) from 

acetate group, CO (-28 Da) from ring D and CH2O (-30 Da) from the C-20 

oxygenated ring B are the predominant process of their fragmentation in tandem 

MS/MS spectra. The detailed possible product ions in MS/MS of the identified 

peaks were shown in Figure 4-7 to Figure 4-12.  

For IL and ILG, abietane and tricyclic diterpenoids were reported to be 

the major type of diterpenoids. This type of diterpenoids only consists in a few 

Isodon species which include I. grandifolia and I. forrestii (Zhang et al., 2006). 

Few studies have been done on this type of diterpenoids and limited information 

can be found. Based on the fragmentation pattern of salvialeriafone, a diterpenoid 

found in the genus Salvia with a similar skeletal structure, the proposed 
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fragmentation of the diterpenoids is the loss of CO (-28 Da) and H2O (-18 Da) on 

ring C after the removal of side chains or other functional groups (Musharraf et al., 

2012). Although more than thirty diterpenoids were isolated from I. lophanthoides, 

I. lophanthoides var. graciliflorus, I. lophanthoides var. gerardianus and I. 

lophanthoides var. micranthus, none of them match both the molecular weight and 

possible fragmentation pathway of the peaks in this study. However, the 

calculated formula and the MS/MS fragments –C3H4 (-40 Da), –C3H6 (-42 Da) 

and –C5H8 (-68 Da) (removal of side chain from ring C) indicate that most of the 

peaks probably belonged to abietane-type diterpenoids. Additionally, two peaks in 

IL and ILG were identified as glycosides schaftoside (peak 1) and isoschaftoside 

(peak 2) by comparison with standards and references (Colombo et al., 2008; 

Kuang, Liang et al., 2013). It should be pointed out that the MS spectra and the 

fragment ions provide valuable information for the differentiation of Xihuangcao 

species and further studies on their chemical components. 

 

Figure 4-6 The chemical structure of identified or tentatively identified compounds.  

A. Schaftoside; B. Isoschaftoside; C. Rosmarinic acid; D. Lasiodonin; E. Oridonin; F. Ponicidin; G. 

Lasiokaurin; H. Shikokianin; I. Shikokianidin. 
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Table 4-1 Identification information of the selected peaks. 

Peak 

No. 

Retention 

time (min) 

MS
1
 m/z  

(relative 

abundance) 

MS
2
 m/z of the molecular ion  

(relative abundance) 

Identity/ 

Classification 

Calculated 

formula 

Calculated 

mass 

Mass 

accuracy 

(ppm) 

1 3.47 

587.1347 [M+Na]+ 

(30), 565.1537 

[M+H]+ (100) 

565.1522 [M+H]+(59), 547.1419 

[M+H-H2O]+(100), 529.1325 

[M+H-2H2O]+(47), 511.1227 

[M+H-3H2O]+(28), 499.1208 

[M+H-2H2O-CH2O]+(42), 493.1086 

[M+H-4H2O]+(13), 481.1106 

[M+H-3H2O-CH2O]+(17), 469.1112 

[M+H-2H2O-C2H4O2]
+(31), 457.1105 

[M+H-H2O- C3H6O3]
+(33), 445.1118 

[M+H-5H2O-CH2O]+(40) 

Schaftoside C26H28O14 564.1479 -2.66 

2 3.54 

587.1347 [M+Na]+ 

(24), 565.1538 

[M+H]+ (100) 

565.1538 [M+H]+(100), 547.1428 

[M+H-H2O]+(71). 529.1332 

[M+H-2H2O]+(64), 511.1213[M+H-3H2O]+ 

(56), 499.1217 [M+H-2H2O-CH2O]+(28), 

481.1108 [M+H-3H2O-CH2O]+(17), 445.1111 

[M+H-5H2O-CH2O]+(14), 427.1012 

[M+H-H2O-C4H8O4]
+(86), 409.0906 

[M+H-2H2O-C4H8O4]
+(38) 

Isoschaftoside C26H28O14 564.1479 -2.48 

3 5.98 

387.1765 [M+Na]+ 

(100), 365.1949 

[M+H]+ (70), 

347.1843 

347.1843 [M+H-H2O]+ (100), 329.1744 

[M+H-2H2O]+(46), 311.1631 [M+H-3H2O]+ 

(84), 299.1637 [M+H-2H2O-CH2O]+(64), 

283.1685 [M+H-3H2O-CO]+(37), 281.1524 

Lasiodonin C20H28O6 364.1886 -2.75 
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[M+H-H2O]+ (35) [M+H-3H2O-CH2O]+(61), 265.1568 

[M+H-4H2O-CO]+(21), 253.1568 

[M+H-3H2O-CH2O-CO]+(14) 

4 6.21 

629.1450 [M+Na]+ 

(2), 607.1645 

[M+H]+ (100) 

607.1634[M+H]+ (100), 589.1527 

[M+H-H2O]+(54), 571.1417 

[M+H-2H2O]+(35), 553.1315 

[M+H-3H2O]+(29), 541.1323 

[M+H-2H2O-CH2O]+(14), 

523.1222[M+H-3H2O-CH2O]+(13), 469.1110 

[M+H-H2O-C4H8O4]
+ (12), 427.1011 

[M+H-2H2O-C2H4O2]
+(45), 409.0902 

[M+H-3H2O-C2H4O2]
+ (22) 

Glycoside C28H30O15 606.1584 -1.48 

5 6.22 

383.0724 [M+Na]+ 

(20), 343.0805 

[M+H-H2O] + (11), 

163.0385 

[M+H-C9H10O5]
+ 

(100) 

163.0385 [M+H-C9H10O5]
+(100), 145.0287 

[M+H-C9H12O6]
+(6) * 

Rosmarinic acid C18H16O8 360.0845 -1.94 

6 7.55 

387.1765 [M+Na]+ 

(100), 365.1950 

[M+H]+ (49), 

347.1841 

[M+H-H2O] + (22) 

347.1838 [M+H-H2O]+(16), 329.1739 

[M+H-2H2O]+(30), 311.1631 

[M+H-3H2O]+(100), 299.1637 

[M+H-2H2O-CH2O]+(23), 283.1680  

[M+H-3H2O-CO]+(23), 281.1528 

[M+H-3H2O-CH2O]+(30) 

C-20 

oxygenated 

ent-kauranediter

penoids 

C20H28O6 364.1886 -2.47 
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7 7.67 

387.1771 [M+Na]+ 

(100), 365.1942 

[M+H]+ (7), 

347.1847 

[M+H-H2O]+ (73) 

347.1834 [M+H-H2O]+(14), 329.1740 

[M+H-2H2O]+(22), 311.1630 [M+H-3H2O]+ 

(20), 301.1789 [M+H-2H2O-CO]+(100), 

299.1630 [M+H-2H2O-CH2O]+(23), 283.1685 

[M+H-3H2O-CO]+(68), 281.1528 

[M+H-3H2O-CH2O]+(59)* 

Oridonin C20H28O6 364.1886 -1.92 

8 8.27 

747.3332 

[2M+Na]+ (100), 

385.1610 [M+Na]+ 

(85), 363.1794 

[M+H]+ (44) 

363.1788 [M+H]+(18), 345.1686 

[M+H-H2O]+(32), 327.1577 

[M+H-2H2O]+(58), 309.1490 

[M+H-3H2O]+(25), 299.1627 

[M+H-2H2O-CO]+(73), 281.1529 

[M+H-2H2O-COOH]+(100), 253.1569 

[M+H-2H2O-COOH-CO]+(20), * 

Ponicidin C20H26O6 362.1729 -1.10 

9 8.39 

385.1613 [M+Na]+ 

(100), 367.1510 

[M-H2O+Na]+ (11), 

345.1688 

[M+H-H2O]+ (52) 

345.1681 [M+H-H2O]+(100), 327.1576 

[M+H-2H2O]+(13), 309.1474 

[M+H-3H2O]+(35), 299.1620 

[M+H-2H2O-CO]+(23), 281.1530 

[M+H-2H2O-COOH]+(67), 271.1678 

[M+H-2H2O-2CO]+(15), 253.1559 

[M+H-2H2O-COOH-CO]+(12) 

ent-Kauranedite

rpenoids 
C20H26O6 362.1729 -2.21 

10 10.41 

429.1878 [M+Na]+ 

(100), 407.2065 

[M+H]+ (23), 

389.1957 

[M+H-H2O] + (3) 

389.1956 [M+H-H2O]+(18), 329.1725 

[M+H-H2O-AcOH]+(36), 311.1162 

[M+H-2H2O-AcOH]+(13), 299.1629 

[M+H-H2O-AcOH-CH2O]+ (100), 281.1529 

[M+H-2H2O-AcOH-CH2O]+ (30),253.1572 

[M+H-2H2O-AcOH-CH2O-CO]+(45) 

Lasiokaurin C22H30O7 406.1991 0.25 
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11 10.96 

429.1875 [M+Na]+ 

(100), 407.2058 

[M+H]+ (3), 

389.1956 

[M+H-H2O] + (42) 

371.8261 [M+H-2H2O]+(14), 343.1874 

[M+H-2H2O-CO]+ (11), 329.1751 

[M+H-H2O-AcOH]+(85), 311.1630 

[M+H-2H2O-AcOH]+(64), 299.1615 

M+H-H2O-AcOH-CH2O]+(72), 283.1686 

[M+H-2H2O-AcOH-CO]+(89), 281.1526 

[M+H-2H2O-AcOH-CH2O]+(100), 265.1580 

[M+H-3H2O-AcOH-CO]+(46), 253.1576 

[M+H-2H2O-AcOH-CH2O-CO]+ (61) 

C-20 

oxygenated 

ent-kauranediter

penoids 

C22H30O7 406.1991 -1.97 

12 11.47 

471.1983 [M+Na]+ 

(100), 449.2159 

[M+H]+ (47) 

389.1948 [M+H-AcOH]+(12), 371.1841 

[M+H-H2O-AcOH]+(21), 329.1743 

[M+H-2AcOH]+(22), 311.1633 

[M+H-H2O-2AcOH]+(100), 293.1531 

[M+H-2H2O-2AcOH]+(15), 283.1688 

[M+H-H2O-2AcOH-CO]+(24), 281.1527 

[M+H-H2O-2AcOH-CH2O]+(66) 

Shikokianin C24H32O8 448.2097 -2.45 

13 12.07 

353.1714 [M+Na]+ 

(100), 313.1794 

[M+H-H2O]+ (14) 

295.1669 [M+H-2H2O]+ (4), 277.1590  

[M+H-3H2O]+(23), 237.1273 

[M+H-3H2O-C3H4]
+(100), 209.0948 

[M+H-3H2O-C5H8] (17) 

Abietane 

diterpenoids 
C20H26O4 330.1831 -2.73 

14 12.45 

353.1714 [M+Na]+ 

(38), 331.1889 

[M+H]+ (4), 

313.1798 

[M+H-H2O] + (100) 

253.1219 [M+H-2H2O-C3H6]
+(9), 227.1056 

[M+H-2H2O-C5H8]
+(100), 

212.0822[M+H-2H2O-C5H8-CH3]
+(14), 

209.0955 [M+H-3H2O-C5H8]
+(16), 199.1114 

M+H-2H2O-C5H8-CO]+(21) 

Abietane 

diterpenoids 
C20H26O4 330.1831 -2.73 



77 

 

15 12.73 

413.1925 [M+Na]+ 

(100), 391.2103 

[M+H]+ (16), 

373.1998 

[M+H-H2O]+ (10) 

391.2000 [M+H]+(6), 373.2000 

[M+H-H2O]+(50), 313.1781 

[M+H-H2O-AcOH]+(66), 295.1673 

[M+H-2H2O-AcOH]+(50), 283.1678 

[M+H-H2O-AcOH-CH2O]+(100), 267.1730 

[M+H-2H2O-AcOH-CO]+(57), 265.1576 

[M+H-2H2O-AcOH-CH2O]+(22) 

C-20 

oxygenated 

ent-kaurane 

diterpenoids 

C22H30O6 390.2042 -2.31 

16 14.53 

417.2266 [M+H]+ 

(100), 357.2056 

[M+H-AcOH] + 

(91) 

315.1940 [M+H-AcOH-CH2=CO] +(100), 

297.1841 [M+H-2AcOH]+(75), 279.1726 

[M+H-H2O-2AcOH] +(26), 255.1369 

[M+H-2AcOH-C3H6]
+(48), 229.1214 

[M+H-2AcOH-C5H8]
+(26) 

Abietane 

diterpenoids 
C24H32O6 416.2199 -1.44 

17 14.89 

375.2161 [M+H]+ 

(100), 315.1947 

[M+H-AcOH]+ 

(27) 

315.1946 [M+H-AcOH]+(87), 297.1846 

[M+H-H2O-AcOH]+(68), 287.1998 

[M+H-AcOH-CO]+(22), 279.1723 

[M+H-2H2O-AcOH]+(13), 273.1468 

[M+H-AcOH-C3H6](16), 255.1369 

[M+H-3H2O-AcOH]+(19), 229.1220 

[M+H-H2O-AcOH-C5H8]
+(100), 205.1215 

[M+H-AcOH-C7H10O]+(48) 

Abietane 

diterpenoids 
C22H30O5 374.2093 -1.34 

18 15.07 

513.2076 [M+Na]+ 

(100), 508.2521 

[M+NH4]
+ (4), 

491.2253 [M+H]+ 

(3) 

431.2025 [M+H-AcOH]+(8), 389.1976 

[M+H-AcOH-CH2=CO]+(22),  

371.1830 [M+H-2AcOH]+(49), 329.1740 

[M+H-2AcOH-CH2=CO]+(100), 311.1634 

[M+H-H2O-2AcOH-CH2=CO]+(38), 283.1708 

[M+H-H2O-2AcOH-CH2=CO-CO]+(29) # 

Shikokianidin C26H34O9 490.2203 -3.88 



78 

 

19 15.28 

411.1765 [M+Na]+ 

(17), 389.1946 

[M+H]+ (100) 

371.1847 [M+H-H2O]+(15), 

311.1633[M+H-H2O-AcOH]+ (38), 269.1164 

[M+H-H2O-AcOH-C3H6]
+ (34), 243.1015 

[M+H-H2O-AcOH-C5H8]
+(100), 

225.0903[M+H-2H2O-AcOH-C5H8]
+ (11) 

Abietane 

diterpenoids 
C22H28O6 388.1886 -3.35 

20 16.78 

455.2022 {M+Na]+ 

(13), 433.2203 

[M+H]+ (100) 

331.1889 [M+H-AcOH-CH2=CO]+(19), 

313.1785 [M+H-2AcOH]+(100), 271.1332  

[M+H-2AcOH-C3H6]
+(13), 245.1164 

[M+H-2AcOH-C5H8]
+(19), 

219.1012[M+H-2AcOH-C7H10]
+(37), 

205.0855[M+H-2AcOH-C8H12]
+ (37) 

Abietane 

diterpenoids 
C24H32O7 432.2148 -4.16 

21 17.42 

353.1716 [M+Na]+ 

(22), 331.1894 

[M+H]+ (100) 

313.1793 [M+H-H2O]+(100), 257.1168 

[M+H-H2O-C4H8]
+(11), 243.1014 

[M+H-H2O-C5H10]
+(74) 

Abietanediterpe

noids 
C20H26O4 330.1831 -2.12 

22 18.32 

395.1816 [M+Na]+ 

(26), 373.2015 

[M+H]+ (100), 

355.1896 

[M+H-H2O]+ (10) 

355.1892 [M+H-H2O]+ (9), 337.1791 

[M+H-2H2O]+(14), 295.1684 

[M+H-2H2O-CH2=CO]+(42), 277.1578 

[M+H-2H2O-AcOH]+(26), 253.1219 

[M+H-2H2O-CH2=CO-C3H6]
+(87), 239.1059 

[M+H-2H2O-CH2=CO-C4H8]
+(34), 227.1066 

[M+H-2H2O-CH2=CO-C5H8]
+(100), 211.1112 

[M+H-2H2O-CH2=CO-C4H8-CO]+(24), 

209.0956 [M+H-2H2O-AcOH-C5H8]
+(50) 

