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ABSTRACT

The concept of pharmacovigilance planning (PVP) was initiated by the International Conference on Harmonization (ICH) in 
2004 and followed by the publication of Topic ICH E2E Guideline.  However, the implementation of PVP in societies like Taiwan 
where irrational medication or co-medication of conventional medicine with complementary/alternative medicine (CAM) is prevalent, 
became a challenge.  This report aimed to (1) introduce the concept of PVP and the importance of evidence-based justification of 
medicinal products for risk prevention and minimization, (2) summarize the scientific evidence regarding the sites and mechanisms of 
drug–drug or drug-CAM interactions along the biological processing of xenobiotics and identify potential risks in relation to co-medi-
cation of conventional medicine with CAM by reviewing literatures, (3) employ public information to analyze potential risk underly-
ing irrational medication of registered medicine, registered traditional Chinese medicine (TCM) and un-registered CAM in Taiwan, 
and (4) address the importance of conceptual change from individual product-oriented pharmacovigilance to a proactive system-based 
risk management of pharmacovigilance planning. 

Key words: pharmacovigilance planning, conventional medicine, traditional Chinese medicine (TCM), complementary/alternative 
medicine (CAM), nutraceuticals, xenobiotics, co-medication, medication risk, safe medication

Two conceptual aspects regarding drug safety, the 
Pharmacovigilance Specification and the Pharmacovigi-
lance Planning (PVP), were introduced by the International 
Conference on Harmonization (ICH)(1).  These initiatives 
addressed the risk management of medicines throughout 
their life cycle from preclinical development to post-market 
use(2).  Issues addressed in Pharmacovigilance Specifi-
cation are evidence-based justification and post-market 
surveillance of individual drug safety(3), while PVP empha-
sized the concept of system building for safe medication.  

Two major problems related to medication are 
emerging in societies like Taiwan where people tend to 
ignore the risk from irrational drug use.  First, patients 
involved in the welfare-like National Health Insurance 
system exhibited a tendency of drug overuse.  Second, the 
population using complementary/alternative medicines 
(CAM) are growing.  Without conceptual understand-
ing of the importance of evidence-based justification on 
drug use, patients tend to ignore the risk associated with 
co-administration of CAM with conventional registered 
medicine.  There is urgent need to deliver the concept of 

patient’s self involvement in safe medication by provid-
ing scientific information regarding the risk of medica-
tion.  It is also important to call for public attention to the 
system building of an environment on knowledge-based 
medication.  

The purpose of this report is to introduce the concept 
of PVP that ICH initiated and to address the importance 
of evidence-based medicine as humanistic approach to 
safe medication.  Evidence regarding the sites and mecha-
nisms of interactions between xenobiotics along biological 
processing of these substances, as well as potential risk 
related to co-medication of CAM and conventional medi-
cine, will be summarized from peer-reviewed scientific 
reports.  Pharmacoepidemiological aspects and potential 
risk underlying irrational medication of registered medi-
cine, registered traditional Chinese medicine (TCM) and 
un-registered CAM in Taiwan will be discussed.  The 
importance of conceptual change from product-oriented 
pharmacovigilance to a proactive pharmacovigilance plan-
ning will also be addressed.

Peer-reviewed scientific papers were retrieved from 
the database of PubMed Search and Retrieval System of 
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and Citation Database.  Articles published from year 2000 
to 2007 were retrieved for review.  Keywords for search 
in the databases include [pharmacovigilance or evidence-
based medicine] and drug interaction, [transporters or 
metabolizing enzyme or cytochrome P450] and drug 
interaction, [drug interaction or hepatotoxicity or nephro-
toxicity] and [herbal or complementary or alternative or 
traditional Chinese medicine or nutraceuticals].  Public 
information regarding to the statistics of drug consump-
tion, regulation, pharmacovigilance and pharmacoepi-
demiology in Taiwan are retrieved from the database of 
National Health Insurance Database (NHID), National 
Kidney Foundation ROC, National Reporting System of 
Adverse Drug Reactions in Taiwan, and the websites of the 
Department of Health, ROC.  

I. Pharmacovigilance Planning

Following the conceptual initiation of PVP, the Coun-
cil for International Organizations of Medical Sciences 
(CIOMS) and ICH developed and published Topic ICH E2E 
Guideline in 2005 as an action of implementing PVP(4).  It 
reflected a proactive thinking of the system building for 
safe medication.  It also led to the emerging strategies for 
risk-management in the European Union, the USA and 
Japan, the three regions that intitiated the ICH.  

With the concept of evidence-based medicine, the 
guideline addresses the identification of all possible risks 
regarding drug use(5,6).  All types of medicines are includ-
ed in this guideline, while with major emphasis on exist-
ing registered medicine(7).  Evidence-based approaches to 
risk assessment such as epidemiological studies are also 
included in the implementation of PVP (Figure 1)(8-10). 

II. Partnering of Medicine with the Body Forms the Concept 
of Evidence-based Medicine

Biological processing of xenobiotics via absorption, 
distribution, metabolism and excretion (ADME) deter-
mines the feasibility of medicinal substances to become 
effective therapeutic agents(11-13).  Factors affecting the 
fate of xenobiotics may exist anywhere along the ADME 
processes and may lead to a change of well designed 
and documented pharmacokinetic profiles of registered 

pharmaceuticals(14-17).  Risk and benefit assessment is 
thus not only on the medicinal substances per se, but also 
on factors affecting the biological processing of these 
substances.  Accordingly, risk factors such as food-drug 
interaction and drug-drug interaction should be discussed 
and the evidence supporting such risks should be docu-
mented before the approval of therapeutic agents.  

