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 2 

Abstract 24 

Traditional Chinese Medicine (TCM) has yielded many medical benefits for the 25 

prevention and treatment of numerous diseases in China, Asian countries and western 26 

countries. Yet TCM is acting as an important complementation to modern western 27 

medicine for facilitating drug discovery and development. However, many questions 28 

have emerged with TCM development, highlighting the chemical complexity, the fact 29 

that TCM preparations contain undefined bioactive compounds that lead to unidentified 30 

mechanisms of action, toxicity and adverse effects. These questions concerning the 31 

therapeutic efficacy, molecular mechanisms of action and safety issues have prevented 32 

the broader applications of TCM in the biomedical niche related to the drug discovery 33 

and development. Herein, this review shall explore the applicability of metabolomics as a 34 

systems biology strategy for addressing above questions present in TCM field which is 35 

supposed to considerably promote modern drug discovery and development.  36 

Key words:  Molecular Profile, Metabolomics, Drug Discovery and Development, 37 

Traditional Chinese Medicine; Chemical Complexity 38 
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 3 

1 Introduction 47 

Traditional Chinese Medicine (TCM) derives from a series of medical practices from 48 

ancient China that involves marked differences from modern medicine in regards to 49 

treatment tools and the philosophy for diagnosis and therapeutics. TCM continues to play 50 

an important role in health maintenance and improvement for many people in China, 51 

some other Asian countries 1 and even in some western worlds. Indeed, it has been 52 

reported that approximately 60% of the population of mainland China and Hong Kong, 53 

have consulted with traditional medicine practitioners at least once 1. In addition, there is 54 

a growing population in some western countries that receive Traditional Chinese 55 

Medicine treatments 1.  Moreover, global statistics indicate that TCM is in fact an 56 

important complementary practice to western medicine with reference to disease 57 

diagnosis and treatments.  58 

It is well known that refined mixtures of multiple Chinese medicinal plants or 59 

minerals, described as “TCM formula”, are the primary format for the delivery of TCM 60 

in clinical practice by TCM doctors 2. Indeed, the numbers of Chinese medicinal plants in 61 

a typical TCM formula vary from one to about a dozen. Importantly, the small-molecule 62 

compounds present in Chinese medicinal plant are chemically diverse and rather 63 

complex. Moreover, the number of distinct compounds varies from dozens to hundreds or 64 

even thousands in an undefined Chinese medicinal plant, extract or preparation and this 65 

complexity is what primarily accounts for the marked discrepancy in their 66 

physicochemical properties 3, 4. It is understandable that the inherent chemical complexity 67 

of TCM results in many challenges for the modern scientific study of its purported 68 

therapeutic effects, the potential mechanisms of action of the many unidentified bioactive 69 
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 4 

compounds, and importantly their potential toxicity and adverse effects 5-8 (Figure 1). 70 

The identification of the chemical composition in TCM formulae is crucial in order to 71 

begin to address such challenges. 72 

Conventionally, the chemical compounds in TCMs are often identified via the 73 

combined use of NMR, low-resolution mass spectrometry, UV, IR and X-ray 74 

technologies, following preparative steps using HPLC and various chromatography resin 75 

chemistries to isolate individual compounds for pharmacological screening 9-11. While 76 

their efficiency is lower compared to high-throughput chromatography combined with 77 

mass spectrometry methods, these approaches typically embrace a number of 78 

shortcomings during the process of chemical isolation and identification. These include: 79 

cost effectiveness due to the time consuming nature of isolation of individual compounds 80 

for testing; loss of potentially important bioactive trace compounds; and loss of integrated 81 

and holistic effects of the original TCM contributed by multiple bioactive compounds, 82 

however they might be important complementation to the current advanced mass 83 

spectrometry assay.  84 

Advances in analytical instrumentation such as mass spectrometry have markedly 85 

enhanced analytical efficiency, which have allowed researchers to profile and efficiently 86 

identify the compounds present in diverse TCMs 12-14. Apart from being utilized to assess 87 

the global chemical profile of TCM formulae and medicaments, mass spectrometry 88 

approaches can be extended to explore the metabolic signatures of drug metabolism and 89 

pharmacokinetics to evaluate the processing of TCMs in the body. In addition, mass 90 

spectrometry based metabolomics studies can be used to investigate the biological 91 

mechanisms underpinning potential therapeutic actions and toxicity in the host 15-21. This 92 
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 5 

may lead to the discovery of new molecular targets for pharmaceutical development into 93 

new classes of therapeutics for a range of important clinical ailments. 94 

The capability of mass spectrometry is significantly underpinned by the prior 95 

separation of the molecular constituents of samples using chromatographic techniques 96 

