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Preface

This first edition of Stockley’s Herbal Medicines Interactions
is an exciting new addition to the Stockley family of
products, and one that has been several years in the planning
and execution. When researching Stockley’s Drug Inter-
actions we had noticed the growing wealth of experimental
data on herbal medicines, which does not fall within the brief
of Stockley, which is primarily a clinically based reference
work. However, it seemed somewhat of an omission to
overlook what is obviously valuable information in what can
almost be considered a new field of drug interactions. We
therefore reached the point where we decided that it was
worth producing a book dedicated to this information;
however, little did we realise what a journey we’d be taking
ourselves on.

As a group dedicated to the study of drug interactions, and
the provision of clinically relevant data (aided by the large
number of practising pharmacists we have on our team), we
felt well equipped to deal with the interactions data. The
herbal medicines side of things was, however, not something
that we were particularly familiar with, and we were greatly
relieved to be approached by Elizabeth Williamson, with a
very similar idea to our own, but with a wealth of knowledge
on herbal medicines with which to guide us. Liz is widely
published in the field of herbal medicines, and is a member
of a number of bodies that consider many aspects of herbal
medicine use, such as the British Pharmacopoeia Commis-
sion. Liz is the Chair of the Expert Advisory Group for
Herbal and Complementary Medicines, which advises the
BPC on standards for herbal drugs for the pharmaceutical
industry. As a team therefore, we feel we have unrivalled
experience in assessing herb—drug interactions, and we
believe that ours is a unique collaboration.

Herbal medicines are, more than ever, receiving attention,
both from the public and healthcare professionals alike, with
many countries now undertaking registration schemes for
traditional medicines. However, healthcare professionals still
freely admit their lack of knowledge in this area, and surveys
suggest that patients often rely on friends and family for
advice about herbal medicines. Never has there been a more
appropriate time to advise healthcare professionals so that
they can provide balanced, helpful advice to patients wishing
to take herbal medicines with their ‘conventional’ treatments.
Our aim, as ever, has therefore been to critically evaluate the
published literature and present it in a familiar, easy-to-
handle format, so that the busy healthcare professional can
quickly access the information and apply it to their clinical
situation.

Vi

This publication attempts to answer the same questions
that we address in Stockley’s Drug Interactions, namely:

e Are the drugs and substances in question known to
interact or is the interaction only theoretical and
speculative?

If they do interact, how serious is it?

Has it been described many times or only once?

Are all patients affected or only a few?

Is it best to avoid these two substances altogether or
can the interaction be accommodated in some way?
And what alternative and safer drugs can be used
instead?

Stockley’s Herbal Medicines Interactions follows the same
easy-to-read format as our other publications, with the text
organised into a series of individual monographs, all with a
common format. In addition, we have included sections on:
nomenclature, to help users identify herbal medicines that
they or their patients may be familiar with under a different
name; uses, so that those less familiar with herbal
medicines can put their use into context; and constituents,
to allow us to address interactions that occur as a result of a
substance common to several plants. A pharmacopoeia
section is also included for those herbal medicines, dietary
supplements and nutraceuticals that have entries in the
latest editions (at time of press) of the British Pharmaco-
poeia, the European Pharmacopoeia and the United States
Pharmacopoeia. An indication of the constituents that the
herbal medicine may be standardised for is also provided
where necessary, but note that this does not necessarily
mean that all marketed products are standardised in this
way. In addition, we have added the simple, intuitive
ratings system that users of Stockley’s Interaction Alerts
and Stockley’s Drug Interactions Pocket Companion will
already be familiar with.

As with all Stockley products, the text is written for a
worldwide audience. Terminology has been carefully con-
sidered and international terms have been added where it
was thought helpful to do so. This and the inclusion of the
synonyms and pharmacopoeia sections will, we hope, cater
for the needs of healthcare professionals around the world.

As always, the Editorial team have had assistance from
many other people in developing this publication, and the
Editors gratefully acknowledge the assistance and guidance
that they have provided. Of particular note are: the Digital
Products Team led by Jane Macintyre; Ithar Malik, Ruchi
Birla, Karl Parsons, Tom Whitaker and Darren Searson, who



have worked tirelessly in transforming our data into a
useable output. Particular thanks are also due to the editor of
Martindale, Sean Sweetman, who has acted as our mentor on
a number of other projects, and continues to provide
invaluable support. Thanks are also due to Tamsin Cousins,
who has handled the various aspects of producing this
publication in print. We are also grateful for the support of
both Paul Weller and Charles Fry. Ivan Stockley remains an
important part of all products bearing his name, and we are
most grateful for the feedback that he provided on this new
project.

Stockley’s Herbal Medicines Interactions is available on
the Pharmaceutical Press platform, MedicinesComplete, and
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we are indebted to Julie McGlashan and Elizabeth King, and
all those involved in the development of these products, for
their advice and support. For more details about these digital
products please visit: www.pharmpress.com/Stockley

We are always interested in hearing feedback from users
of our publications, and have in the past received many
useful comments, which help us to develop the product to
best meet the needs of the end-user. Anyone who wishes to
contact us can do so at the following address:

stockley@rpsgb.org

Sam Driver, Karen Baxter and Elizabeth Williamson
London, February 2009
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ACE
ADP
AIDS
ALT
aPTT

ECG
ECT
e.g.
EMEA
FDA
FSH

g
HAART
HIV

ibid
ie.
INR
U
IUD
kg
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Abbreviations

angiotensin-converting enzyme
adenosine diphosphate

acquired immune deficiency syndrome
alanine aminotransferase

activated partial thromboplastin time
aspartate aminotransferase

adenosine triphosphate

area under the time—concentration curve
area under the time—concentration curve
measured over 0 to 12 hours
atrioventricular

breast cancer resistance protein

blood pressure

British Pharmacopoeia

beats per minute

central nervous system

cyclo-oxygenase

cerebrospinal fluid

Committee on Safety of Medicines (UK)
(now subsumed within the Commission on
Human Medicines)

electrocardiogram

electroconvulsive therapy

exempli gratia (for example)

The European Agency for the Evaluation of
Medicinal Products

Food and Drug Administration (USA)
follicle-stimulating hormone

gram(s)

highly active antiretroviral therapy
human immunodeficiency virus
hormone replacement therapy

ibidem, in the same place (journal or book)
id est (that is)

international normalised ratio
international units

intra-uterine device

kilogram(s)

litre(s)

LDL
LFT
LH
LMWH
MAC
MAO
MAOI
MHRA

MIC
mEq
mg

mL
mmHg
mmol
mol
nmol
NNRTI

NRTI
NSAID
OATP
PCP
pH

Ph Eur

PPI
ppm
PTT
sic

SNRI

SSRI

TSH

UK

USP

US and USA
WHO

low-density lipoprotein

liver function test

luteinising hormone
low-molecular-weight heparin

minimum alveolar concentration
monoamine oxidase

monoamine oxidase inhibitor

Medicines and Healthcare products
Regulatory Agency (UK)

minimum inhibitory concentration
milliequivalent(s)

milligram(s)

millilitre(s)

millimetre(s) of mercury

millimole

mole

nanomole

non-nucleoside reverse transcriptase
inhibitor

nucleoside reverse transcriptase inhibitor
non-steroidal anti-inflammatory drug
organic anion transporting polypeptide
pneumocystis pneumonia

the negative logarithm of the hydrogen ion
concentration

European Pharmacopoeia, 6th ed., 2008 and
Supplements 6.1, 6.2, 6.3 and 6.4
proton pump inhibitor

parts per million

partial thromboplastin time

written exactly as it appears in the original
serotonin and noradrenaline reuptake
inhibitor

selective serotonin reuptake inhibitor
thyroid-stimulating hormone

United Kingdom

The United States Pharmacopeia

United States of America

World Health Organization



General considerations

Structure of the publication

The basic issues involved in assessing the importance of
interactions between herbal medicines (which for the
purposes of this book are also taken to include nutritional
supplements and some items of food) and drugs are similar
to those for interactions between conventional drugs, but for
herbal medicines the picture is complicated by their very
nature: they are complex mixtures themselves and there is
also a lack of reliable information about their occurrence and
relevance.

Before using this publication it is advisable to read this
short explanatory section so that you know how the drug
interaction data have been set out here, and why, as well as
the basic philosophy that has been followed in presenting it.

The monographs

This publication includes over 150 herbal medicines,
nutraceuticals or dietary supplements. For each of these
products there is an introductory section, which includes the
following sections where appropriate:

e Synonyms and related species or Types, sources and
related compounds

Pharmacopoeias
e Constituents
e Uses and indications

Pharmacokinetics

e Interactions overview.

The synonyms, constituents and uses have largely been
compiled with reference to a number of standard sources.
These include:

e Sweetman SC (ed), Martindale: The Complete Drug
Reference 36. [online] London: Pharmaceutical Press
http://www.medicinescomplete.com/

e Williamson EM, ed. Potter’s Herbal Cyclopaedia. Saffron
Walden: The C.W. Daniel Company Limited; 2003.

e Barnes J, Anderson LA, Phillipson JD (eds), Herbal
Medicines 3. [online] London: Pharmaceutical Press
http://www.medicinescomplete.com/

e Williamson EM, ed. Major Herbs of Ayurveda. 1st ed.
London: Elsevier; 2002.

More than 550 interactions monographs are included, each
with a common format. These are subdivided into the
following sections:

e Abstract or summary for quick reading.

e Clinical evidence, detailing the interaction and citing the
clinical evidence currently available.

e Experimental evidence. Due to the nature of interactions
with herbal medicines much of the data currently available
comes from animal and in vitro studies. Although this data
doesn’t always extrapolate to the clinical situation it can
be used to provide some idea of the likelihood and
potential severity of an interaction. It has been deliberately
kept separate from the clinical data, because this type of
data is a better guide to predicting outcomes in practice.

o Mechanism, to allow an understanding as to why the
interaction may occur.

e Importance and management. As with all Stockley
products, providing guidance on how to manage an
interaction is our key aim. The short discussion is
designed to aid rapid clinical decision-making.

e References, a list of all of the relevant references.

Some of the monographs have been compressed into fewer
subsections instead of the more usual five, simply where
information is limited or where there is little need to be more
expansive.

The monographs also carry an adapted form of the drug
interaction Hazard/Severity ratings as used in the electronic
Stockley Interactions Alerts and Stockley’s Drug Interactions
Pocket Companion. Where difficulties arise in applying
ratings to monographs that cover multiple pairs of drug—herb
interactions, we have chosen to illustrate the worst-case
scenario. Reading the Importance and management section
will explain which members of the groups are most likely to
represent a problem.

The interactions are rated using three separate categories:

e Action: this describes whether or not any action needs to
be taken to accommodate the interaction. This category
ranges from ‘avoid’ to ‘no action needed’.

e Severity: this describes the likely effect of an unmanaged
interaction on the patient. This category ranges from
‘severe’ to ‘nothing expected’.

e Evidence: this describes the weight of evidence behind the
interaction. This category ranges from ‘extensive’ to
‘theoretical, weak’.

These ratings are combined to produce one of five symbols:

8 For interactions that have a life-threatening outcome, or
where concurrent use is considered to be best avoided.

A For interactions where concurrent use may result in a
significant hazard to the patient and so dosage adjustment or
close monitoring is needed.
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A For interactions where there is a potentially hazardous
outcome, but where, perhaps, the data is poor and conclu-
sions about the interaction are difficult to draw.

For interactions where there is doubt about the outcome
of concurrent use, and therefore it may be necessary to give
patients some guidance about possible adverse effects, and/
or consider some monitoring.

Q For interactions that are not considered to be of clinical
significance, or where no interaction occurs.

We put a lot of thought in to the original design of these
symbols, and have deliberately avoided a numerical or
colour-coding system as we did not want to imply any
relationship between the symbols and colours. Instead we
chose internationally recognisable symbols, which in testing
were intuitively understood by our target audience of
healthcare professionals.

There are also several ‘family monographs’ included.
These are for constituents that have been demonstrated to
interact in their own right, but which are prevalent in a
number of herbal medicines, the most common example of
this being the flavonoids. This structure allows us to assess
the relevant data in one place, and cross-reference the reader
as appropriate. Because so many herbs contain a multitude of
these constituents it would not be possible to cover them in
each plant monograph.

Data selection

This publication has been produced by the team that writes
Stockley s Drug Interactions, with the help and guidance of
an expert in the herbal medicines field. The same rigorous
approach that is used to produce Stockley’s Drug Inter-
actions has been applied here, although with some notable
differences, particularly in the selection of data for inclusion.
The data on interactions are of widely varying quality and
reliability, and this is even more the case when considering
interactions between herbal medicines and conventional
drugs. The best information comes from clinical studies
carried out on large numbers of patients under scrupulously
controlled conditions; however, with herbal medicines these
are sparse. Indeed those that there are have already been
included in Stockley’s Drug Interactions. What this publica-
tion attempts to do is assess the wealth of data from animal
and in vitro studies, which would not normally be considered
for inclusion in Stockley's Drug Interactions.

As with all our publications we undertake extensive
literature searching, we consider guidance published by
regulatory bodies and we aim to avoid citing secondary
literature wherever possible. Some of the studies cited in
herb—drug interaction articles or publications are of doubtful
quality and some are merely speculation. We have included
them because they appear in other reference sources for
interactions, but we have attempted to put their results and
recommendations in perspective.

The herbal medicines, dietary supplements and nutraceu-
ticals selected for inclusion in this first edition were chosen
on the basis of their popularity and/or because they have
interaction reports associated them.

Nomenclature

Every care has been taken to correctly identify the herbal
medicine involved in interactions. The botanical nomenclat-

ure and the vast number of colloquial names used for the
plants can be very confusing. We have therefore adopted one
name for each herbal medicine that is used consistently
throughout the monograph, and indeed across the publica-
tion. However, we are aware that we will not always have
selected the most appropriate name for some countries and
have therefore included a synonyms field to aid users who
know the plant by different names. The synonyms come
from several well-respected sources and, where botanical
names are used, have been cross-checked against the
extremely useful database constructed by Kew (Royal
Botanic Gardens, Kew (2002). electronic Plant Information
Centre. Available at http://epic.kew.org/epic/). Occasionally
the same synonym has been used for more than one herbal
medicine and, where we are aware of this, we have been
careful to highlight the potential for confusion.

We should also point out that we have chosen the phrase
‘conventional medicines’ to distinguish those products that
are licensed and commonly used in Western medicine. This
nomenclature is not meant to imply any preference, it is just
simply a way of being clear about which preparation we are
discussing.

Similarly, there is the potential for confusion between the
synthetic coumarins used as anticoagulants (e.g. warfarin,
acenocoumarol) and those coumarins that occur naturally
within plants. We have therefore chosen to use the term
‘coumarins’ for those of synthetic origin, and ‘natural
coumarins’ to distinguish those of plant origin.

Incidence of herbal medicines interactions

The incidence of interactions between herbal medicines and
nutritional supplements with conventional drugs is not yet
fully known, and there is no body of reliable information
currently available to draw upon when assessing the scale of
any possible problem, or predicting clinical outcomes. Even
in the case of St John’s wort, which is now commonly
known to interact with a number of drugs, the clinical
significance of some reported cases cannot be accurately
evaluated due to the variation in the nature of the herb itself
and products made from it. In general, the lack of evidence
may be due to under-reporting or unrecognised interactions,
but there is also the possibility that many herbal medicines
have a generally safe profile and do not interact significantly
with drugs. Given the poor quality of information available it
can be difficult to put the problem into perspective and in the
absence of good evidence, speculation has taken its place.
Ivan Stockley, a pioneer in the field of drug-interaction
investigation, has often maintained that data on interactions
are of widely varying quality and reliability, and stated that
‘sometimes they are no more than speculative and theoretical
scaremongering guesswork, hallowed by repeated quotation
until they become virtually set in stone’. Although these
remarks were made in the context of drug interactions, they
are even more apposite when applied to herb—drug inter-
actions where anecdotal reports, uncontrolled studies or data
based solely on animal studies are the main form of evidence
available. These have to be evaluated very carefully before
advising patients as to the safety (or not) of combining
herbal medicines with either other supplements or conven-
tional drugs. While many publications uncritically use
theoretical evidence to advise on this issue, it risks the
danger that patients (and their friends and families) who have



already taken supplements and drugs together with no
problems will no longer believe even good advice — and
subsequently take incompatible combinations to ill effect. It
is also noticeable that, whilst anecdotal or theoretical
evidence is quite rightly considered unacceptable as evi-
dence of efficacy for herbal products, it seems to be given
undue credibility when demonstrating toxicity, and con-
sumers of natural medicines have observed this double
standard. Obviously the best answer to this problem is for
good and reliable evidence to become available, and for the
importance of reports to be based on the nature of the
evidence that they provide. In the first instance, it would be
most useful to know the extent of the problem and the risk or
likelihood of a herb—drug interaction arising. However, even
numbers of people taking supplements is not accurately
known, although over the past 10 years several studies have
been carried out to try to assess this. Some knowledge of not
only who, but how and why people are taking herbal
medicines can help to identify potential problems or warn of
them before they arise.

Who uses herbal medicines?

The use of herbal medicines and nutritional supplements is
increasing dramatically in many parts of the world, espe-
cially in Europe, the US and Australasia, as part of the
popularity of complementary and alternative medicine
(CAM). 1t is difficult to measure the extent of the use of
herbal products by consumers and patients in a largely
unregulated market, especially with so many herbal products
being sold over the internet, and survey studies that have
attempted to do so have often been criticised for flawed
methodology. However, there is no doubt that the issue of
people taking herbal and nutritional products at the same
time as conventional medicines is significant, and the
purpose of this publication is to provide information so
that this practice can be carried out as safely as possible.

Some idea of the size of the market and its recent growth
can be seen from a series of studies carried out over the past
few years in the US. In 1997, the results of a national survey!
indicated that approximately 12% of the adult responders
had taken a herbal remedy in the past year, which was an
increase of 380% from 1990, and almost 1 in 5 of those
taking prescription drugs were also taking a herbal or
vitamin supplement. In 1998 and 1999, a survey of over
2500 adults estimated that 14% of the general population
were regularly taking herbal products and, of patients taking
prescription drugs, 16% also took a herbal supplement.2 Data
obtained from a separate 1999 survey estimated that 9.6% of
US adults used herbal medicines,?> which was lower than
would be expected from the previous study, and illustrates
the problems of assessing consumer behaviour accurately,
but it is still a significant increase from the 1990 figures. By
2002, figures showed that the annual use of dietary
supplements had risen to 18.8%.4 Although the accuracy of
these figures can be questioned, what is also noteworthy is
that the studies were carried out in the general population, so
it is logical to assume that in the patient population usage
could be even higher.

A survey undertaken in the UK in 1994 suggests that the
prevalence of alternative medicine use (which included
herbal medicines) was 8.5% of the population, whereas in
Germany, in 1996, it was much higher, at 65%. The low
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figure for the UK could be because of national differences,
because different types of use were assessed (1-year versus
lifetime) or because, at the time, the UK was undergoing a
difficult economic period and usually CAM is paid for
privately.s Useful information about herbal medicinal use
can also be obtained from the monetary value of the market.
In 2002, French health insurance paid $91 million in partial
reimbursements for ginkgo, saw palmetto and pygeum
prescriptions, with a total value of $196 million, and, in
2003, German health insurance paid $283 million in reim-
bursements for prescribed herbal products including ginkgo,
St John’s wort, saw palmetto, hawthorn, stinging nettle root
and pumpkin seed. These figures do not include non-
prescription purchase of herbal remedies, but it is known
that, in 2003, European countries spent almost $5 billion (at
manufacturers’ prices) on non-prescription herbal medi-
cines,® and of course the cost at consumer level would be
very much higher.

. Eisenberg DM, Davis RB, Ettner SL, Appel S, Wilkey S, Van Rompay M, Kessler RC.
Trends in alternative medicine use in the United States, 1990-1997: results of a follow-
up national survey. JAMA (1998) 280, 1569-75.

2. Kaufman DW, Kelly JP, Rosenberg L, Anderson TE, Mitchell AA. Recent patterns of
medication use in the ambulatory adult population of the United States. The Slone
Survey. JAMA (2002) 287, 337-44.

3. Ni H, Simile C, Hardy AM. Utilization of complementary and alternative medicine by
United States adults: results from the 1999 national health interview survey. Med Care
(2002) 40, 353-8.

. Kelly JP, Kaufman DW, Kelley K, Rosenberg L, Anderson TE, Mitchell AA. Recent
trends in use of herbal and other natural products. Arch Intern Med (2005) 165, 281-6.

5. Emst E. Prevalence of use of complementary/alternative medicine — a systematic review.
Bull WHO (2000) 78, 252-7.

. De Smet PAGM. Herbal Medicine in Europe — Relaxing Regulatory Standards. N Engl
J Med (2005) 352, 1176-8.
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Herbal medicine use in specific patient
groups

(a) Cancer patients

Certain groups of patients are known, or thought to have, a
higher incidence of supplement usage than others. It is
generally thought that cancer patients, for example, have an
exceptionally high intake of herbal and nutritional supple-
ments. One of the first studies to collate the information
available on CAM use in cancer patients was from 1998,
when a systematic review of 26 surveys from 13 countries
was published. CAM use in adults ranged from 7 to 64%,
with an average use of 31.4%.! The high degree of
variability was thought to be most likely due to different
understandings of the term CAM on the part of both
investigators and patients, but also illustrates that the results
of such surveys must be interpreted very carefully. A
subsequent study showed that CAM use (both self-medica-
tion and visits to CAM practitioners) had increased signifi-
cantly from 1998 to 2005 in cancer patients, and it was
estimated that more than 80% of all women with breast
cancer use CAM, 41% in a specific attempt to manage their
breast cancer. The most commonly used herbal products for
this purpose in 2005 were flaxseed, green tea and vitamins
(C and E).2 A US survey of outpatients with cancer found
that 83.3% had used at least one CAM. Vitamins and herbal
medicines were used by 62.6% of patients, and use was
greater in women and those of a younger age.3 These
findings were reflected in a 2005 study which confirmed
that, of the chemotherapy patients surveyed, 91% reported
using at least one form of CAM (most frequently diets,
massage and herbal medicine). Of these patients only 57%
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discussed the use of at least one of these therapies with their
healthcare provider.4

Herbal medicine use by cancer patients seems to be high in
many parts of the world: in New Zealand 49% of cancer
patients at a regional centre used CAM (most commonly
vitamins, antioxidants, alternative diets and herbal medicines)
to improve the quality of life and in the hope of a cure (47%
and 30% of CAM users, respectively). CAM was deemed
helpful in the management of their cancer by 71% of patients,
and 89% felt that CAM was safe. Younger patients tended to
use CAM more.5 The different patterns of herbal use between
cancer patients undergoing palliative or curative chemother-
apy has also been studied, and the results confirmed that both
groups frequently use herbal remedies concurrently with
chemotherapy (37% and 38%, respectively), but with a
slightly different intent. Palliative patients tended to show
more frequent herbal use than curative patients (78% versus
67%), whereas curative patients used herbal remedies much
more often to relieve adverse effects (31% versus 3%).6

(b) Patients on weight-loss programmes

Other groups of patients known to use supplements regularly
are those on weight-loss programmes and most of the
weight-loss supplements taken (73.8%) contained stimulants
such as ephedra, caffeine and/or bitter orange. An estimated
15.2% of American adults (women 20.6%, men 9.7%) had
used a weight-loss supplement at some time: 8.7% within the
pastyear (women 11.3%, men 6%). Women aged 18 to
34 years used weight-loss supplements the most (16.7%),
and use was equally prevalent among ethnic groups and
education levels. More worryingly, many adults were long-
term users and most did not discuss this practice with their
doctor.”

(c) Hospital inpatients

A study of herbal medicine use during perioperative care
identified the most commonly used medications and
assessed their potential for causing adverse events or drug
interactions in patients who were having surgical procedures.
Their conclusions were that certain herbal medicines posed a
potential danger in perioperative care (such as St John’s wort
because of its enzyme-inducing effects and valerian because
of its sedative effects), but no attempt was made to ascertain
the incidence of such events.8 However, in 2007, a study of
299 patients on the medical wards of two hospitals in Israel
found that 26.8% of participants took herbal medicines or
dietary supplements and, of these, potential interactions were
noted in 7.1%. The authors suggested that most patients are
not asked specifically about herbal consumption by their
medical team.?

1. Ernst E, Cassileth BR. The prevalence of complementary/alternative medicine in cancer:
a systematic review. Cancer (1998) 83, 777-82.

2. Boon HS, Olatunde F, Zick SM. Trends in complementary/alternative medicine use by
breast cancer survivors: comparing survey data from 1998 and 2005. BMC Womens
Health (2007) 7, 4.

3. Richardson MA, Sanders T, Palmer JL, Greisinger A, Singletary SE. Complementary/
alternative medicine use in a comprehensive cancer center and the implications for
oncology. J Clin Oncol (2000) 18, 2505-14.

4. Yates JS, Mustian KM, Morrow GR, Gillies LJ, Padmanaban D, Atkins JN, Issell B,
Kirshner JJ, Colman LK. Prevalence of complementary and alternative medicine use in
cancer patients during treatment. Support Care Cancer (2005) 13, 806-11.

5. Chrystal K, Allan S, Forgeson G, Isaacs R. The use of complementary/alternative
medicine by cancer patients in a New Zealand regional cancer treatment centre. N Z Med
J(2003) 116, U296.

6. Engdal S, Steinsbekk A, Klepp O, Nilsen OG. Herbal use among cancer patients during

palliative or curative chemotherapy treatment in Norway. Support Care Cancer (2008)
16, 763-9.

7. Blanck HM, Serdula MK, Gillespie C, Galuska DA, Sharpe PA, Conway JM, Khan LK,
Ainsworth BE. Use of nonprescription dietary supplements for weight loss is common
among Americans. J Am Diet Assoc (2007) 107, 441-7.

8. Ang-Lee MK, Moss J, Yuan C-S. Herbal medicines and perioperative care. JAMA
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Differences in herbal use in specific
population groups

(a) The elderly

CAM use is high in those of 65 years of age and over (27.7%
according to one US study), but declines among those aged
75 years and over and, overall, more women than men are
CAM users. The highest level of use seems to be among
Asians (48.6%), followed by Hispanics (31.6%), whites
(27.7%) and blacks (20.5%).! Data drawn from a 2002
survey that included a supplement on the use of herbal
medicines, with the analysis limited to adults aged 65 years
and older, showed that herbs were an important component
of their own health management. Whereas about 25% of the
Asian and Hispanic elderly used herbal medicines, only
about 10% of the black and white elderly used them; the
herbs used, and the reasons for doing so, also differed
according to ethnicity.2

It is also apparent that, in the elderly, the use of herbal
medicines with conventional medicines, both prescription
and non-prescription, is widespread. The risk for adverse
interactions was assessed in a Medicare population, using a
retrospective analysis of Cardiovascular Health Study inter-
view data from four different years. Of 5052 participants, the
median age at the beginning of the study was 75 years,
60.2% were female, 16.6% were African—American and
83.4% were white. From 1994 to 1999 the number using
herbal medicines increased from 6.3% to 15.1%, and the
number using herbal medicines concurrently with conven-
tional drugs also increased, from 6% to 14.4%. Combin-
ations thought to be potentially risky were noted in 393
separate interviews, with most (379 reports in 281 patients)
involving a risk of bleeding due to use of garlic, ginkgo or
ginseng together with aspirin, warfarin, ticlopidine or
pentoxifylline. An additional 786 drug—herb combinations
were considered to have some (again) theoretical or uncer-
tain risk for an adverse interaction.3

The type of products taken obviously reflect the age group
taking them, and the most common products used by the
elderly are those concerned with ameliorating degenerative
or age-related conditions. In a predominantly white (91%)
elderly cohort, the use of dietary supplements was surveyed
each year from 1994 to 1999 for an average of 359 male
(36%) and female (64%) participants aged 60 to 99 years. By
1999, glucosamine emerged as the most frequently used
(non-vitamin, non-mineral) supplement followed by ginkgo,
chondroitin and garlic. For women, there was a significant
trend of increasing use for black cohosh, starflower oil,
evening primrose oil, flaxseed oil, chondroitin, prasterone
(dehydroepiandrosterone), garlic, ginkgo, glucosamine,
grapeseed extract, hawthorn and St John’s wort. For men,
alpha-lipoic acid, ginkgo and grapeseed extract showed a
similar trend.4



(b) Children

Surprisingly, herbal medicine and nutritional supplement use
in children can also be high, and so is the concurrent use
with conventional medicine. A convenience sampling of
paediatric emergency department patients in the US was
carried out during a 3-month period in 2001, where 153
families participated in the study, with a mean patient age of
5.3 years. Children were given a herbal medicine by 45% of
caregivers, and the most common herbal medicines report-
edly used were aloe plant or juice (44%), echinacea (33%)
and sweet oil (25%).5

More recently, 1804 families were interviewed in a study
of parents and patients up to 18years arriving at a large
paediatric emergency department in Toronto, Canada. Con-
ventional and herbal medicines or supplements were being
used concurrently in 20% of the patients and 15% were
receiving more than one herbal medicine simultaneously.
The authors of this study identified possible herb—drug or
herb—herb interactions in 16% of children.s

(c) Gender

Studies usually show that herbal medicine use is higher in
women than men, and this is likely to be true for many
reasons, despite the unreliability of figures gained in surveys.
Women generally live longer than men, and elderly people
take more supplements; women tend to be the primary carers
for children and the elderly and also purchase most of the
everyday remedies used in the home; and women take more
weight-loss products than men. In several studies, it is
suggested that women are at least twice as likely to take
herbal medicines or supplements as men.!.7-10

(d) Educational level and knowledge of herbal products

People of all levels of educational attainment are likely to
take herbal and nutritional supplements. Some studies
suggest that usage is similar across most education levels,!
whereas others have found that college graduates appear to
have the highest incidence of herbal use.47.1! Despite the
generally high levels of education, it is of great concern that
consumers do not have a correspondingly high level of
knowledge about the products that they are consuming. In a
study of caregivers who reported giving their child a herbal
product, 88% had at least 1year of college education.
However, 77% of the participants in the study did not
believe, or were uncertain, if herbal medicines had any
adverse effects; only 27% could name a potential adverse
effect and 66% were unsure, or thought that herbal
medicines did not interact with other medications.’ In a
study in Israel of users of ‘natural drugs’, 56.2% believed
that they caused no adverse effects.”? In Australia, the
perceptions of emergency department patients towards CAM
were assessed by comparing the CAM users (68% of the
patients surveyed) with non-users, particularly regarding
safety and efficacy. In both cases there was no significant
difference between CAM users and non-users, with 44.1%
agreeing that CAM is drug free and, more worryingly, 28.5%
agreeing, or strongly agreeing, that CAM is always safe to
take with prescription drugs. However, significantly more
CAM users agreed that CAM is safe and can prevent people
from becoming ill and, furthermore, is more effective than
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prescription drugs. Moreover, significantly fewer CAM users
agreed that prescription drugs are safe to take.!3

(e) Rural populations

An Australian postal questionnaire survey found that in
people living in rural areas of New South Wales the use of
CAM is high, with garlic and echinacea being the most used
herbal products. Of those responding, 70.3% reported using
one or more CAM and 62.7% had visited a complementary
practitioner.'4 In Jamaica, concurrent surveys were carried
out in Kingston (an urban parish) and Clarendon (a rural
parish) in 743 patients who visited health centres and
pharmacies. Herbal medicines were taken with conventional
medicines by 80% of respondents and 87% of these did not
tell their healthcare provider. In the rural community 92%
took herbal medicines with conventional medicines, com-
pared with 70% of the urban community.!s
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Attitudes to the use of herbal medicines

People who use herbal medicines and nutritional supple-
ments report their primary source of information as friends
or relatives in 80% of cases, and only 45% of those giving
their children herbal products report discussing it with either
their doctor or pharmacist.! In one study, 44.7% never
reported herbal usage to their physician, and 11% did so only
rarely.2 Again, this is a general trend found in other studies,3
sometimes with even higher levels (e.g. up to 70%) of
non-reporting seen.+ In one study in New Zealand only 41%
of patients had discussed their CAM use with their
oncologist, and almost one-third had started such medicines
before being seen at the cancer treatment centre.’ In a study
of hospital inpatients a great cause for concern was that 94%
of the patients had not been asked specifically about herbal
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consumption by the medical team and only 23% of the
hospital’s medical files of the patients taking herbal medi-
cines or dietary supplements had any record of this fact.6 In
fact, in many studies, even where the question was asked,
many patients did not inform their doctor that they were also
taking herbal remedies.”8

This serious under-reporting by patients may probably be
because they consider herbal medicines safe, even if taken at
the same time as prescription drugs.” One study found a
significant correlation between the belief that herbal medi-
cines can cause adverse effects and the tendency to report
their usage to the family physician.2 Some patients may fear
the disapproval of the physician and, since they consider the
medicines to be safe, see no reason for inviting problems by
disclosing these practices. Unfortunately, even if patients do
report their use of herbal medicines to the physician or
pharmacist, there is no guarantee that accurate information or
advice will be available. Physicians usually underestimate
the extent to which their patients use these remedies and
often do not ask for information from the patient. Worse still,
in one survey 51% of doctors believed that herbal medicines
have no or only mild adverse effects and 75% admitted that
they had little or no knowledge about what they are.!0
Pharmacists are equally likely to encounter patients taking
supplements together with prescription or non-prescription
medicines as they may be asked for advice, or they
may actually sell or supply the herbal medicine. Many
pharmacists (like many doctors) do not feel that they have
enough basic knowledge themselves, or information readily
available, to recommend these safely,!! although, according
to a study in an international cohort of pharmacists,
84% have tried CAM at some time in their life, and 81%
still felt that they had inadequate skills and knowledge
to counsel patients.’? Personal use of dietary supplements
was found to correlate with a twofold increase in the
likelihood that a pharmacist would recommend them to a
patient.!!
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Interactions between herbal medicines and
conventional drugs

An interaction is said to occur when the effects of one drug
are changed by the presence of another substance, including
herbal medicines, food, drink and environmental chemical
agents.

This definition is obviously as true for conventional
medicines as it is for herbal medicines. The outcome can be
harmful if the interaction causes an increase in the toxicity of
the drug. A potential example of this is the experimental
increase in toxicity seen when amikacin is given with
ginkgo, see Ginkgo + Aminoglycosides, page 209. A
reduction in efficacy due to an interaction can sometimes
be just as harmful as an increase. For example, the reduction
in ciclosporin levels caused by St John’s wort has led to
transplant rejection in some cases. See St John’s wort +
Ciclosporin, page 368.

As with any publication detailing the adverse effects of
drug use it would be very easy to conclude after browsing
through this publication that it is extremely risky to treat
patients with conventional drugs and herbal medicines, but
this would be an over-reaction. Patients can apparently
tolerate adverse interactions remarkably well, and many
interactions can be accommodated for (for example, through
natural dose titration), so that the effects may not con-
sciously be recognised as the result of an interaction.

One of the reasons that it is often difficult to detect an
interaction is that, as already mentioned, patient variability is
considerable. We now know many of the predisposing and
protective factors that determine whether or not an inter-
action occurs but in practice it is still very difficult to predict
what will happen when an individual patient is given two
potentially interacting medicines. This effect is compounded
when considering the interactions of herbal medicines
because they themselves are subject to a degree of
variability.

Variability of herbal medicines

Botanical extracts differ from conventional medicines in that
they are complicated mixtures of many bioactive com-
pounds. This makes it difficult to assess the contribution of
each constituent to the activity of the whole, and this
includes evaluating their possible interactions with drugs.
Natural products are also liable to a great deal of variation
and, even when standardised to one of more of their
constituents, there can still be differences in the numerous
other compounds present, and different constituents will
affect different metabolic enzymes. As well as the source
material, the method by which an extract is made will also
affect its composition, and thus its interaction potential. This
is well illustrated by a study looking at echinacea prepar-
ations. This study found that a standardised Swiss-registered
Echinacea purpurea extract mildly inhibited the cytochrome
P450 isoenzymes CYP1A2, CYP2C19 and CYP3A4, with
CYP3A4 being the most affected. However, when this and a
number of other products were screened for their ability to
inhibit CYP3A4, the inhibitory potencies of the products
were found to vary by a factor of 150.1

Sometimes, the overall effect of a herbal extract has a
different effect on cytochrome P450 than that of an isolated
constituent contained in the extract. For example, a mixture



of dietary soya isoflavones containing genistein was found to
have no effect on rat hepatic CYP1A2 and CYP2EIL,2
whereas isolated genistein was found to inhibit both
CYP2El and CYP1A2 in experimental studies.3 Whether
this is because of a species difference, a dose-related effect
or opposing actions of some constituents within the extract
remains to be seen, but it provides another illustration of the
dangers of extrapolating results from different types of
experiments on individual components to a clinical situation
involving a whole mixture.

These brief examples start to illustrate that the mechan-
isms of drug interactions with herbal medicines bear a great
relationship to those of conventional drugs.

. Modarai M, Gertsch J, Suter A, Heinrich M, Kortenkamp A. Cytochrome P450
inhibitory action of Echinacea preparations differs widely and co-varies with alkylamide
content. J Pharm Pharmacol (2007) 59, 567-73.

. Kishida T, Nagamoto M, Ohtsu Y, Watakabe M, Ohshima D, Nashiki K, Mizushige T,
Izumi T, Obata A, Ebihara K. Lack of an inducible effect of dietary soy isoflavones on
the mRNA abundance of hepatic cytochrome P-450 isozymes in rats. Biosci Biotechnol
Biochem (2004) 68, 508-15.

3. Helsby NA, Chipman JK, Gescher A, Kerr D. Inhibition of mouse and human CYP 1A-

and 2E1-dependent substrate metabolism by the isoflavonoids genistein and equol. Food

Chem Toxicol (1998) 36, 375-82.
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Mechanisms of drug interactions

Some drugs interact together in totally unique ways, but, as
the many examples in this publication amply illustrate, there
are certain mechanisms of interaction that are encountered
time and time again. Some of these common mechanisms are
discussed here in greater detail than space will allow in the
individual monographs, so that only the briefest reference
need be made there. This discussion is restricted to those
mechanisms that have been extensively investigated with
herbal medicines. Readers interested in a more general
discussion of mechanisms are referred to Stockley’s Drug
Interactions.

Very many drugs that interact do so, not by a single
mechanism, but often by two or more mechanisms acting in
concert, although for clarity most of the mechanisms are
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dealt with here as though they occur in isolation. For
convenience, the mechanisms of interactions can be subdiv-
ided into those that involve the pharmacokinetics of a drug,
and those that are pharmacodynamic.

Pharmacokinetic interactions

Pharmacokinetic interactions are those that can affect the
processes by which drugs are absorbed, distributed, metab-
olised and excreted (the so-called ADME interactions).
Although all these mechanisms are undoubtedly relevant to
interactions with herbal medicines, this discussion will
mainly focus on cytochrome P450 and drug transporter
proteins. Other enzymes have been shown to play a role in
the interactions of herbal medicines, such as UDP-glucur-
onyltransferases (UGTs), but less is known about their
effects.

Cytochrome P450 isoenzymes

Although a few drugs are cleared from the body simply by
being excreted unchanged in the urine, most are chemically
altered within the body to less lipid-soluble compounds,
which are more easily excreted by the kidneys. If this were
not so, many drugs would persist in the body and continue to
exert their effects for a long time. Some drug metabolism
goes on in the serum, the kidneys, the skin and the intestines,
but the greatest proportion is carried out by enzymes that are
found in the liver, mainly cytochrome P450. Cytochrome
P450 is not a single entity, but is in fact a very large family
of related isoenzymes, about 30 of which have been found in
human liver tissue. However, in practice, only a few specific
subfamilies seem to be responsible for most (about 90%) of
the metabolism of the commonly used drugs. The most
important isoenzymes are: CYP1A2, CYP2C9, CYP2C19,
CYP2D6, CYP2E1 and CYP3A4. Some of these isoenzymes
are also found in the gut wall.

Drugs and herbs affecting or metabolised by the cytochrome P450 isoenzyme CYPIA2!

Inducers Substrates™

Inhibitors

Cannabis (modest clinical effects with smoking) Caffeine

Danshen (in vitro effects do not appear to be clinically relevant)  Clomipramin

Liquorice (glycyrrhizin constituent studied in mice, effects may be Clozapine

weaker clinically)

St John’s wort (in vitro induction of only minor clinical relevance) Duloxetine
Frovatriptan
Olanzapine
Rasagiline
Ropinirole
Tacrine
Theophylline
Tizanidine
Zolmitriptan

Boswellia (in vitro effects with gum resin)
e Chamomile, German (moderate effects with tea given to rats)
Dandelion (moderate to potent effects with tea given to rats)

Feverfew (in vitro evidence only)
Ginkgo (in vitro effects do not appear to be clinically relevant)

* shown to be clinically relevant in drug—drug interaction studies

 Note that in vitro effects are not necessarily replicated in vivo; findings in vivo often appear weaker than those in vitro. The presence of an in vitro effect suggests

that clinical study is warranted.
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Drugs and herbs affecting or metabolised by the cytochrome P450 isoenzyme CYP3A4"

Inducers

Substrates*®

Inhibitors

Echinacea (in vitro studies supported by clinical data,
but any effect modest. Note inhibition also
reported)

Ginkgo (in vitro studies supported by clinical data,
but any effect modest. Note inhibition also
reported)

Liquorice (glycyrrhizin constituent studied in mice,
effects may be weaker clinically)

Rooibos (in vitro studies suggest moderate to
potent effects)

St John’s wort (clinically established, potency
appears to vary with hyperforin content)

Antiarrhythmics (Amiodarone, Disopyramide,
Lidocaine oral, Propafenone, Quinidine)

Anticholinesterases, centrally acting
(Donepezil, Galantamine)

Antihistamines (Astemizole, Terfenadine)

Antimigraine drugs (Eletriptan, Ergot
derivatives)

Antineoplastics (Busulfan, Cyclophosphamide,
Ifosfamide, Imatinib, Irinotecan, Tamoxifen,
Taxanes, Teniposide, Toremifene, Vinblastine,
Vincristine)

Antipsychotics (Pimozide, Quetiapine)

Azoles (Itraconazole, Voriconazole)
Benzodiazepines and related drugs
(Alprazolam, Triazolam, Midazolam; Buspirone,
Zolpidem, Zopiclone)

Calcium-channel blockers (Diltiazem,
Felodipine, Lercanidipine)

Corticosteroids (Budesonide, Dexamethasone,
Fluticasone, Hydrocortisone, Methylprednisolone)
Dopamine agonists (Bromocriptine,
Cabergoline)

Hormones (Hormonal contraceptives,
Oestrogens, Progestogens)
Immunosuppressants (Ciclosporin, Sirolimus,
Tacrolimus)

Opioids (Alfentanil, Buprenorphine, Fentanyl,
Methadone)

Phosphodiesterase type-5 inhibitors
(Sildenafil, Tadalafil, Vardenafil)

Protease inhibitors (Amprenavir, Atazanavir,
Darunavir, Fosamprenavir, Indinavir, Nelfinavir,
Ritonavir, Saquinavir, Tipranavir)

Statins (Atorvastatin, Lovastatin, Simvastatin)

Miscellaneous (Aprepitant, Bosentan,
Carbamazepine, Cilostazol, Cisapride, Delavirdine,
Dutasteride, Eplerenone, Maraviroc, Reboxetine,
Rifabutin, Sibutramine, Solifenacin, Tolterodine)

Bearberry (in vitro evidence only, effects vary
greatly between products)

Bitter orange (juice known to have clinically
relevant effects, supplement has no effects;
difference possibly due to constituents)

Black cohosh (effects in vitro are probably not
clinically relevant)

Cat’s claw (in vitro studies suggest potent effects)

Cranberry (in vitro studies suggest modest effects
but studies in humans suggest any effect is not
clinically relevant)

Echinacea (in vitro studies supported by clinical data,
but any effect modest. Note induction also
reported)

Feverfew (in vitro evidence only)

Garlic (effects in vitro are probably not clinically
relevant)

Ginkgo (in vitro studies supported by clinical data,
but any effect modest. Note induction also
reported)

Ginseng (ginsenoside constituents studied; in vitro
effects are probably not clinically relevant)
Goldenseal (in vitro studies suggest potent effects,
but studies in humans suggest only modest clinical
effects)

Grapefruit (juice has moderate clinical effects; not
known if supplements interact similarly)

Milk thistle (in vitro studies supported by some
clinical data, but any effect modest)

Pepper (in vitro piperine (a constituent) has some
effect, but ethanolic extracts of the fruit had no
clinically significant effects)

Resveratrol (in vitro studies suggest modest effects)

Rhodiola (in vitro effects with a root extract)

Saw palmetto (effects in vitro are not clinically
relevant)

Turmeric (curcumin constituent studied; in vitro
effects are potent)

* shown to be clinically relevant in drug—drug interaction studies

T Note that in vitro effects are not necessarily replicated in vivo; findings in vivo often appear weaker than those in vitro. The presence of an in vitro effect suggests

that clinical study is warranted.



(a) Enzyme induction

Some herbal medicines can have a marked effect on the
extent of first-pass metabolism of conventional drugs by
inducing the cytochrome P450 isoenzymes in the gut wall or
in the liver. A number of herbs have been studied specifically
for their effects on these isoenzymes. Those that appear to
cause clinically relevant induction of specific isoenzymes are
grouped in a series of tables, along with the conventional
drugs that are substrates for this isoenzyme. See the tables
Drugs and herbs affecting or metabolised by the cytochrome
P450 isoenzyme CYP1A2, page 7, and Drugs and herbs
affecting or metabolised by the cytochrome P450 isoenzyme
CYP3A4, page 8.

The extent of the enzyme induction depends on the herbal
medicine, its dosage, and even the specific extract used (see
Variability of herbal medicines, page 6). It may take days or
even 2 to 3weeks to develop fully, and may persist for a
similar length of time when the enzyme inducer is stopped.
This means that enzyme induction interactions can be
delayed in onset and slow to resolve. These effects have
been seen with St John’s wort, page 362.

If one drug reduces the effects of another by enzyme
induction, it may be possible to accommodate the interaction
simply by raising the dosage of the drug affected, but this
requires good monitoring, and there are obvious hazards if
the inducing drug is eventually stopped without remember-
ing to reduce the dosage again. The raised drug dosage may
be an overdose when the drug metabolism has returned to
normal. This strategy is more complicated with herbal
medicines; the intake of a set amount of the herbal medicine
would need to be maintained for this approach to work, and
this is difficult because the interacting constituent may vary
between products, and even between different batches of the
same product.

(b) Enzyme inhibition

More common than enzyme induction is the inhibition of
enzymes. This results in the reduced metabolism of an
affected drug, so that it may begin to accumulate within the
body, the effect usually being essentially the same as when
the dosage is increased. Unlike enzyme induction, which
may take severaldays or even weeks to develop fully,
enzyme inhibition can occur within 2 to 3 days, resulting in
the rapid development of toxicity. An example is the effect
of grapefruit and grapefruit juice, which seem to inhibit the
cytochrome P450 isoenzyme CYP3A4, mainly in the gut,
and therefore reduce the metabolism of oral calcium-channel
blockers. See Grapefruit + Calcium-channel blockers,
page 237.

A number of herbs have been studied specifically for their
effects on cytochrome P450 isoenzymes. Those that appear
to have clinically relevant effects on specific isoenzymes are
grouped in a series of tables, along with the conventional
drugs that are substrates for this isoenzyme. See the tables
Drugs and herbs affecting or metabolised by the cytochrome
P450 isoenzyme CYP1A2, page 7, and Drugs and herbs
affecting or metabolised by the cytochrome P450 isoenzyme
CYP3A4, page 8.

The clinical significance of many enzyme inhibition
interactions depends on the extent to which the serum levels
of the drug rise. If the serum levels remain within the
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therapeutic range the interaction may not be clinically
important.

(c) Predicting interactions involving cytochrome P450

It is interesting to know which particular isoenzyme is
responsible for the metabolism of drugs because by doing in
vitro tests with human liver enzymes it is often possible to
explain why and how some drugs interact. For example,
ciclosporin is metabolised by CYP3A4, and we know that St
John’s wort is a potent inducer of this isoenzyme, so that it
comes as no surprise that St John’s wort, page 368, reduces
the effects of ciclosporin.

What is very much more important than retrospectively
finding out why drugs and herbal medicines interact is the
knowledge that such in vitro tests can provide about
forecasting which other drugs may possibly also interact.
This may reduce the numbers of expensive clinical studies in
subjects and patients and avoids waiting until significant
drug interactions are observed in clinical use. A lot of effort
is being put into this area of drug development, and it is
particularly important for herbal medicines, where it seems
unlikely that expensive clinical studies will be routinely
conducted. However, at present such prediction is not always
accurate because all of the many variables that can come into
play are not known (such as how much of the enzyme is
available, the concentration of the drug at the site of
metabolism and the affinity of the drug for the enzyme).
Remember too that some drugs can be metabolised by more
than one cytochrome P450 isoenzyme (meaning that this
other isoenzyme may be able to ‘pick up’ more metabolism
to compensate for the inhibited pathway), some drugs (and
their metabolites) can both induce a particular isoenzyme
and be metabolised by it, and some drugs (or their
metabolites) can inhibit a particular isoenzyme but not be
metabolised by it. With so many factors possibly impinging
on the outcome of giving two or more drugs together, it is
very easy to lose sight of one of the factors (or not even
know about it) so that the sum of 2 plus 2 may not turn out to
be the 4 that you have predicted.

Drug transporter proteins

Drugs and endogenous substances are known to cross
biological membranes, not just by passive diffusion, but also
by carrier-mediated processes, often known as transporters.
Significant advances in the identification of various trans-
porters have been made, although the contribution of many
of these to drug interactions in particular, is still being
investigated. The most well-known drug transporter protein
is P-glycoprotein.

More and more evidence is accumulating to show that
some drug interactions occur because they interfere with the
activity of P-glycoprotein. This is an efflux pump found in
the membranes of certain cells, which can push metabolites
and drugs out of the cells and have an impact on the extent of
drug absorption (via the intestine), distribution (to the brain,
testis or placenta) and elimination (in the urine and bile). So,
for example, the P-glycoprotein in the cells of the gut lining
can eject some already-absorbed drug molecules back into
the intestine resulting in a reduction in the total amount of
drug absorbed. In this way P-glycoprotein acts as a barrier to
absorption. The activity of P-glycoprotein in the endothelial
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cells of the blood—brain barrier can also eject certain drugs
from the brain, limiting CNS penetration and effects.

The pumping actions of P-glycoprotein can be experi-
mentally induced or inhibited by some herbal medicines. So
for example, the induction (or stimulation) of the activity of
P-glycoprotein by capsicum, within the lining cells of the
gut, causes digoxin to be ejected into the gut more
vigorously. This may result in a fall in the plasma levels of
digoxin. See Capsicum + Digoxin, page 116. In contrast,
some extracts of danshen appear to inhibit the activity of
P-glycoprotein, and may therefore increase digoxin levels.
See Danshen + Digoxin, page 162.

There is an overlap between CYP3A4 and P-glycoprotein
inhibitors, inducers and substrates. Digoxin is an example of
one of the few drugs that is a substrate for P-glycoprotein but
not CYP3A4. It is for this reason that it is used as a probe
substrate for P-glycoprotein activity, and the effects of herbal
medicines on this particular drug have been studied.

Other transporters that are involved in some drug inter-
actions are the organic anion transporters (OATS), organic
anion-transporting polypeptides (OATPs) and organic cation
transporters (OCTs), which are members of the solute carrier
superfamily (SLC) of transporters. The best known example
of an OAT inhibitor is probenecid, which affects the renal
excretion of a number of drugs. However, the effects of
many herbal medicines and drugs on these transporters are
less well understood than those of P-glycoprotein, and thus,
the role of OATs, OATPs and OCTs in drug interactions is
still being elucidated.

Pharmacodynamic interactions

Pharmacodynamic interactions are those where the effects of
one drug are changed by the presence of another drug at its
site of action. Sometimes the drugs directly compete for
particular receptors but often the reaction is more indirect
and involves interference with physiological mechanisms.
These interactions are much less easy to classify neatly than
those of a pharmacokinetic type.

(a) Additive or synergistic interactions

If two drugs that have the same pharmacological effect are
given together the effects can be additive. For example,
alcohol depresses the CNS and, if taken in moderate
amounts with normal therapeutic doses of herbal medicines
(e.g. valerian), may increase drowsiness. See Valerian +
Alcohol, page 397.

Sometimes the additive effects are solely toxic (e.g.
theoretical additive nephrotoxicity, see Ginkgo + Aminogly-
cosides, page 209). It is common to use the terms ‘additive’,
‘summation’, ‘synergy’ or ‘potentiation’ to describe what
happens if two or more drugs behave like this. These words
have precise pharmacological definitions but they are often
used rather loosely as synonyms because in practice it is
often very difficult to know the extent of the increased
activity, that is to say whether the effects are greater or
smaller than the sum of the individual effects.

One particular additive effect is well known to occur
between the herbal medicine St John’s wort, page 362, and
conventional medicines. This is serotonin syndrome. The
reasons for this effect are not fully understood, but the
serotonin syndrome is thought to occur as a result of over-

stimulation of the 5-HT;, and 5-HT,, receptors and
possibly other serotonin receptors in the CNS (in the brain
stem and spinal cord in particular) due to the combined
effects of two medicines (herbal or conventional). Serotonin
syndrome can occur exceptionally after taking only one
substance that causes over-stimulation of these 5-HT
receptors, but much more usually it develops when two or
more drugs (so-called serotonergic or serotomimetic drugs)
act in concert. The characteristic symptoms fall into three
main areas, namely altered mental status (agitation, confu-
sion, mania), autonomic dysfunction (diaphoresis, diarrhoea,
fever, shivering) and neuromuscular abnormalities (hyperre-
flexia, incoordination, myoclonus, tremor).

The syndrome can develop shortly after one serotonergic
drug is added to another, or even if one is replaced by
another without allowing a long enough washout period in
between, and the problem usually resolves within about
24 hours if both drugs are withdrawn and supportive
measures given. Non-specific serotonin antagonists (cypro-
heptadine, chlorpromazine, methysergide) have also been
used for treatment. Most patients recover uneventfully, but
there have been a few fatalities.

It is still not at all clear why many patients can take two, or
sometimes several, serotonergic drugs together without
problems, while a very small number develop this serious
toxic reaction, but it certainly suggests that there are other
factors involved that have yet to be identified. The full story
is likely to be much more complex than just the simple
additive effects of two drugs.

(b) Antagonistic or opposing interactions

In contrast to additive interactions, there are some pairs of
drugs with activities that are opposed to one another. For
example, the coumarins can prolong the blood clotting time
by competitively inhibiting the effects of dietary vitamin K.
If the intake of vitamin K is increased, the effects of the oral
anticoagulant are opposed and the prothrombin time can
return to normal, thereby cancelling out the therapeutic
benefits of anticoagulant treatment. It has been proposed that
the vitamin K content of herbal medicines may be sufficient
to provoke this interaction, but in most cases of normal
intake of the herb, this seems unlikely. See Alfalfa +
Warfarin and related drugs, page 23, for further discussion of
this potential interaction.

Drawing your own conclusions

The human population is a total mixture, unlike selected
batches of laboratory animals (same age, weight, sex, strain,
etc.). For this reason human beings do not respond uniformly
to one or more drugs or even herbal medicines. Our genetic
make-up, ethnic background, sex, renal and hepatic func-
tions, diseases and nutritional states, ages and other factors
(the route of administration, for example) all contribute
towards the heterogeneity of our responses. This means that
the outcome of giving one or more drugs to any individual
for the first time is never totally predictable because it is a
new and unique ‘experiment’. Even so, some idea of the
probable outcome of using a drug or a pair of drugs can be
based on what has been seen in other patients: the more
extensive the data, the firmer the predictions.

The most difficult decisions concern isolated cases of



interaction, many of which achieved prominence only
because they were serious. Do you ignore them as ‘idiosyn-
cratic’ or do you, from that moment onwards, advise against
the use of the herbal medicine and conventional drug totally?

There is no simple yes or no answer to these questions,
especially as evidence regarding interactions between herbal
medicines is often only of an experimental nature. The
delicate balance between whether or not to give the drug has
then to be set against the actual severity of the reaction
reported and weighed up against how essential it is to use the
combination in question.

When deciding the possible first-time use of any two
drugs in any particular patient, you need to put what is
currently known about these drugs against the particular
profile of your patient. Read the monograph. Consider the
facts and conclusions, and then set the whole against the
backdrop of your patient’s unique condition (age, disease,
general condition, and so forth) so that what you eventually
decide to do is well thought out and soundly based. We do
not usually have the luxury of knowing absolutely all the
facts, so that an initial conservative approach is often the
safest.

General considerations 11

It is now quite impossible to remember all the known
clinically important interactions and how they occur but
there are some broad general principles that are worth
remembering:

e Be on the alert with any drugs that have a narrow
therapeutic window or where it is necessary to keep serum
levels at or above a suitable level (e.g. anticoagulants,
antidiabetic drugs, antiepileptics, antihypertensives, an-
ti-infectives, antineoplastic cytotoxics, digitalis glyco-
sides, immunosuppressants, etc.).

e Think about the basic pharmacology of the drugs under
consideration so that obvious problems (additive CNS
depression, for example) are not overlooked, and try to
think what might happen if drugs that affect the same
receptors are used together. And don’t forget that many
drugs affect more than one type of receptor.

e Keep in mind that the elderly are at risk because of
reduced liver and renal function on which drug clearance
depends.






Acidophilus

Lactobacillus acidophilus (Lactobacillaceae)

Use and indications

Lactobacillus acidophilus are lactic-acid producing bacterial
organisms that are normally present in the human gut.
Acidophilus supplements are primarily taken as a probiotic,
to restore or maintain healthy microbial flora. Acidophilus
has also been used to treat diarrhoea, irritable bowel
syndrome, lactose intolerance, urinary tract infections and
yeast-based infections (such as those caused by Candida
albicans), and for general digestive problems. It is available
in various forms ranging from capsules to yoghurts.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

Acidophilus is a bacterial organism, and therefore it may
lead to systemic infection in immunosuppressed patients,
although this effect is expected to be rare. Antibacterials and
drugs that are dependent on bacterial degradation to release
active constituents, namely sulfasalazine, may also be
expected to interact.

13
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Acidophilus + Antibacterials (4

The interaction between acidophilus and antibacterials is based
on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

Lactobacillus acidophilus are Gram-positive, facultative anaerobic
bacteria and as such can be inhibited or killed by antibacterials that
are effective against this type of bacteria. Ampicillin,'- ampicillin
with sulbactam,? benzylpenicillin,23 cefalotin,! chloramphenicol,23
clindamycin,!34 erythromycin,23 gentamicin,’ linezolid,? oxytetra-
cycline,’ penicillin,! quinupristin/dalfopristin,3 streptomycin,3 tetra-
cycline2 and vancomycin3 have been found to inhibit acidophilus
populations.

