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Abstract
Metabolomics has been widely used in the modern 
research of traditional Chinese medicine (TCM). At the 
same time, the world is increasingly concerned about 
TCM, and many studies have been conducted to inves-
tigate different aspects of TCM. Among these studies, 
metabolomic approach has been implemented to facili-
tate TCM development. The current methods for TCM 
research are diverse, including nuclear magnetic reso-
nance, gas chromatography-mass spectrometry, and 
liquid chromatography-mass spectrometry. Using these 
techniques, some advantageous results have been 
obtained in the studies of TCM, such as diagnosis and 
treatment, quality control, and mechanisms of action. 
It is believed that the further development of metabo-
lomic analytical techniques is beneficial to the modern-

ization of TCM. This review summarizes potential appli-
cations of metabolomics in the area of TCM. Guidelines 
for good practice for the application of metabolomics in 
TCM research are also proposed, and the special role of 
metabolomics in TCM is highlighted.
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Core tip: Traditional Chinese medicine (TCM) has been 
used for thousands of years to treat or prevent diseas-
es. Actual value of TCM has not been fully recognized 
worldwide due to the lack of scientific approaches. 
Metabolomics has become a hot topic in TCM research. 
Metabolomics is the best method to fit the holistic con-
cept of TCM, and it can not only interpret the essence 
of syndrome but also elucidate the scientific connota-
tion of prescription. This combination of TCM with me-
tabolomics in modern health care systems may lead to 
a revolution in TCM therapy. 
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INTRODUCTION
Traditional Chinese medicine (TCM) has been impor-
tant in health protection and disease control in East 
Asia for thousands of  years. Now, it is getting more and 
more popular in the whole world for improving health 
conditions of  human beings and preventing or healing 
diseases. Moreover it shows some advantages in early 
intervention, individuation medicine and combination 
therapies. TCM has a distinctive feature, i.e., its systems 
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theory, which includes the holistic view and the dialectical 
view. It takes the human body as a whole from the key 
concepts of  “qi, blood, yin-yang, viscera (Zang-Fu), and 
meridian and channel”[1]. TCM is also a natural combina-
tion of  philosophy and ancient science disciplines. The 
overall concept and differential treatment are the most 
basic features. Chinese herbal medicine treats a disease by 
regulating and mobilizing the whole body rather than just 
regulating a single factor. However, the development of  
TCM is restricted in the world. The lack of  scientific and 
technologic approaches makes TCM face serious chal-
lenges and suffer from inadequate modern research. 

Metabolomics is a new subject concerned with the 
comprehensive characterization of  the small molecule 
metabolites in biological systems. It can distinguish be-
tween diseased and non-diseased status information 
through the assessment of  global metabolic profiles 
in approximative biofluids and biomarker discovery[2]. 
Studying the metabolome can highlight changes in net-
works and pathways and provide advice to physiological 
and pathological states[3]. New dimensions are adding to 
the field of  metabolomics by developments in new tech-
nology, flux analysis and biochemical modeling[4-6]. The 
holistic analyses in the context of  metabolomics will give 
the current essay and the foreseeable developments some 
relatively clear conclusions[7]. 

TCM recognizes the human body by system discrimi-
nation and in a cybernetic way. TCM can be character-
ized as holistic, emphasizing the integrity of  the human 
body. It also pays close attention to the relationship 
between human and their social and natural environ-
ment[8]. Metabolomics is a promising way for research 
of  TCM and opens a new way for using metabolomic 
platform to resolve TCM issues[9]. The metabolomic plat-
forms provide a way to extend the understanding of  the 
mechanisms of  action of  TCM formulae and the analysis 
of  Chinese herbals, TCM syndromes, mineral medicine, 
and acupuncture[10]. They offer a useful tool to identify 
biomarkers and provide a new method for studying the 
efficacies and mechanisms of  TCM in treating diseases[11]. 
Conclusively, metabolomics has become a key to resolv-
ing special TCM issues. Here, we give an overview of  the 
applications of  metabolomic approaches in research of  
TCM in recent years. 

