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Systems biology is an emerging science of the 21st century and its method and design of study resemble 

those of traditional Chinese medicine (TCM). Adopting systems biology technology will help to understand 

TCM Syndromes and modernize Chinese herbal medicine. The technology platforms of systems biology, 

especially proteomics can provide useful tools for exploring essence of TCM syndromes and understanding 

principle of herbal formulation. Moreover, compared with methods of molecular biology, such as genomics 

and proteomics, metabolomics provide more direct, rapid, concise and effective methods for study of kidney 

disease especially in the case of prevention and treatment with TCM.  
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The completion of Human Genome Project and 

arrival of post-genome era have provided good 

opportunity and challenge for the modernization of 

traditional Chinese medicine (TCM). The way of 

approaching science in systems biology resembles 

that of TCM in many aspects, which provides a good 

opportunity for exploring complexity of TCM 

syndromes and Chinese herbal medicine. TCM has a 

history of more than two thousand years and has been 

developed a complete system, which profoundly 

influences the life of Chinese throughout the history. 

TCM obtains information from patients by inspection, 

listening and smelling, inquiry, and pulse-taking. In 

addition, TCM makes conclusion of patient’s 

condition through subjective thinking. Therefore, 

lack of qualitative and quantitative parameters to 

precisely and objectively reflect the essence of TCM 

is the major hindrance for the development and 

globalization of TCM. 

There are two major advantages of TCM. One is 

holism, which considers the various parts of the 

human body as an organic whole and as part of the 

universe, and the various zang-fu organs closely 

relate to each other physiologically and patho- 

logically. The second is treatment based on the 

differentiation of syndrome, which gives birth to the 

theories of “treating a same disease with different 

methods” and “treating different diseases with a same 

therapeutic principle”. Moreover, TCM concerns the 

disease from various dynamic functional aspects. In 

understanding diseases, TCM pays attention to the 

whole and individual parts of the body, the general 

and specific character, so, satisfactory treatment 

results can be achieved. However, these advantages 

of TCM can not be interpreted by contemporary 

scientific language. The aim of systems biology is to 

establish a real theoretic model of biological system, 

which can not only mimic the behavior of the 

biosystem, but also predict the behavior of the 

biosystem after perturbation.
1
 Systems biology 
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reflects an integral concept indicating a tendency of 

transition from traditional biology to “macro- 

biology” and a sublimation of research from 

“component” to “function”.
2
 These aspects of 

systems biology resemble the concepts and theories 

of TCM. Therefore, the emergence of systems 

biology brings hope to further exploration of TCM. 

Systems biology will promote the development of 

TCM 

Systems biology is another focus in the scientific 

field after the completion of Human Genome Project. 

The first department of systems biology was 

established in September 2003 in Medical College of 

Harvard University.
3
 In July 2005, the first 

department of systems biology in China was 

established under the collaboration of the China 

University of Science and Technology and Chinese 

Academy of Science, which benefited by the 

combination of theoretic science and experimental 

research, and it integrates biology, mathematics and 

engineering with medical research. The arrival of the 

functional genome era has made systems biology one 

of the most important tools for medical research.
4
 

The technical platforms of systems biology are 

genomics, transcriptomics, proteomics, metabolomics, 

interactomics, phenomics and computer biology, etc.
5
 

1. Systems biology can help to reveal the scientific 

connotation of TCM Syndromes 

The key problem in the research of TCM syndromes 

is how to establish a new approach to fit into not only 

the “parenchymatous architecture” principle to reveal 

the material entity of TCM syndromes, but also the 

“functional analogue” principle to understand the 

explicit and potential law of TCM syndromes.
6
 The 

rapid development of systems biology and associated 

technology platforms provides a methodological 

basis and technical specification for further 

understanding the essence of TCM syndromes from 

the aspect of multiple scientific views. Genovariation, 

differential gene expression chart, and functional 

gene regulation network of different TCM syndromes 

have been established by the study of genomics. By 

the study on identification and quantitation of 

differential proteomes, some key functional proteins 

of different types of TCM syndrome, in combination 

with the TCM theory, scientific connotation of the 

TCM syndrome differentiation treatment will be 

elucidated from multiple levels and possibly find 

specific genes and functional protein markers 

corresponding to different clinical syndromes. 

