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• High throughput sequencing (HTS) of DNA used to genetically audit, using plant reference databases.
• 15 ‘TCM’ (powders, tablets capsules, bile flakes, tea) revealed 68 plant families including genera such as 

Ephedra & Ascarum that are potentially toxic.
• Animal genera identified as vulnerable to critically endangered, contravening Convention on International Trade 

in Endangered Species (CITES): Asiatic black bear & Saiga antelope; Bovidae, Cervidae, Bofonidae.

How do we assess health safety and legality?

2012



Opinion leader on state of the art and good 
practice

20 papers on state of art & GxPs,
40 citations each in average

Xu Q & Bauer R, eds. J Ethnopharmacol 2012;140(3):1-642

The GP-TCM JEP Special Issue 2012

Good Practice in Traditional Chinese Medicine (GPTCM)



92 citations

Good practice in reviewing and publishing studies on herbal medicine, with 
special emphasis on traditional Chinese medicine and Chinese materia medica
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J Ethnopharmacol 2012;140:469–75

Kelvin Chan,  Debbie Shaw,  Monique S.J. Simmonds,  Christine J. Leon,  Qihe
Xu,  Aiping Lu,  Ian Sutherland,  Svetlana Ignatova,  You-Ping Zhu,  Rob 

Verpoorte,  Elizabeth M. Williamson,  Pierre Duez.

Good Practice in Traditional Chinese Medicine (GPTCM)



The formation of daodi medicinal materials

40 citationsJ Ethnopharmacol 2012;140:476–481
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Good Practice in Traditional Chinese Medicine (GPTCM)

Zhongzhen Zhao, Ping Guo, Eric Brand



Good Practice in Traditional Chinese Medicine (GPTCM)





State of the World’s Plants Report 2017
Royal Botanic Gardens Kew

Global Medicinal Plants



614 plant species (CP 2015)

• over-harvesting
• habitat loss 
• ?climate change 

50-70% species
wild-harvested

30-50% species
cultivated

30% threatened
(ca 160 species) 

IUCN Red List 2018; Qin et al. 2017 Biodiversity Science 25(7); Leon & Lin 2017 

Chinese Pharmacopea Materia Medica 2015





1988 IUCN-WHO-WWF Guidelines on the Conservation of 
Medicinal Plants

“.. urgent need for international 
cooperation & coordination …
to develop programmes for their
conservation & sustainable use.” 

…. includes many proposals for 
conservation (in situ and ex situ) 
but no detail whatsoever on how to 
achieve sustainable harvesting.

20 disciplinary 
skills identified 
as essential

1988



Can cultivated provenance be deduced from packaging?

Global China 2002 2003

Annex 1  China’s
Good Agricultural Practice for Traditional Chinese
Medicinal Materials - GAP State Drug Administration (SDA) 2002 

• One of first countries worldwide to establish GAP for medicinal herbs
• ~ 50 TCM species GA(C)P-certified
• Assurance of botanical identity, purity & cultivated provenance
BUT
• Japanese markets have monopoly on GAP TCM herbs 

(few GAP TCMs reach Europe) 
• A further 150 TCM species cultivated WITHOUT GAP certification 
• For these, ‘cultivated provenance’ is not required on labelling

Unless herbs are GAP-certified,  responsible users (incl. researchers) 
cannot reliably discriminate cultivated from wild-sourced materials.    collection of wild and semi-wild medicinal  

plants should conform to the practice of 
‘MAXIMUM SUSTAINABLE YIELD’



• National Medicinal Plant Germplasm Bank (Genetic Resource Base)

• No species of wild flora endangered by international trade

China’s Strategy for Plant Conservation 2008
(SFA, CAS, SEPA) 

• designating Medicinal Plant Hotspots or strict 
protection

• 16 targets (in situ, ex situ incl. protected areas & 
safeguarding 5,000 threatened species

• Huge role of Botanic Gardens and IMPLAD network 
which: Rhizoma Gastrodiae (tian ma), Radix Panacis
QuinquefoliI (American ginseng), Rhizoma Coptidis
(huang lian), and Fructus Amomi (sha ren)

2008



2012 review of progress
by international botanic garden community (BGCI)  

Recommends ‘strengthening intersectoral dialogue’ 
across all stakeholder groups 
e.g. with China’s medical agencies (CFDA, SATCM)

China’s Strategy for Plant Conservation (CSPC) 2012







Engaging China’s Private Sector in 
Sustainable Management of Medicinal 

Plants



EU – China (EGP)
Environmental Governance Program



EU – China Environmental Governance Program (EGP)