Mechanism

Antibacterials kill or inhibit the growth of bacterial populations
through various different mechanisms.

Importance and management

Depending on the particular strain of acidophilus and the
antibacterial dose, the desired therapeutic effect of acidophilus
may be significantly reduced or even abolished by these anti-
bacterials.

. Bayer AS, Chow AW, Concepcion N, Guze LB. Susceptibility of 40 lactobacilli to six
antimicrobial agents with broad gram-positive anaerobic spectra. Antimicrob Agents
Chemother (1978) 14, 720-2.

. Hummel AS, Hertel C, Holzapfel WH, Franz CMAP. Antibiotic resistances of starter
and probiotic strains of lactic acid bacteria. Appl Environ Microbiol (2007) 73, 730-9.

3. Klare I, Konstabel C, Werner G, Huys G, Vankerckhoven V, Kahlmeter G, Hildebrandt
B, Miiller-Bertling S, Witte W, Goossens H. Antimicrobial susceptibilities of
Lactobacillus, Pediococcus and Lactococcus human isolates and cultures intended for
probiotic or nutritional use. J Antimicrob Chemother (2007) 59, 900-12.

. Lidbeck A, Edlund C, Gustafsson JA, Kager L, Nord CE. Impact of Lactobacillus
acidophilus administration on the intestinal microflora after clindamycin treatment. J
Chemother (2005) 1, 630-2.

)

IS

Acidophilus + Food

No interactions found. Acidophilus is often present in live yoghurt.

Acidophilus + Herbal medicines; Soya
isoflavones

Acidophilus does not generally affect the metabolism of soya
isoflavones.

Clinical evidence

In a randomised study 20 women who had been successfully treated
for breast cancer and 20 women without a history of cancer were
given a soya protein isolate containing 640 micrograms/kg of
isoflavones daily (34% daidzein, 57% genistein and 9% glycitein),
with three probiotic capsules (DDS Plus), containing Lactobacillus
acidophilus and Bifidobacterium longum, daily for 42days. In
general, the probiotics did not affect the plasma isoflavone
concentrations, although two of the subjects had altered plasma
concentrations of equol, a daidzein metabolite. No adverse effects
were reported in the study.! In another study, the same probiotic did
not alter the cholesterol-lowering effects of the isoflavones.?

Experimental evidence
No relevant data found.

Mechanism

The gut bacterial flora metabolises daidzein to equol, which is
thought to be responsible for reduced breast cancer risk. The authors
hypothesised that increasing the populations of bacteria, by using
probiotics, levels of equol would increase.

Importance and management

Increasing the populations of bacteria in the gut does not appear to
have a significant effect on the metabolism of soya isoflavones. Note
that the metabolism of isoflavones is variable, due to differences in
gut flora between individuals, and so the effects of any interaction
between acidophilus and isoflavones are likely to differ between
individuals. For more information on the interactions of isoflavones
in general, see under isoflavones, page 258.

. Nettleton JA, Greany KA, Thomas W, Wangen KE, Adlercreutz H, Kurzer MS. Plasma
phytoestrogens are not altered by probiotic consumption in postmenopausal women with
and without a history of breast cancer. J Nutr (2004) 134, 1998-2003.

. Greany KA, Nettleton JA, Wangen KE, Thomas W, Kurzer MS. Probiotic consumption
does not enhance the cholesterol-lowering effect of soy in postmenopausal women. J
Nutr (2004) 134, 3277-83.
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An isolated case report describes fatal septicaemia in an
immunosuppressed woman taking cyclophosphamide and flu-
drocortisone who ate live yoghurt containing Lactobacillus
rhamnosus, which is closely related to acidophilus.

Acidophilus + Immunosuppressants

Clinical evidence

A 42-year-old woman taking cyclophosphamide and fludrocortisone
for Sjogren’s syndrome developed pneumonia and secondary
Lactobacillus rhamnosus septicaemia, which proved to be fatal,
after taking a short course of supermarket own-brand live yoghurt
for diarrhoea.! Note that Lactobacillus rhamnosus is a species closely
related to Lactobacillus acidophilus.

Experimental evidence
No relevant data found.

Mechanism

The immunosuppressed nature of the patient is thought to have
provided a more conducive environment for the introduced bacteria
to establish a sufficient population to reach a pathogenic threshold.

Importance and management

Although not a drug interaction in the strictest sense, it would be
sensible to assume that introducing bacteria in the form of a
probiotic to an immunosuppressed patient should be undertaken with
great care or perhaps avoided: note that patients who have
undergone a transplantation and who are immunosuppressed are
often advised to avoid foods such as live yoghurts.

Remember that, as immunosuppression secondary to corticoster-
oid use is dependent on numerous factors related to the dosage and
duration of intake, not all patients taking corticosteroids are likely to
be immunosuppressed and therefore they will not necessarily need to
avoid acidophilus-containing products.

1. MacGregor G, Smith AJ, Thakker B, Kinsella J. Yoghurt biotherapy: contraindicated in
immunosuppressed patients? Posigrad Med J (2002) 78, 366—7.

Acidophilus + Sulfasalazine v

The interaction between acidophilus and sulfasalazine is based
on experimental evidence only.

Clinical evidence
No interactions found.



Experimental evidence

In an experimental study about 85 to 95% of a dose of sulfasalazine
was broken down by several different strains of Lactobacillus
acidophilus.!

Mechanism

The azo link of sulfasalazine is split by anaerobic bacteria in the
colon to release sulfapyridine and 5-aminosalicylic acid, the latter
being the active metabolite that acts locally in the treatment of
inflammatory bowel disease. The lipophilic nature of sulfasalazine is
thought to enable it to reach the site of azoreductase activity within
the bacterial cell by passive diffusion across the cell membrane.

Importance and management
Sulfasalazine is generally thought to be ‘activated’ by its metabolism
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to release S-aminosalicylic acid by bacteria in the colon. By
introducing more bacteria, the metabolism could be increased.
However, metabolism may also occur earlier, in the small intestine,
which could be detrimental as one metabolite, sulfapyridine, is
rapidly absorbed from the small intestine and can contribute to renal
toxicity.

It should be noted, however, that this is a rather old experimental
study that appears to be the only one of its kind in the literature.
Also, the pH of the gut is much lower than the pH used in the
experimental study and there is a degree of interindividual variability
in populations of bacterial flora. Taking all this into account, this
interaction seems unlikely to be clinically relevant.

1. Pradhan A, Majumdar MK. Metabolism of some drugs by intestinal lactobacilli and their
toxicological considerations. Acta Pharmacol Toxicol (Copenh) (1986) 58, 11-15.
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Agnus castus

Vitex agnus-castus L. (Lamiaceae)

Synonym(s) and related species
Agni casti, Chasteberry, Chaste tree, Monk’s pepper.

Pharmacopoeias
Agnus Castus (BP 2009, Ph Eur 6.4); Chaste Tree (USP 32).

Constituents

Agnus castus is usually standardised to the content of the
flavonoid casticin (dried ripe fruit and powdered extracts
contain a minimum of 0.08%, USP 32), and sometimes also
the iridoid glycoside agnuside (dried ripe fruit and powdered
extracts contain a minimum of 0.05%, USP 32). Other major
constituents are the labdane and clerodane diterpenes
(including rotundifuran, 6f,7p-diacetoxy-13-hydroxy-labda-
8,14-diene, vitexilactone). Other flavonoids include orientin,
apigenin and penduletin.

Use and indications

Traditional use of the dried ripe fruit of agnus castus focuses
on menstrual disorders in women resulting from corpus
luteum deficiency, such as amenorrhoea, metrorrhagia and
symptoms of premenstrual syndrome, including mastalgia. It
has also been used to alleviate some menopausal symptoms
and to promote lactation. In men it has been used to suppress
libido and treat acne.

Pharmacokinetics
No relevant pharmacokinetic data for agnus castus found.
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For information on the pharmacokinetics of individual
flavonoids present in agnus castus, see under flavonoids,
page 186.

Interactions overview

A comprehensive systematic review of data from spontan-
eous adverse event reporting schemes and published clinical
studies, post-marketing surveillance studies, surveys and
case reports was carried out in September 2004 to investigate
the safety of agnus castus extracts. No drug interactions were
identified.! Agnus castus extracts used in the data reviewed
included Agnolyt, Agnucaston, Strotan and ZE 440.

However, agnus castus has dopamine agonist properties,
and may therefore interact with drugs with either dopamine
agonist or dopamine antagonist actions.

Agnus castus contains oestrogenic compounds but it is
unclear whether the effects of these compounds are additive,
or antagonistic, to oestrogens and oestrogen antagonists (e.g.
tamoxifen). Although agnus castus binds with opioid
receptors, no serious interaction with opioid analgesics
would be expected.

For information on the interactions of flavonoids, see
under flavonoids, page 186.

1. Daniele C, Thompson Coon J, Pittler MH, Emnst E. Vitex agnus castus: a systematic
review of adverse effects. Drug Safety (2005) 28, 319-32.



Agnus castus + Dopamine agonists or
antagonists

Agnus castus has dopamine agonist properties, and may
therefore interact with drugs with either dopamine agonist or
dopamine antagonist actions.

Clinical evidence

In a double-blind study in women suffering from mastalgia, agnus
castus extracts reduced serum prolactin levels (by about 4 nano-
grams/mL compared with about 0.6 nanograms/mL for placebo).!
The agnus castus extracts used in this study were an oral solution,
Mastodynon, and a tablet, MA 1025 E1.!

Experimental evidence

Extracts of agnus castus act as dopamine agonists.>5 Some
dopaminergic compounds (mainly clerodane diterpenes) isolated
from agnus castus have almost identical prolactin-suppressive
properties at the D,-receptor to dopamine.3

Mechanism

Active compounds of agnus castus and dopaminergics may have
additive effects because of their similar pharmacological activity.

Importance and management

While the importance of any potential interaction is difficult to
judge, it would be wise to exercise some caution with the concurrent
use of agnus castus and dopaminergics that act at the D,-receptor,
which is the majority. For dopamine agonists such as bromocriptine
and apomorphine, additive effects and toxicity is a theoretical
possibility. Conversely, for dopamine antagonists such as the
antipsychotics and some antiemetics (such as metoclopramide and
prochlorperazine), antagonistic effects are a theoretical possibility.

. Wuttke W, Splitt G, Gorkow C, Sieder C. Behandlung zyklusabhéngiger Brustschmer-
zen mit einem Agnus castus-haltigen Arzneimittel. Ergebnisse einer randomisierten,
plazebo-kontrollierten Doppelblindstudie. Geburtshilfe Frauenheilkd (1997) 57, 569—
74.

Jarry H, Leonhardt S, Gorkow C, Wuttke W. In vitro prolactin but not LH and FSH
release is inhibited by compounds in extracts of Agnus castus: direct evidence for a
dopaminergic principle by the dopamine receptor assay. Exp Clin Endocrinol (1994)
102, 448-54.

Wuttke W, Jarry H, Christoffel V, Spengler B, Seidlova-Wuttke D. Chaste tree (Vitex
agnus-castus) — Pharmacology and clinical indications. Phytomedicine (2003) 10, 348—
57.
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Meier B, Berger D, Hoberg E, Sticher O, Schaffner W. Pharmacological activities of
Vitex agnus-castus extracts in vitro. Phytomedicine (2000) 7, 373-81.

Jarry H, Spengler B, Wuttke W, Christoffel V. In vitro assays for bioactivity-guided
isolation of endocrine active compounds in Vitex agnus-castus. Maturitas (2006) 55
(Suppl 1), S26-36.
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Agnus castus + Food

No interactions found.

Agnus castus + Herbal medicines

No interactions found.

Agnus castus + Oestrogens or Oestrogen
antagonists

Agnus castus contains oestrogenic compounds. This may result
in additive effects with oestrogens or it may oppose the effects of
oestrogens. Similarly, agnus castus may have additive effects
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with oestrogen antagonists or oppose the effects of oestrogen
antagonists (e.g. tamoxifen).

Clinical evidence

A 32-year-old woman took a herbal medicine made from agnus
castus, on her own initiative, before and in the early follicular phase of
her fourth cycle of unstimulated IVF (in vitro fertilisation) treatment
in order to try to promote ovarian function. In this cycle, she
developed four follicles, and her serum gonadotrophin and ovarian
hormone measurements became disordered. The agnus castus was
stopped and she experienced symptoms suggestive of mild ovarian
hyperstimulation syndrome in the luteal phase. Two subsequent
cycles were endocrinologically normal with single follicles, as were
the three cycles before she took the herbal preparation.!

It has also been suggested that agnus castus may provide relief
from menopausal symptoms, see under Chinese angelica, page 129.

Experimental evidence

In receptor-binding studies, extracts of agnus castus were found to
contain the flavonoids penduletin, apigenin and vitexin, which are
thought to have some oestrogenic effects. Apigenin was identified as
the most active, but all were selective for the oestrogen-beta
receptor.23

Mechanism

Active compounds of agnus castus may compete for the same
oestrogen receptor as hormonal drugs and treatment. The case report
suggests that agnus castus has anti-oestrogenic effects (leading to
increased FSH and LH). The in vitro evidence suggests oestrogenic
activity.

Importance and management

Evidence is limited and largely speculative, and it is therefore
difficult to predict the outcome of using agnus castus with
oestrogens or oestrogen antagonists. The evidence suggests that
compounds of agnus castus may compete for the same oestrogen
receptor as conventional hormonal drugs, with the outcome of either
an overall oestrogenic effect, or an overall oestrogen antagonist
effect (see also Chinese angelica, page 129). The main compounds
in agnus castus that have oestrogenic activity are agnuside, apigenin
and rotundifuran and they are found, particularly apigenin,
ubiquitously in foods and herbs. Phytoestrogens are generally
much less potent than endogenous oestrogens and therefore any
potential interaction is likely to be modest. However, note that it is
probably inappropriate for patients undergoing IVF treatment to take
hormonally active herbal medicines, unless under the advice of an
experienced endocrinologist. Further study is needed.

. Cahill DJ, Fox R, Wardle PG, Harlow CR. Multiple follicular development associated
with herbal medicine. Hum Reprod (1994) 9, 1469-70.

2. Jarry H, Spengler B, Porzel A, Schmidt J, Wuttke W, Christoffel V. Evidence for
estrogen receptor beta-selective activity of Vitex agnus-castus and isolated flavones.
Planta Med (2003) 69, 945-7.

3. Jarry H, Spengler B, Wuttke W, Christoffel V. In vitro assays for bioactivity-guided

isolation of endocrine active compounds in Vitex agnus-castus. Maturitas (2006) 55

(Suppl 1), S26-36.

Agnus castus + Opioids v

The interaction between agnus castus and opioids is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

Various agnus castus extracts have been shown to have an affinity to
opioid receptors in an in vitro study.! Lipophilic extracts of agnus
castus produced an inhibition of binding to p- and k-opioid receptors
and the aqueous fraction produced an inhibition of binding to
d-opioid receptors.
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A follow-up study on hamster ovary cells? found that extracts of
agnus castus acted as agonists at the p-opioid receptor in a similar
way to morphine, another opioid agonist.

Mechanism

Active compounds of agnus castus and opioids may have additive
effects because of their similar pharmacological activity.

Importance and management
The importance of this action on opioid receptors is unknown.

Agnus castus is not known for any strong analgesic effects or for

producing opioid-like dependence and, as no clinical interactions

have been reported, it seems unlikely that any important interaction

will occur with opioids.

1. Meier B, Berger D, Hoberg E, Sticher O, Schaffner W. Pharmacological activities of
Vitex agnus-castus extracts in vitro. Phytomedicine (2000) 7, 373-81.

2. Webster DE, Lu J, Chen S-N, Farnsworth NR, Wang ZJ. Activation of the p-opiate

receptor by Vitex agnus-castus methanol extracts: Implication for its use in PMS. J
Ethnopharmacol (2006) 106, 216-21.



Agrimony

Agrimonia eupatoria L. (Rosaceae)

Synonym(s) and related species
Agrimonia, Cocklebur, Stickwort.

Pharmacopoeias
Agrimony (BP 2009, Ph Eur 6.4).

Constituents

Agrimony may be standardised to a tannin content expressed
as pyrogallol 2%. Other constituents include flavonoids,
based on quercetin, kaempferol, apigenin, catechins, epica-
techins and procyanidins; various phenolic acids; triterpenes
including a-amyrin, ursolic and euscapic acids, phytosterols;
salicylic and silicic acids.

Use and indications

The dried flowering tops are used as a mild astringent and
diuretic. They have also been used for diarrhoea in children,

mucous colitis, urinary incontinence, cystitis, and as a gargle
for sore throats and catarrh.

Pharmacokinetics

No relevant pharmacokinetic data found specifically for
agrimony, but see under flavonoids, page 186, for more
detail on individual flavonoids present in the herb.

Interactions overview

Information on the interactions of flavonoid supplements are
covered under flavonoids, page 186, but note that it is
unlikely that agrimony would be taken in doses large enough
to give the levels of individual flavonoids used in the
flavonoid studies (e.g. quercetin 100 mg daily and above).
Agrimony might have a weak blood-glucose-lowering effect,
and has weak diuretic and blood pressure-lowering effects. It
may therefore be expected to interact with conventional
drugs that have these properties.
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Agrimony + Antidiabetics v

The interaction between agrimony and antidiabetics is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In various in vitro and animal studies, high-dose agrimony has
stimulated insulin secretion and reduced hyperglycaemia.l2 This
suggests that usual doses used as a herbal medicine might have a
weak antidiabetic effect, which could be additive with the effects of
antidiabetic drugs.

Mechanism
Additive pharmacological effects.

Importance and management

These experimental studies provide limited evidence of a possible
blood-glucose-lowering effect of agrimony extracts. Because of the
nature of the evidence, applying these results in a clinical setting is
extremely difficult. However, if patients taking antidiabetic drugs
want to take agrimony it may be prudent to discuss these potential
additive effects, and advise an increase in blood-glucose monitoring,
should an interaction be suspected.
1. Gray AM, Flatt PR. Actions of the traditional anti-diabetic plant, Agrimony eupatoria
(agrimony): effects on hyperglycaemia, cellular glucose metabolism and insulin
secretion. Br J Nutr (1998) 80, 109-14.

. Swanston-Flatt SK, Day C, Bailey CJ, Flatt PR. Traditional plant treatments for
diabetes. Studies in normal and streptozotocin diabetic mice. Diabetologia (1990) 33,
462-4.

o

Agrimony + Antihypertensives (4

The interaction between agrimony and antihypertensives is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

Agrimony has traditionally been used as a diuretic. One study in rats
found that agrimony had little significant diuretic activity,! and
another in cats found that intravenous agrimony decreased blood
pressure over a period of 20 minutes.?

Mechanism

It is possible that the herb will have weak antihypertensive effects,
and a slight additive reduction in blood pressure could be possible if
it is given with antihypertensives.

Importance and management

These experimental studies provide limited evidence of a possible

antihypertensive effect of agrimony extracts. Because of the nature

of the evidence, applying these results in a clinical setting is

extremely difficult and, until more is known, it would be unwise to

advise anything other than general caution.

1. Giachetti D, Taddei E, Taddei I. Ricerche sull’attivita’diuretica ed uricosurica di
Agrimonia eupatoria L. Boll Soc Ital Biol Sper (1986) 62, 705-11.

2. Petkov V. Plants with hypotensive, antiatheromatous and coronarodilatating action. Am
J Chin Med (1979) 7, 197-236.

Agrimony + Food

No interactions found.

Agrimony + Herbal medicines

No interactions found.



Alfalfa

Medicago sativa L. (Fabaceae)

Synonym(s) and related species

Lucerne, Medicago, Purple medick.

Medicago afghanica Vass, Medicago grandiflora
(Grossh.) Vass, Medicago ladak Vass, Medicago mesopota-
mica Vass, Medicago orientalis Vass, Medicago polia
(Brand) Vass, Medicago praesativa Sinsk, Medicago
sogdiana (Brand) Vass, Trigonella upendrae Chowdh. and
Rao.

Constituents

The main active constituents of alfalfa are the isoflavones,
which include biochanin A, formononetin, daidzein and
genistein, and the saponins, based on the aglycones
hederagenin, medicagenic acid and soyasapogenols A-E.
Other components include the toxic amino acid canavanine;
natural coumarins such as coumestrol, lucernol, medicagol,
sativol and daphnoretin; the sterols campestrol and beta-
sitosterol; and miscellaneous compounds including vitamins
(notably vitamin K), porphyrins, alkaloids (e.g. stachydrine),
sugars, minerals and trace elements.

Use and indications

Alfalfa herb is usually used as a source of nutrients,
including vitamins. Alfalfa seeds, when germinated, are
popular as salad sprouts. Alfalfa has therapeutic properties

including lowering blood cholesterol (the saponins) and
oestrogenic activity (see isoflavones, page 258).

A possible association between alfalfa and systemic lupus
erythematosus has been reported. This has been attributed to
the toxic constituent canavanine, which is a structural
analogue of arginine and may interfere with arginine
functions.!

Pharmacokinetics

No relevant data for alfalfa found. For information on the
pharmacokinetics of its isoflavone constituents genistein,
daidzein and biochanin A, see isoflavones, page 258.

Interactions overview

Although it has been suggested that alfalfa may interact with
antidiabetic medicines and anticoagulants, evidence for this
is largely lacking. Alfalfa may interact with immunosup-
pressants, and has apparently caused transplant rejection in
one patient. Potential interactions of specific isoflavone
constituents of alfalfa are covered under isoflavones; see
antibacterials, page 260, digoxin, page 261, fexofenadine,
page 261, nicotine, page 261, paclitaxel, page 261, tamox-
ifen, page 262, and theophylline, page 263.

1. Akaogi J, Barker T, Kuroda Y, Nacionales DC, Yamasaki Y, Stevens BR, Reeves WH,

Satoh M. Role of non-protein amino acid L-canavanine in autoimmunity. Autoimmun
Rev (2006) 5, 429-35.
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Alfalfa + Antibacterials

Alfalfa + Herbal medicines

No data for alfalfa found. For the theoretical possibility that broad-
spectrum antibacterials might reduce the metabolism of the
isoflavone constituents of alfalfa, such as daidzein, by colonic
bacteria, and so alter their efficacy, see Isoflavones + Antibacterials,
page 260.

Alfalfa + Antidiabetics w

An isolated case describes a marked reduction in blood-glucose
levels in a diabetic patient who took an alfalfa extract.

Clinical evidence

A case report describes a young man with poorly controlled diabetes
(reportedly requiring large doses of insulin for even moderately
satisfactory control) who had a marked reduction in blood-glucose
levels after taking an oral alfalfa aqueous extract. He also had a
reduction in his blood-glucose levels in response to oral manganese
chloride, but this effect was not seen in 8 other patients with
diabetes.!

Experimental evidence

In a study in streptozotocin-induced diabetic mice, high levels of
alfalfa in the diet (62.5 g/kg) and drinking water (2.5 g/L) resulted in
glucose levels that were similar to those in non-diabetic control mice
and markedly lower than those in streptozotocin diabetic control
mice.2 Insulin-releasing and insulin-like activity was demonstrated
for various extracts of alfalfa in vitro.2

Mechanism

The authors of the case report (from 1962) concluded that the effect
of alfalfa was due to the manganese content,! but a subsequent in
vitro study discounted a major role for manganese.2

Importance and management

Evidence is very limited, with just one early case report in an
atypical patient and an animal study using very high doses of alfalfa.
There are insufficient data to recommend any action, but it appears
unlikely that usual herbal doses of alfalfa will have much, if any,
effect on diabetic control.

1. Rubenstein AH, Levin NW, Elliott GA. Hypoglycaemia induced by manganese. Nature
(1962) 194, 188-9.

2. Gray AM, Flatt PR. Pancreatic and extra-pancreatic effects of the traditional anti-
diabetic plant, Medicago sativa (lucerne). Br J Nutr (1997) 78, 325-34.

Alfalfa + Digoxin

No data for alfalfa found. For the possibility that high-dose
biochanin A, an isoflavone present in alfalfa, might increase digoxin
levels, see Isoflavones + Digoxin, page 261.

Alfalfa + Fexofenadine

No data for alfalfa found. For the possibility that high-dose
biochanin A, an isoflavone present in alfalfa, has been shown to
slightly decrease fexofenadine levels in rats, see Isoflavones +
Fexofenadine, page 261.

Alfalfa + Food

No interactions found.

No interactions found.

X)

An isolated report describes acute rejection and vasculitis with
alfalfa and/or black cohosh in a renal transplant recipient taking
ciclosporin.

Alfalfa + Immunosuppressants

Clinical evidence

A stable kidney transplant recipient taking azathioprine 50 mg daily
and ciclosporin 75 mg twice daily began to take alfalfa and black
cohosh supplements (specific products not stated) on medical advice
for severe menopausal symptoms. Her serum creatinine rose from
between about 97 and 124 micromol/L up to 168 micromol/L after
4 weeks, and to 256 micromol/L after 6 weeks with no associated
change in her ciclosporin levels. Biopsy revealed severe acute
rejection with vasculitis and she was treated with corticosteroids and
anti-T-lymphocyte immunoglobulin with partial improvement in
renal function.!

Experimental evidence
No relevant data found.

Mechanism

Alfalfa has been reported to cause worsening of systemic lupus
erythematosus and immunostimulation, and it was suggested that
immunostimulation may have contributed to the acute rejection in
this patient.!

Importance and management

The evidence of an interaction between alfalfa/black cohosh and
immunosuppressants is limited, with the mechanism suggesting that
alfalfa is the more likely culprit, although an effect of black cohosh
cannot be ruled out. As the effects were so severe in this case it
would seem prudent to avoid the use of alfalfa supplements in
patients receiving immunosuppressants for serious indications, such
as organ transplantation. Similarly, it would seem prudent to avoid
the use of alfalfa in those taking immunosuppressants for indications
such as eczema, psoriasis or rtheumatoid arthritis; however, if these
patients particularly wish to take alfalfa a short-term trial of
concurrent use is likely to be less hazardous, but patients should be
counselled about the possible risks (i.e. loss of disease control).

1. Light TD, Light JA. Acute renal transplant rejection possibly related to herbal
medications. Am J Transplant (2003) 3, 1608-9.

Alfalfa + Nicotine

For discussion of a study showing that daidzein and genistein
present in alfalfa caused a minor decrease in the metabolism of
nicotine, see Isoflavones + Nicotine, page 261.

Alfalfa + Paclitaxel

No data for alfalfa found. For the possibility that biochanin A and
genistein present in alfalfa might markedly increase paclitaxel levels,
see Isoflavones + Paclitaxel, page 261. Note that paclitaxel is used
intravenously, and the effect of biochanin A on intravenous
paclitaxel does not appear to have been evaluated.



Alfalfa + Tamoxifen

No data for alfalfa found. Data relating to the use of the isoflavone
constituents of alfalfa, such as biochanin A, daidzein and genistein,
with tamoxifen are covered under Isoflavones + Tamoxifen, page 262.

Alfalfa + Theophylline

No data for alfalfa found. For the possibility that high doses of
daidzein present in alfalfa might modestly increase theophylline
levels, see Isoflavones + Theophylline, page 263.

A

Unintentional and unwanted antagonism of warfarin has
occurred in patients who ate exceptionally large amounts of
some green vegetables, which can contain significant amounts of
vitamin K. It is predicted that alfalfa may contain sufficient
vitamin K to provoke a similar reaction.

Alfalfa + Warfarin and related drugs

Evidence

There is no specific clinical or experimental evidence relating to the
use of alfalfa with anticoagulants, but alfalfa is predicted to
antagonise coumarin anticoagulants based on its vitamin K content.
There are some data on the amount of vitamin K in alfalfa, and lots
of data on dietary vitamin K and anticoagulant control.

(a) Vitamin K, content of alfalfa

Alfalfa supplements are often promoted on the basis that they
contain significant amounts of vitamin K;, although packaging
rarely gives an amount. Alfalfa greens were used in early studies
from the 1930s when vitamin K was first identified. In one such
study, the amount of vitamin K activity in dried alfalfa was about
half that in dried spinach.! Green leafy vegetables such as spinach
are well known to contain high levels of vitamin K;, with modermn
assay techniques giving values of about 500 micrograms/100 g.2

Conversely, sprouted alfalfa seeds have been shown to contain far
more modest amounts of vitamin K; (in the region of 30mic-
rograms/100).2 It is likely that the seeds themselves would contain
even less vitamin K;. Therefore, the amount of vitamin K; in an
alfalfa product is likely to depend on the part of the plant used, and
would be highest from the green leaf material and lowest from the
seeds.

In addition, the way the product is extracted (vitamin K, is a fat-
soluble vitamin) would affect the vitamin K, content. For example,
although the leaves of green tea themselves are high in vitamin K,
the brew prepared from the leaves contains very little vitamin K;.3
Therefore an aqueous infusion prepared from alfalfa dried herb
would be unlikely to contain much vitamin K,. Moreover, although
the dried herb itself contains high levels of vitamin K, it is taken in
modest amounts in the form of supplements when compared with,
for example, eating spinach as part of a meal. If a capsule containing
500 mg of powdered alfalfa leaf is taken at a dose of four capsules
three times daily, then the daily intake of alfalfa would be 6 g, which
might contain in the region of 15 micrograms of vitamin K daily.
This amount seems unlikely to generally affect the response to
vitamin K antagonist anticoagulants (such as warfarin), and many
products contain less alfalfa than this.

(b) Dietary vitamin K and warfarin activity

There is evidence that the average dietary vitamin K, intake is
correlated with the efficacy of warfarin. In one study, patients
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consuming a diet containing more than 250 micrograms daily of
vitamin K; had a lower INR 5 days after starting warfarin than
patients consuming less dietary vitamin K; (median INR 1.9 versus
3). Also, the group consuming large amounts of vitamin K; needed a
higher maintenance warfarin dose (5.7 mg/day versus 3.5 mg/day).4
In another study, multiple regression analysis indicated that, in
patients taking warfarin, the INR was altered by 1, by a weekly
change in the intake of vitamin K; of 714 micrograms.s Similarly, for
each increase in daily dietary vitamin K, intake of 100 micrograms,
the INR decreased by 0.2 in another study.¢

In a randomised, crossover study in patients taking warfarin or
phenprocoumon, increasing the dietary intake of vitamin K; by
500% relative to the baseline value (from 118 to 591 micrograms
daily) for 4 days only modestly decreased the INR from 3.1 to 2.8 on
day 4. Decreasing the dietary intake of vitamin K, by 80% (from 118
to 26 micrograms daily) for 4 days increased the INR from 2.6 to 3.3
on day 7.7

There is some evidence that patients with a very low dietary
vitamin K; intake are more sensitive to alterations in intake, and
have less stable anticoagulant control. For example, in one study,
patients with unstable anticoagulant control were found to have a
much lower dietary intake of vitamin K,;, when compared with
another group of patients with stable anticoagulant control
(29 micrograms daily versus 76 micrograms daily).# In another
study in 10 patients with poor anticoagulant control taking
acenocoumarol, a diet with a low, controlled vitamin K, content
of 20 to 40 micrograms daily increased the percentage of INR values
within the therapeutic range, when compared with a control group of
10 patients not subjected to any dietary restrictions.?

Mechanism

The coumarin and indanedione oral anticoagulants are vitamin K
antagonists, which inhibit the enzyme vitamin K epoxide reductase so
reducing the synthesis of vitamin K-dependent blood clotting factors
by the liver. If the intake of dietary vitamin K increases, the synthesis
of the blood clotting factors begins to return to normal. As a result the
prothrombin time also begins to fall to its normal value. Naturally
occurring vitamin K; (phytomenadione) is found only in plants.

The natural coumarins present in alfalfa are not considered to be
anticoagulants, because they do not have the structural requirements
for this activity.

Importance and management

Patients should be counselled on the effects of dietary vitamin K and
the need to avoid dramatic dietary alterations while taking warfarin.
It would be prudent to avoid large doses of alfalfa leaf supplements
as a precaution when taking warfarin or other coumarin antic-
oagulants. Available evidence suggests that it is unlikely that
infusions prepared with water, or alfalfa seeds, would pose any
problem, due to the lower vitamin K; content.

1. Dam H, Schenheyder F. The occurrence and chemical nature of vitamin K. Biochem J
(1936) 30, 897-901.

2. USDA National Nutrient Database for Standard Reference, Release 17. Vitamin K
(phylloquinone) (nug) Content of selected foods per common measure. http:/
www.nal.usda.gov/fnic/foodcomp/Data/SR17/wtrank/sr17a430.pdf  (accessed 08/11/
2007).

3. Booth SL, Madabushi HT, Davidson KW, Sadowski JA. Tea and coffee brews are not

dietary sources of vitamin K-1 (phylloquinone). J Am Diet Assoc (1995) 95, 82-3.

. Lubetsky A, Dekel-Stern E, Chetrit A, Lubin F, Halkin H. Vitamin K intake and
sensitivity to warfarin in patients consuming regular diets. Thromb Haemost (1999) 81,
396-9.

5. Couris R, Tataronis G, McCloskey W, Oertel L, Dallal G, Dwyer J, Blumberg JB.
Dietary vitamin K variability affects International normalized ratio (INR) coagulation
indices. Int J Vitam Nutr Res (2006) 76, 65-74.

6. Khan T, Wynne H, Wood P, Torrance A, Hankey C, Avery P, Kesteven P, Kamali F.
Dietary vitamin K influences intra-individual variability in anticoagulant response to
warfarin. Br J Haematol (2004) 124, 348-54.

. Franco V, Polanczyk CA, Clausell N, Rohde LE. Role of dietary vitamin K intake in
chronic oral anticoagulation: prospective evidence from observational and randomized
protocols. Am J Med (2004) 116, 651-6.

. Sconce E, Khan T, Mason J, Noble F, Wynne H, Kamali F. Patients with unstable control
have a poorer dietary intake of vitamin K compared to patients with stable control of
anticoagulation. Thromb Haemost (2005) 93, 872-5.

. Sorano GG, Biondi G, Conti M, Mameli G, Licheri D, Marongiu F. Controlled vitamin
K content diet for improving the management of poorly controlled anticoagulated
patients: a clinical practice proposal. Haemostasis (1993) 23, 77-82.
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Aloe vera

Aloe vera (L.) Burm.f. (Aloaceae)

Synonym(s) and related species

Aloe gel, Barbados aloes, Curacao aloes.
Aloe africana Mill., Aloe barbadensis Mill., Aloe vera
Tourn. ex L., Aloe vera (L.) Webb.

Constituents

Aloe vera gel is contained in the mucilaginous tissue that is
found in the inner leaf, and should not be confused with
aloes, page 27, which is the latex stored in tubules along the
leaf margin. Aloe vera gel may be produced by a hand-
filleted technique to remove the inner leaf, or by a whole-leaf
extraction process where the aloes constituents (anthraqui-
nones) are now usually subsequently removed (e.g. by
charcoal filtration).

The principal constituents of the gel are polysaccharides
consisting mainly of polymannans, of which acemannan is
the major one. Other constituents include glycoproteins such
as aloctins, and various carboxypeptidases, sterols, saponins,
tannins, organic acids, vitamins and minerals. Traces of
anthraquinone glycosides may also be present in prepar-
ations.

Use and indications
Aloe vera is used topically to aid wound healing from cuts
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and burns, including sunburn, and is used in many cosmetic
preparations such as moisturisers. It is reported to possess
anti-inflammatory, antitumour, immunomodulatory and anti-
bacterial properties. Internally, aloe vera is thought to be
immunostimulatory and to have mild analgesic, antioxidant
and antidiabetic effects.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

Aloe vera contains only traces of anthraquinone glycosides,
and would therefore not be expected to have any of the
interactions of aloes, page 27, or similar herbal medicines,
which occur, or are predicted to occur, as a result of their
anthraquinone content.

Aloe vera may have blood-glucose-lowering properties
and may therefore be expected to interact with conventional
drugs that have the same effect. Aloe vera appears to
enhance the absorption of some vitamins but the clinical
significance of this is not clear.
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Aloe vera juice reduces blood-glucose levels in patients with
diabetes taking glibenclamide.

Aloe vera + Antidiabetics

Clinical evidence

In placebo-controlled clinical studies, aloe vera juice (80%), one
tablespoonful twice daily for 42 days, reduced blood-glucose in
patients with diabetes, either taking glibenclamide,! or not taking
oral antidiabetic drugs,? from an average of 14 to 16 mmol/L down
to 8 mmol/L over a period of 6 weeks. However, it should be noted
that, in the study in patients taking glibenclamide, there was,
unexpectedly, no response to the use of glibenclamide alone. In these
studies, the aloe vera juice (80%) was prepared from aloe gel and
additional flavours and preservatives.

Experimental evidence

There is extensive literature (not cited here) on the possible blood-
glucose-lowering effect of various extracts of aloe vera in animal
models of diabetes, with some studies showing an effect and others
not.

Mechanism
Unknown.

Importance and management

It seems possible that some oral preparations of aloe vera might have
a clinically important blood-glucose-lowering effect. Indeed, aloe
vera has traditionally been used to treat diabetes. It might therefore
be prudent to increase the frequency of blood-glucose monitoring if
patients taking antidiabetic medication wish to try oral aloe vera
preparations.

. Bunyapraphatsara N, Yongchaiyudha S, Rungpitarangsi V, Chokechaijaroenporn O.
Antidiabetic activity of Aloe vera L. juice I1. Clinical trial in diabetes mellitus patients in
combination with glibenclamide. Phytomedicine (1996) 3, 245-8.

. Yongchaiyudha S, Rungpitarangsi V, Bunyapraphatsara N, Chokechaijaroenporn O.
Antidiabetic activity of Aloe vera L. juice. I. Clinical trial in new cases of diabetes
mellitus. Phytomedicine (1996) 3, 241-3.

S

Aloe vera + Food

No interactions found.

Aloe vera + Herbal medicines

No interactions found.

Aloe vera + Sevoflurane 4

An isolated case report tentatively attributed increased surgical
bleeding to the concurrent use of aloe vera and sevoflurane.

Clinical evidence

A 35-year-old woman, who had taken four aloe vera tablets (exact
constituents and dose unknown) daily for 2 weeks before undergoing
a procedure to excise a haemangioma from her left thigh, lost more
than double the amount of blood estimated before surgery.! General
anaesthesia was induced with propofol 110 mg, fentanyl 100 mic-
rograms and rocuronium 35mg, followed by tracheal intubation.
Sevoflurane 0.5% to 1.3% was used to maintain anaesthesia with
nitrous oxide in oxygen, which was supplemented by rocuronium
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70 mg and morphine 10.5mg. The authors suggest that a possible
interaction between sevoflurane and aloe vera contributed to the
excessive bleeding seen.

Experimental evidence

Aloe vera gel extracts inhibited prostaglandin synthesis in vitro,? and
might therefore have antiplatelet activity.

Mechanism

Sevoflurane can inhibit platelet aggregation by inhibiting thromb-
oxane A,, and aloe vera affects prostaglandin synthesis, which may
also impair platelet aggregation. Therefore additive antiplatelet
effects may have contributed to the excessive bleeding.!

Importance and management

An interaction between aloe vera and sevoflurane is based on a
single case report and is by no means proven, especially as the
patient’s aPTT and INR were not assessed preoperatively and the
authors do state that the vascularity and size of the haemangioma
were the most important factors in the blood loss.! Because of
limited information, the American Society of Anesthesiologists have
recommended discontinuation of all herbal medicines 2weeks
before an elective anaesthetic34 and, if there is any doubt about
the safety of a product, this may be a prudent precaution.s

1. Lee A, Chui PT, Aun CST, Gin T, Lau ASC. Possible interaction between sevoflurane
and Aloe vera. Ann Pharmacother (2004) 38, 1651-4.
2. Vazquez B, Avila G, Segura D, Escalante B. Antiinflammatory activity of extracts from
Aloe vera gel. J Ethnopharmacol (1996) 55, 69-75.
3. Larkin M. Surgery patients at risk for herb-anaesthesia interactions. Lancet (1999) 354,
1362.
. Leak JA. Perioperative considerations in the management of the patient taking herbal
medicines. Curr Opin Anaesthesiol (2000) 13, 321-5.
5. Cheng B, Hung CT, Chiu W. Herbal medicine and anaesthesia. Hong Kong Med J
(2002) 8, 123-30.

~

Aloe vera + Vitamins w

Aloe vera might delay, and enhance, the absorption of vitamin C
and vitamin E.

Clinical evidence

(a) Vitamin C

In a single-dose, randomised study in 8 healthy subjects, aloe vera
gel extract 60 mL appeared to enhance the absorption of vitamin C
500mg. The AUC of ascorbate was increased by about threefold.
However, this difference was not statistically significant: it was
attributed to the large interindividual differences. There was a
second maximum plasma ascorbate level at 8 hours with the gel, and
plasma ascorbate was still detectable at 24 hours, suggesting that
aloe vera gel might delay, as well as enhance, absorption.
Conversely, aloe vera whole leaf extract 60 mL had no significant
effect on the absorption of vitamin C.!

(b) Vitamin E

In a single-dose, randomised study in 10 healthy subjects, aloe vera
gel extract 60mL increased the AUC of vitamin E 420mg by
3.7-fold. Aloe vera whole leaf extract 60 mL increased the AUC by
about twofold. However, the only statistically significant difference
was the increase in plasma tocopherol at 8 hours, which occurred
with both aloe vera extracts. The time to maximum level was
delayed from 4 hours to 8 hours for the gel and to 6 hours for the leaf
extract, suggesting that aloe vera might delay, as well as enhance,
absorption.!

Experimental evidence
No relevant data found.

Mechanism

The authors suggest that the vitamins may be protected from
degradation in the intestine by flavonoid antioxidants in the aloe
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vera extracts and by polysaccharides that may bind to the vitamins,
delaying and increasing their absorption.!

Importance and management
If confirmed, this appears to be a beneficial interaction, with aloe

vera exhibiting the potential to be an adjunct for patients requiring
vitamin C and/or E supplementation.

1. Vinson JA, Al Kharrat H, Andreoli L. Effect of Aloe vera preparations on the human
bioavailability of vitamins C and E. Phytomedicine (2005) 12, 760-5.



Aloes

Aloe barbadensis Mill., Aloe ferox Mill., A

Synonym(s) and related species

Aloe barbadensis: Barbados aloes, Curacao aloes, Aloe vera
Tourn ex L., Aloe vera (L.) Webb.

Aloe ferox: Cape aloes.

Aloe perryi: Socotrine aloes, Zanzibar aloes.

Not to be confused with the gel of Aloe vera, page 24.

Pharmacopoeias

Aloe (USP 32); Barbados Aloes (BP 2009, Ph Eur 6.4);
Cape Aloes (BP 2009, Ph Eur 6.4); Standardised Aloes Dry
Extract (BP 2009, Ph Eur 6.4).

Constituents

Not to be confused with Aloe vera, page 24, which is the gel
contained in the mucilaginous tissue that is found in the
inner leaf. Aloes is derived from the latex that is stored in
tubules along the margin of the leaf. When the outer leaf is
cut, latex exudes from the leaf and this exudate, when dried,
is aloes. Anthraquinone glycosides are major components of
aloes and include barbaloin, a glycoside of aloe-emodin to
which it may be standardised, and minor glycosides such as
aloinosides A and B. Aloe-emodin, chrysophanol, chro-
mones including aloesin, aloeresin E, isoaloeresin D and
furoaloesone are also present in small amounts, as are resins.

loe perryi Baker (Aloaceae)

Use and indications

Aloes has mainly been used internally as a laxative
(although, note that this use has generally been superseded)
and, in low concentrations, as a flavouring ingredient in food
and drink.

Pharmacokinetics

The anthraquinone, emodin, is present in aloes (and similar
plants) principally as the inactive glycoside. It travels
through the gut, and is then metabolised by microflora to
produce the active aglycone emodin, some of which is
absorbed. Emodin is genotoxic, and might be metabolised to
more toxic metabolites by CYP1A2. However, the relevance
of this to the clinical use of drugs (especially CYP1A2
substrates and inducers) is unclear.!

Interactions overview

Although aloes have been predicted to interact with a
number of drugs that lower potassium levels (such as the
corticosteroids and potassium-depleting diuretics), or drugs
where the effects become potentially harmful when potas-
sium is lowered (such as digoxin), there appears to be little
or no direct evidence that this occurs in practice.

1. Mueller ST, Stopper H, Dekant W. Biotransformation of the anthraquinones emodin and

chrysophanol by cytochrome P450 enzymes. Bioactivation to genotoxic metabolites.
Drug Metab Dispos (1998) 26, 540-6.
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Aloes + Corticosteroids K

Theoretically, the risk of hypokalaemia might be increased in
patients taking corticosteroids, who also regularly use, or abuse,
anthraquinone-containing substances such as aloes.

Clinical evidence

Chronic diarrhoea as a result of long-term use, or abuse, of stimulant
laxatives such as aloes can cause excessive water and potassium
loss; this has led to metabolic acidosis in one case.! Systemic
corticosteroids with mineralocorticoid effects can cause water
retention and potassium loss. The effect of the over-use of aloes
combined with systemic corticosteroids is not known, but, theor-
etically at least, the risk of hypokalaemia might be increased.
Although this is mentioned in some reviews? there do not appear to
be any reports describing clinical cases of this effect.

Experimental evidence
No relevant data found.

Mechanism

In theory the additive loss of potassium, caused by anthraquinone-
containing substances and systemic corticosteroids, may result in
hypokalaemia.

Importance and management

The interaction between aloes and corticosteroids is theoretical, but
be aware of the potential in patients who regularly use, or abuse,
anthraquinone-containing substances such as aloes. However, note
that, if anthraquinone laxatives are used as recommended (at a dose
producing a comfortable soft-formed motion), then this interaction
would not be expected to be clinically relevant. See also Senna +
Corticosteroids, page 350.

. Ramirez B, Marieb NJ. Hypokalemic metabolic alkalosis due to Carter’s Little Pills.
Conn Med (1970) 34, 169-70.

2. Hadley SK, Petry JJ. Medicinal herbs: A primer for primary care. Hosp Pract (1999) 34,

105-23.

Aloes + Digitalis glycosides v

Theoretically, digitalis toxicity could develop if patients regu-
larly use, or abuse, anthraquinone-containing substances such as
aloes.

Clinical evidence

Chronic diarrhoea caused by the long-term use, or abuse, of
stimulant laxatives such as aloes can cause excessive water and
potassium loss, which may cause hypokalaemia that could lead to
the development of digitalis toxicity. Although this is often
mentioned in reviews!? there do not appear to be any reports
describing clinical cases of this effect. However, for mention of a
case of digoxin toxicity and mild hypokalaemia in a patient
stabilised on digoxin and furosemide, who started to take a laxative
containing rhubarb and liquorice, see Liquorice + Digitalis glyco-
sides, page 274.

Experimental evidence
No relevant data found.

Mechanism

Possible pharmacodynamic interaction. The risk of development of
digitalis toxicity, including cardiac arrhythmias, is increased by
hypokalaemia, which can be induced by the excessive use of
anthraquinone laxatives.

Importance and management
This is a theoretical interaction, but it may be prudent to exercise

caution in patients who are taking digitalis glycosides and who
regularly use, or abuse, anthraquinone-containing substances such as
aloes. However, note that, if anthraquinone laxatives are used as
recommended (at a dose producing a comfortable soft-formed
motion), then this interaction would not be expected to be clinically
relevant. Consider also Senna + Digitalis glycosides, page 350, for
the effects of anthraquinones on digoxin absorption.

. Boudreau MD, Beland FA. An evaluation of the biological and toxicological properties
of Aloe barbadensis (Miller), Aloe Vera. J Environ Sci Health C Environ Carcinog
Ecotoxicol Rev (2006) 24, 103-54.

2. Hadley SK, Petry JJ. Medicinal herbs: a primer for primary care. Hosp Pract (1999) 34,

105-23.

Aloes + Diuretics; Potassium-depleting

Theoretically, patients taking potassium-depleting diuretics
could experience excessive potassium loss if they also regularly
use, or abuse, anthraquinone-containing substances such as
aloes.

Clinical evidence

The potassium-depleting diuretics (i.e. loop diuretics and thiazide
and related diuretics) may cause potassium depletion. Chronic
diarrhoea caused by long-term use, or abuse, of stimulant laxatives
such as aloes, may also lead to excessive water loss and potassium
deficiency. This, theoretically, could be increased by concurrent use
of these diuretics. This interaction is sometimes mentioned in
reviews;!:2 nevertheless, there is little, if any, direct evidence. There
appears to be one case describing a myopathic syndrome related to
potassium deficiency (potassium level 1.7mmol/L) in a patient
taking furosemide 80 mg daily and with a history of laxative abuse
(laxatives not named). However, even this case may not have
occurred as a result of an interaction as the patient also had
gastroenteritis, causing profuse diarrhoea.?

Experimental evidence
No relevant data found.

Mechanism

Possible pharmacodynamic interaction involving additive loss of
potassium and water by anthraquinone-containing substances and
potassium-depleting diuretics.

Importance and management

This is a theoretical interaction, but be aware of the potential for

hypokalaemia in patients who are taking potassium-depleting

diuretics and who regularly use, or abuse, anthraquinone-containing
substances such as aloes. However, note that, if anthraquinone

laxatives are used as recommended (at a dose producing a

comfortable soft-formed motion), then this interaction is not

clinically relevant. See also Senna + Diuretics; Potassium-depleting,
page 350, for the effects of anthraquinones on furosemide absorp-
tion.

1. Boudreau MD, Beland FA. An evaluation of the biological and toxicological properties
of Aloe barbadensis (Miller), Aloe Vera. J Environ Sci Health C Environ Carcinog
Ecotoxicol Rev (2006) 24, 103-54.

2. Hadley SK, Petry JJ. Medicinal herbs: A primer for primary care. Hosp Pract (1999) 34,

3. Ill?ilozl?], Wiirker M, Neveling M, Grond M, Haupt WF, Heiss W-D. Dyskaliamische

Lahmung bei Furosemidtherapie und gleichzeitigem Laxanzeinabuss. Med Klin
(Munich) (1999) 94, 391-4.

Aloes + Food

No interactions found. Aloes are used as a flavouring agent in drink.
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Aloes + Herbal medicines; Liquorice Aloes + Quinidine

Consider Liquorice + Laxatives, page 275, for the potential additive ~ Consider Senna + Quinidine, page 351 for a potential interaction
effects of anthraquinone-containing laxatives and liquorice. between anthraquinone-containing laxatives and quinidine.



A

Andrographis

Andrographis paniculata Nees (Acanthaceae)

Synonym(s) and related species
Bhunimba, Green chiretta, Kalmegh.

Constituents

The whole plant contains diterpene lactone glycosides,
collectively termed andrographolides, which are based on
the aglycone andrographolide and its derivatives, such as
neoandrographolide, deoxyandrographolide, andrographi-
side, andropaniside and others.

Use and indications

Used in Ayurvedic medicine particularly for jaundice as a
general liver and digestive system tonic, and as an immune
system stimulant for treatment and prevention of infections.
It is also used as an anti-inflammatory and antimalarial, and
for cardiovascular disorders and diabetes. When used for the
common cold, it is commonly combined with Eleuther-
ococcus senticosus (Siberian ginseng), page 219, or
echinacea, page 167.
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Pharmacokinetics

Evidence from animal studies suggests that crude extracts of
andrographis might induce the cytochrome P450 isoenzymes
CYPIA and CYP2B,! and might moderately inhibit
P-glycoprotein.2 However, there is no certainty that this
evidence can be extrapolated to clinical use, and further
study is required to assess its clinical application.

Interactions overview

Andrographis may have antidiabetic and antihypertensive
effects, and limited evidence suggests that it may interact
with conventional drugs with these properties. Andrographis
may also have antiplatelet effects, and so it may interact with
conventional antiplatelet drugs and anticoagulants, although
evidence is sparse.

1. Jarukamjorn K, Don-in K, Makejaruskul C, Laha T, Daodee S, Pearaksa P,
Sripanidkulchai B. Impact of Andrographis paniculata crude extract on mouse hepatic
cytochrome P450 enzymes. J Ethnopharmacol (2006) 105, 464-7.

2. Junyaprasert VB, Soonthornchareonnon N, Thongpraditchote S, Murakami T, Takano
M. Inhibitory effect of Thai plant extracts on P-glycoprotein mediated efflux. Phytother
Res (2006) 20, 79-81.



Andrographis + Anticoagulants v

The interaction between andrographis and warfarin is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

Kan Jang (a standardised fixed combination of extracts from
Andrographis paniculata and Eleutherococcus senticosus (Siberian
ginseng), page 219) caused a modest increase in warfarin exposure,
but did not alter the effect of warfarin on prothrombin time, in a
study in rats. One group of animals was given an aqueous solution
of Kan Jang orally for 5days, at a dose of 17mg/kg daily of the
active principle andrographolide (a dose about 17-fold higher than
that recommended for humans). The control group received a similar
volume of water only. Sixty minutes after the final daily dose of Kan
Jang or water, an aqueous solution of warfarin was given orally, at a
dose of 2mg/kg. The AUC of warfarin was increased by 67%, and
its clearance was decreased by 45%, but other pharmacokinetic
parameters were similar.!

Mechanism

The available evidence suggests that andrographis might have
antiplatelet effects (see Andrographis + Antiplatelet drugs below),
which would be expected to prolong bleeding time. This may
increase the risk or severity of bleeding if over-anticoagulation with
warfarin occurs. It is not clear why high doses of andrographis
increase warfarin exposure.

Importance and management

A very high dose of andrographis does not appear to directly affect
prothrombin time, but may modestly increase warfarin exposure. As
this study suggested that the pharmacodynamic effects of warfarin
were not altered, any pharmacokinetic interaction would not be
expected to be clinically relevant. However, if the antiplatelet effects
of andrographis are confirmed to be clinically important, then an
increased risk of bleeding would be anticipated in patients also
taking warfarin, as occurs with low-dose aspirin. Therefore, until
more is known, some caution is appropriate if andrographis is given
in high doses for a long period of time with any anticoagulant.

1. Hovhannisyan AS, Abrahamyan H, Gabrielyan ES, Panossian AG. The effect of Kan

Jang extract on the pharmacokinetics and pharmacodynamics of warfarin in rats.
Phytomedicine (2006) 13, 318-23.

Andrographis + Antidiabetics 4

The interaction between andrographis and antidiabetics is based
on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

Andrographolide! and an andrographis decoction? lowered blood-
glucose levels in animal models of diabetes. In one study, the effect
was similar to that of Karela (Momordica charantia),> which has an
established antidiabetic effect.

Mechanism
Potentially additive pharmacological effects.

Importance and management

These experimental studies provide limited evidence of the possible
blood-glucose-lowering properties of andrographis, but, because of
the nature of the evidence, applying these results in a clinical setting
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is extremely difficult. However, if a patient taking antidiabetic drugs
wants to take andrographis it may be prudent to discuss these
potential additive effects, and advise an increase in blood-glucose
monitoring should an interaction be suspected.

1. Yu B-C, Hung C-R, Chen W-C, Cheng J-T. Antihyperglycemic effect of andrographo-
lide in streptozotocin-induced diabetic rats. Planta Med (2003) 69, 1075-9.

2. Reyes BAS, Bautista ND, Tanquilut NC, Anunciado RV, Leung AB, Sanchez GC,
Magtoto RL, Castronuevo P, Tsukamura H, Maeda K-I. Anti-diabetic potentials of
Momordica charantia and Andrographis paniculata and their effects on estrous cyclicity
of alloxan-induced diabetic rats. J Ethnopharmacol (2006) 105, 196-200.

Andrographis + Antihypertensives v

Limited evidence suggests that andrographis may have hypo-
tensive properties that may be additive if given with conven-
tional antihypertensives.

Clinical evidence

Anecdotal evidence suggests that some patients have experienced
hypotensive effects while taking andrographis.!

Experimental evidence

In vitro and animal studies found that extracts of andrographis, and
various individual diterpenoid constituents have hypotensive
effects.!2

Mechanism

Unknown. Andrographis may have antihypertensive effects, and a
slight additive reduction in blood pressure is possible if it is given
with conventional antihypertensives.

Importance and management

These experimental studies provide limited evidence of the possible
hypotensive properties of andrographis. Because of the nature of the
evidence, applying these results to a general clinical setting is
difficult and, until more is known, it would be unwise to advise
anything other than general caution.

. Yoopan N, Thisoda P, Rangkadilok N, Sahasitiwat S, Pholphana N, Ruchirawat S,
Satayavivad J. Cardiovascular effects of 14-deoxy-11,12-didehydroandrographolide and
Andrographis paniculata extracts. Planta Med (2007) 73, 503-11.

2. Zhang CY, Tan BKH. Mechanisms of cardiovascular activity of Andrographis

paniculata in the anaesthetized rat. J Ethnopharmacol (1997) 56, 97-101.

Andrographis + Antiplatelet drugs v

The interaction between andrographis and antiplatelet drugs is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In an in vitro study, aqueous extracts of andrographis, and two of
three individual diterpenoid constituents (all andrographolides),
inhibited thrombin-induced platelet aggregation.! In another study, a
preparation of flavones extracted from the root of andrographis,
given intravenously, inhibited platelet aggregation and thrombus
formation in an experimental model of thrombus production in
dogs.?

Mechanism
Potentially additive pharmacological effects.
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Importance and management

If the antiplatelet effects of andrographis are confirmed to be
clinically important, then an increased risk of bleeding would be
anticipated in patients taking conventional antiplatelet drugs. Until
more is known, this suggests that some caution is appropriate on
concurrent use. See also willow, page 399, for more information on
herbs that possess antiplatelet properties.

. Thisoda P, Rangkadilok N, Pholphana N, Worasuttayangkurn L, Ruchirawat S,
Satayavivad J. Inhibitory effect of Andrographis paniculata extract and its active
diterpenoids on platelet aggregation. Eur J Pharmacol (2006) 553, 39-45.

2. Zhao H-Y, Fang W-Y. Antithrombotic effects of Andrographis paniculata nees in

preventing myocardial infarction. Chin Med J (Engl) (1991) 104, 770-5.

Andrographis + Food

No interactions found.

Andrographis + Herbal medicines

No interactions found.



Aniseed

Pimpinella anisum L. (Apiaceae)

Synonym(s) and related species

Anise [not to be confused with Star anise (//licium verum)],
Anisum.
Anisum officinarum Moench., Anisum vulgare Gaertn.

Pharmacopoeia
Aniseed (BP 2009, Ph Eur 6.4).

Constituents

Aniseed fruit contains 2 to 6% of a volatile oil composed
mostly of trans-anethole (80 to 95%), with smaller amounts
of estragole (methyl chavicol), B-caryophyllene and anise
ketone (p-methoxyphenylacetone). Natural coumarins pre-
sent include scopoletin, umbelliferone, umbelliprenine and
bergapten, and there are numerous flavonoids present,
including quercetin, apigenin and luteolin.