METABOLOMICS IN DIAGNOSIS AND 
TREATMENT IN TCM
The superiority and soul of  TCM are diagnosis and treat-
ment, and syndrome is the basic concept of  the theory. 
The accuracy of  syndrome differentiation determines 
the effectiveness of  TCM treatment. The metabolomic 
technologies have been used in objectively differentiating 
syndromes and exploring their biological mechanisms 
by studying the functional activities of  the human body 
from a system-wide perspective. It will impact our under-
standing of  the theory behind the evidence-based Chi-
nese medicine[12]. Lu et al[13] performed the overall biologi-

cal characterization of  the urine of  psoriasis patients with 
Blood Stasis Syndrome. Simultaneously, they investigated 
the therapeutic metabolomic mechanism of  the Opti-
mized Yinxieling formula. The findings enhanced the 
understanding of  the metabolic influence in Blood Stasis 
Syndrome in psoriasis patients and the mechanism of  
action of  optimized Yinxieling[13]. In addition, that study 
demonstrated that metabolomics was a powerful tool in 
diagnosis and treatment of  primary dysmenorrhea by 
providing information on changes in metabolites and en-
docrinal, neural and immune pathways. Xiang-Fu-Si-Wu 
Formula intervention can affect some significant pertur-
bations in sphingolipid metabolism, glycerophospholipid 
metabolism and steroid hormone biosynthesis to make 
the metabolic discrepancy return to the normal level[14].

The personalized diagnosis in TCM can help to distin-
guish different types of  diabetics. Metabolomics provides 
biomarkers for disease subtypes as a potential platform. 
It has been proved that combining metabolomics with 
TCM diagnosis can reveal metabolic characteristics for 
pre-diabetic subtypes[15]. Xu et al[16] used the orthogonal 
signal correction-partial least squares method to confirm 
the existence of  metabolite differences among different 
TCM syndromes. Additionally, a new method has been 
developed to distinguish the difference between healthy 
controls and patients with TCM deficiency syndromes by 
uncorrelated linear discriminant analysis. It provides im-
portant information assisting TCM clinical diagnosis[16]. 
Metabolomics has the potential to become a diagnostic 
tool for diseases and provide a new way to understand 
pathophysiologic mechanisms. Metabolic pathways in-
cluding alanine and aspartate were found to be disturbed 
in jaundice syndrome patients. Using this method, 44 
marker metabolites have been identified to distinguish 
patients with jaundice syndrome from matched healthy 
controls[17].

METABOLOMICS IN 
ACUPUNCTUROLOGY
Acupuncture, as an alternative and complementary 
therapy, has been used for disease treatment and preven-
tion in TCM[18]. But, the underlying mechanism of  acu-
puncture is unclear, which precludes its widespread use. 
Metabolomics is similar to acupuncturology in terms of  
dynamic changes and comprehensiveness[19]. The high-
throughput metabolomics can identify potential factors 
for acupuncture effects and provide valuable information 
towards understanding therapeutic mechanisms. Wang et 
al[17] assessed the acupuncture treatment at the “Zusanli” 
acupoint via marker metabolites, based on the perturbed 
signatures and pathways after acupuncture[20,21].

Many studies show the potential of  an NMR-based 
metabolomic approach in the research of  biological ef-
fects of  acupuncture. It was used to investigate the meta-
bolic change of  plasma before and after electro-acupunc-
ture in senescence-prone mice, providing a method to 
assess the effects of  acupuncture and to understand the 
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underlying mechanism in neurodegenerative diseases[22]. 
Wu et al[23] have shown that acupuncture demonstrates its 
therapeutic effects in the relief  of  functional dyspepsia 
symptoms. After treatment, the levels of  leucine/isoleu-
cine, lactate and glucose in patients significantly changed 
and lipid levels slightly changed towards those of  the 
healthy controls[23]. Acupuncture could make the metabo-
lite network recover. An UPLC-MS-based metabolomic 
method has been developed to investigate the biological 
effect of  acupuncture in acute gouty arthritis and to un-
derstand the underlying mechanism[24]. 

APPLICATION OF METABOLOMICS TO 
MATERIAL FOUNDATION
Metabolic profiling is benefit to screening active compo-
nents in medicinal plants. Li et al[25] have used metabolo-
mics to find metabolites with antitussive and expectorant 
activities. It has been shown that chlorogenic acid, 3,5-di-
caffeoylquinic acid, and rutin may be closely associated 
with the antitussive and expectorant activities[25]. Wang 
et al[26] established a UPLC/MS method for analyzing 
the chemical constituents after oral administration of  
Yinchenhao Tang (YCHT), which was used for treatment 
of  jaundice syndrome. Forty-five compounds in vitro 
and 21 compounds in vivo were detected[26,27]. The three 
components of  YCHT are Artemisia annua L., Gardenia 
jasminoids Ellis, and Rheum Palmatum L., whose major 
active ingredients are 6,7-dimethylesculetin (D), genipo-
side (G), and rhein (R), respectively. The D/G/R combi-
nation had a more robust synergistic effect than any one 
or two of  the three individual compounds by acting upon 
multiple target proteins[28].