(High Performance Liquid Chromatography (HPLC) and Gas Chromatography (GC)) 22-97 

25. Herein, the combined technologies of chromatography and mass spectrometry have 98 

been utilized for metabolomics assay as an emerged and novel  systems biology driven 99 

omics method that is being broadly explored and exploited for addressing the complex 100 

questions raised from TCM niche, such as chemical profile, identification and 101 

characterization of chemical and biochemical compounds, dissection of therapeutic 102 

mechanisms and compatibility principle of TCM, etc 26-33.  103 

During this review, we will emphasize the potential application of mass 104 

spectrometry-based chemical profiling to unveil the chemical composition of TCMs and 105 

their main mechanisms of action. In addition, we will focus on some selected cases that 106 

assist in better understanding the modern analytical approach being adopted to dissect the 107 

inherent chemical complexity of TCM. Finally, in this review we will also focus attention 108 

on the practicality of using mass spectrometry-based metabolomics to the study of TCM 109 

(Figure 2).   110 

 111 

2 Mass spectrometry facilitates the identification of small-molecule compounds in 112 

TCM  113 

Differences in the cultivation of particular species of plants used in TCM, such as 114 

location of production, results in different levels and ratios of molecular constituents in 115 
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 6 

individual plants. This variable chemical complexity basically leads to differences in the 116 

concentrations of bioactive compounds and toxic ingredients associated with specific 117 

TCMs 3, 4, 34. This in turn partially accounts for the unpredictable uniformity and quality 118 

of TCM formulations, which markedly limits their clinical efficacy and broad acceptance 119 

in the international medical community 34-36.  However, the purported benefits of TCM 120 

provide an acceptable rationale for the comprehensive investigation of TCMs to identify 121 

the bioactive molecular constituents in order to strengthen the quality and reliability of 122 

TCM treatments.  123 

In recent years, assorted analytical approaches have been applied for the 124 

identification of chemical compounds present in a diversity of TCM formulae 37-40. These 125 

studies represent a growing body of evidence that suggest that biochemical profiling of 126 

TCM formulae may be a favorable strategy for application of scientific consistency and 127 

quality control. Currently, high-throughput chromatography / spectroscopy is critical for 128 

the establishment of chemical profiles of TCM with, for example, LC-UV, LC-ELSD to 129 

LC-MS and GC-MS commonly being used. Amongst these techniques, ultra-performance 130 

LC or GC -MS has the highest potential to identify large numbers of the diverse chemical 131 

compounds present in TCM preparations, rather than using conventional HPLC-UV 41-46.   132 

For example, an Ultra-Performance Liquid Chromatography (UPLC-MS) based 133 

chemical profile was developed to identify the chemical composition of Yinchenhao 134 

Tang (YCHT), a typical TCM for treatments of diverse liver diseases 47, 48. At the end of 135 

the study, 45 individual chemical species were provisionally identified 4 with holding 136 

promise in quality control of YCHT (Figure 3).   137 
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 7 

As mentioned above, LC-MS based chemical profiling is becoming widely 138 

accepted as a crucial technique for quality control of TCM preparations. LC-MS chemical 139 

profiles were established to evaluate the quality of the TCM Radix scrophulariae, which 140 

is found in various locations of production. From eight batches of Radix scrophulariae 141 

samples, six common chemical compounds were identified, including cetoside, 142 

angoroside C, cinnamic acid, harpagoside, sibirioside A and scrophuloside B 44. In short, 143 

the quality of Radix scrophulariae from different origins can be controlled through 144 

selectively targeting and measuring these six common compounds 44.   145 

In addition, simultaneous quantitation of key compounds using qualitative LC-MS 146 

and quantitative HPLC have been used for quality control of Spirodela polyrrhiza, a well-147 

known TCM. A total of 18 flavonoids were identified, and 14 were described in this 148 

