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Abstract Adverse drug reactions, including those resulting from interactions be-
tween herbal medicines and conventional drugs, are a public health problem
worldwide. The need for pharmacovigilance for herb-drug interactions
(HDIs) is essential for the identification and assessment of risks of using herbal
products (questionable safety, efficacy and quality), which are not always
tested with rigor, or often not subject to approval by regulatory agencies.

Spontaneous and active surveillance conducted by national pharma-
covigilance centres permits a rapid detection of potentially harmful combi-
nations of products. The incidence and prevalence of HDIs are difficult to
predict because of the underreporting of adverse effects. It is important for
health professionals, consumers, regulatory authorities and suppliers of her-
bal medicines to be aware of the possible adverse effects and drug interactions
caused when herbal medicines are co-administered with conventional drugs.
National pharmacovigilance centres continue to play a significant role in
increasing awareness of drug safety, in this case with HDIs.

The authors’ objective for this paper is to provide awareness among policy
makers responsible for the design of appropriate pharmacovigilance practices
and therefore to highlight the importance of pharmacovigilance in the safety
monitoring of HDIs.

Herbal medicines are often used by consumers
in combination with conventional drugs, raising
the potential of pharmacokinetic and/or pharma-
codynamic herb-drug interactions (HDIs). This is
especially problematic with respect to drugs with
a narrow therapeutic index.[1] Herbal medicines
may affect absorption, metabolism, distribution
and excretion mechanisms. When herbal medicines
are coadministered with conventional drugs, there
may be induction or inhibition of drug metaboliz-
ing enzymes. Altered drug protein binding and
altered drug excretion may also occur, although
the degree of susceptibility varies from individual
to individual.[2,3] The modulation of drug trans-

porters and metabolizing enzymes are also respon-
sible for HDI. The prevalence of herbal medicines
use in conjunction with conventional drugs in
countries such as Canada, the US, Jamaica and
some African countries is high.[4-7] This prevalence
varies among specific patient populations.[8] For
example, concomitant use of herbal medicines and
psychotropic drugs for mental health indications
has been shown to occur in 21.3% of patients
studied.[4]

HDIs are amajor safety concern[9] because herbal
medicines contain numerous pharmacologically
active constituents, including essential oils, tannins,
coumarins, anthraquinones, saponins, glycosides,
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anthocyanins, alkaloids and flavonoids, all of
which may potentially affect the pharmaco-
kinetics and pharmacodynamics of drugs. In turn,
this could lead to adverse reactions that may be
life threatening. An example is the alkaloids ob-
tained from the species of Ephedra (Ephedraceae).
When administered as herbal medicines, or as
products containing synthetically prepared ephe-
drine and pseudoephedrine, these alkaloids can
cause adverse cardiovascular events associated
with arrhythmias, palpitations, tachycardia, myo-
cardial infarction and death.[10,11] Ephedrine
raises blood pressure and induces peripheral vaso-
constriction. Consumption of caffeine in Coffea
arabica L. (Rubiaceae) or present in herbal med-
icines or drugs, and in association with ephedrine,
increases cardiovascular risk.[12,13] The danger of
using ephedrine-containing products is higher in
patients who are sensitive to the effects of sym-
pathomimetic agents (i.e. patients with hyperten-
sion, hyperthyroidism, diabetes mellitus, psychiatric
conditions, glaucoma, prostate enlargement, sei-
zure disorders and cardiovascular disease).[14] For
all these reasons, HDIs should be evaluated by
the usual methods of clinical pharmacology and
pharmacovigilance adopted by the national phar-
macovigilance programme in each country. It is
important to consider the specific characteristics
of herbal medicines in order to better assess
HDIs.

Because of the universal rise in the popularity
of herbal medicines, the danger resulting from
concomitant use of both conventional drugs and
herbal medicines is becoming an increasingly
important public health issue. The objective of
this paper is to provide awareness among policy
makers responsible for the design of appropriate
pharmacovigilance practices and therefore to
highlight the importance of pharmacovigilance in
the safety monitoring of HDIs.

1. The WHO International Drug
Monitoring Programme

Adverse drug reactions (ADRs), including those
resulting from HDIs, are a public health problem
worldwide, and an important cause of death and
hospitalization.[15] Under the WHO International

Drug Monitoring Programme, national pharma-
covigilance centres are responsible for the col-
lection, processing and evaluation of case reports
of suspected ADRs resulting from HDIs. As an
immediate response to the need for pharmaco-
vigilance for HDIs, the WHO promotes monitor-
ing of HDIs. This programme will be described in
a futureWHO publication on theWHOWorking
Group meeting on interactions of herbal medi-
cines with other medicines, which took place in
Milan, Italy, 23–25 June 2011. The guideline will
propose approaches for overcoming HDIs with
the view that HDIs are included in the existing
national pharmacovigilance systems (or their
equivalent institutions) in various countries.