ACTION MECHANISM RESEARCH
Action mechanisms of  most of  Chinese medicines are 
difficult to determine. In an attempt to address the ben-
efits of  Chinese medicine using current biomedical ap-
proaches, we regard the metabolomics technology as a 
powerful tool. Metabolomic techniques are promising for 
identifying biomarkers, clarifying mechanisms of  disease, 
and highlighting insights into drug discovery. Zhao et 
al[29] identified 19 metabolites as potential biomarkers of  
chronic kidney disease, and 10 biomarkers returned to 
the control levels in Poria cocos-treated groups. Further-
more, they found that topical treatment with Poria cocos 
intervenes some primary metabolic pathways[29]. Scopar-
one has a potential effect against carbon tetrachloride-
induced liver injury through regulating multiple perturbed 
pathways to the normal state[30]. The dried root of  Kan-
sui (Euphorbia kansui L.), an effective TCM, has been 
researched by NMR analysis. It provides new clues to the 
toxicity of  Kansui from a systematic and holistic view[31]. 

Modified Sinisan can have an effect on liver injury 
through partially regulating the perturbed pathways, such 
as phenylalanine metabolism, tyrosine and tryptophan 
biosynthesis, tryptophan metabolism, retinol metabolism, 

and tyrosine metabolism[32]. Gou et al[33] investigated the 
effect of  Xia Yu Xue Decoction on liver fibrosis by a uri-
nary metabolomic method, based on gas chromatography 
coupled with GC/MS. It was suggested that the mecha-
nism of  action of  Xia Yu Xue Decoction may affect ten 
potential biomarkers associated with microflora metabo-
lism[33]. Chen et al[34] have studied the therapeutic mecha-
nism of  a traditional Chinese medicine Jiu Wei Qiang 
Huo decoction effects against H1N1-induced pneumonia 
by a metabolomic approach. The findings provided a sys-
tematic view and a basis for understanding of  prevention 
and treatment[34]. 

POTENTIAL OF METABOLOMICS FOR 
STUDING CHINESE MEDICAL FORMULAE 
Chinmedomics, defined as ‘‘elucidating the therapeutic 
and synergistic properties and metabolism of  traditional 
Chinese medical formulae (chinmediformulae) and re-
lated metabolic analysis by modern techniques’’, has re-
cently showed potential in evaluating TCM[35]. It supplies 
a way to translate chinmediformulae into practices. TCM 
therapy will be revolutionized by the way, which com-
bines chinmedomics with chinmediformulae in modern 
health care systems[36]. A developed and validated UPLC-
MS/MS method has been used to test the plasma phar-
macokinetics, tissue distribution and excretion of  schisan-
drin (the main component of  shengmaisan) in rats after 
oral administration of  shengmaisan. This method can be 
used to investigate the in vivo behaviors of  the TCM com-
ponents in formulae[37]. The pathogenic mechanism of  
yinhuang syndrome was investigated by a metabolomics 
method, which had identified 19 biomarkers for the pro-
gression of  the yinhuang syndrome[38]. 

METABONOMICS IS A ROAD TO 
QUALITY CONTROL OF TCM
The quality control of  Chinese medicine, referring to 
the TCM preparations comprising more than one herb, 
is challenging due to their extreme chemical complex-
ity. A chemical fingerprint technique for quality control 
has been established for identifying herbs from different 
origins. Fingerprinting analysis could provide a platform 
to identify herbs from different origins by GC-MS, which 
is beneficial to quality control. In this way, Longae rhi-
zome samples have been indentified as the characteristic 
components for distinguishing these samples of  various 
geographical origins, which is good for quality control[39]. 
A practical quality control method for A. Radix has been 
set up by recognizing GC-based metabolic markers. It 
identified sorbitol and a glucose/4-aminobutyric acid 
combination as bio-markers for discriminating species 
and cultivation area[40]. 

Twelve active components in a methanol extract of  
Weichang’an pill were simultaneously determined using 
the HPLC-DAD-ESI-MS/MS technique[41]. Wang et al[42] 
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TCM and modern drug discovery, and highlight the key 
role of  biomarkers for drug discovery and development 
of  traditional oriental medicine. It is expected that cur-
rent metabolomic technologies can impel the develop-
ment of  TCM, especially in the understanding of  the 
concept of  Chinmedomics. Currently, systems biology 
is in accordance with the holistic concept and practices 
of  TCM and will help to understand the mechanisms of  
TCM. As one part of  “Omic”, metabolomics, playing an 
import role in systems biology, has a non-selective ap-
proach and can thus lead to the identification of  all the 
metabolites. Metabolomics should be devoted to estab-
lishing and improving its own databases, linking other ge-
nomics together to solve the problems of  TCM, in order 
to enhance its self-worth in the field of  TCM research. 
Overall, incorporation of  metabolomics technologies 
into TCM can make it possible to study the mechanism 
of  TCM. 