China’s Traditional Chinese Medicine (TCM) & 
the Medicinal & Aromatic Plants (MAPS) Trade

Wild and cultivated species of MAPs in China Trade Data for 2013 exports, Brinckmann 2015



China’s Traditional Chinese Medicine (TCM) & the Medicinal & Aromatic Plants (MAPS) Trade
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Tai-Ping Fan,  Greer Deal,  Hoi-Lun Koo,  Daryl Rees,  He Sun,  Shaw Chen,  Jin-Hui Dou,  Valery G. Makarov,  Olga N. 
Pozharitskaya,  Alexander N. Shikov,  Yeong Shik Kim,  Yi-Tsau Huang,  Yuan Shiun Chang,  William Jia,  Alberto Dias,  

Vivian Chi-woon Wong,  Kelvin Chan. 

60 citations
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J Ethnopharmacol 2012;140:568–586

Future development of global regulations of Chinese herbal products

Pharmacological Regulations and Vigilance



Continued
Dabur 達布爾製藥
Eisai 衛材製藥
Novartis 諾華
Otsuka 大塚製藥
Pierre Fabre 皮埃爾法布爾製藥
Piramal Pharma 匹拉摩製藥

Suspended

Abbott 雅培
Astellas 安斯泰來
Bayer 拜耳
Boehringer-Ingelheim 勃林格殷格翰
Bristol-Myers Squibb 百時美施貴寶
Lilly 禮來
GlaxoSmithKline 葛蘭素史克
Johnson & Johnson 強生
Merck Sharp & Dohme 默克
Novo Nordisk 諾和諾德
Pfizer 輝瑞
Roche 羅氏
Samkyo 三共株式會社
Sanofi-Aventis  賽諾菲安萬特

History:
60,000 medicinal plants screened à 135 candidates

Global Reserve:
240,000 – 290,000 plants à 540 – 653 
potential candidates

Involvement of Pharmaceutical Companies in R&D in Medicinal Plants



2002-2015 FDA Pre-IND, IND for Medicinal Plants

Cancer 34%
Metabolic 7%
Antiviral 4%
Anti-infection 3%

Skin & Dental 10%
Gastrointestinal 7%
Urological 4%
Neurological 3%

Pain & Anesthesia 10%
Respiratory 7% 
Cardiovascular 4%
Others 7%

Pharmacological Regulations and Vigilance



Product Company Status
複方丹參滴丸 (Dantonic)

(丹通尼克膠囊) 天士力製藥廠 Tasly Pharma.
FDA IND Phase 
III
(Claimed Complete)

血脂康膠囊 (XueZhiKang) 北京北大維信生物科技有限公司 FDA IND Phase 
III

扶正化瘀片(Fuzheng Huayu) 上海中醫藥大學 TCM U of 
Shanghai

FDA IND Phase II

桂枝茯苓膠囊 (KYG0395) 江蘇康緣藥廠 Jiangsu Kanion FDA IND Phase 
IIb

杏靈顆粒 (Xingling Keli) 上海杏靈科技藥業 Shanghai 
Xingling FDA IND Phase II 

威麥靈膠囊 (Weimaining
Capsult) 華頤藥業有限公司 HuaYi Pharma. FDA IND Phase II

康萊特注射液 (Kanion) 浙江康萊特藥業 Kanglaite Pharma. FDA IND Phase II
康萊特注注射液/膠囊(Kanion) 美國康萊特藥業 Kanglaite Pharma. FDA IND Phase II

HMPL-004 Nutrition Science Partners FDA IND Phase 
III

PHY906 Phytoceutica Inc. FDA IND Phase II
濃縮當歸丸 (Nongsuo
DangguiWan) 佛慈製藥 Foci Pharmaceuticals Sweden Applied
心血康膠囊 Xin Xue Kang 
(2012)

成都地奧製藥 Diao
Pharmaceuticals Dutch License

樂脈顆粒 Lemai Keli (2012) 華西藥業 West China 
Pharmaceuticals Canadian License

膽寧片 (2016) 上海和黃藥業 Shanghai Hutchinson Canadian License

樂脈顆粒 Lemai Keli (2012) 

Pharmacological Regulations and Vigilance

TCM products under 
evaluation by US FDA, 
Sweden and licenses granted 
by Netherlands and Canada



Pharmacological Regulations and Vigilance



Pharmacological Regulations and Vigilance

European Directorate for the 
Quality of Medicines and 
Healthcare (EDQM) signed a 4-
year MOU with Chinese 
Pharmacopeia to set up joint 
executive committee and 
working groups to collaborate in 
ensuring the quality of medicine 
through:
• Exchanging scientific 

information and expertise
• Developing quality standards
• Training initiatives
• Exchange programs



Pharmacological Regulations and Vigilance



• Increase quality and 
number of monographs 
and list entries

• Assess  the needs of the 
market operations

• Allocate member states 
resources 



Kampo Medicine since 1950 日本東洋醫學會
conducted 402 randomized controlled trials 
showing evidence reports of Kampo treatment 
in 2013 (updated in 2014, 2015). 