The WHO Collaborating Centre for Interna-
tional Drug Monitoring-Uppsala Monitoring
Centre (WHO-UMC), located in Uppsala, Sweden,
co-ordinates global ADR data and searches this
data for signals of safety concerns raised by mem-
ber countries. As a sub-category of drugs, the
monitoring of herbal medicines and HDIs is cap-
tured in the programme. Indeed, theUMC identifies
signals of new adverse reactions from cumulative
risk assessments and notifies the national phar-
macovigilance centres and others concerned with
drug safety. The challenge in detecting such sig-
nals related to HDIs is not due to the technical
process, but to the underreporting of such reactions.
The reporting of HDIs should be encouraged
from allWHOmember countries. In a recent search
using the following criteria, the number of HDI
reports was 811, which represents 4.6% of all
herbal reports (17754) and 0.012% of the total num-
ber of reports (7 017658) in the WHO database:
� Data source: VigiSearch�
� Dataset date: 4 January 2012
� Extraction date: 12 January 2012
� Terminology: WHO-Adverse Reaction Termi-

nology
� Substance: Herbals, with Anatomical Thera-

peutic Chemical classification code V90 (un-
specified herbal and traditional medicine)

� Involvement: suspected/interacting; reactions
(high-level term); drug interaction

� Years: all
� Countries: all
� Other: reports with HDIs

786 Skalli & Bencheikh

Adis ª 2012 Springer International Publishing AG. All rights reserved. Drug Saf 2012; 35 (10)



The number of HDI reports, by country, is
summarized in table I. One report can involve
more than one herbal medicine, so the total num-
ber of reported herbal medicines involved in these
interactions per country (877) is a little higher
than the total number of reports (811). Table II
shows the top 20 most common herbals involved.

2. Why Use Pharmacovigilance
for Monitoring Herb-Drug
Interactions (HDIs)?

Pharmacovigilance monitoring of HDIs is es-
sential for the identification and assessment of
risks. Many issues are related to herbal medicines,
such as questionable safety, efficacy and quality.
Herbal medicines are not tested with the scientific

rigor required of conventional drugs, and they
are often not subject to the approval process of
regulatory agencies. They can be sold outside the
country via the Internet, which facilitates their
uncontrolled sale. The use of multiple medica-
tions, polypharmacy and self-medication increase
the possibility of HDIs, particularly in elderly
patients.[16] A variety of other causes of safety
concern include adulteration, mistaken use of the
wrong species or misidentification, incorrect dos-
ing, errors in use, contamination (toxic metals,
microbes, microbial toxins, environmental pollut-
ants) and toxic constituents (for example, aris-
tolochic acids[17]). In addition, herbal medicines
can affect the pharmacokinetic and pharmaco-
dynamic properties of conventional drugs and
thus may cause HDIs.[9] For example, St John’s
wort (Hypericum perforatum L., Hypericaceae)
with its main constituents of hypericin, hyperforin
and flavonoids, is one of the most commonly
used herbal medicines for the treatment of mild to
moderate depression in Western countries. It can
have an important influence on the effectiveness,
safety and outcome of a range of drug therapies.
This is the case in relation to serotonin reuptake
inhibitors and warfarin.[18,19] In this case, St John’s
wort decreases the anticoagulant effect when
taken with warfarin. The possible mechanism is
hepatic enzyme induction. Warfarin is metabo-
lized by cytochrome P450 (CYP) 1A2 in the liver,
which is induced by St John’s wort;[20] St John’s
wort also induces the human CYP enzymes
CYP3A4and CYP2C9.[21-25] St John’s wort and
ciclosporin co-administration after organ trans-
plantation may result in ciclosporin therapeutic
failure in transplant graft rejection,[23-25] and
St John’s wort can increase the expression of
P-glycoprotein, leading to potential drug inter-
actions.[26-28] When HDIs appear, it is important
that these are reported and analysed, and their
significance communicated by existing pharma-
covigilance systems.