TCM plant for the first time. Furthermore, five common flavonoids were quantified from 149 

different sample batches of Spirodela polyrrhiza, including luteolin 8-C-glucoside, 150 

apigenin 8-C-glucoside, luteolin 7-O-glucoside, apigenin 7-O-glucoside and luteolin, 49.   151 

The TCM plant Fructus evodiae (Wuzhuyu) is widely used in numerous 152 

preparations and its bioactive compounds include the indoloquinazoline alkaloids 153 

rutaecarpine, evodiamine and dehydroevodiamine 50. The LC-MS method used to identify 154 

these compounds was initially developed for simultaneous determination of five 155 

indoloquinazoline alkaloids present in 12 commercial products from different 156 

pharmaceutical companies, and the method was designed as an overall quality control of 157 

those commercial products 50. 158 

Taken together, the studies discussed above suggest that mass spectrometry 159 

coupled with liquid chromatography is currently one of the most valuable tools for 160 
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 8 

identification and quantification of the small-molecule constituency of TCM 161 

preparations. Moreover, it intrinsically implies that these techniques can be used for the 162 

simultaneous determination of key common compounds between batches of important 163 

TCMs and thereby can also be utilized as an approach for the implementation of TCM 164 

quality control.  165 

 166 

3 Mass spectrometry  characterizes metabolic signatures in TCM 167 

Characterization of alterations to the metabolite profile of patients treated with TCM 168 

could typify the phenotype of biochemical processes after selected drugs are applied 169 

against a given disease. TCM treatment possesses similar therapeutic patterns as western 170 

medicine, via chemical compounds exerting biological activities; consequently, the 171 

characterization of metabolic signatures of bioactive compounds may improve our 172 

understanding of the therapeutic and toxic effects of TCM. This approach might permit 173 

optimization of doses and formulations used in clinical applications.  174 

Generally, LC/MS based metabolite profiling and pharmacokinetic assays of 175 

bioactive compounds can be used to characterize primary metabolic signatures in TCM. 176 

18, 19, 51, 52. Scoparone is a bioactive compound derived from Artemisia capillaris Thunb, a 177 

plant that is broadly used to treat diverse liver diseases. Metabolite profiling using 178 

UPLC/MS allowed the identification four novel metabolites in scoparone treated rats, 179 

including scopoletin, isoscopoletin, isofraxidin and fraxidin 53 (Figure 4). The 180 

biochemical annotation performed in this study suggested that the generation of these 181 

metabolites largely accounted for the therapeutic action of the scoparone against broad 182 

liver disorders and jaundice53.  183 

Page 8 of 34Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



 9 

Pharmacokinetics assays represent a potential tool for better understanding the 184 

compatibility principles of TCM formulae 54 55; it can allow researchers to investigate the 185 

reasons why the therapeutic efficacies of  most TCM formulae are better than the 186 

individual compounds contained in the TCM preparations alone. For example, the 187 

metabolic signatures arising from a pharmacokinetics assay of YCHT, composed of 188 

Artemisia capillaris Thunb, Cape Jasmine Fruit and Radix ec Rhizoma Rhei 55, revealed 189 

that scoparone, genposide and rhein were the major bioactive compounds, and that the 190 

combined use of the three TCMs resulted in far better pharmacokinetics parameters (e.g. 191 

AUC, T1/2, and Cmax, etc.) compared to the individual extracts or dual combinations of 192 

two of the TCMs components 55 as the AUC was increased for each targeted compounds 193 

while combined use of tree TCMs was exploited, then Cmax approached a higher level 194 

accordingly, as well as T1/2 come slowly that is relevant to utilization alone of each 195 

defined TCM, by which a sound therapeutic outcome might be captured at a holistic 196 

aspect.  197 

Metabolite profiling of samples obtained from animals subjected to TCM 198 

treatments have also revealed differential patterns in the host metabolic response resulting 199 

from the administration of the TCM preparations. Of note, many of the metabolites 200 

observed in the in vivo studies were frequently identified as the constituents that 201 

accounted for the primary therapeutic efficacies of TCM medicaments. UPLC/MS-based 202 

metabolite profiling was explored to identify a total of 45 compounds present in YCHT 4. 203 