Abietane 

diterpenoids 
C22H28O5 372.1937 1.34 

23 18.52 

381.2025 [M+Na]+ 

(100), 359.2210 

[M+H]+ (20) 

299.1999 [M+H-AcOH]+(100), 271.1680 

[M+H-AcOH-C2H4]
+(25) 

Diterpenoids C22H30O4 358.2144 -1.95 
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24 19.23 

435.1745 

[M+2Na]+ (7), 

413.1926 [M+Na]+ 

(100), 373.2005 

[M+H-H2O]+ (8), 

313.1793 

[M+H-H2O-AcOH]
+ (10) 

355.1857 [M+H-2H2O]+(7), 313.1798  

[M+H-H2O-AcOH]+(93), 295.1678 

[M+H-2H2O-AcOH]+(25), 285.1827 

[M+H-H2O-CO]+(9), 280.1427 

[M+H-2H2O-AcOH-CH3]
+(13), 271.1673 

[M+H-H2O-AcOH-CH2=CO]+(61), 253.1232 

[M+H-2H2O-AcOH-C3H6]
+(44), 243.1749 

(13), 227.1038 [M+H-2H2O-AcOH-C5H8]
+(17) 

* 

Abietane 

diterpenoids 
C22H30O6 390.2042 -2.05 

25 19.61 

647.3333 

[2M+Na]+ (100), 

335.1610 [M+Na]+ 

(94), 313.1794 

[M+H]+ (17) 

295.1685 [M+H-H2O]+(13), 277.1583 

[M+H-2H2O]+(43), 237.1271 

[M+H-2H2O-C3H4]
+(100), 

227.1062[M+H-H2O-C5H8]
+ (25), 209.0953 

[M+H-2H2O-C5H8]
+(15) 

Abietane 

diterpenoids 
C20H24O3 312.1725 -1.28 

26 21.22 

337.1765 [M+Na]+ 

(40), 315.1950 

[M+H]+ (2), 

297.1856 

[M+H-H2O]+ (100) 

297.1843 [M+H-H2O]+(17), 279.1736 

[M+H-2H2O]+ (10), 227.1061 

[M+H-H2O-C5H10]
+(100), 212.0830 

[M+H-H2O-C5H10-CH3]
+(18), 199.1117 

[M+H-H2O-C5H10-CO]+(19) 

Diterpenoids C20H26O3 314.1882 -1.59 

27 21.5 

455.2033 [M+Na]+ 

(100), 450.2478 

[M+NH4]
+ (8) 

373.1997 [M+H-AcOH]+ (8), 313.1788  

[M+H-2AcOH]+(100), 295.1682 

[M+H-H2O-2AcOH]+(31), 253.1201 

[M+H-H2O-2AcOH-C3H6]
+ (4) # 

Abietane 

diterpenoids 
C24H32O7 432.2148 -1.62 

*Tandem MS/MS spectra of the [M+H-H2O]
+
 was listed as the amount of [M+H]

+
 ion is too low. 

# Tandem MS/MS spectra of the [M+NH4]
+
 was listed as the amount of [M+H]

+
 ion is too low. 
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Figure 4-7 The possible product ions of lasiodonin in ESI-MS/MS positive ion mode. 

 

 

Figure 4-8 The possible product ions of oridonin in ESI-MS/MS positive ion mode. 

  



81 

 

 

Figure 4-9 The possible product ions of ponicidin in ESI-MS/MS positive ion mode. 

 

Figure 4-10 The possible product ions of lasiokaurin in ESI-MS/MS positive ion 

mode. 
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Figure 4-11 The possible product ions of shikokianin in ESI-MS/MS positive ion 

mode. 

 

Figure 4-12 The possible product ions of shikokianidin in ESI-MS/MS positive ion 

mode.  
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4.3.3 Tissue-specific Profiling of Leaf 

The chemical profile of blank solution which only contains PET 

membrane was first studied in order to eliminate the interfering peaks (Figure 

4-13). There were about a dozen of peaks with high intensity after 16 minutes. A 

group of interfering peaks was also found in the chromatograms of mesophyll and 

vascular bundles at 10 to 13 minutes. They are the synthetic polymers in 

cryomatrix. The BPC of different tissues were shown in Figure 4-14 to Figure 

4-16. Peaks were identified by comparing the retention times, m/z and fragments 

in tandem spectra with the UPLC-MS fingerprints of the whole plants. It is 

interesting that no diterpenoids were found in epidermal cells, mesophyll, vascular 

bundles and even glandular hairs of the three species. 10 out of 13 (peak 14, 19, 

20, 21, 22, 23, 24, 25, 26 and 27), 6 out of 10 (19, 21, 22, 25, 26 and 27), 7 out of 

10 (peak 3, 6, 10, 11, 12, 15 and 18) diterpenoids were identified in the glandular 

scales of IL, ILG and IS respectively. The missing diterpenoids may because of 

their low concentration in the samples and cannot be showed in the 

chromatograms. It seems that diterpenoids were synthesis and accumulate in 

glandular scales. The diterpenoids in IL and ILG should have a much darker color 

than that of IS, hence the color of glandular scales are different under microscopy. 

The result indicated the traditional morphological identification features of 

Xihuangcao, the “yellow juices”, also revealed the chemical differences between 

species.  

 

 

Figure 4-13 The BPC of the blank.  
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Figure 4-14 The tissue-specific profiling of IL. 

(A) Glandular hair; (B) Glandular scale; (C) Epidermal cell; (D) Mesophyll; and (E) Vascular 

bundle. 
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Figure 4-15 The tissue-specific profiling of ILG.  

(A) Glandular hair; (B) Glandular scale; (C) Epidermal cell; (D) Mesophyll; and (E) Vascular 

bundle. 
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Figure 4-16 The tissue-specific profiling of IS.  

(A) Glandular hair; (B) Glandular scale; (C) Epidermal cell; (D) Mesophyll; and (E) Vascular 

bundle. 
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4.4 Conclusion  

In this part of study, UPLC-ESI-QTOF-MS/MS analysis was applied to 

differentiate the three botanical origins of Xihuangcao. Twenty-seven 

characteristic peaks were chosen. Rosmarinic acid was found in all the three 

species. Six ent-kaurane type diterpenoids were identified or tentatively identified 

from IS, including lasiodonin, oridonin, ponicidin, lasiokaurin, shikokianin and 

shikokianidin. Two glycosides schaftoside and isoschaftoside were identified from 

IL and ILG. IS contains ent-kaurane type diterpenoids which have distinctly 

shorter retention time than the abietane type diterpenoids in IL and ILG. The 

chemical profiles of IL and ILG were similar, major differences between the two 

species were the absence of peaks 4, 16, 17 and 20 in ILG. The results were well 

verified by statistical methods including PCA, HCA and OPLS-DA, which 

showed a good distinction of the three species. The MS spectra and fragment ions 

of the peaks also provide valuable information for further studies on their 

chemical components of these herbal species. 

Tissue-specific profiling on the glandular scales, glandular hairs, epidermal 

cells, mesophyll and vascular bundles of leaves was also conducted. By using 

LMD, different tissues were separated and analyzed by 

UPLC-ESI-QTOF-MS/MS. The results showed that major active compounds 

diterpenoids were distributed in glandular scales of all the three species. The 

specific distribution of active ingredients indicated the traditional morphological 

identification features “yellow juices” also revealed the chemical differences 

between species. 
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CHAPTER 5 LIPIDOMICS STUDY OF THE 

BOTANICAL ORIGINS 
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5.1 Introduction  

Lipids are a group of ubiquitous organic molecules which can be found in 

all the cells of animals, plants, and microorganisms (Gurr & Harwood, 1991). In 

broad sense, lipids can be defined as natural compounds that soluble in non-polar 

organic solvents such as ethers, alcohols and hydrocarbons but not polar aqueous 

solvents (Gurr & Harwood, 1991; Christie, 2003). The definition generally 

grouped the compounds by physical property, and there is still no consensus on 

the precise definition of lipids. Christie et al. defined lipids as “fatty acids and 

their derivatives, and substances related biosynthetically or functionally to these 

compounds” (Christie, 2003). Fahy et al. defined lipids as “hydrophobic or 

amphipathic small molecules that may originate entirely or in part by 

carbanion-based condensations of thioesters (fatty acids, polyketides, etc.) and/or 

by carbocation-based condensations of isoprene units (prenols, sterols, etc.)” 

(Fahy et al., 2005). Numerous studies on lipids have been done in recent decades, 

showing that lipids are not only act as building blocks of cell membrane or energy 

storage, but also play an important role in the biofunctionality of cells included 

metabolism and signal transduction (Ekroos, 2012 ; Leray, 2012 ).  

With various backbones and building blocks, structures of lipids are 

complex. More than 37,500 types of lipids were found in organisms, and 

theoretically there are around 180,000 possible structures of lipids (Brügger, 

2014). They can be grouped into eight categories (fatty acyls, glycerolipids, 

glycerophospholipids, sphingolipids, sterol lipids, prenol lipids, sacccharolipids 

and polyketides) by chemical configurations, and can be further categorized into 

difference classes and subclasses based on the structures of head groups and 

backbones (Fahy et al., 2005). Compositions of lipids are different among 

genotypes, and even different tissues of the same organism. For instance, 

diacylglyceryl-N, N, N-trimethylhomoserine account for significant amount in 

algae, fungi, pteridophytes but not in higher plants (Moore et al., 2001; Vieler et 

al., 2007); triacylglycerol is the most abundant lipid subclass in seeds but only 

present at low level in leaves (Christie, 2011). Composition of lipids also alter 

when organisms in different development stages or stress conditions (Welti et al., 

2007).  
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Each group of lipids has its roles in biological systems, the study of lipids 

can reveal the metabolic and physiological changes of plants in response to 

different conditions that important to their survival and adaptation. Taking 

low-temperature stress as an example, a study found that glycerophosphates (PA) 

in Arabidopsis were markedly increased after freezing, and PA tends to transform 

bilayer cell membrane to hexagonal (II) phase that can increase freezing tolerance. 

As phospholipase D δ (PLDδ) genes promote the increase of PA, 

PLDδ-overexpressing plants will have a higher freezing tolerance (Wang et al., 

2006). The finding of lipid metabolism can be applied in refining the nutritional 

value of foods. By transferring genes encoding the primary enzymes for 

very-long-chain polyunsaturated fatty acids (VLCPUFA) biosynthesis to plants, 

the transgenic plants can synthesis VLCPUFA, which is important to maintain 

healthy cardiovascular system and can be obtained from marine sources only 

(Abbadi et al., 2004; Vrinten et al., 2007). Hence the studies of lipids not only 

providing theoretical findings on plant biology, but can be also applied in practical 

use.  

At the same time, plant lipids also play a role in the production of 

secondary metabolites. Experimental and circumstantial evidence has also made it 

clear that secondary metabolites have functions that are vital for the fitness of the 

plant producing them (Heldt & Piechulla, 2004). Secondary metabolites are often 

species-specific and may exist as stored compounds, conjugated compounds, or 

precursors of compounds that can easily be activated if the plant is damaged 

(Heldt & Piechulla, 2004). Lipids are typically involved in the production of all of 

these various compounds, with implications for the production of many 

compounds of particular interest to pharmacological applications. For example, 

the study on the signaling mechanism of the enhancement of secondary metabolite 

biosynthesis in cerium (Ce
4+

)-induced Taxus cells has demonstrated that the 

alternation of membrane phospholipids may regulate apoptosis, triggering an 

increase in taxol production of T. chinensis var. mairei cells (Yang et al., 2007). 

Furthermore, differential alternation of glycerolphospholipids caused by 

phospholipases constitutes an important step in cell death response to Ce
4+

 and 

increasing taxol production (Yang et al., 2008). As plant lipids play an important 

role in producing secondary metabolites, comparing the lipid profiles of different 
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plant species may reveal the role of plant lipids in their distinct secondary 

metabolite profiles. 

Lipidomics, a specialized field of characterization, quantification of lipids 

species in biological systems were developed for lipid profiling (Han, 2010; Leray, 

2012). It can be subdivided into sphingolipidomics, phospholipidomics etc. which 

targeted on specific class of lipids (Merrill et al., 2005; Buré et al., 2013). Due to 

the diversified species, the analysis of lipids is challenging. Thin-layer 

chromatography (TLC) was used in the early days of lipid analysis, lipids were 

identified simply by chromogenic reagents or by gas chromatography-mass 

spectrometry after extraction, hydrolysis and derivatization of individual TLC 

spots
 
(Pulfer & Murphy, 2003). Major deficiency of the method is unable to 

provide the detailed molecular structures such as position of fatty acyl groups
 

(Pulfer & Murphy, 2003). With the improvement of ionization technique, 

nondestructive lipid molecules can be detected by mass spectrometry (MS) 

without derivatization (Chen et al., 2013). MS based lipidomics, especially soft 

ionization MS, has become the predominant technique of lipids analysis (Pulfer & 

Murphy, 2003; Isaac et al., 2007; Brügger, 2014; Cajka & Fiehn, 2014). The 

extracted samples can be infused for detection directly or after chromatographic 

separation. Direct infusion, commonly called “shotgun lipidomics”, detects target 

lipid groups by precursor ion scans and neutral loss scans (Ivanova et al., 2009). 

The method with advantages for the analysis of glycerophospholipids, but 

ion-suppression effect and present of isobaric species may reduce the accuracy 

and sensitivity of the detection (Han & Gross, 2003; Ivanova et al., 2009). It also 

cannot be applied in several lipid classes such as triacylglycerol. 

Liquid-chromatography (LC) based method requires prior separation of lipid 

complex by classes (normal-phase LC) or by species (reversed-phase LC), 

therefore lower detection limits can be acquired as ion-suppression effect are 

minimized (Cajka & Fiehn, 2014). New technique such as mass spectrometry 

imaging was also been developed in recent years and provided various means for 

lipid profiling (Isaac et al., 2007).  

Recently, UPLC and high resolution MS has been used for the analysis of 

several hundred different lipid species extracted from Arabidopsis thaliana leaves 
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(Hummel et al., 2011). As diverse and complex lipids can be found in a single 

organism, manual identification of lipids species simply by comparing the exact 

mass and the fragment ions is prohibitively time-consuming. Automatic 

identification by databases and target scanning by triple quadrupole mass 

spectrometer are routinely used in lipidomics (Ekroos et al., 2002; Hummel et al., 

2011). The former method provides the quickest way to list the lipids in a sample, 

but the identification is restricted to the known lipids within the databases and 

cannot record a novel type. The latter method can be used to explore new lipids 

species, but only those that produce pre-selected m/z will be recorded by analyzer. 

Thus, target classes of interest have to be well considered before running the 

samples. In this study, full spectra of lipids data was acquired without selection, 

and target classes of lipids were selected by inbuilt spectra extraction tools of 

Agilent MassHunter Workstation. Precursor ions scan can be done by using 

extracted ion chromatogram (EIC) to extract specific product ion in tandem mass 

spectra, while precursor neutral loss chromatogram (pNLC) was used to substitute 

neutral loss scan. The method allows a flexible determination of lipids from a 

sample, different classes of lipids can be analyzed after a single run of 

UPLC-MS/MS. 

In this part of study, the variation of lipid compositions of three Isodon 

species was revealed. Nine classes of lipids from three categories were selected 

for analysis, including glycerophosphocholines (PC), 

glycerophosphoethanolamines (PE) and glycerophosphoglycerols (PG), 

glycerophosphoinositols (PI), monogalactosyldiacylglycerol (MGDG), 

digalactosyldiacylglycerol (DGDG), sulfoquinovosyldiacylglycerols (SQDG), 

ceramides (Cer) and glucosylceramide (GlcCer) (Figure 5-1). By using 

UPLC-ESI-QTOF-MS/MS, full spectra of lipids data was acquired and target 

lipids were identified by extracting class-specific tandem mass fragments. With 

the addition of internal standards, relative quantitation of each lipid was done. The 

MS data was further analysis by chemometrics software to compare the 

differences between the three Isodon species. 
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Figure 5-1 The general structures of the nine lipid classes.  

A. Glycerophosphocholines (PC); B. Glycerophosphoethanolamines (PE); C. 

Glycerophosphoglycerols (PG); D. Glycerophosphoinositols (PI); E. 