REFERENCES
1	 Xutian S, Zhang J, Louise W. New exploration and un-

derstanding of traditional Chinese medicine. Am J Chin 
Med 2009; 37: 411-426 [PMID: 19606504 DOI: 10.1142/
S0192415X09006941]

2	 Nicholson JK, Lindon JC. Systems biology: Metabonom-
ics. Nature 2008; 455: 1054-1056 [PMID: 18948945 DOI: 
10.1038/4551054a]

3	 Sreekumar A, Poisson LM, Rajendiran TM, Khan AP, Cao Q, 
Yu J, Laxman B, Mehra R, Lonigro RJ, Li Y, Nyati MK, Ah-
san A, Kalyana-Sundaram S, Han B, Cao X, Byun J, Omenn 
GS, Ghosh D, Pennathur S, Alexander DC, Berger A, Shus-
ter JR, Wei JT, Varambally S, Beecher C, Chinnaiyan AM. 
Metabolomic profiles delineate potential role for sarcosine 
in prostate cancer progression. Nature 2009; 457: 910-914 
[PMID: 19212411 DOI: 10.1038/nature07762]

4	 Kim JA, Choi HJ, Kwon YK, Ryu do H, Kwon TH, Hwang 
GS. 1H NMR-based metabolite profiling of plasma in a rat 
model of chronic kidney disease. PLoS One 2014; 9: e85445 
[PMID: 24465563 DOI: 10.1371/journal.pone.0085445]

5	 Liu X, Ser Z, Locasale JW. Development and quantitative 
evaluation of a high-resolution metabolomics technol-
ogy. Anal Chem 2014; 86: 2175-2184 [PMID: 24410464 DOI: 
10.1021/ac403845u]

6	 Di Girolamo F, Lante I, Muraca M, Putignani L. The Role of 
Mass Spectrometry in the “Omics” Era. Curr Org Chem 2013; 
17: 2891-2905 [PMID: 24376367]

7	 Jia J, Yu Y, Deng JH, Robinson N, Bovey M, Cui YH, Liu 
HR, Ding W, Wu HG, Wang XM. A review of Omics re-
search in acupuncture: the relevance and future prospects 
for understanding the nature of meridians and acupoints. 
J Ethnopharmacol 2012; 140: 594-603 [PMID: 22322253 DOI: 
10.1016/j.jep.2012.01.034]

8	 Lu AP, Jia HW, Xiao C, Lu QP. Theory of traditional Chi-
nese medicine and therapeutic method of diseases. World J 
Gastroenterol 2004; 10: 1854-1856 [PMID: 15222022]

9	 Yang B, Zhang A, Sun H, Dong W, Yan G, Li T, Wang X. 
Metabolomic study of insomnia and intervention effects of 
Suanzaoren decoction using ultra-performance liquid-chro-
matography/electrospray-ionization synapt high-definition 
mass spectrometry. J Pharm Biomed Anal 2012; 58: 113-124 
[PMID: 22019702 DOI: 10.1016/j.jpba.2011.09.033]

10	 Zhang A, Sun H, Wang Z, Sun W, Wang P, Wang X. Me-
tabolomics: towards understanding traditional Chinese 
medicine. Planta Med 2010; 76: 2026-2035 [PMID: 21058239 
DOI: 10.1055/s-0030-1250542]

have separated and determined 18 major active ingre-
dients of  Banxia Xiexin decoction in order to achieve 
quality control by UPLC-MS/MS. A fingerprint profile 
of  Niuhuang Shangqing pill has been established and 190 
compounds was characterized by HPLC/qTOF-MS. It 
is a significant method to implement and provides a po-
tential approach to achieve the holistic quality control of  
complex TCM preparations[43]. 

METABONOMICS PROVIDES INSIGHTS 
INTO THE GLOBAL ISSUES OF TCM 
TOXICOLOGY
Metabolomics has showed potential to improve the discov-
ery of  biomarkers for detection of  toxicity. Dong et al[44] 
utilized global metabolomics to find 17 metabolites, which 
were regarded as phenotypic biomarkers for toxicity of  
Chuan Wu. Additionally, the mechanisms of  Fuzi’s toxicity 
and potential tissue-specific biomarkers for the toxicity 
have been explored by matabolomics. Significant changes 
of  14 lipid metabolites were considered the potential bio-
markers for toxicity of  Fuzi[45]. 