The concept of partnership of the body with thera-
peutic agents has been the fundamental theory of TCM 
therapy for hundreds of years.  According to the theory of 
Bien-Tseng-Luen-Jee (辨證論治), risk and benefit assess-
ment on therapeutic agents that human takes, no matter 
they are food or medicine (Iwao-Shih-Tung-Yuan, 藥食同
源), determines the effectiveness of the therapy(18).  The 
theory of Chiung-Chen-Tsuo-Shih (君臣佐使) combination 
therapy, reflects a process of, in terms of modern pharma-
ceutical science, formulation design toward pharmacody-
namic/pharmacokinetic (PD/PK) optimization (Figure 2).  
There is no discrepancy between TCM and modern phar-
maceutical sciences in terms of pharmacovigilance. 

According to the concept of pharmacovigilance, 
safety evaluation of marketed products should be based 
upon good quality evidence of the growing population 
taking the product after a reasonably long period of post 
marketing surveillance(19-20).  Therefore, information 
building for pharmacovigilance not only applies to pre-
approved but also to marketed pharmaceutical products.  
The existing reporting of adverse drug reactions (ADR) 
on individual pharmaceutical product is thus suggested to 
be transformed from the passive reporting to a compre-
hensive proactive planning in order to overcome the frag-
mentation of information(21-25). 

This risk management initiated by ICH is essentially 
based on the refinement of safety-signal identification of 
registered pharmaceutical products(26).  What was less 
addressed is the medication behavior of patients taking 
medicinal-type products, of which therapeutic effects 
are claimed while the registration for drug license is not 
required.  As a result, patients’ behavior of self-medica-
tion where phamacovigilance management is difficult to 
assess leads them to a situation of unknown risk.  There-
fore, the practice for risk minimization is difficult in soci-
eties where patients tend to take conventional medicine 
and CAM without evidence-based justification in mind.  
The PVP is also difficult to be implemented in societies 
like Taiwan where medicines are regulated in bilateral 
systems without cross references of information regard-
ing patient’s medication.   

Clinical-developing medicine (IND)

Registration for drug approval (NDA)

Production control of medicine (GMP)

Professional practice regarding medication

Medication behavior of consumers

Preclinical evidence-based medicinal substances

Figure 1.  The life cycle and the pharmacovigilance checking points 
of medicines in relation to human use.

Formulation : drug + adjuvants + delivery system + vehicle

TCM formula : Chuing + Chen + Tsuo + Shih

Figure 2. Chiung-Chen-Tsuo-Shih of TCM ref lects a process of 
formulation design toward pharmacodynamic/pharmacokinetic (PD/
PK) optimization.
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III. Drug-Drug Interaction along Biological Processing of 
Xenobiotics 

As xenobiotics are subjected to biological processing 
of ADME, identification of the sites and the mechanisms 
of interaction between xenobiotics becomes important 
for the assessment of drug toxicity and its efficacy(27-35).  
With the emerging evidence from system-based research, 
the disclosure of profiles on transporters and metabolic 
enzymes provides information regarding the sites and 
the mechanisms of ADME processing of the xenobiotics.  
Reports demonstrated that transporters in the intestine for 
absorption and in the kidney for excretion showed charac-
teristics of broad substrate specificity, indicating the possi-
bility of drug interactions(36-42).  The transporter-directed 
approach for new drug design also becomes the trend for 
the modification or the optimization of pharmacokinetic 
profile of existing drugs(43-46). As the metabolic systems 
process the biotransformtion of xenobiotics(47-54), reports 
indicated that hepatotoxicity(55-63) and renal toxicity(64-70) 
are associated with the formation of reactive metabolites 
no matter they are from synthetic or herbal resources.

On the other hand, the population of CAM users is 
growing(71,72), especially in the aged(73-75) and in patients 
with chronic disease(76,77).  The most prevalent use of 
CAM for therapeutic purpose are in treating cardiovas-
cular disease(78-83), pain healing(84-87), cancer adjuvant 
therapy(88-94), and for obesity(95-98).  According to Li’s 
report on a questionnaire-based survey research regard-
ing CAM use by 356 patients registered in hospital emer-
gency department, 55% of the patients have tried at least 
one CAM therapy within the past 12 months, 17% have 
tried CAM for their presenting medical problem.  Those 
taking CAM had more visits to outpatient physicians than 
the patients without CAM therapy (7.8% vs 5.2%)(99).  A 
report of UK perspective on herbal safety demonstrated 
an increasing awareness to develop pharmacovigilance 
practices for herbal medicines(100).

As considerable proportions of patients are taken 
CAM with conventional medicines without notification 
to the professionals(101), standard tools for regular moni-
toring of pharmcovigilance thus have limitations while 
applied to investigating CAM(102,103).  Safety threat as 
a result of drug-CAM interaction emerges from various 
scientific and pharmacoepidemiological studies(104).

IV. Medication Aspects in Taiwan

High prevalence of physician’s visit per person, 
large number of drug items per prescription, and high 
daily dispensing capacity per pharmacist made Taiwan of 
potential high risk of pharamcovigilance (Table 1)(105-107).  
The imbalanced distribution of prescriptions to pharmacy 
for dispensing between hospitals, clinics and community 
pharmacies further reflects the lack of mechanism for 
risk prevention on medication (Table 2)(105).

V. Regulatory Aspects in Taiwan

Most CAMs are marketed without license in coun-
tries of the world.  Claims for therapeutic efficacy are thus 
prohibited or limited to authorized indications(108-110).  
However, pharmaceutical products in Taiwan are classified 
by the nature of the substances and are registered via bilat-
eral systems.  The Bureau of Pharmaceutical Affairs (BPA) 
conducts registration of conventional medicine and the 
Committee on Chinese Medicine and Pharmacy (CCMP) 
conducts the registration of TCM.  Drug adverse events are 
managed via bilateral systems as well.  Sponsors of phar-
maceutical products of herbal origin may choose either 
route for product registration.  For example, the alcoholic 
product containing herbal extracts might be registered in 
BPA as over-the-counters sold in pharmacy-only or regis-
tered in CCMP as herbal extracts sold in grocery stores.  