WANG Mi-qu et al.
7 
studied the patients with cold 

syndrome using gene chip method and found that 

gene expression spectrum of the patients with cold 

syndrome was significantly different from that of 

normal controls. Among the 59 differently expressed 

genes, most of them were related with metabolism 

such as energy metabolism or protein metabolism etc., 

indicating that the metabolic network may be the 

major component in differentiation of cold syndrome. 

By using the metabolomics analyses, CHEN MJ et 

al.
8 
found that the metabolic network of animal model 

with kidney-yang deficiency was significantly 

different from that of normal controls. Moreover, 

Chinese herbs with the property of warming 

kidney-yang could normalize the metabolic chart of 

the animals with kidney-yang deficiency, showing 

that changes of metabolic network could be repaired 

with proper herbal treatment.  

2. Systems biology can facilitate the modernization 

of Chinese herbal medicine 

Chinese herbals are used in formulation to regulate 

balance and homeostasis of body holistically, acting 

on multiple targets systems, such as cells and genes. 

The study of Chinese herbals demands not only the 

verification of the physicochemical property and 

bioactivity of every component in a formulation or a 

single herb, but also study on the reactive laws of 

different components, the interaction of them with 

target systems, and the synergistic effect on the body. 

Western medicine often adopts the “sparrow 

dissection” method to study the formulation by 

splitting the formulation and looking for active 
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components. This method cannot reflect the 

compatibility principle of Chinese herbal medicine 

(i.e. the monarch, minister, assistant and guide 

principle). Therefore, it is necessary to make 

systematically study of Chinese herbal medicine, 

under guidance of TCM theory and by using 

advanced research methods of modern biomedicine at 

the same time, so as to form a new theoretical system 

of Chinese herbal medicine based on advanced 

science.
9
  

There are substantial differences between systems 

biology and traditional biology of reductionism, 

which only pays attention to a single gene or protein, 

and ignores the relationship between various parts 

and the interaction and link of parts with the whole 

body. In addition, it does not like cybernetics also 

that only focuses on input and output. On the other 

hand, systems biology is based on a large number of 

information composed of proteins etc. provided by 

molecular biology to study single biological molecule 

in the whole system and to understand its function in 

the whole system.
10
 Therefore, the methodologies and 

techniques of systems biology are able to help 

improve the level of formulation study, reveal 

therapeutic mechanism of formulation, and grasp the 

essence of compatible application of classic 

formulation. Moreover, advanced techniques and 

methods in life science such as continuous analysis 

method of gene expression, gene chips, protein chips, 

biology mass spectrum, two-dimensional electro- 

phoresis, multidimensional chromatography-mass 

spectrography unit, bioinformatics, computer 

technology etc. will provide a feasible operation 

platform for the study of Chinese herbal medicine 

with systems biology (genomics, proteomics, and 

metabolomics).   

Proteomics provides experimental methods for 

research of the essence of TCM syndromes and 

functions of herbal formulation 

There are four characteristics of TCM syndrome 

science: 1) Holistic: Based on correspondence 

between human and the universe, TCM syndrome is 

the integrated entity of various factors with balance 

and concordance of Yin and Yang. 2) Space-time 

dynamic: TCM syndrome varies with time, the body 

state and the environment, etc, so it is the reflection 

of instant dynamic functional state of the body. 3) 

Ever-transforming: Related syndrome types can 

influence each other and they can transform 

according to regular patterns. 4) Individual variance: 

The phenomena that same disease with different 

syndromes and same syndrome in different diseases 

reflect the responsiveness of native endowment and 

functional state of the body to environmental or 

psychic factors. Individual variance is the foundation 

of TCM syndrome multiplicity. All these 

characteristics of TCM syndromes might be related to 

various proteins with differences in contents, 

functions and structures. In addition, the components 

of Chinese herbal medicine either a single herb or 

formulation are complex chemical systems, and each 

component binds to its own target receptor. It makes 

the study of the complex pharmacological action 

even more difficult. So it is not only time and energy 

consuming but also confusing for systemically 

understanding the essence of TCM syndromes and 

the mechanism of Chinese herbal medicine, if studies 

are conducted sequentially by the traditional 

biochemical or molecular biological methods. 