In TCM, a principle called “Jun-Chen-Zuo-Shi” may 
be used to formulate a herbal formula that can mitigate 
the toxicity of  the main ingredient. NMR-based metabo-
lomics approach has been used to research the toxicity 
of  realgar after being counterbalanced by other TCMs 
in a TCM prescription named Niuhuang Jiedu Tablet. 
The counterbalanced realgar in Niuhuang Jiedu Tablet 
was more secure and much less toxic[46]. A TCM Paozhi 
approach can increase potency and reduce toxicity. An 
RPLC-Q-TOF/MS method based on metabolomic anal-
ysis has been explored to help improve the understanding 
of  the transformation mechanisms underlying Paozhi. 
Twenty-two key biomarkers responding to detoxifying ac-
tions of  Paozhi were identified[47]. Sun et al[48] also proved 
that metabolomic method greatly contributes to the in-
vestigation of  processed Fuzi and provides useful infor-
mation for the potential activity and toxicity of  processed 
Fuzi.

CONCLUSION 
Metabolomics is a modern technology in the post-
genome era and has been being used widely in modern 
Chinese medicine[49,50]. Metabolomics reflects the func-
tion of  organisms from terminal symptoms of  metabolic 
network and can help understand metabolic changes of  
a complete system caused by interventions in the ho-
listic context. Its character is consistent with the whole 
thinking of  TCM, and it may be beneficial to provide 
an opportunity to scientifically express the meaning of  
evidence-based Chinese medicine. It shows potential in 
both TCM research and drug discovery. Metabolomic ap-
plications in TCM field related to drug development from 
natural sources and drug discovery aim at raising the 
potential of  metabolomics in reducing the gap between 

36 September 9, 2014|Volume 3|Issue 3|WJP|www.wjgnet.com

Qiu S et al . Metabolomics in traditional Chinese medicine



11	 Tan G, Liao W, Dong X, Yang G, Zhu Z, Li W, Chai Y, Lou 
Z. Metabonomic profiles delineate the effect of traditional 
Chinese medicine sini decoction on myocardial infarction 
in rats. PLoS One 2012; 7: e34157 [PMID: 22493681 DOI: 
10.1371/journal.pone.0034157]

12	 Zhang A, Sun H, Qiu S, Wang X. Advancing drug discovery 
and development from active constituents of yinchenhao 
tang, a famous traditional chinese medicine formula. Evid 
Based Complement Alternat Med 2013; 2013: 257909 [PMID: 
24191164 DOI: 10.1155/2013/257909]

13	 Lu C, Deng J, Li L, Wang D, Li G. Application of me-
tabolomics on diagnosis and treatment of patients with 
psoriasis in traditional Chinese medicine. Biochim Biophys 
Acta 2014; 1844: 280-288 [PMID: 23747921 DOI: 10.1016/
j.bbapap.2013.05.019]

14	 Liu P, Duan J, Wang P, Qian D, Guo J, Shang E, Su S, Tang 
Y, Tang Z. Biomarkers of primary dysmenorrhea and herbal 
formula intervention: an exploratory metabonomics study 
of blood plasma and urine. Mol Biosyst 2013; 9: 77-87 [PMID: 
23111557 DOI: 10.1039/c2mb25238d]

15	 Wei H, Pasman W, Rubingh C, Wopereis S, Tienstra M, 
Schroen J, Wang M, Verheij E, van der Greef J. Urine metab-
olomics combined with the personalized diagnosis guided 
by Chinese medicine reveals subtypes of pre-diabetes. Mol 
Biosyst 2012; 8: 1482-1491 [PMID: 22414982 DOI: 10.1039/
c2mb05445k]

16	 Xu W, Zhang L, Huang Y, Yang Q, Xiao H, Zhang D. [Plasma 
fatty acid metabolic profiles for traditional Chinese medi-
cine syndrome differentiation in diabetic patients using 
uncorrelated linear discriminant analysis]. Se Pu 2012; 30: 
864-869 [PMID: 23285965]

17	 Wang X, Zhang A, Han Y, Wang P, Sun H, Song G, Dong 
T, Yuan Y, Yuan X, Zhang M, Xie N, Zhang H, Dong H, 
Dong W. Urine metabolomics analysis for biomarker dis-
covery and detection of jaundice syndrome in patients with 
liver disease. Mol Cell Proteomics 2012; 11: 370-380 [PMID: 
22505723 DOI: 10.1074/mcp.M111.016006]