With the implementation of good manufacturing prac-
tice (GMP), licenses issued by BPA decreased drastically 
for the past twelve years.  TCM licenses on the other hand 
has increased at a significantly high growth rate since 1996 
when CCMP started to conduct independent approval for 
TCM licenses (Table 3)(111). According to Chang’s report, 

Table 1. Statistics of medication profile in Taiwan. Data of year 
2003 are from National Health Insurance Database (NHID) 

Taiwan OECD countries

Physician’s visits  
(no. of visits/person/year) 15.2 5.9

Drug items per prescription 4.2 1.9

Drug expenditure to total National 
Health Insurance cost 25% ~15% 

Table 2. Distribution of prescriptions to pharmacy for dispensing in Taiwan. Data of year 2003 are from National Health Insurance Database 
(NHID)

No of prescriptions No of pharmacists Prescriptions dispensed /pharmacist/day

Medical center 31,172,000 725 154

Regional hospital 34,368,000 880 139

Local hospital 35,137,000 770 160

Clinics 217,052,000 8,404 91

Community pharmacy 31,290,000 3,348 33
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half of the licensed TCM products are composed of more 
than 9 herbal components, and more than 60% of the prod-
ucts did not have claims for indication(111).

VI. Pharmacoepidemiological Aspects in Taiwan

It is commonly believed that TCM are safe and good 
for health.  With claimed efficacy, it is convincing and 
encouraging to the consumers for TCM use regardless 
of the varied quality from doubtful sources.  In order to 
avoid regulatory control, lots of TCM-containing products 
are marketed either as nutraceutical with broader claims 
of therapeutic use than that of the registered TCM or with 
indications claimed without approval.  Therefore, inap-
propriate commercial advertisements in the media on food 
and medicines, especially TCM, are prevalent in Taiwan.  

According to a survey study of cable TV and radio 
monitoring on health-related products conducted jointly by 
the Taiwan Drug Relief Foundation and the National Union 
of Pharmacists Association in year 2004, the illegal rate of 
advertisements on cable TV counts for 12% of total health 
related advertisements sampled for monitoring (183 out of 
1591 cases).  In terms of product nature, the illegal cases 
count for 41% and 15%, respectively, on food and TCM 
(Figure 3A).  On the other hand, the illegal rate counts for 
53% of total health related advertisements on radio, with 
TCM ranked at the top (53%), followed by food products 

(31%) (Figure 3B).  Most of the advertisements are claims 
for weight reduction and for the treatment of erectile 
dysfunction while were lack of evidence(112). 

As drug adverse reactions (ADRs) were estimated to 
represent the fourth to the sixth leading cause of death in 
the USA(113), ADR reporting becomes routine and requires 
pharmacovigilance practice.  In comparison to the USA, 
Taiwanese patients have much less ADR reporting cases, 
with reporting rate 1/17.9 to that of the USA (Table 4)(114,115).

However, the incidence rate of end-stage renal disease 
(ESRD) in Taiwan ranked the top among the world (Figure 
4)(116). According to the report of National Kidney foun-
dation ROC, the prevalence rate raised from 1 per 2999 
population in year 1991 to 1 per 1054 population in year 
1997, from 1 per 744 population in year 2000 to 1 per 498 
population in 2006 (Figure 5)(117).  Reports of the phar-
macoepidemiological studies demonstrated that analgesic 
use, as well as herbal therapy, was positively associated 
with chronic kidney disease(118,119) and urinary tract tran-
sitional cell carcinoma in Taiwan(120). 

VII. The Need for Pharmacovigilance Planning in Taiwan 

As the innovation of medicine could be as diversified 
as from synthetic, biological, biotechnological or natural 
resources, it is reasonable to address that humanity-based 
risk and benefit assessment rather than product-based 

Table 3. Licenses of pharmaceuticals approved by BPA and CCMP

Year Conventional prescriptions Conventional over-the-counters TCM prescriptions TCM over-the-counter

1969~1995 14718 7152 2394 4663

1996~2006 4235 1385 4663 6444

Table 4. Statistics of ADR reporting in Taiwan and in comparison to that in the USA

No of physician’s visita No of ADR reporting casesb Reporting rate (b/a) ratio

Taiwana 344,896,000 4629 0.00134% 1

USAb 1,746,294,000 422,889 0.024% 17.9
a2006; b2004.

Figure 3. Identified illegal advertisement of medicinal-type products on (A) cable TV and (B) radio in Taiwan. The sampled monitoring study 
was conducted during August and December of year 2004.
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management should be the way for justification of the use 
of medicinal products, no matter that the products are for 
nutritional, therapeutic or healthcare reasons (Figure 6).  
Risk and benefit assessment of all medicinal products 
should thus be conducted via a unified process of inte-
grated approach to evidence collection based on un-biased 
justification criteria(121).  Current bilateral systems for 
independent registration and regulation of conventional 
pharmaceutical products and TCM in Taiwan led to the 
fragmentation of evidences and no longer met the concept 
and the guideline of PVP.  In order to move Taiwan toward 
international harmonization, a universal regulatory 
track should be designed and implemented based on an 
evidence-based justification process (Figure 7).  

Figure 4. Comparison of 
the incidence rate of end 
stage renal dialysis (ESRD) 
i n  y e a r  2 0 0 4  a m o n g 
cou nt r ies i n the world . 
Data are from the website 
http://www.usrds.org/ of 
the United States Renal 
Data System (USRD).