Noticeably, that is in some degree partially different from 21 metabolites that were 204 

characterized in the study using rats 56. However, the pharmacokinetics assay revealed 205 
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 10 

that only nine these compounds could be regarded as the potentially bioactive compounds 206 

in YCHT 56.  207 

LC/MS-based metabolite profiling of Fructus corni (Cornus officinalis), a well-208 

known TCM herb, identified seven new compounds and three new metabolites for the 209 

first time 25 that markedly differed from in vitro chemical composition after dosing the 210 

medicine.  PHY906 is a TCM preparation with therapeutic potential against metastatic 211 

colorectal cancer. Similarly, LC/MS-based metabolite profiling had identified 33 212 

chemical compounds and new metabolites in patients with metastatic colorectal cancer, 213 

which is in contrast to a total 57 compounds and 27 metabolites found in vitro with the 214 

extract 52.  215 

In short, characterization of metabolite signatures of TCM preparations is an 216 

effective method for the identification of potential bioactive compounds and their 217 

associated therapeutic actions. At this point, LC/MS-based metabolite profiling and 218 

pharmacokinetics assays are emerging as valuable tools for the study of TCM herbal 219 

preparations and their compatibility effects in treated patients and laboratory animals. 220 

 221 

4 Mass spectrometry based metabolomics annotates systems toxicity of TCM  222 

Good quality TCM is typically characterized by a high therapeutic efficacy against the 223 

targeted diseases with generally low toxicity for the host. However, the chemical 224 

complexity of some remedies means that those TCMs not only exert therapeutic actions 225 

on the targeted diseases, but also can cause toxicity for the host 57, 58. In TCM 226 

preparations there are multiple bioactive compounds, and this is obviously different from 227 

western medicine, whereby medicines typically involve a single bioactive compound as 228 
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 11 

the active constituent. This means that the conventional approaches for assessment of 229 

toxicity as used in the western medicine is often not sufficient for the evaluation of 230 

toxicity of the TCM medicaments in the first instance.  231 

In recent years, there has being growing evidence recognizing that mass 232 

spectrometry-based metabolomics is emerging as an advantageous tool for the assessment 233 

of toxicity in TCM by globally and simultaneously permitting profiling of metabolites 234 

from multiple metabolic pathways directly associated with cellular metabolism, tissue 235 

metabolism, energy metabolism, cell signaling, cell proliferation and development. The 236 

perturbed patterns in these metabolic pathways from toxicities caused by the use of TCM 237 

can be revealed by metabolomics 59-61.        238 

Chuanwu, the mother root of Aconitum carmichaelii Debx., is a valuable 239 

ingredient utilized in numerous classic TCM preparations. But its use in a broader clinical 240 

context has been impeded due to the potential toxicity on the host 62. Mass spectrometry-241 

based metabolomics complemented by the use of ingenuity pathway bioinformatics 242 

analysis enabled phenotyping of multiple metabolic perturbations in rats treated with 243 

these root extracts and demonstrated that Chuanwu caused toxicity 62. The perturbed 244 

metabolic pathways in rat were identified to be linked to the Chuanwu-induced toxicity, 245 

and several of the metabolites exhibiting alterations in their levels were identified as 246 

potential biomarkers that can allow the monitoring of the toxic process induced by the 247 

use of Chuanwu 62 (Figure 5).  248 

Rational processes (denoted as “Pao Zhi” in TCM) prior to the clinical application 249 

of TCM medicaments could enhance therapeutic efficacy and attenuate possible toxic 250 

effects of the preparations 63. Marked alterations in chemical composition of specific 251 
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 12 

TCMs resulting from a defined processing method has been shown to mostly account for 252 

the therapeutic advantages delivered by the processed TCM 64.  253 

Ideally, mass spectrometry-based metabolomics can be utilized to differentiate the 254 

metabolic impact of pre- and post-processed Traditional Chinese medicinal plants on the 255 

host. For example, metabolomics analysis of rat urine was able to distinguish metabolic 256 

alterations induced by Chuanwu from metabolic effects induced by the processed product 257 

obtained from the same medicinal roots 61. It was observed that the processed products 258 

induced significantly less metabolic perturbations when compared to the alterations 259 

caused by the Chuanwu 61. Together these results suggest that in some cases the 260 

processed medicaments have markedly different chemical composition and that the toxic 261 

compounds may be reduced in the extract as a result of the processing.  262 

Many of the bioactive compounds isolated from TCM medications have been 263 

observed to exert the preferred therapeutic actions against the targeted diseases. However, 264 

extensive purification leads to the generation of compound derived toxicity against the 265 

host, as a number of purified compounds isolated from the defined TCM plants have been 266 

observed to exert toxicity in multiple tissues while they were utilized alone  65, which can 267 

be efficiently characterized via mass spectrometry-based metabolomics method. GC/MS 268 

and LC/MS-based metabolomics approaches were utilized to unveil the pathological 269 

outcomes of aristolochic acid-induced nephrotoxicity, a compound isolated from Caulis 270 