Pharmacological Regulations and Vigilance

Standards for manufacturing of Kampo for 
sale of common use



Li Zhang,  Jingbo Yan,  Xinmin Liu,  Zuguang Ye,  Xiaohui Yang,  Ronald 
Meyboom,  Kelvin Chan,  Debbie Shaw,  Pierre Duez

102 citations

草药安全监控现状和展望

J Ethnopharmacol 2012;140:519–25

Pharmacological Regulations and Vigilance

Pharmacovigilance practice and risk control of Traditional Chinese 
Medicine drugs in China: Current status and future perspective



Moustapha Ouedraogo,  Thomas Baudoux,  Caroline Stévigny,  Joëlle Nortier,  Jean-Marie Colet,  Thomas Efferth,  Fan Qu,  Jue Zhou,  
Kelvin Chan,  Debbie Shaw,  Olavi Pelkonen,  Pierre Duez

Cited 90 times

组学方法研究草药的毒性

J Ethnopharmacol 2012;140:492–512

Pharmacological Regulations and Vigilance

Review of current and “omics” methods for assessing the toxicity (genotoxicity, 
teratogenicity and nephrotoxicity) of herbal medicines and mushrooms



Debbie Shaw,  Ladds Graeme,  Duez Pierre,  Williamson Elizabeth,  Chan Kelvin

106 citations

中国以外地区草药安全的监控

J Ethnopharmacol 2012;140:513–18

Pharmacological Regulations and Vigilance

Pharmacovigilance of herbal medicine



- The concept, core theory & research methods of CM quality markers
- A smart near-infra-red spectroscopy evaluation system for quality 
management of CM materials based on quality markers
- Research strategy for quality-biomarkers of TCM, based on benchmarks 
of effects
- A hypothesis on the Q-marks based on characteristics of opposite effect 
of herbs: an example of Sanqi
- Discovery of quality markers of TCM compounds and visualization 
technology of content-effect color atlas

CM quality Q marks: 
theory & strategy to enhance 
research standards

Pharmacological Regulations and Vigilance

Review
Use of nano-carriers for synergistic effect of chemotherapeutic 
drugs & CM active compounds

2019
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Shwu-Huey Liu,  Yung-Chi Cheng

63 citations

草药现代化是可行的：黄芩汤为例

J Ethnopharmacol 2012;140:614–623

Old formula, new Rx: The journey of PHY906 as cancer adjuvant therapy
Disease - ‘Zheng’ and Network Pharmacology



Alessandro Buriani,  Maria L. Garcia-Bermejo,  Enrica Bosisio,  Qihe Xu,  Huige Li,  Xuebin Dong,  
Monique S.J. Simmonds,  Maria Carrara,  Noelia Tejedor,  Javier Lucio-Cazana,  Peter J. Hylands

J Ethnopharmacol 2012;140:535–544 Cited 106 times

组学和系统生物学方法研究中药药理

Omic techniques in systems biology approaches to traditional 
Chinese medicine research: Present and future

Disease - ‘Zheng’ and Network Pharmacology



• Visual Analysis of external & internal characteristics of literature
• Using bibliometrics to build knowledge map of knowledge systems, 

research hotspots, dynamic frontiers, research status and trends.
• Now, at stage of formation & construction of basic theories, solution of 

disease problems & basic theoretical research.
• TCM is a new hotspot requiring connection & communication among 

knowledge groups for formation of a systematic knowledge system.

Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)



Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)



CACMS Xiyuan Hospital, Research Institute on Basic CM, Liu JH, Ren J; March 24, 2019

Efficacy & Pharmacodynamics功效与药效: (complex & multiple)

Disease - ‘Zheng’ and Network Pharmacology

TCM functional effects: 
- the signs & symptoms, 
- the Zheng
- the Disease
TCM physical effects: 
- whole body, 
- tissues & organs, 
- cells, 
- molecules

8 Mechanisms of pharmacological action:
- physico-chemical reaction, 
- cellular metabolism, 
- physiological substance transport,
- enzyme effect, 
- ion channel on cell membrane, 
- nucleic acid metabolism, 
- immunological function 
- non-specific.