Monogalactosyldiacylglycerol (MGDG); F. Digalactosyldiacylglycerol (DGDG); G. 

Sulfoquinovosyldiacylglycerols (SQDG); H. Ceramides (Cer); I. Glucosylceramide (GlcCer). 

 

 

5.2 Material and Methods 

Chemicals and lipid standards 

HPLC grade methanol, diethyl ether and chloroform were purchased from 

RCI Labscan (Thailand). Acetonitrile was purchased from Thermo Fisher 

Scientific (U.S.A), isopropyl alcohol was purchased from Anaqua Chemicals 

Supply (U.S.A), both of them are of HPLC grade. Acetic acid (purity ≥99.7%) and 

ammonium acetate (purity ≥97%) were purchased from Sigma-Aldrich (U.S.A). 

Water was obtained from a Milli-Q water purification system (Millipore, U.S.A.). 

All lipid standards were purchased from Sigma-Aldrich (U.S.A), including 

1,2-dimyristoyl-sn-glycero-3-phosphoethanolamine (PE (14:0/14:0)) (purity 

≥99%), 1,2-dimyristoyl-sn-glycero-3-phosphocholine (PC (14:0/14:0)) (purity 

≥99%), 1,2-dimyristoyl-sn-glycero-3-phospho-rac-(1-glycerol) sodium salt (PG 

(14:0/14:0)) (purity ≥99%) and L-α-lysophosphatidylinositol sodium salt (PI 

(16:0/0:0)) (purity ≥96%). 5 µg/ml of standard solutions were prepared by 

addition of methanol (for PC, PG and PI) or chloroform: methanol solution (65:35, 
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v/v) (for PE).  

 

Plant material and sample preparation 

3 batches of each species were used, including IL-01, IL-02, IL-03, ILG-01, 

ILG-03, ILG-04, IS-01, IS-02 and IS-03. Several leaves were collected from the 

middle part of plants and rinsed with distilled water to remove surface 

contaminants. Liquid nitrogen was added and samples were ground into fine 

powder with a mortar and pestle. 100 mg of ground leaves were taken and 1 ml of 

precooled (-20°C) methanol: diethyl ether (1:3, v/v) was added. After spiked with 

10 µl of each standard solution, the mixture was incubated for 10 min at 4°C, than 

sonicated for 10 min in ice water bath. 500 µl of water: methanol mixture (3:1, v/v) 

was added and vortexed. The upper organic phase was collected after a 5 min 

centrifugation at 4°C. The organic phase was dried under nitrogen, and then 

dissolved by 200µl buffer B of the UPLC mobile phase system.  

 

UPLC-ESI-QTOF-MS/MS analysis 

All analyses were performed on Agilent 6540 accurate mass Q-TOF LC/MS 

system (Agilent Technologies, U.S.A.). The chromatography was performed on a 

UPLC C18 analytical column (2.1 mm × 5 mm, I.D. 1.7 μm, ACQUITY UPLC
®

 

BEH, Waters, U.S.A.). The mobile phase consisted of buffer A (10mM ammonium 

acetate in water with 0.1% formic acid) and buffer B (10mM ammonium acetate 

in acetonitrile: isopropyl alcohol (7:3, v/v) with 0.1% formic acid). A gradient 

elution was used: 0-5 min, 55-85% B; 5-8 min, 85-90% B; 8-20 min, 90-99% B; 

20-25 min, 99% B. The flow rate was 0.4 ml/min, the injection volume was 2 μL, 

and the column temperature was maintained at 40°C.  

The detection by ESI-QTOF-MS/MS was performed in both positive and 

negative ion mode. The source parameters were set as follows: gas temperature 

300℃, gas flow 8.0 L/min, nebulizer 45 psi, sheath gas temperature 350℃, sheath 

gas flow 8.0 L/min. The scan source parameters were: VCap 3500, nozzle voltage 

500V, fragmentor 120V. Automatic MS/MS for m/z between 250 and 1200 was 

performed by using fixed collision energy 30 and 60 eV.  
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Data analysis 

Qualitative and quantitative analyses were carried out with Agilent 

MassHunter Workstation Software-Qualitative Analysis software (version B.06.00, 

build 6.0.633.0, Agilent Technologies Inc. 2012). Target m/z was extracted in EIC 

or pNLC with m/z correct to 2 decimal places and tolerance 0.0200 m/z (Table 

5-1). Since the scientific names of lipids are very complicated and lengthy, the 

abbreviated nomenclature of lipids widely used in references was adopted (Gurr et 

al., 2002). Each lipid was generally started with the abbreviation of its class or 

subclass, followed by the description of fatty acyl groups (number of carbon: 

number of double bond) in stereospecific order. For sphingolipids, the type of 

sphingoid base was first stated. “d” (di-) or “t” (tri-) was placed before the number 

of carbons to represent the number of hydroxyls, For the fatty acyl groups with 

additional hydroxyl group on the terminal carbon, “h” was added before the 

description (Merrill et al., 2005; Sullards et al., 2011). 

Quantitation of individual lipids was done by comparing the peak areas of 

selected ions in EIC with that of internal standard. For the lipid classes PC, PE, 

PG and PI, the concentration of lipids was calculated as follow: 

𝐶𝑜𝑛𝑐. 𝑜𝑓 𝑙𝑖𝑝𝑖𝑑 (𝑛𝑚𝑜𝑙/𝑔)  =  
𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑙𝑖𝑝𝑖𝑑

𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑
 ×

𝑐𝑜𝑛𝑐. 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 (𝑛𝑚𝑜𝑙)

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑡𝑖𝑠𝑠𝑢𝑒 (𝑔)
 

For lipid classes MGDG, DGDG, SQDG, GlcCer and Cer, relative intensity 

was used instead of concentration, intensities of PC internal standard (for positive 

ion) or PG internal standard (for negative ion) were used: 

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 (𝑢𝑛𝑖𝑡 𝑔⁄ ) =
𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑙𝑖𝑝𝑖𝑑 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑⁄

𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑡𝑖𝑠𝑠𝑢𝑒 (𝑔)
 

Statistical analysis of the UPLC-MS/MS results was carried out with 

Agilent MassHunter Mass Profiler Professional Software (version B.02.02, 

Agilent Technologies Inc. 2011). The data of identified lipids was first exported 

from Mass Hunter Workstation and then imported into Mass Profiler Professional 

Software with Z-transform baselining. A 3D PCA was conducted on all samples. 

Volcano plots were also plotted by t-test unpaired unequal variance, with 

corrected p-value cut-off at 0.05 and fold change cut-off at 2.0. 
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Table 5-1 The qualitative and quantitative ion of the nine lipid classes.  

Lipid class Molecular ion Class-specific fragment 
Collision 

energy (eV) 

PC [M+H]
+
 m/z 184.07 30 

PE [M+H]
+
 Neutral loss 141.02 Da ion 30 

PG [M-H]
-
 m/z 153.00 30 

PI [M-H]
-
 m/z 241.01 30 

MGDG [M+NH4]
+
 Neutral loss 197.09 Da ion 30 

DGDG [M+NH4]
+
 Neutral loss 359.14 Da ion 30 

SQDG [M-H]
-
 m/z 225.01 60 

Cer [M+H]
+
 m/z 262.25 and m/z 264.27 30 

GlcCer [M+H]
+
 Neutral loss 198.07 Da ion 30 

 

 

5.3 Results and Discussion 

5.3.1 Fragmentation Features of Lipids 

Lipids are grouped into different classes by their chemical structures. As 

lipids in the same classes have uniform backbone or head group, certain regularity 

can be found in their tandem mass spectra. In order to select suitable class-specific 

fragment ions for rapid identification, study of the fragmentation features of each 

class of lipid was the first step of this research. The key structure correlated 

fragments of each class are discussed as follow. 

 

Glycerophospholipids 

Glycerophospholipids are lipids with a phosphate group esterified to sn-3 

hydroxyl group of a glycerol backbone, and usually have long-chain fatty acids 

acylated to the sn-1 and/or sn-2 position. The present of different polar head group 

on the phosphate group further categorized them into difference classes (Fahy et 

al., 2005; Ivanova et al., 2007).  

PC contains a choline head group, and is ionized under any pH (Frega et 

al., 2012). [M+H]
+
 is the predominant ion of PC under positive ion mode, 
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producing a single m/z 184 fragment corresponding to phosphocholine ion. PC has 

a lower sensitivity under negative ion mode, but the MS/MS fragments of its 

[M+OAc]
-
 ion provided the information about the fatty acyl substituents. The ions 

of two fatty acyl groups, in the form of [RCOO]
-
, are the major product ions of the 

tandem mass spectra. Previous studies have definitively shown that the abundance 

of [R2COO]
-
 is more abundant than [R1COO]

-
, probably because the α-hydrogen 

of R2 group is more stable than that of R1 (Pulfer & Murphy, 2003; Esch et al., 

2007; Frega et al., 2012). The rule of sn-2: sn-1 ratio is also applied to PE, PG and 

PI (Pulfer & Murphy, 2003; Esch et al., 2007; Frega et al., 2012). Ions resulting 

from the loss of a methyl group from choline head group, and further loss of sn-2 

fatty acyl were also can be seen (Figure 5-2A).  

Ethanolamine is the head group of PE. Much the same as PC, PE has a 

stronger signal under positive ion mode. The featured fragment was also resulted 

from the cleavage of the head group, but ion with a specific loss (-141 Da) was 

found as the charge did not localized to the fragment of head group. In negative 

ion mode, the tandem spectra of [M-H]
-
 displayed a most abundant fragment of 

sn-2 fatty acyl anion, followed by sn-1 fatty acyl anion. Small amounts of ion 

arising from the elimination of one fatty acyl were also found (Figure 5-2B).  

PG is an acidic lipid with a glycerol head group, hence it yields relative 

plentiful negative ions. [M-H]
-
 is the dominant ion of PG, producing a specific m/z 

153 ion (dehydrated glycerol phosphate ion), fatty acyl ions and lyso-PG ions 

after further fragmentation. Corresponding [M+H]
+
 ion can be found in positive 

mode, and ion of -171 Da, which resulted from the neutral loss of glycerol 

phosphate, was found to be the major fragment ion (Figure 5-2C).  

The head group of PI is inositol. PI can be detected under both modes, 

but has a relatively higher magnitude in negative mode. [M-H]
-
 ion yields 

fragments of fatty acyl groups, and representative dehydrated inositol phosphate 

(m/z 241). [M+H]
+
 mainly yields -260 Da ion (remove of inositol phosphate) and 

ion corresponding to the further remove of sn-2 substituent(Figure 5-2D).  
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Figure 5-2 The tandem mass spectra of glycerophospholipids.  

A. PC (16:0/18:2); B. PE (16:0/18:3); C. PG (16:1/18:2); D. PI (16:0/18:2) in positive mode (I) 

and negative mode (II). 

 

 

Glycerolipids  

Lipids that comprise a lycerol backbone with at least one fatty acyl group 

are categorized as glycerolipids (Glycerolipid (CHEBI: 35741), 2014). 

Glycosyldiradylglycerols is one of the subclasses of glycerolipids. It has one or 

more glucose residues attached to sn-3 of the glycerol backbone via a glycosidic 

linkage, and two fatty acyl groups on sn-1 and sn-2 positions
 
(Fahy et al., 2005).  

MGDG contains one glucose unit on the sn-3 of position of the backbone. 

The m/z 243 (sodium adduct of MGDG with 2 fatty acyl groups removed) ion 

from [M+Na]
+
 precursor ion or -179 Da ion (corresponding to the loss of 

ammonium adducted and dehydrated glucose unit) from [M+NH4]
+
 precursor ion 

were suggested to be the feature of fragments for MGMG detection (Isaac et al., 

2007; Fauland et al., 2011). According to our experimental data, the amount of 
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m/z 243 was relatively low even being fragmented under high collision energy, 

and [M+NH4]
+
 produced undehydrated -197 Da ion in much greater quantity. 

Therefore we proposed to use -197 Da ion as the class-specified fragment of 

MGDG, in concert with the confirmation of m/z 243 in corresponding [M+Na]
+
 

precursor ion. As with glycerophospholipids, the tandem mass spectra provided 

information about the fatty acyl substituents of glycerolipids (Figure 5-3A). 

Previous studies indicated that the formation of sn-1 acyl anions is more favorable 

than that of sn-2.  

DGDG has a structure similar to MGDG but with one more glucose unit 

on the head group. The fragmentation pattern in positive mode was also similar, in 

that ions arising from the loss of ammonium adducted dehydrated glucose units 

(-341 Da), ammonium adducted glucose units (-359 Da) and further elimination of 

one fatty acyl group can be found. The tandem mass spectra of negative mode was 

more complicated; in addition to two fatty acyl anions, fragments of the head 

group with one or two substituents removed was found in DGDG (Figure 5-3B).  

SQDG contains a sulfonated glucose head group and can be easily 

negatively charged. It has a very weak signal under positive ion mode, but can be 

detected in from of deprotonated molecular ion under negative mode. The tandem 

mass spectra showed a dominant peak of m/z 225 at high collision energies, which 

is the dehydrated sulfonated glucose ion. Peaks of the two fatty acyl anions and 

molecules with one of the fatty acid group removed also can be found in a lower 

quantity (Figure 5-3C).  
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Figure 5-3 The tandem mass spectra of glycerolipids.  

A. MGDG (16:0/18:3); B. DGDG (18:3/18:0); C. SQDG (18:2/16:0) in positive mode (I) and 

negative mode (II). 

 

Sphingolipids  

Lipids that contain a sphingoid base as backbone are defined as 

sphingolipids (Zheng et al., 2006). The sphingoid base can vary in chain length, 

degree of saturation or substituents (Zheng et al., 2006; Pata et al., 2010). The 

sphingolipids in higher plants are mainly composed of an 18-carbon sphingoid 

base, with one or two hydroxyl-substituents and none to two double bonds (Pata et 

al., 2010; Sugawara et al., 2010; Ishikawa et al., 2014).  

Cer is featured by an amide-linked fatty acid (Fahy et al., 2005). It can be 

well detected in both positive and negative ion modes, but usually has a higher 

signal in negative mode. The structural information of the sphingoid base can be 

easily revealed in positive tandem mass spectra by the product ions resulting from 

the elimination of fatty acyl and water. The typical product ions of C18 sphingoid 

base with two hydroxyl groups are m/z 284 (with no double bond), m/z 264 (with 

one double bond) or m/z 262 (with two double bonds), whereas the sphingoid base 
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with three hydroxyl groups produces m/z 282 and m/z 264 (with no double bond), 

or m/z 280 and m/z 262 (with one double bond) (Sugawara et al., 2010). Under 

negative ion mode, cleavage of molecules take place at several sites, including the 

nitrogen-carbon bonds of the sphingoid base or of the fatty acid moiety, also the 

carbon-carbon bonds on the head of the sphingoid base (Figure 5-4A).  

GlcCer contains an additional glucose unit on the sphingoid base (Pata et 

al., 2010; Sugawara et al., 2010). Like that of Cer, the structure of the sphingoid 

base can be deduced from product ions in positive mode. The ion corresponding 

to the loss of glucose units (-180 Da) as well as its dehydrated ion (-198 Da) were 

observed in positive tandem spectra. The dominant peaks in negative mode were 

ions resulting from the neutral loss of dehydrated glucose units (-162 Da) and the 

further dehydrated ion (-180 Da), together with ions with fragment pathways 

similar to that of Cer (Figure 5-4B).  

 

Figure 5-4 The tandem mass spectra of sphingolipids.  

A. Cer (t18:1/h22:0); B. GlcCer (d18:2/16:0) in positive mode (I) and negative mode (II). 

 

To sum up, the class-specific fragments of PC, PE, MGDG, DGDG, Cer 

and GlcCer can be detected under positive ion mode, while those of PG, PI and 

SQDG can be found under negative ion mode. Precursor ions scan should be used 

to extract PC, PG, PI, SQDG and Cer as the target ion fragments are charged, but 

neutral loss scan should be applied to PE, MGDG, DGDG, GlcCer as they lose 

uncharged class-specific fragments. Negative tandem spectra provided structural 

information for most of the classes except the sphingolipids. Low collision energy 

(30 eV) was generally used; high energy (60 eV) was needed for the sodium 
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adducted species and SQDG. The class-specific ions for qualification and 

quantification of individual lipid classes are listed in Table 5-1. 