Figure 5. The prevalence of end stage renal dialysis (ESRD) in 
Taiwan. Data are from the web site http://www.kidney.org. tw/ of the 
National kidney foundation, ROC.
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Figure 6. Conceptual difference of product-oriented pharmacovigilance and humanity-based risk justification on medication.
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Figure 7. Uni-track of regulation on food and medicinal products is suggested. Evidence for safety assessment should be set on un-biased 
justification criteria, while standards of scientific evidence for efficacy assessment varies according to the nature of the products.
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Although challenging the culture of irrational 
medication in societies like Taiwan is most likely unwel-
come, mechanism for consumer protection by system 
building on risk minimization need to be continuously 
addressed, proactively designed and pragmatically 
implemented.  Concept of Good Pharmacy and Deliv-
ery Practice (GPDP) rather than merely Good Pharmacy 
Practice (GPP) is thus proposed as a system building for 
risk management in Taiwan (Figure 8).  All stakeholders 
involved in drug use, the product providers, profession-
als in medication service, patients, consumers, the third 
party medicinal product payers and, most importantly the 
policy makers should all be responsible for the implemen-
tation of PVP.  

In conclusion, risk of medication not only comes 
from registered medicines but also from irrational use 
of all types of products claiming therapeutic efficacy.  
Product management no longer fulfills the concept of 
risk minimization on medication.  The use of medicine 
need to be evolved from pharmcovigilance to pharmco-
vigilance planning for risk minimization.  With human-
istic and ethical concern, diversified approaches to the 
innovation of medicinal products should be followed by 
an universal risk-and-benefit assessment, regardless of 
its synthetic, biological, herbal or biotech origin.  With 
un-biased criteria on requirement for quality, safety and 
efficacy, the establishment of a process of integrated 
evaluation of pharmcovigilance for all types of medicinal 
products becomes an important issue in order to move the 
society toward modernization and globalization.  

ACKNOWLEDGEMENTS

The study was supported by the Department of 
Health (grant no. DOH95-TD-D-113-023). 

REFERENCES

1. Tsintis, P. and La Mache, E. 2004. CIOMS and ICH 
initiatives in pharmacovigilance and risk manage-

ment: overview and implications. Drug Saf. 27: 509-
517. 

2. Moseley, J. N. S. 2004. Risk management: A European 
regulatory perspective. Drug Saf. 27: 499-508. 

3. Kelly, W. N., Arellano, F. M., Barnes, J., Bergman, U., 
Edwards, R. I., Fernandez, A. M., Freedman, S. B., 
Goldsmith, D. I., Huang, K. A., Jones, J. K., McLeay, 
R., Moore, N., Stather, R. H., Trenque, T., Troutman, 
W. G., van Puijenbroek, E., Williams, F. and Wise, R. 
P. International Society for Pharmacoepidemiology 
and International Society of Pharmcovigilance 2007. 
Guidelines for submitting adverse event reports for 
publication. Drug Saf. 30: 367-373.   

4. International Conference on Harmonization. 2005. 
Guidance on E2E pharmacovigilance planning; avail-
ability. Notice Federal Register. 70: 16827-16828. 

5. Cappe, S., Blackburn, S., Rosch, S. and Tsintis, P. 
2006. Proactive planning in pharmacovigilance. Good 
Clin. Practice J. 13: 14-17. 

6. Callréus, T. 2006. Use of the dose, time, suscepti-
bility (DoTS) classification scheme for adverse drug 
reactions in pharmacovigilance planning. Drug Saf. 
29: 557-566. 

7. De Smet, P. A. 2005. The interference of botanicals 
and nutraceuticals with the effects of antithrom-
botic agents: How should the available evidence be 
weighed? Thromb. Res. 117: 19-24. 

8. Hur, C., Tramontano, A. C., Gazelle, G. S. and Chan, 
A. T. 2006. Coxibs versus combination NSAID and 
PPI therapy for chronic pain: an exploration of the 
risks, benefits, and costs. Ann. Pharmacother. 40: 
1052-1063. 

9. Tannenbaum, H., Bombardier, C., Davis, P., Russell, 
A. S. and Third Canadian Consensus Conference 
Group. 2006. An evidence-based approach to pre-
scribing nonsteroidal antiinflammatory drugs. Third 
Canadian Consensus Conference. J. Rheumatol. 33: 
140-157. 

10. Heading, R., Bardhan, K., Hollerbach, S., Lanas, A. 
and Fisher, G. 2006. Systematic review: the safety and 
tolerability of pharmacological agents for treatment 
of irritable bowel syndrome--a European perspective. 
Aliment Pharmacol. Ther. 24: 207-236. 

11. Tsuji, A. 2006. Impact of transporter-mediated drug 
absorption, distribution, elimination and drug inter-
actions in antimicrobial chemotherapy. J. Infect. 
Chemother. 12: 241-250. 

12. Wishart, D. S. 2005. Bioinformatics in drug develop-
ment and assessment. Drug Metab. Rev. 37: 279-310.  

13. Penzotti, J. E., Landrum, G. A. and Putta, S. 2004. 
Building predictive ADMET models for early 
decisions in drug discovery. Curr. Opin. Drug Discov. 
Devel. 7: 49-61. 

14. Yang, C. Y., Chao, P. D., Hou. Y. C., Tsai, S. Y., Wen, 
K. C. and Hsiu, S. L. 2006. Marked decrease of cyclo-
sporin bioavailability caused by coadministration of 
ginkgo and onion in rats. Food Chem. Toxicol. 44: 

Figure 8. The system building for risk management of medicinal 
products is depicted as GPDP.