Aristolochiae manshuriensis, a well-known medicinal plant commonly used in TCM 65. 271 

Consistent with histopathological examinations, aristolochic acid-induced systemic 272 

metabolic disturbance was found to induce perturbations in free fatty acid generation, 273 
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 13 

energy and amino acid metabolism and deregulation in gut microbiota; consequences that 274 

evidently account for aristolochic acid-induced nephrotoxicity 65.  275 

Similarly, alkaloids from the TCM plant Aconitum sp. were found to cause 276 

multiple metabolic perturbations in experiments using rats.  The approach was carried out 277 

using a GC/MS-based metabolomics assay and preliminary data indicated that the toxic 278 

action of hypaconitine is different from that of aconitine and mesaconitine on the host 66. 279 

In summary, mass spectrometry-based metabolomics is increasingly gaining 280 

importance as a tool for the characterization of systematic toxicity bought about by TCM. 281 

Importantly, this has significant consequences for the elucidation of the potential 282 

mechanisms of toxicity of many compounds that currently have unclear consequences as 283 

TCM remedies.  284 

 285 

5 Mass spectrometry based metabolomics explores therapeutic discovery of TCM 286 

TCM usually exerts therapeutic actions in the host via simultaneous interactions with 287 

multiple targets 67, 68. Recently, there has been growing evidence to support mass 288 

spectrometry-based metabolomics as a promising strategy to explore the therapeutic 289 

actions of TCM 21, 69. (Figure 6) 290 

Alcohol liver disease is a significant health issue in modern societies 70, 71. Yin 291 

Chen Hao Tang (YCHT) has been identified as a potential preventative treatment for 292 

ALD. An LC/MS-based metabolomics strategy was used to study metabolic perturbations 293 

caused by alcohol ingestion and the associated therapeutic actions of YCHT 20. The 294 

results of this study revealed that YCHT treatment could markedly help to improve the 295 

recovery from metabolic perturbations caused by alcohol ingestion. The identification of 296 
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 14 

ceramide (d18: 1/25:0) provided further support for the involvement of the 297 

sphingomyelin signaling pathway in alcohol-induced hepatotoxicity, thus providing 298 

significant insights in the relevancy and therapeutic action of YCHT for the treatment of 299 

alcohol-induced hepatotoxicity 20  (Figure 7).   300 

A LC/MS-based metabolomics strategy has also been applied for the screening 301 

and identification of biomarkers during the early period of acute myocardial infarction in 302 

wistar rats and to characterize the therapeutic actions of a TCM Shexiang Baoxin Pill 72. 303 

This study identified obvious metabolic alterations related to inflammation, hypertrophy 304 

of cardiac muscle tissue and oxidative injury, potentially associated with the pathological 305 

changes during the early period of acute myocardial infarction 72. Furthermore, the 306 

metabolomics data demonstrated that Shexiang Baoxin Pill pretreatment may have 307 

resulted in protective effects against the acute myocardial infarction (AMI) via positive 308 

regulation of steroid hormone biosynthesis 72. 309 

TCM preparations are often used to treat diseases by exerting combinational 310 

effects of multiple medicinal plants; the basic prepared law is denoted as the 311 

‘compatibility principle’ that was employed to guide the preparation of TCM formulae by 312 

TCM doctors. Mass spectrometry-based metabolomics is a useful strategy for annotating 313 

the compatibility principles of TCM. For example, a LC/MS -based metabolomics 314 

strategy was designed to study the synergetic effects of TCM Shuanglong Formula, 315 

composed of Panax ginseng  and Salvia miltiorrhiza, against  AMI in rats 73. The 316 

resulting metabolomics data revealed that Shuanglong Formula might diminish cardiac 317 

injury due to myocardial infarction, by regulation of myocardial energy metabolism. 318 