18	 Zhao L, Chen J, Liu CZ, Li Y, Cai DJ, Tang Y, Yang J, Liang 
FR. A review of acupoint specificity research in china: status 
quo and prospects. Evid Based Complement Alternat Med 2012; 
2012: 543943 [PMID: 23243454 DOI: 10.1155/2012/543943]

19	 Gao J, Liu XG, Yan XZ, Yu SG, Wu QF, Du HB, Liang FR. 
[Primary anylasis on the methodology and strategies for 
studying mechanisms of acu-moxibustion by using metabo-
nomics]. Zhen Ci Yan Jiu 2011; 36: 296-301 [PMID: 21942185]

20	 Zhang Y, Zhang A, Yan G, Cheng W, Sun H, Meng X, Liu 
L, Xie N, Wang X. High-throughput metabolomic approach 
revealed the acupuncture exerting intervention effects by 
perturbed signatures and pathways. Mol Biosyst 2014; 10: 
65-73 [PMID: 24150485 DOI: 10.1039/c3mb70352e]

21	 Yan G, Zhang A, Sun H, Cheng W, Meng X, Liu L, Zhang Y, 
Xie N, Wang X. Dissection of Biological Property of Chinese 
Acupuncture Point Zusanli Based on Long-Term Treat-
ment via Modulating Multiple Metabolic Pathways. Evid 
Based Complement Alternat Med 2013; 2013: 429703 [PMID: 
24073005 DOI: 10.1155/2013/429703]

22	 Qiao-feng W, Ling-ling G, Shu-guang Y, Qi Z, Sheng-feng 
L, Fang Z, Hai-yan Y, Yong T, Xian-zhong Y. A(1)H NMR-
based metabonomic study on the SAMP8 and SAMR1 mice 
and the effect of electro-acupuncture. Exp Gerontol 2011; 46: 
787-793 [PMID: 21741463 DOI: 10.1016/j.exger.2011.06.002]

23	 Wu Q, Zhang Q, Sun B, Yan X, Tang Y, Qiao X, Chen Q, Yu S, 
Liang F. 1H NMR-based metabonomic study on the metabol-
ic changes in the plasma of patients with functional dyspep-
sia and the effect of acupuncture. J Pharm Biomed Anal 2010; 
51: 698-704 [PMID: 19854601 DOI: 10.1016/j.jpba.2009.09.042]

24	 Wen SL, Liu YJ, Yin HL, Zhang L, Xiao J, Zhu HY, Xue JT, 
Ye LM. Effect of acupuncture on rats with acute gouty ar-
thritis inflammation: a metabonomic method for profiling 
of both urine and plasma metabolic perturbation. Am J Chin 

Med 2011; 39: 287-300 [PMID: 21476206]
25	 Li ZY, Zhi HJ, Zhang FS, Sun HF, Zhang LZ, Jia JP, Xing 

J, Qin XM. Metabolomic profiling of the antitussive and 
expectorant plant Tussilago farfara L. by nuclear magnetic 
resonance spectroscopy and multivariate data analysis. J 
Pharm Biomed Anal 2013; 75: 158-164 [PMID: 23261808 DOI: 
10.1016/j.jpba.2012.11.023]

26	 Wang X, Sun W, Sun H, Lv H, Wu Z, Wang P, Liu L, Cao H. 
Analysis of the constituents in the rat plasma after oral ad-
ministration of Yin Chen Hao Tang by UPLC/Q-TOF-MS/
MS. J Pharm Biomed Anal 2008; 46: 477-490 [PMID: 18164893 
DOI: 10.1016/j.jpba.2007.11.014]

27	 Lv H, Sun H, Wang X, Sun W, Jiao G, Zhou D, Zhao L, Cao 
H, Zhang G. Simultaneous determination by UPLC-ESI-MS 
of scoparone, capillarisin, rhein, and emodin in rat urine af-
ter oral administration of Yin Chen Hao Tang preparation. 
J Sep Sci 2008; 31: 659-666 [PMID: 18264991 DOI: 10.1002/
jssc.200700596]

28	 Wang X, Zhang A, Wang P, Sun H, Wu G, Sun W, Lv H, Jiao 
G, Xu H, Yuan Y, Liu L, Zou D, Wu Z, Han Y, Yan G, Dong 
W, Wu F, Dong T, Yu Y, Zhang S, Wu X, Tong X, Meng X. 
Metabolomics coupled with proteomics advancing drug 
discovery toward more agile development of targeted com-
bination therapies. Mol Cell Proteomics 2013; 12: 1226-1238 
[PMID: 23362329 DOI: 10.1074/mcp.M112.021683]