Good Pharmacy & Delivery Practice

Pharmacists

person personmedicine

System building: policy/regulation
Economic aspects: insurance/pricing/marketing
Humanistic aspects: ethics/culture



Journal of Food and Drug Analysis, Vol. 15, No. 4, 2007

383

1572-1578. 
15. Tirona, R. G. and Bailey, D. G. 2006. Herbal product-

drug interactions mediated by induction. Br. J. Clin. 
Pharmacol. 61: 677-781. 

16. Zhou, S., Lim, L. Y. and Chowbay, B. 2004. Herbal 
modulation of P-glycoprotein. Drug Metab. Rev 36: 
57-104. 

17. Harris, R. Z., Jang, G. R. and Tsunoda, S. 2003. 
Dietary effects on drug metabolism and transport. 
Clin. Pharmacokinet. 42: 1071-1088. 

18. Wu, T.  X. and Liu, G. J. 2005. Thoughts on evidence-
based medicine and relation between modernization 
of traditional Chinese medicine and evidence-based 
medicine. Chin. J. Evidence-based Med. 5: 636-640.

19. Laupacis, A., Anderson, G. and O’Brien, B. 2002. 
Drug policy: making effective drugs available without 
bankrupting the healthcare system. Healthc. Pap. 3: 
12-30.

20. Christians, U., Schmitz, V. And Haschke, M. 2005. 
Functional interactions between P-glycoprotein and 
CYP3A in drug metabolism. Expert Opinion Drug 
Metab. Tox. 1: 641-654. 

21. McFarlance, A. 2002. Drug policy: the challenge is to 
overcome fragmentation. Healthc. Pap. 3: 38-42. 

22. Chavez, M. L., Jordan, M. A. and Chavez, P. I. 2006. 
Evidence-based drug-herbal interactions. Life Sci. 78: 
2146-2157. 

23. Brazier, N. C. and Levine, M. A. 2003. Drug-herb 
interaction among commonly used conventional 
medicines: A compendium for health care profession-
als. Am. J. Ther. 10:163-169. 

24. Izzo, A. A. 2005. Herb-drug interactions: An overview 
of the clinical evidence. Fundam.  Clin. Pharmacol. 
19:1-16.

25. Williamson, E. M. 2005. Interactions between herbal 
and conventional medicines. Expert Opin. Drug Saf. 
4: 355-378.

26. Hartford, C. G., Petchel, K. S., Mickail, H., Perez-
Gutthann, S., McHale, M., Grana, J. M. and Marquez, 
P. 2006. Pharmacovigilance during the pre-approval 
phases: an evolving pharmaceutical industry model in 
response to ICH E2E, CIOMS VI, FDA and EMEA/
CHMP risk-management guidelines. Drug Saf. 29: 
657-673. 

27. Sparreboom, A., M., Cox, M. C, Acharya, M. R. 
and Figg, W. D. 2004. Herbal remedies in the United 
States: Potential adverse interactions with anticancer 
agents. J. Clin. Oncol. 22: 2489-2503. 

28. Harris, R. Z., Jang, G. R. and Tsunoda, S. 2003. 
Dietary effects on drug metabolism and transport. 
Clin. Pharmacokinet. 42:1071-1088.

29. Galati, G. and O’Brien, P. J. 2004. Potential toxicity of 
flavonoids and other dietary phenolics: Significance 
for their chemopreventive and anticancer properties. 
Free Radic. Biol. Med. 37: 287-303. 

30. Nishimura, N. 2005. Effects of Chinese herbal 
medicines on intestinal drug absorption. Yakugaku 

Zasshi. 125: 363-369. 
31. Izzo, A. A. 2005. Herb-drug interactions: An overview 

of the clinical evidence. Fund. Am. Clin. Pharmacol. 
19:1-16. 

32. Williamson, E. M. 2005. Interactions between herbal 
and conventional medicines. Expert Opin. Drug Saf. 
4: 355-378.

33. Horowitz, S. 2000. Combining supplements and pre-
scription drugs: What your patients need to know. 
Alter. Complement. Ther. 6: 177-183. 

34. Cheng, K. F., Leung, K. S. and Leung, P. C. 2003. 
Interactions between modern and Chinese medicinal 
drugs: A general review. Am. J. Chin. Med. 31: 163-
169. 

35. Kupiec, T. and Raj, V. 2005. Fatal seizures due to 
potential herb-drug interactions with ginkgo biloba. J. 
Anal. Toxicol. 29: 755-758. 

36. Shitara, Y., Horie, T. and Sugiyama, Y. 2006. Trans-
porters as a determinant of drug clearance and tissue 
distribution. Eur. J. Pharm. Sci. 27: 425-446.   

37. Pal, D. and Mitra, A. K. 2006. MDR- and CYP3A4-
mediated drug-herbal interactions. Life Sci. 78: 2131-
2145.

38. Tsuji, A. 2003. Transporter-mediated drug interac-
tions. Drug Metab. Pharmacokin. 17: 253-274.

39. Endres, C. J., Hsiao, P., Chung, F. S. and Unadkat, J. 
D. 2006. The role of transporters in drug interactions. 
Eur. J. Pharm. Sci. 27: 501-517. 

40. Chan, L. M., Lowes, S. and Hirst, B. H. 2004. The 
ABCs of drug transport in intestine and liver: efflux 
proteins limiting drug absorption and bioavailability. 
Eur. J. Pharm. Sci. 21: 25-51.

41. Beringer, P. M. and Slaughter, R. L. 2005. Transport-
ers and their impact on drug disposition. Ann. Phar-
macother. 39:1097-1108.

42. Sekine, T., Miyazaki, H. and Endou, H. 2006. 
Molecular physiology of renal organic anion trans-
porters. Am. J. Physiol. Renal Physiol. 290: 251-261.