 

5.3.2 Lipids profiling of the three Isodon species 

BPC of the three Isodon species are shown in Figure 5-5. A total of 92 

lipids were identified, including 12 PCs, 8 PEs, 10 PGs, 2 PIs, 10 MGDGs, 10 

DGDGs, 7 SQDGs, 19 Cers and 14 GlcCers. The information of their formulas, 

retention times, molecular ions and key product ions are listed in Table 5-2. The 

lipids were eluted between 7 and 23 minute sequentially according to their 

molecular masses as well as polarities. For example, DGDGs generally have 

larger molecular weights than those of Cers, but DGDGs have relativity short 

retention times as they have more polar hydroxyl groups. The peaks eluted before 

7 minutes were the secondary metabolites and other non-targeted lipids of the 

plants as the extraction was not specific for the target classes of lipids and no 

pre-fractionation was done before injection. Several non-lipid peaks with notable 

intensities were found between 11 and 18 minutes, and were identified as 

chlorophyll and its derivatives (Lim, 2010; Milenković et al., 2012). It is worth 

noting that some GlcCers with one or two double bonds on the sphingoid base 

appeared as two peaks, which are the geometric isomers arising from the cis/trans 

stereoisomerism of double bond at the Δ8 position (Ogiso et al., 2014). However, 

insufficient information was provided by UPLC-MS/MS detection, the types of 

isomers were not specified in this study. Glycerophospholipids and glycerolipids 

mainly contain 16- or 18-carbon fatty acyl groups with 0 to 3 double bonds; of 

these, unsaturated 18:3 fatty acyl accounted for a high proportion, especially in 

DGDG and MGDG. These results are consistent with references, as lipids in 

higher plants are generally more unsaturated than those of animals (Bowsher, 

2008; Christie, 2015). Fatty acyl moieties of sphingolipids usually contain a 

higher number of carbon atoms (16 - 26) with an addition hydroxyl group on the 

terminal carbon. Odd numbered fatty acids including 23:0, 23:1 and 25:0 also 

were found. 
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Figure 5-5 The typical BPC of the three Isodon species.  

A. I. lophanthoides (IL); B. I. lophanthoides var. graciliflorus (ILG); C. I. serra (IS) in positive 

mode (I) and negative mode (II). 
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Table 5-2 Lipids identification by UPLC-TOF-MS/MS. 

Lipid name 
Retention 

time (min) 
[M+H]

+
 [M+NH4]

+
 [M+Na]+ [M-H]

-
 [M+OAc]

-
 

Major MS/MS m/z  

(relative abundance)
#
 

Formula 
Calculate

d mass 

Mass 

accuracy 

(ppm) 

PC(18:3/18:3) 8.6 778.5359 — 800.5276 — 836.5437 277.2184 (100) C44H76NO8P 777.5309 2.97 

PC(18:2/18:3) 9.4 780.5527 — 802.5379 — 838.5632 279.2333 (89), 277.2187 (92) C44H78NO8P 779.5465 1.43 

PC(18:2/18:2) 10.6 782.5672 — 804.5524 — 840.5785 279.2343 (100) C44H80NO8P 781.5622 2.84 

PC(18:1/18:3) 10.7 782.5673 — 804.5495 — 840.5773 281.2490 (67), 277.2176 (100) C44H80NO8P 781.5622 2.76 

PC(16:0/18:3) 10.8 756.5521 — 778.5417 — 814.5627 277.2171 (100), 255.2323 (33) C42H78NO8P 755.5465 2.23 

PC(18:2/18:1) 12.1 784.5835 — 807.8146 — 842.5938 281.2478 (100), 279.2332 (73) C44H82NO8P 783.5778 2.07 

PC(16:0/18:2) 12.1 758.5680 — 780.5498 — 816.5784 279.2345 (100), 255.2331 (28) C42H80NO8P 757.5622 1.88 

PC(18:0/18:3) 12.5 784.5839 — 806.5653 — 842.5943 283.2655 (32), 277.2181 (100) C44H82NO8P 783.5778 1.48 

PC(18:1/18:1) 13.8 786.5991 — 808.5804 — 844.6086 281.2493 (100) C44H84NO8P 785.5935 2.15 

PC(16:0/18:1) 13.9 760.5838 — 782.5653 — 818.5938 281.2489 (100), 255.2323 (33) C42H82NO8P 759.5778 1.66 

PC(18:0/18:2) 14.1 786.5997 — 808.5826 — 844.6092 283.2642 (29), 279.2338 (100) C44H84NO8P 785.5935 1.36 

PC(18:0/18:1) 15.9 788.6154 — 810.5971 — 846.6251 283.2633 (30), 281.2488 (100) C44H86NO8P 787.6091 1.33 

PE(36:6) * 8.8 736.4890 — 758.4770 734.4784 — — C41H70NO8P 735.4839 3.07 

PE(36:5) * 9.8 738.5047 — 760.4889 736.4935 — — C41H72NO8P 737.4996 2.98 

PE(36:4) * 10.9 740.5199 — 762.5059 737.3149 — — C41H74NO8P 739.5152 3.47 

PE(36:4) * 11.1 740.5203 — 762.5041 738.5100 — — C41H74NO8P 739.5152 2.98 

PE(16:0/18:3) 11.1 714.5052 — 736.4719 712.7447 — 277.2179 (100), 255.2341 (61) C39H72NO8P 713.4996 2.28 

PE(36:3) * 12.9 742.5365 — 764.5198 740.5245 — — C41H76NO8P 741.5309 2.23 
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PE(34:1) * 14.3 718.5364 — 740.5182 716.5254 — — C39H76NO8P 717.5309 2.40 

PE(36:2) * 14.5 744.5519 — 766.5346 742.5398 — — C41H78NO8P 743.5465 2.60 

PG(16:1/18:3) 9.0 743.4868 — — 741.4725 — 277.2175 (100), 253.2175 (26) C40H71O10P 742.4785 -1.39 

PG(18:3/16:0) 9.5 745.4985 — — 743.4881 — 277.2177 (54), 255.2334 (100) C40H73O10P 744.4941 3.99 

PG(16:1/18:2) 10.0 745.5016 — — 743.4876 — 279.2334 (100), 253.2170 (23) C40H73O10P 744.4941 -0.17 

PG(18:2/16:0) 10.6 747.5181 — — 745.5052 — 279.2330 (37), 255.2334 (100) C40H75O10P 746.5098 -1.36 

PG(16:1/18:1) 11.4 747.5148 — — 745.5059 — 281.2481 (100), 253.2170 (28) C40H75O10P 746.5098 3.03 

PG(16:1/16:0) 11.4 721.5003 — — 719.4887 — 255.2321 (100), 253.2164 (16) C38H73O10P 720.4941 1.58 

PG(18:1/16:0) 12.1 749.5303 — — 747.5196 — 281.2487 (35), 255.2328 (100) C40H77O10P 748.5254 3.27 

PG(16:0/16:0) 12.1 723.5141 — — 721.5042 — 255.2334 (100) C38H75O10P 722.5098 -2.37 

PG(16:1/18:0) 13.1 749.5301 — — 747.5189 — 283.2658 (100), 253.2184 (28) C40H77O10P 748.5254 3.55 

PG(18:0/16:0) 14.0 751.5477 — — 749.5355 — 283.2647 (30), 255.2334 (100) C40H79O10P 750.5411 0.96 

PI(16:0/18:3) 9.3 833.5160 — 855.4966 831.5047 — 277.2174 (100), 255.2331 (31) C43H77O13P 832.5102 1.78 

PI(16:0/18:2) 10.4 835.5346 — 857.6733 833.5231 — 279.2340 (100), 255.2314 (24) C43H79O13P 834.5258 -1.76 

MGDG(18:3/18:3) 9.2 — 792.5625 797.5160 — 833.5440 277.2177 (100) C45H74O10 774.5282 0.13 

MGDG(18:2/18:3) 10.3 — 794.5762 799.5315 — 835.5609 279.2338 (100), 277.2184 (85) C45H76O10 776.5439 2.67 

MGDG(18:2/18:2) 11.5 — 796.5919 801.5468 — 837.5751 279.2332 (100) C45H78O10 778.5595 2.52 

MGDG(18:1/18:3) 11.6 — 796.5921 801.5472 — 837.5754 281.2503 (100), 277.2183 (85) C45H78O10 778.5595 2.37 

MGDG(16:0/18:3) 11.7 — 770.5758 775.5319 — 811.5602 277.2192 (62), 255.2349 (100) C43H76O10 752.5439 3.21 

MGDG(18:2/18:1) 13.0 — 798.6071 803.5630 — 839.5846 281.2495 (81), 279.2340 (100) C45H80O10 780.5752 3.17 

MGDG(16:0/18:2) 13.1 — 772.5913 777.5469 — 813.5735 279.2345 (80), 255.2339 (100) C43H78O10 754.5595 3.45 

MGDG(18:0/18:3) 13.5 — 798.6071 803.5617 — 839.5908 283.2655 (100), 277.2180 (71) C45H80O10 780.5752 3.20 
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MGDG(16:0/18:1) 14.9 — 774.6088 779.5627 — 815.5860 281.2490 (65), 255.2339 (100) C43H80O10 756.5752 0.99 

MGDG(18:0/18:1) 16.9 — 802.6382 807.5927 — 843.6190 283.2652 (100), 281.2498 (58) C45H84O10 784.6065 3.38 

DGDG(18:3/18:3) 8.6 — 954.6128 959.5684 935.5723 995.5942 277.2162 (100) C51H84O15 936.5810 2.80 

DGDG(18:2/18:3) 9.5 — 956.6289 961.5845 937.5920 997.6136 279.2336 (100), 277.2182 (87) C51H86O15 938.5967 2.36 

DGDG(18:1/18:3) 10.6 — 958.6442 963.5994 939.5896 999.6296 281.2503 (89), 277.2178 (76) C51H88O15 940.6123 2.68 

DGDG(18:3/16:0) 10.7 — 932.6288 937.5845 913.5912 973.6129 277.2184 (100), 255.2342 (66) C49H86O15 914.5967 2.52 

DGDG(18:3/17:0) 11.6 — 946.6445 951.5989 927.6074 987.6286 277.2180 (72), 269.2495 (52) C50H88O15 928.6123 2.37 

DGDG(18:2/16:0) 12.0 — 934.6443 939.5997 915.6080 975.6301 279.2340 (100), 255.2342 (68) C49H88O15 916.6123 2.67 

DGDG(18:3/18:0) 12.4 — 960.6599 965.6155 941.6232 1001.6443 283.2654 (72), 277.2182 (100) C51H90O15 942.6280 2.59 

DGDG(18:1/16:0) 13.6 — 936.6602 941.6152 917.6207 977.6419 281.2506 (100), 255.2331 (51) C49H90O15 918.6280 2.37 

DGDG(18:0/18:2) 14.0 — 962.6759 967.6308 943.6382 1003.6601 283.2647 (90), 279.2335 (82) C51H92O15 944.6436 2.25 

DGDG(36:1) * 15.7 — 964.6907 969.6461 945.6552 1005.6753 — C51H94O15 946.6593 3.14 

SQDG(18:3/18:3) 7.6 — — — 837.4849 — 277.2207 (42) C45H74O12S 838.4901 -3.10 

SQDG(18:3/18:2) 8.2 — — — 839.5007 — 279.2356 (10), 277.2157 (23) C45H76O12S 840.5058 -3.25 

SQDG(16:0/18:3) 9.1 — — — 815.5006 — 277.2182 (7), 255.2337 (9) C43H76O12S 816.5058 -3.30 

SQDG(18:1/18:3) 9.1 — — — 841.5161 — 281.2485 (15), 277.2166 (8) C45H78O12S 842.5214 -2.96 

SQDG(18:2/16:0) 10.1 — — — 817.5159 — 279.2329 (25), 255.2322 (14) C43H78O12S 818.5214 -2.81 

SQDG(18:0/18:3) 10.4 — — — 843.5309 — 283.2633 (10),  277.2163 (7) C45H80O12S 844.5371 -1.95 

SQDG(16:0/16:0) 11.4 — — — 793.5157 — 255.2329 (25) C41H78O12S 794.5214 -2.70 

Cer(t18:0/h16:0) 11.9 572.5231 — 594.5049 570.5112 630.5318 

554.5102 (26), 536.5010 (10), 

300.2875 (41), 282.2775 (100), 

264.2670 (53) 

C34H69NO5 571.5176 3.10 
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Cer(t18:1/h18:0) 12.7 598.5387 — 620.5223 596.5277 656.5489 

580.5276 (62), 562.5166 (25), 

298.2723 (38), 280.2622 (100), 

262.2516 (94) 

C36H71NO5 597.5332 3.05 

Cer(t18:1/18:0) 13.3 582.5441 — 604.5263 580.5322 640.5541 
564.5333 (100), 298.2721 (64), 

280.2619 (74), 262.2526 (70) 
C36H71NO4 581.5383 2.67 

Cer(t18:0/h18:0) 14.0 600.5544 — 622.5363 598.5426 658.5639 

582.5432 (60), 564.5327 (25), 

300.2883 (59), 282.2777 (100), 

264.2675 (55) 

C36H73NO5 599.5489 3.00 

Cer(t18:0/18:0) 14.5 584.5594 — 606.5423 582.5477 642.5692 

566.6471 (60), 548.5587 (16), 

300.2868 (83), 282.2773 (100), 

264.2693 (67) 

C36H73NO4 583.5540 3.23 

Cer(t18:1/h20:0) 14.8 626.5698 — 648.5389 624.5584 684.5792 

608.5588 (76), 590.5471 (19), 

298.2731 (48), 280.2618 (100), 

262.2511 (94) 

C38H75NO5 625.5645 3.18 

Cer(t18:1/h22:0) 16.9 654.6019 — 676.5830 652.5903 712.6115 

636.5910 (100), 618.5788 (28), 

298.2735 (36), 280.2622 (7), 

262.2516 (75) 

C40H79NO5 653.5958 1.84 

Cer (t18:1/22:0) 17.5 638.6088 — 660.5890 636.5948 696.6169 

620.5968 (100), 602.5844 (35), 

298.2724 (68), 280.2621 (37), 

262.2519 (39) 

C40H79NO4 637.6009 -1.00 

Cer (t18:1/h23:0) 18.0 668.6176 — 690.5990 666.6060 726.6271 

650.6051 (100), 632.5945 (36), 

298.2723 (31), 280.2618 (100), 

262.2515 (64) 

C41H81NO5 667.6115 1.76 

Cer(t18:0/h22:0) 18.2 656.6169 — 678.5986 654.6059 714.6270 

638.6058 (88), 620.5946 (28), 

300.2892 (57), 282.2776 (100), 

264.2669 (48) 

C40H81NO5 655.6115 2.93 
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Cer(t18:1/h24:0) 19.0 682.6325 — 704.6145 680.6225 740.6433 
664.6210 (100), 298.2725 (28), 

280.2620 (54), 262.2515 (43) 
C42H83NO5 681.6271 2.82 

Cer(t18:0/h23:0) 19.3 670.6323 — 685.5903 668.6211 728.6418 

652.6212 (90), 634.6147 (14), 

300.2885 (51), 282.2781 (100), 

264.2677 (48) 

C41H83NO5 669.6271 3.16 

Cer(t18:1/24:0) 19.5 666.6379 — 688.6191 664.6261 724.6476 

648.6270 (100), 630.6139 (15), 

298.2715 (48), 280.2633 (38), 

262.2517 (38) 

C42H83NO4 665.6322 2.49 

Cer(t18:1/h25:0) 20.0 696.6489 — 718.6299 694.6332 754.6626 

678.6371 (100), 660.6272 (23), 

298.2735 (26), 280.2624 (55), 

262.2520 (47) 

C43H85NO5 695.6428 1.75 

Cer(t18:0/h24:0) 20.3 684.6484 — 706.6301 682.6374 742.6585 

666.6376 (100), 648.6249 (24), 

300.2881 (35), 282.2780 (99), 

264.2676 (43) 