29	 Zhao YY, Lei P, Chen DQ, Feng YL, Bai X. Renal metabolic 
profiling of early renal injury and renoprotective effects of 
Poria cocos epidermis using UPLC Q-TOF/HSMS/MSE. 
J Pharm Biomed Anal 2013; 81-82: 202-209 [PMID: 23670099 
DOI: 10.1016/j.jpba.2013.03.028]

30	 Zhang A, Sun H, Dou S, Sun W, Wu X, Wang P, Wang X. 
Metabolomics study on the hepatoprotective effect of scop-
arone using ultra-performance liquid chromatography/
electrospray ionization quadruple time-of-flight mass spec-
trometry. Analyst 2013; 138: 353-361 [PMID: 23152956 DOI: 
10.1039/c2an36382h]

31	 Tang B, Ding J, Wu F, Chen L, Yang Y, Song F. 1H NMR-
based metabonomics study of the urinary biochemical 
changes in Kansui treated rat. J Ethnopharmacol 2012; 141: 
134-142 [PMID: 22406398 DOI: 10.1016/j.jep.2012.02.011]

32	 Liu CG, Wang XL, Du XW, Jiang DY, Geng NZ, Zhang SX, 
Zhou YY, Kuang HX. Metabolomic profiling for identifi-
cation of potential biomarkers in the protective effects of 
modified Sinisan against liver injury in dimethylnitrosa-
mine treated rats. Biol Pharm Bull 2013; 36: 1700-1707 [PMID: 
24189414]

33	 Gou X, Tao Q, Feng Q, Peng J, Sun S, Cao H, Zheng N, 
Zhang Y, Hu Y, Liu P. Urinary metabonomics characteriza-
tion of liver fibrosis induced by CCl₄ in rats and intervention 
effects of Xia Yu Xue Decoction. J Pharm Biomed Anal 2013; 
74: 62-65 [PMID: 23245234 DOI: 10.1016/j.jpba.2012.09.021]

34	 Chen L, Fan J, Li Y, Shi X, Ju D, Yan Q, Yan X, Han L, Zhu 
H. Modified Jiu Wei Qiang Huo decoction improves dys-
functional metabolomics in influenza A pneumonia-infected 
mice. Biomed Chromatogr 2014; 28: 468-474 [PMID: 24132661 
DOI: 10.1002/bmc.3055]

35	 Wang X, Zhang B. [Elucidation of compatibility principle 
and scientific value of Chinese medical formulae based on 
pharmacometabolomics]. Zhongguo Zhong Yao Za Zhi 2010; 
35: 1346-1348 [PMID: 20707212]

36	 Wang X, Zhang A, Sun H. Future perspectives of Chi-
nese medical formulae: chinmedomics as an effector. 
OMICS 2012; 16: 414-421 [PMID: 22734809 DOI: 10.1089/
omi.2011.0138]

37	 Lu SW, Zhang AH, Sun H, Yan GL, Han Y, Wu XH, Wang 
XJ. Ultra-performance liquid-chromatography with tandem 
mass spectrometry for rapid analysis of pharmacokinetics, 
biodistribution and excretion of schisandrin after oral ad-
ministration of Shengmaisan. Biomed Chromatogr 2013; 27: 
1657-1663 [PMID: 23852935 DOI: 10.1002/bmc.2976]

37 September 9, 2014|Volume 3|Issue 3|WJP|www.wjgnet.com

Qiu S et al . Metabolomics in traditional Chinese medicine



38	 Tong X, Sun H, Yan GL, Dong W, Sun WJ, Yu Y, Wang 
P, Han Y, Wang XJ. Evaluation study on urine metabolo-
mics in yinhuang rat model induced by triplet factors of 
rhubarb, ethanol, and α-nephthylisothiolyanate. Chin J 
Integr Med 2011; 17: 369-375 [PMID: 21611901 DOI: 10.1007/
s11655-011-0728-9]

39	 Hu Y, Kong W, Yang X, Xie L, Wen J, Yang M. GC-MS com-
bined with chemometric techniques for the quality control 
and original discrimination of Curcumae longae rhizome: 
analysis of essential oils. J Sep Sci 2014; 37: 404-411 [PMID: 
24311554 DOI: 10.1002/jssc.201301102]

40	 Kobayashi S, Putri SP, Yamamoto Y, Donghyo K, Bamba T, 
Fukusaki E. Gas chromatography-mass spectrometry based 
metabolic profiling for the identification of discrimina-
tion markers of Angelicae Radix and its application to gas 
chromatography-flame ionization detector system. J Biosci 
Bioeng 2012; 114: 232-236 [PMID: 22633242 DOI: 10.1016/
j.jbiosc.2012.03.022]