Moreover, the study also indicated that Shuanglong Formula exerted holistic effects  319 
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effects related to the improvement of recovery from myocardial infarction when 320 

compared to Panax ginseng  or Salvia miltiorrhiza treatments alone 73.  321 

LC/MS-based metabolomics has also been exploited to develop a deeper 322 

understanding of the functional deficiencies in kidneys caused by thyroxine and 323 

reserpine, as well as the potential therapeutic actions of Liu Wei Di Huang Wan, and its 324 

associated compatibility advantages 74. The obtained revealed metabolic perturbations of 325 

kidney yin deficiency caused by thyroxine and reserpine and the associated therapeutic 326 

efficacy of Liu Wei Di Huang Wan. Moreover, its compatibility advantage was also 327 

annotated at the metabolic level 74.  328 

 329 

6 Future perspective  330 

TCM has been of appreciable medical value for combating numerous diseases in China, 331 

Asian countries and even the western world in recent decades. 332 

Recently progress in this regard has been achieved in the application of mass 333 

spectrometry-based molecular profile of chemicals derived from TCM preparations in 334 

order to answer questions about TCM. We believe that mass spectrometry-based 335 

molecular profile can be utilized to address the underlying scientific basis of some of the 336 

observed beneficial effects of TCM. Such effects are encompassed in the ‘Yin-Yang’ 337 

homeostasis theory of TCM; ‘Qi’-blood theory; molecular basis of acupuncture; 338 

biochemical basis of TCM purse-diagnosis; and molecular signatures of TCM 339 

‘Syndrome’ (Figure 8). 340 

However, many barriers will remain following application of mass spectrometry-341 

based based molecular profile strategies that we can apply to assist a better understanding 342 
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on the above questions of TCM. These barriers will typically include rapid and validated 343 

identification of small-molecule metabolites due to the limitation in the development of 344 

instrumental sciences; metabolic pathway mapping; functional annotation for the 345 

discovered small molecules; and chromatographic limitations for broader coverage of the 346 

vast diversity of small molecules present in a metabolome or TCM preparation. These 347 

shortcomings presented are narrowing our understanding to TCM questions we have and 348 

desire to answer. 349 

Altogether, it is feasible that the explorative application of mass spectrometry-350 

based molecular profile for chemical profiling may well promote progression in the 351 

scientific study of TCM. Particularly noticeable is the fact that mass spectrometry-based 352 

metabolomics strategies have the intrinsic potential to yield much broader investigational 353 

approaches to addressing the questions that underlie in TCM and to couple the biological 354 

effects of TCM to modern scientific understanding of human physiology. 355 
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 518 

 519 

Figure 1. Schematic illustration that manifests the complexity of chemical 520 

compounds blends contained in Traditional Chinese Medicine formulae. The 521 

complexity and lack of definition of Chinese medicinal plants largely accounts as the 522 

major impediment for the development of TCM globally and acceptance by modern 523 

science. Furthermore, there are several important questions in the TCM field that cannot 524 

be adequately addressed due to the chemical complexity of TCM formulae and Chinese 525 

medicinal plants, which intrinsically involve uncertainties such as the identity of 526 

bioactive constituents and related metabolic features, undefined therapeutic mechanisms, 527 

and unstable quality of the basic products. Additionally, the toxicity of TCM formulae 528 

cannot be easily predicted. 529 

 530 

 531 

 532 
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 533 

 534 

 535 

 536 

Figure 2. Mass spectrometry can help to identify and characterize in vitro and in vivo 537 

chemical compounds and to perform rational quality control and establish metabolic 538 

signatures of TCM formulae and Chinese medicinal plants. There is a significant 539 

potential application for metabolomic studies of the toxicity and therapeutic actions of 540 

TCM formulae and Chinese medicinal plants for the investigation of a large range of 541 

biological contexts. 542 

 543 
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 547 

 548 

Figure 3. Chemical characterization of in vitro extract of Artemisia capillaris (Yin-549 