C42H85NO5 683.6428 2.45 

Cer (t18:0/24:0) 20.8 668.6526 — 690.6341 666.6408 726.6632 

650.6425 (100), 632.6294 (10), 

300.2903 (34), 282.2783 (41), 

264.2682 (41) 

C42H85NO4 667.6479 3.80 

Cer(t18:1/h26:0) 20.9 710.6645 — 732.6456 708.6521 768.6730 

692.6518 (100), 674.6415 (24), 

298.2728 (30), 280.2624 (45), 

262.2517 (28) 

C44H87NO5 709.6584 1.67 

Cer(t18:0/h25:0) 21.2 698.6636 — 710.6624 696.6529 756.6739 

680.6515 (100), 662.6415 (18), 

300.2885 (36), 282.2772 (64), 

264.2679 (27) 

C43H87NO5 697.6584 3.00 

Cer(t18:0/h26:0) 22.3 712.6794 — 734.6609 710.6709 770.6891 

694.6674 (100), 676.6560 (45), 

300.2892 (28), 282.2795 (92), 

264.2678 (28) 

C44H89NO5 711.6741 2.84 
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GlcCer(t18:1/h16:0) 9.9 732.5605 — 754.5422 730.5499 790.5699 
552.4969 (100), 280.2618 (26), 

262.2516 (19) 
C40H77NO10 731.5547 2.17 

GlcCer(t18:1/h16:0) 10.0 732.5600 — 754.5422 730.5492 790.5695 
552.4965 (100), 280.2621 (27), 

262.2518 (14) 
C40H77NO10 731.5547 2.82 

GlcCer(d18:2/h16:0) 10.6 714.5498 — 736.4207 712.5379 772.5590 
534.4861 (12), 516.4757 (31), 

262.2524 (100) 
C40H75NO9 713.5442 2.34 

GlcCer(d18:2/h16:0) 10.8 714.5501 — 736.3090 712.5385 772.5598 
534.4870 (18), 516.4763 (28), 

262.2523 (21) 
C40H75NO9 713.5442 1.91 

GlcCer(t18:0/h16:0) 11.0 734.5759 — 756.5539 732.5652 792.5830 
554.5117 (100), 282.2774 (72), 

264.2685 (8) 
C40H79NO10 733.5704 2.45 

GlcCer(d18:1/h16:0) 11.2 716.5652 — 738.5467 714.5521 774.5758 
554.5123 (28), 536.5016 (100), 

282.2776 (12), 264.2676 (8) 
C40H77NO9 715.5598 2.66 

GlcCer(d18:1/h16:0) 11.5 716.5647 — 737.7875 714.5534 774.5750 
554.5120 (18), 536.5015 (100), 

282.2787 (10), 264.2678 (4) 
C40H77NO9 715.5598 3.40 

GlcCer(t18:1/h18:0) 11.6 760.5911 — 778.2878 758.5810 818.6015 
598.5377 (18), 580.5283 (100), 

280.2623 (14), 262.2513 (13) 
C42H81NO10 759.5860 2.96 

GlcCer(t18:1/h18:0) 11.9 760.5909 — 778.2869 758.5798 818.5992 
598.5364 (36), 580.5276 (100), 

280.2603 (17), 262.2519 (12) 
C42H81NO10 759.5860 3.17 

GlcCer(d18:1/h16:0) 11.9 716.5654 — 738.5478 714.5518 774.5729 
536.5016 (14), 518.4905 (42), 

264.2678 (100) 
C40H77NO9 715.5598 2.42 

GlcCer(d18:0/h16:0) 12.8 718.5803 — 740.5632 716.5691 776.5767 538.5176 (100), 284.2925 (16) C40H79NO9 717.5755 3.46 

GlcCer(t18:1/h22:0) 15.6 816.6546 — 838.6360 814.6430 874.6642 
636.5902 (100), 280.2615 (17), 

262.2518 (10) 
C46H89NO10 815.6486 1.67 

GlcCer(t18:1/h22:0) 15.9 816.6548 — 838.6362 814.6444 874.6649 
636.5905 (100), 280.2620 (14), 

262.2514 (9) 
C46H89NO10 815.6486 1.46 

GlcCer(t18:1/h23:0) 16.7 830.6697 — 852.6512 828.6588 888.6788 
668.6162 (45), 650.6060 (100), 

280.2632 (16), 262.2524 (9) 
C47H91NO10 829.6643 2.31 
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GlcCer(t18:1/h23:0) 16.9 830.6695 — 852.6521 828.6593 888.6794 
668.6148 (49), 650.6047 (100), 

280.2618 (26), 262.2519 (6) 
C47H91NO10 829.6643 2.58 

GlcCer(t18:1/h24:0) 17.7 844.6856 — 866.6675 842.6745 902.6957 
682.6323 (63), 644.6222 (100), 

280.2622 (18), 262.2522 (9) 
C48H93NO10 843.6799 1.92 

GlcCer(t18:1/h24:0) 18.0 844.6862 — 866.6673 842.6413 902.6946 
682.6321 (60), 664.6218 (100), 

280.2621 (16), 262.2517 (8) 
C48H93NO10 843.6799 1.26 

GlcCer(t18:1/h23:1) 17.9 828.6550 — 850.6715 826.6536 886.7060 
666.6362 (81), 648.6264 (100), 

280.2606 (12), 262.2516 (5) 
C47H89NO10 827.6486 1.15 

GlcCer(t18:1/h23:1) 18.2 828.6549 — 850.6720 826.6538 886.7065 
666.6344 (73), 648.6286 (100), 

280.2639 (16), 262.2490 (18) 
C47H89NO10 827.6486 1.27 

GlcCer(d18:2/h24:0) 18.5 826.6749 — 848.6566 824.6627 884.6840 
646.6099 (54), 628.6002 (88), 

262.2514 (100) 
C48H91NO9 825.6694 2.18 

GlcCer(d18:2/h24:0) 18.8 826.6745 — 848.6570 824.6601 884.6823 
646.6109 (31), 628.6005 (63), 

262.2522 (100) 
C48H91NO9 825.6694 2.65 

GlcCer(t18:1/h25:0) 18.7 858.7012 — 880.6833 856.6901 916.7103 
696.6476 (61), 678.6356 (100), 

280.2615 (11), 262.2514 (14) 
C49H95NO10 857.6956 1.98 

GlcCer(t18:1/h25:0) 18.9 858.7007 — 880.6829 856.6905 916.7103 
696.6470 (7), 678.6367 (100), 

280.2623 (20), 262.2508 (8) 
C49H95NO10 857.6956 2.56 

GlcCer(t18:1/h26:0) 19.7 872.7171 — 894.6985 870.7066 930.7268 
710.6636 (75), 692.6525 (100), 

280.2624 (14), 262.2527 (10) 
C50H97NO10 871.7112 1.65 

GlcCer(t18:1/h26:0) 20.0 872.7159 — 895.1283 870.7053 930.7264 
710.6635 (63), 692.6534 (100), 

280.2625 (12), 262.2507 (8) 
C50H97NO10 871.7112 3.02 

# The major MS/MS fragments were obtained under negative ion mode except Cer and GlcCer. 

* The amount of lipids were too low to conduct MS/MS in negative ion mode, total number of carbons and double bonds of the two fatty acyl groups were 

calculated by exact mass.   
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As all the lipids identified were found in the all three Isodon species, 

semi-quantitation of the lipids was determined. In lipid researches, absolute 

quantification is very difficult to be achieved. Preparing standard curves to 

calculate the amount of each lipids species is impractical, as pure lipid standards 

are available for only a limited number of species. The use of internal standards 

per class for normalizing the signals is the widely accepted method for lipid 

quantification, as experimental data has showed that the ionization efficiency of a 

lipid is highly depended on the class specific head group (Markham & Jaworski, 

2007; Köfeler et al., 2012; Chen et al., 2013). Relative percentage (intensity % or 

mole %) of individual lipid within the class also can be used if lipid standards are 

not available (Chen et al., 2013). In this study, the amounts of PC, PE, PG and PI 

were calculated in nmol/g by using corresponding internal standards. For MGDG, 

DGDG, SQDG, Cer and GlcCer, relative intensity, which uses PC or PG internal 

standard to normalize the intensity, was applied for the comparison between 

species. Amounts of lipids in the three Isodon species are showed in Figure 5-6. 

PG was the most abundant class of glycerophospholipids in the leaves of all three 

Isodon species, while high intensities of MGDG, DGDG and Cer were also found 

in the chromatograms. PG, MGDG and DGDG are the major components of 

chloroplast membranes, hence photosynthetic tissues are rich in those classes of 

lipids (Vieler et al., 2007; Fauland et al., 2011). Studies on plant sphingolipids are 

still limited, but it is believed that sphingolipids play an important role in plant 

signaling and make up an estimated two-fifths of membrane lipids (Worrall et al., 

2003; Markham et al., 2013). For quantitative differences between the three 

species, IL and ILG obviously contained greater amount of PC, and generally had 

higher contents of PG, PE, SQDG, MGDG, DGDG than IS. PI was remarkably 

higher in IS, while Cer was also generally in larger quantity. GlcCer was in 

relatively consistent quantity in all the three species.  
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Figure 5-6 The amount of individual lipids in the three Isodon species . 
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PCA and volcano plot were conducted to reveal the variances between IL, 

ILG and IS graphically. PCA expressed the relationships between the three species 

graphically. Figure 5-7 shows the PCA plots of positive and negative ion mode 

data respectively. IS was distinctly separated from IL and ILG in both modes, 

however, IL and ILG were barely separated in negative mode and even 

indistinguishable in positive mode. The results are well supported by the 

phylogenetic relationships of the three species, which suggested the species with a 

closer genetic relationship have a more similar lipid profile. Volcano plot clearly 

depicted the significant differences in lipid constituents among the species (Figure 

5-8). 7 lipids were found to have p-value larger than 0.05 and fold change larger 

than 2 when IL was plotted versus ILG. That is, PG (18:1/16:0), Cer (t18:0/24:0), 

DGDG (18:2/16:0), DGDG (18:3/16:0) and MGDG (16:0/18:2) showed up 

regulation (a higher intensity), while GlcCer (t18:1/h18:0) and GlcCer 

(t18:1/h22:0) showed down regulation (a lower intensity). For IL versus IS, 37 

lipids with significant differences were found. Cer (t18:1/22:0), DGDG 

(18:1/18:3), DGDG (18:2/16:0), DGDG (18:2/18:3), DGDG (18:3/16:0), DGDG 

(18:3/18:0), DGDG (18:3/18:3), GlcCer (d18:0/h16:0), GlcCer (d18:2/h24:0), 

GlcCer (t18:0/h16:0), MGDG (18:1/18:3), MGDG (18:2/18:1), MGDG 

(18:2/18:3), MGDG (18:3/18:3), PC (16:0/18:1), PC (16:0/18:2), PC (16:0/18:3), 

PC (18:0/18:1), PC (18:0/18:3), PC (18:1/18:3), PC (18:2/18:3), PG (16:1/18:0), 

PG (18:0/16:0), PG (18:2/16:0), SQDG (18:1/18:3), SQDG (18:2/16:0) and 

SQDG (18:3/18:2) had a higher intensity in IL. In contrast, Cer (t18:1/h23:0), Cer 

(t18:0/h18:0), Cer (t18:1/h18:0), Cer (t18:1/h24:0), Cer (t18:1/h25:0), Cer 

(t18:1/h26:0), GlcCer (t18:1/h18:0), GlcCer (t18:1/h23:0), PG (16:1/18:1) and PI 

(16:0/18:3) had a higher intensity in IS. Some of them are showed in the BPC in 

Figure 5-5 with an underline.  

Previous study indicated that the chemical profiles of IL and ILG re 

similar while IS has its specific chemical profiles. The present study confirms 

these earlier results. Distinctly, the lipid profiles of IL, ILG and IS have a close 

relationship with their overall chemical profiles. The lipids with significant 

difference among IL, ILG and IS may reveal their substantial role in their distinct 

secondary metabolite profiles. 
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Figure 5-7 The PCA plots of the three Isodon species. 

A. in positive mode; B. in negative mode. 

 

 

 

Figure 5-8 The volcano plots of the three Isodon species. 

A. IL verses ILG; B. IL verses IS in positive mode (I) and negative mode (II). 

 

 

5.4 Conclusions 

In this part of study, UPLC-ESI-QTOF-MS/MS was used to profile the 

lipid compositions of IL, ILG and IS. Nine classes of lipids from three categories 

were selected for analysis, namely PC, PE, PG, PI, MGDG, DGDG, SQDG, Cer 

and GlcCer. The fragmentation features of the nine classes of lipids were first 

studied. Class-specific fragments of PC, PE, MGDG, DGDG, Cer and GlcCer 

were found under positive ion mode, and those of PG, PI and SQDG were found 

under negative ion mode. The structure of lipids except Cer and GlcCer can be 
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deducted by negative tandem spectra. EIC or pNLC were applied to extract target 

lipid classes from the huge amount of MS data. A total of 92 lipids were identified, 

including 12 PCs, 8 PEs, 10 PGs, 2 PIs, 10 MGDGs, 10 DGDGs, 7 SQDGs, 19 

Cers and 14 GlcCers. The lipid profiles of the three Isodon species were 

qualitatively the same but not quantitatively. By PCA and volcano plot, the 

differences between IL, ILG and IS were revealed statistically. IS was distinctly 

separated in PCA plot while IL and ILG were barely separated. This is likely a 

reflection of the phylogenetic relationships of the three species, as ILG is a variety 

of IL while IS is a separate species. Volcano plot showed 7 lipids were 

significantly different between IL and ILG, and 37 lipids were found in IL and IS.  

The identification of different classes of lipids by spectra extraction tools 

has been applied to good advantage in this research. The method is comparable 

with routine protocol and allows a more flexible determination of lipids. Different 

classes of lipids can be analyzed after a single run of UPLC-QTOF-MS/MS 

instead of repeated precursor ions scan and neutral loss scan. The full spectra of 

lipid data can also be extracted in various ways, for example, by specific fatty acyl 

group. The work here represents fundamental research on the lipid composition of 

the three Isodon species. In the present study, the lipid profiles were analyzed for 

further probing the mechanism of different chemical profiles of IL, ILG and IS. 

The results are significant for elucidating the role of plant lipids in the production 

of bioactive chemicals. 
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CHAPTER 6 MARKET INVESTIGATION OF 

XIHUANGCAO RELATED PRODUCTS 
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6.1 Introduction  

As spoken before, Xihuangcao has become an emerging healthcare herb 

and numerous products can be found in the market. However, most of its products 

do not list which species was used. Pervious study have demonstrated the 

chemical compositions of IL, ILG and IS are different and thus they should not be 

used as one herb. In order to ensure the safe and effective use of Xihuangcao 

products, methods should be developed to identify the three source species in 

commercial products. 

Commercial Xihuangcao can be easily found in form of decoction pieces 

which is used for preparing herb tea, soup or decoction. Rather than pharmacies, it 

can also be easily found in specialty shops of Guangdong, which are mainly 

small-scale cultivated or collected by the local people. Macroscopic identification 

and microscopic identification of powder, as well as the UPLC-MS fingerprinting, 

were applied to authenticate the source species of this kind of commercial 

products. As UPLC-MS analysis produces a large amount of information of the 

detected samples, studying of the results can be very time-consuming, especially 

when large quantities of samples are analyzed. A class prediction model by 

chemometrics software was built for quick identification of batches of samples.  

The second type of commercial Xihuangcao products found in market is 

herbal tea bag. Herbal tea is a beverage which is prepared by putting edible 

flowers, herbs or spices in hot water with or without tea leaves (Ei-Baz, 2006). In 

southern China, herbal teas are always called Liangcha, which means cooling 

(“liang”) herbal drinks (“cha”) because they mainly contain herbs that can reduce 

internal heat. Various materials can be used as the ingredients of Liangcha. A 

recent study found that 238 species from 86 families have been recorded for use in 

Liangcha (Liu et al., 2013). This shows that the ingredients of herbal teas are very 

complicated. 