43. Mizuno, N., Niwa, T., Yotsumoto, Y. and Sugiyama, 
Y. 2003. Impact of drug transporter studies on drug 
discovery and development. Pharmacol. Rev. 55: 425-
461. 

44. Wang, H. P., Fang, Y. B., Lu, H. H. and Hsu, W. L. 
2002. Preparation and intestinal absorption of L-
Dopa-D-phenylglycine. J. Food Drug Anal. 10: 81-87.

45. Varma, M. V., Perumal, O. P. and Panchagnula, R. 
2006. Functional role of P-glycoprotein in limiting 
peroral drug absorption: optimizing drug delivery. 
Curr. Opin. Chem. Biol. 10: 367-373.

46. Dantzig, A. H., de Alwis, D. P. and Burgess, M. 2003. 
Considerations in the design and development of 
transport inhibitors as adjuncts to drug therapy. Adv. 
Drug Deliv. Rev. 55: 133-150. 

47. Zhou, S., Yung Chan, S., Cher Goh, B., Chan, E., 
Duan, W., Huang, M. and McLeod, H. L. 2005. 
Mechanism-based inhibition of cytochrome P450 3A4 
by therapeutic drugs. Clin. Pharmacokinet. 44: 279-



Journal of Food and Drug Analysis, Vol. 15, No. 4, 2007

384

304.
48. Venkatakrishnan, K. and Obach, R. S. 2007. Drug-

drug Interactions via Mechanism-Based Cytochrome 
P450 Inactivation: Points to consider for risk assess-
ment from in vitro data and clinical pharmacologic 
evaluation. 8: 449-462.

49. Arts, I. C. and Hollman, P. C. 2005. Polyphenols and 
disease risk in epidemiologic studies. Am. J. Clin. 
Nutr. 81(1 Suppl): 317S-325S.

50. Tirona, R. G. and Bailey, D. G. 2006. Herbal product-
drug interactions mediated by induction. Br. J. Clin. 
Pharmacol. 61: 677-681. 

51. Fogden, E. and Neuberger, J. 2003. Alternative 
medicines and the liver. Liver Int. 23: 213-220. 

52. Delgoda, R. and Westlake, A. C. G. 2004. Herbal 
interactions involving cytochrome P450 enzymes: A 
mini review. Toxicol. Rev. 23: 239-249. 

53. Guo, L. Q. and Yamazoe, Y. 2004. Inhibition of cyto-
chrome P450 by furanocoumarins in grapefruit juice 
and herbal medicines. Acta. Pharmacol. Sin. 25: 129-
136. 

54. Langmead, L. and Rampton, D. S. 2001. Review 
article: Herbal treatment in gastrointestinal and liver 
disease, benefits and dangers. Aliment. Pharmacol. 
Ther. 15: 1239-1252. 

55. Lazerow, S. K., Abdi, M. S. and Lewis, J. H. 2005. 
Drug-induced liver disease. Curr. Opin. Gastroenterol. 
21: 283-292. 

56. Zimmerman, H. J. 2000. Drug-induced liver disease. 
Clin. Liver Dis. 4: 73-96. 

57. Furbee, R. B., Barlotta, K. S., Allen, M. K. and 
Holstege, C. P. 2006. Hepatotoxicity associated with 
herbal products. Clin. Lab. Med. 26: 227-241. 

58. Chitturi, S. and Farrell, G. C. 2000. Herbal hepato-
toxicity: An expanding but poorly defined problem. J. 
Gastroenterol. Hepatol. 15: 1093-1099. 

59. Stedman, C. 2002. Herbal hepatotoxicity. Semin. Liver 
Dis. 22: 195-206. 

60. Schiano, T. D. 2003. Hepatotoxicity and complemen-
tary and alternative medicines. Clin. Liver Dis. 7: 
453-473. 

61. Galati, G., Lin, A., Sultan, A. M. and O’Brien, P. J. 
2006. Cellular and in vivo hepatotoxicity caused by 
green tea phenolic acids and catechins. Free Radic. 
Biol. Med. 40: 570-580.

62. Wang, K., Mendy, A. J., Dai, G., Luo, H. R., He, L. 
and Wan, Y. J. Y. 2006. Retinoids activate the RXR/
SXT-mediated pathway and induce the endogeneous 
CYP3A4 activity in Huh7 human hepatoma cells. 
Toxicol. Sci. 92: 51-60.

63. Sharma, O. P., Sharma, S., Pattabhi, V., Mahato, S. B. 
and Sharma, P. D. 2007. A review of the hepatotoxic 
plant lantana camara. Crit. Rev. Toxicol. 37: 313-352.

64. Duncan, H. J., Pittman, S., Govil, A., Sorn, L., Bissler, 
G., Schultz, T., Faith, J., Kant, S. and Roy-Chaudhury, 
P. 2007. Alternative medicine use in dialysis patients: 
Potential for good and bad! Nephron Clin. Pract. 105: 

108-113.          
65. Wojcikowski, K., Johnson, D. W. and Gobe, G. 2004. 

Review article. Medicinal herbal extracts - renal 
friend or foe? Part one: The toxicities of medicinal 
herbs. Nephrology. 9: 313-318.

66. Isnard Bagnis, C. I., Deray, G., Baumelou, A., Le 
Quintrec, M. and Vanherweghem, J. L. 2004. Herbs 
and the kidney. Am. J. Kidney Dis. 44: 1-11. 

67. Colson, C. R. and De Broe, M. E. 2005. Kidney injury 
from alternative medicines. Adv. Chronic Kidney Dis. 
12: 261-275. 

68. Jha, V. and Chugh, K. S. 2003. Nephropathy associ-
ated with animal, plant, and chemical toxins in the 
tropics. Seminars Nephrol. 23: 49-65.  