Chen-Hao) by UPLC-UV-Q-TOF.  (A) UPLC-UV chromatogram of an extract of A. 550 

capillaris at 254 nm. (B) TIC chromatogram of the same extract using Q-TOF detection 551 

in positive ESI mode. (C) TIC chromatogram of the extract  using Q-TOF detection in 552 

negative ESI mode. (D) Fragmentation pathway of the geniposide identified in the A. 553 

capillaris extract by collision-induced dissociation. (E) Parent and products mass spectra 554 

of geniposide analyzed from the A. capillaris extract in positive ion mode. The figure was 555 

reproduced from Wang, X., et al. (2008), with permission Copyright © 2008, Elsevier. 556 

 557 
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 560 

Figure 4. Metabolite characterization of the bioactive compound scoparone in the 561 

extract of A. capillaris. (A) and (B), mass spectra of full scan and product ion scan of 562 

scoparone; (C) The fragmentation pathway of the scoparone using collision-induced 563 

dissociation. (D) Mass spectrometry-based targeted screening of scoparone in rats 564 

allowed for the identification of several derivatives of this molecule as a consequence of 565 

the metabolism of this bioactive compound in the animal’s blood. The figure was 566 

reproduced from Wang, X., et al. (2007), with permission Copyright © 2007, Willey. 567 
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 568 

 569 

Figure 5. Base peak intensities (BPI) chromatograms of urine sample of quality 570 

control analyzed by UPLC-HDMS using ESI detection in positive mode. (A) and 571 

negative mode (B). The principal components score plots reflect time-dependent 572 

fluctuations of numerous metabolites after oral administration of high-doses of Chuanwu 573 

to rats. PCA for metabolites detected using ESI in positive mode (C) and negative mode 574 

(D). KB, control group; 4W, 1st month; 8W, 2nd month; 12W, 3rd month; 16W, 4th 575 

month; 20W, 5th month; 24W, 6th month. The figure was reproduced from Dong, H., et 576 

al. (2012), with permission Copyright © 2012, RSC. 577 
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 583 

 584 

Figure 6. The workflow for a mass spectrometry-based metabolomics strategy to 585 

investigate Traditional Chinese Medicine formulae and Chinese medicinal plant 586 

extracts. The use of metabolomics permits annotation of the complexity of TCM systems 587 

by globally profiling small molecules from the TCM medications and the host. Likewise, 588 

the biochemical responses of a host, with a defined disease, to the TCM can be 589 

characterized by identifying differential metabolites and their associations to specific 590 

metabolic pathways. The results and their proof-of-knowledge associations to specific 591 

metabolic pathways may help to elucidate mechanisms of action of the TCM. 592 

 593 

 594 
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 597 

Figure 7.  Mass spectrometry-based metabolomics is suitable to annotate the 598 

therapeutic action of Yin-Chen-Hao-Tang (YCHT) upon treatment of hepatotoxicity 599 

caused by drinking alcohol. Upper panel: Scores plot resulting from PCA of the data 600 

from reversed-phase UPLC-ESI-TOF-MS urine metabolomic determination from control 601 

rats (A); alcohol-treated rats (B) and rats treated with YCHT following an alcohol-602 

treatment (C). Rats’ urine samples were collected at day 7 from the alcohol treatments. 603 

Symbols indicate: control rats (□); alcohol-treated rats (×) and rats treated with alcohol 604 

followed by YCHT-treatment (+). Lower panel: Proposed metabolic pathway to explain 605 

the relationship between alcohol-induced hepatotoxicity and an increased concentration 606 

of ceramide (d18: 1/25:0) in the urine of the animals. The figure was reproduced from 607 

Wang, X., et al. (2008), with permission Copyright © 2008, Elsevier. 608 
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 609 

Figure 8. Schematic overview of the potential applicability of mass spectrometry-610 

based metabolomics for dissection of a diversity of biological questions related to 611 

TCM disciplines. The metabolome is a down-stream consequence of gene expression; 612 

consequently, changes in expression patterns of diverse metabolites may allow the 613 

typification of functional regulation of the up-stream gene expression as a consequence of 614 

the utilization of TCM practices. Thus, well-defined mass spectrometry-based 615 

metabolomics strategies will permit the establishment of mechanistic links between 616 

genotype and metabotype. Moreover, it allows identification and annotation of 617 

meaningful bioactive compounds (effectors and products) via global profiling of small 618 

molecules in the host organism, as well as recognizing their interactions with the TCM 619 

treatment. 620 

 621 
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