Proteomics refers to the whole spectrum of proteins 

expressed by a genome, a living being or tissue, 

cell,
11
 and it is a science for the systemic verification, 

quantitation and functional study of the all proteins of 

a specific subject.
12
 The proteomics mainly includes: 

expressional proteomics, structural proteomics, and 

functional proteomics.
13-15

 Expressional proteomics 

refers to the identification of the all proteins in a 

specific cell, tissue or living being. Structural 

proteomics is to determine three dimensional 
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structures of the all proteins mentioned above. 

Functional proteomics is to interpret the functional 

network of proteins which resembles electric circuit. 

The characteristic of proteomics is analyzing 

numerous proteins simultaneously, a methodology 

that TCM research is urgently in need of. With the 

help of functional proteomics, functions, structures 

and interactions of proteins expressed by a cell, a 

tissue, or body fluid in different syndromes, and the 

changes of proteins before and after treatment with 

single herb or an herb formulation could be analyzed. 

Therefore, proteomics enables us to study the essence 

of TCM syndromes and the mechanism of 

multi-strata and multi-target regulatory functions of 

Chinese herbs, finally explore substance foundation 

of TCM syndromes and interaction and principle of 

compatibility of Chinese herbs. 

Metabolomics provides methodology for research 

of TCM treatment for kidney diseases 

Metabolomics, a recently developed technology 

platform, is a method for study on the metabolic 

pathway of a biosystem by systematic identification 

and quantitation of all low molecular weight 

metabolites in a given organism or biological sample 

under perturbations or stimulations.
16
 The integral 

and systematic study of metabolomics is in 

agreement with TCM theory in nature, therefore it 

may be one of the best methods to study the complex 

theoretical system of TCM. Metabolomics focuses on 

interactions of molecular assembly and their 

functions in the body system, and all the factors 

affecting one’s health can be reflected by 

metabolome. Genes, environmental factors, nutrition, 

drugs (allothigenes) and time (age) can be ultimately 

influence the expressions though metabolome, that is, 

metabolomics is of holistic responsiveness. 

Consequently, as a new research method of the 

post-genome era, the metabolomics is the best to fit 

the holistic concept of multi-targets and 

multi-systems of TCM theory and to reflect the 

essential concept of TCM syndromes such as 

“internal excess and external deficiency”.  

Adopting the metabolomics technology platform to 

study TCM syndromes is also a useful attempt. There 

are many similarities between metabolomics and 

TCM. By analyzing and verifying the commonness 

of the specific markers of a disease, metabolomics 

enables us to better understand pathological 

processes, substance metabolic pathways and 

metabolic condition of the body. In addition, 

metabolomics can assist to discover early biomarkers 

of diseases. By detecting and analyzing patients’ 

urinary or blood samples at different time intervals, 

metabolomics can make more scientific and 

quantitative diagnosis.
17
  

Studying therapeutic effects of herb formulation on 

nephroses by metabolomics is of distinctive merits. 

The samples used in metabolomics are mainly body 

fluids, such as urine and blood, etc.
18
 The kidney is 

the major organ responsible for body fluid 

metabolism and it has functions of filtration, 

regulation, concentration and dilution of body fluid. 

Therefore, pathophysiological conditions of the 

kidney can be distinctively reflected by study of body 

fluids. Because metabolic changes in nephroses can 

be obviously reflected in the urine and/or blood
 19-20

 

demonstrated by our recent experimental results. By 

systematic study of the changes of metabolites during 

nephropathy, some representative biomarkers can be 

found. It will help us to further explore 

pathophysiologic changes of the kidney and obtain 

early diagnosis and better treatment of kidney disease. 

Compared with traditional diagnostic methods, even 

little changes of metabolites can help to detect early 

pathologic changes more sensitively. On the other 

hand, metabolomics methods are more direct and 

concise, compared with other molecular biological 

methods such as genomics and proteomics. Therefore, 

we believe that metabolomics can help to elucidate 

inner structure of “disease-symptom-syndrome” 

system and to understand connotation of TCM 

syndromes. Metabolomics research will provide 
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scientific evidence for standardization of diagnostic 

criteria for TCM syndromes, exploring dynamics 

connotation, law of TCM syndromes evolution, and 

relationship between syndrome and therapeutic 

effect. 

Summary 

Systems biology is a new territory in life science and 

represents future of biomedicine of the 21st century. 