As herbal teas are not regarded as drugs, no prescription of a doctor is 

needed to buy them, and the ingredients in the tea are supposed to be safe and 

harmless. In fact, incidents caused by drinking herbal tea have been reported. In 

2003, a case of poisoning reported was due to “Five Flowers Tea”, a commonly 

used herbal tea in Hong Kong and southern China. In that case, the toxic Datura 
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Flower (Daturametel) was found instead of Trumpet Creeper flower (Campsis 

radicans or C. grandiflora) in the dregs of the tea (Zhao, 2013). In 2010, a kidney 

transplant recipient was found to have toxic therapeutic levels of cyclosporine A 

and sirolimus in his body due to interaction between the herbal tea and 

immunosuppressive agents (Kwan et al., 2013). Commercial herbal teas with 

unlabeled ingredients also have been reported. In one case, Annual Bluegrass was 

found in an herbal tea that claimed to be made from Ginger Root, Linden, Lemon 

Peel, Blackberry Leaf, and Lemongrass only (Li, 2011). Although the unlisted 

ingredients found in the study are mostly harmless, they may cause allergies in 

some people or even life-threatening interactions with other drugs (Kwan et al., 

2013). To ensure the safe use of herbal teas, an effective and practical method 

should be developed to authenticate their ingredients. 

Most herbal tea bags contain mixed and powdered ingredients and there 

is a certain degree of difficulty to identify them (Figure 6-1). Chemical analysis is 

useful in detecting target compounds in herbal tea, such as heavy metals or 

pesticide residues (Sand & Oud, 2003; Huang et al., 2009), but it is not practical 

in identifying ingredients because a single natural herb already contains numerous 

chemical compounds. Therefore, it is difficult to analyze the mixed herbs, 

especially when they include unknown ingredients. DNA barcoding has been 

reported to distinguish unknown species in herbal teas (Li, 2011), but to use such 

a technique requires a DNA barcodes library. As DNA barcoding is a new 

technology, the building of database is still in progress and may not yet include 

the target information needed. Microscopic authentication has advantages over 

those methods, which can be applied in identifying herbal teas with complicated 

ingredients. 

 

Figure 6-1 A commercial tea bag of Xihuangcao. 
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However, as microscopic authentication is a relative simple method, 

people may dispute that is the evidence of cellular features strong enough to 

support the identification of an herb. In this part of study, a combined method 

which used microscopic technique and chemical analysis was applied to 

complement the insufficiency of each method. Herbal tea samples were first 

analysed by microscopic authentication and ingredients can be identified by their 

cellular features within a complicated mixtures. To validate the microscopic 

authentication results, target herbs were further analyzed by 

UPLC-ESI-QTOF-MS/MS. Specific peaks from the chromatograms of each 

reference herb can be used to identify the corresponding ingredient in the 

complicated chromatograms of herbal tea samples. The present of certain 

compounds can further provide evidence to support the results of microscopic 

authentication. Microscopic technique can identify a herb by observing specific 

cellular features within a complicated mixture. With the assistance of microscopic 

authentication, the complex and challenging data analysis of UPLC-MS 

chromatograms can be avoided. The UPLC-MS analysis of herbal tea samples can 

show the chemical profile of the herbs to further provide evidence to support the 

results of microscopic authentication The combined technique can provide a fast, 

accurate and practical method that can be applied in routine laboratories for the 

identification of herbal products containing multiple herbs. 

 

6.2 Authentication of Commercial Xihuangcao Decoction 

Pieces 

6.2.1 Material and Methods 

Material 

27 batches of commercial Xihuangcao samples were collected from 

retail markets in Guangdong and Guangxi (Table 6-1). 

 

Sample preparation and analysis methods 

Macroscopic and microscopic technique were first be used to identify 
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the samples, the methods were described in chaper 3.2.1 and 3.3.1. As 

microscopic identification of powder already provides enough information for 

identifying the species and preparing transverse section is time-consuming, 

only microscopic identification of powder was used. 

Same preparation procedures and UPLC-ESI-QTOF-MS/MS 

conditions were used in the UPLC-MS fingerprinting, detailed procedures have 

been described in chapter 4.2.  

 

Statistical analysis 

Class prediction of the UPLC-MS/MS results was carried out with 

Agilent MassHunter Mass Profiler Professional Software (version B.02.02, 

Agilent Technologies Inc. 2011). The UPLC-MS/MS data of reference plants 

was first exported from Mass Hunter Workstation and then imported into Mass 

Profiler Professional Software with the setting described in chapter 4.2, 

automated sample class prediction model was built up with the UPLC-MS/MS 

results of the reference plants with the following settings: Naive Bayes as class 

prediction algorithm, validation type N-fold; number of folds 3; number of 

repeats 10.  

 

6.2.2 Results and Discussion 

Macroscopic and microscopic identification (Table 6-1) 

Macroscopic identification was first conduced. The samples were in 

slices or bundles. By the shape, margin of leaves, the features of the petioles 

and stems, also the taste, IS (S05, S07, S10, S12, S18 and S26) can be easily 

distinguished by their bitter taste, broadly winged petiole and incurved-serrate 

margins. IL and ILG are similar, and it was difficult to found an intact leaf in 

some of the samples, IL and ILG were mainly distinguished by the size of the 

stems. Refer to chapter 2.1, IL is an erect or ascending herb, while ILG is an 

undershrub. All the slightly bitter samples (S01, S02, S08, S13, S16, S19, S21, 

S22, S23, S24, S25 and S27) were identified as ILG because woody stems were 
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found. Pictures of some samples and their flattened leaves were showed in 

Figure 6-2.  

 

 

Figure 6-2 The commercial samples of Xihuangcao decoction pieces.  

(A) S01; (B) S05; (C) S13; and (D) S15. (I) General appearance; (II) Flattened leaf. 

 

It is worth noted that eight of the samples (S03, S04, S06, S09, S11, 

S14, S15 and S20) obviously did not belong to any of the three Isodon species 

by their morphologic features. They have numerous white powders on surface, 

and the leaves are 1- or 2-pinnate when intact (Figure 6-2b). Those samples 

were identified as Ampelopsis grossedentata (Hand.-Mazz.) (family Vitaceae) 

by references, which is a common adulterant of Xihuangcao and commonly 

called “Tengcha” (Liu & Zhou, 1999; Deng, 2009). 

The results of microscopic identification of the powders also consist to 
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those of macroscopic. Glandular scales, glandular hairs, non-glandular hairs 

and epidermal cells were observed. Raphides of calcium oxalate can be found 

in S05, S07, S10, S12, S18 and S26, which indicated that the source species are 

IS. For A. grossedentata, the features under microscopic are distinctly different. 

Unicellular non-glandular hairs, raphides of calcium oxalate, clusters of 

calcium oxalate and brown masses can be found (Figure 6-3).  

 

 

Figure 6-3 The microscopic features of the powder of A. grossedentata. 

(1) Raphides of calcium oxalate; (2) Clusters of calcium oxalate; (3) Non-glandular hair; (4) 

Upper epidermal cells of leaf; (5) Lower epidermal cells of leaf; (6) Brown mass. (a) Observed 

under the light microscope; (b) Observed under the polarized light microscope. 
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Table 6-1 Commercial Xihuangcao decoction pieces collected and the identification result. 

Sample no. 
Purchased 

from 
Producing area 

Descriptions by the 

sellers 
Appearance Taste Species identified 

S01 Specialty shop Shangsha, Guangdong 
Shangsha ‘s specialty, 

Ingredient of soup 
Slices Slightly bitter ILG 

S02 Specialty shop Meizhou, Guangdong Ingredient of soup In bundle Slightly bitter ILG 

S03 Herbal shop Guangxi For herb tea 
Slices, with white 

powder on surface 

Slightly bitter and 

astringent 
A. grossedentata 

S04 Tea shop Huizhou, Guangdong Wild, for herb tea 
Slices, with white 

powder on surface 

Slightly bitter and 

astringent 
A. grossedentata 

S05 Food shop Yulin, Guangxi For decoction  Slices Very bitter IS 

S06 Food shop Yulin, Guangxi For herb tea 
Slices, with white 

powder on surface 

Slightly bitter and 

astringent 
A. grossedentata 

S07 Specialty shop Shaoguan, Guangdong 
Wild, Yuebei’s 

specialty 
Slices Very bitter IS 

S08 Specialty shop Meizhou, Guangdong Ingredient of soup In bundle Slightly bitter ILG 

S09 Specialty shop Taiping, Guangxi For herb tea 
Slices, with white 

powder on surface 

Slightly bitter and 

astringent 
A. grossedentata 

S10 Specialty shop Wengyuan, Guangdong 

Authentic species, 

slightly bitter, for herb 

tea  

Slices Very bitter IS 

S11 Specialty shop Wengyuan, Guangdong 
Called “Meicha” in 

Zhangjiajie, for tea 

Slices, with white 

powder on surface 

Slightly bitter and 

astringent 
A. grossedentata 

S12 Pharmacy Guangdong For herb tea Slices Very bitter IS 

S13 Specialty shop Meizhou, Guangdong Ingredient of soup In bundle Slightly bitter ILG 

S14 Specialty shop Heyuan, Guangdong Ingredient of soup Slices, with white Slightly bitter and A. grossedentata 
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powder on surface astringent 

S15 Food shop Matouzhen, Guangdong For tea 
Slices, with white 

powder on surface 

Slightly bitter and 

astringent 
A. grossedentata 

S16 Food shop Meizhou, Guangdong 
Meizhou ‘s specialty, 

ingredient of soup 
In bundle Slightly bitter ILG 

S17 Food shop Meizhou, Guangdong Ingredient of soup Slices Slightly bitter Unknown 

S18 Pharmacy Jiangxi Decoction pieces Slices Very bitter IS 

S19 Specialty shop Meizhou, Guangdong 
Wild, ingredient of 

soup 
In bundle Slightly bitter ILG 

S20 Pharmacy Huizhou, Guangdong For herb tea 
Slices, with white 

powder on surface 

Slightly bitter and 

astringent 
A. grossedentata 

S21 Specialty shop Meizhou, Guangdong 
Hakka‘s specialty, 

ingredient of soup 
Slices Slightly bitter ILG 

S22 Food shop Meizhou, Guangdong Ingredient of soup Slices Slightly bitter ILG 

S23 Specialty shop Longyan, Fujian Herb tea Slices Slightly bitter ILG 

S24 Specialty shop Meizhou, Guangdong 

Authentic species, 

Hakka‘s specialty, 

ingredient of soup 

Slices Slightly bitter ILG 

S25 Specialty shop Meizhou, Guangdong 
Hakka‘s specialty, 

ingredient of soup 
In bundle Slightly bitter ILG 

S26 Herbal Shop Meizhou, Guangdong 
Wild, decoction pieces, 

bitter species 
Slices Very bitter IS 

S27 Herbal Shop Meizhou, Guangdong 
Wild, decoction pieces, 

sweet species 
Slices Slightly bitter ILG 
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Automated class prediction 

A prediction model was first built using the UPLC-MS data of the fifteen 

reference plants. Significant signals were found by series of statistical calculation 

and filtration, followed by statistical validation which is presented in confidence 

measure to show the accuracy of prediction of each class. The model was finally 

visualized by PCA. In this model, naive Bayesian classifier, which is a multi-class 

parameter-based statistical classifier, was used. The model can predict the 

probability that a test sample belongs to a certain class. As preliminary analysis of 

A. grossedentata by UPLC-MS showed its chemical composition is greatly 

different from those of Isodon species (Figure 6-4), hence the UPLC-MS data of 

the eight batches were excluded in the automated sample class prediction. The 

UPLC-MS data of the remaining nineteen commercial samples were imported and 

classified by the prediction model. Twelve samples were predicted as ILG (sample 

01, 02, 08, 13, 16, 19, 21, 22, 23, 24, 25, 27) and six samples were predicted as IS 

(sample 05, 07, 10, 12, 18, 26) with a high confidence measure of 1.000, while 

sample 17 was predicted as IS with a low confidence measure of 0.692. One of the 

representative prediction reports is shown in Figure 6-5. As depicted in the figure, 

the UPLC-MS data of the sample was converted into three principal components 

and compared with those of the model. Manual identification of the samples with 

the twenty-seven characteristic peaks was also done to further confirm the result. 

All of them were consistent with the result of automated prediction, except sample 

17, the one with low confidence measure, cannot be identified and is not one of the 

three Isodon species. 

 

Figure 6-4 The BPC of methanol extract of A. grossedentata. 
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Figure 6-5 The prediction report of S02. 

 

According to the species identification result, ILG was the major source of 

Xihuangcao, IS is used in approximately one-quarter of the samples (22%), and IL 

is not used at all. Xihuangcao is mainly sold as a special local product in the 

market, which is for preparing soup or herbal tea. IS is very bitter in taste but IL 

and ILG are only slightly bitter, this may be the reason of why IS only account for 

a small percentage of the Xihuangcao sampled in this market investigation. For IL, 

it is an annual or short-lived perennial herb, while its variety ILG is an undershrub 

that usually more than 1 m tall. Thus, ILG is more desirable for cultivation in the 

view of production yield. The large proportion of adulterant (33%) was found in 

this study also rises the concern of the quality of the Xihuangcao in retail markets. 
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6. 3 Ingredients Authentication of Commercial 

Xihuangcao Herbal Tea Bags 

6.3.1 Material and Methods 

Material 

Eight herbal tea bags which claim to contain Xihuangcao were collected 

from retail stores in China (Table 6-2, Figure 6-6). Reference materials used 

including Rattan Tea (collected from Guangdong Huizhou, China), Tea leaf 

(collected from Hong Kong market), Chinese Hawthorn (collected from Shandong 

Pingyi, China), Japanese St. John's Wortherb (collected from Hong Kong market), 

Ilex Asprella root (collected from Hong Kong market), Canton Love-pea vine 

(collected from Hong Kong market), Snake-needle Grass (collected from 

Guangdong Luoding, China), Glossy Ganoderma (collected from Hong Kong 

market), Japanese Honeysuckle flower (collected from Hong Kong market), 

Chrysanthemum (collected from Hong Kong market), Mulberry Leaf (collected 

from Jiangxi Yifeng, China), Lalang Grass rhizome (collected from Anhui Taihe, 

China), Tangerine peel(collected from Hunan Changsha, China), Plantain 

herb(collected from Hunan Hengyang, China), Lophatherum herb (collected from 

Hunan Hengyang, China), Poria (collected from Hong Kong market),Jelly Grass 

(collected from Hong Kong market), Dogbane leaf (collected from Xinjiang Korla, 

China), Heartleaf Houttuyniaherb (collected from Yunnan Dali, China) and 

Licorice root (collected from Hong Kong market). They were all authenticated, 

powdered and then passed through a sieve with 250 μm average internal diameter 

of aperture before use. 

 

Reagents and chemicals  

Reagents used were chloral hydrate (AcrosOrganics, USA), glycerol 

(Panreac, European Union) and acetic acid (Uni-chem, China). Chloral hydrate 

test solution was prepared by dissolving 50.0 g chloral hydrate in a mixture of 15 

mL water and 10 mL glycerol. Dilute glycerol test solution was prepared by 

diluting 33 ml of glycerol with water to 100 ml. 

All the chemicals used were of HPLC grade. Methanol and acetonitrile 
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were purchased from E. Merck (Darmstadt, Germany). Formic acid (purity 96.0%) 

was purchased from Tedia Company Inc. (U.S.A.). Water was obtained from a 

Milli-Q water purification system (Millipore, Bedford, MA, U.S.A.). 

 

Apparatus 

Leica DM5000B Upright Microscope and Leica DFC450 Digital Camera, 

with software Leica Application Suite Version 4.3.0.were used in microscopic 

authentication. 

The UPLC-ESI-QTOF-MS/MS analysis was performed on Agilent 6540 

accurate mass Q-TOF LC/MS system (Agilent Technologies, U.S.A.). The 

chromatography was performed on a UPLC C18 analytical column (2.1 mm × 5 

mm, I.D. 1.7 μm, ACQUITY UPLC® BEH, Waters, U.S.A.). 