Use and indications

Aniseed dried fruit, or oil distilled from the fruit, are used
mainly for their antispasmodic, carminative and parasiticide
effects. Aniseed also is reputed to have mild oestrogenic
effects, page 34. In foods, aniseed is used as a spice and
flavouring.

Pharmacokinetics
Studies in rats suggested that trans-anethole did not alter

cytochrome P450 activity, but increased UDP-glucuronyl-
transferase activity (a phase II biotransformation reaction).!

In another study in rats, aniseed oil enhanced the
absorption of glucose from the gut, probably by increasing
the activity of the Na'/K' ATPase and consequently the
sodium gradient needed for glucose transport.2

For information on the pharmacokinetics of individual
flavonoids and natural coumarins present in aniseed, see
under flavonoids, page 186 and natural coumarins, page 297,
respectively.

Interactions overview

Evidence is very limited. Aniseed appears to have some
oestrogenic effects, but the clinical relevance of this is
unclear. For information on the interactions of individual
flavonoids present in aniseed, see under flavonoids,
page 186. Although aniseed contains natural coumarins,
the quantity of these constituents is not established, and
therefore the propensity of aniseed to interact with other
drugs because of their presence is unclear. Consider natural
coumarins, page 297, for further discussion of the inter-
actions of natural coumarin-containing herbs.

1. Rompelberg CJ, Verhagen H, van Bladeren PJ. Effects of the naturally occurring
alkenylbenzenes eugenol and trans-anethole on drug-metabolizing enzymes in the rat
liver. Food Chem Toxicol (1993) 31, 637-45.

2. Kreydiyyeh SI, Usta J, Knio K, Markossian S, Dagher S. Aniseed oil increases glucose
absorption and reduces urine output in the rat. Life Sci (2003) 74, 663-73.

33



34 Aniseed

Aniseed + Food

No interactions found.

Aniseed + Herbal medicines

No interactions found.

Aniseed + Oestrogens v

The interaction between aniseed and oestrogens is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence
In a yeast oestrogen screen assay, the fruit oil from aniseed was

oestrogenic.! In another study, an aqueous extract from aniseed had
selective oestrogen receptor modulator-like properties (i.e. properties
like those of drugs such as raloxifene) in various in vitro assays
(stimulation and differentiation of osteoblasts, anti-oestrogenic effect
on breast cancer cells, and absence of proliferative effects on
cervical adenocarcinoma cells).2

Mechanism

Active compounds from aniseed appear to have oestrogenic activity
and might compete for the same oestrogen receptor as conventional
hormonal drugs and treatment.

Importance and management

These experimental studies provide limited evidence of the possible
oestrogenic activity of aniseed. Because of the nature of the
evidence, applying these results in a clinical setting is extremely
difficult and, until more is known, it would be unwise to advise
anything other than general caution.

1. Tabanca N, Khan SI, Bedir E, Annavarapu S, Willett K, Khan IA, Kirimer N, Baser
KHC. Estrogenic activity of isolated compounds and essential oils of Pimpinella species
from Turkey, evaluated using a recombinant yeast screen. Planta Med (2004) 70, 728—
35.

2. Kassi E, Papoutsi Z, Fokialakis N, Messari I, Mitakou S, Moutsatsou P. Greek plant
extracts exhibit selective estrogen receptor modulator (SERM)-like properties. J Agric
Food Chem (2004) 52, 6956-61.



Aristolochia

Aristolochia species (Aristolochiaceae)

Synonym(s) and related species

The nomenclature of these and related plants has given rise
to confusion with other, non-toxic plants. This has been
exacerbated by the fact that different Chinese names have
been used for each species. Great care is needed.

Birthwort has been used as a collective name for the
Aristolochia species, but it has also been used for one of the
species, Aristolochia clematitis L. The Chinese name Mu
Tong has been used to refer to some of the Aristolochia
species.

Aristolochia clematitis L. and Aristolochia fangchi are the
most common species used in herbal medicines, but many
others are also used. Aristolochia fangchi has been referred
to by the Chinese names Fang Chi, Fang Ji, Guang Fang Ji.
However, note that Stephania tetrandra is also known as
Fang Ji.

Aristolochia reticulata NUTT., also known as Serpentary,
Snakeroot and Texan snakeroot, has been used as a herbal
medicine, although note that the term Snakeroot has also
been used to describe other species.

Constituents

All species contain a range of toxic aristolochic acids and
aristolactams.

Use and indications

Aristolochic acids and aristolactams are nephrotoxic, car-
cinogenic and cytotoxic. Numerous deaths have resulted
from aristolochic acid nephropathy and associated urothelial
cancer, caused by ingestion of aristolochia both medicinally
and from contamination of food. All plants of the family
Aristolochiaceae are banned in Europe and elsewhere, and
should be avoided.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview
No interactions with aristolochia found.
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Arjuna

Terminalia arjuna Wight & Am. (Combretaceae)

Synonym(s) and related species

Arjun myrobalan.
Terminalia cuneata Roth.

Constituents

The main constituents of the bark are triterpenoid saponins
including arjunic acid, arjunolic acid, arjungenin and
arjunglycosides, and high levels of flavonoids, such as
arjunone, arjunolone, luteolin and quercetin. Polyphenols,
particularly gallic acid, ellagic acid and oligomeric proan-
thocyanidins, are also present.

Pharmacopoeias
Terminalia Arjuna Stem Bark (BP 2009).

Use and indications
Arjuna is widely used in Ayurvedic medicine for the
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treatment of cardiovascular disorders including coronary
artery disease, heart failure, hypertension and hypercholes-
terolaemia. A number of small clinical studies have
supported this use.

Interactions overview

Arjuna appears to have some effects on cardiovascular
function, which may lead to interactions with conventional
drugs used for similar indications. However, if anything,
these interactions may be beneficial. Arjuna may also affect
thyroid function, which could alter the control of both hyper-
and hypothyroidism.

For information on the interactions of individual flavo-
noids present in arjuna, see under flavonoids, page 186.



Arjuna + Cardiovascular drugs v
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Arjuna + Food

Arjuna appears to have some effects on cardiovascular function
that may be of benefit when given with conventional cardiovas-
cular drugs.

Clinical evidence

The effect of arjuna on angina pectoris, congestive heart failure, left
ventricular mass and hyperlipidaemia has been investigated in a
number of small studies in patients with various cardiovascular
disorders (these have been the subject of a review!). In some of these
studies, patients were also taking conventional drugs. For example,
in one double-blind, crossover study in 58 patients with stable
angina, the addition of powdered stem bark extract (500 mg every
8 hours) for one week decreased the number of angina episodes and
the need for nitrate therapy during episodes of angina (about 5.7 mg/
week versus 18.2 mg/week with placebo).2 In another double-blind
crossover study in patients with refractory congestive heart failure,
the addition of bark extract 500 mg every 8hours for 2 weeks to
conventional therapy (digoxin, maximally tolerated furosemide and
spironolactone, vasodilators; ACE inhibitors, nifedipine or nitrates)
led to improvements in signs and symptoms of heart failure. This
improvement was maintained over long-term evaluation in an open
phase, when patients continued the bark extract at the same dosage.
The only notable adverse effect was a rise in serum potassium (from
about 3.8 to 4.3 mmol/L).3 Another randomised, placebo-controlled
study in patients with coronary heart disease found that adding
arjuna bark powder 500 mg daily to existing medication decreased
lipid peroxide levels (a marker of atherosclerosis) and caused a
significant decrease in cholesterol levels.4

Experimental evidence

Numerous pharmacological studies in animals (which have been the
subject of a review!) have shown that arjuna has cardiotonic activity,
positive or negative inotropic effects (depending on the type of
extract), causes bradycardia, and has hypotensive effects, antioxidant
activity and lipid-lowering effects.

Mechanism

Unknown. Arjuna is purported to have inotropic and hypotensive
effects, as well as lipid-lowering effects. These effects might be
additive with those of conventional cardiovascular drugs. See Arjuna
+ Thyroid and Antithyroid drugs below for the possibility that some
of the cardiovascular effects of arjuna might occur via an antithyroid
action.

Importance and management

Arjuna has been used in small numbers of patients taking a variety of
conventional cardiovascular drugs, apparently without particular
problems, and with possible additional benefit.

. Dwivedi S. Terminalia arjuna Wight & Am. — a useful drug for cardiovascular
disorders. J Ethnopharmacol (2007) 114, 114-29.

. Bharani A, Ganguli A, Mathur LK, Jamra Y, Raman PG. Efficacy of Terminalia arjuna
in chronic stable angina: a double-blind, placebo-controlled, crossover study comparing
Terminalia arjuna with isosorbide mononitrate. Indian Heart J (2002) 54, 170-5.

. Bharani A, Ganguly A, Bhargava KD. Salutary effect of Terminalia Arjuna in patients
with severe refractory heart failure. Int J Cardiol (1995) 49, 191-9.

4. Gupta R, Singhal S, Goyle A, Sharma VN. Antioxidant and hypocholesterolaemic

effects of Terminalia arjuna tree-bark powder: a randomised placebo-controlled trial. J

Assoc Physicians India (2001) 49, 231-5.
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No interactions found.

Arjuna + Herbal medicines

No interactions found.

Arjuna + Thyroid and Antithyroid drugs A

The interaction between arjuna and thyroid or antithyroid
drugs is based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in animals, arjuna bark extract appeared to inhibit thyroid
function. Giving levothyroxine increased the level of thyroid
hormones, increased the heart to body weight ratio, as well as
increasing cardiac and hepatic lipid peroxidation. When the plant
extract was given simultaneously, the level of thyroid hormones, and
also the cardiac lipid peroxidation, were decreased. These effects
were comparable to those of a standard antithyroid drug, propyl-
thiouracil. When arjuna bark extract was given to euthyroid
animals, thyroid hormone levels were decreased, whereas the
hepatic lipid peroxidation increased, indicating drug-induced liver
toxicity.!

Mechanism
Arjuna may deplete thyroid hormones.

Importance and management

Although the evidence is experimental, until more is known, it might
be prudent to avoid the use of arjuna in patients requiring
levothyroxine (or any thyroid hormone), because of the possibility
of reduced efficacy. If patients want to try arjuna, their thyroid
function should be monitored more frequently. An additive effect
with antithyroid drugs such as propylthiouracil might also occur, and
therefore similar caution would seem advisable.

Since, in euthyroid animals, thyroid hormones were decreased
and hepatic lipid peroxidation was increased, the authors suggest
that high amounts of this plant extract should not be consumed, as
hepatotoxicity as well as hypothyroidism may occur.!

1. Parmar HS, Panda S, Jatwa R, Kar A. Cardio-protective role of Terminalia arjuna bark

extract is possibly mediated through alterations in thyroid hormones. Pharmazie (2006)
61, 793-5.
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Artichoke

Cynara scolymus L. (Asteraceae)

Synonym(s) and related species

Alcachofa, Bur artichoke, Cynara, Globe artichoke.
Cynara cardunculus Moris.
Not to be confused with Jerusalem artichoke.

Pharmacopoeias

Artichoke Leaf (BP 2009, Ph Eur 6.4); Artichoke Leaf Dry
Extract (Ph Eur 6.4).

Constituents

Artichoke leaf is usually standardised to the caffeoylquinic
acid derivative, chlorogenic acid. Other major constituents
are flavonoid glycosides based on luteolin, including cynaro-
side and scolymoside, and sesquiterpene lactones including
cynaropicrin.

Use and indications
The leaf extract has been traditionally used for liver and
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digestive disorders, especially dyspepsia and nausea, and to
promote bile secretion. Its use now focuses more on
hypercholesterolaemia, hyperlipidaemia and irritable bowel
syndrome, and some cardiovascular disorders such as
atherosclerosis. Artichoke flowers are also used as food
and artichoke extracts are used as flavouring agents.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids present in
artichoke, see under flavonoids, page 186.

Interactions overview
No interactions with artichoke found. For information on the
interactions of individual flavonoids present in artichoke, see
under flavonoids, page 186.



Asafoetida

Ferula asafoetida L. (Apiaceae)

Synonym(s) and related species
Asafetida, Asant, Devil’s dung, Gum asafetida.

Asafoetida is obtained from various Ferula species, the
main sources being Ferula asafoetida L. or Ferula foetida
(Bunge) Regel.

Note that Giant fennel (Ferula communis L.), although a
species of Ferula, contains certain constituents that are
distinct from asafoetida and will not be dealt with in this
monograph.

Constituents

The gum resin contains ferulic acid esters and free ferulic
acid, asaresinotannols, farnesiferols A, B and C, natural
coumarin derivatives including saradaferin, gummosin,
asacoumarins and assafoetidnols, and an essential oil
composed of disulfides, polysulfanes, monoterpenes and
phenylpropanoids. The sesquiterpene dienones, fetidones A
and B, samarcandin and galbanic acid are also present.
Ferula foetida also contains foetisulfides and foetithio-
phenes.

Use and indications

Asafoetida is used for its carminative, antispasmodic and
expectorant properties in chronic bronchitis, pertussis, and
specifically for intestinal flatulent colic.

Pharmacokinetics

Little information is available. Studies in rats fed with
asafoetida suggest that, it did not stimulate levels of
cytochrome P450, and glucuronyl transferase activity
remained unaffected.!

Interactions overview

In theory the use of asafoetida with conventional an-
tihypertensives may be expected to produce additive
hypotensive effects. Although it has been suggested that
asafoetida may interact with anticoagulants, the available
data do not appear to support this prediction.

1. Sambaiah K, Srinivasan K. Influence of spices and spice principles on hepatic mixed
function oxygenase system in rats. Indian J Biochem Biophys (1989) 26, 254-8.
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Asafoetida + Antihypertensives (4

Asafoetida + Warfarin and related drugs

The interaction between asafoetida and antihypertensives is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in rats, asafoetida gum extract significantly reduced mean
arterial blood pressure.!

Mechanism

In theory the use of asafoetida with conventional antihypertensives
may be expected to produce additive hypotensive effects.

Importance and management

Because of the nature of the evidence, applying these results in a
clinical setting is extremely difficult and, until more is known, it
would be unwise to advise anything other than general caution.

1. Fatehi M, Farifteh F, Fatchi-Hassanabad Z. Antispasmodic and hypotensive effects of
Ferula asafoetida gum extract. J Ethnopharmacol (2004) 91, 321-4.

Asafoetida + Food

No interactions found.

Asafoetida + Herbal medicines

No interactions found.

The interaction between asafoetida and warfarin and related
drugs is a prediction only.

Clinical evidence
No interactions found.

Experimental evidence

Some reviews! and monographs list asafoetida as having the
potential to increase the risk of bleeding or potentiate the effects
of warfarin.

Mechanism

This appears to be based on the fact that asafoetida contains
natural coumarins, but these are not thought to have the
structural requirements for anticoagulant activity. For more
information, see Natural coumarins + Warfarin and related
drugs, page 301.

Importance and management

There appears to be no evidence to support the prediction
of an interaction between warfarin and asafoetida, and some
data do suggest that an interaction is unlikely to occur. No
special precautions therefore appear to be needed if patients
taking warfarin or related anticoagulants also wish to take
asafoetida.

1. Heck AM, DeWitt BA, Lukes AL. Potential interactions between alternative therapies
and warfarin. Am J Health-Syst Pharm (2000) 57, 1221-7.



Ashwagandha

Withania somnifera (L.) Dunal (Solanaceae)

Synonym(s) and related species

Winter cherry.

Physalis somnifera L.

Note that ashwagandha has also been known as Indian
ginseng, which should not be confused with the common
ginsengs, page 219.

Constituents

The major constituents of the root are steroidal lactones, with
several series known as the withanolides (designated A-Y to
date), glycowithanolides (sitoindosides), the withasomnifer-
ols (A—C), withastramonolide and withaferin A. The extract
also contains phytosterols and alkaloids such as ashwagand-
hine, ashwagandhinine, anahygrine, withasomnine, with-
aninine and others.

Use and indications
Use of ashwagandha root originates in Ayurvedic medicine,

and it is used as a tonic for debility and as an adaptogen and
immune modulator. It has sedative and anti-inflammatory
effects and is used for a wide range of conditions including
hypercholesterolaemia.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

Although ashwagandha may have blood-glucose-lowering
effects, these seem to be mild, and would not generally be
expected to affect the control of diabetes with conventional
medicines. Ashwagandha may affect the reliability of
digoxin assays, and interfere with the control of hypo- and
hyperthyroidism.
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Ashwagandha + Antidiabetics (4

Limited evidence suggests that ashwagandha has blood-glucose-
lowering effects, which may be additive with conventional
antidiabetics.

Clinical evidence

In 6 subjects with mild type 2 diabetes, giving powdered root of
ashwagandha 1 g three times daily after meals for 30 days reduced
blood-glucose levels by 12% (from 11.5 to 10.1 mmol/L — timing of
sample in relation to meals not stated).! These subjects discontinued
any blood-glucose-lowering drugs before the study, and 6 control
subjects continued treatment with glibenclamide. These control
subjects also had a reduction in blood-glucose of 12%. This study is
difficult to interpret, because there was no placebo group.

Experimental evidence
No interactions found.

Mechanism

Unknown. Additive blood-glucose-lowering effects might be antici-
pated with antidiabetics.

Importance and management

The limited evidence suggests that ashwagandha might have blood-
glucose-lowering effects. Until further information is available, if a
patient taking antidiabetic drugs wants to take ashwagandha it may
be prudent to discuss these potential additive effects, and advise an
increase in blood-glucose monitoring should an interaction be
suspected. However, bear in mind that, although ashwagandha has
been used for a wide number of complaints, it does not appear to be
used for diabetes, suggesting that any effects are mild, and probably
not clinically relevant.

1. Andallu B, Radhika B. Hypoglycemic, diuretic and hypocholesterolemic effect of winter
cherry (Withania somnifera, Dunal) root. Indian J Exp Biol (2000) 38, 607-9.

Ashwagandha + Digoxin

Ashwagandha has been shown to interfere with some methods of
measuring serum digoxin levels; see Ashwagandha + Laboratory
tests below.

Ashwagandha + Food

No interactions found.

Ashwagandha + Herbal medicines

No interactions found.

Ashwagandha + Laboratory tests (4

Digoxin levels might be spuriously elevated when assayed using
a fluorescence polarisation immunoassay in patients taking
ashwagandha. Ashwagandha does not interfere with in vitro
assays for carbamazepine, gentamicin, paracetamol, phenytoin,

phenobarbital, procainamide, salicylate, theophylline, tobramy-
cin or valproic acid.

Clinical evidence
No interactions found.

Experimental evidence

(a) Digoxin

In a study, mice fed two ashwagandha extracts (in quantities that
equated to human doses) developed apparent serum digoxin levels of
0.46 nanograms/mL and 0.57 nanograms/mL one hour after feeding,
as assessed by a fluorescence polarisation immunoassay (FPIA) of
digoxin (Abbott Laboratories). A further ashwagandha extract did
not produce detectable digoxin levels by FPIA. No digoxin was
detected for any of the three extracts using a monoclonal antibody-
based digoxin assay (Beckman) or a microparticle enzyme
immunoassay (MEIA, Abbott Laboratories).! Similar findings were
seen in vitro, with interference seen at lower concentrations of
ashwagandha extracts with the FPIA assay, than with the MEIA and
Beckman assays.! In other similar studies by the same research
group, an enzyme-linked chemiluminescent immunosorbent assay
(ECLIA) for digoxin (Bayer),> and the Tina-quant assay (Roche),?
were not affected by ashwagandha.

(b) Other drugs

In in vitro tests, ashwagandha extract had no effect on immuno-
assays (Roche) for carbamazepine, gentamicin, paracetamol, phe-
nytoin, phenobarbital, procainamide, salicylate, theophylline,
tobramycin or valproic acid.!

Mechanism

Some withanolides (major constituents of ashwagandha) are struc-
turally similar to digoxin, and might therefore interfere with the
digoxin immunoassay.!

Importance and management

The animal data available suggest that, in patients taking digoxin
and ashwagandha, digoxin levels might be spuriously elevated when
assayed using a fluorescence polarisation immunoassay. Further
clinical study is needed.

. Dasgupta A, Peterson A, Wells A, Actor JK. Effect of Indian Ayurvedic medicine
ashwagandha on measurement of serum digoxin and 11 commonly monitored drugs
using immunoassays: study of protein binding and interaction with Digibind. Arch
Pathol Lab Med (2007) 131, 1298-1303.

Dasgupta A, Kang E, Olsen M, Actor JK, Datta P. Interference of Asian, American, and

Indian (Ashwagandha) ginsengs in serum digoxin measurements by a fluorescence

polarization immunoassay can be minimized by using a new enzyme-linked

chemiluminescent immunosorbent or turbidimetric assay. Arch Pathol Lab Med

(2007) 131, 619-21.

. Dasgupta A, Reyes MA. Effect of Brazilian, Indian, Siberian, Asian, and North
American ginseng on serum digoxin measurement by immunoassays and binding of
digoxin-like immunoreactive components of ginseng with Fab fragment of antidigoxin
antibody (Digibind). Am J Clin Pathol (2005) 124, 229-36.
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Ashwagandha + Thyroid and Antithyroid
drugs

Limited evidence suggests that ashwagandha increases thyroid
hormone levels and therefore interferes with the control of hypo-
and hyperthyroidism.

Clinical evidence

A 32-year-old healthy woman developed clinical symptoms of
thyrotoxicosis, and was found to have elevated levels of thyroid
hormones when she increased the dose of capsules containing
ashwagandha herbal extract that she had been taking for chronic
fatigue. The symptoms and raised thyroid hormone levels resolved
on stopping the product.!



Experimental evidence

In a study in mice, ashwagandha root extract 1.4 g/kg given daily for
20 days by gastric intubation increased serum levels of thyroid
hormones, triiodothyronine and thyroxine, by 18% and 111%,
respectively.2

Mechanism

Unknown. Additive effects with thyroid hormones might be
anticipated.

Importance and management

Although the evidence is limited, until more is known, it might be
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prudent to advise caution if patients taking levothyroxine (or other
thyroid hormones) want to take ashwagandha because of the
possibility of an increase in effects. Furthermore, on the basis of this
evidence, ashwagandha may be expected to antagonise the effects of
antithyroid drugs, such as propylthiouracil. In both cases it may be
prudent to consider monitoring thyroid function tests if symptoms of
hypo- or hyperthyroidism begin to emerge.

1. van der, Hooft CS, Hoekstra A, Winter A, de Smet PAGM, Stricker BHC.
Thyreotoxicose na gebruik van ashwagandha. Ned Tijdschr Geneeskd (2005) 149,
2637-8.

2. Panda S, Kar A. Changes in thyroid hormone concentrations after administration of
ashwagandha root extract to adult male mice. J Pharm Pharmacol (1998) 50,
1065-8.
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Asparagus

Asparagus officinalis L. (Asparagaceae)

Synonym(s) and related species

Sparrowgrass.
Not to be confused with Shatavari, page 353, which is
Asparagus racemosus.

Constituents

Asparagus contains saponins called asparagosides, steroidal
glycosides, asparagusic acid and its derivatives, flavonoids
(including rutin, kaempferol and quercetin) and various
amino acids and polysaccharides. Asparagus is also a source
of folic acid, vitamin K, and other vitamins.

Use and indications

The root and green parts of asparagus have been used as a
diuretic, laxative, cardiac tonic and sedative. The young
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shoots are eaten as a foodstuff. Asparagusic acid may be
nematocidal.

Pharmacokinetics

No relevant pharmacokinetic data for asparagus found. For
information on the pharmacokinetics of individual flavo-
noids present in asparagus, see flavonoids, page 186.

Interactions overview

No interactions with asparagus found; however, note that
asparagus contains a moderate amount of vitamin K and may
therefore reduce the effectiveness of warfarin and other
similar anticoagulants if eaten in large quantities. For
information on the interactions of individual flavonoids
present in asparagus, see under flavonoids, page 186.



Asparagus + Food
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Asparagus + Warfarin and related drugs

No interactions found, but note that asparagus is extensively used as
a foodstuff.

Asparagus + Herbal medicines

No interactions found.

Patients taking coumarins and indanediones should avoid taking
excessive amounts of asparagus because of its vitamin K,
content.

Evidence, mechanism, importance and management

Asparagus! contains a moderate amount of vitamin K;, which
reduces the effect of coumarin and indanedione anticoagulants,
which are vitamin K antagonists. Patients taking these an-
ticoagulants are advised to maintain a regular amount of vitamin
K from the diet. They should therefore avoid taking excessive
amounts of asparagus.
1. USDA National Nutrient Database for Standard Reference, Release 17. Vitamin K
(phylloquinone) (ug) content of selected foods per common measure. http://

www.nal.usda.gov/fnic/foodcomp/Data/SR17/wtrank/sr17a430.pdf  (accessed 11/04/
2008).
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Astragalus

Astragalus membranaceus Bunge (Fabaceae)

Synonym(s) and related species
Huang qi.

Astragalus membranaceus (Fisch.) Bunge var mongholi-
cus (Bunge.) P.K.Hsaio.

Not to be confused with the pharmaceutical excipient,
tragacanth (4stragalus gummifer).

Pharmacopoeias

Astragalus Root (BP 2009); Processed Astragalus Root (BP
2009).

Constituents

The key constituents are triterpene saponins, which include
the astragalosides I-VIII and their acetyl derivatives, the
agroastragalosides -1V, the astramembranins I and II and
others. Isoflavones are also present, mainly glycosides of
calycosin and formononetin, with astrapterocarpan, kumata-
kenin and numerous hydroxyl and methoxyl derivatives of
pterocarpan and isoflavan, and a series of polysaccharides
known as astragaloglucans.

Use and indications

Astragalus is traditionally used in Chinese medicine as a
tonic to strengthen the immune system, for viral infections,
fatigue and loss of blood. It is now used as a liver protectant,
an adjunct in chemotherapy and impaired immunity, and for
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a variety of other conditions such as cardiovascular disease
and diabetic complications. Some indications are supported
by pharmacological and clinical studies.

Pharmacokinetics

Few data are available, but in a study in one healthy subject,
who was given astragalus root decoction orally twice daily
before meals of bread and honey for 5 days, urine samples
were found to contain calycosin and formononetin and
various isoflavonoid glucuronide metabolites. These data,
and data from in vitro studies, demonstrate that the
isoflavones in astragalus could be absorbed and metabolised
by the intestine.! For more information about the pharma-
cokinetics of isoflavones, see under isoflavones, page 258.

Interactions overview

Astragalus appears to alter the immune response, but the
effect this has on treatment with interleukins, interferons,
antiretrovirals and antineoplastics does not appear to be
established. For information about the interactions of
individual isoflavones present in astragalus, see under
isoflavones, page 258.

1. XuF, Zhang Y, Xiao S, Lu X, Yang D, Yang X, Li C, Shang M, Tu P, Cai S. Absorption

and metabolism of Astragali radix decoction: in silico, in vitro, and a case study in vivo.
Drug Metab Dispos (2006) 34, 913-24.



Astragalus + Antineoplastics v

Astragalus improved the response to chemotherapy with
mitomycin, a vinca alkaloid and cisplatin in one study. Limited
experimental data suggest that astragalus may diminish the
immunosuppressant effects of cyclophosphamide.

Clinical evidence

In one small randomised clinical study in Chinese patients with
non-small cell lung cancer, the addition of an infusion of astragalus
to a chemotherapy regimen of mitomycin, vinca alkaloid and
cisplatin (MVP) improved response rate (40% versus 36.7%) and
median survival (11 months versus 7 months), when compared with
a control group receiving MVP alone.!

Experimental evidence

In a study in cyclophosphamide-primed rats, giving a partially
purified fraction of astragalus before mononuclear cell grafting
markedly enhanced the ability of the rats to reject the graft. This
suggests that astragalus reversed the immunosuppressant effect of
cyclophosphamide.2 Conversely, in a similar study, astragalus
appeared to prolong the life of bone marrow cells transplanted
into mice pretreated with cyclophosphamide, as well as promoting
blood cell production.? Furthermore, in another study in rats,
pretreatment with astragalus and Ligustrum lucidium (glossy privet)
for 12 days had no effect on the degree or duration of myelosuppres-
sion (neutrophil and platelet counts) seen after a single dose of
cyclophosphamide .+

Mechanism

Unknown, although many in vifro studies have shown that astragalus
has immunostimulating effects.

Importance and management

The preclinical and preliminary clinical evidence suggests that
astragalus might have immunomodulating activity and effects on
blood cell production, and might therefore have beneficial effects if
it is given with antineoplastics. Some have interpreted the preclinical
data showing increased rejection of a xenograft? as suggesting that
astragalus might decrease the effects of immunosuppressive therapy,
and recommend caution with the combination. The evidence is
extremely limited, and apparently conflicting; nevertheless it may be
prudent to consider the risk—benefit ratio of using the herb,
especially in those given immunosuppressant treatment for life-
threatening conditions.

1. Zou YH, Liu XM. [Effect of astragalus injection combined with chemotherapy on
quality of life in patients with advanced non-small cell lung cancer]. Zhongguo Zhong Xi
Yi Jie He Za Zhi (2003) 23, 733-5.

2. Chu DT, Wong WL, Mavligit GM. Immunotherapy with Chinese medicinal herbs. II.
Reversal of cyclophosphamide-induced immune suppression by administration of
fractionated Astragalus membranaceus in vivo. J Clin Lab Immunol (1988) 25, 125-9.

3. Zhu X-L, Zhu B-D. Mechanisms by which Astragalus membranaceus injection
regulates hematopoiesis in myelosuppressed mice. Phytother Res (2007) 21, 663-7.

4. Khoo KS, Ang PT. Extract of astragalus membranaceus and ligustrum lucidum does not
prevent cyclophosphamide-induced myelosuppression. Singapore Med J (1995) 36,
387-90.

@

Long-term astragalus use does not appear to reduce the efficacy
of zidovudine or zalcitabine.

Astragalus + Antiretrovirals

Clinical evidence

A randomised, placebo-controlled study, found that a combination of
five herbs containing astragalus, Glycyrrhiza glaba L. (Liquorice),
Artemisia capillaris Thunb., Morus alba L. (Mulberry) and
Carthamus tinctorius L. (Safflower) may enhance the activity of
antiretrovirals in patients with HIV. Over a period of 24 weeks
antiretroviral-naive subjects received a combination of zidovudine
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200 mg three times daily and zalcitabine 750 micrograms three times
daily plus either the combined herbs 2.5g three times daily or
placebo. Forty patients receiving the herbs had a significantly greater
decline in viral load than 20 patients receiving placebo. In addition,
the CD4 cell count in the herbal group was significantly increased
from the baseline value from week 12 onwards. No serious adverse
events were reported in either of the two groups.!

Experimental evidence
No relevant data found.

Mechanism

Unknown, although many in vitro studies have shown that astragalus
has immunostimulating effects.

Importance and management

Although not an interactions study, the findings provide some
evidence that if patients take astragalus concurrently with the NRTIs
zidovudine or zalcitabine no major adverse interaction would be
expected, and efficacy should not be compromised. Because the
herbal product used contained three different herbs, a beneficial
effect for a combination of astragalus and antiretroviral drugs is still
far from proven.

. Sangkitporn S, Shide L, Klinbuayaem V, Leenasirimakul P, Wirayutwatthana NA,
Leechanachai P, Dettrairat S, Kunachiwa W, Thamlikitkul V. Efficacy and safety of
zidovudine and zalcitabine combined with a combination of herbs in the treatment of
HIV-infected Thai patients. Southeast Asian J Trop Med Public Health (2005) 36, 704—
8.

Astragalus + Cytokines 4

Preliminary evidence suggests that astragalus may be beneficial
when given with interferon-alfa or interleukin-2.

Clinical evidence

In a controlled study in 235 patients, astragalus appeared to act
synergistically with interferon-alfa for the topical treatment of
chronic cervicitis associated with viral infection. Local application
of astragalus extract plus interferon was similar in efficacy to twice
the dose of interferon alone, and more effective than astragalus
alone.!

Experimental evidence

Various in vitro studies have found that astragalus extract potentiates
the cytotoxic effect of interleukin-2 against renal cell carcinoma by
about tenfold.23

Mechanism

Unknown, although many in vitro studies have found that astragalus
has immunostimulating effects.

Importance and management

The above preliminary evidence suggests that astragalus might have
immunomodulating activity and might therefore be beneficial when
given with interferons or interleukin-2.

1. Qian Z-W, Mao S-J, Cai X-C, Zhang X-L, Gao F-X, Lu M-F, Shao X-S, Li Y-Y, Yang
X-K, Zhuo Y, Shi L-Y, Duan S-M, Hou Y-D. Viral etiology of chronic cervicitis and its
therapeutic response to a recombinant interferon. Chin Med J (Engl) (1990) 103, 647—
51

2. Wang Y, Qian X-J, Hadley HR, Lau BHS. Phytochemicals potentiate interleukin-
2 generated lymphokine-activated killer cell cytotoxicity against murine renal cell
carcinoma. Mol Biother (1992) 4, 143-6.

3. Chu D-T, Lepe-Zuniga J, Wong WL, LaPushin R, Mavligit GM. Fractionated extract of
Astragalus membranaceus, a Chinese medicinal herb, potentiates LAK cell cytotoxicity
generated by a low dose of recombinant interleukin-2. J Clin Lab Immunol (1988) 26,
183-7.
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5 Astragalus + Food Astragalus + Herbal medicines

No interactions found. No interactions found.



Avens

Geum urbanum L. (Rosaceae)

Synonym(s) and related species Use and indications

Benedict’s herb, Colewort, Geum, Herb bennet, Wood avens.  Avens has been used as an astringent in diarrhoea, a
. haemostatic and an anti-inflammatory.

Constituents

The main actives found in the whole plant are the tannins,
gallotannins and ellagitannins, including sanguiin HO,
casuarictin, pedunculagin, potentillin and tellimagrandin.
Other polyphenols include gallic, caffeic and chlorogenic . .
acids, gein (a phenolic glycoside of eugenol), flavonoids and  Interactions overview
volatile oil containing eugenol. No interactions with avens found.

Pharmacokinetics
No relevant pharmacokinetic data found.
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Bacopa

Bacopa monnieri (L.) Penn. (Scrophulariaceae)

Synonym(s) and related species
Brahmi, Thyme leaved gratiola.

Gratiola monnieria L., Herpestis monniera Kunth.,
Lysimachia monnieri L., Moniera cuneifolia Michx.

Constituents

Bacopa contains a wide range of triterpene glycosides,
including the bacopa saponins, known as bacosides and
bacopasaponins. Cucurbitacins, known as bacobitacins and
cucurbitacin E, the alkaloids brahmine and herpestine,
phenylethanoid glycosides (including the monnierasides
and plantioside B), and the flavonoids apigenin and luteolin
have also been isolated.

Use and indications
Bacopa is an important herb in Ayurvedic medicine, which is
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increasingly being used in the West. The bacosides have
been found, in a number of studies, to enhance the memory
and cognitive processes. Bacopa has also been used as an
anti-inflammatory, analgesic, antipyretic, sedative, and for
the treatment of asthma and bronchitis. Recent toxicological
studies suggest that the herb is relatively safe in normal use.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids present in
bacopa, see under flavonoids, page 186.

Interactions overview
No interactions with bacopa found. For information on the
interactions of individual flavonoids present in bacopa, see
under flavonoids, page 186.



Baical skullcap

Scutellaria baicalensis Georgi (Lamiaceae)

Synonym(s) and related species

Huang qin.
Scutellaria lanceolaria Miq.,
Fisch.

Scutellaria macrantha

Constituents

The major active components of the root are the flavonoids
baicalein, baicalin (the glucuronide of baicalein), chrysin,
oroxylin A, tenaxin I, skullcapflavones I and II, wogonin,
wogonoside and many other hydroxylated methoxyflavones.

Use and indications

Baical skullcap root has been used traditionally, especially in
Chinese medicine, as a remedy for inflammation, infections,
dermatitis, allergic diseases, hyperlipidaemia, atherosclerosis
and stress-related disorders.

Pharmacokinetics

No relevant pharmacokinetic data found specifically for
baical skullcap, but see flavonoids, page 186, for information
on individual flavonoids present in baical skullcap.

Interactions overview

Baical skullcap is the constituent of a number of Chinese
medicines, such as sho-saiko-to, saiko-ka-ryukotsu-borei-to
and sairei-to; these interactions are covered under
bupleurum, page 89. For information on the interactions of
individual flavonoids present in the herb, see under
flavonoids, page 186, particularly the monograph Flavonoids
+ Ciclosporin, page 190, where baical skullcap was given as
a source of flavonoids.
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Baical skullcap + Caffeine

Baical skullcap + Herbal medicines

For mention that sho-saiko-to (of which baical skullcap is one of 7
constituents) slightly reduces the metabolism of caffeine, see
Bupleurum + Caffeine, page 90.

Baical skullcap + Carbamazepine

For mention that saiko-ka-ryukotsu-borei-to and sho-saiko-to (of
which baical skullcap is one of a number of constituents) do not
affect the pharmacokinetics of carbamazepine in animal studies, see
Bupleurum + Carbamazepine, page 90.

Baical skullcap + Ciclosporin

For mention that baical skullcap, given as a specific source of
flavonoids, may affect the pharmacokinetics of ciclosporin, see
Flavonoids + Ciclosporin, page 190.

Baical skullcap + Food

No interactions found.

No interactions found.

Baical skullcap + Ofloxacin

For mention that sairei-to and sho-saiko-to (of which baical skullcap
is one of a number of constituents) do not affect the pharmaco-
kinetics of ofloxacin, see Bupleurum + Ofloxacin, page 90.

Baical skullcap + Tolbutamide

For conflicting evidence from animal studies that sho-saiko-to (of
which baical skullcap is one of 7 constituents) might increase or
decrease the rate of absorption of tolbutamide, see Bupleurum +
Tolbutamide, page 90.



Balm of Gilead

Populus x gileadensis Rouleau and other FPopulus species (Salicaceae)

Synonym(s) and related species

Balsam Poplar, Gileadensis, Poplar buds.

Populus candicans Ait., Populus tacamahacca Mill.,
Populus balsamifera L., Populus nigra L., and others.

Note that Canada Balsam from the fir tree Abies balsamea
(L.) Mill. is sometimes known as Balm of Gilead. Mecca
balsam, a resin from Commiphora opobalsamum Engl.
(Burseraceae) has also been used as a synonym for Balm of
Gilead.

Not to be confused with Poplar bark, which is also from
Populus species.

Constituents

The leaf buds, collected before they open, contain phenolic
glycosides including salicin (a salicylate) and populin, and a
volatile oil consisting of o-caryophyllene as the major
component with cineole, bisabolene, farnesene and acto-
phenone. Flavonoids present include apigenin, chrysin and
others, and some Populus species may have constituents that
differ slightly.

Use and indications

Balm of Gilead has expectorant, stimulant, antipyretic and
analgesic activity, and is used mainly in cough mixtures.

Pharmacokinetics

No relevant pharmacokinetic data found for Balm of Gilead,
but note that salicin, a constituent of Balm of Gilead, is
metabolised to salicylic acid in the body. For more
information, see willow, page 399. See also flavonoids,
page 186 for information on the flavonoid components of
Balm of Gilead.

Interactions overview

No specific interactions found. Balm of Gilead contains
salicin, a precursor of salicylic acid, and clinically relevant
levels of this have been achieved by taking some herbs,
although this does not necessarily equate to the antiplatelet
effect of the herb. For a discussion about the use of herbs
with antiplatelet effects in conjunction with antiplatelet drugs
and anticoagulants, see willow, page 399.

See also flavonoids, page 186 for information on the
interactions of individual flavonoid components of Balm of
Gilead.
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Bayberry

Myrica cerifera L. (Myricaceae)

Synonym(s) and related species

Candleberry, Myrica, Southern bayberry, Southern wax
myrtle, Waxberry, Wax myrtle.

Constituents

The root bark, which is used therapeutically, contains
triterpenes including myriceric acid A, myrica acid,
myricadiol, myriceron caffeoyl ester, taraxerol and taraxer-
one, and the flavonoid, myricitrin.
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Use and indications

Bayberry bark is used for coughs and colds, and for
diarrhoea and other gastrointestinal disorders. It is also used
topically for wounds and as a douche for vaginal discharge.
Pharmacokinetics

No relevant pharmacokinetic data found.

Interactions overview
No interactions with bayberry found.



Bearberry

Arctostaphylos uva-ursi (L.) Spreng (Ericaceae)

Synonym(s) and related species
Uva-ursi.

Pharmacopoeias
Bearberry Leaf (BP 2009, Ph Eur 6.4).

Constituents

The major active constituent is arbutin (hydroquinone beta-
glucoside), with methylarbutin, 4-hydroxyacetophenone
glucoside and galloyl arbutin. Whole or cut dried bearberry
leaves may contain not less than 7% anhydrous arbutin (BP
2009, Ph Eur 6.4). Iridoids (such as monotropein), flavo-
noids (such as myricetin and quercetin), and tannins
(including corilagin) are also present.

Use and indications

Bearberry leaves and preparations are traditionally used for
urinary tract infections. The use of arbutin and hydroquinone
as skin-whitening agents has been investigated.

Pharmacokinetics

After oral ingestion, arbutin is hydrolysed in the urine to
hydroquinone,!-3 which has antiseptic properties, but in large
doses is irritant and cytotoxic. However, it is rapidly
conjugated in the urine, mainly as hydroquinone glucuronide
and hydroquinone sulfate.2 The presence of Escherichia coli
in an infected urinary tract may enhance hydroquinone
levels, by reversing the conjugation process and metabolis-
ing them back into free, active hydroquinone.3 Alkalinisation

of the urine seems to be unnecessary for improving the
antiseptic properties of hydroquinone or arbutin.3

In vitro studies*s suggest that aqueous and ethanol extracts
of commercially available bearberry leaf products markedly
inhibit CYP3A4 and CYP2C19, whereas methanol extracts
appear to have low-to-moderate activity against these
isoenzymes. However, the effect on CYP3A4 varied greatly
between products.4 Bearberry alcoholic extracts were also
found to inhibit CYP3A4, and interfere with the activity of
P-glycoprotein in vitro, causing inhibition after 1hour of
exposure and induction after 18 hours.4 The clinical signifi-
cance of these effects is unknown.

Interactions overview

An isolated case of lithium toxicity has been reported in a
patient who took a herbal diuretic containing bearberry
among other ingredients, see under Parsley + Lithium,
page 305. For information on the interactions of individual
flavonoid constituents of bearberry, see under flavonoids,
page 186.

. Schindler G, Patzak U, Brinkhaus B, von Niecieck A, Wittig J, Krdhmer N, Glockl I,
Veit M. Urinary excretion and metabolism of arbutin after oral administration of
Arctostaphylos uvae ursi extract as film-coated tablets and aqueous solution in healthy
humans. J Clin Pharmacol (2002) 42, 920-7.

. Quintus J, Kovar K-A, Link P, Hamacher H. Urinary excretion of arbutin metabolites
after oral administration of bearberry leaf extracts. Planta Med (2005) 71, 147-52.

. Siegers C, Bodinet C, Ali SS, Siegers C-P. Bacterial deconjugation of arbutin by
Escherichia coli. Phytomedicine (2003) 10 (Suppl 4), 58-60.

. Chauhan B, Yu C, Krantis A, Scott I, Arnason JT, Marles RJ, Foster BC. In vitro activity
of uva-ursi against cytochrome P450 isoenzymes and P-glycoprotein. Can J Physiol
Pharmacol (2007) 85, 1099-107.

. Scott IM, Leduc RI, Burt AJ, Marles RJ, Arnason JT, Foster BC. The inhibition of
human cytochrome P450 by ethanol extracts of North American botanicals. Pharm Biol
(2006) 44, 315-27.
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Bearberry + Food

Bearberry + Lithium

No interactions found.

Bearberry + Herbal medicines

No interactions found.

For mention of a case of lithium toxicity in a woman who had been
taking a non-prescription herbal diuretic containing corn silk,
Equisetum hyemale, juniper, buchu, parsley and bearberry, all of
which are believed to have diuretic actions, see under Parsley +
Lithium, page 305.



Bee pollen

Synonym(s) and related species

Honeybee pollen.

Bee pollen consists of flower pollen and nectar from male
seed flowers, which is mixed with secretions from a worker
honey bee. Note that there are products made from pollen
alone, such as Cernilton (Rye grass pollen), which will not
be dealt with in this monograph.

Constituents

The constituents of bee pollen depend to some extent on the
flower species from which it has been harvested. It usually
contains phytosterols, essential fatty acids including linoleic
and alpha-linolenic acids, flavonoids and other polyphenols,
minerals, and small amounts of B vitamins and vitamin C.
Coumaroyl spermine and spermidine derivatives have been
isolated from Brazilian bee pollen.

Use and indications

Bee pollen has been taken for prostate enlargement and to
reduce the risk of atherosclerosis and hypertension, and to
improve cognition. Bee pollen from Brassica campestris is
widely used in China as a natural food supplement to
strengthen the body’s resistance against diseases, including
cancer. There is little supporting evidence for any of these
uses. It should be avoided by people allergic to bee stings
and to pollen because of the risk of a hypersensitivity
reaction.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview
No interactions with bee pollen found.
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Berberine

Types, sources and related compounds

Berberine is an isoquinoline alkaloid found in many plants,
particularly berberis, page 61, bloodroot, page 76, coptis,
page 151, goldenseal, page 230, and greater celandine,
page 241.

Use and indications

Berberine is bactericidal, amoebicidal and fungicidal. It has
been used for many conditions, such as amoebic dysentery
and diarrhoea, inflammation and liver disease. Berberine is
also said to possess some antiepileptic, uterine stimulant and
hypotensive effects, and is slightly sedative.

Pharmacokinetics

Berberine appears to undergo significant hepatobiliary
excretion, including metabolism by cytochrome P450. Its
metabolism in rats was partially affected by a known
experimental inhibitor of cytochrome P450 isoenzymes.! In
one in vitro study,? berberine appeared to increase CYP3A4
levels. In other in vitro studies, 35 it showed modest
inhibition of CYP3A4 activity (see ciclosporin, page 59).
It also appears to inhibit CYP2D6,45 CYP2C85 and
CYP2E1,5 but it does not significantly inhibit CYP2C9,45
CYP2C19 and CYP1A2s

Berberine also appears to be a substrate of P-glycoprotein,
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as the biliary excretion of berberine in the rat was inhibited
by the P-glycoprotein inhibitor ciclosporin, page 59, and
both ciclosporin and verapamil, another P-glycoprotein
inhibitor, improved berberine absorption.! Berberine may
also be a substrate of organic cation transporters, as its
biliary excretion was inhibited by the organic cation
transporter inhibitor quinidine.

Interactions overview

Although a number of studies have used conventional drugs
to study berberine metabolism, data on potentially clinically
relevant interactions is sparse: the most significant inter-
action of berberine appears to be its potential to increase
ciclosporin levels.

. Tsai P-L, Tsai T-H. Hepatobiliary excretion of berberine. Drug Metab Dispos (2004) 32,
405-12.

2. Budzinski JW, Trudeau VL, Drouin CE, Panahi M, Arnason JT, Foster BC. Modulation
of human cytochrome P450 3A4 (CYP3A4) and P-glycoprotein (P-gp) in Caco-2 cell
monolayers by selected commercial-source milk thistle and goldenseal products. Can J
Physiol Pharmacol (2007) 85, 966-78.

. Budzinski JW, Foster BC, Vandenhoek S, Arnason JT. An in vitro evaluation of human
cytochrome P450 3A4 inhibition by selected commercial herbal extracts and tinctures.
Phytomedicine (2000) 7, 273-82.

. Chatterjee P, Franklin MR. Human cytochrome P450 inhibition and metabolic-
intermediate complex formation by goldenseal extract and its methylenedioxyphenyl
components. Drug Metab Dispos (2003) 31, 1391-7.

. Etheridge AS, Black SR, Patel PR, So J, Mathews JM. An in vitro evaluation of
cytochrome P450 inhibition and p-glycoprotein interaction with goldenseal, Ginkgo
biloba, grape seed, milk thistle, and ginseng extracts and their constituents. Planta Med
(2007) 73, 731-41.

w

o

w



Berberine + Anxiolytics

@

The interaction between berberine and anxiolytics is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

The effect of berberine was investigated using two experimental
anxiety models in the mouse. Berberine showed anxiolytic effects in
these models at a dose of 100 mg/kg, and sedative effects at a dose of
500 mg/kg. Berberine was found to enhance the anxiolytic effects of
buspirone in the elevated plus-maze test, whereas the anxiolytic
effects of berberine were not affected by diazepam.!

Mechanism
Berberine may have effects on brain monoamines.

Importance and management

The doses of berberine given in this study were extremely large,
compared with those used in clinical studies in humans. Any
interactions seem unlikely to be clinically significant.

1. Peng W-H, Wu C-R, Chen C-S, Chen C-F, Leu Z-C, Hsiech M-T. Anxiolytic effect of

berberine on exploratory activity of the mouse in two experimental anxiety models:
interaction with drugs acting at 5-HT receptors. Life Sci (2004) 75, 2451-62.

A

Berberine appears to increase the bioavailability and trough
blood levels of ciclosporin. Animal studies suggest that ciclos-
porin may affect the intestinal absorption and elimination of
berberine possibly by inhibiting P-glycoprotein.

Berberine + Ciclosporin

Clinical evidence

A study in 6 kidney transplant recipients looked at the effects of
berberine on the pharmacokinetics of ciclosporin. The patients were
taking ciclosporin 3 mg/kg twice daily for an average of 12 days
before berberine 200 mg three times daily for 12 days was added.
The AUC and trough blood levels of ciclosporin were increased by
about 35% and 88%, respectively. The peak ciclosporin level was
decreased but this was not statistically significant.! A clinical study
by the same authors in 52 stable kidney transplant recipients taking
ciclosporin and given berberine 200mg three times daily for
3 months found that the ciclosporin trough levels were increased by
about 24% when the berberine-treated group was compared with 52
similar patients taking ciclosporin without berberine. The ciclosporin
levels in 8 patients fell after berberine was stopped. Creatinine
clearance was not significantly altered, and no serious adverse
effects were reported.!

A single-dose study in healthy subjects found conflicting results.
Six subjects given a single 6-mg/kg dose of ciclosporin daily found
that berberine 300 mg twice daily, taken for 10 days before the dose
of ciclosporin, had no significant effects on the pharmacokinetics of
ciclosporin. However, a separate study in another 6 subjects given a
single 3-mg/kg dose of ciclosporin found that a single 300 mg dose
of berberine increased the AUC of ciclosporin by 19.2%. No adverse
events were reported in this study.

Experimental evidence

A study in rats found that intravenous ciclosporin 20 mg/kg did not
significantly affect the AUC of intravenous berberine 10 to 20 mg/kg
in the blood, but ciclosporin did decrease the AUC of berberine in
the liver and the bile.’> Another study in rats also found that
ciclosporin increased the intestinal absorption of berberine.4
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Mechanism

The mechanism for the increase in ciclosporin levels seen in the
clinical studies is unclear, although it has been suggested that it may
be due to inhibition of CYP3A by berberine.

Animal studies suggest that ciclosporin may also affect the
handling of berberine possibly by inhibiting P-glycoprotein, there-
fore affecting its intestinal absorption and its distribution into the
bile and liver.

Importance and management

Although the increase in ciclosporin levels is not sufficiently severe
to suggest that the concurrent use of berberine should be avoided, it
may make ciclosporin levels less stable. If concurrent use is
undertaken, ciclosporin levels should be well monitored, and the
dose of ciclosporin adjusted accordingly.

1. Wu X, Li Q, Xin H, Yu A, Zhong M. Effects of berberine on the blood concentration of
cyclosporin A in renal transplanted recipients: clinical and pharmacokinetic study. Eur J
Clin Pharmacol (2005) 61, 567-72.

2. Xin H-W, Wu X-C, Li Q, Yu A-R, Zhong M-Y, Liu Y-Y. The effects of berberine on the
pharmacokinetics of ciclosporin A in healthy volunteers. Methods Find Exp Clin
Pharmacol (2006) 28, 25-9.

3. Tsai P-L, Tsai T-H. Hepatobiliary excretion of berberine. Drug Metab Dispos (2004) 32,
405-12.

4. Pan G-Y, Wang G-J, Liu X-D, Fawcett JP, Xie Y-Y. The involvement of P-glycoprotein
in berberine absorption. Pharmacol Toxicol (2002) 91, 193-7.

Berberine + Food

No interactions found.

Berberine + Herbal medicines

No interactions found.

@

The interaction between berberine and hyoscine (scopolamine) is
based on experimental evidence only.

Berberine + Hyoscine (Scopolamine)

Clinical evidence
No interactions found.

Experimental evidence

Berberine 100 and 500 mg/kg, given orally for 7 to 14 days sig-
nificantly improved hyoscine-induced amnesia in rats, measured
using a step-through passive avoidance task. This antiamnesic effect
of berberine was completely reversed by hyoscine methobromide,
implying that the antiamnesic action of berberine may be through the
peripheral rather than central nervous system.!

Mechanism

The authors suggest that the mechanism may partially be through
alpha,-adrenoceptor blockade by berberine, leading to an increase in
the release of adrenaline (epinephrine) and a subsequent increase in
glucose supply to the brain.

Importance and management

The experimental evidence for this interaction is very limited and
there appears to be no data to suggest that berberine may improve
memory or reverse the effects of drugs that affect memory, such as
hysocine, in humans. This is unlikely to be a clinically significant
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interaction, especially as the doses used in the study were many
times those used in human studies of berberine.

1. Peng W-H, Hsich M-T, Wu C-R. Effect of long-term administration of berberine on
scopolamine-induced amnesia in rats. Jpn J Pharmacol (1997) 74, 261-6.

Berberine + Paclitaxel (4

The interaction between berberine and paclitaxel is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

An in vitro study found that pre-treatment with berberine blocked the
anticancer effects of paclitaxel in six cancer cell line cultures (oral
cancer, gastric cancer and colon cancer).!

Mechanism
Unknown.

Importance and management

This appears to be the only published study of an antagonistic effect
between berberine and paclitaxel. Further study is required to
confirm these in vitro results, and to explore their clinical relevance.

1. Lin H-L, Liu T-Y, Wu C-W, Chi C-W. Berberine modulates expression of mdrl gene
product and the responses of digestive track cancer cells to paclitaxel. Br J Cancer
(1999) 81, 416-22.



Berberis

Berberis vulgaris L. and Berberis aristata DC. (Berberidaceae)

Synonym(s) and related species

Barberry, Berberidis, Pipperidge bush.
Berberis chitria Lindl., Berberis dumetorum Gouan,
Berberis floribunda Wall.

Constituents

The root and stem of all species contain isoquinoline
alkaloids such as berberine, berbamine, jatrorrhizine,
oxyberberine, palmatine, magnoflorine, oxyacanthine and
others.

Use and indications

Used for many conditions, especially infective, such as
amoebic dysentery and diarrhoea, inflammation and liver

disease. The main constituent berberine is bactericidal,
amoebicidal and fungicidal. It has some antiepileptic, uterine
stimulant and hypotensive effects and is slightly sedative, as
are jatrorrhizine and palmatine.

Pharmacokinetics

No relevant pharmacokinetic data found specifically for
berberis, but see berberine, page 58, for information on this
constituent of berberis.

Interactions overview

No interactions with berberis found. For information on the
interactions of one of its constituents, berberine, see under
berberine, page 58.
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Betacarotene

Types, sources and related compounds
Provitamin A.

Pharmacopoeias

Betacarotene (BP 2009, Ph Eur 6.4); Beta Carotene (USP
32); Beta Carotene Capsules (USP 32).

Use and indications

Betacarotene is a carotenoid precursor to vitamin A (retinol).
It is a natural pigment found in many plants including fruit
and vegetables (such as carrots) and is therefore eaten as part
of a healthy diet, and is also used as a food colouring.
Betacarotene supplements are usually taken for the preven-
tion of vitamin A deficiency and for reducing photosensitiv-
ities in patients with erythropoietic protoporphyria. It is also
used for age-related macular degeneration and has been
investigated for possible use in cardiovascular disease and
cancer prevention.

Pharmacokinetics

Betacarotene is the most studied carotenoid of the hundreds
that exist in nature. It is a fat-soluble precursor of vitamin A
(retinol) and a large part of the metabolism to vitamin A
takes place in the gastrointestinal mucosa where its absorp-
tion may be sensitive to changes in gastric pH, see proton
pump inhibitors, page 64. This could be a contributing factor
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to the large interindividual variation seen in betacarotene
absorption. As betacarotene intake increases, vitamin A
production from the carotenoid is reduced.!

Betacarotene potentiated the induction of the cytochrome
P450 isoenzyme CYP2E1 by alcohol in rats;2 however, it did
not significantly affect CYP1A1/2.

Interactions overview

Orlistat reduces betacarotene absorption, heavy long-term
alcohol intake may interfere with the conversion of
betacarotene to vitamin A, and the desired effect of
betacarotene supplementation may be reduced by colchicine
and omeprazole. Betacarotene reduces the benefits that
combined simvastatin and nicotinic acid have on cholesterol,
and reduces ciclosporin levels. Combined use with colestyr-
amine or probucol modestly reduces dietary betacarotene
absorption. Clinically relevant interactions are unlikely
between betacarotene and tobacco, but note that smokers
are advised against taking betacarotene. For the interactions
of betacarotene with food or lycopene, see Lycopene + Food,
page 280, and Lycopene + Herbal medicines; Betacarotene,
page 280.

1. Patrick L. Beta-carotene: The controversy continues. Altern Med Rev (2000) 5, 530-45.

2. Kessova IG, Leo MA, Lieber CS. Effect of -carotene on hepatic cytochrome P-450 in
ethanol-fed rats. Alcohol Clin Exp Res (2001) 25, 1368-72.



Betacarotene + Alcohol 4

Heavy consumption of alcohol may interfere with the conversion
of betacarotene to vitamin A.

Clinical evidence

In the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study
(ATBC), an almost 7-year-long, large, randomised, placebo-con-
trolled study in men, an alcohol intake of more than 12.9 g daily by
109 heavy drinkers reduced the serum concentrations of betacar-
otene 20 mg daily by up to 13%. These findings were independent of
dietary carotenoid intake.!

Experimental evidence

In an experimental study in baboons fed alcohol for 2 to 5 years and
given 30mg/L and then 45 mg/L doses of betacarotene (Solatene
capsules) daily for 33 days and 29 days respectively, the serum levels
of betacarotene were higher in those fed alcohol than those that were
not fed alcohol. When betacarotene was stopped, its clearance was
delayed in the baboons fed alcohol. Betacarotene was also found to
potentiate the hepatotoxicity of alcohol.2

Mechanism

This interaction is complex. Betacarotene and alcohol may share
similar biochemical pathways; one experimental study in rats found
that betacarotene potentiated the induction of the cytochrome P450
isoenzyme CYP2EI by alcohol.3 Alcohol also reduces the levels of
vitamin A, of which betacarotene is the precursor. It has therefore
been suggested that alcohol interferes with the conversion of
betacarotene to vitamin A .4

Importance and management

Information about an interaction between betacarotene and alcohol is
limited, and the effects in animals and humans are conflicting. It
appears that the long-term intake of alcohol causes some changes in
betacarotene disposition, and it would therefore seem sensible to try
to limit alcohol intake if betacarotene supplementation is necessary.