Disease-Zheng Integrated Model for TCM Formulae複方病證結合: (methodology at multi-level)
- TCM clinical Zheng diagnostic standards
- therapeutic effectiveness evaluation methods
- integrate chemistry, bio-informatics & PK/PD techniques
- develop studies on mechanistic & material basis
- explain the pharmacological effects.



Disease - ‘Zheng’ and Network Pharmacology
Disease-Zheng integrated model for TCM formulae

12 animal models with 5 disease & 6 Zheng:
- Pig coronary artery disease Tan-Yu-Hu-Jie痰瘀互
结
- Rabbit arterial sclerosis/ stenosis Tan-Yu-Hu-Jie痰
瘀互结
- Rat cerebral thrombosis Luo-Mai-Yu-Zu络脉瘀阻
- Rat Qi-Xu-Xue-Yu 氣虛血瘀
- Rat Qi-Zhi-Xue-Yu 氣滯血瘀

CACMS Xiyuan Hospital, Research Institute on Basic CM, Liu JH, Ren J; March 24, 2019

3 methods for evaluation of effectiveness
- Reflect the effect on the 4 diagnostic methods
- Measure the pathological or physiological parameters
- Use molecular marker groups for characterization

Pharmacological evaluation system & platform with 83 models & 220 SOP, using 8 TCM Formulae

Benefits of the D-Z Integrated Model for Clinical Evaluation:
- Explains the functional & physical effects using biological basis
- Produces socio-economic benefits
- Advances the inheritance & innovation of TCM pharmacology2 cellular models :

- Qi-Xu-Xue-Yu氣虛血瘀
- Qi-Zhi-Xue-Yu氣滯血瘀

Address 4 Zheng: 
- YI-Qi-Huo-Xue益氣活血, 
- Li-Qi-Huo-Xue理氣活血, 
- Qu-Yu-Hua-Tan 祛瘀化痰, 
- Huo-Xue-Jie-Du 活血解毒

Treat 4 groups of diseases: 
- cardio-cerebral artery, 
- neuro-degenerative, 
- diabetes & complications, 
- cancer etc; 



• 1999 & 2002- association among TCM syndromes (ZHENG), herbal formulae & 
molecular networks

• 2007- Nature Biotechnology, AL Hopkins: Network Pharmacology
• 2018 – WJTCM Special Issue on TCM & Network Pharmacology
• Approach to the analysis of complex systems underlying TCM: multiple 

components, targets, effects.
• The model visualizes and analyzes multi-layer interactions, including 

“component/compound/drug-target”, “target-pathway” and “target-disease”.
• For identification of the active ingredients, targets & underlying therapeutic 

mechanisms; 
• And identification of new indications & innovative drugs.

Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)



• Challenges:  Repeatability Reliability Consistency, 
to bridge the gap between traditional & modern medicine

1. Lack of sufficient reliable data on TCM compounds for construction of a 
sufficiently predictable network, despite databases produced by high throughput 
experimentation & computational modeling.

2. Scientific & robust validation based on chemical & biological experiments and 
predicted results of network analysis.

Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)



Bu-Shen-Jian-Pi(補腎健脾方) = Liu-Wei-Di-Huang(六味地黃湯) + Si-Jun-Zi(四君子湯)

143 compounds, 275 targets

• Inflammation, Cancer, Alzheimer’s, Asthma
• Tumor-related targets concentrated in P13K/Akt and MAPK/ERK signaling pathways

Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)



Square=component, triangle=target, Red= SJZ, yellow=LWDH, Rose red=SJZ+LWDH

Component

Target

SJZ

LWDH

SJZ + LWDH

Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)



BSJP: red square=component, green triangle=target, blue circle= tumor related

Component

Target

Tumor related

Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)



BSJP: yellow box=target, red box=pathway, green box= key compound, gray box= effect

Target

Compound

Effect

Pathway

Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)



Disease - ‘Zheng’ and Network Pharmacology (World Journal of TCM)
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In vitro, in vivo and clinical studies 
on diabetic kidney, diabetic foot 
ulcer and skeletal muscle insulin 
resistance

Old Formulae for Major Disease Burden



TCM pattern-directed 宣肺化痰
treatment for Chronic Obstructive 
Pulmonary Disease

Cerebral ischemia:
1. 培元通腦膠囊 on rat memory
2. Screening for antioxidants and Q markers 

of 宣腦心丸

Old Formulae for Major Disease Burden



Explore pathway and target of 
麝香補心丸 for CHD

Data mining for biological 
basis of hypertension & 
肝火亢盛

Network analysis of 逍遙散 for depression

Old Formulae for Major Disease Burden



Miao Jiang,  Cheng Lu,  Chi Zhang,  Jing Yang,  Yong Tan,  Aiping Lu,  Kelvin Chan.  