69. Burrowes, J. D. and Van Houten, G. 2005. Use of 
alternative medicine by patients with stage 5 chronic 
kidney disease. Adv. Chronic Kidney Dis. 12: 312-
325. 

70. Yang, H. Y., Lin, J. L., Chen, K. H., Yu, C. C., Hsu, 
P. Y. and Lin, C. L. 2006. Aristolochic acid-related 
nephropathy associated with the popular Chinese herb 
Xi Xin. J. Nephrol. 19: 111-114. 

71. Kennedy, J. 2005. Herb and supplement use in the US 
adult population. Clin. Ther. 27: 1847-1858. 

72. Ohama, H., Ikeda, H. and Moriyama, H. 2006. Health 
foods and foods with health claims in Japan. Toxicol-
ogy 221: 95-111. 

73. Cuzzolin, L., Zaffani, S., Murgia, V., Gangemi, M., 
Meneghelli, G. and Chiamenti, G.  2003. Patterns and 
perceptions of complementary/alternative medicine 
among paediatricians and patients’ mothers: A review 
of the literature. Eur. J. Pediatr. 162: 820-827.   

74. Bruno, J. J. and Ellis, J. J. 2005. Herbal use among US 
elderly: 2002 national health interview survey. Ann. 
Pharmacother. 39: 643-648. 

75. Canter, P. H. and Ernst, E. 2004. Herbal supplement 
use by persons aged over 50 years in Britain: Fre-
quently used herbs, concomitant use of herbs, nutri-
tional supplements and prescription drugs, rate of 
informing doctors and potential for negative interac-
tions. Drugs Aging 21: 597-605. 

76. Dergal, J. M., Gold J. L., Laxer, D. A., Lee, M. S., 
Binns, M. A., Lanctot, K. L., Freedman, M. and 
Rochon, P. A. 2002. Potential interactions between 
herbal medicines and conventional drug therapies 
used by older adults attending a memory clinic. Drugs 
Aging. 19: 879-786. 

77. Desai, A. K. and Grossberg, G. T. 2003. Herbals and 
botanicals in geriatric psychiatry. Am. J. Geriatr Psy-
chiatry. 11: 498-506. 

78. Ernst, E. 2003. Cardiovascular adverse effects of 
herbal medicines: A systematic review of the recent 
literature. Can. J. Cardiol. 19: 818-827. 

79. Izzo, A. A., Di Carlo, G., Borrelli, F. and Ernst, E. 
2005. Cardiovascular pharmacotherapy and herbal 
medicines: The risk of drug interaction. Int. J. Cardiol. 
98: 1-14. 



Journal of Food and Drug Analysis, Vol. 15, No. 4, 2007

385

80. Villegas, J. F., Barabe, D. N., Stein, R. A. and Lazar, 
E. 2001. Adverse effects of herbal treatment of car-
diovascular disease: What the physician must know. 
Heart Dis. 3: 169-175.  

81. Vora, C. K. and Mansoor, G. A. 2005. Herbs and 
alternative therapies: Relevance to hypertension and 
cardiovascular diseases. Curr. Hypertens. Rep. 7: 275-
280.  

82. Miller, K. L., Liebowitz, R. S. and Newby, L. K. 
2004. Complementary and alternative medicine in 
cardiovascular disease: A review of biologically based 
approaches. Am. Heart J. 147: 401-411.  

83. Sabar, R., Kaye, A. D. and Frost, E. A. 2001. Peri-
operative considerations for the patient taking herbal 
medicines. Heart Dis. 3: 87-96. 

84. Soeken, K. L., Miller, S. A. and Ernst, E. 2003. Herbal 
medicines for the treatment of rheumatoid arthritis: A 
systematic review. Rheumatology 42: 652-659. 

85. Weiner, D. K. and Ernst, E. 2004. Complementary and 
alternative approaches to the treatment of persistent 
musculoskeletal pain. Clin. J. Pain 20: 244-255. 

86. Wirth, J. H., Hudgins, J. C. and Paice, J. A. 2005. 
Use of herbal therapies to relieve pain: A review of 
efficacy and adverse effects. Pain Manag. Nurs. 6: 
145-167. 

87. Abebe, W. 2002. Herbal medication: Potential for 
adverse interactions with analgesic drugs. J. Clin. 
Pharm. Ther. 27: 391-401. 

88. Cohen, L., Cohen, M. H., Kirkwood, C. and Russell, 
N. C. 2007. Discussing complementary therapies in an 
oncology setting. J. Soc. Integr. Oncol. 5: 18-24. 

89. Cohen, I., Tagliaferri, M. and Tripathy, D. 2002. Tra-
ditional Chinese medicine in the treatment of breast 
cancer. Semin. Oncol. 29: 563-574.  

90. Hyodo, I., Eguchi, K., Nishina, T., Endo, H., Tanimizu, 
M., Mikami, I. Takashima, S. and Imanishi, J. 2003. 
Perceptions and attitudes of clinical oncologists on 
complementary and alternative medicine: a nation-
wide survey in Japan. Cancer 97: 2861-2868. 

91. Tascilar, M., De Jong, F. A., Verweij, J. and Mathi-
jssen, R. H. 2006. Complementary and alternative 
medicine during cancer treatment: Beyond innocence. 
Oncologist 11: 732-741. 

92. Harris, P., Finlay, I. G., Cook, A., Thomas, K. J. 
and Hood, K. 2003. Complementary and alternative 
medicine use by patients with cancer in Wales: a cross 
sectional survey. Complement. Ther. Med. 11: 249-
253. 

93. Kumar, N. B., Allen, K. and Bell, H. 2005. Periopera-
tive herbal supplement use in cancer patients: Potential 
implications and recommendations for pre-surgical 
screening. Cancer Control. 12: 149-157. 