. Albanes D, Virtamo J, Taylor PR, Rautalahti M, Pietinen P, Heinonen OP. Effects of
supplemental B-carotene, cigarette smoking, and alcohol consumption on serum
carotenoids in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study. Am J
Clin Nutr (1997) 66, 366-72.

2. Leo MA, Kim C-I, Lowe N, Lieber CS. Interaction of ethanol with p-carotene: delayed
blood clearance and enhanced hepatotoxicity. Hepatology (1992) 15, 883-91.

. Kessova IG, Leo MA, Lieber CS. Effect of B-carotene on hepatic cytochrome P-450 in
ethanol-fed rats. Alcohol Clin Exp Res (2001) 25, 1368-72.

4. Leo MA, Lieber CS. Alcohol, vitamin A, and B-carotene: adverse interactions, including

hepatotoxicity and carcinogenicity. Am J Clin Nutr (1999) 69, 1071-85.
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Betacarotene + Ciclosporin 4

A study in 10 kidney transplant recipients found that an
antioxidant vitamin supplement containing betacarotene mod-
estly reduced ciclosporin blood levels.

Clinical evidence

A randomised placebo-controlled study, in 10 kidney transplant
recipients taking ciclosporin, found that the addition of an
antioxidant vitamin supplement for 6 months containing vitamin C
500 mg, vitamin E 400 units and betacarotene 6 mg daily reduced the
ciclosporin blood level by 24%. An associated improvement in renal
function, indicated by an increase in glomerular filtration rate of
17%, was also seen and may have been associated with reduced
ciclosporin levels.!

Experimental evidence
No relevant data found.

Mechanism
Unknown.
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Importance and management

The clinical significance of this study is unclear as there appear to be
no published case reports of any adverse effects due to this
interaction. Furthermore, a decrease in ciclosporin levels of 24% is
fairly modest, and other studies have found that vitamin C 1 g daily
and vitamin E 300 mg daily may slightly decrease ciclosporin levels,
so the potential for a clinically significant interaction with
betacarotene alone is unclear. However, until more is known it
may be prudent to consider an interaction with betacarotene if a
sudden or unexplained reduction in stable ciclosporin levels occurs.
More study is needed, particularly with regard to the concurrent use
of standard, commercially available, multivitamin preparations.

1. Blackhall ML, Fassett RG, Sharman JE, Geraghty DP, Coombes JS. Effects of

antioxidant supplementation on blood cyclosporin A and glomerular filtration rate in
renal transplant recipients. Nephrol Dial Transplant (2005) 20, 1970-5.

Betacarotene + Cimetidine w

An interaction between betacarotene and cimetidine is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In an animal study, rats were given intragastric alcohol to induce
mucosal damage. When the rats were pretreated with betacarotene
1 mg/kg, the number of mucosal lesions was decreased by 63%.
However, when cimetidine 50 mg/kg was given with the beta-
carotene, 30 minutes before the alcohol, the damaging effects of the
alcohol appeared to be enhanced.!

Mechanism
The exact mechanism is unclear.

Importance and management

This is a relatively old study and there do not appear to be any
clinical reports in the literature. Furthermore the dose of betacar-
otene used is roughly 10-fold greater than the recommended daily
intake of betacarotene. Therefore a clinically relevant interaction
with cimetidine seems unlikely.

1. Garamszegi M, Javor T, Siitd G, Vincze A, Toth G, Mézsik G. Effect of atropine, PGF,,

and cimetidine on the B-carotene induced cytoprotection in ethanol-treated rats. Acta
Physiol Hung (1989) 73, 221-4.

Betacarotene + Colchicine 4

The desired effect of betacarotene supplementation may be
reduced in those taking colchicine.

Clinical evidence

Divided doses of colchicine 1.9mg to 3.9 mg daily reduced the
serum levels of betacarotene 10000 units daily (about 6 mg) in 5
obese subjects. Levels returned to normal when colchicine was
stopped.! However, in another study, long-term use of colchicine
1 mg to 2 mg daily for 3 years had no effect on the serum levels of
diet-derived carotene in 12 patients with familial Mediterranean
fever.2

Experimental evidence
No relevant data found.

Mechanism

The mechanism is unclear. Colchicine causes reversible malabsorp-
tion in the gastrointestinal tract by disturbing epithelial cell function
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and inhibiting cell proliferation. It also lowered the serum levels of
cholesterol in the first study. All these factors could have an effect on
the absorption of betacarotene, which largely takes place in the
gastrointestinal mucosa and the distribution of which is dependent
on the presence of lipoproteins.

Importance and management

The evidence for a possible interaction between betacarotene and
colchicine is limited to two relatively old studies. While supple-
mental betacarotene absorption appears to be reduced, betacarotene
ingested as part of the normal diet appears to be unaffected. Based
on these two findings, and the fact that there is large interindividual
variation in betacarotene absorption, it is difficult to recommend a
clinical course of action other than to be aware that the desired effect
of betacarotene supplementation may be reduced in those taking
colchicine.

. Race TF, Paes IC, Faloon WW. Intestinal malabsorption induced by oral colchicine.
Comparison with neomycin and cathartic agents. Am J Med Sci (1970) 259, 32-41.

. Ehrenfeld M, Levy M, Sharon P, Rachmilewitz D, Eliakim M. Gastrointestinal effects of
long-term colchicine therapy in patients with recurrent polyserositis (familial Mediter-
ranean fever). Dig Dis Sci (1982) 27, 723-7.

[S)

Betacarotene + Food

See under Lycopene + Food, page 280.

Betacarotene + Herbal medicines; Lycopene

Betacarotene may alter the absorption of lycopene, see Lycopene +
Herbal medicines; Betacarotene, page 280.

Betacarotene + Lipid regulating drugs 8

Betacarotene reduces the benefits that combined simvastatin and
nicotinic acid have on HDL-cholesterol. Colestyramine and
probucol reduce the serum levels of betacarotene eaten as part of
a normal diet.

Clinical evidence

In a 3-year study in 146 patients with clinical coronary disease, an
antioxidant regimen consisting of betacarotene 25mg, vitamin E
800 units, vitamin C 1 g and selenium 100 micrograms daily halved
the beneficial rise of high-density lipoprotein-cholesterol (HDL2)
caused by combined treatment with simvastatin 10 to 20mg and
nicotinic acid (niacin) 2 to 4 g daily.!

There do not appear to be any studies on the effect of lipid
regulating drugs on the absorption of betacarotene from supple-
ments; however, a 3-year study of 303 hypercholesterolemic subjects
given colestyramine in doses of 8g to 16g daily, according to
tolerance, found that the serum levels of dietary-derived betacar-
otene were reduced by about 40% after 2 months. Probucol 500 mg
twice daily was then added, and 2 months later the serum levels of
betacarotene were reduced by an additional 39% (representing an
overall decrease of 65%).2

Experimental evidence
No relevant data found.

Mechanism

Unknown. Betacarotene is a fat-soluble substance, and therefore its
absorption and distribution are dependent on the presence of
lipoproteins, which might be reduced by colestyramine.

Importance and management

There appears to be only one study investigating the effects of
betacarotene on treatment with lipid lowering drugs; however, the
study was well designed, long term, and large. Antioxidant
supplementation including betacarotene appears to suppress the
beneficial effects of the combined treatment of simvastatin and
nicotinic acid on high-density lipoprotein-cholesterol, higher levels
of which reduce the risk of major cardiovascular events. The authors
suggest that their results indicate that the use of antioxidants to
prevent cardiovascular events should be questioned. What this
means for patients taking lower therapeutic doses of betacarotene
(recommended daily intake is about 6 mg daily, about one-quarter of
the dose used in the study) is unclear. However, there is potential for
a severe detrimental effect on concurrent use. Therefore, until more
is known it would seem prudent to avoid concurrent use, unless there
is a clear defined clinical need for betacarotene supplementation.

The use of colestyramine and probucol appears to lower
betacarotene levels, but the clinical importance of this does not
appear to have been established.

. Brown BG, Zhao X-Q, Chait A, Fisher LD, Cheung MC, Morse JS, Dowdy AA, Marino
EK, Bolson EL, Alaupovic P, Frohlich J, Albers JJ. Simvastatin and niacin, antioxidant
vitamins, or the combination for the prevention of coronary disease. N Engl J Med
(2001) 345, 1583-92.

Elinder LS, Hadell K, Johansson J, Melgaard J, Holme I, Olsson AG, Walldius G.
Probucol treatment decreases serum concentrations of diet-derived antioxidants.
Arterioscler Thromb Vasc Biol (1995) 15, 1057-63.
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Betacarotene + Orlistat 4

Orlistat decreases the absorption of supplemental betacarotene.

Clinical evidence

A randomised study in healthy subjects found that about two-thirds
of a supplemental dose of betacarotene was absorbed in the presence
of orlistat. The study included 48 patients in 4 groups, given placebo,
or betacarotene in doses of 30mg, 60mg or 120mg. The
betacarotene was given within about 30 minutes of the orlistat.!

Experimental evidence
No relevant data found.

Mechanism

Orlistat reduces dietary fat absorption by inhibiting gastrointestinal
lipase. Consequently, it reduces the absorption of fat-soluble
vitamins.

Importance and management

Evidence is limited to one study, but what is known suggests that
orlistat decreases the absorption of supplemental betacarotene. To
maximise vitamin absorption, the manufacturers recommend that
any multivitamin preparations should be taken at least 2 hours before
or after orlistat, such as at bedtime.23 The US manufacturers suggest
that patients taking orlistat should be advised to take multivitamins,
because of the possibility of reduced vitamin levels.3

1. Zhi J, Melia AT, Koss-Twardy SG, Arora S, Patel IH. The effect of orlistat, an inhibitor
of dietary fat absorption, on the pharmacokinetics of B-carotene in healthy volunteers. J
Clin Pharmacol (1996) 36, 152-9.

. Xenical (Orlistat). Roche Products Ltd. UK Summary of product characteristics, June
2008.

. Xenical (Orlistat). Roche Pharmaceuticals. US Prescribing information, July 2008.
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Betacarotene + Proton pump inhibitors

The desired effect of betacarotene supplementation may be
reduced in those taking proton pump inhibitors.



Clinical evidence

In a study in 10 healthy subjects the AUC of a single 120-mg dose of
betacarotene was halved by pretreatment with omeprazole 20 mg
twice daily for 7 days.!

Experimental evidence
No relevant data found.

Mechanism

The exact mechanism is unclear. Betacarotene is absorbed in the
small intestine by a simple passive-diffusion process. It has been
suggested that omeprazole may retard this diffusion,! and that
delayed gastric emptying may also contribute.?

Importance and management

Evidence for an interaction between betacarotene and omeprazole is
limited, and as there is large interindividual variability in
betacarotene absorption, the true bioavailability of the carotenoid
can vary greatly even before omeprazole is taken. Coupled with the
fact that betacarotene is a normal part of the healthy diet, it is very
difficult to assess the true clinical importance of this interaction. Be
aware that the desired effect of betacarotene supplements may be
reduced or abolished by the concurrent use of omeprazole. If the
suggested mechanism is correct, other proton pump inhibitors are
likely to affect betacarotene absorption similarly.
1. Tang G, Serfaty-Lacrosniere C, Ermelinda Camilo M, Russell RM. Gastric acidity
iénzgueﬁnces the blood response to a f-carotene dose in humans. 4m J Clin Nutr (1996) 64,

2. Oster-Jorgensen E, Rasmussen L. Blood response to a 3-carotene dose. Am J Clin Nutr
(1998) 67, 349-53.

X)

There is a slight increased risk of lung cancer in smokers taking
betacarotene supplements.

Betacarotene + Tobacco

Betacarotene 65

Clinical evidence

In the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study
(ATBC), an almost 7-year-long, large, randomised, placebo-con-
trolled study in men, tobacco smoking did not significantly affect the
serum concentrations of betacarotene 20 mg daily. These findings
were independent of dietary carotenoid intake.! However, in this
study, the risk of lung cancer was slightly, but significantly,
increased in those patients receiving betacarotene supplements (18%
increase).2

Experimental evidence
No relevant data found.

Mechanism
Unknown.

Importance and management

Evidence for an interaction between tobacco smoking and
betacarotene is limited, but a clinically significant effect of tobacco
smoking on absorption of betacarotene supplementation seems
unlikely. However, unexpectedly, well-designed studies have found
a slight increased risk of lung cancer in smokers taking betacarotene
supplements. There is no clear explanation for this, and there is
much debate about whether this is a true effect. Until more is known
it may be prudent for smokers to avoid betacarotene supplements,
and to counsel the patient on smoking cessation and the health
benefits of consuming five portions of fruit and vegetables daily as
part of a balanced diet. Note that the Food Standards Agency in the
UK advises people who smoke not to take betacarotene supplements
because of an increased risk of lung cancer.3
1. Albanes D, Virtamo J, Taylor PR, Rautalahti M, Pietinen P, Heinonen OP. Effects of
supplemental carotene, cigarette smoking, and alcohol consumption on serum
carotenoids in the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study. Am J
Clin Nutr (1997) 66, 366-72.
2. Anon . The effect of vitamin E and beta carotene on the incidence of lung cancer and
other cancers in male smokers: the Alpha-Tocopherol, Beta Carotene Cancer Prevention
Study Group. N Engl J Med (1994) 330, 1029-35.

3. Food Standards Agency Betacarotene http://www.eatwell.gov.uk/healthydiet/
nutritionessentials/vitaminsandminerals/betacarotene/ (accessed 14/10/2008).



Bilberry

Vaccinium muyrtillus L. (Ericaceae)

Synonym(s) and related species

Blaeberry, Bogberry, Huckleberry, Hurtleberry, Myrtillus,
Whortleberry.

Note that the synonym Blueberry has also been used, but
the name Blueberry is the more commonly accepted name
for the North American native plants such as Vaccinium
angustifolium Aiton (Lowbush Blueberry) and Vaccinium
corymbosum L. (Northern Highbush Blueberry).

Pharmacopoeias

Dried Bilberry (BP 2009, Ph Eur 6.4); Fresh Bilberry (BP
2009, Ph Eur 6.4); Fresh Bilberry Fruit Dry Extract, Refined
and Standardised (BP 2009, Ph Eur 6.4); Powdered Bilberry
Extract (USP 32).

Constituents

The berries contain anthocyanins, mainly glucosides of
cyanidin, delphinidin, malvidin, petunidin and peonidin.
Standardised extracts containing not less than 0.3% of
anthocyanins, expressed as cyanidin-3-glucoside chloride
(dried drug), or not less than 1% tannins, expressed as
pyrogallol (dried drug), are often used (BP 2009, Ph Eur
6.4). Bilberry berries also contain flavonoids (including
catechins, quercetin-3-glucuronide and hyperoside), and
vitamin C.

Use and indications

Traditionally bilberry has been used to treat diarrhoea,
haemorrhoids and venous insufficiency, gastrointestinal
inflammation and urinary complaints. It has now found a
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more specific use in improving visual acuity, by improving
blood flow to the retina, and for its vasoprotective properties
as an anti-atherosclerotic.

Pharmacokinetics

For general information about the pharmacokinetics of
anthocyanins, see under flavonoids, page 186.

An in vitro study investigated the effects of bilberry
extract (at a concentration likely to be attainable in the
human intestine) on the uptake of estrone-3-sulfate by the
transporter protein OATP-B. Estrone-3-sulfate was used as it
is known to be an OATP-B substrate. The bilberry extract
inhibited estrone-3-sulfate uptake by about 75%, which was
considered to be a potent effect.! OATP-B is known to have a
role in the absorption of drugs such as fexofenadine,
glibenclamide and pravastatin, and therefore this study
suggests that bilberry extract may decrease the absorption of
these drugs, which could result in a reduction in their effects.
However, no clinical reports of an interaction between
bilberry and these or other drugs appear to have been
published.

Interactions overview

No interactions with bilberry found. For information on the
interactions of individual flavonoids found in bilberry, see
under flavonoids, page 186.

1. Fuchikami H, Satoh H, Tsujimoto M, Ohdo S, Ohtani H, Sawada Y. Effects of herbal

extracts on the function of human organic anion-transporting polypeptide OATP-B.
Drug Metab Dispos (2006) 34, 577-82.



Bistort

Polygonum bistorta L. (Polygonaceae)

Synonym(s) and related species

Adderwort, Dragonwort, English Serpentary,
Snakeweed.

Persicaria bistorta (L.) Sampaio, Polygonum bistortoides
Pursh, Bistorta major S.F. Gray.

Osterick,

Pharmacopoeias
Bistort Rhizome (BP 2009, Ph Eur 6.4).

Constituents

The bistort root and rhizome contain polyphenolic com-
pounds, mainly flavonoids (e.g. catechins and quercetin),
ellagic acid, and the triterpenes, friedelanol and 5-glutinen-
3-one.

Use and indications

Bistort is traditionally used as an astringent and anti-
inflammatory agent.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids found in
bistort, see under flavonoids, page 186.

Interactions overview

No interactions with bistort found. For information on the
interactions of individual flavonoids found in bistort, see
under flavonoids, page 186.
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Bitter orange

Citrus aurantium var amara L. (Rutaceae)

Synonym(s) and related species
Bigaradier, Pomeranze, Seville orange.

Pharmacopoeias

Bitter-orange Epicarp and Mesocarp (Ph Eur 6.4); Bitter-
orange Epicarp and Mesocarp Tincture (Ph Eur 6.4); Bitter-
orange Flower (BP 2009, Ph Eur 6.4); Bitter-orange Flower
Oil (Ph Eur 6.4); Dried Bitter-orange Peel (BP 2009); Neroli
Oil (Ph Eur 6.4).

Constituents

Bitter orange contains the sympathomimetic alkaloid oxe-
drine (synephrine), flavonoids (hesperidin, naringenin,
tangeretin and others; often referred to as citrus bioflavo-
noids), and natural coumarins (umbelliferone, 6,7-dimethox-
ycoumarin, and the furanocoumarins 6,7-dihydroxy-
bergamottin and bergapten). The volatile oil is mostly
composed of limonene. Some sources standardise the
flowers to flavonoid content, expressed as naringin, and
the peel to essential oil content.

Use and indications

Bitter orange is traditionally used as a carminative and for
other digestive disorders. It is also said to possess
antihypertensive, anti-inflammatory, analgesic and antibac-
terial properties. Bitter-orange extract is included in some
herbal anorectic preparations as it contains oxedrine, which
is claimed to increase metabolism; however, cardiovascular
adverse effects are associated with this constituent (see under
Caffeine + Herbal medicines; Bitter orange, page 101).
Interestingly bitter orange has also been promoted as an
appetite stimulant. The flowers have been used as a sedative,
and the peel and the oils are used widely as flavourings in
foods and conventional medicines. Bitter orange is used to
make marmalade. The juice of bitter orange has been used in
studies of drug metabolism as a comparator to grapefruit
juice, but it is not used as a medicine or beverage.

Pharmacokinetics

A bitter orange supplement (containing oxedrine but no
6,7-dihydroxybergamottin) did not inhibit the cytochrome
P450 isoenzymes CYP1A2 (see caffeine, page 101),
CYP2E1 (see chlorzoxazone, page 69) or CYP2D6 (as
assessed with debrisoquine!) in clinical studies.
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The effects of bitter orange on CYP3A4 are uncertain. A
bitter orange supplement (containing oxedrine but no
6,7-dihydroxybergamottin) did not inhibit CYP3A4 (see
midazolam, page 70). However, the juice of bitter orange
(containing the furanocoumarins bergapten and 6,7-dihy-
droxybergamottin) inhibited intestinal CYP3A4 (see felodi-
pine, page 70), but probably has no effect on hepatic
CYP3A4 (see indinavir, page 70). The juice may also inhibit
P-glycoprotein transport (see dextromethorphan, page 69).
Differences in active constituents might be part of the
explanation for the differences in effects seen on CYP3A4.

For information on the pharmacokinetics of individual
flavonoids present in bitter orange, see flavonoids, page 186,
and for the pharmacokinetics of individual furanocoumarins,
see under natural coumarins, page 297.

Interactions overview

The juice of bitter orange has been used in some drug
interaction studies (as a comparator to grapefruit juice,
page 235). Information from these studies has been included
here, but note that it should not be directly extrapolated to
herbal medicines containing bitter orange, because some
differences in interaction potential have been seen.

A bitter orange decoction increased ciclosporin levels in
animals, whereas the juice of bitter orange does not appear to
interact clinically. A bitter orange supplement does not
appear to affect the pharmacokinetics of chlorzoxazone,
debrisoquine or midazolam, suggesting a lack of interaction
with substrates of the cytochrome P450 isoenzymes
CYP2E1, CYP2D6 and CYP3A4, respectively. The juice
of bitter orange does not appear to affect the pharmaco-
kinetics of indinavir, but it may raise dextromethorphan and
felodipine levels.

For a possible interaction of supplements containing bitter
orange with caffeine, resulting in adverse cardiac effects, see
Caffeine + Herbal medicines; Bitter orange, page 101.

For specific interactions of citrus flavonoids such as
naringenin, see flavonoids, page 186, and for citrus
furanocoumarins such as bergapten, see natural coumarins,
page 297.

1. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Carrier J, Khan IA,
Edwards DJ, Shah A. In vivo assessment of botanical supplementation on human
cytochrome P450 phenotypes: Citrus aurantium, Echinacea purpurea, milk thistle, and
saw palmetto. Clin Pharmacol Ther (2004) 76, 428-40.



Bitter orange + Chlorzoxazone

@

A bitter orange supplement did not alter the metabolism of
chlorzoxazone in one study and is therefore unlikely to alter the
pharmacokinetics of drugs that are metabolised by CYP2E1.

Clinical evidence

In a study in 12 healthy subjects, a bitter orange supplement,
standardised to synephrine 4%, was given at a dose of 350 mg twice
daily for 28 days with a single 250-mg dose of chlorzoxazone given
before and at the end of the treatment with bitter orange. The
metabolism of chlorzoxazone was not affected by the concurrent use
of bitter orange.The supplement was analysed and found to contain
the stated amount of synephrine (equivalent to a daily dose of about
30mg), and none of the furanocoumarin, 6,7-dihydrobergamottin.!

Experimental evidence
No relevant data found.

Mechanism
No mechanism expected.

Importance and management

Chlorzoxazone is used as a probe drug for CYPIE2 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action between this bitter orange supplement and other CYP1E2
substrates is unlikely.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Carrier J, Khan IA,
Edwards DJ, Shah A. In vivo assessment of botanical supplementation on human
cytochrome P450 phenotypes: Citrus aurantium, Echinacea purpurea, milk thistle, and
saw palmetto. Clin Pharmacol Ther (2004) 76, 428-40.

Bitter orange + Ciclosporin

A

Bitter orange juice does not appear to affect the pharmaco-
kinetics of ciclosporin in humans. However, a bitter orange
decoction increased ciclosporin levels in animals.

Clinical evidence

In a randomised, crossover study, 7 healthy subjects were given a
single 7.5-mg/kg dose of ciclosporin 30 minutes after consuming
about 240 mL of bitter orange juice. Bitter orange juice did not affect
the AUC or the maximum serum levels of ciclosporin, although it
appeared to delay the absorption of ciclosporin in some subjects.
This was in contrast to the effects of grapefruit juice.! The bitter
orange juice was prepared by squeezing fresh fruit and freezing it
until needed (up to 6 weeks). It was determined to contain
6,7-dihydroxybergamottin at a concentration of about 30 micro-
mol/L.

Experimental evidence

In a study in pigs, 200 mL of a decoction of bitter orange increased
the maximum levels and AUC of ciclosporin 10 mg/kg by 64% and
46%, respectively. One of the 5 animals used in the study developed
ciclosporin toxicity. The decoction was prepared by boiling the
crude drug with water for about 2hours. Each 200 mL dose was
prepared from the equivalent of 20g of crude drug, and was
determined to contain 1.12 mmoL of flavonoids, mostly naringin. It
was not assayed for furanocoumarin content.?

Mechanism

The results of an animal study? suggested that bitter orange alters the
absorption of ciclosporin, possibly by affecting intestinal
P-glycoprotein. It is possible that the differing findings in humans
represent differing absorption characteristics between species, but it
also seems likely that they could be related to the different
preparations of bitter orange (juice and a decoction) used in the
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studies. Note that, in the clinical study, the furanocoumarin
6,7-dihydroxybergamottin did not interact.! In the animal study,
the extent of the interaction was not related to the flavonoid content.?

Importance and management

There only appear to be two studies investigating an interaction
between bitter orange and ciclosporin, one of them using the juice in
humans and another using a decoction in animals. What is known
suggests that the juice of bitter orange is unlikely to affect the
pharmacokinetics of ciclosporin. However, the animal study
suggests that a decoction of bitter orange may increase ciclosporin
levels and therefore some caution may be warranted if patients
taking ciclosporin wish to take bitter orange supplements. Careful
consideration should be given to the risks of using the supplement;
in patients receiving ciclosporin for severe indications, such as
transplantation, it seems unlikely that the benefits will outweigh the
risks. If concurrent use is undertaken then close monitoring of
ciclosporin levels seems warranted.

. Edwards DJ, Fitzsimmons ME, Schuetz EG, Yasuda K, Ducharme MP, Warbasse LH,
Woster PM, Schuetz JD, Watkins P. 6',7'-Dihydroxybergamottin in grapeftuit juice and
Seville orange juice: effects on cyclosporine disposition, enterocyte CYP3A4, and
P-glycoprotein. Clin Pharmacol Ther (1999) 65, 237-44.

2. Hou Y-C, Hsui S-L, Tsao C-W, Wang Y-H, Chao P-DL. Acute intoxication of

cyclosporin caused by coadministration of decoctions of the fruits of Citrus aurantium

and the pericarps of Citrus grandis. Planta Med (2000) 66, 653-5.

Bitter orange juice increases the absorption of dextromethor-
phan.

Bitter orange + Dextromethorphan

Clinical evidence

In a study, 11 healthy subjects were given a single 30-mg dose of
dextromethorphan hydrobromide at bedtime, followed by 200 mL of
water or freshly squeezed bitter orange juice. Measurement of the
amount of dextromethorphan and its metabolites in the urine
indicated that the bioavailability of dextromethorphan was increased
by more than fourfold by bitter orange juice. Dextromethorphan
levels were still raised 3 days later, indicating a sustained effect of
the juice. The effects were similar to those of grapefruit juice.!

Experimental evidence
No relevant data found.

Mechanism

It was suggested that these fruit juices increased the absorption of
dextromethorphan by inhibiting the cytochrome P450 isoenzyme
CYP3A and P-glycoprotein in the gut wall, although the authors
note that other transporter proteins may be involved. Note that
dextromethorphan is commonly used as a probe substrate for
CYP2D6; however, in this study, analysis of the metabolites
demonstrated that the metabolism of dextromethorphan by
CYP2D6 in the liver was not affected.! Similarly, a bitter orange
supplement did not alter CYP2D6 activity as assessed by
debrisoquine metabolism.2

Importance and management

While the study discussed shows a clear pharmacokinetic inter-
action, it has no direct clinical relevance to bitter orange supple-
ments (it was used in the study as a comparator to assess the likely
mechanisms of the effect of grapefruit juice). How the effects of the
juice of bitter orange relate to the peel of bitter orange, which is one
of the parts used medicinally, is unclear. However, note that the
effects of grapefruit juice are thought to be in part related to
‘contamination” with constituents of the peel, so some interaction
might occur. Further study is needed.

Note that it is important not to extrapolate the interaction seen
with the juice to other CYP2D6 substrates since inhibition of
CYP2D6 was not thought to be the mechanism.

1. Di Marco MP, Edwards DJ, Wainer IW, Ducharme MP. The effect of grapefruit juice and
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seville orange juice on the pharmacokinetics of dextromethorphan: the role of gut
CYP3A and P-glycoprotein. Life Sci (2002) 71, 1149-60.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Carrier J, Khan IA,
Edwards DJ, Shah A. In vivo assessment of botanical supplementation on human
cytochrome P450 phenotypes: Citrus aurantium, Echinacea purpurea, milk thistle, and
saw palmetto. Clin Pharmacol Ther (2004) 76, 428-40.
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Bitter orange + Felodipine v

Bitter orange juice increased the exposure to felodipine in one
study.

Clinical evidence

In a randomised study, 10 healthy subjects were given a single
10-mg dose of felodipine with 240 mL of bitter orange juice or
orange juice (as a control). The AUC and maximum serum levels of
felodipine were increased by 76% and 61%, respectively, when
compared with orange juice. The effects were similar in magnitude
to those of grapefruit juice.! The bitter orange juice was prepared by
squeezing fresh fruit and freezing it until needed. It was analysed
and found to contain the furanocoumarins bergapten, 6,7-dihydro-
bergamottin and bergamottin.

Experimental evidence
No relevant data found.

Mechanism

It was suggested that bitter orange juice inhibited the metabolism of
felodipine (a drug that undergoes high first-pass metabolism) by the
cytochrome P450 isoenzyme CYP3A4 in the intestine. This is
similar to the effect seen with grapefruit juice, for which the
furanocoumarins are known to be required for an interaction to
occur.

Importance and management

There appears to be only one study investigating the effect of bitter
orange on the pharmacokinetics of felodipine, and it relates to the
juice, so has no direct clinical relevance to bitter orange supplements.
The effects seen in the study were similar, although slightly smaller,
than those seen with grapefruit juice. Felodipine should not be given
with the juice or peel of grapefiuit juice because of the increased
effects on blood pressure that may result, and some extend this advice
to other grapefruit products. See Grapefruit + Calcium-channel
blockers, page 237. Extrapolating these suggestions to bitter orange
implies that it may be prudent to be cautious if patients taking
felodipine wish to take bitter orange products made from the peel.
Conversely, a bitter orange supplement did not alter the metabolism
of midazolam, see below, by CYP3A4, so it is by no means clear that
the effects of the juice can be extrapolated to the herbal products.

1. Malhotra S, Bailey DG, Paine MF, Watkins PB. Seville orange juice-felodipine

interaction: comparison with dilute grapefruit juice and involvement of furocoumarins.
Clin Pharmacol Ther (2001) 69, 14-23.

Bitter orange + Food

No interactions found. Note that bitter orange is commonly used as a
flavouring, and in marmalade, but this is not expected to result in a
high dietary intake.

Bitter orange + Herbal medicines; Caffeine-
containing

For an interaction between bitter orange and the caffeine content of

some herbs resulting in adverse cardiac effects, see Caffeine +
Herbal medicines; Bitter orange, page 101.

Bitter orange + Indinavir 0

Bitter orange juice did not alter indinavir pharmacokinetics in
one study.

Clinical evidence

In a study in 13 healthy subjects, about 200 mL of freshly squeezed
bitter orange juice had no effect on the pharmacokinetics of
indinavir. In this study indinavir 800 mg was given every 8 hours for
4 doses; with water or bitter orange juice given with the last 2
doses. Grapefruit juice also had no effect.! The juices were
determined to contain 6,7-dihydroxybergamottin at a concentration
of about 40 micromol/L.!

Experimental evidence
No relevant data found.

Mechanism

No mechanism expected. The authors suggest that bitter orange juice
does not affect the metabolism of indinavir by the cytochrome P450
isoenzyme CYP3A4 in the intestine, as has been seen with other
drugs. See felodipine, above. This may be because the first-pass
metabolism of indinavir is low.

Importance and management

Evidence regarding an interaction between indinavir and bitter
orange comes from one study, which used the juice rather than the
peel or flowers of bitter orange, which are the parts used medicinally.
However, this information, and what is known about midazolam, see
below, suggests that bitter orange supplements are unlikely to affect
the metabolism of indinavir.

1. Penzak SR, Acosla_ EP, Turner M, Edwards DJ, Hon Y, Desai HD, Jann MW. Effect of

Seville orange juice and grapefruit juice on indinavir pharmacokinetics. J Clin
Pharmacol (2002) 42, 1165-70.

Bitter orange + Midazolam 0

A bitter orange supplement did not alter the metabolism of
midazolam in one study.

Clinical evidence

In a study! in 12 healthy subjects, bitter orange (Citrus aurantium)
350 mg, standardised to 4% synephrine, was given twice daily for
28 days with a single 8-mg oral dose of midazolam before and at the
end of this period. The metabolism of midazolam was not affected
by the concurrent use of bitter orange. The supplement was analysed
and found to contain the stated amount of synephrine (equivalent to
a daily dose of about 30mg), and none of the furanocoumarin,
6,7-dihydroxybergamottin.

Experimental evidence
No relevant data found.

Mechanism

No mechanism expected. The bitter orange supplement used here
may not have interacted because of a lack of furanocoumarins.! In
the study here, the bitter orange supplement used did not contain the
one furanocoumarin tested for, 6,7-dihydroxybergamottin.

Importance and management

Direct evidence about an interaction between midazolam and
bitter orange appears to be limited to one clinical study.



However, its findings suggest that this bitter orange supple-
ment is unlikely to affect the metabolism of midazolam.
Midazolam is used as a probe drug for CYP3A4 activity,
and therefore these results also suggest that a pharmacoki-
netic interaction between bitter orange supplements and other
substrates of CYP3A4 is unlikely. Bearing in mind the
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proposed mechanisms, it is possible that this applies only to
supplements that do not contain furanocoumarins.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Carrier J, Khan IA,
Edwards DJ, Shah A. In vivo assessment of botanical supplementation on human
cytochrome P450 phenotypes: Citrus aurantium, Echinacea purpurea, milk thistle, and
saw palmetto. Clin Pharmacol Ther (2004) 76, 428-40.



Black cohosh

Cimicifuga racemosa (L.) Nutt. (Ranunculaceae)

Synonym(s) and related species

Black snakeroot, Bugbane, Cimicifuga, Macrotys actaea,
Rattleroot, Rattleweed, Squawroot.

Actaea monogyna Walter, Actaea racemosa L., Macrotrys
actaeoides Rafin.

Pharmacopoeias

Black cohosh (USP 32); Black cohosh fluid extract (USP
32); Black cohosh tablets (USP 32); Powdered black cohosh
(USP 32); Powdered black cohosh extract (USP 32).

Constituents

The main active constituents are triterpene glycosides (to
which it may be standardised) including actein, and several
series of related compounds such as the cimicifugosides, the
cimiracemosides, cimigenol and its derivatives, 26-deox-
yactein and many others. Phenylpropanoid esters such as the
cimiracemates A-D, isoferulic and ferulic acids, and
methylcaffeate are present, as are the quinolizidine alkaloids
including cytisine and N-methylcytisine. The presence of the
oestrogenic isoflavone formononetin is disputed.

Use and indications

Black cohosh is widely used to treat peri- and postmeno-
pausal symptoms. It is also used as an antirheumatic,
antitussive and sedative, and for the treatment of dysmenor-
rhoea and premenstrual disorders.

Pharmacokinetics
An in vitro study isolated six triterpene glycosides with
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inhibitory activity against the cytochrome P450 isoenzyme
CYP3A4 from a powdered preparation of black cohosh.
However, the CYP3A4-inhibitory activity of these com-
pounds was very weak,! and the clinical data using
midazolam, page 74, as a probe drug for CYP3A4 suggests
that this activity is not clinically relevant. Similarly, two
clinical studies using debrisoquine as a probe substrate of
CYP2D6 suggested that black cohosh (standardised to 0.2%
or 2.5% triterpene glycosides) has no clinically relevant
effect on this isoenzyme.23

Black cohosh root extract had no clinically relevant effects
on the activity of CYP1A2 or CYP2EI, see caffeine,
page 73, and chlorzoxazone, page 73, respectively.

Studies with digoxin, page 73, suggest that black cohosh
does not affect P-glycoprotein activity.

Interactions overview

Black cohosh does not appear to interact with caffeine,
chlorzoxazone, digoxin or midazolam. Limited data suggest
that black cohosh may antagonise the activity of cisplatin.
For a case report describing transplant rejection in a patient
taking a supplement containing alfalfa and black cohosh, see
Alfalfa + Immunosuppressants, page 22.

1. Tsukamoto S, Aburatani M, Ohta T. Isolation of CYP3A4 Inhibitors from the Black
Cohosh (Cimicifuga racemosa). Evid Based Complement Alternat Med (2005) 2, 223-6.

2. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Khan IA, Shah A. In
vivo effects of goldenseal, kava kava, black cohosh, and valerian on human cytochrome
P450 1A2, 2D6, 2E1, and 3A4/5 phenotypes. Clin Pharmacol Ther (2005) 77, 415-26.

3. Gurley BJ, Swain A, Hubbard MA, Williams DK, Barone G, Hartsfield F, Tong Y,
Carrier DJ, Cheboyina S, Battu SK. Clinical assessment of CYP2D6-mediated herb-
drug interactions in humans: effects of milk thistle, black cohosh, goldenseal, kava kava,
St. Johns wort, and Echinacea. Mol Nutr Food Res (2008) 52, 755-63.
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Black cohosh + Chlorzoxazone

The interaction between black cohosh and antineoplastics is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

An in vitro study using mouse mammary tumour cells found that
liquid extracts of black cohosh caused a small reduction in the
cytotoxicity of cisplatin. The extracts were standardised to 3%
triterpene glycosides and were given in doses of 100 times the
expected human dose.!

Mechanism
Unknown.

Importance and management

Evidence is extremely limited. These data cannot reasonably be
extrapolated to patients being treated with an antineoplastic regimen
for breast cancer, because the dose of black cohosh used was much
higher than the usual human dose, and the same study found that
black cohosh may have potentiated the effects of other antineoplas-
tics (such as docetaxel and doxorubicin).

Probably of more clinical relevance are the potential oestrogenic
effects of black cohosh. Although these effects are not fully
understood, they may have an important impact on the outcome of
treatment for oestrogen-dependent breast cancer (see also Oestro-
gens or Oestrogen antagonists, page 74).

1. Rockwell S, Liu Y, Higgins SA. Alteration of the effects of cancer therapy agents on

breast cancer cells by the herbal medicine black cohosh. Breast Cancer Res Treat (2005)
90, 233-9.

Black cohosh + Caffeine

@

Black cohosh does not significantly affect the pharmacokinetics
of caffeine.

Clinical evidence
In a study in 12 healthy subjects, black cohosh root extract 1.09 g

twice daily (standardised to 0.2% triterpene glycosides) for 28 days
did not significantly affect the pharmacokinetics of caffeine 100 mg.!

Experimental evidence
No relevant data found.

Mechanism

These studies investigated whether black cohosh had any effect on
the cytochrome P450 isoenzyme CYP1A2 by which caffeine is
metabolised.

Importance and management

Evidence appears to be limited to this one study, which suggests that
black cohosh does not raise caffeine levels.

Caffeine is used as a probe drug for CYPIA2 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action between black cohosh and other CYP1A2 substrates is
unlikely.

1. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Khan IA, Shah A. In

vivo effects of goldenseal, kava kava, black cohosh, and valerian on human cytochrome
P450 1A2, 2D6, 2E1, and 3A4/5 phenotypes. Clin Pharmacol Ther (2005) 77, 415-26.

Black cohosh does not significantly affect the pharmacokinetics
of chlorzoxazone.

Clinical evidence

In a study in 12 healthy subjects, black cohosh root extract 1.09 g
twice daily (standardised to 0.2% triterpene glycosides) for 28 days,
did not significantly affect the pharmacokinetics of chlorzoxazone
250 mg.!

Experimental evidence
No relevant data found.

Mechanism

These studies investigated whether black cohosh had any effect on
the cytochrome P450 isoenzyme CYP2E1 by which chlorzoxazone
is metabolised.

Importance and management
Evidence appears to be limited to this one study, which suggests that
black cohosh does not raise chlorzoxazone levels.

Chlorzoxazone is used as a probe drug for CYP2E1 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action between black cohosh and other CYP2El substrates is
unlikely.

1. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Khan IA, Shah A. In

vivo effects of goldenseal, kava kava, black cohosh, and valerian on human cytochrome
P450 1A2, 2D6, 2E1, and 3A4/5 phenotypes. Clin Pharmacol Ther (2005) 77, 415-26.

@

A standardised black cohosh extract did not alter the
pharmacokinetics of digoxin in one study.

Black cohosh + Digoxin

Clinical evidence

In a randomised study, 16 healthy subjects were given a black
cohosh extract 20 mg twice daily (standardised to 2.5% triterpene
glycosides) for 14 days with a single 400-microgram oral dose of
digoxin onday 14. There were no significant changes in the
pharmacokinetics of digoxin, and no serious adverse effects were
reported.!

Experimental evidence
No relevant data found.

Mechanism

Digoxin is used as a probe drug to assess the effects of other
substances on P-glycoprotein.

Importance and management

This study suggests that black cohosh does not interact with digoxin,

and is unlikely to interact with other drugs that are transported by

P-glycoprotein.

1. Gurley BJ, Barone GW, Williams DK, Carrier J, Breen P, Yates CR, Song P-f, Hubbard
MA, Tong Y, Cheboyina S. Effect of milk thistle (Silybum marianum) and black cohosh

(Cimicifuga racemosa) supplementation on digoxin pharmacokinetics in humans. Drug
Metab Dispos (2006) 34, 69-74.

Black cohosh + Food

No interactions found.
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Black cohosh + Herbal medicines

No interactions found.

Black cohosh + Immunosuppressants

For a case report describing transplant rejection in a patient taking a
supplement containing alfalfa and black cohosh, see Alfalfa +
Immunosuppressants, page 22.

@

Black cohosh does not affect the pharmacokinetics of mid-
azolam.

Black cohosh + Midazolam

Clinical evidence

In a study in 19healthy subjects given black cohosh extract
(standardised to triterpene glycosides 2.5%) 40 mg twice daily for
28 days with a single 8-mg oral dose of midazolam on day 28, there
was no change in the pharmacokinetics of midazolam. In addition,
black cohosh had no effect on the duration of midazelam-induced
sleep.! Similarly, in another study in 12 non-smoking healthy
subjects given black cohosh root extract (standardised to triterpene
glycosides 0.2%) 1090 mg twice daily for 28 days, there was no
significant change in the pharmacokinetics of a single 8-mg oral
dose of midazolam.2

Experimental evidence
No relevant data found.

Mechanism

These studies investigated whether black cohosh had any effect on
the cytochrome P450 isoenzyme CYP3A4 by which midazolam is
metabolised.

Importance and management

Black cohosh is unlikely to interact with midazolam and, as
midazolam is used as a probe drug for CYP3A4 activity, black
cohosh is also unlikely to induce or inhibit the metabolism of other
CYP3A4 substrates.

Gurley B, Hubbard MA, Williams DK, Thaden J, Tong Y, Gentry WB, Breen P, Carrier
DJ, Cheboyina S. Assessing the clinical significance of botanical supplementation on
human cytochrome P450 3A activity: comparison of a milk thistle and black cohosh
product to rifampin and clarithromycin. J Clin Pharmacol (2006) 46, 201-13.

Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Khan IA, Shah A. In
vivo effects of goldenseal, kava kava, black cohosh, and valerian on human cytochrome
P450 1A2, 2D6, 2E1, and 3A4/5 phenotypes. Clin Pharmacol Ther (2005) 77, 415-26.

N

Black cohosh + Oestrogens or Oestrogen
antagonists

Black cohosh contains oestrogenic compounds. This may result in
additive effects with oestrogens or it may oppose the effects of
oestrogens. Similarly, black cohosh may have additive effects with
oestrogen antagonists or oppose the effects of oestrogen antagonists
(e.g. tamoxifen). See Chinese angelica + Oestrogens or Oestrogen
antagonists, page 130, for more information.



Black haw

Viburnum prunifolium L. (Caprifoliaceae)

Synonym(s) and related species
American sloe, Nanny bush, Stagbush.

Constituents

The stem and root bark of black haw contain iridoid
glycosides based on penstemide, with patrinoside and others.
They also contain natural coumarins, such as scopoletin and
aesculetin, and triterpenes, including oleanolic and ursolic
acids.

Use and indications

Traditionally black haw has been used as a uterine tonic, for
preventing miscarriage in the latter stages of pregnancy, to
reduce pain and bleeding after childbirth, and for dysmenor-
rhoea.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual natural coumarins present
in black haw, see under coumarins, page 297.

Interactions overview

No interactions with black haw found. Although black haw
contains natural coumarins, the quantity of these constituents
is not established, and therefore the propensity of black haw
to interact with other drugs because of their presence is
unclear. Consider coumarins, page 297, for further discus-
sion of the interactions of coumarin-containing herbs.

75



Bloodroot

Sanguinaria canadensis L. (Papaveraceae)

Synonym(s) and related species
Red Indian paint, Red puccoon, Red root, Sanguinaria,
Tetterwort.

Note that Sanguinaria australis Greene, Sanguinaria
canadensis var. rotundifolia (Greene) Fedde and Sangui-
naria dilleniana Greene have also been referred to as
bloodroot.

Constituents

The rhizome contains isoquinoline alkaloids including
sanguinarine, chelerythrine, sanguidaridine, oxysanguinar-
idine, berberine, coptisine, protopine and others.

Use and indications
Bloodroot is found in cough preparations and topical
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preparations used to treat skin infections and burns. Blood-
root extracts are also used as an antiplaque agent in some
toothpastes and mouthwashes.

Pharmacokinetics

No relevant pharmacokinetic data found specifically for
bloodroot, but see berberine, page 58, for more details on
this constituent.

Interactions overview

No interactions with bloodroot found. However, for the
interactions of one of its constituents, berberine, see under
berberine, page 58.



Bogbean

Menyanthes trifoliata L. (Menyanthaceae)

Synonym(s) and related species

Buckbean, Marsh trefoil, Menyanthes.

The name Bog myrtle, most commonly used for Myrica
gale (Myricaceae), has also been used for Menyanthes
trifoliata.

Pharmacopoeias
Bogbean Leaf (BP 2009, Ph Eur 6.4).

Constituents

Bogbean leaf contains the iridoids foliamenthin, 7°,8'-
dihydrofoliamenthin, loganin, menthiafolin and sweroside;
polyphenolics such as caffeic, chlorogenic, protocatechuic
and ferulic acids, and flavonoids, including hyperin,
kaempferol, quercetin, rutin and trifolioside. Other constitu-
ents include: the pyridine alkaloids gentianine and gentia-
nidine; triterpenes including lupeol, betulin and betulinic
acid; carotenoids, such as carotene and loliolide; and the
natural coumarins, scopoletin and braylin.

Use and indications

Bogbean has been used for rheumatism, rheumatoid arthritis
and other inflammatory diseases, and as a bitter tonic.

Pharmacokinetics

No relevant pharmacokinetic data for bogbean found, but see
under flavonoids, page 186, for information on individual
flavonoids present in bogbean.

Interactions overview

No interactions with bogbean found. Some have suggested
that bogbean may interact with anticoagulants, presumably
based on its natural coumarin content, but the coumarins
present are not known to possess the structural requirements
necessary for anticoagulant activity. For more information,
see Natural coumarins + Warfarin and related drugs,
page 301. For information on the interactions of individual
flavonoids present in bogbean, see under flavonoids,
page 186.
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Boldo

Peumus boldus Molina (Monimiaceae)

Synonym(s) and related species

Boldus, Boldi folium, Peumus.
Boldea fragrans Gay, Boldu boldus Lyons.

Pharmacopoeias

Boldo Leaf (BP 2009, Ph Eur 6.4); Boldo Leaf Dry Extract
(BP 2009, Ph Eur 6.4).

Constituents

Alkaloids are the main constituents of boldo leaf and these
include boldine, isoboldine and dehydroboldine among
others. Extracts may be standardised to contain a minimum
of 0.1% of total alkaloids (dried extracts), or 0.5% of total
alkaloids (aqueous extracts), expressed as boldine (BP 2009,
Ph Eur 6.4). Boldo also contains coumarin. Volatile oils
present include low levels of ascaridole, which is toxic: it is
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this constituent that has led to the suggestion that the dose
and duration of treatment with boldo should be restricted.

Use and indications

Boldo is used as an aid to slimming, although there is little or
no evidence to support this use. It is also traditionally used
for dyspepsia, digestive disturbances, constipation, gall-
stones, liver disorders, cystitis and rheumatism. Recent
research has shown boldine to be a potent antioxidant.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

There are few data regarding boldo. One case report suggests
that it may interact with warfarin.



Boldo + Food

No interactions found.

Boldo + Herbal medicines

No interactions found.

Boldo + Warfarin and related drugs v

A report describes a woman taking warfarin whose INR rose
modestly when she began to take boldo and fenugreek.

Clinical evidence

A woman taking warfarin for atrial fibrillation whose INR was
normally within the range 2 to 3 had a modest rise in her INR to 3.4,
apparently due to the use of 10 drops of boldo after meals and one
capsule of fenugreek before meals. A week after stopping these two
herbal medicines her INR had fallen to 2.6. When she restarted them,
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her INR rose to 3.1 after a week, and to 3.4 after 2 weeks. Her INR
was later restabilised in her normal range, while continuing to take
these two herbs, by reducing the warfarin dosage by 15%.! The
patient had no undesirable reactions (e.g. bruising or bleeding).

Experimental evidence
No relevant data found.

Mechanism

The mechanism of this apparent interaction remains unknown, and it
is not known whether both herbs or just one was responsible for
what happened. Both boldo and fenugreek have been reported to
contain natural coumarins, but it is unclear whether they have any
anticoagulant activity. See natural coumarins, page 297 for more
information on the interactions of coumarin-containing herbs.

Importance and management

Evidence is limited to one isolated case. Because of the many other
factors influencing anticoagulant control, it is not possible to reliably
ascribe a change in INR specifically to a drug interaction in a single
case report without other supporting evidence. It may be better to
advise patients to discuss the use of any herbal products that they
wish to try, and to increase monitoring if this is thought advisable.
Cases of uneventful use should be reported, as they are as useful as
possible cases of adverse effects.

1. Lambert JP, Cormier J. Potential interaction between warfarin and boldo-fenugreek.
Pharmacotherapy (2001) 21, 509-12.
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Boneset

Eupatorium perfoliatum L. (Asteraceae)

Synonym(s) and related species

Common boneset, Feverwort, Thoroughwort.

Eupatorium chapmanii Small.

Note that the name boneset has also been used for
Symphytum officinale (Boraginaceae).

Constituents

Sesquiterpene lactones present in the herb include helenalin,
euperfolin, euperfolitin, eufoliatin, eufoliatorin and euperfo-
lide. Diterpenes such as dendroidinic acid and hebeclinolide
have been reported, as well as the phytosterols sitosterol and
stigmasterol, and the flavonoids kaempferol, quercetin,
astragalin, hyperoside, rutin and eupatorin. A series of
immunostimulatory polysaccharides (mainly 4-O-methylglu-
curoxylans) have also been described.
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Use and indications

Boneset is traditionally used for influenza, acute bronchitis
and nasopharyngeal catarrh.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids present in
boneset, see under flavonoids, page 186.

Interactions overview
No interactions with boneset found. For information on the
interactions of individual flavonoids present in boneset, see
under flavonoids, page 186.



Boswellia

Boswellia serrata Roxb. (Burseraceae)

Synonym(s) and related species

The gum resin obtained from Boswellia serrata is known as
Indian frankincense, Indian olibanum or Salai guggul.

Not to be confused with other types of frankincense,
which are extracted from other Boswellia species and used
for their aromatic properties.

Pharmacopoeias
Indian Frankincense (BP 2009, Ph Eur 6.4).

Constituents

The main active constituents are the boswellic acids, which
are lipophilic pentacyclic triterpene acids. The keto deriva-
tives, 11-keto-beta-boswellic acid and acetyl-11-keto-beta-
boswellic acid, are thought to be particularly potent
anti-inflammatory agents. The volatile oils of Boswellia
serrata characteristically contain the diterpenes isoincensole
and isoincensole acetate.

Use and indications

Boswellia serrata is used for inflammatory disorders
including collagenous colitis (a cause of chronic diarrhoea),
peritumoral oedema, rheumatoid arthritis and other chronic
conditions. There is mounting clinical evidence to support its
use. The boswellic acids have immunomodulatory effects
and are anti-inflammatory via a number of mechanisms.

Pharmacokinetics

In an in vitro study, aqueous extracts of Boswellia serrata
did not inhibit common cytochrome P450 drug-metabolising
enzymes. However, the gum resin was found to have some

inhibitory effects on the cytochrome P450 isoenzymes
CYP1A2 and CYP2D6, and more potent inhibitory effects
on CYP2CS8, CYP2C9, CYP2C19 and CYP3A4, although
the clinical relevance of these effects is not clear. It was
established that cytochrome P450 inhibition occurs irre-
spective of boswellic acid content, and the constituents
responsible for this effect are not removed during the
manufacturing of a commercially available product tested in
the study (Boswellia serrata extract, H15).! Another in vitro
study found that keto derivatives of boswellic acids (from a
Boswellia serrata extract, H15) inhibited P-glycoprotein in a
dose-dependent manner. It was suggested that the low
bioavailability of some of the boswellic acid derivatives
means that boswellia is unlikely to have a clinically
significant effect on P-glycoprotein at the blood—brain
barrier, but that it may inhibit gastrointestinal P-glycoprotein
at clinically relevant doses.2

Interactions overview

Some evidence suggests that food may beneficially increase
the bioavailability of boswellic acids, but other interaction
data are generally lacking. It seems possible that boswellia
may interact with conventional drugs by inhibiting
P-glycoprotein and/or cytochrome P450 isoenzymes (see
Pharmacokinetics, above), but the data are too sparse to
make any meaningful predictions.

1. Frank A, Unger M. Analysis of frankincense from various Boswellia species with
inhibitory activity on human drug metabolising cytochrome P450 enzymes using liquid
chromatography mass spectrometry after automated on-line extraction. J Chromatogr A
(2006) 1112, 255-62.

2. Weber C-C, Reising K, Miller WE, Schubert-Zsilavecz M, Abdel-Tawab M.
Modulation of Pgp function by boswellic acids. Planta Med (2006) 72, 507-13.
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Boswellia + Conventional drugs

No interactions found.

Boswellia + Food v

Food appears to beneficially increase the bioavailibility of
boswellic acids.

Clinical evidence

In a crossover study, 12 healthy subjects, after fasting for 10 hours,
were given a single 786-mg dose of dry extract (gum resin) of
Boswellia serrata (standardised to 55% boswellic acids) with a high-
fat meal. The plasma AUCs of the boswellic acids were increased by
between about 1.8- and 5-fold by the high-fat meal, and the
maximum plasma levels were increased by up to 6-fold. No serious
adverse events were noted.!

Experimental evidence
No relevant data found.

Mechanism
Unknown.

Importance and management

These data show that food intake can significantly increase the
bioavailability of boswellic acids, and suggest that Boswellia serrata
extracts should be taken with meals, as therapeutic levels may not be
achieved when taken on an empty stomach.

1. Sterk V, Biichele B, Simmet T. Effect of food intake on the bioavailability of boswellic
acids from a herbal preparation in healthy volunteers. Planta Med (2004) 70, 1155-60.

Boswellia + Herbal medicines

No interactions found.



Bromelain

Ananas comosus (L.) Merr. (Bromeliaceae)

Synonym(s) and related species
Ananase, Pineapple.

Pharmacopoeias
Bromelains (BP 2009).

Constituents

Bromelain is a crude, aqueous extract obtained from the
pineapple plant, containing a number of proteolytic
enzymes. The most common type is stem bromelain,
which is extracted from the stem of the pineapple.

Use and indications

There is some clinical evidence for anti-arthritic and
anti-inflammatory effects of bromelain, and it is sometimes

used as an alternative to NSAIDs. It is also used to treat
bruising, swollen and painful joints, as an analgesic and
wound-healing agent, and as a skin debrider for the treatment
of burns. It possesses anti-oedematous, antithrombotic,
fibrinolytic and immunomodulatory activities. It also has in
vivo antitumoral activity. Bromelain can cause allergies in
susceptible individuals.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

Although bromelain appears to increase the levels of some
antibacterials, the clinical relevance of this is unknown.
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84 Bromelain

Bromelain + Amoxicillin K

Bromelain + Herbal medicines

Bromelain appears to moderately increase amoxicillin levels.

Clinical evidence

In a placebo-controlled study, subjects undergoing surgery were
given a single 500-mg dose of amoxicillin and a single 80-mg dose
of bromelain 3 hours before surgery. When compared with placebo,
bromelain appeared to increase intra-operative amoxicillin levels in
tissue, serum and skin samples. Amoxicillin levels were still higher
in the bromelain group 3 hours after surgery.!

Experimental evidence
No relevant data found.

Mechanism

The reason for this interaction is unclear, but it is possible that
bromelain increases the uptake of amoxicillin into tissues.

Importance and management

The clinical relevance of these increased levels is unclear, but as the
increases were only moderate (serum concentration increased by
62%) it seems likely to be small.

1. Tinozzi S, Venegoni A. Effect of bromelain on serum and tissue levels of amoxycillin.
Drugs Exp Clin Res (1978) 4, 39-44.

Bromelain + Food

No interactions found.

No interactions found.

Bromelain + Tetracycline v

Bromelain appears to moderately increase tetracycline levels.

Clinical evidence

In a crossover study, 10 subjects were given tetracycline 500 mg,
either alone or with bromelain 80 mg. Bromelain appeared to
increase the serum levels of tetracycline by up to about fourfold.
Higher serum and urine levels were also found when the study was
repeated using multiple doses of the two preparations.!

Experimental evidence
No relevant data found.

Mechanism
Unknown.

Importance and management
The clinical significance of this interaction is unclear but higher
levels of tetracycline may result in an improved outcome, and also
an increased risk of adverse effects.

1. Renzini VG, Varengo M. Die Resorption von Tetracycline in Gegenwart von
Bromelinen bei oraler Application. Arzneimittelforschung (1972) 22, 410-12.



Broom

Cytisus scoparius (L.) Link. (Fabaceae)

Synonym(s) and related species
Besom, Broomtops, Hogweed, Irish broom, Scoparium,
Scoparius, Scotch broom.

Sarothamnus scoparius (L.) Koch., Sarothamnus vulgaris
Wim., Spartium scoparium L.

Not to be confused with Butcher’s broom, page 95, which
is Ruscus aculeatus L.

Constituents

The flowering tops contain flavonoids including scoparin
(scoparoside), and the quinolizidine alkaloid sparteine. There
is also a small amount of volatile oil present.

Use and indications
Broom is used traditionally for cardiac disorders including

arrhythmias, and may also have diuretic and peripheral
vasoconstrictor activity. Sparteine may have strong oxytocic
activity.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids present in
broom, see under flavonoids, page 186.