Its applicable potentiality in medicine is infinite and 

will have significant impact on basic medicine, 

clinical research and drug development. Integration 

of systems biology into the study of TCM would 

make it possible to interpret the essence of TCM 

syndromes and to explore the molecular mechanism 

of therapeutic effects of herbal formulation with 

multiple targets, balanced regulation and treating 

both the principal and the secondary aspects of a 

disease at the same time. 

References 

1. Ideker T, Galitski T, Hood L. A new approach to 

decoding life: Systems Biology. Annu Rev Genomics 

HumGenet 2001; 2: 343-372.  

2. Poon AC, Ferrell JE Jr. Systems biology: A clock with a 

flip switch. Science 2007; 318: 757-758. 

3. Pennisi E. Tracing life’s circuitry. Science 2003; 302: 

1646-1649. 

4. Chen Z. Systems biology–the core dynamic force for the 

development of biology and medicine of the 21st century. 

World Science 2005; 3: 2-6. 

5. Yang SL. Advances in the study of systems biology. 

Journal of Chinese Academy of Science 2004; 19: 31-34.  

6. Yu ZY, Du J. Proteomics and the study of the essence of 

TCM syndromes. China Journal of Integrated Chinese 

and Western Medicine 2004; 24: 844-846. 

7. Wang MQ, Feng R, Yan SL, et al. Analysis of the 

therapeutic effect and gene expression spectrum of 5 

cases with cold syndrome. Journal of Zhejiang College of 

Traditional Chinese Medicine 2003; 6: 60-63. 

8. Chen MJ, Zhao LP, Jia W. Metabolomic study on the 

biochemical profiles of a hydrocortisone induced animal 

model. J Proteome Res 2005; 4: 2391-2396. 

9. Zhai XX, Guo CG. Establishment of systematic theory of 

the holistic efficacy of TCM. Journal of Shandong 

University of Traditional Chinese Medicine 1998; 22: 

104. 

10. Perlman ZE, Mitchison TJ, Mayer TU. High-content 

screening and rofiling of drug activity in an automated 

centrosome-duplication assay. Chembiochem 2005; 6: 

145-151. 

11. Humphery-Smith I, Cordwell SJ, Blachstock WP, et al. 

Proteome research: complementarity and limitations with 

respect to the RNA and DNA worlds. Electrophoresis. 

1997; 18: 1217-1242. 

12. Peng J, Gygi SP. Proteomics: the move to mixtures. J 

Mass Spectrom 2001; 36: 1083-1091. 

13. Aggarwal K, Lee KH. Functional genomics and 

proteomics as a foundation for systems biology. Brief 

Funct Genomic Proteomic 2003; 2: 175-184.  

14. Schmid MB. Structural proteomics: the potential of 

high-throughput structure determination. Trends 

Microbiol 2002; 10: 27-31. 

15. Patterson SD, Aebersold RH. Proteomics: the first decade 

and beyond. Nat Genet 2003; 33: 311-323. 

16. Idle JR, Gonzalez FJ. Metabolomics. Cell Metab 2007; 6: 

348-351. 

17. Jia W, Jiang J, Liu P, et al. Application of metabolomics 

in the study of compex theoretic system of TCM. China 

Journal of Chinese Herbal Medicine 2006; 31: 621-624. 

18. Yang J, Zhao XJ, Liu XL, Wang C, Gao P, Wang JS, Li 

LJ, Gu JR, Yang SL, Xu GW. High performance liquid 

chromatography-mass spectrometry for metabolomics: 

Potential biomarkers for acute deterioration of liver 

function in chronic hepatitis B. J Proteome Res 2006; 5: 

554-561. 

19. Jia LW, Wang C, Kong HW, Cai ZW, Xu GW. Plasma 

phospholipid metabolic profiling and biomarkers of 

mouse IgA nephropathy. Metabolomics 2006; 2: 95-104. 

20. Jia LW, Wang C, Kong HW, Yang J, Li FL, Lv S, Xu GW. 

Effect of PA-MSHA vaccine on plasma phospholipids 

metabolic profiling and the ratio of Th2/Th1 cells within 

immune organ of mouse IgA nephropathy.  J. Pharm. 

Bioanal 2006; 2: 95-104. 

 