3. Conducting Pharmacovigilance
Activities in the Monitoring of HDIs

Evidence from the literature that herbal med-
icines have pharmacological effects and may lead

Table I. Number of herbal-drug interaction reports per country (data

source: VigiSearch�; extraction date: 12 January 2012)

Country Number of reports

US 307

Germany 116

Australia 92

Canada 72

Switzerland 70

UK 64

Spain 36

Sweden 24

New Zealand 22

France 16

the Netherlands 13

Ireland 8

Norway 7

Denmark 6

Philippines 4

South Africa 4

Austria 3

Thailand 3

Belgium 2

Greece 1

Iceland 1

Italy 1

Japan 1

Lithuania 1

Malaysia 1

Turkey 1

Yugoslavia 1
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to adverse interactions when co-administered with
conventional drugs, has grown in recent years.[29-32]

However, there is not enough information or
adequate analysis to estimate the magnitude of
the problem.[33,34] Pharmacosurveillance is re-
quired in order to identify the risk of HDIs. The
inclusion of this kind of adverse reaction in
pharmacovigilance systems is becoming increas-
ingly important because HDIs may be life threat-
ening and constitute, therefore, a major safety
concern. Spontaneous and active surveillance con-
ducted by national pharmacovigilance centres
permits a rapid detection of potentially harmful
combinations of products, which may facilitate
regulatory control.

A single pharmacovigilance reporting form
covering all health products, including herbal
medicines and HDIs is recommended. This is im-
portant because, for those health professionals
and herbal medicines providers already included
in a national pharmacovigilance system, a single
form will facilitate reporting. Spontaneous reports

of adverse HDIs are the only practical way for
general herb-drug safety evaluation in a post-
marketing environment. However, and even if
spontaneous reporting is still the best way to re-
port adverse HDIs, the current international ad-
verse event reporting system suffers from severe
underreporting.[35,36] This is likely to be significant
for herbal medicines, since users typically do not
seek professional advice about their use of such
products or report adverse effects. The incidence
and prevalence of HDIs are consequently difficult
to predict. There is no doubt that the monitoring
of adverse HDIs has additional complexities re-
lated to the ways in which herbal medicines are
named, perceived, sourced and utilized. Alterna-
tive methods such as epidemiology, registries and
clinical trial studies ought to be considered in
order to remedy this underreporting.

The importance of pharmacovigilance is in-
creasing.With recent high-profile ADRs, regulatory
agencies, media, consumers and others have be-
come more aware about the benefits and risks of
medicines and their potential interactions. At the
global level, the WHO-UMC already collates
some adverse HDI reports reported by national
pharmacovigilance centres, but only from a few
of them. Individual reporting countries still own,
and can publish, their data, but the pooling of
data on adverse HDIs from all member countries
would add value to ongoing studies. HDI reac-
tions should be captured by the national report-
ing system of all countries, and subsequently be
reported to theWHO. Unfortunately, the current
systems are ineffective[37] because underreporting
of adverse reactions in relation to the use of her-
bal medicines remains a fact in many countries.

Pharmacovigilance requirements for herbal
medicines are generally the same as for licensed
medicines. Patient information on labels of her-
bal medicines is similar to that for any over-the-
counter medicine, with an additional requirement
for a statement on labels identifying at least the
part of the herb used, type of extraction, dose and,
in advertisements, that the indication is based on
traditional use. This is related to herbal medicines
used as raw material. Scientific recommendations
on the use of herbal medicines and their coad-
ministration with conventional drugs should be

Table II. Top 20 of the most commonly reported herbals (data

source: VigiSearch�; extraction date: 12 January 2012)

Herbals Number of reports

Hypericum perforatum 152

Citrus x paradisi 112

Ginkgo biloba 63

Cannabis sativa 62

Digitalis purpurea 39

Senna alexandrina 18

Vaccinium macrocarpon 18

Allium sativum 16

Linum usitatissimum 14

Ginsenga 13

Mentha x piperita 12

Cimicifuga racemosa 11

Silybum marianum 10

Valeriana officinalis 10

Zingiber officinale 10

Oenothera biennis 9

Serenoa repens 9

Echinacea purpurea 8

Glycine max 8

Panax ginseng 8

a Type of Ginseng not specified.
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based on robust scientific data rather than on the
inadequate data of case reports only. A thorough
evaluation of the interaction of herbal medicines
with other medicines should be carried out. Little
attention has been paid to this issue to date.
Current literature data are unsubstantiated, with
conclusions based on single or limited reports.
These data are generally insufficient to predict
the incidence of HDIs. Thus, HDIs need to be in-
vestigated through greater research, particularly
by meta-analysis of prospective and clinical studies
using large population samples in order to avoid
the problems with individual susceptibility.[38]

Prospective randomized clinical trials that in-
clude assessment of HDIs are urgently needed.