Interactions overview

No interactions with broom found. For information on the
interactions of individual flavonoids present in broom, see
under flavonoids, page 186.
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Buchu

Agathosma betulina (Bergius) Pillans (Rutaceae)

Synonym(s) and related species

Bucco, Diosma, Round buchu, Short buchu.

Hartogia betulina Berg.

The use of Agathosma crenulata (L.) Pillans (commonly
known as Oval buchu), and Agathosma serratifolia (Curt.)
Spreeth (commonly known as Long buchu), is also allowed.
Agathosma species were formerly known as Barosma.

Constituents

Buchu leaf contains a volatile oil composed of diosphenol
(buchu camphor), pulegone, isopulegone, 8-mercapto-p-
methan-3-one, menthone, isomenthone and others, and the
flavonoids diosmin, hesperidin, rutin and others.

Use and indications
Buchu preparations are used as diuretics, for bladder and
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kidney infections, stomachaches, rheumatism, and coughs
and colds.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids present in
buchu, see under flavonoids, page 186.

Interactions overview

An isolated case of lithium toxicity has been reported in a
patient who took a herbal diuretic containing buchu among
other ingredients, see under Parsley + Lithium, page 305.
For information on the interactions of individual flavonoids
present in buchu, see under flavonoids, page 186.



Buchu + Food
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Buchu + Lithium

No interactions found.

Buchu + Herbal medicines

No interactions found.

For mention of a case of lithium toxicity in a woman who had been
taking a non-prescription herbal diuretic containing corn silk,
Equisetum hyemale, juniper, buchu, parsley and bearberry, all of
which are believed to have diuretic actions, see under Parsley +
Lithium, page 305.

B



Bugleweed

Lycopus virginicus (L.) Michx. and Lycopus europaeus L. (Lamiaceae)

Synonym(s) and related species

Sweet bugle, Water bugle.

Lycopus europaeus (European bugleweed) is known more
commonly as Gypsywort, and both species are used
interchangeably for medicinal purposes.

Constituents

Neither species has been exhaustively investigated chemi-
cally. The main constituents of Lycopus virginicus are
polyphenolics, such as flavonoids based on apigenin and
luteolin. Caffeic, chlorogenic, ellagic and rosmarinic acids,
and isopimarane diterpenoids are also present. Lycopus
europaeus contains similar flavonoids and diterpenoids.

Use and indications
Both species of Lycopus are used to treat mild hyperthy-
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roidism and its associated symptoms, and there is some
supporting experimental and clinical evidence for this. They
are also used as sedatives and cough remedies.

Pharmacokinetics

No relevant pharmacokinetic data found specifically for
bugleweed, but see flavonoids, page 186, for more detail on
individual flavonoids present in the herb.

Interactions overview

No interactions with bugleweed found, but see flavonoids,
page 186, for the interactions of individual flavonoids
present in bugleweed.



Bupleurum

Bupleurum falcatum L. (Apiaceae)

Synonym(s) and related species

Chai hui, Hare’s ear, Saiko.

Bupleurum chinense DC., Bupleurum fruticosum L. and
Bupleurum scorzonerifolium Willd. are also used medicin-
ally, but Bupleurum longiradiatum Turcz. is toxic and should
be avoided.

Constituents

Bupleurum root contains a range of triterpene saponins, the
saikosaponins and saikogenins. There are also polysacchar-
ides known as bupleurans and phytosterols present.

Use and indications

Bupleurum is used for chills, fevers, as an anti-inflammatory
and general tonic. It is also used for liver disorders and
menstrual and uterine problems. Anti-inflammatory and
immune-modulatory activities have been demonstrated in
laboratory tests. Bupleurum root is an ingredient of a number
of traditional Chinese and Japanese herbal medicines such as
Sho-saiko-to (Xiao Chai Hu Tang) and Sairei-to, see the
table Constituents of some Chinese herbal medicines
containing bupleurum opposite. These Chinese medicines
are used for similar reasons to bupleurum.

Pharmacokinetics

Saikosaponin a, and its monoglycoside and aglycones, were
detectable in the plasma of rats when saikosaponin a was given
orally. Absorption of other derivatives, structural isomers and
theirmonoglycosides and aglycones, which were formed in the
gastrointestinal tract, depended on food intake. The pharma-
cological effects of saikosaponin a given orally may therefore
differ depending on conditions of the gastrointestinal tract.!

Saikosaponinsa, ¢ and d are metabolised extensively in
the mouse gut to at least 27 metabolites in a complex
manner. A study in rats to determine which of these
metabolites are active, based on their corticosterone-secret-
ing activity, found that saikosaponina, saikosaponind and
their intestinal metabolites prosaikogenin F and prosaiko-
genin G showed strong activity. Other compounds and
metabolites showed varying degrees of biological activity so
the degree to which metabolism occurs is likely to affect
pharmacological and clinical effects.2

Interactions overview

No interactions with bupleurum alone found. Bupleurum is
the main constituent of a number of Chinese herbal
medicines, such as sho-saiko-to, saiko-ka-ryukotsu-borei-to
and sairei-to. Sho-saiko-to slightly inhibits caffeine metab-
olism. Neither sho-saiko-to nor sairei-to appears to alter the
pharmacokinetics of ofloxacin. Sho-saiko-to may modestly
affect the absorption of tolbutamide but blood-glucose levels
appear to be minimally affected.

. Fujiwara K, Ogihara Y. Pharmacological effects of oral saikosaponin a may differ
depending on conditions of the gastrointestinal tract. Life Sci (1986) 39, 297-301.

2. Nose M, Amagaya S, Ogihara Y. Corticosterone secretion-inducing activity of

saikosaponin metabolites formed in the alimentary tract. Chem Pharm Bull (Tokyo)

(1989) 37, 2736-40.

Constituents of some Chinese herbal medicines
containing bupleurum

Proportion of herbs in the medicines (parts)

Sho-saiko-to' Sairei-to* Saiko-ka-ryukotsu-

borei-to®

Alismatis 4

(rhizome)

Atractylodes 3

lancea (rhizome)

Bupleuri (root) 7 7 5
Cinnamomi 1.5 3
(cortex), see

Cinnamon,

page 136

Fossilia Ossis 2.5
Mastodi

Ginseng (root), 3 3 25
see Ginseng,

page 219

Glycyrrhizae 2 2

(root), see

Liquorice,

page 272

Hoelen 3 3
Ostreae testa 25
Pinelliae (tuber) 5 5

Polyporus 3

Scutellariae 3 3 25
(root), see Baical

skullcap, page 51

Zizyphi (fruit) 3 3 2.5
Zingiberis | | |
(rhizome), see

Ginger, page 204

'Ohnishi N, Okada K, Yoshioka M, Kuroda K, Nagasawa K, Takara K,
Yokoyama T. Studies on interactions between traditional herbal and western
medicines. V. Effects of Sho-saiko-to (Xiao-Cai-hu-Tang) on the
pharmacokinetics of carbamazepine in rats. Biol Pharm Bull (2002) 25, 1461-6.
2Fujitsuka N, Goto K, Takeda S, Aburada M. The diuretic effect of Sairei-to is
mediated by nitric oxide production in pentobarbital-anesthetized rats. |
Pharmacol Sci (2004) 94, 185-91.

3Ohnishi N, Nakasako S, Okada K, Umehara S, Takara K, Nagasawa K,
Yoshioka M, Kuroda K, Yokoyama T. Studies on interactions between
traduitional herbal and western medicines. IV: lack of pharmacokinetic
interactions between Saiko-ka-ryukotsu-borei-to and carbamazepine in rats.
Eur | Drug Metab Pharmacokinet (2001) 26, 129-35.

89



90 Bupleurum

@

Sho-saiko-to slightly reduces the metabolism of caffeine, but this
is not expected to be clinically important.

Bupleurum + Caffeine

Evidence, mechanism, importance and management

In a study, 26 healthy subjects were given sho-saiko-to 2.5 g twice
daily for 5 days, with a single 150-mg dose of caffeine on days 1 and
5. By assessing the metabolites of caffeine, it was estimated that sho-
saiko-to caused a 16% inhibition of the cytochrome P450 isoenzyme
CYPI1A2.!

Note that sho-saiko-to is a Chinese herbal medicine of which
bupleurum is one of 7 constituents. Any modest effect is therefore
not directly attributable to bupleurum alone. See the table Constitu-
ents of some Chinese herbal medicines containing bupleurum, page
89, for a list of the constituents.

The clinical significance of this finding is unclear, but is likely to
be small, although further studies would help to clarify this.

. Saruwatari J, Nakagawa K, Shindo J, Nachi S, Echizen H, Ishizaki T. The in-vivo effects
of sho-saiko-to, a traditional Chinese herbal medicine, on two cytochrome P450
enzymes (1A2 and 3A) and xanthine oxidase in man. J Pharm Pharmacol (2003) 55,
1553-9.

Bupleurum + Carbamazepine (4

Any interaction between sho-saiko-to and saiko-ka-ryukotsu-
borei-to and carbamazepine is based on experimental evidence
only.

Clinical evidence
No interactions found.

Experimental evidence

A study in rats found that the simultaneous administration of single
doses of carbamazepine and sho-saiko-to, of which bupleurum is
one of 7 constituents, delayed and lowered (by 45%) the maximum
plasma concentrations of carbamazepine. The AUC of carbamaze-
pine-epoxide was also modestly reduced by 32%, but there was no
change in elimination rate. In a related study rats were pretreated
with sho-saiko-to daily for 2 weeks, and then, 24 hours later, given a
single dose of carbamazepine. Although this tended to reduce the
maximum carbamazepine level, there was no significant effect on
the pharmacokinetics of carbamazepine.!

In a further study, rats treated with saiko-ka-ryukotsu-borei-to (of
which bupleurum is one of 10 constituents) either as a single dose or
as a daily dose for oneweek, experienced no change in the
pharmacokinetics of a single dose of carbamazepine given 3 hours
after the Chinese herbal medicine.2

Mechanism

It was found that sho-saiko-to delayed gastric emptying, and so it
could delay absorption of carbamazepine when given at the same
time. It is unlikely that sho-saiko-to or saiko-ka-ryukotsu-borei-to
affects the metabolism of carbamazepine.!

Importance and management

While information regarding an interaction between bupleurum and
carbamazepine is limited to experimental data using Chinese herbal
medicines of which bupleurum is only one constituent, they provide
some reassurance that these products are unlikely to affect the
metabolism of carbamazepine. The first product, sho-saiko-to,
slightly delayed the absorption of carbamazepine, especially when
given simultaneously, but, since the extent of absorption was not
significantly altered, this is unlikely to be clinically relevant. Other
main constituents of the products also seem unlikely to interact. See
the table Constituents of some Chinese herbal medicines containing
bupleurum, page 89, for a list of the constituents.

1. Ohnishi N, Okada K, Yoshioka M, Kuroda K, Nagasawa K, Takara K, Yokoyama T.
Studies on interactions between traditional herbal and western medicines. V. Effects of
Sho-saiko-to (Xiao-Cai-hu-Tang) on the pharmacokinetics of carbamazepine in rats. Biol
Pharm Bull (2002) 25, 1461-6.

2. Ohnishi N, Nakasako S, Okada K, Umehara S, Takara K, Nagasawa K, Yoshioka M,
Kuroda K, Yokoyama T. Studies on interactions between traditional herbal and western
medicines. IV: lack of pharmacokinetic interactions between Saiko-ka-ryukotsu-borei-to
and carbamazepine in rats. Eur J Drug Metab Pharmacokinet (2001) 26, 129-35.

Bupleurum + Food

There is limited experimental evidence from animal studies that the
absorption of saikosaponins (the main constituents of bupleurum)
might differ when taken with food as opposed to the fasting state,
see Pharmacokinetics, page 89.

Bupleurum + Herbal medicines

No interactions found.

@

Sho-saiko-to and Sairei-to do not appear to affect the
pharmacokinetics of ofloxacin.

Bupleurum + Ofloxacin

Evidence, mechanism, importance and management

The bioavailability and urinary recovery of a single 200-mg oral
dose of ofloxacin were not significantly altered in 7 healthy subjects
by two Chinese herbal medicines, Sho-saiko-to and Sairei-to, which
contain bupleurum as the main ingredient.! There would therefore
seem to be no reason for avoiding concurrent use. Information about
other quinolones is lacking. Other main constituents of these
products also seem unlikely to interact with ofloxacin. See the table
Constituents of some Chinese herbal medicines containing
bupleurum, page 89, for a list of the constituents.

1. Hasegawa T, Yamaki K, Nadai M, Muraoka I, Wang L, Takagi K, Nabeshima T. Lack of

effect of Chinese medicines on bioavailability of ofloxacin in healthy volunteers. /nt J
Clin Pharmacol Ther (1994) 32, 57-61.

Bupleurum + Tolbutamide (4

The interaction between sho-saiko-to and tolbutamide is based
on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a single-dose study in rats, the initial rate of gastrointestinal
absorption of tolbutamide 50 mg/kg given as a suspension was
modestly increased when given simultaneously with sho-saiko-to, of
which bupleurum is one of 7 constituents. The maximum
tolbutamide level was slightly increased, by 21%; however, there
was no difference in tolbutamide AUC, clearance or elimination
half-life. The decrease in plasma glucose levels was greater during
the first hour and less in the period 5 to 8 hours after both drugs were
given, when compared with tolbutamide alone. However, at a
maximum, sho-saiko-to increased the blood-glucose-lowering
effects of tolbutamide by about 11%, which was not statistically
significant.!



In contrast, in a similar study, the absorption of tolbutamide was
delayed when tolbutamide was given 1 hour after the sho-saiko-to.2

Mechanism

In vitro studies have shown that sho-saiko-to increases the
permeability of jejunal epithelial cells to tolbutamide, which could
explain the increased absorption in the first study.! Conversely, the
second study found that sho-saiko-to decreases gastric emptying rate
(see also Bupleurum + Carbamazepine, page 90), which could
explain the finding of delayed absorption.

Importance and management

These preliminary studies provide some evidence that sho-saiko-to
might alter the absorption of tolbutamide, but, because of their
contrasting findings (one showed an increased rate of absorption and
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one showed delayed absorption), no conclusions can be drawn. The
rate of absorption of tolbutamide is probably unlikely to alter clinical
efficacy. This suggestion is supported by the finding of minimal
changes in blood-glucose levels in one of the studies. Note that any
interaction cannot be directly attributed to bupleurum as sho-saiko-to
contains a number of constituents, any one of which may be
responsible for the effects seen. See the table Constituents of some
Chinese herbal medicines containing bupleurum, page 89, for a list
of the constituents.

1. Nishimura N, Naora K, Hirano H, Iwamoto K. Effects of Sho-saiko-to on the
pharmacokinetics and pharmacodynamics of tolbutamide in rats. J Pharm Pharmacol
(1998) 50, 231-6.

2. Nishimura N, Naora K, Hirano H, Iwamoto K. Effects of Sho-saiko-to (Xiao Chai Hu
Tang), a Chinese traditional medicine, on the gastric function and absorption of
tolbutamide in rats. Yakugaku Zasshi (2001) 121, 153-9.



Burdock

Arctium lappa L. (Asteraceae)

Synonym(s) and related species

Bardane, Beggar’s buttons, Great burr, Greater burdock,
Lappa, Thorny burr.
Arctium majus Bernh.

Constituents

Burdock leaves and root contain lignans including arcti-
genin, arctiin and matairesinol, and various sesquiterpenes
including arctiol, B-eudesmol, petasitolone, fukinanolide and
fukinone, are also found in the leaves. The seeds contain a
series of lappaols.

Use and indications
Burdock is usually taken for skin conditions and as an
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anti-inflammatory and antiseptic agent. The lignans have
anti-proliferative effects in vitro and arctiin has oestrogenic
effects.

Pharmacokinetics

An in vitro study suggests that ethanol extracts of burdock
root were only weak inhibitors of the cytochrome P450
isoenzymes CYP3A4 and CYP2C19.1

Interactions overview
No interactions with burdock found.
1. Scott IM, Leduc RI, Burt AJ, Marles RJ, Arnason JT, Foster BC. The inhibition of

human cytochrome P450 by ethanol extracts of North American botanicals. Pharm Biol
(2006) 44, 315-27.



Burnet

Sanguisorba officinalis L. (Rosaceae)

Synonym(s) and related species

Garden burnet, Greater burnet, Sanguisorba.
Sanguisorba polygama F. Nyl.
Formerly known as Poterium officinale A. Gray.
Not to be confused with Burnet saxifrage (Lesser burnet).

Pharmacopoeias
Greater Burnet Root (BP 2009).

Constituents

The root and rhizome contain the sanguisorbins A—E, which
are triterpene glycosides based on ursolic acid. Burnet also
contains ziyu glycosides I and II and related compounds, and
numerous polyphenolics, including a series of ellagitannins
known as sanguiins H1-H6, and tannins.

Use and indications

Burnet has antimicrobial, antihaemorrhagic and astringent
properties, which have been demonstrated experimentally
but not clinically. Burnet is used to treat infections,
ulcerative colitis and diarrthoea, burns and inflammatory
conditions, and to stem excessive bleeding.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

Evidence of any interactions with burnet is sparse, but one
animal study suggests that it may reduce the bioavailability
of ciprofloxacin.
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Burnet + Food

No interactions found.

Burnet + Herbal medicines

No interactions found.

A

The interaction between burnet and quinolones is based on
experimental evidence only.

Burnet + Quinolones

Clinical evidence
No interactions found.

Experimental evidence
In an animal study, rats were given a burnet powdered extract 2 g/kg

and ciprofloxacin, both orally. The maximum levels and AUC of
ciprofloxacin were found to be reduced by 94% and 78%,
respectively, by the herb.!

Mechanism

It is possible that the metal cations present in the extract may have
formed chelates with ciprofloxacin thereby reducing its bioavail-
ability.!

Importance and management

Evidence is limited, but it appears that burnet may reduce the
bioavailability of ciprofloxacin. Burnet was given in a clinically
relevant dose, and the reduction in levels seen would therefore be
expected to result in a clinically relevant reduction in the efficacy of
ciprofloxacin. With other chelation interactions with ciprofloxacin,
separating administration to reduce the admixture of the two drugs in
the gut minimises any interaction. In general, ciprofloxacin should
be taken at least 2 hours before, and not less than 4 to 6 hours after,
drugs that it may chelate with, such as those containing polyvalent
cations; this would appear to include burnet. The majority of the
quinolone antibacterials are known to interact with polyvalent
cations in the same way as ciprofloxacin, and it would therefore
seem prudent to extend this caution to all of them.

1. Zhu M, Wong PYK, Li RC. Influence of Sanguisorba officinalis, a mineral-rich plant

drug, on the pharmacokinetics of ciprofloxacin in the rat. J Antimicrob Chemother
(1999) 44, 125-8.



Butcher’s broom

Ruscus aculeatus L. (Ruscaceae)

Synonym(s) and related species

Box holly, Kneeholm, Kneeholy, Pettigree, Sweet broom.
Not to be confused with Broom, page 85, which is

Cystisus scoparius (L.) Link.

Pharmacopoeias
Butcher’s broom (BP 2009, Ph Eur 6.4).

Constituents

Butcher’s broom contains a range of saponins, including
ruscine and ruscoside, which are based on ruscogenin
(1-beta-hydroxydiosgenin) and neoruscogenin. The related
glycosides aculeosides A and B are present in the root.
Extracts are often standardised to contain a minimum of 1%

of total sapogenins, expressed as ruscogenins (BP 2009, Ph
Eur 6.4).

Use and indications

Butcher’s broom is used mainly for chronic venous insuf-
ficiency, in varicose veins and haemorrhoids, for example. It
is also reported to be anti-inflammatory and to reduce
vascular permeability. There are a number of studies in
support of these uses.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview
No interactions with Butcher’s broom found.
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Butterbur

Petasites hybridus (L.) G.Gaertn., B.Mey. & Scherb. (Asteraceae)

Synonym(s) and related species

Blatterdock, Bog rhubarb, Bogshorns, Butterdock, Butterfly
dock, Capdockin, Flapperdock, Umbrella plant.

Petasites officinalis Moench, Petasites ovatus Hill,
Petasites sabaudus Beauv., Petasites vulgaris Desft., Tussi-
lago petasites.

Constituents

All parts of the plant contain sesquiterpenes and unsaturated
pyrrolizidine alkaloids. During storage, some of the con-
stituents undergo transformation, thus the final composition
of herbal preparations may vary depending on storage
conditions.

Use and indications

Butterbur is used for the prophylaxis of migraines, and as an
anti-spasmodic agent for chronic cough or asthma. It has also
been used successfully for the prevention of gastric ulcers,
and to treat patients with irritable bladder and urinary tract
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spasms. It has also been used as a diuretic and cardiotonic.
The pyrrolizidine alkaloids are hepatotoxic, and have been
shown to be carcinogenic and mutagenic in preclinical
studies.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

Many theoretical interactions have been proposed, including
the suggestion that butterbur may interact through effects on
histamine H,-receptors. A post-marketing surveillance study
identified over 50 patients taking antihistamines and a
butterbur extract (Ze 339), without evidence of either a
beneficial or an adverse effect.!

1. Kaufeler R, Polasek W, Brattstrom A, Koetter U. Efficacy and safety of butterbur herbal

extract Ze 339 in secasonal allergic rhinitis: postmarketing surveillance study. Adv
Therapy (2006) 23, 373-84.



Caffeine

The information in this monograph relates specifically to
caffeine. A number of herbs contain significant amounts of
caffeine, to which many of their pharmacological effects
may be attributed. Their caffeine content also means that
they have the potential to interact in the same way as caffeine
itself, although note that the levels of caffeine are likely to
vary widely between different herbal medicines and prod-
ucts. Also, remember that the herbs often contain active
constituents other than caffeine, and the reader should refer
to the relevant herb for other potential interactions.

Types, sources and related compounds

Caffeine (1,3,7-trimethylxanthine, coffeinum, guaranine,
koffein, methyltheobromine, théine) is found in significant
quantities, in approximate order of highest to lowest levels:
in the seeds of guarana, page 243, the leaves of tea,
page 382, the nuts of cola, page 148, the beans of coffee,
page 145, the leaves of maté, page 282, and the beans of
cocoa, page 139. Cocoa contains significant amounts of the

xanthine theobromine. Note that rooibos, page 341, and
honeybush, page 249, which are commonly used as a tea-
like beverage, do not contain caffeine.

Pharmacopoeias

Caffeine (BP 2009, Ph Eur 6.4, USP 32); Caffeine hydrate
(BP 2009); Caffeine monohydrate (Ph Eur 6.4); Caffeine
citrate injection (USP 32); Caffeine citrate oral solution
(USP 32).

Uses and administration

Extracts of caffeine-containing herbs have been used
medicinally for their stimulant and diuretic effects, and
may be promoted as slimming aids and for boosting energy.
As foods, caffeine and caffeine-containing herbs are very
widely consumed as beverages and, on regular consumption,
partial tolerance develops to many of the pharmacological
effects of caffeine. Caffeine may induce dependence, and
stopping intake abruptly can cause withdrawal. Consumption

Conventional drugs that are known inhibitors of the metabolism of caffeine

Drug Reduction in clearance

Prolongation of half-life Recommendation

Potent inhibitors (clearance reduced by more than two-thirds)

Fluvoxamine 80%
Idrocilamide 90%
Oral psoralens 69%
Quinolones:
Clinafloxacin 84%
Enoxacin 78-83%

Moderate inhibitors (clearance reduced by one to two-thirds)

Artemisinin 35%
Cimetidine 31-42%
Disulfiram 30-50%
Mexiletine 48-57%
Quinolones:
Ciprofloxacin 33-53%
Norfloxacin 35%
Pefloxacin 47%
Pipemidic acid 63%
Tiabendazole 66%

Minor inhibitors (clearance reduced by 20-30%)

Antifungals:
Fluconazole 25%
Terbinafine 21%
Combined oral contraceptives
Grapefruit juice (1.2litres) 23%
HRT 29%
Verapamil 25%

5-31hours An increase in the stimulant and

7-59hours adverse effects of caffeine (headache,

5.6-57hours jitteriness, restlessness, insomnia)
may be possible in susceptible
patients if they continue to consume
large amounts of caffeine. They
should be warned to reduce their
caffeine intake if problems develop.
Unlikely to be clinically important in

45-96% most patients, but bear this
interaction in mind if the adverse

4-7hours effects of caffeine (insomnia,
jitteriness, restlessness, insomnia)
become troublesome

140%
No action necessary
Increases of this magnitude are very

31% unlikely to cause any clinically

4—6hours up to 8-11hours relevant effects

31%

4.6-5.8hours
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of excess caffeine can cause anxiety, sleeplessness, tremor,
palpitations and headache.

Caffeine-containing beverages have been associated with
various health benefits in epidemiological studies, which
have been attributed to other constituents such as the
flavonoids.

Pharmacokinetics

Caffeine is predominantly metabolised via N3-demethylation
to paraxanthine by the cytochrome P450 isoenzyme
CYP1A2, and is often used as a probe substrate to study
the effect of medicines and other substances on this
isoenzyme.!2 The elimination half-life of caffeine is about
3 to 6 hours in adults, and is about twofold longer in people
who do not regularly consume caffeine.?

In one study, the pharmacokinetics and subjective effects
of caffeine were similar whether consumed as coffee or
cola.3

(a) Inhibitors of caffeine metabolism

There are a number of medicines that are known inhibitors of
the cytochrome P450 isoenzyme CYP1A2, by which
caffeine is metabolised, and these are listed in the table
Drugs and herbs affecting or metabolised by the cytochrome
P450 isoenzyme CYP1A2, page 7. Very few of these
actually have warnings regarding their use with caffeine-
containing beverages, so warnings are unlikely to be needed
with concurrent use of caffeine, including that from caffeine-
containing herbs. Nevertheless, if an increase in the stimu-
lant and adverse effects of caffeine is seen in patients taking
these drugs (most likely with those drugs that are potent
inhibitors of caffeine metabolism), then the intake of caffeine
should be reduced.

(b) Inducers of caffeine metabolism

Barbiturates and phenytoin induce CYP1A2, by which
caffeine is metabolised, and they would therefore be
expected to reduce the effects of caffeine, including that
from caffeine-containing herbs.

Interactions overview

Caffeine is a vasopressor and stimulant and it therefore may
antagonise the effects of antihypertensive drugs and
benzodiazepines. It may also cause serious adverse effects
if used with other drugs or herbs with similar effects, such as
phenylpropanolamine, bitter orange and ephedra (see page
176). Caffeine may interfere with the dexamethasone
suppression test, and the efficacy of adenosine and
dipyridamole used during cardiac imaging. Caffeine may
raise clozapine levels, and has modest effects on the
absorption of some analgesics, but probably does not
significantly affect lithium levels.

Note that caffeine is known to have diuretic effects.
Therefore caffeine-containing herbs may produce a degree of
additive diuresis with other diuretics.

The inhibitory effects of conventional drugs on caffeine
metabolism, and management recommendations, are sum-
marised in the table Conventional drugs that are known
inhibitors of the metabolism of cafteine, page 97.

. Sharma A, Pilote S, Bélanger PM, Arsenault M, Hamelin BA. A convenient five-drug
cocktail for the assessment of major drug metabolizing enzymes: a pilot study. Br J Clin
Pharmacol (2004) 58, 288-97.

. Carrillo JA, Benitez J. Clinically significant pharmacokinetic interactions between
dietary caffeine and medications. Clin Pharmacokinet (2000) 39, 127-53.

. Liguori A, Hughes JR, Grass JA. Absorption and subjective effects of caffeine from
coffee, cola and capsules. Pharmacol Biochem Behav (1997) 58, 721-6.
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Caffeine can inhibit the effects of adenosine infusions used in
conjunction with radionuclide myocardial imaging.

Caffeine + Adenosine

Clinical evidence

Studies in healthy subjects, on the way xanthine drugs such as
caffeine possibly interact with adenosine, have shown that caffeine
reduces the increased heart rate and the changes in blood pressure
caused by infusions of adenosine,'? and attenuates adenosine-
induced vasodilatation.3

Experimental evidence

Because of the quality of the clinical evidence (controlled
pharmacokinetic studies), experimental data have not been sought.

Mechanism

Caffeine has an antagonistic effect on adenosine receptors.4 It
appears to have opposite effects on the circulatory system: caffeine
causes vasoconstriction whereas adenosine infusions generally cause
vasodilatation.! Consequently their concurrent use is likely to result
in opposing effects.

Importance and management

Caffeine can inhibit the effects of adenosine infusions used in
conjunction with radionuclide myocardial imaging. The manufac-
turers of adenosine state that xanthine-containing drinks (tea, coffee,
chocolate, cola drinks, etc.) should be avoided for at least 12 hours
before imaging,’ and this should be taken to include caffeine-
containing herbs or supplements. In a recent study in 70 patients,
measurable caffeine serum levels were found in 74% of patients after
12 hours of self-reported abstention from caffeine-containing prod-
ucts. Patients with caffeine serum levels of at least 2.9 mg/L had
significantly fewer stress symptoms (chest tightness, chest pain,
headache, dyspnoea, nausea, dizziness) than those with lower serum
levels. The authors suggest that a 12-hour abstention from caffeine-
containing products may be insufficient, and could result in false-
negative results.s

There appears to be no direct evidence regarding the effects of
caffeine on the use of adenosine boluses to revert supraventricular
tachycardias.

. Smits P, Schouten J, Thien T. Cardiovascular effects of two xanthines and the relation to
adenosine antagonism. Clin Pharmacol Ther (1989) 45, 593-9.
2. Smits P, Boeckema P, De Abreu R, Thien T, van’t Laar A. Evidence for an antagonism
between caffeine and adenosine in the human cardiovascular system. J Cardiovasc
Pharmacol (1987) 10, 136-43.
3. Smits P, Lenders JWM, Thien T. Caffeine and theophylline attenuate adenosine-induced
vasodilation in humans. Clin Pharmacol Ther (1990) 48, 410-18.

. Fredholm BB. On the mechanism of action of theophylline and caffeine. Acta Med
Scand (1985) 217, 149-53.

. Adenoscan (Adenosine). Sanofi-Aventis. UK Summary of product characteristics,
September 2005.

6. Majd-Ardekani J, Clowes P, Menash-Bonsu V, Nunan TO. Time for abstention from

caffeine before an adenosine myocardial perfusion scan. Nucl Med Commun (2000) 21,

361-4.

IS

v

Caffeine + Antihypertensives v

Caffeine can cause a modest increase in blood pressure, which
may be relevant to patients with hypertension.

Clinical evidence

In a number of studies, acute caffeine intake, comparable to the usual
population intake, was found to cause an increase of about 5 to
15 mmHg in systolic blood pressure and 5 to 10 mmHg in diastolic
blood pressure.! However, studies of repeated intake generally
showed more modest increases. For example, in one meta-analysis
of 7 caffeine studies (median daily dose 410 mg), the increase in
blood pressure was about 4/2 mmHg.2

It is unclear whether the form caffeine is taken in makes a
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difference. For example, one meta-analysis found that blood
pressure increases after coffee intake were lower than that from
pure caffeine.? See also Coffee + Antihypertensives, page 146.

There appears to be very little evidence on the effect of caffeine
intake on blood pressure in treated hypertensive patients. One single-
dose study suggested that coffee attenuated the effects of beta
blockers. See Coffee + Antihypertensives, page 146.

Experimental evidence

Because of the extensive clinical evidence available, experimental
data have not been sought.

Mechanism

Caffeine is an antagonist of endogenous adenosine and, as a result of
this, it causes vasoconstriction, which raises blood pressure. It has
been suggested that tolerance develops to this effect. However, it is
possible that near complete sensitivity to caffeine is restored each
day after an ‘overnight fast’, and that during the day the increase in
blood pressure seen with each caffeine intake is proportionally less
than the previous intake, until a plateau is reached (available
adenosine receptors are saturated).! This is possible with moderate
intake of caffeine (3 to 4 drinks of caffeine-containing beverages).!

Importance and management

An extensively studied interaction. Some consider that the modest
increase in blood pressure of about 4/2mmHg with caffeine intake
has little relevance, whereas others consider it important.! Bear in
mind the possibility that caffeine intake from herbal supplements
might modestly increase blood pressure, and that this might not be
advisable in patients with poorly controlled hypertension.

Interactions of antihypertensive drugs and specific caffeine-
containing herbal medicines are discussed in the individual mono-
graphs. Consider also Cocoa + Antihypertensives, page 140, Coffee
+ Antihypertensives, page 146, Cola + Antihypertensives, page 149,
and Tea + Antihypertensives, page 383.

. James JE. Critical review of dietary caffeine and blood pressure: a relationship that
should be taken more seriously. Psychosom Med (2004) 66, 63-71.

. Noordzij M, Uiterwaal CS, Arends LR, Kok FJ, Grobbee DE, Geleijnse JM. Blood
pressure response to chronic intake of coffee and caffeine: a meta-analysis of
randomized controlled trials. J Hypertens (2005) 23, 921-8.

]

Caffeine + Aspirin or Diclofenac v

Caffeine modestly increases the bioavailability, rate of absorp-
tion and plasma levels of aspirin. Adding caffeine to diclofenac
may improve its efficacy in the treatment of migraine.

Evidence, mechanism, importance and management

In a study in healthy subjects, caffeine citrate 120 mg given with a
single 650-mg dose of aspirin increased the AUC of aspirin by 36%,
increased its maximum plasma levels by 15% and increased its rate
of absorption by 30%.! This confirms the results of previous
studies.>? These studies suggest that caffeine could modestly
potentiate the efficacy of aspirin by a pharmacokinetic mechanism.
However, a meta-analysis of randomised controlled studies con-
cluded that there was no therapeutic advantage in adding caffeine to
analgesic doses of aspirin in patients experiencing postoperative
pain.#

In a placebo-controlled study in patients with migraine, there was
a non-significant trend towards improved analgesic effect in patients
receiving diclofenac softgel capsules 100 mg and caffeine 100 mg,
when compared with diclofenac alone, although the sample size was
too small to provide meaningful results.

Caffeine is commonly included in aspirin preparations as an
analgesic adjuvant, but its overall value still remains unclear. It
seems unlikely that caffeine-containing herbs will have any detri-
mental effect as a result of their caffeine content if they are given
with these analgesics. However, note that if aspirin or diclofenac
formulated with caffeine is given there is the potential for caffeine
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adverse effects (such as headache, jitteriness, restlessness and
insomnia). Caffeine intake should be reduced if this occurs.

Thithapandha A. Effect of caffeine on the bioavailability and pharmacokinetics of
aspirin. J Med Assoc Thai (1989) 72, 562-6.

Yoovathaworn KC, Sriwatanakul K, Thithapandha A. Influence of caffeine on aspirin
pharmacokinetics. Eur J Drug Metab Pharmacokinet (1986) 11, 71-6.

Dahanukar SA, Pohujani S, Sheth UK. Bioavailability of aspirin and interacting
influence of caffeine. Indian J Med Res (1978) 68, 844-8.

Zhang WY, Po ALW. Do codeine and caffeine enhance the analgesic effect of aspirin?—
A systematic overview. J Clin Pharm Ther (1997) 22, 79-97.

Peroutka SJ, Lyon JA, Swarbrick J, Lipton RB, Kolodner K, Goldstein J. Efficacy of
diclofenac sodium softgel 100 mg with or without caffeine 100 mg in migraine without
aura: a randomized, double-blind, crossover study. Headache (2004) 44, 136-41.
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Caffeine + Benzodiazepines and related
drugs

Caffeine appears to antagonise the effects of the benzodiazepines
(mainly sedative effects, but possibly also anxiolytic effects). The
effects of zopiclone may be similarly antagonised.

Clinical evidence

(a) Benzodiazepines

In a study in healthy subjects, a single 250-mg or 500-mg dose of
caffeine (added to decaffeinated coffee) counteracted the drowsiness
and mental slowness induced by a single 10- to 20-mg dose of
diazepam.! The same or a similar study has been reported
elsewhere.2 Conversely, in a study in 6 healthy subjects, the
concurrent use of caffeine 6 mg/kg and diazepam 300 micrograms/
kg did not antagonise the effects of either drug; however, caffeine
caused a minor 22% reduction in diazepam levels.3 In one study the
sedative effects of midazolam* were moderately antagonised by
caffeine 250 mg but not 125 mg, and there is also some evidence to
suggest that caffeine and clonazepams or triazolam¢ have mutually
opposing effects.

No pharmacokinetic interaction appears to occur between caffeine
and midazolam’ or alprazolam.’

(b) Non-benzodiazepine hypnotics

Zopiclone 7.5 mg appears to counter the stimulant effects of caffeine
300 mg more easily than caffeine counters the sedative effects of
zopiclone.s In one study, no pharmacokinetic interaction occurred
between zolpidem 10mg and caffeine 300 mg (added to decaffein-
ated coffee), and the hypnotic effects of zolpidem were unchanged,®
whereas in another study, caffeine 250mg or 500 mg modestly
increased zolpidem 7.5 mg levels, and partially reversed its effects.10

Experimental evidence

Because of the extensive clinical evidence available, experimental
data have not been sought.

Mechanism

Uncertain. One suggestion is that caffeine can block adenosine
receptors, leading to CNS stimulation, which would antagonise the
CNS depressant effects of the benzodiazepines.!! Another suggestion
is that the stimulant effects of caffeine and the sedative effects of
benzodiazepines are simply antagonistic.

Importance and management

The evidence suggests that caffeine, particularly at higher doses, at
least partially reduces the sedative and performance-impairing
effects of benzodiazepines and related hypnotics. This would appear
to be a disadvantage at night, but may possibly be useful the next
morning, although caffeine should not be considered an antidote to
the residual effects of these hypnotics. The extent to which caffeine
reduces the anxiolytic effects of the benzodiazepines remains
uncertain (it needs assessment), but be alert for reduced benzo-
diazepine effects if both are used. Regardless of any interaction,
caffeine-containing herbs should probably be used cautiously in

patients with anxiety disorders and insomnia as these are recognised
adverse effects of caffeine.

. Mattila MJ, Nuotto E. Caffeine and theophylline counteract diazepam effects in man.
Med Biol (1983) 61, 337-43.

. Mattila MJ, Palva E, Savolainen K. Caffeine antagonizes diazepam effects in man. Med
Biol (1982) 60, 121-3.

3. Ghoneim MM, Hinrichs JV, Chiang C-K, Loke WH. Pharmacokinetic and
pharmacodynamic interactions between caffeine and diazepam. J Clin Psychopharma-
col (1986) 6, 75-80.

. Mattila MJ, Vainio P, Nurminen M-L, Vanakoski J, Seppild T. Midazolam 12 mg is
moderately counteracted by 250 mg caffeine in man. Int J Clin Pharmacol Ther (2000)
38, 581-7.

. Gaillard J-M, Sovilla J-Y, Blois R. The effects of clonazepam, caffeine and the
combination of the two drugs on human sleep. In: Koella WP, Riither E, Schulz H, eds.
Sleep ‘84. New York: Gustav Fischer Verlag; 1985. p. 314-15.

. Mattila ME, Mattila MJ, Nuotto E. Caffeine moderately antagonizes the effects of
triazolam and zopiclone on the psychomotor performance of healthy subjects.
Pharmacol Toxicol (1992) 70, 286-9.

. Blakey GE, Lockton JA, Perrett J, Norwood P, Russell M, Aherne Z, Plume J.
Pharmacokinetic and pharmacodynamic assessment of a five-probe metabolic cocktail
for CYPs 1A2, 3A4, 2C9, 2D6 and 2E1. Br J Clin Pharmacol (2004) 57, 162-9.

8. Schmider J, Brockmdller J, Arold G, Bauer S, Roots I. Simultaneous assessment of
CYP3A4 and CYPIA2 activity in vivo with alprazolam and caffeine. Pharmacoge-
netics (1999) 9, 725-34.

. Mattila MJ, Nurminen M-L, Vainio P, Vanakoski J. Zolpidem 10 mg given at daytime
is not antagonized by 300 mg caffeine in man. Eur J Clin Pharmacol (1998) 54, 421-5.

10. Cysneiros RM, Farkas D, Harmatz JS, von Moltke LL, Greenblatt DJ. Pharmacokinetic
and pharmacodynamic interactions between zolpidem and caffeine. Clin Pharmacol
Ther (2007) 82, 54-62.

. Niemand D, Martinell S, Arvidsson S, Svedmyr N, Ekstrom-Jodal B. Aminophylline
inhibition of diazepam sedation: is adenosine blockade of GABA-receptors the
mechanism? Lancet (1984) i, 463-4.
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Caffeine + Clozapine v

Caffeine increases serum clozapine levels, which may increase
the incidence of its adverse effects.

Clinical evidence

A study in 12 healthy subjects! found that caffeine 400mg to 1g
daily raised the AUC and decreased the clearance of a single
12.5-mg dose of clozapine by 19% and 14%, respectively. A
previous study in 7 patients had found that clozapine levels
decreased by 47% when the subjects avoided caffeine for 5 days,
and increased again when caffeine consumption was resumed.2 In a
crossover study, 6 coffee-drinking patients taking clozapine were
given decaffeinated or caffeine-containing instant coffee for 7 days.
The plasma levels of clozapine were 26% higher while the patients
were taking caffeine-containing coffee.

Another patient taking clozapine for schizophrenia had an
exacerbation of his psychotic symptoms, which was attributed to
caffeinated coffee (5 to 10 cups daily). The problem resolved when
the patient stopped drinking caffeine-containing beverages. He had
previously not had any problems when consuming caffeine coffee
while taking haloperidol 30 mg and procyclidine 30 mg daily.+

A 31-year-old woman taking clozapine 550 mg daily developed
increased daytime sleepiness, sialorrhoea and withdrawn behaviour
after taking caffeine (about 1.2 g daily, as drinks and tablets). Her
plasma clozapine levels fell from 1.5 micrograms/mL to 0.63 micro-
grams/mL when her caffeine intake was stopped.s A 66-year-old
woman taking clozapine 300 mg daily developed supraventricular
tachycardia (180 bpm) when she was given 500 mg of intravenous
caffeine sodium benzoate to increase seizure length during an ECT
session. Verapamil was needed to correct the arrhythmia. Before
taking clozapine she had received caffeine sodium benzoate in doses
of up to 1 g during ECT sessions without problems.s

Experimental evidence

Because of the quality of the clinical evidence (controlled
pharmacokinetic studies), experimental data have not been sought.

Mechanism

This interaction is thought to occur because caffeine and clozapine
compete for the same metabolic pathway (cytochrome P450
isoenzyme CYP1A2) resulting in a reduction in clozapine metab-
olism and its accumulation.!.27



Importance and management

This would appear to be an established and clinically important
interaction, but unlikely to be a problem if clozapine serum levels
are established and well monitored, and if caffeine intake remains
fairly stable and moderate. Possible exceptions are if large doses of
caffeine are given during ECT treatment or if for some other reason
the caffeine intake suddenly increases or decreases markedly.
Patients taking clozapine should probably avoid taking large doses
of caffeine-containing herbal preparations.

Hagg S, Spigset O, Mjordal T, Dahlqvist R. Effect of caffeine on clozapine
pharmacokinetics in healthy volunteers. Br J Clin Pharmacol (2000) 49, 59-63.
Carrillo JA, Herraiz AG, Ramos SI, Benitez J. Effects of caffeine withdrawal from the
diet on the metabolism of clozapine in schizophrenic patients. J Clin Psychopharmacol
(1998) 18, 311-16.

Raaska K, Raitasuo V, Laitila J, Neuvonen PJ. Effect of caffeine-containing versus
decaffeinated coffee on serum clozapine concentrations in hospitalised patients. Basic
Clin Pharmacol Toxicol (2004) 94, 13—18.

Vainer JL, Chouinard G. Interaction between caffeine and clozapine. J Clin
Psychopharmacol (1994) 14, 284-5.

Odom-White A, de Leon J. Clozapine levels and caffeine. J Clin Psychiatry (1996) 57,
175-6.

Beale MD, Pritchett JT, Kellner CH. Supraventricular tachycardia in a patient receiving
ECT, clozapine, and caffeine. Convuls Ther (1994) 10, 228-31.

Carrillo JA, Jerling M, Bertilsson L. Comments to ‘Interaction between caffeine and
clozapine’. J Clin Psychopharmacol (1995) 15, 376-7.
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Caffeine + Dexamethasone 4

The results of the dexamethasone suppression test can be
falsified by the acute ingestion of caffeine, but chronic caffeine
use does not appear to have an effect.

Evidence, mechanism, importance and management

In one study, 22 healthy subjects and 6 depressed patients were
given a single 480-mg dose of caffeine or placebo at 2 pm following
a single 1-mg dose of dexamethasone given at 11 pm the previous
evening. Caffeine significantly increased the cortisol levels follow-
ing the dexamethasone dose; cortisol levels taken at 4 pm were about
146 nanomol/L with caffeine, compared with about 64 nanomol/L
with placebo.! Thus the equivalent of about 4 to 5 cups of coffee
may effectively falsify the results of the dexamethasone suppression
test. However, in a study in 121 patients with depression, there was
no correlation between chronic low to high intake of caffeine (6 mg
to 2.3 g daily) and cortisol levels at 8 am, 4 pm or 11 pm on the day
after a 1-mg dose of dexamethasone given at 11 pm the previous
evening. It was suggested that chronic caffeine intake produces
tolerance to the effects of acute caffeine on the hypothalamic—
pituitary—adrenal (HPA) axis.2

Therefore, it appears that the results of the dexamethasone
suppression test can be falsified by the acute ingestion of a high dose
of caffeine but that chronic caffeine use does not appear to have an
effect. As chronic intake of caffeine does not appear to affect this
test, it does not seem necessary to advise patients to stop any regular
intake of caffeine-containing herbs. However, bear the potential for
an interaction with caffeine-containing herbs in mind should an
unexpected response occur.
1. Uhde TW, Bierer LM, Post RM. Caffeine-induced escape from dexamethasone

suppression. Arch Gen Psychiatry (1985) 42, 737-8.

2. Lee MA, Flegel P, Cameron OG, Greden JF. Chronic caffeine consumption and the
dexamethasone suppression test in depression. Psychiatry Res (1988) 24, 61-5.
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Caffeine may interfere with dipyridamole—thallium-201 myo-
cardial scintigraphy tests.

Caffeine + Dipyridamole

Clinical evidence

Intravenous caffeine 4 mg/kg (roughly equivalent to 2 to 3 cups of
coffee), given before dipyridamole—thallium-201 myocardial scinti-
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graphy, caused a false-negative test result in a patient.! A further
study in 8 healthy subjects confirmed that caffeine inhibits the
haemodynamic response to an infusion of dipyridamole.2

Experimental evidence

Because of the quality of the clinical evidence (controlled
pharmacokinetic studies), experimental data have not been sought.

Mechanism

It appears that caffeine might antagonise some of the haemodynamic
effects of dipyridamole because it acts as a competitive antagonist of
adenosine (an endogenous vasodilator involved in the action of
dipyridamole).!2

Importance and management

An interaction between caffeine and intravenous dipyridamole is
established. Patients should abstain from caffeine from any source,
including caffeine-containing herbal preparations, caffeine-contain-
ing beverages (tea, coffee, chocolate, cocoa, cola) and caffeine-
containing analgesics.!3 for 24 hours24 before dipyridamole testing.
If during the test the haemodynamic response is low (e.g. no increase
in heart rate) the presence of caffeine should be suspected.? Patients
should be specifically prompted to discuss less obvious potential
sources such as herbal medicines.

. Smits P, Aengevaeren WRM, Corstens FHM, Thien T. Caffeine reduces dipyridamole-
induced myocardial ischemia. J Nucl Med (1989) 30, 1723-6.

2. Smits P, Straatman C, Pijpers E, Thien T. Dose-dependent inhibition of the
hemodynamic response to dipyridamole by caffeine. Clin Pharmacol Ther (1991) 50,
529-37.

3. Picano E. Safety of intravenous high-dose dipyridamole echocardiography. Am J

Cardiol (1992) 70, 252-8.
. Persantin Ampoules (Dipyridamole). Boehringer Ingelheim Ltd. UK Summary of
product characteristics, July 2004.
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Caffeine + Food; Caffeine-containing v

The effects of dietary caffeine and caffeine from herbal
medicines will be additive.

Evidence, mechanism, importance and management

The effects of caffeine from herbal medicines will be additive with
that from caffeine-containing food (chocolate) and beverages (tea,
coffee, cola). People who want to take a caffeine-containing herbal
medicine should be aware of the possible increased risk of adverse
effects, including headache, jitteriness, restlessness and insomnia.
They should be warned to reduce their caffeine intake if problems
develop.

Caffeine + Herbal medicines; Bitter
orange

The use of caffeine with bitter orange may lead to severe cardiac
adverse effects. Bitter orange does not affect the metabolism of
caffeine.

Clinical evidence

(a) Cardiovascular effects

Some evidence suggests that the haemodynamic effects of caffeine
and bitter orange are synergistic. In a single-dose, crossover study in
10 healthy subjects, a combination product containing, among other
ingredients, bitter orange, maté and cocoa (Xenadrine EFX), and a
single-ingredient bitter orange product (Advantra Z, containing
synephrine 15.6mg), both increased heart rate (by 16.7bpm and
11.4bpm, respectively) when compared with placebo. Xenadrine
EFX increased blood pressure (by 9.6/9.1 mmHg), whereas
Advantra Z did not. Advantra Z contained eight times the dose of
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synephrine, a sympathomimetic alkaloid found in bitter orange, than
Xenadrine (46.9 mg versus 5.5 mg), so it was concluded that caffeine
and other stimulants in the Xenadrine must be acting synergistically
with the synephrine.! Although this study did not find that bitter
orange alone increased blood pressure, another single-dose study, in
13 healthy subjects, found that bitter orange (Nature’s Way Bitter
Orange, containing synephrine about 54 mg per capsule) increased
systolic blood pressure by 7.3 mmHg and the heart rate by 4.2 bpm,
when compared with placebo.2

Case reports suggest that this increase in blood pressure might be
clinically important. For example, an ischaemic stroke occurred in a
38-year-old man with no relevant past medical history or risk factors
for stroke or cardiovascular disease. The stroke occurred one week
after he started taking one to two capsules per day of Stacker 2
Ephedra Free weight-loss supplement, which contains bitter orange
and cola nut extract, giving synephrine 6 mg and caffeine 200 mg per
capsule.3 Furthermore, from January 1998 to February 2004, Health
Canada received 16 reports of serious cardiovascular adverse
reactions (including tachycardia, cardiac arrest, ventricular fibrilla-
tion, transient collapse and blackout) that were suspected of being
associated with bitter orange or supplements containing synephrine.
In 15 of these cases, the product also contained caffeine: in 8 of
those 15 cases the product also contained ephedra.+ Note that the use
of caffeine with ephedra has been associated with severe cardiac
effects, see Ephedra + Caffeine, page 176. From March 2004 to
October 2006, Health Canada noted an additional 21 reports, of
which 15 were cardiovascular adverse effects.5 One of these
included a report of a myocardial infarction in a patient possibly
precipitated by the use of a weight-loss supplement containing bitter
orange 300 mg as well as guarananine and green tea (Edita’s Skinny
Pill).6

(b) Pharmacokinetics

In a study in 12 healthy subjects,” bitter orange 350 mg, standardised
to synephrine 4%, was given twice daily for 28 days with a single
100-mg dose of caffeine before and at the end of the treatment with
bitter orange. The metabolism of caffeine was not affected by the
concurrent use of bitter orange, which suggests that bitter orange is
unlikely to affect the metabolism of other drugs that are substrates of
the cytochrome P450 isoenzymes CYP1A2.

Experimental evidence

Because of the extensive clinical evidence available, experimental
data have not been sought.

Mechanism

Uncertain. Synephrine, a sympathetic alpha-adrenergic agonist, is
one of the main constituents found in bitter orange, although the
concentrations will vary between products. Simple additive
hypertensive effects would seem to be part of the explanation. The
effects of caffeine may compound the effects of these sympatho-
mimetic drugs on the cardiovascular and central nervous systems by
blocking adenosine receptors (causing vasoconstriction) and also
augmenting the release of catecholamines.

Importance and management

Fairly well-established interactions. These studies and case reports
illustrate the potential hazards of using caffeine-containing herbs
with bitter orange, even in healthy individuals, so these preparations
may pose a serious health risk to some users. The risk may be
affected by individual susceptibility, the additive stimulant effects
of caffeine, the wvariability in the contents of alkaloids in
non-prescription dietary supplements or pre-existing medical condi-
tions,? including compromised cardiac function.® Ephedra was
banned by the FDA in the US in 2004 and, as a result of this,
many manufacturers replaced it with bitter orange which contains a
similar sympathomimetic alkaloid, synephrine. Evidence shows that
these products are no safer than ephedra products when used in a
similar way. It would be prudent to avoid using herbal products
containing combinations of bitter orange and caffeine or caffeine-
containing herbs, especially in patients with risk factors such as heart
conditions, diabetes, thyroid disease or hypertension.

. Haller CA, Benowitz NL, Jacob P. Hemodynamic effects of ephedra-free weight-loss
supplements in humans. 4m J Med (2005) 118, 998-1003.

2. Bui LT, Nguyen DT, Ambrose PJ. Blood pressure and heart rate effects following a
single dose of bitter orange. Ann Pharmacother (2006) 40, 53-7.

. Bouchard NC, Howland MA, Greller HA, Hoffman RS, Nelson LS. Ischemic stroke
associated with use of an ephedra-free dietary supplement containing synephrine. Mayo
Clin Proc (2005) 80, 541-5.

. Jordan S, Murty M, Pilon K. Products containing bitter orange or synephrine: suspected
cardiovascular adverse reactions. Can Adverse React News (2004) 14, 3-4.

5. Jack S, Desjarlais-Renaud T, Pilon K. Bitter orange or synephrine: update on

cardiovascular adverse reactions. Can Adverse React News (2007) 17, 2-3.

6. Nykamp DL, Fackih MN, Compton AL. Possible association of acute lateral-wall

myocardial infarction and bitter orange supplement. Ann Pharmacother (2004) 38, 812~
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Edwards DJ, Shah A. In vivo assessment of botanical supplementation on human
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saw palmetto. Clin Pharmacol Ther (2004) 76, 428-40.

8. Haller CA, Benowitz NL. Adverse cardiovascular and central nervous system events
associated with dietary supplements containing ephedra alkaloids. N Engl J Med (2000)
343, 1833-8.

9. Haller CA, Jacob P, Benowitz NL. Enhanced stimulant and metabolic effects of

combined ephedrine and caffeine. Clin Pharmacol Ther (2004) 75, 259-73.
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Caffeine + Lithium 4

The heavy consumption of caffeine-containing drinks may cause
a small-to-moderate reduction in serum lithium levels.

Clinical evidence

An early single-dose study found that the intake of xanthines such as
caffeine caused an increase in lithium excretion.! In contrast, another
single-dose study did not find any significant changes in urinary
clearance of lithium in 6 subjects given caffeine 200 mg four times
daily compared with a caffeine-free control period.2 However, in a
study in 11 psychiatric patients taking lithium 600 mg to 1.2 g daily
who were also regular coffee drinkers (4 to 8 cups daily containing
70 to 120 mg of caffeine per cup), serum lithium levels rose by an
average of 24% when the coffee was withdrawn, although the levels
of 3 patients did not change.3 These findings are consistent with
another report of 2 patients with lithium-induced tremors that were
aggravated when they stopped drinking large amounts of coffee. One
of the patients had a 50% rise in lithium levels, and required a
reduction in lithium dose from 1.5 g daily to 1.2 g daily.#

Experimental evidence

Because of the quality of the clinical evidence (controlled
pharmacokinetic studies), experimental data have not been sought.

Mechanism

It is not clear exactly how caffeine affects the excretion of lithium by
the renal tubules.

Importance and management

The weight of evidence suggests that, although there is no need for
patients taking lithium to avoid caffeine (from caffeine-containing
herbs, coffee, tea, cola drinks, etc.), they should stick to a moderate
intake, and, in cases where a reduction in caffeine intake is desirable,
it should be withdrawn cautiously. This is particularly important in
patients whose serum lithium levels are already high, because of the
risk of toxicity. When caffeine is withdrawn it may be necessary to
reduce the dose of lithium. In addition, remember that there is a
caffeine-withdrawal syndrome (headache and fatigue being the
major symptoms) that might worsen some of the major psychiatric
disorders (such as affective and schizophrenic disorders),? for which
lithium is given. Although the evidence is for caffeine and coffee, all
caffeine-containing herbal medicines would be expected to have
similar effects, and similar caution should be applied to their use.
. Thomsen K, Schou M. Renal lithium excretion in man. Am J Physiol (1968) 215, 823-7.
. Bikin D, Conrad KA, Mayersohn M. Lack of influence of caffeine and aspirin on
lithium elimination. Clin Res (1982) 30, 249A.
. Mester R, Toren P, Mizrachi I, Wolmer L, Karni N, Weizman A. Caffeine withdrawal
increases lithium blood levels. Biol Psychiatry (1995) 37, 348-50.

. Jefferson JW. Lithium tremor and caffeine intake: two cases of drinking less and shaking
more. J Clin Psychiatry (1988) 49, 72-3.
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Caffeine + Nicotine 4

Caffeine may boost some of the stimulant effects of nicotine, but
it only appears to cause a small, if any, rise in nicotine levels.

Clinical evidence

In a study in 21 smokers who regularly drank one to six cups of
coffee daily, a 50-mg tablet of caffeine increased self-ratings of
‘stimulated’, “alert’” and ‘jittery” at various doses of nicotine chewing
gum (0.25mg, 0.5mg and 1 mg) when compared with the nicotine
gum alone.! In a placebo-controlled study, 12 healthy subjects were
given nicotine 1 mg or 2mg with caffeine 50 mg or 100mg, in a
chewing gum. Nicotine alone and caffeine alone increased energy
expenditure, but adding caffeine 50 mg to nicotine 1 mg had almost
double the effects of simply increasing the nicotine dose from 1 to
2mg. Similar effects were seen in both smokers and non-smokers.
No adverse effects were reported with either nicotine 1 mg alone or
combined with caffeine.2 In a similar study by the same authors,
caffeine enhanced the appetite-suppressant effects of nicotine.? In
another study in 13 smokers who regularly drank at least one cup of
coffee daily, pre-treatment with oral caffeine 2.5 or 5 mg/kg (added
to 180 mL of decaffeinated coffee) did not alter the subjects’ ability
to discriminate between nasal nicotine and placebo, and did not alter
the amount of caffeine that they self-administered during a period of
smoking cessation. Caffeine pre-treatment caused a modest dose-
related increase in nicotine levels (maximum 21%).4 In a study in 12
smokers, two doses of caffeine 150 mg (given in a decaffeinated cola
drink before and during smoking) had no effect on the plasma levels
of nicotine achieved by smoking 5 cigarettes.s

Experimental evidence

Because of the quality of the clinical evidence (controlled
pharmacokinetic studies), experimental data have not been sought.

Mechanism
Not understood.