94. Werneke, U., Earl, J., Seydel, C., Horn, O., Crichton, 
P. and Fannon, D. 2004. Potential health risks of com-
plementary alternative medicines in cancer patients. 
Br. J. Cancer 90: 408-413.

95. Kasbia, G. S. 2005. Functional foods and nutraceuti-

cals in the management of obesity. Nutr. Food Sci. 35: 
344-352. 

96. Palou, A. and Pico,́ C. 2006. Overview on functional 
foods and obesity in europe: Strategies, efficacy and 
safety. Curr. Topics Nutraceut. Res. 4: 153-174. 

97. Pittler, M. H. and Ernst, E. 2005. Complementary 
therapies for reducing body weight: A systematic 
review. Int. J. Obes. 29: 1030-1038. 

98. Heber, D. 2003. Herbal preparations for obesity: Are 
they useful? Prim. Care. 30: 441-463. 

99. Li, J. Z., Quinn, J. V., McCulloch, C. E., Jacobs, B. 
P. and Chan, P. V. 2004. Patterns of complementary 
and alternative medicine use in ED patients and its 
association with health care utilization. Am. J. Emerg 
Med. 22: 187-191. 

100. Barnes, J. 2003. Pharmacovigilance of herbal 
medicines: a UK perspective. Drug Saf. 26: 829-851.

101. Crock, R. D. 2003. Herbal medicine: Top 5 herbs your 
patients take but don’t tell you. Consultant 43: 1199-
1210. 

102. Cockayne, N. L., Duguid, M. and Shenfield, G. M. 
2005. Health professionals rarely record history of 
complementary and alternative medicines. Br. J. Clin. 
Pharmacol. 59: 254-258.  

103. McD Taylor, D., Walsham, N., Taylor, S. E. and Wong, 
L. F. 2006. Complementary and alternative medicines 
versus prescription drugs: perceptions of emergency 
department patients. Emerg. Med. J. 23: 266-268.

104. Chiang, H. M., Fang, S. H., Wen, K. C., Hsiu, S. 
L.,Tsai, S. Y., Hou, Y. C., Chi, Y. C. and Chao, P, D. 
2005. Life-threatening interaction between the root 
extract of Pueraria lobata and methotrexate in rats. 
Toxicol. Appl. Pharmacol. 209: 263-268.

105. National Health Insurance Database. http://www.nhi.
gov.tw/20download/index_download.htm

106. Huang, W. F. and Lai, I. C. 2006. Potentially inappro-
priate prescribing for insomnia in elderly outpatients 
in Taiwan. Int. J. Clin. Pharmacol. Ther. 44: 335-342.

107. Hsu, Y. C., Huang W. F. and Cheng S. H. 2004. Inap-
propriate prescribing of non-narcotic analgesics in 
Taiwan NHI ambulatory visits. Chin. Pharmaceu. J. 56: 
111-120.  

108. World Health Organization. 2001. Legal Status of 
Traditional medicine and Complementary/Alternative 
Medicine: a Worldwide Review. Geneva, document 
reference WHO/EDM/TRM/2001. 2. 

109. World Health Organization. 2004. WHO guidelines 
for governments and consumers regarding the use of 
alternative therapies. Rev. Panam. Salud Publica. 16: 
218-221. 

110. Ziker, D. 2005. What lies beneath: an examination of 
the underpinnings of dietary supplement safety regula-
tion? Am. J. Law Med. 31: 269-284.

111. Chang, S. S., Yu, W. W., Lei, S. L., Leu, C. L. and 
Liang, Y. H. 2006. Study on the regulations of low level 
claim of Chinese medicines with real cases. Ann. Rep. 
CCMP95-CT-009:9-9. 



Journal of Food and Drug Analysis, Vol. 15, No. 4, 2007

386

112. Huei, D. R., Chang, G. C. And Hsu, S. W. 2004. Taiwan 
Drug Relief Foundation Report on the prevalence of 
illegal advertisement on drugs, cosmetics and health-
care products. Ann Rep: 12-12.

113. Brown, S. D. and Landry, F. J. 2001. Recognizing, 
reporting, and reducing adverse drug reactions. South 
Med. J. 94: 370-373.

114. ADR statistics, National Reporting System of Adverse 
Drug Reactions in Taiwan. http://adr.doh.gov.tw/
default.asp

115. Data are from the Adverse Event Reporting System, 
FDA, 2006. http://www.fda.gov/cder/aers/extract.htm

116. Data are from United States Renal Data System. http://
www.usrds.org/. 2006. Annual Data Report (ADR) 
Volume I: ATLAS of Chronic Kidney disease and end-
stage renal disease in the united states. 

117. Data are from the National Kidney Foundation, R. O. 
C. http://www.kidney.org.tw/

118. Guh, J., Chen, H., Tsai, J. and Chuang, L. 2007. Herbal 
therapy is associated with the risk of CKD in adults 
not using analgesics in Taiwan. Am. J. Kidney Dis. 49: 
626-633. 

119. Chang, C., Wang, Y., Yang, A. and Chiang, S. 2001. 
Rapidly progressive interstitial renal fibrosis associ-
ated with Chinese herbal medications. Am. J. Nephrol 
21: 441-448.

120. Chang, C., Yang, C. and Yang, A. 2007. Renal diag-
nosis of chronic hemodialysis patients with urinary 
tract transitional cell carcinoma in Taiwan. Cancer, 
109(8):1487-1492. 

121. Bahri, P. and Tsintis, P. 2005. Pharmacovigilance-relat-
ed topics at the level of the International Conference on 
Harmonization (ICH). Pharmacoepidemiol Drug Saf. 
14: 377-387. 