41	 Zhang J, Gao W, Liu Z, Zhang Z. Identification and Simul-
taneous Determination of Twelve Active Components in the 
Methanol Extract of Traditional Medicine Weichang’an Pill by 
HPLC-DAD-ESI-MS/MS. Iran J Pharm Res 2013; 12: 15-24 [PMID: 
24250567]

42	 Wang Y, Xu R, Xiao J, Zhang J, Wang X, An R, Ma Y. Quan-
titative analysis of flavonoids, alkaloids and saponins of 
Banxia Xiexin decoction using ultra-high performance liq-
uid chromatography coupled with electrospray ionization 
tandem mass spectrometry. J Pharm Biomed Anal 2014; 88: 
525-535 [PMID: 24189040 DOI: 10.1016/j.jpba.2013.10.002]

43	 Wang DD, Liang J, Yang WZ, Hou JJ, Yang M, Da J, Wang 
Y, Jiang BH, Liu X, Wu WY, Guo DA. HPLC/qTOF-MS-
oriented characteristic components data set and chemomet-
ric analysis for the holistic quality control of complex TCM 
preparations: Niuhuang Shangqing pill as an example. J 
Pharm Biomed Anal 2014; 89: 130-141 [PMID: 24284229 DOI: 
10.1016/j.jpba.2013.10.042]

44	 Dong H, Zhang A, Sun H, Wang H, Lu X, Wang M, Ni B, 
Wang X. Ingenuity pathways analysis of urine metabolo-

mics phenotypes toxicity of Chuanwu in Wistar rats by 
UPLC-Q-TOF-HDMS coupled with pattern recognition 
methods. Mol Biosyst 2012; 8: 1206-1221 [PMID: 22282765 
DOI: 10.1039/c1mb05366c]

45	 Cai Y, Gao Y, Tan G, Wu S, Dong X, Lou Z, Zhu Z, Chai Y. 
Myocardial lipidomics profiling delineate the toxicity of 
traditional Chinese medicine Aconiti Lateralis radix praepa-
rata. J Ethnopharmacol 2013; 147: 349-356 [PMID: 23541933 
DOI: 10.1016/j.jep.2013.03.017]

46	 Xu W, Wang H, Chen G, Li W, Xiang R, Pei Y. (1)H NMR-
based metabonomics study on the toxicity alleviation effect 
of other traditional Chinese medicines in Niuhuang Jiedu 
tablet to realgar (As2S2). J Ethnopharmacol 2013; 148: 88-98 
[PMID: 23583735 DOI: 10.1016/j.jep.2013.03.073]

47	 Li Y, Wang Y, Su L, Li L, Zhang Y. Exploring potential 
chemical markers by metabolomics method for study-
ing the processing mechanism of traditional Chinese 
medicine using RPLC-Q-TOF/MS: a case study of Radix 
Aconiti. Chem Cent J 2013; 7: 36 [PMID: 23432780 DOI: 
10.1186/1752-153X-7-36]

48	 Sun H, Ni B, Zhang A, Wang M, Dong H, Wang X. Metabo-
lomics study on Fuzi and its processed products using ultra-
performance liquid-chromatography/electrospray-ion-
ization synapt high-definition mass spectrometry coupled 
with pattern recognition analysis. Analyst 2012; 137: 170-185 
[PMID: 22030742 DOI: 10.1039/c1an15833c]

49	 Dong Y, Ding Y, Liu PZ, Song HY, Zhao YP, Li M, Shi JR. 
Investigation of the Material Basis Underlying the Correla-
tion between Presbycusis and Kidney Deficiency in Tradi-
tional Chinese Medicine via GC/MS Metabolomics. Evid 
Based Complement Alternat Med 2013; 2013: 762092 [PMID: 
24371466 DOI: 10.1155/2013/762092]

50	 Ding X, Hu J, Wen C, Ding Z, Yao L, Fan Y. Rapid resolu-
tion liquid chromatography coupled with quadrupole time-
of-flight mass spectrometry-based metabolomics approach 
to study the effects of jieduquyuziyin prescription on sys-
temic lupus erythematosus. PLoS One 2014; 9: e88223 [PMID: 
24505438 DOI: 10.1371/journal.pone.0088223]

P- Reviewer: Tang WF, Wang XP    S- Editor: Ji FF    
L- Editor: Wang TQ    E- Editor: Lu YJ  

38 September 9, 2014|Volume 3|Issue 3|WJP|www.wjgnet.com

Qiu S et al . Metabolomics in traditional Chinese medicine



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