Importance and management

A fairly well-studied interaction. Caffeine may boost some of the
stimulant effects of nicotine (energy consumption, appetite suppres-
sion, but also adverse effects such as jitteriness), but it only appears
to cause a small, if any, rise in nicotine levels. Bear the potential for
this increase in effects in mind should a patient receiving nicotine
replacement therapy and also taking caffeine supplements develop
troublesome nicotine-related adverse effects.

. Duka T, Tasker R, Russell K, Stephens DN. Discriminative stimulus properties of
nicotine at low doses: the effects of caffeine preload. Behav Pharmacol (1998) 9, 219—
29.

Jessen AB, Toubro S, Astrup A. Effect of chewing gum containing nicotine and caffeine
on energy expenditure and substrate utilization in men. Am J Clin Nutr (2003) 77, 1442~
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Jessen A, Buemann B, Toubro S, Skovgaard IM, Astrup A. The appetite-suppressant
effect of nicotine is enhanced by caffeine. Diabetes Obes Metab (2005) 7, 327-33.
Perkins KA, Fonte C, Stolinski A, Blakesley-Ball R, Wilson AS. The influence of
caffeine on nicotine’s discriminative stimulus, subjective, and reinforcing effects. Exp
Clin Psychopharmacol (2005) 13, 275-81.

Gilbert DG, Dibb WD, Plath LC, Hiyane SG. Effects of nicotine and caffeine, separately
and in combination, on EEG topography, mood, heart rate, cortisol, and vigilance.
Psychopharmacology (Berl) (2000) 37, 583-95.
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Caffeine + Paracetamol

(Acetaminophen) v

Caffeine has been variously reported to increase, decrease and
have no effect on the absorption of paracetamol.

Evidence, mechanism, importance and management

In a study in 10 healthy subjects, caffeine citrate 120 mg increased
the AUC of a single 500-mg dose of paracetamol by 29%, increased
the maximum plasma levels by 15% and decreased the total body

Caffeine 103

clearance by 32%. The decrease in time to maximum level and
increase in absorption rate did not reach statistical significance.! A
randomised, crossover study in 24 healthy subjects found that a
single 130-mg dose of caffeine slightly increased the rate of
absorption of a single 1-g dose of paracetamol; however, the overall
bioavailability was not altered by caffeine. They also noted an
increased and prolonged analgesic effects, which correlated with the
pharmacokinetic results.2 Similarly, in another study, although
caffeine slightly increased the rate of absorption of paracetamol, it
had no effect on the extent of absorption.3 In contrast, a third study
states that caffeine decreased plasma paracetamol levels and its
AUC, and increased paracetamol elimination in healthy men.4

Caffeine is commonly included in paracetamol preparations as an
analgesic adjuvant. No serious adverse effects appear to have been
reported with this combination; however, its potential benefit and the
mechanisms behind its possible effects remain unclear. It seems
unlikely that caffeine-containing herbs will have any detrimental
effect as a result of their caffeine content if they are given with
paracetamol. However, note that if paracetamol formulated with
caffeine is given there is the potential for additive caffeine adverse
effects (such as headache, jitteriness, restlessness and insomnia).
Caffeine intake should be reduced if this occurs.

. Igbal N, Ahmad B, Janbaz KH, Gilani A-UH, Niazi SK. The effect of caffeine on the
pharmacokinetics of acetaminophen in man. Biopharm Drug Dispos (1995) 16, 481-7.

. Renner B, Clarke G, Grattan T, Beisel A, Mueller C, Werner U, Kobal G, Brune K.
Caffeine accelerates absorption and enhances the analgesic effect of acetaminophen. J
Clin Pharmacol (2007) 47, 715-26.

. Tukker JJ, Sitsen JMA, Gusdorf CF. Bioavailability of paracetamol after oral
administration to healthy volunteers. Influence of caffeine on rate and extent of
absorption. Pharm Weekbl (Sci) (1986) 8, 239-43.

. Rainska-Giezek T. Influence of caffeine on toxicity and pharmacokinetics of
paracetamol [Article in Polish]. Ann Acad Med Stetin (1995) 41, 69-85.
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Phenylpropanolamine can raise blood pressure and in some
cases this may be further increased by caffeine. Combined use
has resulted in hypertensive crises in a few individuals. An
isolated report describes the development of acute psychosis
when caffeine was given with phenylpropanolamine. Phenylpro-
panolamine greatly raises caffeine levels.

Caffeine + Phenylpropanolamine

Clinical evidence

In a placebo-controlled study, the mean blood pressure of 16 healthy
subjects rose by 11/12 mmHg after they took caffeine 400 mg, by
12/13 mmHg after they took phenylpropanolamine 75 mg, and by
12/11 mmHg when both drugs were taken. Phenylpropanolamine
150 mg caused a greater rise of 36/18 mmHg. One of the subjects
had a hypertensive crisis after taking phenylpropanolamine 150 mg
and again 2hours after taking caffeine 400mg. This needed
antihypertensive treatment.! The same group of workers describe a
similar study in which the AUC of caffeine 400 mg increased by
more than threefold, and the mean peak caffeine concentration
increased almost fourfold (from 2.1 to 8 micrograms/mL) after
phenylpropanolamine 75 mg was given.2 Additive increases in blood
pressure are described in another report.3

A review describes 41 severe adverse reactions to phenylpro-
panolamine. Of these cases, caffeine was also taken by 15 subjects,
with outcomes such as stroke and seizure. However, it should be
noted that these effects were similar to those seen in patients who
had taken phenylpropanolamine alone.

Experimental evidence

Because of the quality of the clinical evidence (controlled
pharmacokinetic studies), experimental data have not been sought.
Mechanism

Additive pharmacological effects.

Importance and management
Evidence is limited and an adverse effect is not fully established,
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especially as hypertensive episodes, stroke and seizures have been
reported with the use of phenylpropanolamine alone. One possible
explanation for the lack of reports could be that these interactions
may go unrecognised or be attributed to one drug only, e.g.
phenylpropanolamine, whereas caffeine has also been taken in
beverages (often not reported). The risk may be affected by
individual susceptibility, the additive stimulant effects of caffeine,
the variability in the contents of caffeine and other sympathomimetic
alkaloids in non-prescription dietary supplements, or pre-existing
medical conditions, such as cardiovascular disease. Note that,
phenylpropanolamine was available formulated with caffeine.
Phenylpropanolamine is no longer available in the US and UK,
and its use has been restricted in many other countries.

The authors of one report! advised that users of phenylpropanol-
amine should be warned about the over-use of phenylpropanol-
amine, and also about taking caffeine at the same time, because of
the possible risk of intracranial haemorrhage secondary to severe
hypertension.! It would therefore seem prudent to also avoid the use
of caffeine-containing herbal medicines. If both drugs are given
there is the potential for increased caffeine adverse effects (such as
headache, jitteriness, restlessness and insomnia). Caffeine intake
should be reduced if this occurs.

. Lake CR, Zaloga G, Bray J, Rosenberg D, Chernow B. Transient hypertension after two
phenylpropanolamine diet aids and the effects of caffeine: a placebo-controlled follow-
up study. Am J Med (1989) 86, 427-32.

2. Lake CR, Rosenberg DB, Gallant S, Zaloga G, Chernow B. Phenylpropanolamine

increases plasma caffeine levels. Clin Pharmacol Ther (1990) 47, 675-85.
3. Brown NJ, Ryder D, Branch RA. A pharmacodynamic interaction between caffeine and
phenylpropanolamine. Clin Pharmacol Ther (1991) 50, 363-71.
4. Lake CR, Gallant S, Masson E, Miller P. Adverse drug effects attributed to
phenylpropanolamine: a review of 142 case reports. Am J Med (1990) 89, 195.

Caffeine + Theophylline v

Caffeine can raise serum theophylline levels.

Clinical evidence

Caffeine can decrease the clearance of theophylline by 18 to 29%,
prolong its half-life by up to 44% and increase its average serum
levels by as much as 23%.1-3 In addition, caffeine plasma levels have
been increased about twofold when theophylline was given.2 In these
studies, caffeine was given in the form of tablets!2 or as 2 to 7 cups
of instant coffee.3 In one study, 2 of the subjects who did not
normally drink coffee experienced headaches and nausea.?

Experimental evidence

Because of the quality of the clinical evidence (controlled
pharmacokinetic studies), experimental data have not been sought.

Mechanism

The probable mechanism of the interaction is that the two drugs
compete for the same metabolic route resulting in a reduction in their
metabolism and accumulation. In addition, when caffeine levels are
high, a small percentage of it is converted to theophylline.

Importance and management

There would seem to be no good reason for patients taking
theophylline to avoid caffeine (in herbal preparations, beverages
such as coffee, tea, cola drinks, or medications, etc.), but if otherwise
unexplained adverse effects occur it might be worth considering if
caffeine use could be responsible.

1. Loi CM, Jue SG, Bush ED, Crowley JJ, Vestal RE. Effect of caffeine dose on
theophylline metabolism. Clin Res (1987) 35, 377A.

2. Jonkman JHG, Sollie FAE, Sauter R, Steinijans VW. The influence of caffeine on the
steady-state pharmacokinetics of theophylline. Clin Pharmacol Ther (1991) 49, 248-55.

3. Sato J, Nakata H, Owada E, Kikuta T, Umetsu M, Ito K. Influence of usual intake of
dietary caffeine on single-dose kinetics of theophylline in healthy human subjects. Eur J
Clin Pharmacol (1993) 44, 295-8.



Calamus

Acorus calamus L. (Acoraceae)

Synonym(s) and related species

Myrtle flag, Sweet flag, Sweet sedge.

Calamus aromaticus.

There are various types of calamus, mainly reflecting
geographical origin: type I is an American diploid variety,
type II is a European triploid, and types IIl and IV are
subtropical tetraploids.

Constituents

The main active constituents are found in the volatile oil, but
considerable qualitative and quantitative differences are
found between different species and varieties. Tetraploid
(subtropical, specifically Indian) species contain 96%
B-asarone (isoasarone), whereas triploid (European) species
contain 5% and diploid (North American) species do not
contain any. In addition, a-asarone, acolamone, acoragerma-
crone, calamenol, calamene, calamone, eugenol, galangin,

methyl eugenol and isoacolamone are present in varying
amounts.

Use and indications

B-Asarone is considered to be toxic (based on the results of
animal studies) and it is recommended that oils containing
this substance should be avoided. Calamus is traditionally
used as a carminative and spasmolytic, in acute and chronic
dyspepsia, gastritis and gastric ulcer, intestinal colic and
anorexia, and for respiratory disorders.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview
No interactions with calamus found.
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Calendula

Calendula officinalis L. (Asteraceae)

Synonym(s) and related species

Gold-bloom, Marigold, Marybud, Pot Marigold.
Caltha officinalis.

Pharmacopoeias
Calendula Flower (BP 2009, Ph Eur 6.4).

Constituents

Calendula flower extracts contain mainly triterpenes. Also
present are oleanolic acid and its saponins calendulosides
C-H, sterols, carotenoids and a sesquiterpene glycoside
(arvoside A). Flavonoids (specifically flavonol glycosides
including isoquercitrin, narcissin, neohesperidoside and
rutin) have also been identified.

Use and indications

Calendula is often used in externally applied products for the
treatment of cuts, bruises, burns and scalds, and topically for
conjunctivitis. It has also been used to treat gastric and
duodenal ulcers, haemorrhoids and varicose veins.
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Pharmacokinetics

No relevant pharmacokinetic data found specifically for
calendula extracts, but the pharmacokinetics of oleanolic
acid have been evaluated. Incubation with rat liver
microsomes suggests that oleanolic acid is likely to be
extensively metabolised in the liver by hydroxylation, but
the exact sites for this were not determined.! For information
on the pharmacokinetics of individual flavonoids present in
calendula, see under flavonoids, page 186.

Interactions overview

No interactions with calendula found. For information on the
interactions of individual flavonoids present in calendula,
see under flavonoids, page 186.

1. Jeong DW, Kim YH, Kim HH, Ji HY, Yoo SD, Choi WR, Lee SM, Han C-K, Lee HS.

Dose-linear pharmacokinetics of oleanolic acid after intravenous and oral administration
in rats. Biopharm Drug Dispos (2007) 28, 51-7.



Cannabis

Cannabis sativa L. (Cannabaceae)

Synonym(s) and related species

Bhang, Dagga, Ganja, Hashish, Indian hemp, Marihuana,
Marijuana.
Cannabis indica Lam.

Constituents

Cannabis herb contains a wide range of cannabinoids, which
are the major active compounds. The main psychoactive
constituent is A’-tetrahydrocannabinol (THC; dronabinol),
and it is the cause of many of the pharmacological effects
elicited by the consumption of cannabis. However, other
cannabinoids, which do not possess psychoactive properties,
such as cannabidiol, cannabinol (a decomposition product of
A’-tetrahydrocannabinol), cannabigerol and cannabichro-
mene, are increasingly being investigated for their pharma-
cological and therapeutic properties. Cannabinoids are often
found in the plant as their acid metabolites, e.g. 11-nor-9-
carboxy-A’-tetrahydrocannabinol, ~cannabidiol acid and
others, especially if the plant has been grown in a cooler
climate. These decarboxylate to the parent cannabinoid at
high temperatures, such as during smoking. Most medicinal
cannabis products have been heat treated to ensure that the
cannabinoids are present only in the non-acid form.

Use and indications

Cannabis has no current established use in herbal medicine
because of its legal position in most parts of the world.
However, medicinal cannabis is increasingly being used to
treat chronic conditions, as an adjunct, or where other
treatments may be inadequate. For example, a buccal spray
preparation of cannabis, containing mainly dronabinol (the
medicinal name for A’-tetrahydrocannabinol) with cannabi-
diol, is available as an adjunctive treatment for the symp-
tomatic relief of neuropathic pain in multiple sclerosis in
adults. It is also being investigated for use as an analgesic in
other disease states such as diabetic neuropathy and
rheumatoid arthritis, and to relieve spasticity in multiple
sclerosis and spinal cord injury. Dronabinol and nabilone (a
synthetic cannabinol) are used as antiemetics in patients
receiving cancer chemotherapy, and dronabinol has been
used as an appetite stimulant in AIDS. Cannabis is a widely
used illicit drug because of its psychoactive properties, and
has a long history of such use, including by those with
chronic illnesses.

Varieties of Cannabis sativa that contain very little
cannabinoids (often referred to as hemp) have been
cultivated for their fibre and seeds, and these, and the oil
derived from the seeds, may be found in some herbal
products.

Pharmacokinetics

The most important pharmacokinetic effects of cannabis
depend on whether the herb (or its extracts) are smoked or
taken orally. When smoked, cannabinoid acids are decar-
boxylated by the high temperature, and reach the lung as
active free cannabinoids. Psychotropic effects start from
within seconds to a few minutes, reach a maximum after 20
to 30 minutes, and taper off within 3 to 4 hours. If the same
preparation were to be taken orally, however, cannabinoid
acid absorption would be lower and much less predictable,!
with psychotropic effects starting after a delay of 30 to
90 minutes, reaching their maximum after 2 to 4 hours and
lasting for about 6 hours.

The metabolism of cannabis is complex, resulting in both
active and inactive compounds. The cannabinoids are
extensively metabolised by cytochrome P450, in particular,
by the isoenzymes CYP2C9 and CYP3A4.2 Smoking
cannabis may induce CYP1A2, see theophylline, page 113,
and also clozapine, page 110. Dronabinol has also been
shown to inhibit CYP1A1, despite increasing its expression.3
Cannabis also induces the expression of CYP2El and
CYP2D6 in mice.*

Research suggests that some constituents of cannabis can
affect others. Cannabidiol, an active but non-psychotropic
cannabinoid, has been shown to partially inhibit the
hydroxylation of dronabinol, probably by CYP2C.5s There
is limited evidence that some cannabinoids might inhibit P-
glycoproteins or reduce P-glycoprotein expression.’

Interactions overview

Most of the drug interaction data relate to smoking cannabis.
Smoking cannabis has been shown to decrease levels of
theophylline, chlorpromazine and probably clozapine. Use
of transdermal nicotine with cannabis enhances tachycardia,
and increases the stimulant effect of cannabis. Tachycardia
has also been seen with combined use of tricyclic
antidepressants and cannabis. Cannabis might increase the
effects of opioids such as morphine. Isolated cases of
hypomania have been seen when cannabis was used with
disulfiram and with fluoxetine, and a man taking cannabis
and sildenafil had a myocardial infarction. Another case
report describes a fatal stroke in a young man who received
cisplatin and smoked cannabis. Indometacin might antagon-
ise some of the effects of smoking cannabis. Smoking
cannabis does not appear to affect the pharmacokinetics or
antiviral efficacy of indinavir or nelfinavir, and oral cannabis
does not appear to affect the pharmacokinetics of docetaxel
or irinotecan.

1. Williamson EM, Evans FJ. Cannabinoids in clinical practice. Drugs (2000) 60, 1303—

2. Wz;tanabe K, Yamaori S, Funahashi T, Kimura T, Yamamoto I. Cytochrome P450
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enzymes involved in the metabolism of tetrahydrocannabinols and cannabinol by human
hepatic microsomes. Life Sci (2007) 80, 1415-19.

. Roth MD, Marques-Magallanes JA, Yuan M, Sun W, Tashkin DP, Hankinson O.

Induction and regulation of the carcinogen-metabolizing enzyme CYP1A1 by marijuana
smoke and A’-tetrahydrocannabinol. Am J Respir Cell Mol Biol (2001) 24, 339-44.

. Sheweita SA. Narcotic drugs change the expression of cytochrome P450 2E1 and 2C6

and other activities of carcinogen-metabolizing enzymes in the liver of male mice.
Toxicology (2003) 191, 133-42.

. Nadulski T, Pragst F, Weinberg G, Roser P, Schnelle M, Fronk E-M, Stadelmann AM.

~

Randomized, double-blind, placebo:controlled study about the effects of cannabidiol
(CBD) on the pharmacokinetics of A -tetrahydrocannabinol (THC) after oral application
of THC verses standardized cannabis extract. Ther Drug Monit (2005) 27, 799-810.

. Zhu H-J, Wang J-S, Markowitz JS, Donovan JL, Gibson BB, Gefroh HA, DeVane CL.

Characterization of P-glycoprotein inhibition by major cannabinoids from marijuana. J
Pharmacol Exp Ther (2006) 317, 850-7.

. Holland ML, Panetta JA, Hoskins JM, Bebawy M, Roufogalis BD, Allen JD, Arnold JC.

The effects of cannabinoids on P-glycoprotein transport and expression in multidrug
resistant cells. Biochem Pharmacol (2006) 71, 1146-54.



Cannabis + Alcohol 4

The detrimental effects of drinking alcohol and smoking
cannabis may be additive on some aspects of driving perform-
ance. However, there is some evidence that regular cannabis use
in itself does not potentiate the effects of alcohol. Smoking
cannabis may alter the bioavailability of alcohol.

Evidence and mechanism

(a) CNS effects

Simultaneous use of alcohol and oral A’-tetrahydrocannabinol
(THC, the major active ingredient of cannabis) reduced the
performance of psychomotor tests, suggesting that those who use
both drugs together should expect the deleterious effects to be
additive.! In a further placebo-controlled study, subjects smoked
cannabis containing 100 or 200 micrograms/kg of A’-tetrahydro-
cannabinol and drank alcohol (to achieve an initial blood level of
70 mg%, with further drinks taken to maintain levels at 40 mg%)
30 minutes before driving. They found that cannabis, even in low-to-
moderate doses, negatively affected driving performance in real
traffic situations. Further, the effect of combining moderate doses of
both alcohol and cannabis resulted in dramatic performance
impairment as great as that observed with blood-alcohol levels of
140mg% alone.23 Similar results (including a suggestion of a
synergistic impairment of performance4) have been found in a
number of other studies,*5 including different doses of cannabis and
regular cannabis users.’

A study in 22 healthy subjects, who occasionally used cannabis
cigarettes and drank moderate amounts of alcohol, found that the
number of euphoric events in response to a cannabis cigarette was
greater after alcohol ingestion, and the duration of euphoric events
was longer. The speed of onset of the effects of cannabis was also
faster when it was smoked after the ingestion of alcohol.6

One study in 14 regular cannabis users (long-term daily use) and
14 infrequent cannabis users found that regular use reduced the
disruptive effects of alcohol on some psychomotor skills relevant to
driving, whereas infrequent use did not have this effect. In this study,
neither group had smoked any cannabis in the 12 hours before the
alcohol test.” Another study found that moderate doses of alcohol
and cannabis, consumed either alone or in combination, did not
produce significant behavioural or subjective impairment the
following day.8

A study in 12 healthy subjects who regularly used both cannabis
and alcohol found that alcohol 0.5 g/kg significantly increased break
latency without affecting body sway, whereas cannabis given as a
cigarette containing tetrahydrocannabinol 3.33%, increased body
sway but did not affect brake latency. There were no significant
additive effects on brake latency, body sway or mood when the two
drugs were used together.® A population-based study of 2,777
drivers involved in fatal road crashes, who drank alcohol and/or used
cannabis, found that, although both cannabis and alcohol increased
the risk of being responsible for a fatal crash, no statistically
significant interaction was observed between the two drugs.!0

(b) Pharmacokinetic studies

Fifteen healthy subjects given alcohol 0.7 g/kg developed peak
plasma alcohol levels of about 78 mg% at 50 minutes, but, if they
smoked a cannabis cigarette 30 minutes after the drink, their peak
plasma alcohol levels were only 55mg% and they occurred
S55minutes later. In addition, their subjective experience of the
drugs decreased when used together.!! However, another study found
that smoking cannabis 10 minutes before alcohol consumption did
not affect blood-alcohol levels.8 A further study found that blood-
alcohol levels were not affected by A’-tetrahydrocannabinol given
orally one hour before alcohol.! A study in 22 healthy subjects, who
occasionally used cannabis cigarettes and drank moderate amounts
of alcohol, found that plasma A’-tetrahydrocannabinol levels were
higher when alcohol was consumed before smoking a cannabis
cigarette.6
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Importance and management

Several studies have found that cannabis and alcohol produce
additive detrimental effects on driving performance, but other
studies have not found any potentiation. This is probably due to the
variety of simulated driving tests used and possibly the time lag
between the administration of alcohol and cannabis; behavioural
impairment after cannabis has been reported to peak within
30 minutes of smoking.8 Nevertheless, both drugs have been
shown to affect some aspects of driving performance and increase
the risk of fatal car accidents. Concurrent use of cannabis and
alcohol before driving should therefore be avoided.

1. Bird KD, Boleyn T, Chesher GB, Jackson DM, Starmer GA, Teo RKC.
Intercannabinoid and cannabinoid-ethanol interactions and their effects on human
performance. Psychopharmacology (Berl) (1980) 71, 181-8.

. National Highway Traffic Safety Administration. Marijuana and alcohol combined
severely impede driving performance. Ann Emerg Med (2000) 35, 398-9.

3. Jolly BT. Commentary: drugged driving — different spin on an old problem. 4nn Emerg
Med (2000) 35, 399-400.

. Perez-Reyes M, Hicks RE, Burnberry J, Jeffcoat AR, Cook CE. Interaction between
marihuana and ethanol: effects on psychomotor performance. Alcohol Clin Exp Res
(1988) 12, 268-76.

5. Marks DF, MacAvoy MG. Divided attention performance in cannabis users and non-
users following alcohol and cannabis separately and in combination. Psychopharma-
cology (Berl) (1989) 99, 397-401.

. Lukas SE, Orozco S. Ethanol increases plasma A’-tetrahydrocannabinol (THC) levels
and subjective effects after marihuana smoking in human volunteers. Drug Alcohol
Depend (2001) 64, 143-9.

. Wright KA, Terry P. Modulation of the effects of alcohol on driving-related
psychomotor skills by chronic exposure to cannabis. Psychopharmacology (Berl)
(2002) 160, 213-19.

8. Chait LD, Perry JL. Acute and residual effects of alcohol and marijuana, alone and in

combination, on mood and performance. Psychopharmacology (Berl) (1994) 115, 340~
9
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. Liguori A, Gatto CP, Jarrett DB. Separate and combined effects of marijuana and
alcohol on mood, equilibrium and simulated driving. Psychopharmacology (Berl)
(2002) 163, 399-405.

10. Laumon B, Gadegbeku B, Martin J-L, Biecheler M-B. Cannabis intoxication and fatal

road crashes in France: population based case-control study. BMJ (2005) 331, 1371-6.

11. Lukas SE, Benedikt R, Mendelson JH, Kouri E, Sholar M, Amass L. Marihuana

attenuates the rise in plasma ethanol levels in human subjects. Neuropsychopharma-

cology (1992) 7, 77-81.
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Cannabis + Chlorpromazine v

Smokers of cannabis may possibly need larger doses of
chlorpromazine than non-smokers.

Clinical evidence

A study in 31 patients found that the clearance of chlorpromazine
was increased by 38% by tobacco smoking, by 50% by cannabis
smoking, and by 107% when both tobacco and cannabis were
smoked.!

Experimental evidence
No relevant data found.

Mechanism

Not established. The probable reason is that some of the components
of tobacco smoke act as enzyme inducers, which increase the rate at
which the liver metabolises chlorpromazine, thereby reducing its
serum levels and clinical effects.

Importance and management

Established interactions but of uncertain clinical importance. Be alert
for the need to increase the dosages of chlorpromazine and related
antipsychotics in patients who smoke, and reduce the dosages if
smoking is stopped.

1. Chetty M, Miller R, Moodley SV. Smoking and body weight influence the clearance of
chlorpromazine. Eur J Clin Pharmacol (1994) 46, 523—6.
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Cannabis + Ciclosporin (4

Cannabidiol, an important constituent of cannabis, may increase
ciclosporin levels. This interaction is based on experimental
evidence only.

Clinical evidence
No interactions found.

Experimental evidence

An in vitro study found that the incubation of human and mouse
liver microsomes with cannabidiol, an active but non-psychoactive
constituent of cannabis, resulted in inhibition of ciclosporin
metabolism. The production of ciclosporin metabolites was reduced
by 73 to 83%. Similar results were found in studies in mice.!

Mechanism

Cannabidiol may inhibit the cytochrome P450 subfamily CYP3A,
and so increase ciclosporin levels. However, cannabis does not affect
the metabolism of other CYP3A4 substrates, see Cannabis +
Irinotecan, page 111.

Importance and management

These preclinical data suggest that one constituent of cannabis might
possibly raise ciclosporin levels. These data require confirmation in
humans. Until such data are available, bear in mind the possibility
that irregular use of cannabis might be a factor in unstable
ciclosporin levels. It might be unwise for patients taking ciclosporin
to use cannabis.

1. Jaeger W, Benet LZ, Bornheim LM. Inhibition of cyclosporine and tetrahydrocannabinol

metabolism by cannabidiol in mouse and human microsomes. Xenobiotica (1996) 26,
275-84.
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A case report describes a fatal stroke when a young man
receiving cisplatin smoked cannabis.

Cannabis + Cisplatin

Evidence, mechanism, importance and management

A 27-year-old man who smoked cannabis and tobacco daily
developed tinnitus and paraesthesias after receiving the first course
of chemotherapy consisting of cisplatin, etoposide and bleomycin for
testicular cancer. Following the second course of chemotherapy, the
patient reported distal paresis of the right arm and, 2 days later, about
30 minutes after cannabis inhalation, he developed headache, paresis
of his right leg and aphasia. A large thrombus was found in the
carotid artery. The patient died the next day. He had no
cardiovascular risk factors apart from the smoking (about 4
cigarettes per day).!

Cisplatin is known to carry a small risk of stroke, and cases have
also been reported for cannabis smoking alone. In this case it was
suggested that the use of cannabis may have also contributed to the
adverse outcome in this patient.! It might be prudent for patients
receiving cisplatin to avoid smoking cannabis.

1. Russmann S, Winkler A, Lovblad KO, Stanga Z, Bassetti C. Lethal ischemic stroke after

cisplatin-based chemotherapy for testicular carcinoma and cannabis inhalation. Eur
Neurol (2002) 48, 178-80.

Cannabis + Clozapine (4

Patients who give up smoking cannabis may develop higher
blood levels of clozapine and be at risk of adverse reactions,
since plasma levels of clozapine are lower in smokers than in
non-smokers.

Clinical evidence

A 37-year-old man who smoked both tobacco and cannabis daily,
and took clozapine 700 mg daily, experienced elevated clozapine
plasma levels and signs of clozapine toxicity, one month after he
stopped smoking both tobacco and cannabis. Oneweek after
reducing the dose of clozapine to 500mg daily, his psychotic
symptoms disappeared and plasma levels returned to normal.!

Experimental evidence
No relevant data found.

Mechanism

Tobacco smoke contains aromatic hydrocarbons that are potent
inducers of the cytochrome P450 isoenzyme CYP1A2, by which
clozapine is metabolised. The contribution of cannabis smoking to
this case is unknown, but cannabis smoking alone is also known to
induce CYP1A2, independent of tobacco. See Cannabis + Theophyl-
line, page 113.

Importance and management

It is known that patients who smoke tobacco may experience lower
serum clozapine levels and, although there is no direct evidence, this
may equally apply to cannabis smoking. Irregular smoking of
cannabis might cause fluctuations in clozapine levels.

1. Zullino DF, Delessert D, Eap CB, Preisig M, Baumann P. Tobacco and cannabis

smoking cessation can lead to intoxication with clozapine or olanzapine. Int Clin
Psychopharmacol (2002) 17, 141-3.
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Two isolated case reports describe hypomanic-like reactions
when patients taking disulfiram used cannabis, whereas no
unusual interaction with the combination was seen in other
subjects.

Cannabis + Disulfiram

Evidence, mechanism, importance and management

A man with a 10-year history of drug abuse (alcohol, amfetamines,
cocaine, cannabis) taking disulfiram 250 mg daily, experienced a
hypomanic-like reaction (euphoria, hyperactivity, insomnia, irrit-
ability) on two occasions, associated with the concurrent use of
cannabis. The patient said that he felt as though he had been taking
amfetamine.! One other similar case has been reported.2 The reason
for this reaction is not understood. In a randomised study in alcohol-
dependent subjects who had previously used cannabis, no unusual
interaction effects were found in a group of 11 subjects receiving
disulfiram and smoking cannabis twice weekly for 4 weeks.3
Therefore the interaction described in the two case reports would
not appear to be of general significance.

. Lacoursiere RB, Swatek R. Adverse interaction between disulfiram and marijuana: a
case report. Am J Psychiatry (1983) 140, 243-4.

. Mackie J, Clark D. Cannabis toxic psychosis while on disulfiram. Br J Psychiatry
(1994) 164, 421.

. Rosenberg CM, Gerrein JR, Schnell C. Cannabis in the treatment of alcoholism. J Stud
Alcohol (1978) 39, 1955-8.
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Cannabis + Docetaxel

@

The pharmacokinetics of docetaxel are not altered by a herbal
tea containing cannabis.

Clinical evidence

In a study investigating the effects of cannabis on docetaxel
pharmacokinetics, 12 patients were given 200mL of a herbal tea
containing cannabis 1g/L each day for 15days. The tea was
prepared from medicinal-grade cannabis (Cannabis sativa L. Flos,
Bedrocan®) containing the cannabinoids A’-tetrahydrocannabinol



18% and cannabidiol 0.8%. The clearance and the AUC of docetaxel
given on day 12 of the cannabis tea were not significantly altered,
when compared with docetaxel given before the cannabis tea. The
dose of docetaxel used was 180 mg, reduced to 135 mg in 3 patients
who experienced dose-related docetaxel toxicity.!

Experimental evidence
No relevant data found.

Mechanism

Docetaxel is metabolised by the cytochrome P450 isoenzyme
CYP3A4, and this does not appear to be affected by oral cannabis.

Importance and management

This study suggests that cannabis taken orally will not affect the
pharmacokinetics of docetaxel. No dosage adjustments are likely to
be needed if docetaxel is given with cannabis tea.! It is not known if
this applies to other drugs metabolised by CYP3A4, or to other
preparations and routes of administration of cannabis, but see also
Cannabis + Ciclosporin, page 110, and Cannabis + Irinotecan,
below.

1. Engels FK, de Jong FA, Sparreboom A, Mathot RA, Loos WI, Kitzen JJEM, de Bruijn

P, Verweij J, Mathijssen RHJ. Medicinal cannabis does not influence the clinical
pharmacokinetics of irinotecan and docetaxel. Oncologist (2007) 12, 291-300.
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The information regarding the use of cannabis with ecstasy is
based on experimental evidence only.

Cannabis + Ecstasy

Evidence, mechanism, importance and management

An animal study found that pretreatment with cannabidiol, a major
constituent of cannabis, did not affect the levels of ecstasy (MDMA,
methylenedioxymethamfetamine) in the brain of mice.!

1. Reid MJ, Bornheim LM. Cannabinoid-induced alterations in brain disposition of drugs
of abuse. Biochem Pharmacol (2001) 61, 1357-67.

Cannabis + Fluoxetine WV

An isolated report describes mania when a patient taking
fluoxetine smoked cannabis.

Evidence, mechanism, importance and management

A 2l-year-old woman with a 9-year history of bulimia and
depression was taking fluoxetine 20mg daily. A month later,
about 2 days after smoking two ‘joints’ of cannabis (marijuana), she
experienced a persistent sense of well-being, increased energy,
hypersexuality and pressured speech. These symptoms progressed
into grandiose delusions, for which she was hospitalised. Her mania
and excitement were controlled with lorazepam and perphenazine,
and she largely recovered after about 8 days. The reasons for this
reaction are not understood but the authors of the report point out
that one of the active components of cannabis, dronabinol
(A’-tetrahydrocannabinol), is, like fluoxetine, a potent inhibitor of
serotonin uptake. Thus a synergistic effect on central serotonergic
neurones might have occurred.! This seems to be the first and only
report of an apparent adverse interaction between cannabis and
fluoxetine, but it emphasises the risks of concurrent use.

1. Stoll AL, Cole JO, Lukas SE. A case of mania as a result of fluoxetine-marijuana
interaction. J Clin Psychiatry (1991) 52, 280-1.
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Cannabis + Food

No interactions found.

Cannabis + Herbal medicines

No interactions found.

@

The pharmacokinetics of irinotecan are not altered by a herbal
tea containing cannabis.

Cannabis + Irinotecan

Clinical evidence

In a crossover study, 24 patients were given intravenous irinotecan
600 mg before and 12 days after starting a 15-day course of 200 mL
daily of a herbal tea containing cannabis 1 g/L. This was prepared
from medicinal-grade cannabis (Cannabis sativa L. Flos, Bed-
rocan™) containing the cannabinoids A’-tetrahydrocannabinol 18%
and cannabidiol 0.8%. The clearance and the AUC of irinotecan and
its metabolites, SN-38 and SN-38G, were not significantly altered by
the presence of cannabis.!

Experimental evidence
No relevant data found.

Mechanism

Irinotecan is metabolised by cytochrome P450 isoenzyme CYP3A4,
and this does not appear to be affected by oral cannabis.

Importance and management

This study suggests that cannabis taken orally will not affect the
pharmacokinetics of irinotecan. No dosage adjustments are likely to
be needed if irinotecan is given with cannabis tea. It is not known if
this applies to other drugs metabolised by CYP3A4, or to other
preparations and routes of administration of cannabis, but see also
Cannabis + Ciclosporin, page 110, and Cannabis + Docetaxel,
page 110.

1. Engels FK, de Jong FA, Sparreboom A, Mathot RAA, Loos WJ, Kitzen JJEM, de Bruijn

P, Verweij J, Mathijssen RHJ. Medicinal cannabis does not influence the clinical
pharmacokinetics of irinotecan and docetaxel. Oncologist (2007) 12, 291-300.

Cannabis + Nicotine w

The effects of transdermal nicotine and cannabis smoking on
increasing the heart rate are additive, and nicotine increased the
stimulant effect of cannabis. Combined use might increase the
addictive potential of both drugs.

Clinical evidence

In a study in 20 healthy subjects who smoked either a low-dose or a
high-dose cannabis cigarette 4 hours after the application of a
placebo or a 21 mg nicotine patch, nicotine enhanced the maximum
increase in heart rate seen with cannabis. The increase in heart rate
for nicotine alone was between 10 and 15 bpm, for cannabis alone 32
and 42bpm, for women and men, respectively, and, for the
combination, 45 and 58 bpm, respectively. In addition, the duration
of tachycardia after smoking the low-dose cannabis was prolonged
by 30 minutes by nicotine, but was not changed after the high-dose
cannabis. Nicotine increased the subjective stimulant effects of
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cannabis, but the reported duration of effects of cannabis were
shortened by nicotine. Plasma levels of nicotine and A’-tetrahy-
drocannabinol (THC) did not differ on concurrent use. The cannabis
cigarettes were standardised to 1.99% THC (low dose) and 3.51%
THC (high dose).!

Experimental evidence

Studies in mice found that nicotine enhanced the effects of
A’-tetrahydrocannabinol in terms of hypolocomotion hypothermia
and antinociceptive responses. Somatic s1gns of withdrawal from
A’-tetrahydrocannabinol were more severe in mice that had received
nicotine.?

Mechanism

Unknown. The additive effect on heart rate may be due to
sympathetic activity of both drugs, and might also involve
cannabinoid receptors.!

Importance and management

Cannabis is often smoked with tobacco. The findings of the clinical
study show that transdermal nicotine has additive effects with
cannabis on heart rate, and increased the stimulant effect of
cannabis. The clinical significance of these findings is uncertain.

. Penetar DM, Kouri EM, Gross MM, McCarthy EM, Rhee CK, Peters EN, Lukas SE.
Transdermal nicotine alters some of marihuana’s effects in male and female volunteers.
Drug Alcohol Depend (2005) 79, 211-23.

. Valjent E, Mitchell JM, Besson M-J, Caboche J, Maldonado R. Behavioural and
biochemical evidence for interactions between A9-tetrahydrocannabinol and nicotine. Br
J Pharmacol (2002) 135, 564-78.

)

Cannabis + NSAIDs v

Indometacin appears to antagonise some of the effects of
cannabis, and cannabis might antagonise the analgesic efficacy
of NSAIDs.

Clinical evidence

Four healthy subjects were given placebo or indometacin 25 mg
three times daily for one day, and then a single-dose 2 hours before
smoking cannabis 400 micrograms/kg on the followmg day. Indo-
metacin did not alter the pharmacokinetics of A’-tetrahydrocanna-
binol. Subjective measures of heart rate acceleration and intoxication
were modestly attenuated by indometacin. Subjects also reported
that the effects of marihuana on time perception were antagonised by
indometacin.!

Experimental evidence

In a study rabbits received placebo or 2% indometacin applied

to;alcally to both eyes one hour prior to an intravenous injection of
A’-tetrahydrocannabinol. The fall in intraocular pressure caused by

A’-tetrahydrocannabinol was inhibited by topical indometacin.

In an animal model of analgesia, chronic treatment with
A°-tetrahydrocannabinol markedly reduced the efficacy of aspirin,
celecoxib, indometacin, ketorolac and naproxen, and reduced the
potency of diclofenac and paracetamol (acetaminophen).2

Mechanism

It is suggested that prostaglandins have some part to play in some of
the effects of cannabis, and that these are antagonised by
indometacin, which is a prostaglandin inhibitor.!3 Similarly, canna-
bis antagonises the effects of NSAIDs.2

Importance and management

The effects of indometacin on the sub]ectlve measures and
intraocular pressure-lowering effects of A’-tetrahydrocannabinol
are probably not of clinical s1gmﬁcance However, the relevance
of the finding that chronic use of A’ -tetrahydrocannablnol might
result in reduced efficacy and potency of NSAIDs requires further
study.

. Perez-Reyes M, Burstein SH, White WR, McDonald SA, Hicks RE. Antagonism of
marihuana effects by indomethacin in humans. Life Sci (1991) 8, 507-15.

. Anikwue R, Huffman JW, Martin ZL, Welch SP. Decrease in efficacy and potency of
nonsteroidal anti-inflammatory drugs by chronic delta(9)-tetrahydrocannabinol. admin-
istration. J Pharmacol Exp Ther (2002) 303, 340-6.

3. Green K, Kearse EC, McIntyre OL. Interaction between delta-9-tetrahydrocannabinol

and indomethacin. Ophthalmic Res (2001) 33, 217-20.
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Low doses of cannabis enhanced the effect of morphine in three
patients. Animal studies have shown that cannabinoids may
enhance the potency of opioids.

Cannabis + Opioids

Evidence, mechanism, importance and management

A report of 3 patients with chronic pain (due to multiple sclerosis,
HIV-related peripheral neuropathy and lumbar spinal damage) found
that small doses of smoked cannabis potentiated the antinociceptive
effects of morphine. The patients were able to decrease the dose of
opioid by 60 to 100%.! Studies in animals have shown that A’-
tetrahydrocannabinol, the major psychoactive constituent of canna-
bis, enhances the potency of opioids such as morphine, codeine,

hydromorphone, methadone, oxymorphone and pethidine (meper-
idine).>+ It has been suggested that low doses of A’-tetrahydro-
cannabinol given with low doses of morphine may increase opioid
potency without increasing adverse effects.s Cannabis use in
methadone-maintained patients did not appear to affect treatment
progress, although some psychological difficulties were slightly
more prevalent.¢ However, other workers have suggested that heavy
cannabis use is associated with poorer progress when methadone is
given in the treatment of opioid addiction.?

. Lynch ME, Clark AJ. Cannabis reduces opioid dose in the treatment of chronic non-
cancer pain. J Pain Symptom Manage (2003) 25, 496-8.

2. Smith FL, Cichewicz D, Martin ZL, Welch SP. The enhancement of morphine
antinociception in mice by A-tetrahydrocannabinol. Pharmacol Biochem Behav (1998)
60, 559-66.

3. Cichewicz DL, Martin ZL, Smith FL, Welch SP. Enhancement of p opioid
antinociception by oral A-tetrahydrocannabinol: dose-response analysis and receptor
identification. J Pharmacol Exp Ther (1999) 289, 859-67.

. Cichewicz DL, McCarthy EA. Antinociceptive synergy between A-tetrahydrocannabi-
nol and opioids after oral administration. J Pharmacol Exp Ther (2003) 304, 1010-15.

5. Cichewicz DL. Synergistic interactions between cannabinoid and opioid analgesics. Life
Sci (2004) 74, 1317-24.

. Epstein DH, Preston KL. Does cannabis use predict poor outcome for heroin-dependent
patients on maintenance treatment? Past findings and more evidence against. Addiction
(2003) 98, 269-79.

7. Nixon LN. Cannabis use and treatment outcome in methadone maintenance. Addiction

(2003) 98, 1321-2.
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The interaction between cannabis and phencyclidine is based on
experimental evidence only.

Cannabis + Phencyclidine

Clinical evidence
No interactions found.

Experimental evidence

An animal study found that pretreatment with cannabidiol signifi-
cantly increased the levels of phencyclidine in the brain and blood of
mice. Behavioural tests indicated that the increase in brain levels led
to an increase in intoxication caused by phencychdme When the
study was repeated using A’-tetrahydrocannabinol in doses of
120 mg/kg, the bram levels of phencyclidine were increased twofold.
Lower doses of A’-tetrahydrocannabinol did not result in such an
effect.!

Mechanism
Unknown.



Importance and management

This preclinical study provides some evidence that cannabis might
increase the abuse potential of phencyclidine.

1. Reid MJ, Bornheim LM. Cannabinoid-induced alterations in brain disposition of drugs
of abuse. Biochem Pharmacol (2001) 61, 1357-67.

Cannabis + Phenytoin v

There is one in vitro study suggesting that Ag-tetrahydrocanna-
binol, a major constituent of cannabis, might induce phenytoin
metabolism. Note that, in clinical use dronabinol has induced
seizures.

Clinical evidence
No interactions found.

Experimental evidence

In an in vitro study in which human liver microsomes were
incubated with phenytoin alone, or phenytoin and A’-tetrahydro-
cannabinol, a major constituent of cannabis, the rate of metabolism
of phenytoin was slightly increased in a dose-dependent manner.
The rate of metabolism of A’-tetrahydrocannabinol to its 11-hydroxy
metabolite was not altered by phenytoin.!

Various cannabinoids have shown antiepileptic effects in animal
studies. In one study, the antiepileptic effect of phenytoin was
increased when combined with cannabidiol.2

Mechanism

The in vitro data suggest that A°-tetrahydrocannabinol induces the
cytochrome P450 isoenzyme CYP2C9.!

Importance and management

This appears to be the only evidence that cannabis might affect
phenytoin levels, and is only in vitro data. As such, it requires
confirmation before any recommendations can be made. Note also
that there are no reports in the literature of cannabis use affecting
phenytoin levels. Note that oral dronabinol (A’-tetrahydrocannabi-
nol) has caused seizures in clinical use, and the manufacturer
recommends caution in those with a seizure disorder.3

. Bland TM, Haining RL, Tracy TS, Callery PS. CYP2C-catalyzed delta(9)-tetrahy-
drocannabinol metabolism: kinetics, pharmacogenetics and interaction with phenytoin.
Biochem Pharmacol (2005) 70, 1096-103.

. Consroe P, Wolkin A. Cannabidiol — antiepileptic drug comparisons and interactions in
experimentally induced seizures in rats. J Pharmacol Exp Ther (1977) 201, 26-32.

. Marinol (Dronabinol). Solvay Pharmaceuticals, Inc. US Prescribing information, March
2008.
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Cannabis + Protease inhibitors

@

The short-term use of cannabis cigarettes or dronabinol
(A°-tetrahydrocannabinol) did not appear to adversely affect
indinavir or nelfinavir levels or viral loads in HIV-positive
patients.

Clinical evidence

In 9 HIV-positive patients on a stable regimen containing indinavir
(mostly 800 mg every 8 hours), smoking a cannabis cigarette (3.95%
tetrahydrocannabinol) three times daily before meals for 14 days
resulted in a median 14% decrease in AUC and maximum level and
a 34% decrease in minimum indinavir level. However, only the
change in maximum level was statistically significant.! Similarly,
dronabinol (A’-tetrahydrocannabinol) 2.5 mg three times daily for
14 days had no significant effect on indinavir pharmacokinetics.!
In another 11 patients on a stable regimen containing nelfinavir
750 mg three times daily, there was a non-significant 10% decrease
in AUC, 17% decrease in maximum level and 12% decrease in
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minimum nelfinavir level after 14 days of cannabis cigarettes.!
Similarly, dronabinol 2.5 mg three times daily for 14 days had no
significant effect on nelfinavir pharmacokinetics.!

There was no adverse effect on viral load or CD4 count in the
patients receiving cannabis cigarettes or dronabinol.2

Experimental evidence
No relevant data found.

Mechanism
No mechanism expected.

Importance and management

Short-term use of cannabis cigarettes or dronabinol does not appear
to have any important effect on levels of indinavir or nelfinavir, nor
on markers of HIV infection.

. Kosel BW, Aweeka FT, Benowitz NL, Shade SB, Hilton JF, Lizak PS, Abrams DI. The
effects of cannabinoids on the pharmacokinetics of indinavir and nelfinavir. AIDS (2002)
16, 543-50.

Abrams DI, Hilton JF, Leiser RJ, Shade SB, Elbeik TA, Awecka FT, Benowitz NL,
Bredt BM, Kosel B, Aberg JA, Deeks SG, Mitchell TF, Mulligan K, Bacchetti P,
McCune JM, Schambelan M. Short-term effects of cannabinoids in patients with HIV-1
infection: a randomized, placebo-controlled clinical trial. Ann Intern Med (2003) 139,
258-66.

N

Cannabis + Sildenafil w

Myocardial infarction occurred in a man who had smoked
cannabis and taken a tablet of sildenafil.

Clinical evidence

A 41-year old man with no history of cardiac disease experienced a
myocardial infarction after smoking cannabis and recreationally
taking a tablet of sildenafil (strength not specified). Later tests
showed that he had no evidence of inducible ischaemia.!

Experimental evidence
No relevant data found.

Mechanism

Myocardial infarction is a rare adverse effect of sildenafil alone. It
was suggested that the metabolism of sildenafil by cytochrome P450
isoenzyme CYP3A4 might be inhibited by constituents of cannabis
such as cannabidiol, thereby increasing the risk of adverse events.
However, in clinical studies, oral cannabis did not alter levels of
other CYP3A4 substrates. These included Cannabis + Irinotecan,
page 111, and Cannabis + Docetaxel, page 110.

Importance and management
The vasodilatory effects of sildenafil necessitate caution in its use in
patients with cardiovascular disease; myocardial infarction has rarely
been associated with its use. The contribution of an interaction to
this case is unclear, but bear the possibility in mind in the event of
adverse effects on concurrent use.

1. McLeod AL, McKenna CJ, Northridge DB. Myocardial infarction following the
combined recreational use of Viagra™ and cannabis. Clin Cardiol (2002) 25, 133—4.

Cannabis + Theophylline v
Cannabis smokers may need more theophylline than

non-smokers to achieve the same therapeutic benefits, because
the theophylline is cleared from the body more quickly.

Evidence, mechanism, importance and management

One study found that tobacco or cannabis smoking similarly caused
higher total clearances of theophylline (given as oral aminophylline)
than in non-smokers (about 74 mL/kg per hour compared with
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52 mL/kg per hour), and that clearance was even higher (93 mL/kg
per hour) in those who smoked both.! A later analysis by the same
authors, of factors affecting theophylline clearance, found that
smoking two or more joints of cannabis weekly was associated with
a higher total clearance of theophylline than non-use (82.9 mL/kg
per hour versus 56.1 mL/kg per hour).2

Tobacco and cannabis smoke contain polycyclic hydrocarbons,
which act as inducers of the cytochrome P450 isoenzyme CYP1A2,
and this results in a more rapid clearance of theophylline from the
body.

Little is known about the effects of smoking cannabis on
theophylline levels, but be alert for the need to increase the
theophylline dosage in regular users. Note that irregular cannabis use
might cause fluctuations in theophylline levels.

. Jusko WJ, Schentag JJ, Clark JH, Gardner M, Yurchak AM. Enhanced biotransforma-
tion of theophylline in marihuana and tobacco smokers. Clin Pharmacol Ther (1978) 24,
406-10.

2. Jusko WJ, Gardner MJ, Mangione A, Schentag JJ, Koup JR, Vance JW. Factors

affecting theophylline clearances: age, tobacco, marijuana, cirrhosis, congestive heart

failure, obesity, oral contraceptives, benzodiazepines, barbiturates, and ethanol. J Pharm

Sci (1979) 68, 1358-66.

Cannabis + Tricyclic antidepressants v

Tachycardia has been described when patients taking tricyclic
antidepressants smoked cannabis.

Evidence, mechanism, importance and management

A 21-year-old woman taking nortriptyline 30 mg daily experienced
marked tachycardia (an increase from 90 to 160 bpm) after smoking
a cannabis cigarette. It was controlled with propranolol.! A 26 year
old complained of restlessness, dizziness and tachycardia (120 bpm)
after smoking cannabis while taking imipramine 50 mg daily.2 Four
adolescents aged 15 to 18 taking tricyclic antidepressants for
attention-deficit hyperactivity disorder had transient cognitive
changes, delirium and tachycardia after smoking cannabis.3

Increased heart rates are well-documented adverse effects of both
the tricyclic antidepressants and cannabis, and what occurred was
probably due to the additive beta-adrenergic and antimuscarinic
effects of the tricyclics, with the beta-adrenergic effect of the
cannabis. Direct information is limited but it has been suggested that
concurrent use should be avoided.!

. Hillard JR, Vieweg WVR. Marked sinus tachycardia resulting from the synergistic
effects of marijuana and nortriptyline. Am J Psychiatry (1983) 140, 626-7.

. Kizer KW. Possible interaction of TCA and marijuana. Ann Emerg Med (1980) 9, 444.

. Wilens TE, Biederman J, Spencer TJ. Case study: adverse effects of smoking marijuana
while receiving tricyclic antidepressants. J Am Acad Child Adolesc Psychiatry (1997)
36, 45-8.
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Capsicum

Capsicum species (Solanaceae)

Synonym(s) and related species

Caspic, Cayenne, Cayenne pepper, Chili pepper, Chilli

pepper, Hot pepper, Paprika, Red pepper, Tabasco pepper.
Capsicum annuum L., Capsicum baccatum L., Capsicum

chinense Jacq., Capsicum frutescens L., Capsicum minimum

Roxb., Capsicum pubescens Ruiz & Pavon.

Pharmacopoeias

Capsicum (BP 2009, Ph Eur 6.4, USP 32), Capsicum
Oleoresin (USP 32); Refined and Quantified Capsicum
Oleoresin (BP 2009, Ph Eur 6.4); Standardised Capsicum
Tincture (BP 2009, Ph Eur 6.4).

Constituents

The pungent principles of capsicum are the capsaicinoids (to
which it may be standardised), present in concentrations up
to 1.5%, but more usually around 0.1%. The major
components are capsaicin, 6,7-dihydrocapsaicin, nordihy-
drocapsaicin, homodihydrocapsaicin and homocapsaicin.
Other constituents include the carotenoid pigments (cap-
santhin, capsorubin, carotene, lutein), vitamins including A
and C, and a small amount of volatile oil.

Use and indications

Capsicum possesses stimulant, antispasmodic, carminative
and counterirritant effects, which has led to its use in
conditions such as colic and flatulent dyspepsia, and to
increase peripheral circulation. Topical preparations are used
for neuralgia including rheumatic pains and unbroken
chilblains.

Capsicum is frequently eaten as part of the diet and, in
particular, diets that contain spicy foods. It has been
estimated that the average consumption of dietary spice
from capsicum fruit is 2.5 g/person per day in India and 5 g/
person per day in Thailand. As the capsaicin content in
capsicum fruit is approximately 1%, the daily dietary intake

of capsaicin may range from 0.5 to 1 mg/kg per day for a
50 kg person.!

Pharmacokinetics

In vitro study suggests that many of the cytochrome P450
enzymes are involved in the metabolism of capsaicinoids,
by dehydrogenation, oxygenation, hydroxylation and
O-demethylation. Principal isoenzymes thought to be
involved are CYP2C9, CYP2El and to some extent
CYP3A4.

Some metabolites of the capsaicinoids are thought to
inhibit CYP2EL,? and a study with phenazone, page 117, a
probe drug for hepatic enzyme activity, suggests that
capsaicin may inhibit hepatic enzymes, although the lack
of interaction seen with theophylline, page 118, a substrate
for CYP1A2, suggests that this isoenzyme is not signifi-
cantly affected. A further in vitro study has shown that the
acute use of capsaicin inhibits P-glycoprotein whereas long-
term exposure induces P-glycoprotein, see digoxin,
page 116.

Interactions overview

Capsicum has the potential to decrease the absorption of
aspirin, increase the absorption of ciprofloxacin and
theophylline, and alter the absorption of cefalexin and
digoxin. However, the clinical effects of these changes are
unknown, not established or not clinically significant.
Capsicum may also decrease the metabolism of pentobarbital
and phenazone, but it does not alter the metabolism of
theophylline or quinine, which suggests that it has selective
effects on hepatic enzymes.

. Axsain (Capsaicin). Cephalon Ltd. UK Summary of product characteristics, October
2007.

. Reilly CA, Yost GS. Metabolism of capsaicinoids by P450 enzymes: a review of recent
findings on reaction mechanisms, bio-activation, and detoxification processes. Drug
Metab Rev (2006) 38, 685-706.

)
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Capsicum + Aspirin (4

Capsicum + Ciprofloxacin v

The interaction between capsicum and aspirin is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

A study in rats given oral aspirin 20 mg/kg found that the acute
administration of a standardised extract of Capsicum annuum
100 mg/kg (equivalent to 10 mg/kg capsaicin) reduced the AUC and
maximum serum levels of salicylic acid by 44% and 26%,
respectively. The effect was dose related, with a 300-mg/kg dose
of Capsicum annuum reducing the AUC and maximum serum levels
of salicylic acid by 59% and 51%, respectively. Similar, but greater,
results were found when aspirin was given to rats that had been
treated with Capsicum annuum extract for 4 weeks.!

Mechanism

It seems likely that capsaicin alters gastric motility, which reduces
aspirin absorption and results in decreased salicylic acid levels.!

Importance and management

Evidence is limited, but capsaicin appears to decrease aspirin
bioavailability. However, the clinical significance of this effect is
unclear, especially as the capsaicin dose used in the study is 10-fold
greater than the expected dietary intake in countries where a spicy
diet is typically eaten, and many times higher than the expected
exposure if capsaicin is given as a cream, or ingested as a medicinal
product. More study is needed before any clinical recommendations
can be made.

1. Cruz L, Castaneda-Hernandez G, Navarrete A. Ingestion of chilli pepper (Capsicum

annuum) reduces salicylate bioavailability after oral aspirin administration in the rat.
Can J Physiol Pharmacol (1999) 77, 441-6.

Capsicum + Cefalexin v

The interaction between capsicum and cefalexin is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

An in vitro study using animal tissue found that high concentrations
of capsaicin instilled into rat intestines resulted in a lower rate of
absorption of cefalexin.!

Mechanism

It was suggested that the capsaicin affected the transport channels in
the intestine through which cefalexin is absorbed.!

Importance and management

Evidence appears to be limited to this study. Although the rate of
cefalexin absorption was decreased the total amount of cefalexin
absorbed was not studied, and therefore no conclusions can be
drawn on the possible clinical relevance of the findings.

1. Komori Y, Aiba T, Sugiyama R, Nakai C, Kawasaki H, Kurosaki Y. Effects of capsaicin
on intestinal cephalexin absorption in rats. Biol Pharm Bull (2007) 30, 547-51.

The interaction between capsicum and ciprofloxacin is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

A study in which rats were given oral ciprofloxacin 20 mg/kg with
placebo, or capsaicin in concentrations of 0.01%, 0.1%, 0.5% or 1%,
found that the maximum levels and AUC of ciprofloxacin increased
with increasing concentrations of capsaicin up to 0.5%. The increase
in AUC was 49%, 51%, 68% and 15% for capsaicin 0.01%, 0.1%,
0.5% or 1%, respectively.!

Mechanism

It is possible that the irritant nature of the capsaicin increased blood
flow to the gastrointestinal absorption site or, alternatively, the rate
of gastric emptying was increased, so ciprofloxacin reached the
duodenum more quickly, where the pH enhances its absorption.

Importance and management

Evidence appears to be limited to this study. The doses of the
antibacterial and capsaicin were chosen to reflect those likely to be
encountered clinically, and those encountered within dietary levels,
respectively. Therefore if these findings are replicated in humans it
seems possible that a clinically relevant rise in ciprofloxacin levels
could occur; however, given the magnitude of the rise, the effect
seems most likely to be beneficial rather than adverse, although
more study is needed to establish this.

1. S.umano-L(')pez H, Gutiérrez-Olvera L, Aguilera-Jiménez R: Gutiérrez-Olvera C,

Jiménez-Goémez F. Administration of ciprofloxacin and capsaicin in rats to achieve
higher maximal serum concentrations. Arzneimittelforschung (2007) 57, 286-90.