 

 

Figure 6-6 The collected Xihuangcao herbal tea bags. 
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Identification of the Ingredients in Xihuangcao Herbal Tea 

Two bags of tea were taken from each batched of samples, powdered and 

passed through a sieve with 250 μm average internal diameter of aperture. The 

sieved samples were treated with chloral hydrate test solution or glycerol-acetic 

acid and were observed under a common light and polarized microscopy. Five 

slides form each samples were observed to ensure all distinct and representative 

characteristics were chosen and photographed. The features were identified by 

comparing with the results of Xihuangcao original plants and other references, 

and identified herbals were further confirmed with authenticated reference 

material. 

 

UPLC-ESI-QTOF-MS/MS Analysis of the Ingredients in Xihuangcao 

Herbal Tea 

For the reference plants and materials, 0.1 g of each powdered sample 

was accurately weighed into a 15 ml centrifuge tube; 10 ml of methanol was 

added and sonicated for 30 min at room temperature. The supernatant was 

centrifuged at 12000 rpm for 10 min for injection.For herbal tea samples, 0.5 g of 

powder each powdered sample was used.  

The mobile phase of UPLC separation consisted of solvent A (0.1%, v/v, 

of formic acid in water) and solvent B (0.1% ,v/v, of formic acid in acetonitrile). A 

gradient elution was used: 0-15 min, 2-45% B; 15-22 min, 45-75% B; 22-25 min, 

75-100% B; 25-30 min 100% B. The flow rate was 0.4 ml/min, the injection 

volume was 2 μL, and the column temperature was maintained at 40℃.  

The detection by ESI-QTOF-MS/MS was performed in negative ion 

mode. The source parameters were set as follows: nitrogen as collision gas, gas 

temperature 300℃, gas flow 8.0 /min, nebulizer 45 psi, sheath gas temperature 

350℃, sheath gas flow 8.0 /min. The scan source parameters: VCap 3500, nozzle 

voltage 500V, fragmentor 120. Automatic MS/MS was performed by using fixed 

collision energy 15 and 30 eV. 

Data analysis was carried out with Agilent MassHunter Workstation 

Software-Qualitative Analysis software (version B.06.00, build 6.0.633.0, Agilent 
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Technologies Inc. 2012). Target m/z was extracted in EIC chromatograms with m/z 

correct to 2 decimal places, with tolerance 0.0100 m/z. 

 

6.3.2 Results and discussion 

Identification of ingredients in commercial Xihuangcao herbal teas by 

microscopic technique 

The ingredients of the eight commercial Xihuangcao herbal teas 

purchased were first identified by microscopic features. The information of the 

samples and the identification results were listed in Table 6-2. Twenty-two herbs 

were found in the eight samples, their key identification features were shown in 

Table 6-3 and Figure 7-7. Xihuangcao was found in seven out of eight samples. 

Of these, five were identified as IS, one were identified as ILG while one were 

identified as the mixture of IS and ILG. Thus it appears that, IS, the “bitter 

Xihuang”, is the major species of Xihuangcao used in tea bag. There are views 

that the“bitter Xihuang” is not the traditionally used species as the leaves of I. 

serra do not have yellow juice when rubbed, which is the major identification 

feature of Xihuangcao recorded in ancient herbal medicine books. It is surprised 

that the bitter one is mainly used but not the sweet one. The reason may be IS has 

a higher yield than ILG (Deng, 2009), and it is more widely cultivated for 

commercial use (Chen & Pen, 2011). 

It is noteworthy that no evidence of any species of Xihuangcao was 

found in one of the samples, also some ingredients which listed on the labels 

cannot be found. For examples, Poria is listed in T02, T03, T04, T05, T06 and 

T07, but was observed in T07 only. On the other hand, some herbs which are not 

listed as ingredients were found in the samples, including Tea leaf, Ilex Asprella 

root, Rattan Tea, Japanese St. John's Wort herb, Snake-needle Grass, Japanese 

Honeysuckle flower, Tangerine peel, Plantain herb, Jelly Grass, Dogbane leaf and 

Canton Love-pea vine. Rattan Tea and Japanese St. John's Wort herb appeared in 

five of the samples, Tea leaf and Ilex Asprella root were found in four samples. 

Rattan Tea is one kind of poplar healthy tea in China, with the function of clearing 

heat and resolving toxicity. It is sometimes confused with Xihuangcao in markets 
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as the sellers claimed it as wild Xihuangcao with superior effect (Chen et al., 

1996). Japanese St. John's Wort herb and Canton Love-pea vine are herbal 

materials used in southern China, having a similar effect that can treat jaundice 

which is similar to Xihuangcao. Ilex Asprella root, Snake-needle Grass, Japanese 

Honeysuckle flower, Plantain herb and Jelly Grassare commonly used ingredients 

of Liangcha, the herbal teas in Southern China, this may explain why they were 

found in the herbal tea bags. 

It is quite surprising that none of the samples match their labels; in some, 

listed ingredients were not found, while in others unlisted ingredients were found. 

The reason for omission may be that the manufacturer considers these ingredients 

as part of a “secret formula”, which they do not want to fully divulge. It must be 

pointed out that some ingredients that do not comply with the Food Safety Law of 

the People's Republic of China were also found. According to the law, addition of 

drugs was not allowed in food, except those ingredients which are both food and 

medicinal materials in tradition. Canton Love-pea vine and Snake-needle Grass 

are not in the licensed list; in other word, they were illegally added. Although the 

hidden ingredients found in this study are not toxic and most of them are 

traditionally used as daily health care food, there are still potential risks to 

consumers, especially children, pregnant women, elderly and those with chronic 

diseases, when using health care products with unknown components. 
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Table 6-2 Xihuangcao herbal tea bags collected from retail market and the identification result. 

Sample 

no. 
Name Source 

Production 

date 
Ingredients listed Ingredients Identified 

S01 Xi Huang Cha 
Longyan, Fujian 

Province 
2013-01-15 Xihuangcao leaf Tea leaf, unknown leaf 

S02 
Ling Zhi Xi Huang 

Cao Cha 

Yangshan, 

Guangdong 

Province 

2013-12-23 
Poria,Chrysanthemum ,Chinese 

Hawthorn 

Xihuangcao (I. serra), Tea leaf, 

Chinese Hawthorn, Rattan Tea, 

Japanese St. John's wort Herb, 

Glossy Ganoderma, Ilex Asprella 

root,Japanese Honeysuckle 

flower 

S03 Xi Huang Cao Cha 

Yangshan, 

Guangdong 

Province 

2014-01-03 
Poria,Chrysanthemum ,Chinese 

Hawthorn 

Xihuangcao (I. serra), Tea leaf, 

Chinese Hawthorn, Rattan Tea, 

Japanese St. John's wort Herb, 

Glossy Ganoderma, Ilex Asprella 

root,Canton Love-pea vine, 

Snake-needle Grass 

S04 
Xi Huang Cao Liang 

Cha 

Yangshan, 

Guangdong 

Province 

2013-05-18 

Glossy Ganoderma, 

Poria,Chrysanthemum ,Chinese 

Hawthorn 

Xihuangcao (I. serra), Tea leaf, 

Chinese Hawthorn, Rattan Tea, 

Japanese St. John's wort 

Herb,Ilex Asprella root, 

Chrysanthemum, Mulberry leaf 

S05 
Xi Huang Xia Cao 

Cha 

Qingyuan, 

Guangdong 

Province 

2013-03-09 

Heartleaf Houttuynia herb, 

Selfheal spilke, Poria, 

PaniculateMicrocos leaf, 

Lophatherum herb, fresh 

Xihuangcao(I. lophanthoides var. 

graciliflorus), Rattan Tea, 

Japanese St. John's wort Herb, 

Ilex Asprella root, Heartleaf 
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Lalang Grass rhizome, Emblic 

leaf-flower fruit, Raisin Tree 

seed, Licorice root 

Houttuynia herb,Mulberry leaf, 

Plantain Herb, Dogbane leaf, 

LophatherumHerb 

S06 
Xi Huang Shan Cao 

Cha 

Jieyang, 

Guangdong 

Province 

2013-10-05 

Solomonsealrhizome, Chinese 

Yam, Poria, Japanese 

Honeysuckle flower, Mulberry 

leaf, Lotus leaf 

Xihuangcao(I. lophanthoides var. 

graciliflorus and I. serra), 

Licorice root, Japanese 

Honeysuckle flower 

S07 Xi Huang Cha 

Qingyuan, 

Guangdong 

Province 

2014-01-03 

Poria, Chinese Hawthorn, Cape 

Jasmine fruit, Heartleaf 

Houttuynia herb, Mulberry leaf 

 

Xihuangcao (I. serra), Chinese 

Hawthorn, Japanese St. John's 

wort Herb,Poria, Japanese 

Honeysuckle flower, Glossy 

Ganoderma, Snake-needle Grass 

S08 Xi Huang Cha 

Qingyuan, 

Guangdong 

Province 

2014-01-13 

Heartleaf Houttuynia herb, 

Chrysanthemum, Cape Jasmine 

fruit, Lotus leaf, Bitter Apricot 

seed, Cassia seed 

Xihuangcao (I. serra), Rattan 

Tea,Chrysanthemum, Mulberry 

leaf, Tangerine peel, Jelly Grass 

 

  



134 

 

Table 6-3 The microscopic features of the ingredients identified in the Xihuangcao tea bags. 

Name Species (Family) Part used Key Feature(s) 

Tea leaf 
Camellia 

sinensis(Theaceae) 
Leaf 

Stone cells (large, irregularly branched); Lower epidermal cells (irregular, 

with relatively thick cuticle, stomata actinocytic ) (Xu, 1986) 

Rattan Tea 
Ampelopsis grossedentata 

(Vitaceae) 

Young leaf 

and stem 

Raphides of calcium oxalate(in bundle, present in mesophyll);Lower 

epidermal cells of leaf( irregular, covered with thick cuticle with wavy 

striations) (Liu & Zhou, 1999) 

Japanese St. John's 

wort Herb 

Hypericumjaponicum 

(Clusiaceae) 
Whole plant 

Secretory cells (scattered in mesophyll, with somewhat thickened 

wall);Epidermal cells of testa(linear or subpolygonal, lignified) (Hong Kong 

(China) Department of Health Chinese Medicine Division, 2012) 

Chinese Hawthorn 
Crataegus pinnatifida var. 

major (Rosaceae) 
Fruit 

Stone cells (with distinct pit cannals, lumens usually filled with brown 

substances) (Xu, 1986) 

Ilex Asprella root Ilex asprella(Aquifoliaceae) 
Root and 

rhizome 
Fibers (with spiral thickening inside the inner wall) (Xu, 1986) 

Glossy Ganoderma 

Ganodermalucidum or 

Ganodermasinense(Ganode

rmataceae) 

Sporophore Hyphae (pale brown, in clumps or scattered) (Chen, 2010) 

Chrysanthemum 
Chrysanthemum 

morifolium(Asteraceae) 
Capitulum Pollen (subsperical, tricolpate, surface echinate) (Xiao , 2002a) 
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Mulberry Leaf Morus alba (Moraceae) Leaf Cystoliths (heliciform, mainly scattered in upper epidermis) (Xu, 1986) 

Canton Love-pea 

vine 

Abruscantoniensis(Fabacea

e) 
Whole plant 

Non-glandular hair (unicellular, surface with fine warts); Crystal fibres (fibre 

bundles surrounded by cells contain prisms of calcium oxalate) (Hong Kong 

(China) Department of Health Chinese Medicine Division, 2013) 

Snake-needle grass 
Oldenlandiadiffusa(Rubiace

ae) 
Whole plant 

Fibers of pericarp (arranged in a crisscross pattern); Raphides of calcium 

oxalate (in bundle, present in mesophyll) (Xu, 1997) 

Japanese 

Honeysuckle Flower 

Lonicerajaponica(Caprifoli

aceae) 
Flower bud Pollen (yellow, subtriangle, tricolporus, surface spinulose) (Xu, 1986) 

Plantain Herb 

Plantagoasiatica or 

Plantago depress 

(Plantaginaceae) 

Whole 
Glandular hair (with a 2-celled head, elliptical, stalk unicellular); Epidermal 

cells of leaf (subretengular) (Xu, 1986) 

Lophatherum Herb 
Lophatherum gracile 

(Poaceae) 
Aerial part 

Upper epidermal cells (subsquare, anticlinal walls sinuous); Lower epidermal 

cells (subrectangular, long cells and short cells alternately arranged) (Xu, 

1986) 

Heartleaf Houttuynia 

Herb 

Houttuyniacordata(Saurura

ceae) 
Aerial part 

Oil cells (scattered in epidermis); Upper epidermal cells (polygonal and with 

wavy striations on the surface) (Hong Kong (China) Department of Health 

Chinese Medicine Division, 2011) 

Dogbane Leaf 
Apocynumvenetum 

(Apocynaceae) 
Leaf 

Epidermal cells of leaf (polygonal); Cells of mesophyll (contain 

reddish-brown content) (Hong Kong (China) Department of Health Chinese 

Medicine Division, 2012) 

Licorice root Glycyrrhizauralensis or 

Glycyrrhizainflata 
Root and Crystal fibres (fibre bundles surrounded by cells contain prisms of calcium 
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(Leguminosae) rhizome oxalate); Cork cells (polygonal, reddish-brown) (Xu, 1986) 

Poria 
Wolfiporiaextensa 

(Fomitopsidaceae) 
Sclerotium Clumps of hyphae (colorless, irregular) (Xu, 1986) 

Jelly grass 
Mesonachinensis(Lamiacea

e) 
Aerial part 

Mucous cells (numerous, scattered in mesophyll cell) (State Administration 

of Traditional Chinese Medicine of China, 1999) 

Tangerine Peel Citrus reticulate (Rutaceae) Pericarp 

Crystals of hesperidin (subrounded or irregular); Cells of exocarp (polygonal, 

usually adhering parenchymatous cells with prism of calaium oxalate) (Xu, 

1986) 

Lalang Grass 

Rhizome 

Imperatacylindrica var. 

major (Poaceae) 
Rhizome 

Epidermis (consists of cells arranged in rows, with the pattern of 1 long cell 

alternating with 2 short cells) (Xiao, 2002b) 
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Figures 6-3: Ingredients identified in the Xihuangcao tea bags.  

1. Xihuangcao (Isodon serra) (1-1 Non-glandular hair, 1-2 Lower epidermal cells and glandular 

scale, 1-3 raphides of calcium oxalate); 2. Xihuangcao (Isodon lophanthoides var. graciliflorus) 

(2-1 Non-glandular hair, 2-2 Lower epidermal cells, glandular scale and glandular hairs); 3. Tea 

leaf (3-1 Stone cells, 3-2 Lower epidermal cells); 4. Rattan Tea (4-1 Raphides of calcium oxalate, 

4-2 Upper epidermal cells of leaf); 5. Japanese St. John's Wort herb (5-1 Secretory cells, 5-2 

Epidermal cells of testa); 6. Chinese Hawthorn (Stone cells); 7. Ilex Asprella root (Fibers); 8. 

Glossy Ganoderma (Hyphae); 9. Chrysanthemum (Pollen); 10. Mulberry leaf (Cystoliths); 11. 

Canton Love-pea vine (11-1 Crystal fibres, 11-2 Non-glandular hair); 12. Snake-needle Grass 12-1 
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Fibers of pericarp, 12-2 Raphides of calcium oxalate); 13. Japanese Honeysuckle flower (Pollen); 

14. Plantain herb (Glandular hair); 15. Lophatherum herb (15-1 Lower epidermal cells, 15-2 Upper 

epidermal cells); 16. Heartleaf Houttuynia herb (Oil cells and upper epidermal cells); 17. Dogbane 

leaf (17-1 Epidermal cells of leaf, 17-2 Cells of mesophyll); 18. Licorice root (18-1 Crystal fibres , 

18-2 Cork cells); 19. Poria (Clumps of hyphae); 20. Tangerine peel (20-1 Crystals of hesperidin, 

20-2 Cells of exocarp); 21. Jelly Grass (Mucous cells); 22. Lalang Grass rhizome (Epidermis).  