4. Pharmacovigilance Inspections

Public pressure on industry and regulatory
bodies to improve the monitoring of health product
safety has led to expansion of national pharma-
covigilance departments in many countries. The
pharmaceutical industry has an ethical and legal
responsibility to ensure that the products they sell
will not harm the patients they are intended for.[39]

Indeed, the current postmarketing safeguards in-
clude good manufacturing practices, batch safety
testing, inspections and pharmacovigilance. But
when herbal medicines are used conjointly with
conventional drugs, with limited information about
the pharmacokinetics, pharmacodynamics and
manufacturing properties of these products, or
when they are not regulated, pharmacovigilance
inspection is confronted with several challenges.

5. The Need for Educational Sessions
in Pharmacovigilance

It is important for health professionals, con-
sumers and other interested stakeholder groups,
including regulatory authorities and suppliers of
herbal medicines, to be aware of the possible ad-
verse effects and drug interactions caused when
herbal medicines are co-administered with con-
ventional drugs. Consumers frequently self-select
herbal medicines, without the advice of a qualified
health provider.[40] They should be encouraged
to disclose their use of herbal medicines to their

physicians and pharmacists, who will then be
aware of potential HDIs and should report them
to national pharmacovigilance centres. More ef-
fective communication between all these partners
is needed, and information must be accessible to
all[41] so that responsibility of safety information
is shared.

National pharmacovigilance centres continue
to play a significant role in increasing awareness
of drug safety. Various methods can be considered
for all relevant target audiences, such as involve-
ment of the mass media and patient/consumer
associations, including translation into local lan-
guages for the public in general. For health pro-
fessionals, information may be disseminated via
the delivery of adverse reaction bulletins or arti-
cles and scientific meetings. This education should
concern all other partners in pharmacovigilance:
herbal medicines providers, academics, researchers/
scientists, and the pharmaceutical and herbal
medicines industries. The clinical importance of
HDIs depends on many factors associated with
the particular herb, drug and patient. Herbal
medicines should be appropriately labelled to
alert consumers to potential interactions when
concomitantly used with conventional drugs.

Reporting of adverse reactions is an important
aspect of postmarketing surveillance.[42,43] Phar-
macovigilance educational and feedback sessions
should integrate the importance of reporting of
adverse reactions resulting from HDIs. It is im-
perative that physicians are aware of all medica-
tions, both conventional medicines and herbal
medicines, that their patients are taking, in order
to provide the best care. This should be possible
by direct patient questioning. Physicians must
regularly ask their patients about their use of
herbal medicines, particularly elderly patients,[44]

and those whose disease is not responding to treat-
ment as expected. This is important because adverse
reactions observed following use of conventional
drugs might, in reality, be due to herbal medicines
or HDIs. This assessment cannot be made when
physicians and other healthcare providers are un-
aware of the extent of a patient’s self-medication
with herbal medicines.[45] The reporting of all
adverse reactions, including HDIs, should be
encouraged by all stakeholders.

Pharmacovigilance of Herb-Drug Interactions 789

Adis ª 2012 Springer International Publishing AG. All rights reserved. Drug Saf 2012; 35 (10)



6. Conclusions

Interactions between herbal medicines and con-
ventional drugs are a major patient safety con-
cern. The concurrent use of herbal medicines with
conventional drugs must take into account their
safety, efficacy, consistency and quality. The
safety of herbal medicines requires strict control
of the presence of adulterants, the dosage label-
ling, contraindications, manufacturing techniques
and a list of all ingredients. There is often no re-
quirement to list each ingredient of every herbal
preparation on the label; more significantly, only
some of the ingredients are listed, but not others
that may be harmful. Unfortunately, there is also
no requirement to precisely state the dose of active
ingredients contained in herbal preparations in
some countries. Under these conditions, HDIs are
possible and are difficult to monitor. This situation
can be better controlled through pharmacovigilance
processes and strict regulatory controls.

The current model of pharmacovigilance, and
its associated tools, has been developed in relation
to conventional drugs. Applying these methods to
monitor the safety of herbal medicines and HDIs
presents challenges that the pharmacovigilance
system of the countries must manage. Increased
reporting of HDIs to pharmacovigilance centres
and the WHO will enable better assessment of
this source of adverse reactions.
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