Capsicum + Digoxin v

The interaction between capsicum and digoxin is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In an in vitro study, P-glycoprotein function was assessed by looking
at the transport of digoxin, a known substrate of this transporter
protein. In the presence of capsaicin the transport of digoxin across
cells was enhanced, suggesting that capsaicin induces P-glycopro-
tein.!

Mechanism
Capsaicin may induce P-glycoprotein.

Importance and management

Evidence is limited and difficult to extrapolate to a clinical situation.
The study found that the acute use of capsaicin inhibited
P-glycoprotein, whereas long-term exposure induced P-glycopro-
tein. Clinically, P-glycoprotein induction has resulted in reduced
digoxin absorption from the intestine and increased biliary excretion,
the end result being a reduction in digoxin levels. Whether capsaicin
would initially raise then subsequently lower digoxin levels remains
to be established, but it may be prudent to consider the possibility of
this effect if large doses of capsaicin are given systemically.

1. Han Y, Tan TMC, Lim L-Y. Effects of capsaicin in P-gp function and expression in
Caco-2 cells. Biochem Pharmacol (2006) 71, 1727-34.



Capsicum + Food

No interactions found. Capsicum is widely used as a spice in food.

Capsicum + Herbal medicines

No interactions found.

Capsicum + Iron compounds v

Capsicum modestly reduces the absorption of dietary iron.

Clinical evidence

In a randomised, crossover study, 30 healthy women were given a
standard Thai meal (fortified with about 4 mg of isotopically labelled
ferrous sulfate), with soup, to which 4.2 g of ground Capsicum
annuum had been added. Capsicum annuum reduced iron absorption
by about 38%.!

Experimental evidence
No relevant data found.

Mechanism

Uncertain. It was thought that polyphenols in Capsicum annuum
may inhibit iron absorption.

Importance and management

The study suggests that capsicum inhibits the absorption of dietary
levels of iron. The levels of capsicum used were high, but they are
not unusual in a typical Thai meal. However, the effects of capsicum
on iron supplementation (e.g. ferrous sulfate in doses of 200 mg)
does not appear to have been studied, so it is difficult to predict the
effect of the use of capsicum as a herbal medicine on iron
replacement therapy. However, consider this interaction if a patient
taking capsicum supplements has a poor response to iron replace-
ment therapy.

1. Tuntipopipat S, Judprasong K, Zeder C, Wasantwisut E, Winichagoon P, Charoenkiatkul

S, Hurrell R, Walczyk T. Chili, but not turmeric, inhibits iron absorption in young
women from an iron-fortified composite meal. J Nuzr (2006) 136, 2970-4.

Capsicum + Pentobarbital v

The interaction between capsicum and pentobarbital is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a placebo-controlled study, rats were given a single 10-mg/kg
subcutaneous dose of capsaicin followed 6hours later by pento-
barbital. The sleeping time of rats in response to the pentobarbital
was more than doubled by capsaicin.!

Mechanism

It is thought that capsaicin may inhibit the cytochrome P450-
mediated metabolism of pentobarbital.

Importance and management

Evidence is limited to this study in rats. If the findings are replicated
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in humans it seems likely that capsaicin could increase the response
to pentobarbital. Therefore if patients taking pentobarbital are given
systemic capsacicin it may be prudent to warn them that prolonged
drowsiness may occur.

1. Miller MS, Brendel K, Burks TF, Sipes IG. Interaction of capsaicinoids with drug-
metabolizing systems: relationship to toxicity. Biochem Pharmacol (1983) 32, 547-51.

@

The interaction between capsicum and phenazone is based on
experimental evidence only.

Capsicum + Phenazone (Antipyrine)

Clinical evidence
No interactions found.

Experimental evidence

In a placebo-controlled study, rats were given capsaicin 25 mg/kg
daily for 7days, followed by a single 10-mg intravenous dose of
phenazone. It was found that capsaicin increased the half-life of
phenazone by 28%, and increased the AUC of phenazone by 43%.!

Mechanism

Capsaicin inhibits the metabolism of phenazone by hepatic
enzymes.!

Importance and management

Evidence is limited to this study in rats. Although rises in phenazone
levels of this magnitude may be of clinical relevance, the dose of
capsicum used in the study was very high, so it seems unlikely that
these effects would be reproduced with clinical or dietary quantities
of capsaicin.

1. Wanwimolruk S, Nyika S, Kepple M, Ferry DG, Clark CR. Effects of capsaicin on the

pharmacokinetics of antipyrine, theophylline and quinine in rats. J Pharm Pharmacol
(1993) 45, 618-21.

@

The information regarding the use of capsicum with quinine is
based on experimental evidence only.

Capsicum + Quinine

Clinical evidence
No interactions found.

Experimental evidence

In a placebo-controlled study, rats were given capsaicin 25 mg/kg
daily for 7 days, followed by a single 25-mg/kg intravenous dose of
quinine. It was found that capsaicin had no effect on the
pharmacokinetics of quinine.!

Mechanism
No mechanism expected.

Importance and management

The available evidence suggests that no pharmacokinetic interaction
would be expected between capsaicin and quinine.
1. Wanwimolruk S, Nyika S, Kepple M, Ferry DG, Clark CR. Effects of capsaicin on the

pharmacokinetics of antipyrine, theophylline and quinine in rats. J Pharm Pharmacol
(1993) 45, 618-21.
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Capsicum + Theophylline v

Although capsicum may slightly increase the absorption of
theophylline, it does not appear to be clinically relevant.

Clinical evidence

A study in 6 healthy subjects found that the absorption of
theophylline 400 to 500 mg was increased after they ate a spicy
meal, when compared with a European standard meal: the AUC, ¢
and AUC,_,, were increased by 23% and 15%, respectively.!

Experimental evidence

In a study, rabbits were given a single intravenous 12-mg/kg dose of
theophylline either with a single dose of ground capsicum suspen-
sion, or after 7 days of treatment with ground capsicum suspension.
Capsicum did not affect the pharmacokinetics of theophylline, apart
from a 40% increase in the elimination rate constant after the single
dose of capsicum.?

A previous study by the same authors found that a ground
capsicum fruit suspension, given at the time of the theophylline dose
and 11 hours later, increased the AUC of a 20-mg/kg oral dose of
theophylline, and increased peak theophylline levels by 33%.3

In contrast, a placebo-controlled study in rats given capsaicin
25 mg/kg daily for 7 days followed by a single 10-mg/kg intravenous

dose of theophylline, given as aminophylline, found that capsaicin
did not affect the pharmacokinetics of theophylline.4

Mechanism

Capsaicin has been shown in animal studies to increase mesenteric
blood flow, which may result in increased absorption of theo-
phylline.?

Importance and management

The evidence suggests that capsaicin has only modest effects on the
pharmacokinetics of theophylline. The clinical study found an
increase in the theophylline AUC of about 20%, which would not
generally be expected to be clinically relevant. It would therefore
appear that no specific additional precautions are necessary if
patients taking theophylline also take capsaicin.

1. Bouraoui A, Toumi A, Bouchacha S, Boukef K, Brazier JL. Influence de I’alimentation
épicée et piquante sur ’absorption de la théophylline. Therapie (1986) 41, 467-71.

2. Bouraoui A, Brazier JL, Zouaghi H, Rousseau M. Theophylline pharmacokinetics and
metabolism in rabbits following single and repeated administration of Capsicum fruit.
Eur J Drug Metab Pharmacokinet (1995) 20, 173-8.

3. Bouraoui A, Toumi A, Ben Mustapha H, Brazier JL. Effects of capsicum fruit on
theophylline absorption and bioavailability in rabbits. Drug Nutr Interact (1988) 5, 345—
50

X W:.mwimolruk S, Nyika S, Kepple M, Ferry DG, Clark CR. Effects of capsaicin on the
pharmacokinetics of antipyrine, theophylline and quinine in rats. J Pharm Pharmacol
(1993) 45, 618-21.
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Cascara

Rhamnus purshiana DC. (Rhamnaceae)

Synonym(s) and related species

Cascara sagrada, Chittem bark, Rhamnus, Sacred bark.
Frangula purshiana Cooper.

Pharmacopoeias

Cascara (BP 2009, Ph Eur 6.4); Standardised Cascara Dry
Extract (BP 2009, Ph Eur 6.4); Cascara Sagrada (USP 32).

Constituents

Anthraquinone glycosides are major components of cascara
and include cascarosides A, B, C, D, E and F, aloins A and
B, and chrysaloins A and B. Aloe-emodin, barbaloin,
crysophanol, emodin, frangulin and physcion are also
present in small amounts, as are resins and tannins.

Use and indications
Cascara bark is used as a laxative.

Pharmacokinetics

For information on the pharmacokinetics of an anthraqui-
none glycoside present in cascara, see under aloes, page 27.

Interactions overview

No interactions with cascara found; however, cascara (by
virtue of its anthraquinone content) is expected to share
some of the interactions of a number of other anthraquinone-
containing laxatives, such as aloes, page 27 and senna,
page 349. Of particular relevance are the interactions with
corticosteroids, digitalis glycosides and potassium-depleting
diuretics.
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Cat’s claw

Uncaria tomentosa DC,, Uncaria guianensis J.F.Gmel. (Rubiaceae)

Synonym(s) and related species
Life-giving vine of Peru, Samento, Savéntaro, Ufa de gato.

Pharmacopoeias

Cat’s Claw (USP 32); Powdered Cat’s Claw (USP 32);
Powdered Cat’s Claw Extract (USP 32); Cat’s Claw Tablets
(USP 32); Cat’s Claw Capsules (USP 32).

Constituents

The main constituents of both the closely related species of
cat's claw include the tetracyclic oxindole alkaloids,
isorhynchophylline and rhynchophylline, and the indole
alkaloids, dihydrocoryynantheine, hirsutine, and hirsuteine.
Quinovic acid glycosides have also been isolated.

Note that there are two chemotypes of Uncaria tomentosa,
one primarily containing the tetracyclic oxindole alkaloids,
isorhynochophylline and rhynchopylline, and one primarily
containing the pentacyclic oxindole alkaloids, (iso)pteropo-
dine and (iso)mitraphylline.

Use and indications

Cat’s claw roots, bark and leaves have been used for gastric
ulcers, arthritis, gonorrhoea, dysentry, herpes zoster, herpes
simplex and HIV, and as a contraceptive. In various
preclinical studies, antiviral, anti-inflammatory, antirheu-
matic, immunostimulating, antimutagenic, antitumour and
hypotensive properties have been shown. There is some
evidence that the tetracyclic oxindole alkaloids antagonise
the immunomodulating effects of the pentacyclic oxindole
alkaloids, and some preparations for arthritis are standard-
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ised to contain little or no tetracyclic oxindole alkaloids.
Other preparations are essentially free of oxindole alkaloids.

Pharmacokinetics

In two in vitro studies,!:2 alcoholic extracts of Uncaria
tomentosa were found to be a potent inhibitors of the
cytochrome P450 isoenzyme CYP3A4. Inhibitory effects on
CYP2D6, CYP2C9 and CYP2C19 were minor (in order of
decreasing potency).2 It was suggested that Uncaria
tomentosa might have the potential to interfere with the
metabolism of substrates of CYP3A4,! but note that St
John’s wort was an inhibitor of CYP3A4 in this study,
whereas, clinically (multiple dose use), it is an inducer of
CYP3A4. This serves as a reminder that in vitro studies
cannot be directly extrapolated to the clinical situation, and
that the findings need confirmation in a clinical setting.

Interactions overview

Cat’s claw has some antiplatelet and antihypertensive effects,
which may be additive to those of conventional drugs. Data
from a clinical study suggest that cat’s claw may safely be
given with sulfasalazine and hydroxychloroquine. An isol-
ated case reports an increase in the levels of atazanavir,
ritonavir and saquinavir in a patient also taking cat’s claw.
1. Budzinski JW, Foster BC, Vandenhoek S, Arnason JT. An in vitro evaluation of human
cytochrome P450 3A4 inhibition be selected commercial herbal extracts and tinctures.
Phytomedicine (2000) 7, 273-82.
2. Foster BC, Vandenhoek S, Hana J, Krantis A, Akhtar MH, Bryan M, Budzinski JW,

Ramputh A, Arnason JT. In vitro inhibition of human cytochrome P450-mediated
metabolism of marker substrates by natural products. Phytomedicine (2003) 10, 334-42.



Cat’s claw + Antihypertensives v

The interaction between cat’s claw and antihypertensives is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

Isorhynchophylline 10 mg/kg, a tetracyclic oxindole alkaloid from
cat’s claw, given intravenously was found to lower systolic arterial
blood pressure, diastolic arterial blood pressure and heart rate by
about 9%, 21% and 14%, respectively, in normotensive rats and
about 9%, 6% and 19%, respectively, in hypertensive rats in an
experimental study.! The effect appears to be dose dependent
because isorhynchophylline 20 mg/kg, given via the duodenum,
lowered the systolic pressure by about 25%, diastolic pressure by
about 38% and heart rate by about 25% in normotensive rats. A
similar effect was seen in dogs.!

Mechanism

It is suggested that the hypotensive effect is mainly due to a
vasodilating effect and transient reduction in the heart rate and force
of cardiac contraction.! Additive blood pressure-lowering effects
with conventional antihypertensives might therefore occur.

Importance and management

Evidence appears to be limited to experimental data and an
interaction is not established. Uncaria species are commonly used
in traditional medicine for hypertension, and the preclinical evidence
shows that isorhynchophylline, a tetracyclic oxindole alkaloid from
cat’s claw, has antihypertensive activity. However, not all varieties of
Uncaria tomentosa contain isorhynchophylline, and some prepar-
ations are specifically standardised not to contain this constituent, so
not all cat’s claw products will interact. Nevertheless, despite the
lack of clinical evidence, there is the potential for an additive blood
pressure-lowering effect if cat’s claw containing isorhynchophylline
is given with any antihypertensive. Concurrent use need not be
avoided, but patients should be made aware of the possibility of
increased antihypertensive effects.

1. Shi J-S, Liu G-X, Qin WU, Zhang W, Huang X-N. Hypotensive and hemodynamic

effects of isorhynchophylline in conscious rats and anaesthetised dogs. Chin J
Pharmacol Toxicol (1989) 3, 205-10.
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The interaction between cat’s claw and antiplatelet drugs is
based on experimental evidence only.

Cat’s claw + Antiplatelet drugs

Clinical evidence
No interactions found.

Experimental evidence

A study in rabbits' found that rhynchophylline, a tetracyclic
oxindole alkaloid from cat’s claw, caused a concentration-dependent
inhibition of platelet aggregation by up to about 78%. Rhynchophyl-
line also inhibited venous thrombosis by up to about 70% in rats.
Similar results were seen in a second experimental study in rats.2

Mechanism

The authors suggest that the antiplatelet effect may be due to the
suppression of the release of arachidonic acid (an inducer of platelet
aggregation) from platelet membranes, and the reduction of other
release products.!2 Theoretically, additive antiplatelet effects are
possible with antiplatelet drugs, which might increase the risk of
bleeding.
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Importance and management

Evidence is limited to these experimental studies. Any interaction is
complicated because not all varieties of Uncaria tomentosa contain
rhynchophylline, and some preparations are specifically standardised
not to contain this constituent, so not all cat’s claw products will
necessarily interact. What is known suggests that some cat’s claw
products may possibly have antiplatelet effects, which may be
additive to conventional antiplatelet drugs. Concurrent use need not
be avoided (indeed combinations of antiplatelet drugs are often
prescribed together) but it may be prudent to be aware of the
potential for increased bleeding if cat’s claw is given with other
antiplatelet drugs such as aspirin and clopidogrel. Warn patients to
discuss any episode of prolonged bleeding with a healthcare
professional.

. Chen C-X, Jin R-M, Li Y-K, Zhong J, Yue L, Chen S-C, Zhou J-Y. Inhibitory effect of
rhynchophylline on platelet aggregation and thrombosis. Acta Pharmacol Sin (1992) 13,
126-30.

2. Jin RM, Chen CX, Li YK, Xu PK. Effect of thynchophylline on platelet aggregation and

experimental thrombosis. Acta Pharmacol Sin (1991) 26, 246-9.

@

No additional adverse effects appear to occur when cat’s claw is
taken with sulfasalazine or hydroxychloroquine.

Cat’s claw + Antirheumatics

Evidence, mechanism, importance and management

A cat’s claw preparation (without tetracyclic oxindole alkaloids) was
used for 52weeks in a small clinical study in patients taking
sulfasalazine or hydroxychloroquine. There were no safety concerns
from the use of the combination when compared with placebo, and a
modest clinical benefit.! Although this study does not exclude the
possibility of a drug interaction, it provides some evidence that cat’s
claw can be combined with these established drugs without a
problem.

1. Mur E, Hartig F, Eibl G, Schirmer M. Randomized double blind trial of an extract from

the pentacyclic alkaloid-chemotype of Uncaria tomentosa for the treatment of
rheumatoid arthritis. J Rheumatol (2002) 29, 678-81.

Cat’s claw + Food

No interactions found.

Cat’s claw + Herbal medicines

No interactions found.

Cat’s claw + Protease inhibitors (4

An isolated case report describes raised atazanavir, ritonavir
and saquinavir levels following the use of cat’s claw.

Clinical evidence

An HIV-positive woman awaiting liver transplantation, taking
atazanavir 300 mg daily, ritonavir 100mg daily and saquinavir
1 g daily, in combination with abacavir 600 mg daily and lamivudine
300 mg daily, was found to have an increased trough level of all
three protease inhibitors. Atazanavir trough levels were 1.22 mic-
rograms/mL (expected range of 0.15 to 0.18 micrograms/mL),
ritonavir trough levels were 6.13 micrograms/mL (expected level
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of 2.1 micrograms/mL) and saquinavir trough levels were 3.4 mic-
rograms/mL (expected range 0.1 to 0.25micrograms/mL). On
further questioning, the patient reported no change in her compliance
with the medication but reported that she been taking a herbal
supplement containing cat’s claw for the previous 2 months. No
evidence of protease inhibitor-related toxicity was found and the
patient reported no adverse effects. The supplement was stopped and
by day 15 the levels of all three drugs had returned to within normal
limits.!

Experimental evidence

No relevant data found.

Mechanism

An in vitro studies suggested that cat’s claw may inhibit the
cytochrome P450 isoenzyme CYP3A4, the main isoenzyme respon-

sible for the metabolism of atazanavir, ritonavir and saquinavir;
however, the results of this study are questionable. See under
Pharmacokinetics, page 120.

Importance and management

Evidence appears to be limited to one case report from which it is
difficult to draw general conclusions. What it illustrates is that more
research is needed into the use of cat’s claw with protease inhibitors.
Patients taking drugs for serious conditions such as HIV infection
should carefully consider the risks and benefits of adding herbal
medicines to their existing regimen, where the outcome of
concurrent use is unknown.

1. Lopez Galera RM, Ribera Pascuet E, Esteban Mur JI, Montoro Ronsano JB, Juarez

Giménez. Interaction between cat’s claw and protease inhibitors atazanavir, ritonavir and
saquinavir. Eur J Clin Pharmacol (2008) 64, 1235-6.



Celery

Apium graveolens L. (Apiaceae)

Synonym(s) and related species

Apium, Celery fruit, Celery seed, Smallage, Wild celery.
Not to be confused with celery stem, which is commonly

eaten as a salad vegetable.

Constituents

The fruits of celery (usually referred to as ‘seeds’) contain a
volatile oil mainly composed of limonene (about 60%) and
selinene. Other important constituents are the flavonoids
(notably apigenin and isoquercitrin) and natural coumarins
(bergapten, isoimperatorin, osthenol, umbelliferone and
8-hydroxy-5-methoxypsoralen), some of which may cause
photosensitivity; however, celery seed oil has been reported
to be non-phototoxic in humans. Note that celery stem
contains much lower levels of the phototoxic natural
coumarins; even so, cases of phototoxicity have been
reported.

Use and indications

Celery seed is traditionally used for joint inflammation
(including rheumatism), gout and urinary tract inflammation.

Pharmacokinetics

No relevant pharmacokinetic data found for celery seed, but
see flavonoids, page 186, and natural coumarins, page 297,
for information on these constituents present in the herb.

Interactions overview

No interactions with celery seed found. For information on
the interactions of individual flavonoids present in celery
seed, see flavonoids, page 186. Although celery seed
contains natural coumarins, the quantity of these constituents
is not established, and therefore the propensity of celery seed
to interact with other drugs because of their presence is
unclear. Consider natural coumarins, page 297, for further
discussion of the interactions of coumarin-containing herbs.
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Centaury

Centaurium erythraea Rafn. (Gentianaceae)

Synonym(s) and related species

Century, Common centaury, Feverwort.

Centaurium minus Auct. subsp. minus, Centaurium minus
Moench, Centaurium umbellatum Gilib., Erythraea centaur-
ium (L.) Pers.

Pharmacopoeias
Centaury (BP 2009, Ph Eur 6.4).

Constituents

The iridoids (bitters) are considered to be the main active
constituents of centaury, and include gentiopicroside (about
2%), with centapicrin, gentioflavoside, sweroside and
swertiamarin and m-hydroxybenzoylesters of sweroside,
and catapicrin. Highly methylated xanthones, including
eustomin and §-demethyleustomin, have been found
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recently. Alkaloids of the pyridine type, including genti-
anine, gentianidine, gentioflavine, are also found in trace
amounts. The triterpenoids o- and f-amyrin, erythrodiol,
crataegolic acid, oleanolic acid and sitosterol are also present

Use and indications

Centaury is used for disorders of the upper digestive tract,
mainly dyspepsia. It is also used in anorexia and has reported
anti-inflammatory activity. It should not be taken by patients
with peptic ulceration.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview
No interactions with centaury found.



Chamomile, German

Matricaria recutita L. (Asteraceae)

Synonym(s) and related species

Chamomilla, Hungarian chamomile, Matricaria flower,
Scented mayweed, Single chamomile, Sweet false chamo-
mile, Wild chamomile.

Chamomilla recutita (L.) Rauschert, Chamomilla vulgaris
SF Gray, Matricaria chamomilla L.

Pharmacopoeias
Chamomile (USP 32).

Constituents

The flowerheads of German chamomile contain essential oil
composed mainly of (—)-a-bisabolol. Sesquiterpenes and
proazulenes (e.g. matricarin and matricin) are also present.
Chamazulene (1 to 15%), another volatile oil found in
chamomile, is formed from matricin during steam distillation
of the oil. Other constituents present in chamomile include
flavonoids (apigenin, luteolin, quercetin, rutin), and the
natural coumarins umbelliferone and its methyl ether,
heniarin.

Use and indications

German chamomile is used for dyspepsia, flatulence and
travel sickness, especially when the gastrointestinal disturb-
ance is associated with nervous disorders. It is also used for
nasal catarrh and restlessness. German chamomile is widely
used in babies and children as a mild sedative, and to treat
colic and teething pain. It has been used topically for
haemorrhoids, mastitis and leg ulcers.

Pharmacokinetics

In vitro studies have found that a commercial ethanolic
extract of Matricaria chamomilla and a crude Matricaria

recutita essential oil extract inhibited the cytochrome P450
isoenzyme CYP3A4.12 However, the effects were weak
when compared with the known potent CYP3A4 inhibitor
ketoconazole.2

A crude Matricaria recutita essential oil extract has also
been found to moderately inhibit CYP1A2 in vitro.2
Similarly, a study using liver microsomes from rats
pretreated with chamomile tea 2% for 4 weeks (Vita Fit
Nutrition, made from the dried flower heads of Matricaria
chamomilla and Matricaria recutita) found that CYP1A2
activity was reduced to 39%, when compared with the
control group.3

A crude Matricaria recutita essential oil extract had no
significant effect on the cytochrome P450 isoenzymes
CYP2C9 and CYP2D6.2

For information on the pharmacokinetics of individual
flavonoids present in German chamomile, see under
flavonoids, page 186.

Interactions overview

An isolated case of bleeding in a patient taking warfarin and
using chamomile products has been reported. No other
relevant drug interactions have been found for German
chamomile. For information on the interactions of individual
flavonoids present in German chamomile, see under
flavonoids, page 186.

1. Budzinski JW, Foster BC, Vandenhoek S, Arnason JT. An in vitro evaluation of human
cytochrome P450 3A4 inhibition by selected commercial herbal extracts and tinctures.
Phytomedicine (2000) 7, 273-82.

2. Ganzera M, Schneider P, Stuppner H. Inhibitory effects of the essential oil of chamomile
(Matricaria recutitia L.) and its major constituents on human cytochrome P450
enzymes. Life Sci (2006) 78, 856—61.

. Maliakal PP, Wanwimolruk S. Effect of herbal teas on hepatic drug metabolizing
enzymes in rats. J Pharm Pharmacol (2001) 53, 1323-9.

w
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126 Chamomile, German

Chamomile, German + Food

No interactions found.

Chamomile, German + Herbal medicines

No interactions found.

Chamomile, German + lron compounds a

Chamonmile tea (an infusion of Matricaria chamomilla) does not
appear to affect iron absorption.

Evidence, mechanism, importance and management

A study in 13 healthy subjects found that chamomile tea (an infusion
of Matricaria chamomilla) sweetened with panela (an unrefined
cane sugar sweetener containing fructose) did not affect the
absorption of iron from an iron-fortified bread, when compared
with the absorption of iron from the bread alone.! The tannin content
of the chamomile tea was reported to be 24.5 mg in 100 mL. This is
much less than the tannin content of black tea, which is known to
reduce iron absorption. See Tea + Iron compounds, page 386. This
level of tannins did not appear to affect iron absorption in this
particular study and it would therefore appear that chamomile tea
may be taken without impairing iron absorption.

1. Olivares M, Pizarro F, Hertrampf E, Fuenmayor G, Estévez E. Iron absorption from
wheat flour: effects of lemonade and chamomile infusion. Nutrition (2007) 23, 296-300.

Chamomile, German + Warfarin v

A single case report describes a woman stabilised on warfarin
who developed a marked increase in her INR with bleeding

complications 5 days after she started using two chamomile
products.

Clinical evidence

A 70-year-old woman stabilised on warfarin with an INR of 3.6
started drinking 4 to 5 cups of chamomile tea (an infusion of
Matricaria chamomilla) daily for chest congestion, and using a
chamomile-based skin lotion 4 to 5 times daily for foot oedema.
About 5 days later she developed ecchymoses and was found to have
an INR of 7.9, a retroperitoneal haematoma and other internal
haemorrhages.!

Experimental evidence
No relevant data found.

Mechanism

German chamomile contains the natural coumarin compounds,
umbelliferone and heniarin, However, these compounds do not
possess the minimum structural requirements (a C-4 hydroxyl
substituent and a C-3 non-polar carbon substituent) required for
anticoagulant activity. German chamomile essential oil extracts do
not appear to significantly affect the cytochrome P450 isoenzyme
CYP2C9, the main isoenzyme involved in the metabolism of
warfarin, but the effects of chamomile tea do not appear to have been
studied.

Importance and management

This appears to be the first report of an interaction between warfarin
and German chamomile. There seem to be no reports of German
chamomile alone causing anticoagulation, and the natural coumarin
constituents of German chamomile do not appear to possess
anticoagulant activity, which might suggest that the risk of an
additive effect is small. Furthermore, a pharmacokinetic basis for
this interaction has not been established. Because of the many other
factors influencing anticoagulant control, it is not possible to reliably
ascribe a change in INR specifically to a drug interaction in a single
case report without other supporting evidence. It may be better to
advise patients to discuss the use of any herbal products that they
wish to try, and to increase monitoring if this is thought advisable.
Cases of uneventful use should be reported, as they are as useful as
possible cases of adverse effects.

1. Segal R, Pilote L. Warfarin interaction with Matricaria chamomilla. CMAJ (2006) 174,
1281-2.



Chamomile, Roman

Chamaemelum nobile (L.) All (Asteraceae)

Synonym(s) and related species

Chamomile, Double chamomile, English chamomile, Man-
zanilla.
Anthemis nobilis L.

Pharmacopoeias

Chamomile Flowers (BP 2009); Chamomile Flower, Roman
(Ph Eur 6.4).

Constituents

The flowerheads contain an essential oil composed mainly of
esters of angelic and tiglic acids, with 1,8-cineole, frans-
pinocarveol, trans-pinocarvone, chamazulene, farnesol, ner-
olidol, various germacranolide-type sesquiterpene lactones,
amyl and isobutyl alcohols, and anthemol. The flavonoids
apigenin, luteolin, quercetin with their glycosides, and the
natural coumarin scopoletin-7-glucoside, are also present.

Chamazulene is formed from a natural precursor during
steam distillation of the oil.

Use and indications

Roman chamomile is used as a carminative, anti-emetic,
antispasmodic, and sedative for dyspepsia, nausea and
vomiting, anorexia and dysmenorrhoea. It is widely used
as a topical preparation for the hair.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids found in
Roman chamomile, see under flavonoids, page 186.

Interactions overview

No interactions with Roman chamomile found, but, for
information on the interactions of individual flavonoids
found in Roman chamomile, see under flavonoids, page 186.
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Chaparral

Larrea tridentata Coville (Zygophyllaceae)

Synonym(s) and related species

Creosote bush.

Larrea divaricata Cav. (formerly regarded as the same
species as Larrea tridentata), Larrea mexicana Moric.,
Larrea tridentate var. glutinosa Jeps.

Constituents

Chaparral contains lignans, the major compound being
nordihydroguaiaretic acid (NDGA). The herb also contains
flavonoids, which include isorhamnetin, kaempferol and
quercetin, and their derivatives. There is also a volatile oil
present containing calamene, eudesmol, limonene, a- and
B-pinene, and 2-rossalene. A cytotoxic naphthoquinone
derivative, larreantin, has been isolated from the roots.

Use and indications
Chaparral has been used in the treatment of bowel cramps,
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arthritis, rheumatism and colds. It has also been used to treat
other diseases such as cancer, venereal disease and tubercu-
losis. Its use as a herbal remedy is not recommended due to
reports of hepatotoxicity and renal toxicity.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids present in
chaparral, see under flavonoids, page 186.

Interactions overview

No interactions with chaparral found. For information on the
interactions of individual flavonoids present in chaparral, see
under flavonoids, page 186.



Chinese angelica

Angelica sinensis (Oliv.) Diels (Apiaceae)

Synonym(s) and related species
Dang Gui (Chinese), Danggui, Dong quai.

Angelica polymorpha var. sinensis.

Other species used in oriental medicine include Angelica
dahurica.

Not to be confused with Angelica, which is Angelica
archangelica L.

Pharmacopoeias

Angelica Sinensis Root for use in THM (BP 2009),
Processed Angelica Sinensis Root for use in THMP (BP
2009).

Constituents

The major constituents include natural coumarins (angel-
icin, archangelicin, bergapten, osthole, psoralen and xantho-
toxin) and volatile oils. Other constituents include caffeic
and chlorogenic acids, and ferulic acid. Angelica sinensis
also contains a series of phthalides (n-butylidenephthalide,
ligustilide, n-butylphthalide).

Use and indications

One of the most common uses of Chinese angelica root is for
the treatment of menopausal symptoms and menstrual
disorders. It has also been used for rheumatism, ulcers,
anaemia, constipation, psoriasis, the management of hyper-
tension and to relieve allergic conditions.

Pharmacokinetics

Evidence is limited to experimental studies, which suggest
that the effects of Angelica dahurica and Angelica sinensis
may not be equivalent.! Most of the evidence relates to
Angelica dahurica, which may inhibit the cytochrome P450
isoenzymes CYP2C9 (see tolbutamide, page 131),
CYP2C19 (see diazepam, page 130) and CYP3A4 (see
nifedipine, page 130). If all these effects are found to be
clinically relevant then Chinese angelica (where Angelica
dahurica is used) has the potential to raise the levels of a
wide range of conventional drugs.

Interactions overview

Angelica dahurica may raise the levels of diazepam and
tolbutamide, thereby increasing their effects. More limited
evidence suggests that nifedipine may be similarly affected.
Case reports suggest that Chinese angelica may increase the
bleeding time in response to warfarin, and may possess
oestrogenic effects, which could be of benefit, but which
may also, theoretically, oppose the effects of oestrogen
antagonists, such as tamoxifen.

1. Guo L-Q, Taniguchi M, Chen Q-Y, Baba K, Yamazoe Y. Inhibitory potential of herbal

medicines on human cytochrome P450-mediated oxidation: Properties of Umbelliferous
or Citrus crude drugs and their relative prescriptions. Jpn J Pharmacol (2001) 85, 399—
408.
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Chinese angelica + Diazepam (4

The interaction between Angelica dahurica and diazepam is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in rats,! Angelica dahurica had little effect on the
pharmacokinetics of intravenous diazepam 10mg/kg. However,
when diazepam 5 mg/kg was given orally, the AUC of diazepam was
markedly increased from levels below detection to detectable levels,
and the maximum plasma level was increased fourfold. In a mobility
study, Angelica dahurica potentiated the muscle relaxant effects of
intravenous diazepam.!

Mechanism

In rats, diazepam is principally metabolised in the liver by
cytochrome P450 isoenzymes including CYP2C19. It is thought
that this isoenzyme is inhibited by Angelica dahurica. 1t was also
suggested by the authors that there was a considerable effect of
Angelica dahurica on the first-pass metabolism of diazepam.!

Importance and management

Although the data are from animal studies, because of the potential
for increased levels and effects of diazepam, until more is known it
may be prudent to advise caution when giving Angelica dahurica
with oral diazepam. Warn patients that they may experience
increased sedation.

Note that it may not be appropriate to extrapolate from Angelica
dahurica to other species such as Angelica sinensis, since, in one
study, Angelica sinensis had much less effect on CYP3A4 than
Angelica dahurica, see under nifedipine, below.

1. Ishihara K, Kushida H, Yuzurihara M, Wakui Y, Yanagisawa T, Kamei H, Ohmori S,

Kitada M. Interaction of drugs and chinese herbs: Pharmacokinetic changes of

tolbutamide and diazepam caused by extract of Angelica dahurica. J Pharm Pharmacol
(2000) 52, 1023-9.

Chinese angelica + Food

No interactions found.

Chinese angelica + Herbal medicines

No interactions found.

Chinese angelica + Nifedipine v

The interaction between Chinese angelica and nifedipine is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study, rats were given an extract of Angelica dahurica, and then
rat liver microsomes were prepared and incubated with nifedipine.
Angelica dahurica was found to inhibit the activity of nifedipine
oxidase 1 to 6 hours after administration, by about 30 to 40%.!

Mechanism

Nifedipine oxidation is mediated by the cytochrome P450
isoenzyme CYP3A4.! This activity of Angelica dahurica was
shown to be related to furanocoumarin constituents. Other in vitro
studies suggest that an alcoholic extract of Angelica dahurica more
potently inhibited CYP3A4 than an aqueous decoction, whereas
extracts of Angelica sinensis had no significant effect on CYP3A4.2

Importance and management

Evidence is limited to experimental studies, but what is known
suggests that any CYP3A4 inhibitory effects of Chinese angelica
depend on the species and the type of extract used. The results are
difficult to reliably extrapolate to the use of Chinese angelica with
nifedipine in humans, but it is possible that alcoholic extracts of
Angelica dahurica may decrease nifedipine metabolism, and there-
fore increase its levels and effects. Be aware of this possibility if
both substances are given.

1. Ishihara K, Kushida H, Yuzurihara M, Wakui Y, Yanagisawa T, Kamei H, Ohmori S,
Kitada M. Interaction of drugs and chinese herbs: Pharmacokinetic changes of
tolbutamide and diazepam caused by extract of Angelica dahurica. J Pharm Pharmacol
(2000) 52, 1023-9.

Guo L-Q, Taniguchi M, Chen Q-Y, Baba K, Yamazoe Y. Inhibitory potential of herbal
medicines on human cytochrome P450-mediated oxidation: Properties of Umbelliferous

or Citrus crude drugs and their relative prescriptions. Jpn J Pharmacol (2001) 85, 399—
408.
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Chinese angelica + Oestrogens or Oestrogen
antagonists é

Chinese angelica may contain oestrogenic compounds. This may
result in additive effects with oestrogens or it may oppose the
effects of oestrogens. Similarly, Chinese angelica may have
additive effects with oestrogen antagonists or oppose the effects
of oestrogen antagonists (e.g. tamoxifen).

Clinical evidence

A letter in the Medical Journal of Australia' draws attention to the
fact that some women with breast cancer receiving chemotherapy or
hormone antagonists who develop menopausal symptoms have
found relief from hot flushes by taking a Chinese herb ‘dong quai’
(or ‘danggui’ root), which has been identified as Angelica sinensis. A
possible explanation is that this and some other herbs (agnus castus,
hops flower, ginseng root and black cohosh) have significant
oestrogen-binding activity and physiological oestrogenic actions.?

The oestrogenic potential of Chinese angelica is, however,
somewhat unclear. A phytoestrogenic preparation containing soy
extract 75mg, black cohosh 25mg and Angelica polymorpha (a
species related to Chinese angelica) 50 mg taken twice daily reduced
the average frequency of menstrually-associated migraine attacks in
a 15-week period by 54% in a randomised, placebo-controlled study
in 42 women.3 The preparation used in this study was standardised
to content of isoflavones from soy, ligustilide from Angelica
polymorpha and triterpenes from black cohosh. In contrast, in
another randomised, placebo-controlled study, Angelica sinensis root
4.5 g daily did not produce significant oestrogen-like responses in
endometrial thickness or vaginal maturation and did not relieve
menopausal symptoms in 71 postmenopausal women.# The Angelica
sinensis preparation in this study was standardised to content of
ferulic acid.

Experimental evidence

In various in vitro and animal studies, Chinese angelica extract has
been shown to inhibit the binding of estradiol to the oestrogen
receptor and increase uterine growth (oestrogenic effects). However,
it also decreased uterine c-myc mRNA levels (which is induced by
oestrogens).2

Mechanism
If Chinese angelica has oestrogenic actions, which are not



established, then it might directly stimulate breast cancer growth and
oppose the actions of competitive oestrogen receptor antagonists
such as tamoxifen. See also Isoflavones + Tamoxifen, page 262.

Importance and management

One clinical study and the anecdotal cases mentioned in the letter
suggest that Chinese angelica, either alone, or with other
phytoestrogens, may possess oestrogenic properties. In contrast, in
a well-controlled study, Chinese angelica alone did not produce
oestrogen-like responses. The concern is that, if Chinese angelica
does have oestrogenic effects, it might stimulate breast cancer
growth and antagonise the effects of hormone antagonists used to
treat cancer. Until more is known, it may be prudent to avoid using
herbs with purported oestrogenic effects in women with oestrogen-
sensitive cancers. This is more strictly a disease-herb interaction.
See also Isoflavones + Tamoxifen, page 262.

. Boyle FM. Adverse interaction of herbal medicine with breast cancer treatment. Med J
Aust (1997) 167, 286.

2. Eagon CL, Elm MS, Teepe AG, Eagon PK. Medicinal botanicals: estrogenicity in rat
uterus and liver. Proc Am Assoc Cancer Res (1997) 38, 293.

. Burke BE, Olson RD, Cusack BJ. Randomized, controlled trial of phytoestrogen in the
prophylactic treatment of menstrual migraine. Biomed Pharmacother (2002) 56, 283-8.

. Hirata JD, Swiersz LM, Zell B, Small R, Ettinger B. Does dong quai have estrogenic
effects in postmenopausal women? A double-blind, placebo-controlled trial. Fertil Steril
(1997) 68, 981-6.
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Chinese angelica + Tolbutamide A

The interaction between Angelica dahurica and tolbutamide is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study, rats were given an extract of Angelica dahurica, and then
rat liver microsomes were prepared and incubated with tolbutamide.
Angelica dahurica was found to inhibit the activity of tolbutamide
hydroxylase 1 to 6 hours after administration, by up to about 60%. In
further experiments in rats, the AUC of intravenous tolbutamide
10 mg/kg was increased 2.5-fold by Angelica dahurica 1 g/kg.!

Mechanism

Angelica dahurica inhibits the activity of the cytochrome P450
CYP2C subfamily of isoenzymes, which are involved in the
metabolism of tolbutamide.!

Importance and management

Although there is a lack of clinical evidence, because of the potential
for increased levels of tolbutamide, it may be prudent to exercise
some caution when using medicines containing Angelica dahurica in
patients taking tolbutamide. Patients may wish to consider increas-
ing the frequency of blood-glucose monitoring. It may not be
appropriate to extrapolate from Angelica dahurica to other species
such as Angelica sinensis, because in one study Angelica sinensis
did not possess the same enzyme inhibitory properties as Angelica
dahurica, see nifedipine, page 130.
1. Ishihara K, Kushida H, Yuzurihara M, Wakui Y, Yanagisawa T, Kamei H, Ohmori S,
Kitada M. Interaction of drugs and chinese herbs: Pharmacokinetic changes of

tolbutamide and diazepam caused by extract of Angelica dahurica. J Pharm Pharmacol
(2000) 52, 1023-9.
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Chinese angelica + Warfarin and related
drugs

Two case reports describe a very marked increase in the
anticoagulant effects of warfarin when Chinese angelica was
given.

Clinical evidence

A 46-year-old African—American woman with atrial fibrillation
taking warfarin had a greater than twofold increase in her
prothrombin time and INR after taking Chinese angelica for
4 weeks. The prothrombin time and INR had returned to normal
4 weeks after stopping Chinese angelica.! In another case, a woman
who had been taking warfarin for 10years developed widespread
bruising and an INR of 10, a month after starting to take Chinese
angelica.2

A further report describes spontaneous subarachnoid haemorrhage
in a 53-year-old woman not taking anticoagulants, which was
attributed to a herbal supplement containing Chinese angelica root
100mg and a number of other herbs. See Red clover + Antic-
oagulants, page 333.

Experimental evidence

In a study in rabbits, Chinese angelica aqueous extract 2 g/kg twice
daily for 3days significantly decreased the prothrombin time in
response to a single 2-mg/kg dose of warfarin without altering the
plasma warfarin concentrations. However, when the study was
repeated with warfarin at steady state, prothrombin times tended to
be increased after the addition of Chinese angelica, although, as with
the single-dose study, warfarin plasma levels were not significantly
altered.? In an in vitro study, Chinese angelica extract alone slightly
increased prothrombin time.

Mechanism

The reasons for this interaction are not fully understood but Chinese
angelica is known to contain natural coumarin derivatives, which
may possibly have anticoagulant properties: these could be additive
with those of warfarin. However, note that many coumarins do not
have anticoagulant effects, see coumarins, page 297. The data
suggest that alteration of warfarin levels is not involved, but other
studies suggest that the herb may inhibit the cytochrome P450
isoenzyme CYP2C9, which is the main route of warfarin metabol-
ism. See tolbutamide, above.

Importance and management

Clinical evidence for an interaction between Chinese angelica and
warfarin appears to be limited to the case reports cited, and an
interaction is not fully established. Nevertheless, it would seem
prudent to warn patients taking warfarin, and possibly other
coumarin anticoagulants, of the potential risks of also taking
Chinese angelica. For safety, the use of Chinese angelica should be
avoided unless the effects on anticoagulation can be monitored.
More study is needed.

1. Page RL, Lawrence JD. Potentiation of warfarin by dong quai. Pharmacotherapy (1999)
19, 870-6.

2. Ellis GR, Stephens MR. Untitled report. BMJ (1999) 319, 650.

3. Lo ACT, Chan K, Yeung JHK, Woo KS. Dangui (dngelica sinensis) affects the
pharmacodynamics but not the pharmacokinetics of warfarin in rabbits. Eur J Drug
Metab Pharmacokinet (1995) 20, 55-60.

4. Jones SC, Miederhoff P, Karnes HT. The development of a human tissue model to
determine the effect of plant-derived dietary supplements on prothrombin time. J Herb
Pharmacother (2001) 1, 21-34.
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Chitosan

Types, sources and related compounds
Poliglusam.

Pharmacopoeias
Chitosan Hydrochloride (BP 2009, Ph Eur 6.4).

Constituents

Chitosan is a polysaccharide composed of polymers of
glucosamine and N-acetylglucosamine. It is obtained from
the partial deacetylation of chitin obtained from the shells of
crustaceans such as shrimps and crabs. It is available in
different molecular weights, viscosity grades and degrees of
deacetylation.

Use and indications

Chitosan is used as a dietary supplement for obesity and
hypercholesterolaemia. Pharmaceutically, chitosan and vari-
ous derivatives are used, or being investigated, as excipients
in drug formulations including oral or nasal dosage forms
and gene carrier systems.
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Pharmacokinetics

Chitosan is an absorption enhancer and increases the
permeability of peptide drugs across intestinal and mucosal
epithelia, which has implications for drug delivery systems.!
A thiolated chitosan derivative is also reported to inhibit the
activity of P-glycoprotein, which has possible applications
for improving the bioavailability of P-glycoprotein sub-
strates,? but note that this derivative does not appear to be
used as a dietary supplement.

Interactions overview

Chitosan appears to alter the rate of absorption of water-
insoluble drugs such as indometacin and griseofulvin, but it
is doubtful whether this is of any clinical significance. A
case report suggests that chitosan may increase the effects of
warfarin, and possibly other related anticoagulants.

1. Thanou M, Verhoef JC, Junginger HE. Oral drug absorption enhancement by chitosan
and its derivatives. Adv Drug Deliv Rev (2001) 52, 117-26.

2. Werle M, Hoffer M. Glutathione and thiolated chitosan inhibit multidrug resistance P-
glycoprotein activity in excised small intestine. J Control Release (2006) 111, 41-6.



Chitosan + Cefalexin

@

The information regarding the use of chitosan with cefalexin is
based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

There was no significant difference in the AUC and maximum levels
of cefalexin 10mg/kg given alone, and when rats were pretreated
with oral chitosan 25 mg/kg.!

Mechanism

Chitosan does not appear to alter the gastrointestinal absorption of
water-soluble drugs such as cefalexin.!

Importance and management

The evidence is limited to experimental data and the pharmaco-
kinetics of cefalexin were unchanged. Therefore, no action is
considered necessary.

1. Nadai M, Tajiri C, Yoshizumi H, Suzuki Y, Zhao YL, Kimura M, Tsunekawa Y,

Hasegawa T. Effect of chitosan on gastrointestinal absorption of water-insoluble drugs
following oral administration in rats. Biol Pharm Bull (2006) 29, 1941-6.

Chitosan + Food

No interactions found.

Chitosan + Griseofulvin

A

The information regarding the use of chitosan with griseofulvin
is based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

The AUC, ;o and maximum levels of griseofulvin 50 mg/kg were
both reduced by about two-thirds when rats were pretreated with
oral chitosan 25 mg/kg. The time to reach maximum levels was also
prolonged.!

Mechanism

Little understood. The bioavailability of some formulations of
griseofulvin are known to be enhanced when given with high-fat
meals because the high levels of bile salts increase the solubilisation
of this water-insoluble drug. The authors suggest that, by binding to
bile acids, chitosan inhibits this effect, which in turn affects the
dissolution rate and the gastrointestinal absorption of griseofulvin.!
This seems more likely than being due to a delay in gastric
emptying, because chitosan did not alter the rate of absorption of
paracetamol, below.

Importance and management

Evidence appears to be limited to the experimental study cited
above, which suggests that the rate of absorption of griseofulvin is
markedly reduced by chitosan. Furthermore, the extent of absorption
might be reduced, although the sampling time was not long enough
to conclude this. Making a clinical recommendation from these data
alone is therefore difficult. It could be argued that chitosan is
unlikely to affect conventional micronised formulations of griseo-
fulvin, which are well absorbed when taken with food. Until more is
known, an alternative cautious approach would be to advise patients
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to avoid chitosan while taking a course of griseofulvin, to minimise
the risk of reduced griseofulvin efficacy.
1. Nadai M, Tajiri C, Yoshizumi H, Suzuki Y, Zhao YL, Kimura M, Tsunckawa Y,

Hasegawa T. Effect of chitosan on gastrointestinal absorption of water-insoluble drugs
following oral administration in rats. Biol Pharm Bull (2006) 29, 1941-6.

Chitosan + Herbal medicines

No interactions found.

Chitosan + Indometacin

@

The information regarding the use of chitosan with indometacin
is based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

There was no significant difference in the AUC and maximum levels
of indometacin 10mg/kg when rats were pretreated with oral
chitosan 25 mg/kg, although the rate of absorption (time to reach
maximum levels) was prolonged.!

Mechanism

Little understood. The authors suggest that by binding to bile acids,
chitosan inhibits the solubilisation and the gastrointestinal absorp-
tion of indometacin, which is not water soluble. They suggest that
the effect of chitosan is not due to a delay in gastric emptying,!
because it did not alter the rate of absorption of paracetamol, below.

Importance and management

The evidence is limited to experimental data and the extent of
indometacin absorption was unchanged. Therefore, no action is
considered necessary.

1. Nadai M, Tajiri C, Yoshizumi H, Suzuki Y, Zhao YL, Kimura M, Tsunckawa Y,

Hasegawa T. Effect of chitosan on gastrointestinal absorption of water-insoluble drugs
following oral administration in rats. Biol Pharm Bull (2006) 29, 1941-6.

Chitosan + Paracetamol
(Acetaminophen)

@

The information regarding the use of chitosan with paracetamol
is based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

There was no significant difference in the AUC and maximum levels
of paracetamol 30mg/kg when rats were pretreated with oral
chitosan 25 mg/kg.!

Mechanism

Paracetamol absorption is dependent on the rate of gastric emptying,
and it is often used to study this. The findings of this study suggest
that chitosan does not alter the gastric emptying rate.!

Importance and management
The evidence is limited to experimental data and the pharmaco-



134 Chitosan

kinetics of paracetamol were unchanged. Therefore, no action is
considered necessary.
1. Nadai M, Tajiri C, Yoshizumi H, Suzuki Y, Zhao YL, Kimura M, Tsunckawa Y,

Hasegawa T. Effect of chitosan on gastrointestinal absorption of water-insoluble drugs
following oral administration in rats. Biol Pharm Bull (2006) 29, 1941-6.

Chitosan + Warfarin and related drugs A

An isolated report describes an increase in the INR of an elderly
man taking warfarin when he also took chitosan.

Clinical evidence

A case report describes an 83-year-old man, with type 2 diabetes,
who was receiving warfarin (2.5 mg daily for one year, with an INR
of between 2 and 3) for atrial fibrillation. At a routine blood test his
INR was found to be about 3.7, and, although the dose of warfarin
was halved, 3 days later his INR was more than 9. On discussion, it
was established that he had recently started taking chitosan 1.2 g
twice daily. He was advised to stop this supplement and was
subsequently restablised on warfarin. About one month later, the
patient restarted the chitosan, which again resulted in a raised INR.!

Experimental evidence
No relevant data found.

Mechanism

Chitosan sulfate has been reported to have anticoagulant activity, but
this has not been found with chitosan. The authors therefore suggest
that chitosan impaired the absorption of fat-soluble vitamins,
including vitamin K. Warfarin is a vitamin K antagonist and a
reduction in vitamin K would be expected to enhance its effects.

Importance and management

Evidence is limited to this case, and the mechanism is largely
speculative; however, an interaction seems probable. The evidence is
too slim to forbid patients taking warfarin from also taking chitosan,
but it would seem prudent to discuss the possible outcome and
advise an increase in the frequency of anticoagulant monitoring;
measuring the INR after a few days of concurrent use seems
reasonable. There appears to be no evidence regarding other
anticoagulants, but, if the mechanism is correct, all vitamin K
antagonists (coumarins and indanediones) would be expected to be
similarly affected.

1. Huang S-S, Sung S-H, Chiang C-E. Chitosan potentiation of warfarin effect. Ann
Pharmacother (2007) 41, 1912-14.



Chondroitin

Types, sources and related compounds
Chondroitin sulfate sodium.

Pharmacopoeias

Chondroitin sulphate sodium (BP 2009, Ph. Eur. 6.4),
Chondroitin sulfate sodium (USP 32).

Use and indications

Chondroitin is an acid mucopolysaccharide and is found
naturally in cartilage and connective tissue. Supplemental
chondroitin is used for the management of arthritis and is
often given with glucosamine, page 226, for osteoarthritis.

Pharmacokinetics

Chondroitin is rapidly adsorbed from the gastrointestinal
tract and the absolute bioavailability of an oral dose is about
15%. Tt is distributed into numerous tissues, with a particular
affinity to articular cartilage and synovial fluid.!

Interactions overview

No interactions with chondroitin taken alone found, but
chondroitin is often given with glucosamine. For information
on these interactions, see under glucosamine, page 226.

1. Ronca F, Palmieri L, Panicucci P, Ronca G. Anti-inflammatory activity of chondroitin
sulfate. Osteoarthritis Cartilage (1998) 6 (Suppl A), 14-21.
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Cinnamon

Cinnamomum cassia Blume and Cinnamomum verum . Presl. and its varieties

(Lauraceae)

Synonym(s) and related species

Cinnamomum cassia: Cassia, Chinese cinnamon, False
cinnamon, Cassia lignea, Cinnamomum aromaticum Nees,
Cinnamomum pseudomelastoma auct. non Liao.

Cinnamomum verum: Canela, Ceylon cinnamon, Cinna-
momum burmannii (Nees & T. Nees) BI. (known as Batavian
cinnamon or Panang cinnamon), Cinnamomum loureiroi
Nees, Cinnamomum zeylanicum Nees., Cinnamomum zey-
lanicum Blume.

Pharmacopoeias

Cassia Oil (BP 2009, Ph Eur 6.4); Ceylon Cinnamon Bark
Oil (BP 2009, Ph Eur 6.4); Ceylon Cinnamon Leaf Oil (BP
2009, Ph FEur 6.4); Cinnamon (BP 2009, Ph Eur 6.4),
Cinnamon Tincture (BP 2009, Ph Eur 6.4).

Constituents

The bark of Cinnamomum cassia and Cinnamomum verum
contains volatile oil mainly composed of #rans-cinnam-
aldehyde, with cinnamylacetate, phenylpropylacetate,
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salicylaldehyde and methyleugenol. Diterpenes including
cinncassiols, and tannins such as cinnamtannins, are also
present.

Use and indications

Both varieties of cinnamon are mainly used for digestive
disorders such as diarrhoea, and flatulent colic or dyspepsia.
Cinnamon has also been used for the common cold, and the
oil may have antiseptic activity. It has been used in Chinese
medicine for circulatory disorders.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

It has been suggested that cinnamon may interfere with the
control of diabetes by conventional antidiabetic drugs, but
controlled studies do not appear to support this suggestion.
Cinnamon is a constituent of various Chinese herbal
medicines, see under bupleurum, page 89, for information.



Cinnamon + Antidiabetics

@

Although one study suggests that cinnamon may enhance the
blood-glucose-lowering effects of conventional antidiabetics, a
meta-analysis of controlled studies suggests otherwise.

Clinical evidence

In a placebo-controlled study, patients with type 2 diabetes were
given Cinnamomum cassia 1 g, 3 g or 6 g daily (total of 30 patients)
for a total of 40 days in addition to their normal medications.! Blood-
glucose levels were decreased by 2.9 mmol/L, 2mmol/L and
3.8 mmol/L in the 1g, 3 g and 6 g groups, respectively. Changes in
blood-glucose levels were only significant at 20 days in the 6¢g
group (blood-glucose decreased by 2.8 mmol/L). No particular
adverse effects were reported.!

Experimental evidence

A literature review found several animal studies that suggested that
cinnamon may have blood-glucose-lowering properties,2 but no
direct interactions data were found.

Mechanism
Unknown.

Importance and management

Evidence is limited. The study cited above, which was not designed
to investigate a potential drug interaction, seems to suggest that
cinnamon has the potential to enhance the blood-glucose-lowering
effects of conventional antidiabetic medication (unnamed). How-
ever, recent meta-analysis of randomised controlled studies,? which
included the study cited above, found that cinnamon does not appear
to improve the control of type 1 or type 2 diabetes (glycosylated
haemoglobin, fasting blood glucose and lipids assessed).

In general therefore, cinnamon would not be expected to
markedly affect the control of diabetes with conventional antidia-
betic drugs. If any effect does occur, it is likely to be picked up by
standard blood-glucose monitoring, as high doses of cinnamon only
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had a significant effect on blood-glucose after 40 days of concurrent
use.!

1. Khan A, Safdar M, Ali Khan MM, Khattak KN, Anderson RA. Cinnamon improves
glucose and lipids of people with type 2 diabetes. Diabetes Care (2003) 26, 3215-18.
2. Kleefstra N, Logtenberg SJ, Houweling ST, Verhoeven S, Bilo HJ. Cinnamon: not
suitable for the treatment of diabetes mellitus. Ned Tijdschr Geneeskd (2007) 151, 2833~

7.
3. Baker WL, Gutierrez-Williams G, White CM, Kluger J, Coleman CI. Effect of
cinnamon on glucose control and lipid parameters. Diabetes Care (2008) 31, 41-3.

Cinnamon + Carbamazepine

For mention that saiko-ka-ryukotsu-borei-to, of which cinnamon
(Cinnamomum cassia) is one of 10 constituents, did not affect the
pharmacokinetics of carbamazepine in an animal study, see
Bupleurum + Carbamazepine, page 90.

Cinnamon + Food

No interactions found. Cinnamon is commonly used as a flavouring
in foods.

Cinnamon + Herbal medicines

No interactions found.

Cinnamon + Ofloxacin

For mention that sairei-to, of which cinnamon (Cinnamomum
cassia) is one of 12 constituents, did not affect the pharmacokinetics
of ofloxacin, see Bupleurum + Ofloxacin, page 90.



Clivers

Galium aparine L. (Rubiaceae)

Synonym(s) and related species Use and indications

Cleavers, Galium, Goosegrass. Clivers is traditionally used for dysuria, cystitis, lymph-
adenitis, psoriasis and as a diuretic.

Constituents Pharmacokinetics

Clivers contains the iridoids asperuloside, deacetylasperulo- No relevant pharmacokinetic data found.
side and monotropein, polyphenolic acids, unspecified . .

tannins based on gallic acid and flavonoids. Anthraquinones ~Interactions overview

have been found in the roots, but not the aerial parts. No interactions with clivers found.
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Cocoa

Theobroma cacao L. (Sterculiaceae)

Synonym(s) and related species
Cacao, Chocolate, Chocolate tree, Theobroma.

Pharmacopoeias

Chocolate (USP 32); Cocoa Butter (USP 32); Theobroma
Oil (BP 2009).

Constituents

Cocoa seeds contain xanthine derivatives, principally
theobromine (1% to 4%), with small amounts of caffeine
(up to about 0.4%) and other alkaloids. They are also rich in
flavonoids from the flavanol and procyanidin groups, mainly
catechin and epicatechin and their polymers. The nibs
(cotyledons) are a rich source of cocoa butter (theobroma
oil), which contains oleic, stearic, palmitic and linoleic acids.