 

 

Identification of the major ingredients in the samples by 

UPLC-ESI-QTOF-MS/MS 

Rattan Tea, Japanese St. John's Wort herb, Tea leaf, Chinese Hawthorn 

and Ilex Asprella root were found to be the most common ingredients in the 

samples. The chemical profiles reference materials of the five herbs, together with 

the reference plants of the three botanical origins of Xihuangcao were studied. A 

general elution gradient was used to separate the methanol extract of all the 

reference materials and herbal tea samples, the compounds form low to high 

polarity can be included. Two to three peaks from each reference materials were 

used to identify the corresponding herb in herbal tea samples. The chosen peaks 

were identified by literature and databases, and they should be in both high 

intensity and representative. For example, a high intensity peak with m/z 359.0780 

was found in the chromatogram of I. lophanthoides at 8.9 min and was identified 

as rosmarinic acid (Kuang et al., 2013; MassBank Record: PR040220, n. d.). It 

was not used as a reference peak as rosmarinic acid can be found in numerous 

herbs. Analyses were carried out in both negative and positive modes, but only the 

chromatograms in negative mode were shown because the representative peaks 

selected from all reference materials could be easily found in the chromatograms 

of herbal tea samples. The details of the representative peaks are listed in Table 

6-4, and the typical UPLC-MS chromatograms of the reference materials are 

shown in Figure 6-8.  
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Table 6-4 The detail of the selected peaks of reference materials. 

Name 

(Species) 
Peak no. 

Retention 

time (min) 

Molecular ion 

(m/z) 
Fragment ions(m/z) 

Collision 

energy 

(eV) 

Proposed compound 
Calculated 

formula 

Calculated 

mass 

Mass 

accuracy 

(ppm) 

Xihuangcao 

(IL) 

IL-1 14.9 
433.1872[M-

H]
-
 

329.1741, 389.2032, 

341.1765, 331.1904 
15 Unknown C23H30O8 434.1941 0.92 

IL-2 16.0 
387.1823[M-

H]
-
 

372.1589, 327.1612, 

312.1372, 297.1142 
15 Unknown C22H28O6 388.1886 2.58 

IL-3 17.6 
329.1764 

[M-H]
-
 

312.1528, 299.1285 15 Unknown C20H26O4 330.1831 1.82 

Xihuangcao 

(ILG) 

ILG-1 16.0 
387.1831 

[M-H]
-
 

372.1602, 327.1618, 

312.1378, 297.1148 
15 Unknown C22H28O6 388.1886 4.64 

ILG-2 17.6 
329.1773 

[M-H]
-
 

314.1542, 299.1305 15 Unknown C20H26O4 330.1831 4.54 

Xihuangcao 

(IS) 

IS-1 8.7 
409.1882[M+

FA-H]
-
 

363.1822, 315.1621, 

292.1517 
15 

Lasiodonin (Liu, Du et 

al., 2010)
 C20H28O6 364.1886 3.84 

IS-2 10.5 
407.1728[M+

FA-H]
-
 

361.1680, 269.1581, 

257.1556 
15 Unknown C20H26O6 362.1729 4.69 

IS-3 14.7 
537.2363[M+

FA-H]
-
 

449.2167, 389.1985. 

329.1757, 299.1659 
15 

Rabdosianin A
 
(Sun, 

Xu et al., 2001) 
C26H36O9 492.2359 4.47 

Tea leaf 

(Camellia 

sinensis) 

CS-1 4.6 
305.0675 

[M-H]
-
 

219.0675, 167.0362, 

137.0257, 125.0256 
15 

Gallocatechin 

(López-Gutiérrez et al., 

2015)
 

C15H14O7 306.0740 2.61 

CS-2 5.8 
289.0731 

[M-H]
-
 

245.0835, 203.0730, 

151.0408, 125.0256, 

123.0462, 109.0305 

15 

Catechin 

(López-Gutiérrez et al., 

2015) 

C15H14O6 290.0790 4.83 

CS-3 5.9 457.0796 305.0702, 169.0163, 15  Gallocatechin gallate
 C22H18O11 458.0849 4.37 
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[M-H]
-
 125.0258 (López-Gutiérrez et al., 

2015) 

Rattan Tea (A. 

grossedentata) 

AG-1 6.0 
639.1035 

[2M-H]
-
 

319.0472, 301.0371, 

193.0145 
15  

Dihydromyricetin(Wan

g et al., 2011)
 C15H12O8 320.0532 4.06 

AG-2 7.4 
463.0903 

[M-H]
-
 

316.0234, 271.0263 15 
Myricitrin

 
(Wang et al., 

2011) 
C21H20O12 464.0955 4.52 

Japanese St. 

John's wort 

Herb 

(Hypericum 

japonicum) 

HJ-1 6.8 
449.1106 

[M-H]
-
 

303.0517, 285.0415, 

275.0568, 125.0245 
15 

Taxifolin-7-O-rhamnos

ide (Li et al., 2007)
 C21H22O11 450.1162 3.78 

HJ-2 7.6 
463.0902 

[M-H]
-
 

300.0285, 271.0249, 

255.0292 
15  

Isoquercitrin
 
 (Li et 

al., 2007) 
C21H20O12 464.0954 4.52 

HJ-3 8.4 
447.0951 

[M-H]
-
 

300.0283, 271.0259, 

255.0309 
15 

Quercitrin
 
 (Li et al., 

2007) 
C21H20O11 448.1006 4.02 

Chinese 

Hawthorn 

(Crataegus 

pinnatifida var. 

major) 

CPM-1 1.0 
191.0204 

[M-H]
-
 

111.0092 15 

Citric acid (Birkler et 

al., 2010; Wu et al., 

2014)
 

C6H8O7 192.0270 3.65 

CPM-2 5.2 
239.0572 

[M-H]
-
 

179.0365.177.0561, 

149.0617, 133.0663, 

107.0503 

15 
Eucomic acid (Chang, 

2002)
 C11H12O6 240.0634 4.58 

CPM-3 5.8 
289.0731 

[M-H]
-
 

245.0813.203.0717, 

151.0408, 123.0453, 

109.0293 

15 
Epicatechin (Cui et al., 

2006)
 C15H14O6 290.0790 4.83 

Ilex Asprella 

root (Ilex 

asprella) 

IA-1 12.9 
845.4041 

[M-H]
-
 

683.3507 30 
Asprellanosides A 

(Zhou et al., 2012)
 C41H66O16S 846.4072 4.96 

IA-2 16.8 
727.3429 

[M-H]
-
 

647.3846, 254.9838, 

175.0261 
30 Unknown C32H56O18 728.3467 4.81 

IA-3 16.9 
683.3502 

[M-H]
-
 

683.3502 30 
Asprellanosides B

 

(Zhou et al., 2012)
 C35H56O11S 684.3543 4.68 
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Figures 6-8 The BPC and the colored EIC of selected peaks of reference plants and 

materials. 

  

The identification of herbs was done by extracting corresponding peaks 

in EIC of the samples, followed by comparison of retention time and fragment 

ions in MS/MS spectra. Figure 6-9 showed the chromatograms of the eight herbal 
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tea samples, each chromatogram is the BPC of the sample overlapped with the 

colored EIC chromatograms of the identification peaks. The identification peaks 

of IS were found in T02, T03, T04, T06, T07 and T08, that of ILG were found in 

T05 and T06, and none of any identification peaks of the three Isodon species can 

be extracted from T01. Peaks of Rattan Tea were found in T02, T03, T04, T05 and 

T08. Peaks of Japanese St. John's Wort herb were extracted from T02, T03, T04, 

T05 and T07. T01, T02, T03 and T04 were found to have the peaks of Tea leaf. 

Peaks of Chinese Hawthorn were found in T02, T03, T04 and T07, whereas those 

of Ilex Asprella root were found in T02 to T05. All of them were consistent with 

the result of microscopic authentication. The result of UPLC-ESI-QTOF-MS/MS 

supported the high accuracy of microscopic identification by cellular features.  
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Figures 6-9 BPC and the colored EIC of identified peaks of Xihuangcao herbal tea 

samples. 
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6.4 Conclusion  

Source species of commercial Xihuangcao products, including decoction 

pieces and herbal tea bags, were identified by macroscopic, microscopic and 

UPLC-MS techniques. For decoction pieces, ILG was the major source which 

account for 44% of the collected samples. Large proportion of adulterant 

including 8 batches of A. grossedentata and 1 batch of unknown plant were found. 

For the herbal tea bags, IS is the major species. One of the samples did 

not contain any Xihuangcao, also some ingredients listed on labels were not found. 

But some herbs which were not listed were also identified from the samples, and 

the most common ingredients are Rattan Tea, Japanese St. John's Wort herb, Tea 

leaf, Chinese Hawthorn and Ilex Asprella root. The present finding indicates that 

it is important to take actions to control the quality of herbal tea bags in the retail 

markets. 
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CHAPTER 7 CONCLUSIONS AND FUTURE 

PROSPECTS 
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7.1 Conclusion 

Xihuangcao is a folk medicinal herb used in southern China. As limited 

information about the source of Xihuangcao can be found in ancient documents, a 

variety of plants are used as Xihuangcao. They are often used indiscriminately, 

numerous commercially available herbal products list Xihuangcao as an 

ingredient without listing the source species. This situation has led to a growing 

concern about the differentiation and quality evaluation of Xihuangcao. To 

address this concern, a systematic study was conducted to clarify the origin of 

Xihuangcao, and authentication methods were built. 

Textual research and field investigation of Xihuangcao were first 

conducted. Four Isodon species (family Lamiaceae) were recorded in research 

papers as the plant sources of Xihuangcao. However, a new classification 

suggested in 2004 merged the varieties of IL. The origins of Xihuangcao should 

only have three plants, namley IL, ILG and IS. Seventeen ancient herbal 

documents of Xihuangcao were studies, in most of the documents, “yellow juice” 

was recorded as a feature of the origins. Xihuangcao was first documented by 

Compendium of common folk medicine used in Jieyang in October 1962, ILG was 

recorded as botanical origin. IL was the major species in the ancient texts, IS was 

only listed as one of the sources in recent herbal references. During the field 

investigation, two major types of Xihuangcao which commonly called “sweet 

xihuang” (identified as IL and ILG) and “bitter xihuang” (identified as IS) were 

found. “Long leaves species”, which identified as I. nervosus was also found to be 

used by a few local people. The “yellow juices” was proven to be the exudates of 

glandular scales on the leaves and stems surfaces. 

Macroscopic and microscopic authentications of the three Isodon species 

were done. IL and ILG share very similar features, but IS can be easily 

distinguished. IL and ILG are slightly bitter and astringent in taste, leaf margins 

are crenate or serrate. They can be distinguished by the morphological features of 

leaves, which leaves of IL is ovate or broad-ovate, that of ILG is elliptical, 

long-ovate to ovate-lanceolate. They also have minor differences in the shape of 

epidermal cells of leaf, which the anticlinal walls of IL are relatively straighter 

than that of ILG. IS is bitter in taste, leaf margins are incurved-serrate, petioles 
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broadly winged toward apex. The presence of small raphides of calcium oxalate in 

leaves and stems are the major difference with IL and ILG. 

UPLC-MS fingerprinting was also applied for the differentiation of the 

three source plants. The chemical profiles of IL and ILG were similar, while IS 

has its specific chemical profiles. Twenty-seven characteristic peaks were chosen, 

including rosmarinic acid, schaftoside, isoschaftoside and six ent-kaurane type 

diterpenoids. The results were well verified by PCA, HCA and OPLS-DA, which 

showed a good distinction of the three species. The possible fragmentation ions of 

the identified or tentatively identified diterpenoids in MS/MS were also proposed. 

In tissue-specific profiling, the major active compounds diterpenoids were found 

to be accumulated in the glandular scales of all the three species. The result 

indicated the traditional identification features of Xihuangcao, the “yellow juices” 

appeared when rubbed, also revealed the chemical differences between species. 

UPLC-ESI-QTOF-MS/MS was used to profile the lipid compositions of 

IL, ILG and IS. Nine classes of lipids from three categories including PC, PE, PG, 

PI, MGDG, DGDG, SQDG, Cer and GlcCer were selected for analysis. The 

identification of different lipids classes were done by spectra extraction tools EIC 

and pNLC. A total of 92 lipids were identified, including 12 PCs, 8 PEs, 10 PGs, 2 

PIs, 10 MGDGs, 10 DGDGs, 7 SQDGs, 19 Cers and 14 GlcCers. The lipid 

profiles of the three Isodon species were qualitatively the same but not 

quantitatively. Statistical analyses showed IS has distinctly different lipid profile, 

while that of IL and ILG are very similar. 

In the last part of the study, macroscopic authentication, microscopic 

authentication and UPLC-MS fingerprinting were applied to find out the source 

plants used in commercial Xihuangcao products. Macroscopic and microscopic 

techniques were used to identify twenty-seven batches of Xihuangcao decoction 

pieces, ILG was found to be the major source. 33% of the collected samples were 

identified as adulterant, most of them are A. grossedentata. Microscopic 

authentication and UPLC-MS fingerprinting were used to identify the ingredients 

of Xihuangcao herbal tea bags. Xihuangcao can be found in seven out of eight 

samples, IS is the major species. None of the samples match their labels; in some, 

listed ingredients were not found, while in others unlisted ingredients were found. 
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Four authentication methods were built in this study, including 

macroscopic authentication, microscopic authentication, UPLC-MS fingerprinting 

and lipid profiling. Each method has its own characteristics and advantages, and 

can be applied in different conditions. Macroscopic authentication is a fast and 

straightforward method, no equipment is needed and can be the first step of 

identifying an herb; however, it cannot be applied to broken or extracted samples. 

Microscopic authentication only requires simple equipments and small amount of 

samples, and can be used for identifying broken or powdered herbs, especially 

complicated mixtures. UPLC-MS fingerprinting can accurately identify the three 

source species by their chemical differences; however, costly instrument is needed, 

and is not effective for mixed herbs. The three methods can be used in 

associatively to complement the insufficiency of each method, and were 

successfully applied in identifying the commercial Xihuangcao decoction pieces 

and herbal tea bags. Lipid profiling may not be a practical mean to authenticate 

the three species in the current state; nonetheless, the study provided fundamental 

information on further elucidation of the bioactive compounds production, which 

is important for the quality evaluation of Xihuangcao.  

According to the present studies, the textual research found that IL and 

ILG are the botanical sources of Xihuangcao in ancient herbal documents, IS only 

be recorded in recent references. In the chemical study, different types of 

diterpenoids were identified in IL, ILG and IS. Moreover, Xihuangcao were 

initially used as an edible ingredient in soup, the very bitter IS are seemingly not 

able to be used. For the aforementioned reasons, IL and ILG most likely to be the 

authentic origins of Xihuangcao, IS should not be used as the same herb. 
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7.2 Future Prospects 

Diterpenoids are the major active compounds in Isodon species, abietane 

and tricyclic diterpenoids were reported to be the major type of diterpenoids in IL 

and ILG. In the UPLC-MS fingerprinting, none of reported diterpenoids match the 

peak of IL and ILG. It seems that the chemical constituents of the two species are 

still not clear. Further isolation and identification of new diterpenoids in IL and 

ILG will be done. 

Due to the lack of commercial available standard compounds, UPLC-MS 

fingerprinting was first used to differentiate the three source plants of Xihuangcao. 

As the instrument required is relatively costly and may not available in routine 

testing laboratories, more commonly used methods including TLC, HPLC- 

photodiode array detection (DAD) fingerprinting will be developed for practical 

application.  

Xihuangcao is mainly used in form of decoction. Further study on the 

chemical constituents of the water extracts of the three Isodon species will be 

done. Moreover, granules of Xihuangcao herbal tea and patent medicine, which 

are mainly manufacture by extracting raw materials with water, can also be found 

in the commercial market. The source species of Xihuangcao in the product 

cannot be identified by existing data, further investigation was proposed. 

The result of tissue-specific profiling of the leaves showed the 

diterpenoids were distributed in glandular scales only but not the glandular hairs 

or other parts of tissue. It is an interesting finding, more studies on the distribution 

of active compounds in different secretory tissues were proposed.  

In the lipidomics study, the lipid profiles of the three Isodon species were 

found to be different. As plant lipids play an important role in producing 

secondary metabolites, comparing the lipid profiles of different plant species may 

reveal the role of plant lipids in their distinct secondary metabolite profiles. 

Further studies on elucidating the role of plant lipids in the production of bioactive 

chemicals were proposed. 
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