Cited 108 times

中药是中医理论指导下使用的药物

J Ethnopharmacol 2012;140:634–42

Syndrome differentiation in modern research of traditional Chinese medicine. 

Old Formulae for Major Disease Burden



History taking (問診) for TCM 
syndrome diagnosis (辨證) using 
clustering model for vascular 
mild cognitive impairment (MCI)

Old Formulae for Major Disease Burden



Systematic review Registry-based data mining 

in vivo / in vitro
Metabolomics for 

Biomarkers for 
responsiveness

Pilot program
FTI service programme

Pragmatic Clinical trial:
SCHEMATIC, READY trials

Stakeholder analysis
Comparative focus 

group interview series
Protocol optimisation

Generalisation,
Mechanism discovery

Effectiveness evaluation

Clinical intervention 
screening by existing 

real-world data

Protocol optimisation

Practicability evaluation

Chan KW et al. 2019

Using “focus group” methodology, the CM 
syndrome diagnoses and group-specific CM 
formulae for Diabetic Nephropathy was 
determined.
A pragmatic clinical trial is being conducted 
using this semi-individualized therapy .

Old Formulae for Major Disease Burden



AIM
To evaluate the effect of a 48-week add-on semi-
individualized CM treatment program on T2DM 
patients with stages 2 to 3 CKD and 
macroalbuminuria

Chan KW et al. 2017

Primary outcomes: eGFR, UACR
Secondary Outcomes: HbA1c, blood pressure, 
adverse event rates

Old Formulae for Major Disease Burden



Andrew Flower,  Claudia Witt,  Jian Ping Liu,  Gudrun Ulrich-Merzenich,  He Yu,  George Lewith.
!"BC#$*+

60 citationsJ Ethnopharmacol 2012;140:550–54

Guidelines for randomised controlled trials investigating Chinese herbal medicine. 

Old Formulae for Major Disease Burden



Hui Luo,  Qing Li,  Andrew Flower,  George Lewith,  Jianping Liu

Comparison of effectiveness and safety between granules and decoction of Chinese 
herbal medicine: A systematic review of randomized clinical trials

Cited >30 timesJ Ethnopharmacol 2012;140:555–567

中药颗粒剂与传统汤剂的比较研究

Old Formulae for Major Disease Burden

Poor methodology, no conclusion, needs standardization



• Introduced TCM pattern, features of CHM formulae
• New checklist sub-item, keywords for indexing and searching
• Elaborated 7 checklists: Title & Abstract, Background & Objectives, 

Participants, Interventions, Outcomes, Generalizability, Interpretation
• Revised ‘harm’ specific to CHM formulae

中藥複方臨床隨機對照試驗報告規範2017：CONSORT聲明的擴展、說明與詳述

Old Formulae for Major Disease Burden



• 3273 -> 1212 patients with carotid intima-media thickness (IMT) >/= 1.2mm
• Tongxinluo 6 capsules bd, over 24 months (499 completed) vs placebo ( 509 completed)
• Retarded progression of mean IMT, plague area & vascular remodeling index
• Significantly reduced 1st major cardiovascular events

Old Formulae for Major Disease Burden



Carotid Intima-
media thickness

Plaque area 
long-axis

Plaque area 
short-axis

Old Formulae for Major Disease Burden
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National Program for Modernization of TCM國家重點研究計劃“中醫藥現代化研究”
(Evidence evaluation & mechanistic effect demonstration study)

十種中成藥大品種和經典名方上市後治療重大疾病的循證評價和其效應機制的示範研究

Old Formulae for Major Disease Burden

Objectives:
- produce high level evidence
- develop evaluation methods by level/by category
- academic-led guideline development
- support decision by doctors, industry & government 
(medical insurance)

3 framework contents: 

- demonstration research, 
- research guidelines, 
- technical methodology

10 Old Formulae: 3 classical formulae, 7 major products on the market

4 major disease burden: 
- cardio-vascular, 
- cerebral vascular, 
- cancer & syndromes, 
- infectious diseases



1. Good Practice Traditional Chinese Medicine Research Association (GPTCMRA)

2. International Regulatory Agencies

3. 《Ethnopharmacology》,《World Journal of Traditional Chinese Medicine 》

4. Dr Christine Leon, Royal Botanic Garden Kew; Anastasiya Timoshyna, TRAFFIC

5. Professional leaders, academics, researchers & funders
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