Use and indications

The seeds roasted and powdered are the source of cocoa,
which is mainly used as a food (in chocolate). Medicinal
uses include as a stimulant and as a diuretic; effects that can
be attributed to the xanthine content. However, note that
theobromine is a much weaker xanthine than caffeine. Cocoa
butter is used as an emollient and pharmaceutical excipient.

More recently, there has been interest in the possible
beneficial effects of cocoa consumption on cardiovascular
health, because of its high content of flavonoids.

Pharmacokinetics

The pharmacokinetics of caffeine are discussed under
caffeine, page 97. In one study, caffeine absorption from

chocolate was slower with a lower maximum concentration
than from capsules, whereas theobromine absorption was
faster with higher maximum concentration than from
capsules.! For information on the pharmacokinetics of
individual flavonoids present in cocoa, see under flavonoids,
page 186.

Interactions overview

Although the use of cocoa supplements has been cautioned
by some in diabetic patients, there seems little evidence to
support this. Dark chocolate may slightly decrease blood
pressure in hypertensive patients, but caffeine from cocoa
may have the opposite effect. Famotidine and foods have no
effect, or only modest effects, on the absorption of flavanols
from cocoa. Cocoa may reduce the absorption of iron.

Cocoa contains small amounts of caffeine compared with
some other caffeine-containing herbs. Although it contains
high levels of theobromine, this has weak xanthine effects
when compared with caffeine. Nevertheless, when taken in
sufficient quantities, cocoa could produce levels of caffeine
sufficient to cause interactions, see caffeine, page 97.

For information on the interactions of individual flavo-
noids present in cocoa, see under flavonoids, page 186. Of
particular note are studies showing that cocoa flavanols,
might have antiplatelet effects, and that these might be
additive with aspirin, see Flavonoids + Anticoagulants or
Antiplatelet drugs, page 188.

1. Mumford GK, Benowitz NL, Evans SM, Kaminski BJ, Preston KL, Sannerud CA,

Silverman K, Griffiths RR. Absorption rate of methylxanthines following capsules, cola
and chocolate. Eur J Clin Pharmacol (1996) 51, 319-25.
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Cocoa + Anticoagulant or Antiplatelet drugs

For studies showing that cocoa flavanols might have antiplatelet
effects, and that these might be additive with aspirin, see Flavonoids
+ Anticoagulant or Antiplatelet drugs, page 188.

Cocoa + Antidiabetics v

Although the use of cocoa supplements has been cautioned by
some in diabetic patients, there seems little evidence to support
this.

Evidence, mechanism, importance and management

The traditional advice in diabetes is to avoid or limit intake of
chocolate. This is principally because of the high calorific value of
chocolate, and its high sugar content (particularly milk chocolates).
In one study, an isomalt-based chocolate (about 45% w/w) had a
lower glycaemic effect than a sucrose-based chocolate (about 45%
w/w), which confirms the concerns regarding the sucrose content.!
Conversely, in animal studies, cocoa extract containing high
levels of procyanidins had beneficial effects on blood-glucose
levels.23 In addition, in one study in patients with untreated essential
hypertension, an improvement in glucose and insulin responses was
found during an oral glucose tolerance test, and a slightly lower
fasting blood-glucose level was seen, after subjects ate 100 g of dark
chocolate daily for 15days (substituted for food of similar energy
and macronutrient composition). This effect was not seen with 90 g
of white chocolate daily.# Taken together, the evidence suggests that
cocoa in itself, and cocoa supplements, should not be a problem in
diabetics and should not interfere with blood-glucose control.
1. Gee JM, Cooke D, Gorick S, Wortley GM, Greenwood RH, Zumbe A, Johnson IT.
Effects of conventional sucrose-based, fructose-based and isomalt-based chocolates on
postprandial metabolism in non-insulin-dependent diabetics. Eur J Clin Nutr (1991) 45,
561-6.
Ruzaidi A, Amin I, Nawalyah AG, Hamid M, Faizul HA. The effect of Malaysian cocoa
extract on glucose levels and lipid profiles in diabetic rats. J Ethnopharmacol (2005) 98,
55-60.
. Tomaru M, Takano H, Osakabe N, Yasuda A, Inoue K, Yanagisawa R, Ohwatari T,
Uematsu H. Dietary supplementation with cacao liquor proanthocyanidins prevents
elevation of blood glucose levels in diabetic obese mice. Nutrition (2007) 23, 351-5.
Grassi D, Necozione S, Lippi C, Croce G, Valeri L, Pasqualetti P, Desideri G, Blumberg
JB, Ferri C. Cocoa reduces blood pressure and insulin resistance and improves

endothelium-dependent vasodilation in hypertensives. Hypertension (2005) 46, 398—
405.

>

w

>

Cocoa + Antihypertensives v

Dark chocolate may slightly decrease blood pressure in
hypertensive patients, but caffeine from cocoa may have the
opposite effect.

Evidence, mechanism, importance and management

There has been some interest in the possible beneficial effects of
cocoa consumption on cardiovascular health, because of its high
content of flavonoids. In a meta-analysis of five short-term
randomised controlled studies, daily consumption of high doses
(46 to 100g daily) of dark chocolate, or 105g daily of milk
chocolate, all containing high levels of flavonoids, caused a modest
4.7 and 2.8 mmHg reduction in systolic and diastolic blood pressure,
respectively.! Another study with a lower dose (6.3 g daily) showed
a smaller effect (2.9/1.9 mmHg reduction).2

These studies show that high doses of dark chocolate 100 g daily
modestly decrease blood pressure, an effect attributed to its
flavonoid content.!-3 This suggests that blood pressure control is
unlikely to be significantly affected by cocoa supplements in patients
with hypertension. None of the patients in these studies was taking
antihypertensive medication so some caution would still be needed.

Theoretically, the caffeine content in cocoa could result in increases
in blood pressure, and therefore large quantities of cocoa supple-
ments could be inadvisable in patients with hypertension, see
Caffeine + Antihypertensives, page 99.

1. Taubert D, Roesen R, Schémig E. Effect of cocoa and tea intake on blood pressure: a
meta-analysis. Arch Intern Med (2007) 167, 626-34.

2. Taubert D, Roesen R, Lehmann C, Jung N, Schomig E. Effects of low habitual cocoa
intake on blood pressure and bioactive nitric oxide: a randomized controlled trial. JAMA
(2007) 298, 49-60.

3. Grassi D, Necozione S, Lippi C, Croce G, Valeri L, Pasqualetti P, Desideri G, Blumberg
JB, Ferri C. Cocoa reduces blood pressure and insulin resistance and improves
endothelium-dependent vasodilation in hypertensives. Hypertension (2005) 46, 398—
405

Cocoa + Famotidine

@

Famotidine has no effect on the absorption of flavanols from
cocoa.

Evidence, mechanism, importance and management

In a study in 6 healthy subjects, a single 20-mg dose of famotidine
given onehour before consumption of sugar-free, flavanol-rich
cocoa had no effect on the AUC of flavanols.! It was concluded that
alteration of gastric pH had no effect on flavanol absorption. No
special precautions appear to be necessary.

1. Schramm DD, Karim M, Schrader HR, Holt RR, Kirkpatrick NJ, Polagruto JA, Ensunsa

JL, Schmitz HH, Keen CL. Food effects on the absorption and pharmacokinetics of
cocoa flavanols. Life Sci (2003) 73, 857-69.

Cocoa + Food v

Food has no effect, or only modest effects, on the absorption of
flavanols from cocoa.

Evidence, mechanism, importance and management

In a series of studies in 6 healthy subjects, high-carbohydrate foods
(bread or sugar) increased the flavanol AUC by about 40% after
consumption of 125micrograms/kg of sugar-free, flavanol-rich
cocoa. Lipid and protein-rich foods (butter or steak) and whole
milk had little effect on flavanol absorption. Grapefruit juice had a
minor effect (20% increase), which was attributed to its carbohydrate
content.!

This study demonstrated that carbohydrates can increase oral
flavanol absorption from cocoa. However, the extent is modest, and
probably of little clinical relevance.

1. Schramm DD, Karim M, Schrader HR, Holt RR, Kirkpatrick NJ, Polagruto JA, Ensunsa

JL, Schmitz HH, Keen CL. Food effects on the absorption and pharmacokinetics of
cocoa flavanols. Life Sci (2003) 73, 857-69.

Cocoa + Herbal medicines

The caffeine content of cocoa suggests that it may interact with other
herbal medicines in the same way as caffeine, see Caffeine + Herbal
medicines; Bitter orange, page 101, and Ephedra + Caffeine,
page 176.

Cocoa + Iron compounds

Cocoa may reduce the absorption of iron.



Clinical evidence

In a study in 10 healthy subjects! a 275mL serving of cocoa
beverage reduced the absorption of radiolabelled iron from a 50¢g
bread roll by about 70%. In this study, the inhibitory effect of cocoa
beverage on iron absorption was only slightly less that of black tea
(Assam tea, Camellia sinensis). Note that black tea is known to
inhibit iron absorption, see Tea + Iron compounds, page 386.

Experimental evidence
No relevant data found.
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Mechanism

The polyphenols in cocoa may bind to iron in the gastrointestinal
tract and reduce its absorption.!

Importance and management

Evidence appears to be limited to this one study, but be aware that
some beverages such as cocoa might reduce iron absorption
similarly to conventional tea. See Tea + Iron compounds,
page 386, for further discussion of the possible impact of this
interaction.

1. Hurrell RF, Reddy M, Cook JD. Inhibition of non-haem iron absorption in man by
polyphenolic-containing beverages. Br J Nutr (1999) 81, 289-95.



Coenzyme Q)

Types, sources and related compounds
Ubidecarenone, Ubiquinone.

Pharmacopoeias

Ubidecarenone (BP 2009, Ph Eur 6.4, USP 32); Ubidecar-
enone Capsules (USP 32); Ubidecarenone Tablets (USP 32).

Use and indications

Coenzyme Q) is a naturally occurring enzyme co-factor that
has a fundamental role in electron transport in mitochondria,
and is also an antioxidant. It is often taken orally as a
supplement to aid in the treatment of cardiovascular
disorders such as congestive heart failure, angina and
hypertension. It has also been used to maintain the levels
of endogenous coenzyme Qo during treatment with con-
ventional drugs that reduce these, particularly the statins.
Coenzyme Q) has also been used alongside treatment for
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breast cancer, Huntington’s disease and Parkinson’s disease,
and may help to prevent migraines.

Pharmacokinetics

The absorption of coenzyme Q) is relatively slow and is
dependent on postprandial lipids in the gastrointestinal tract,
see food, page 143.

Interactions overview

Coenzyme Q,( did not interact with warfarin in a controlled
study, but there are a few isolated reports describing either
increased or decreased warfarin effects in patients taking
coenzyme Q;o. Coenzyme Q;o may decrease the effects of
aldosterone and alter the levels of the major cytotoxic
metabolite of doxorubicin. Pepper (Piper nigrum) may
modestly increase the levels of coenzyme Q.



Coenzyme Qo +* Aldosterone W

The interaction between coenzyme Q and aldosterone is based
on experimental evidence only.

Evidence, mechanism, importance and management

In experimental studies in rats and dogs, single-dose coenzyme Q¢
increased the sodium reabsorption stimulated by exogenous
aldosterone, but, in contrast, in rats and dogs pretreated for
3 weeks with multiple doses, increasing the dose of coenzyme Qg
reduced the sodium reabsorption caused by aldosterone. Potassium
excretion remained unaffected throughout.!

This study suggests that long-term use of coenzyme Qo might
have some diuretic activity, and might oppose the effects of
aldosterone. However, the clinical relevance of this is uncertain.

1. Igarashi T, Kobayashi M, Sugiyama K, Sagami F, Ohtake S. Effect of coenzyme Q10 on

clectrolyte metabolism and the interaction with aldosterone in rats and dogs. Proc West
Pharmacol Soc (1975) 18, 399-402.

Coenzyme Qo *+ Doxorubicin Y4

The interaction between coenzyme Qo and doxorubicin is based
on experimental evidence only.

Evidence, mechanism, importance and management

In a study in rats, oral coenzyme Q;o 20 mg/kg for 6 days had no
significant effect on the pharmacokinetics of intravenous doxo-
rubicin 10 mg/kg or its major cytotoxic metabolite doxorubicinol.
However, there was a twofold increase in the AUC of the
doxorubicinolone metabolite.! The findings from this study suggest
that coenzyme Q) is unlikely to reduce the efficacy of doxorubicin
via a pharmacokinetic mechanism. The reason for the significant rise
in doxorubicinolone concentration and its impact is unknown. Note
that the possible use of coenzyme Q;o to reduce doxorubicin-
induced cardiotoxicity has been investigated.

1. Zhou Q, Chowbay B. Effect of coenzyme Q,, on the disposition of doxorubicin in rats.
Eur J Drug Metab Pharmacokinet (2002) 27, 185-92.

A

The interaction between coenzyme Qo and food is based on
experimental evidence only.

Coenzyme Q¢ + Food

Clinical evidence
No interactions found.

Experimental evidence

Food increased the maximum serum levels and AUC of oral
coenzyme Qo 25 mg/kg, given as an emulsion, by about fivefold
and twofold respectively in rats. Coenzyme Qo given as an
emulsion showed greater increases than coenzyme Qo given in
suspension.!

Mechanism

Coenzyme Q;o has a large molecular weight and is relatively
hydrophobic, which results in slow absorption in the gastrointestinal
tract. Taking the supplement with food and/or as a lipid-based
emulsion increases its water solubility and enhances its absorption.

Importance and management

Data regarding the effects of food on coenzyme Q;o absorption
appear to be limited. The absorption of coenzyme Q) is relatively
slow and is dependent on postprandial lipids in the gastrointestinal
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tract. Coenzyme Qo supplements therefore often contain a lipid
vehicle and it is recommended that they are taken with fatty meals.2

1. Ochiai A, Itagaki S, Kurokawa T, Kobayashi M, Hirano T, Iseki K. Improvement in
intestinal coenzyme Q10 absorption by food intake. Yakugaku Zasshi (2007) 127, 1251~
4

2. Pépping J. Coenzyme Q. Am J Health-Syst Pharm (1999) 56, 519-21.

Coenzyme Q,, + Herbal medicines;
Pepper

Pepper (Piper nigrum) may modestly increase the levels of
coenzyme Qqq.

Clinical evidence

In a single-dose, placebo-controlled study in 12 healthy subjects,
there was no change in pharmacokinetics of coenzyme Qo (AUC
and maximum level or time to maximum level) when piperine 5 mg
(Bioperine) from pepper (Piper nigrum) was given with coenzyme
Q1o 90mg. Similarly, giving piperine 5mg with coenzyme Q;o
90 mg daily for 14 days did not alter the AUC of coenzyme Q.
However, when piperine 5mg was given with coenzyme Qg
120 mg daily for 21 days, the plasma levels of coenzyme Q;, were
increased by 32% and the AUC was increased by 30%.!

Experimental evidence
No relevant data found.

Mechanism

It was suggested that piperine increased the absorption of coenzyme
Qio from the gastrointestinal tract, but the exact mechanism is
unclear.

Importance and management

The modest increase in coenzyme Qg levels seen in this study with
piperine (an alkaloid derived from black pepper) is unlikely to be
clinically important, since coenzyme Qg is a ubiquitous compound,
generally regarded as safe. Note that a combination product has been
marketed.

1. Badmaev V, Majeed M, Prakash L. Piperine derived from black pepper increases the

plasma levels of coenzyme Q10 following oral supplementation. J Nutr Biochem (2000)
11, 109-13.

Coenzyme Qo + Warfarin and related
drugs

Ubidecarenone did not alter the INR or required warfarin dose
in a controlled study in patients stabilised on warfarin. However,
two reports describe reduced anticoagulant effects of warfarin in
four patients taking ubidecarenone. A transient increase in INR
has been reported in one patient taking ubidecarenone and
warfarin. A 4-month prospective, longitudinal study describes
an increased risk of self-reported beeding events in patients
taking coenzyme Q;o with warfarin.

Clinical evidence

In a randomised, crossover study in 21 patients stabilised on
warfarin, coenzyme Qo 100 mg daily (Bio-Quinone) for 4 weeks did
not alter the INR or the required dose of warfarin, when compared
with placebo.! Similarly, 2 patients taking coenzyme Qo to treat
alopecia caused by warfarin treatment did not have any notable
changes in INR, except that one had a transient INR increase when
coenzyme Qo was started.2

In a 4-month prospective, longitudinal study of 78 patients taking
warfarin and a herbal product or dietary supplement, there was a
statistically significant increased risk of self-reported bleeding
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events in 14 patients taking warfarin and coenzyme Q; (57 bleeding
events, none major, in a total of 181 weeks of combined use for an
odds ratio of 3.7).3 There were 4 elevated INRs (specific values not
given) for 55 weeks of combined use, but this was not a statistically
significant increase in risk. Note that the coenzyme Q;( products
used were not mentioned. The authors acknowledge that their
finding might be due to chance and not a true interaction.

In contrast, another report describes 3 patients taking warfarin
who had a reduction in their INR while taking coenzyme Q. In two
of these, INR reductions from about 2.5 to 1.4 occurred when they
took coenzyme Q;o 30mg daily for 2weeks. The INRs rapidly
returned to normal when the coenzyme Q;, was stopped.4 In two
other cases, patients appeared to have a reduced response to warfarin
while taking coenzyme Qiq, but responded normally when it was
stopped.56

Experimental evidence

In a study in rats, coenzyme Q;q reduced the anticoagulant effect of
warfarin and increased the clearance of both enantiomers of
warfarin.’?

Mechanism

Not known. Coenzyme Q;, may have some vitamin K-like activity,
which would explain the decrease in INR. Explanations for the
increase in bleeding or INRs are unknown.

Importance and management

The well-controlled study suggests that coenzyme Q;o does not
interact with warfarin, and that no warfarin dose adjustment would
be expected to be necessary in patients who take this substance.
However, the contrasting findings of a decrease in warfarin effect in
the case reports, and an increase in bleeding events reported in the
epidemiological study, introduce a note of caution. Moreover, the
authors of the controlled study recommend close monitoring of the
INR if a patient decides to use coenzyme Q;o, because the
underlying health problem resulting in them choosing to take this
substance may alter their response to warfarin.! Until more is known
it would seem prudent to increase the frequency of INR monitoring
in patients taking warfarin if coenzyme Q) is started.

. Engelsen J, Nielsen JD, Winther K. Effect of coenzyme Qo and ginkgo biloba on
warfarin dosage in stable, long-term warfarin treated outpatients. A randomised, double
blind, placebo-crossover trial. Thromb Haemost (2002) 87, 1075-6.

. Nagao T, Ibayashi S, Fujii K, Sugimori H, Sadoshima S, Fujishima M. Treatment of
warfarin-induced hair loss with ubidecarenone. Lancet (1995) 346, 1104-5.

3. Shalansky S, Lynd L, Richardson K, Ingaszewski A, Kerr C. Risk of warfarin-related
bleeding events and supratherapeutic international normalized ratios associated with
complementary and alternative medicine: a longitudinal analysis. Pharmacotherapy
(2007) 27, 1237-47.

. Spigset O. Reduced effect of warfarin caused by ubidecarenone. Lancet (1994) 344,
1372-3.

5. Landbo C, Almdal TP. Interaction mellem warfarin og coenzym Q10. Ugeskr Laeger
(1998) 160, 3226-7.

. Porterfield LM. Why did the response to warfarin change? RN (2000) 63, 107.

. Zhou S, Chan E. Effect of ubidecarenone on warfarin anticoagulation and
pharmacokinetics of warfarin enantiomers in rats. Drug Metabol Drug Interact (2001)
18, 99-122.
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Coffee

Coffea L. species. (Rubiaceae)

Synonym(s) and related species

Arabian coffee is from Coffea arabica.

Robusta coffee is from Coffea canephora (Pierre ex
Frochner) also known as Coffea robusta (Linden ex De
Wwild.).

Other species include Coffea liberica.

Constituents

The kernel of the dried coffee bean contains xanthine
derivatives, the main one being caffeine (1 to 2%), with
some theobromine and theophylline. It also contains
polyphenolic acids such as chlorogenic acids and various
diterpenes (e.g. kahweol, cafestrol).

Use and indications

Coffee has been used as a stimulant and diuretic. However,
when roasted, coffee beans are most commonly used as a
beverage.

Pharmacokinetics

The pharmacokinetics of caffeine are discussed under
caffeine, page 97. Evidence suggests that chlorogenic acid
is hydrolysed in the gastrointestinal tract to free caffeic acid,

which is then conjugated to form the glucuronate or
sulphate.!

Interactions overview

Coffee contains significant amounts of caffeine, so the
interactions of caffeine, page 97, are relevant to coffee,
unless the product is specified as decaffeinated. By virtue of
its caffeine content, coffee may also cause serious adverse
effects if used with other drugs or herbs with similar effects,
such as ephedra, page 176. Evidence is conflicting, but in
general the long-term use of coffee does not appear to be
detrimental to the control of diabetes; however, coffee may
have a small adverse effect on blood pressure control. Coffee
may reduce the absorption of iron and the absorption of
nicotine from chewing gum, but does not appear to affect the
absorption of aspirin or tetracycline. A case report describes
mania in a patient who drank coffee and took phenylpro-
panolamine. For the possible increase in clozapine effects
with caffeine, sometimes from coffee, see Caffeine +
Clozapine, page 100.

1. Nardini M, Cirillo E, Natella F, Scaccini C. Absorption of phenolic acids in humans after
coffee consumption. J Agric Food Chem (2002) 50, 5735-41.
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Coffee + Antidiabetics v

Evidence is conflicting, but in general the long-term use of coffee
does not appear to be detrimental to the control of diabetes.

Evidence, mechanism, importance and management

There is a lot of epidemiological evidence that coffee consumption is
associated with a reduced risk of type 2 diabetes (this has been the
subject of a review!). In addition, a large prospective cohort study in
Finland found that coffee drinking was associated with reduced total
and cardiovascular disease mortality.?

In contrast, some short-term randomised studies have found that
coffee consumption had detrimental effects on insulin sensitivity in
healthy subjects (high consumption of filtered coffee over 4 weeks)3
and increased postprandial hyperglycaemia in patients with type 2
diabetes taking unnamed oral antidiabetic drugs (caffeine added to
decaffeinated coffee, single dose).+

The evidence is not conclusive, which makes it difficult to advise
patients taking antidiabetics on use of coffee beverages or supple-
ments. However the Finnish study does provides some reassurance
that use of coffee may not be detrimental in the long term, and may
even be beneficial.

. van Dam RM. Coffee and type 2 diabetes: from beans to beta-cells. Nutr Metab
Cardiovasc Dis (2006) 16, 69-77.

2. Bidel S, Hu G, Qiao Q, Jousilahti P, Antikainen R, Tuomilehto J. Coffee consumption
and risk of total and cardiovascular mortality among patients with type 2 diabetes.
Diabetologia (2006) 49, 2618-26.

3. van Dam RM, Pasman WJ, Verhoef P. Effects of coffee consumption on fasting blood
glucose and insulin concentrations: randomized controlled trials in healthy volunteers.
Diabetes Care (2004) 27, 2990-2.

4. Lane JD, Hwang AL, Feinglos MN, Surwit RS. Exaggeration of postprandial

hyperglycemia in patients with type 2 diabetes by administration of caffeine in coffee.

Endocr Pract (2007) 13, 239-43.

Coffee + Antihypertensives

Coffee may have a small adverse effect on blood pressure
control.

Clinical evidence

Limited data are available on the effect of coffee on blood pressure
in patients taking antihypertensives. In one study, two 150-mL cups
of coffee (made from 24 g of coffee) increased the mean blood
pressure of 12 healthy subjects taking propranolol 240 mg,
metoprolol 300 mg or a placebo. Mean blood pressure rises were
7%/22% with propranolol, 7%/19% with metoprolol and 4%/16%
with placebo. The beta blockers and placebo were given in divided
doses over 15 hours before the test.! However, there are lots of short-
term studies on the effect of coffee on blood pressure in healthy
subjects or patients with untreated mild hypertension. In one meta-
analysis of 18 randomised studies of coffee consumption, coffee
drinking was associated with a very small 1.22/0.49 mmHg increase
in blood pressure.2

One study found that blood pressure was higher in untreated
hypertensives who drank coffee (5 cups daily, each containing
approximately 60 mg caffeine) than in untreated hypertensives who
did not drink coffee. However, coffee drinking reduced the
potentially detrimental post-meal postural drop in systolic blood
pressure in patients taking unnamed antihypertensives.3

The only long-term studies are of epidemiological type. In one
large prospective cohort study in Finland, low-to-moderate daily
consumption of coffee (2 to 7 cups daily) was associated with a
small (about 24 to 29%) increased risk of requiring antihypertensive
drug treatment.# In the Nurses Health prospective cohort, coffee
consumption was not associated with an increased risk of developing
hypertension.s

In contrast to some of the data on coffee, chlorogenic acids from
coffee have been reported to reduce blood pressure. In one
randomised study in patients with mild hypertension not receiving

antihypertensives, green coffee bean extract 480 mg (containing
140 mg of chlorogenic acids) daily for 12 weeks was associated with
a 10/7mmHg reduction in blood pressure.c A dose-related decrease
in blood pressure with green coffee extract was seen in another
study.” Note that green coffee is not roasted, and may therefore
contain different constituents and have different effects than the
usual roasted coffee, although the importance of this remains to be
demonstrated.

Experimental evidence

Because of the extensive clinical evidence available, experimental
data have not been sought.

Mechanism

Acute intake of caffeine raises blood pressure, but partial tolerance
to this effect might possibly develop with regular consumption, see
also Caffeine + Antihypertensives, page 99. Polyphenolic com-
pounds in coffee might improve endothelial function, and might
therefore lower blood pressure.

Importance and management

The evidence presented here is conflicting; however, most of the
studies suggest that coffee might have a small adverse effect on
blood pressure. It is possible that this does not extend to green
(unroasted) coffee, and therefore supplements containing green
coffee extract might not be expected to have a negative effect on
blood pressure. Further study is needed.

For discussion of the adverse effect of caffeine on blood pressure,
see Caffeine + Antihypertensives, page 99.

. Smits P, Hoffmann H, Thien T, Houben H, van’t Laar A. Hemodynamic and humoral
effects of coffee after B'-selective and nonselective B-blockade. Clin Pharmacol Ther
(1983) 34, 153-8.

. Noordzij M, Uiterwaal CS, Arends LR, Kok FJ, Grobbee DE, Geleijnse JM. Blood
pressure response to chronic intake of coffee and caffeine: a meta-analysis of
randomized controlled trials. J Hypertens (2005) 23, 921-8.

3. Rakic V, Beilin LJ, Burke V. Effect of coffee and tea drinking on postprandial

hypotension in older men and women. Clin Exp Pharmacol Physiol (1996) 23, 559-63.

4. Hu G, Jousilahti P, Nissinen A, Bidel S, Antikainen R, Tuomilehto J. Coffee
consumption and the incidence of antihypertensive drug treatment in Finnish men and
women. Am J Clin Nutr (2007) 86, 457-64.

5. Winkelmayer WC, Stampfer MJ, Willett WC, Curhan GC. Habitual caffeine intake and
the risk of hypertension in women. JAMA (2005) 294, 233-5.

6. Watanabe T, Arai Y, Mitsui Y, Kusaura T, Okawa W, Kajihara Y, Saito I. The blood
pressure-lowering effect and safety of chlorogenic acid from green coffee bean extract in
essential hypertension. Clin Exp Hypertens (2006) 28, 439-49.

7. Kozuma K, Tsuchiya S, Kohori J, Hase T, Tokimitsu . Antihypertensive effect of green

coffee bean extract on mildly hypertensive subjects. Hypertens Res (2005) 28, 711-18.
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Coffee + Aspirin

Coffee does not appear to affect aspirin absorption.

Evidence, mechanism, importance and management

A study in 5 healthy subjects found that 200 mL of coffee had no
effect on the rate and extent of absorption of a single 500-mg dose of
aspirin, whereas 200 mL of milk reduced the bioavailability and
maximum concentration of salicylates from the same dose of aspirin
by a modest 30%.!

No significant reduction in the bioavailability of aspirin would be
expected with black coffee; however the addition of milk, depending
on the quantity, may possibly reduce the absorption of aspirin.

Note that caffeine may enhance the analgesic effects of aspirin,
see Caffeine + Aspirin or Diclofenac, page 99.

1. Odou P, Barthélémy C, Robert H. Influence of seven beverages on salicylate disposition
in humans. J Clin Pharm Ther (2001) 26, 187-93.

Coffee + Food

No specific interactions found; however, the effects of caffeine from



coffee or a coffee-containing herbal medicine will be additive to
those of other caffeine-containing foods or beverages.

Coffee + Herbal medicines

The caffeine content of coffee suggests that it may interact with
other herbal medicines in the same way as caffeine, see Caffeine +
Herbal medicines; Bitter orange, page 101, and Ephedra + Caffeine,
page 176.

Coffee + Iron compounds v

Coffee may possibly contribute towards the development of iron-
deficiency anaemia in pregnant women, and reduce the levels of
iron in breast milk. As a result their babies may also be iron
deficient.

Clinical evidence

In a series of studies in healthy subjects, drinking 200 mL of coffee
with various test meals containing radiolabelled iron resulted in a
39% to 83% reduction in the absorption of iron. No decrease was
observed if the coffee was drunk one hour before the meal, but when
the coffee was given one hour after the meal the reduction was the
same as taking it simultaneously with the meal. With one meal, the
effect of coffee was about half that of tea.! In another study, a
275mL serving of instant coffee reduced the absorption of
radiolabelled iron from a 50 g bread roll, and this was not affected
by milk.2

A controlled study among pregnant women in Costa Rica found
that coffee consumption was associated with reductions in the
haemoglobin levels and haematocrits of the mothers during preg-
nancy, and of their babies shortly after birth, despite the fact that the
women were taking ferric sulfate 200 mg and 500 micrograms of
folate daily. The babies also had a slightly lower birth weight
(3189 g versus 3310g). Almost a quarter of the mothers were
considered to have iron-deficiency anaemia (haemoglobin levels of
less than 11 g/dL), compared with none among the control group of
non-coffee drinkers. Levels of iron in breast milk were reduced by
about one-third. The coffee drinkers drank more than 450 mL of
coffee daily, equivalent to more than 10 g of ground coffee.?

In a randomised study in Guatemalan infants, discontinuing
coffee intake in those given an iron supplement led to a greater
increase in serum ferritin than continuing coffee consumption
(median 891 mL weekly). However, discontinuing coffee had no
effect on changes in haemoglobin.4

Experimental evidence

Because of the extensive clinical evidence available, experimental
data have not been sought.

Mechanism

It is suggested that polyphenolics in coffee might interfere with the
absorption of iron.#

Importance and management

The general importance of these findings is uncertain, but be aware

that coffee consumption may contribute to iron-deficiency anaemia.

Note that coffee is not generally considered to be a suitable drink for

babies and children, because of its effects on iron absorption. More

study is needed. Consider also Tea + Iron compounds, page 386.

1. Morck TA, Lynch SR, Cook JD. Inhibition of food iron absorption by coffee. 4m J Clin
Nutr (1983) 37, 416-20.

2. Hurrell RF, Reddy M, Cook JD. Inhibition of non-haem iron absorption in man by
polyphenolic-containing beverages. Br J Nutr (1999) 81, 289-95.
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3. Muiioz LM, Lonnerdal B, Keen CL, Dewey KG. Coffee consumption as a factor in iron
deficiency anemia among pregnant women and their infants in Costa Rica. Am J Clin
Nutr (1988) 48, 645-51.

. Dewey KG, Romero-Abal ME, Quan de, Serrano J, Bulux J, Peerson JM, Eagle P,
Solomons NW. Effects of discontinuing coffee intake on iron status of iron-deficient
Guatemalan toddlers: a randomized intervention study. Am J Clin Nutr (1997) 66, 168
76.

'

Coffee + Nicotine (4

Coffee drinking may reduce the absorption of nicotine from
chewing gum.

Evidence, mechanism, importance and management

In a study in 8 otherwise healthy smokers, intermittent mouth rinsing
with coffee substantially reduced salivary pH and nicotine absorp-
tion from nicotine polacrilex gum.! Buccal nicotine absorption is
best in an alkaline environment, which is provided by the buffering
agents in the nicotine gum. Consumption of coffee reduces the pH
and therefore nicotine absorption.! The reduction in the absorption
of buccal nicotine would apply only to beverages that affect buccal
pH. Drinking coffee beverages during or immediately before
nicotine gum use might therefore decrease the efficacy of this
form of nicotine replacement therapy. See also Caffeine + Nicotine,
page 103.

1. Henningfield JE, Radzius A, Cooper TM, Clayton RR. Drinking coffee and carbonated

beverages blocks absorption of nicotine from nicotine polacrilex gum. JAMA (1990)
264, 1560—4.

Coffee + Phenylpropanolamine v

A case report describes mania in a patient who drank coffee and
took phenylpropanolamine.

Evidence, mechanism, importance and management

A case report describes mania with psychotic delusions in a healthy
woman (who normally drank 7 to 8cups of coffee daily) within
3days of her starting to take a phenylpropanolamine-containing
decongestant. She recovered within one week of stopping both the
coffee and the phenylpropanolamine.! This appears to be the only
case report of an adverse interaction specifically between coffee and
phenylpropanolamine. However, case reports have described other
severe reactions with caffeine, see Caffeine + Phenylpropanolamine,
page 103.

1. Lake CR. Manic psychosis after coffee and phenylpropanolamine. Biol Psychiatry
(1991) 30, 401-4.

@

Coffee does not appear to affect the absorption of tetracycline.

Coffee + Tetracycline

Evidence, mechanism, importance and management

A study in 9 healthy subjects found that 200 mL of coffee (milk
content, if any, unstated) did not significantly affect the bioavail-
ability of a single 250-mg dose of tetracycline.!

Milk is well known to decrease the absorption of tetracyclines,
and a study in 12 healthy subjects found that 16 mL of evaporated
milk added to 200mL of coffee still significantly reduced
tetracycline absorption (by roughly half).2 From the first study, it
appears that coffee alone does not affect tetracycline absorption.

1. Jung H, Rivera O, Reguero MT, Rodriguez JM, Moreno-Esparza R. Influence of liquids
(coffee and orange juice) on the bioavailability of tetracycline. Biopharm Drug Dispos
(1990) 11, 729-34.

2. Jung H, Peregrina AA, Rodriguez JM, Moreno-Esparza R. The influence of coffee with

milk and tea with milk on the bioavailability of tetracycline. Biopharm Drug Dispos
(1997) 18, 459-63.



Cola

Cola acuminata Schott & Endl. or Cola nitida Schott & Endl. (Sterculiaceae)

Synonym(s) and related species

Guru nut, Kola.
Garcinia kola Heckel, Sterculia acuminata Beauv.

Pharmacopoeias
Cola (BP 2009, Ph Eur 6.4).

Constituents

Cola seed contains xanthine derivatives, mainly caffeine (1.5
to 3%) to which it may be standardised, with traces of
theobromine and theophylline. Other constituents include
flavonoids from the flavanol group (such as catechin and
epicatechin), amines, an anthocyanin pigment (kola red) and
betaine.

Use and indications

The main use of cola seed is as a stimulant for depression,
tiredness and poor appetite, and as a diuretic. Both uses can
be attributed to the caffeine content. Cola is also used as
flavouring agent in the manufacture of soft drinks.

Pharmacokinetics
For the pharmacokinetics of caffeine, see caffeine, page 97.
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For information on the pharmacokinetics of individual
flavonoids present in cola, see under flavonoids, page 186.

Interactions overview

Cola contains significant amounts of caffeine, therefore the
interactions of caffeine, page 97, should be applied to cola,
unless the product is specified as decaffeinated. By virtue of
its caffeine content cola may also cause serious adverse
effects if used with other drugs or herbs with similar effects,
such as ephedra, page 176. Cola may reduce the bioavail-
ability of halofantrine and increase the risk of developing
hypertension. For information on the interactions of indi-
vidual flavonoids present in cola, see under flavonoids,
page 186.

Carbonated cola beverages are acidic, and they can
therefore interact with drugs by altering gastric acidity. The
best example of this is that they can increase the absorption
of the azole antifungal drugs ketoconazole and itraconazole.
However, this mechanism is not going to be applicable to
herbal medicines containing cola extracts, and these inter-
actions are not therefore covered here.



Cola + Antihypertensives v

Cola appears to modestly increase the risk of developing
hypertension.

Evidence, mechanism, importance and management

There is a possibility that the effect of cola on blood pressure might
differ from that of pure caffeine. There appear to be very few
published studies of the effect of cola on blood pressure; however, in
the Nurses Health prospective cohort studies, both sugared cola and
diet cola beverages were associated with an increased risk of
developing hypertension with increased intake.! Whether patients
taking antihypertensives should limit their intake of cola is unclear.
However, the modest hypertensive effects of the caffeine content of
cola may be of importance. See Caffeine + Antihypertensives,
page 99, for further discussion of the adverse effect of caffeine on
blood pressure.

1. Winkelmayer WC, Stampfer MJ, Willett WC, Curhan GC. Habitual caffeine intake and
the risk of hypertension in women. JAMA (2005) 294, 233-5.

Cola + Food

No interactions found. Cola is used as a flavouring in carbonated
drinks.

Note that the effects of caffeine from cola-containing herbal
medicine or supplement will be additive with those of other caffeine-
containing foods or beverages.

X)

Cola appears to moderately reduce the bioavailability of
halofantrine.

Cola + Halofantrine
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Clinical evidence

In a study in 15 healthy subjects, a single 500-mg dose of
halofantrine was given alone or with cola 12.5 g. Cola significantly
reduced the maximum concentration and AUC of halofantrine by
45% and 31%, respectively. The overall clearance of halofantrine
was reduced by 50%. Similar reductions were seen in the major
metabolite of halofantrine, N-desbutylhalofantrine. No adverse
effects were reported.!

Experimental evidence
No relevant data found.

Mechanism

The authors suggest that caffeine, or other consituents of cola such
as catechins or tannins, may have formed a complex with
halofantrine to reduce its absorption.

Importance and management

Evidence appears to be limited to this one study, which found a
modest reduction in the bioavailabilty of halofantrine. However, the
bioavailability of halofantrine can vary widely between patients.
Nevertheless, as there is the potential that this interaction could lead
to malaria treatment failure, it may be prudent to advise patients to
avoid taking cola during treatment with halofantrine.

1. Kolade YT, Babalola CP, Olaniyi AA, Scriba GKE. Effect of kolanut on the

pharmacokinetics of the antimalarial drug halofantrine. Eur J Clin Pharmacol (2008) 64,
77-81.

Cola + Herbal medicines

The caffeine content of cola suggests that it may interact with other
herbal medicines in the same way as caffeine, see Caffeine + Herbal
medicines; Bitter orange, page 101, and Ephedra + Caffeine,
page 176.



Coltsfoot

Tussilago farfara L. (Asteraceae)

Synonym(s) and related species
Coughwort, Farfara, Foal’s foot.

Constituents

The leaves and flowers of coltsfoot contain mucilage
composed of polysaccharides, which include arabinose,
fructose, galactose, glucose and xylose, and the carbohydrate
inulin. Flavonoids (such as rutin, isoquercetin and hypero-
side), polyphenolic acids, triterpenes and sterols are present,
and sesquiterpenes including bisabolene derivatives and
tussilagone may also be found. All parts of the plant may
contain the pyrrolizidine alkaloids isotussilagine, senecio-
nine, senkirkine and tussilagine in variable amounts. These
are toxic but chemically very labile, and may be absent from
some extracts.

Use and indications
Coltsfoot is traditionally used in cough and cold preparations
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as a demulcent and expectorant, and it is used in the
treatment of asthma. Extracts have anti-inflammatory and
antispasmodic activity and tussilagone alone has been found
to be a cardiovascular and respiratory stimulant. The
concentration of the most toxic pyrrolizidine alkaloid,
senkirkine, is thought to be too low to cause toxicity if
used infrequently, and tussilagine is unsaturated and there-
fore less toxic. However, care should be taken with
prolonged use.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview
No interactions with coltsfoot found.



Coptis

Coptis chinensis Franch (Ranunculaceae)

Synonym(s) and related species
Gold thread, Mouth root, Vegetable gold.

Coptis deltoidea CY Cheng et Hasio, Coptis groenlandica
(Oeder) Fernald, Coptis teetoides CY Cheng, Coptis trifolia
(Salis).

Constituents

The thread-like rhizomes contain isoquinoline alkaloids,
mainly berberine and coptisine.

Use and indications
Coptis species are used widely in Chinese medicine for

infections, especially of the digestive tract, and for similar
reasons as bloodroot, page 76 and berberis, page 61.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of the alkaloid constituent, berberine,
see under berberine, page 58.

Interactions overview

No interactions with coptis found. However, for the
interactions of the alkaloid constituent, berberine, see
under berberine, page 58.
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Cranberry

Vaccinium macrocarpon Aiton (Ericaceae)

Synonym(s) and related species

Large cranberry (Vaccinium macrocarpon) is the cultivated
species.

European cranberry or Mossberry (Vaccinium oxycoccus)
has also been used.

Pharmacopoeias
Cranberry Liquid Preparation (USP 32).

Constituents

The berries contain anthocyanins and proanthocyanidins
(mainly oligomers of epicatechin), and organic acids
including malic, citric, quinic and benzoic acids.

Note that, although salicylic acid does not appear as a
constituent of the juice in many cranberry monographs, some
studies have shown low levels of salicylates in commercial
cranberry juice (e.g. 7mg/L), which resulted in detectable
plasma and urine levels of salicylic acid in women who
drank 250 mL of cranberry juice three times daily.!

Use and indications

The main use of cranberries and cranberry juice is for the
prevention and treatment of urinary tract infections, although
they have also been used for blood and digestive disorders.
Cranberries are commonly used in food and beverages.

Pharmacokinetics

There is high absorption and excretion of cranberry
anthocyanins in human urine, as shown by a study where
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11 healthy subjects drank 200mL of cranberry juice
containing 651 micrograms of total anthocyanins. The urin-
ary levels of anthocyanins reached a maximum between 3
and 6 hours, and the recovery of total anthocyanins in the
urine over 24 hours was estimated to be 5% of the amount
consumed.?

Some in vitro and animal studies have suggested that
cranberry may affect the cytochrome P450 isoenzymes
CYP2C9 (see flurbiprofen, page 153,) and CYP3A4 (see
nifedipine, page 153). However, clinical studies with
tizanidine, page 154 (a substrate of CYP1A2), flurbiprofen,
page 153 (a substrate of CYP2C9), and midazolam,
page 153 (a substrate of CYP3A4) have found no evidence
of a significant interaction in humans.

Interactions overview

Clinical studies suggest that cranberry juice and/or extracts
do not affect the pharmacokinetics of ciclosporin, flurbipro-
fen, midazolam, tizanidine and warfarin. Despite this, there
have been some case reports of raised INRs and significant
bleeding with cranberry and warfarin. Cranberry juice is
unlikely to affect the pharmacokinetics of nifedipine to a
clinically relevant extent.

1. Duthie GG, Kyle JA, Jenkinson AM. Increased salicylate concentrations in urine of
human volunteers after consumption of cranberry juice. J Agric Food Chem (2005) 53,
2897-2900.

2. Ohnishi R, Tto H, Kasajima N, Kaneda M, Kariyama R, Kumon H, Hatano T, Yoshida T.
Urinary excretion of anthocyanins in humans after cranberry juice ingestion. Biosci
Biotechnol Biochem (2006) 70, 1681-7.



Cranberry + Ciclosporin

@

Cranberry 153

Cranberry + Food

Occasional consumption of cranberry juice does not appear to
affect the bioavailibility of ciclosporin. Regular daily consump-
tion has not been studied.

Evidence, mechanism, importance and management

In a well-controlled, single-dose study, 12 healthy fasted subjects
were given a 200-mg dose of oral ciclosporin simultaneously with
240 mL of cranberry juice or water. Cranberry juice was found to
have no clinically significant effect on the pharmacokinetics of
ciclosporin.! In this study, the cranberry juice used was reconstituted
from frozen concentrate (Ocean Spray).

This study suggests that cranberry juice does not affect the
absorption of ciclosporin, and that drinking the occasional glass of
cranberry juice with ciclosporin should not affect ciclosporin levels.
However, note that a study of regular daily cranberry juice
consumption is required to also rule out an interaction affecting
ciclosporin elimination, which may have a bearing on the safety of
regular (e.g. daily) intake of cranberry juice with ciclosporin.

1. Grenier J, Fradette C, Morelli G, Merritt GJ, Vranderick M, Ducharme MP. Pomelo

juice, but not cranberry juice, affects the pharmacokinetics of cyclosporine in humans.
Clin Pharmacol Ther (2006) 79, 255-62.

@

Limited evidence suggests that cranberry juice does not appear
to affect the pharmacokinetics of flurbiprofen.

Cranberry + Flurbiprofen

Clinical evidence

In a study in 14 healthy subjects, 230 mL of cranberry juice taken the
night before, and 30 minutes before a single 100-mg dose of
flurbiprofen, had no significant effect on the pharmacokinetics of
flurbiprofen. Fluconazole, used as a positive control, increased the
flurbiprofen AUC by about 80%.! In this study, the cranberry juice
used was Ocean Spray cranberry juice cocktail from concentrate
containing 27% cranberry juice.

Experimental evidence

In an in vitro study, cranberry juice inhibited flurbiprofen
hydroxylation by about 44%, which was less than that of the
positive control sulfaphenazole (79%).!

Mechanism

Flurbiprofen is metabolised by the cytochrome P450 isoenzyme
CYP2C9, and the clinical study appears to suggest that cranberry has
no clinically relevant effect on this particular isoenzyme, despite the
fact that it had some weak inhibitory effects in vitro.!

Importance and management

Both the study in humans and the supporting experimental metabolic
data suggest that no pharmacokinetic interaction occurs between
flurbiprofen and cranberry juice. Therefore no dosage adjustment
appears to be necessary if patients taking flurbiprofen wish to drink
cranberry juice.

Flurbiprofen is used as a probe drug for CYP2C9 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action as a result of this mechanism between cranberry juice and
other CYP2C9 substrates is unlikely.

1. Greenblatt DJ, von Moltke LL, Perloff ES, Luo Y, Harmatz JS, Zinny MA. Interaction
of flurbiprofen with cranberry juice, grape juice, tea, and fluconazole: in vitro and
clinical studies. Clin Pharmacol Ther (2006) 79, 125-33.

No interactions found. Note that cranberry juice is widely used in
food and beverages.

Cranberry + Herbal medicines

No interactions found.

@

Limited evidence suggests that cranberry juice does not appear
to affect the pharmacokinetics of midazolam.

Cranberry + Midazolam

Clinical evidence

In a randomised, crossover study in 10 healthy subjects, 200 mL of
cranberry juice three times daily for 10 days had no significant effect
on the pharmacokinetics of a single 500-microgram oral dose of
midazolam taken on day5. In this study, the cranberry juice used
was a concentrate (Kontiomehu sokeroitu karpalomehu) diluted 1 to
4 with tap water before use.!

Experimental evidence
No relevant data found.

Mechanism

This study suggests that cranberry juice has no clinically relevant
effect on CYP3A4 activity.

Importance and management

Although the evidence is limited to this particular study, there
appears to be no need for special precautions when taking cranberry
juice with midazolam.

Midazolam is used as a probe drug for CYP3A4 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action between cranberry juice and other CYP3A4 substrates is
unlikely.

1. Lilja JJ, Backman JT, Neuvonen PJ. Effects of daily ingestion of cranberry juice on the

pharmacokinetics of warfarin, tizanidine, and midazolam — probes of CYP2C9,
CYP1A2, and CYP3A4. Clin Pharmacol Ther (2007) 81, 833-9.

Cranberry + Nifedipine (4

The interaction between cranberry juice and nifedipine is based
on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in human liver microsomes and rat intestinal microsomes,
cranberry juice slightly decreased the cytochrome P450 isoenzyme
CYP3A4-mediated metabolism of nifedipine by around 12% to
18%. Similarly, intraduodenal administration of cranberry juice to
rats appeared to reduce the apparent clearance and increase the AUC
of nifedipine 30mg/kg by 44% and 60%, respectively, when
compared with a control group. However, other pharmacokinetic
parameters such as the mean residence time, volume of distribution,
and elimination rate constant were not significantly affected.!
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Mechanism

The experimental evidence suggests that cranberry juice may
slightly inhibit the cytochrome P450 isoenzyme CYP3A4 in vitro
and in rats.! However, note that in a clinical study, cranberry had no
effect on a single dose of midazolam, page 153, a well-established
probe CYP3A4 substrate.

Importance and management

Evidence appears to be limited to two experimental studies. Taken
on its own, this evidence suggests the possibility of a modest
interaction, and therefore some caution might be warranted in
patients taking nifedipine who drink cranberry juice. However, a
clinical study with midazolam, page 153, a sensitive, specific
substrate for CYP3A4, found no evidence of an interaction, and this
suggests that cranberry juice would be unlikely to affect the
pharmacokinetics of nifedipine to a clinically relevant extent.

1. Uesawa Y, Mohri K. Effects of cranberry juice on nifedipine pharmacokinetics in rats. J
Pharm Pharmacol (2006) 58, 1067-72.

@

Limited evidence suggests that cranberry juice does not appear
to affect the pharmacokinetics of tizanidine.

Cranberry + Tizanidine

Clinical evidence

In a randomised, crossover study in 10 healthy subjects 200 mL of
cranberry juice three times daily for 10 days had no significant effect
on the pharmacokinetics of a single 1-mg oral dose of tizanidine
taken on day5. In this study, the cranberry juice used was a
concentrate (Kontiomehu sokeroitu karpalomehu) diluted 1 to 4 with
tap water before use.!

Experimental evidence
No relevant data found.

Mechanism

This study suggests that cranberry juice has no clinically relevant
effect on CYP1A2 activity.

Importance and management

Although the evidence is limited to this particular study, there
appears to be no need for any special precautions when taking
cranberry juice with tizanidine.

Tizanidine is used as a probe drug for CYP1A2 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action between cranberry juice and other CYP1A2 substrates is
unlikely.

1. Lilja 17, Backman JT, Neuvonen PJ. Effects of daily ingestion of cranberry juice on the

pharmacokinetics of warfarin, tizanidine, and midazolam — probes of CYP2C9,
CYP1A2, and CYP3A4. Clin Pharmacol Ther (2007) 81, 833-9.

Cranberry + Warfarin and related drugs A

A number of case reports suggest that cranberry juice can
increase the INR of patients taking warfarin, and one patient has
died as a result of this interaction. Other patients have developed
unstable INRs or, in one isolated case, a reduced INR. However,
in four controlled studies, cranberry juice did not alter the
anticoagulant effect of warfarin, or had only very minor effects
on the INR. Neither cranberry juice nor the extract altered
warfarin pharmacokinetics.

Clinical evidence

(a) Case reports

In September 2003, the MHRA/CSM in the UK noted that they had
received 5 reports suggesting an interaction between warfarin and
cranberry juice since 1999 (3 cases of INR increases, one case of
unstable INR and one case of a decrease in INR).! By October 2004,
the MHRA/CSM reported that they had now received 12 reports of a
suspected interaction, including 5 additional cases of bleeding
episodes and two additional cases of unstable INRs in patients
drinking cranberry juice while taking warfarin.2 The most serious
case involved a man taking warfarin whose INR markedly increased
(INR greater than 50) 6 weeks after starting to drink cranberry juice.
He died from gastrointestinal and pericardial haemorrhages.!3
Further details of this case included that he had recently been
treated with cefalexin (not known to interact) for a chest infection,
and had been eating virtually nothing for at least 2 weeks,? a fact that
would have contributed to the increase in anticoagulation.

In a further published case report, a patient stabilised on warfarin
was found to have INRs of 10 to 12 in the surgical procedure,
although he had no previous record of an INR greater than 4.
Vitamin K was given, and heparin was substituted for warfarin.
When warfarin was restarted postoperatively, the INR quickly rose
to 8 and then to 11 with haematuria, and postoperative bleeding. The
patient was drinking almost 2 litres of cranberry juice daily, because
of recurrent urinary tract infections, and was advised to stop drinking
this. Three days later the INR had stabilised at 3 with no further
intervention.# Another case of fluctuating INR (between 1 and 10) in
a patient taking warfarin has been attributed to cranberry juice.

In the US, a case of major bleeding and a high INR has been
reported in a man taking warfarin, which occurred shortly after
cranberry juice 710 mL daily was started.6 Another case describes an
increase in the INR of a patient receiving warfarin, from below 3 to
6.45, without bleeding, after the patient drank about 2 litres of
cranberry/apple juice over the lastweek. Of note, the patient was
subsequently re-stabilised on a lower dose of warfarin and may have
taken an extra dose of warfarin in the week before the raised INR
was measured.”

(b) Controlled studies

In one controlled crossover study, 7 male patients with atrial
fibrillation who were taking stable doses of warfarin drank 250 mL
of cranberry juice or placebo [daily] for a week without any
significant change in their INR from baseline values.® The same
finding was reported in another very similar study in patients taking
warfarin.® However, note that the daily volume of cranberry juice in
these studies was lower than the daily volume in the couple of case
reports where cranberry juice intake is known. Nevertheless, in
another controlled study in 10 healthy subjects, a higher volume of
cranberry juice (200 mL three times daily) for 10 days did not alter
the effect of a single 10-mg dose of warfarin (given on day 5) on the
maximum thromboplastin time or AUC of the thromboplastin time.!0
In addition, cranberry juice had no effect on warfarin pharmaco-
kinetics, except that there was a slight non-significant 7% decrease
in the AUC of S-warfarin.

In yet another study in 12 healthy subjects, cranberry juice
concentrate 2 capsules three times daily for 21 days (equivalent to
57 g of fruit daily) had no effect on the maximum INR after a single
25-mg dose of warfarin given on day 15 (2.8 versus 2.6). However,
the AUC of the INR was slightly increased by 28%, which was
statistically significant, but the clinical relevance of this measure is
uncertain. The cranberry concentrate had no effect on platelet
aggregation, and had no effect on the pharmacokinetics of either
R- or S-warfarin.!!

Experimental evidence

Because of the quality of the clinical evidence (controlled
pharmacokinetic studies), experimental data have not been sought.

Mechanism

Not known. It was originally suggested that one or more of the
constituents of cranberry juice might inhibit the metabolism of



warfarin by the cytochrome P450 isoenzyme CYP2C9, thereby
reducing its clearance from the body and increasing its effects.!
However, four studies have shown that cranberry juice or cranberry
extracts do not alter the pharmacokinetics of warfarin, and cranberry
juice had no effect on flurbiprofen pharmacokinetics, a drug used as
a surrogate index of CYP2C9 activity.l2 See also flurbiprofen,
page 153. An interaction might therefore be via a pharmacodynamic
mechanism. For example, the salicylate constituent of commercial
cranberry juice might cause hypoprothrombinaemia.!3

Importance and management

An interaction is not established. Controlled studies have not found
a pharmacokinetic interaction, and only one of four studies found
any evidence for an increase in warfarin effect. Moreover, the
clinical relevance of the finding of this study of a 0.2 increase in
INR and 28% increase in AUC of the INR is likely to be slight at
most, and does not fit with the sometimes marked increase in INR
seen in some case reports. This might be explained if the
interaction is dose dependent (in one of the cases where cranberry
intake was mentioned a quantity of 2litres daily was being
consumed), or if it is product dependent (i.e. due to a constituent
present in the cranberry juice that is not standardised for and varies
widely). However, it could also be that there is no specific
interaction, and that the case reports just represent idiosyncratic
reactions in which other unknown factors (e.g. altered diet) were
more important.

In 2004, on the basis of the then available case reports and lack of
controlled studies, the CSM/MHRA in the UK advised that patients
taking warfarin should avoid drinking cranberry juice unless the
health benefits are considered to outweigh any risks. They
recommended increased INR monitoring for any patient taking
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warfarin and who has a regular intake of cranberry juice.2 They also
advised similar precautions with other cranberry products (such as
capsules or concentrates).2 These might still be prudent precautions,
although the controlled studies now available do provide some
reassurance that, in otherwise healthy individuals, moderate doses of
cranberry juice are unlikely to have an important impact on
anticoagulation control.

. Committee on Safety of Medicines/Medicines and Healthcare products Regulatory
Agency Possible interaction between warfarin and cranberry juice. Current Problems
(2003) 29, 8.

Committee on Safety of Medicines/Medicines and Healthcare products Regulatory

Agency Interaction between warfarin and cranberry juice: new advice. Current

Problems (2004) 30, 10.

. Suvarna R, Pirmohamed M, Henderson L. Possible interaction between warfarin and

cranberry juice. BMJ (2003) 327, 1454.

Grant P. Warfarin and cranberry juice: an interaction? J Heart Valve Dis (2004) 13, 25—

6.

Walsh KM. Getting to yes. J Am Geriatr Soc (2005) 53, 1072.
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Creatine

N-(Aminoiminomethyl)-N-methylglycine

Types, sources and related compounds
Creatine monohydrate. Creatine phosphate is also used.

Use and indications

Creatine supplements are taken most often to improve
exercise performance and increase muscle mass. They are
also used for the treatment of cardiac disorders and have
possible uses for motor neurone disease, muscular dystro-
phies, Huntington’s disease and Parkinson’s disease.

Creatine is found in foods, most abundantly in meat and
fish, and is also synthesised endogenously.

Excessive intake of creatine, by the use of supplements,
has, very rarely, been reported to cause acute renal
impairment.!

Pharmacokinetics

Creatine is distributed throughout the body, with the majority
being found in skeletal muscle. Creatine is degraded to
creatinine, and both creatine and creatinine are excreted via
the kidneys. Absorption of creatine is likely to be an active
process, and may follow nonlinear kinetics with the
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ingestion of high doses because of saturation of skeletal
muscle stores, although this has not been confirmed
experimentally. The maximum plasma level of creatine is
reached less than 2hours after the ingestion of doses of
under 10 g, but after more than 3 hours for doses over 10 g,
and may vary with the ingestion of carbohydrate, see food,
page 157. Clearance of creatine would appear to be
dependent on both skeletal muscle and renal function.2

Interactions overview

There are no established interactions with creatine, but there
is some evidence that caffeine might counteract its beneficial
effects, and a high carbohydrate intake might increase its
retention. There is an isolated report of stroke in a patient
taking a creatine supplement with caffeine plus ephedra,
although the role of creatine in this case is uncertain. There is
a possibility that creatine supplements might complicate
interpretation of serum creatinine measurement.

1. Yoshizumi WM, Tsourounis C. Effects of creatine supplementation on renal function. J
Herb Pharmacother (2004) 4, 1-7.

2. Persky AM, Brazeau GA, Hochhaus G. Pharmacokinetics of the dietary supplement
creatine. Clin Pharmacokinet (2003) 42, 557-74.



Creatine + Caffeine 4

Limited evidence suggests that the performance-enhancing
effects of creatine may be reduced by caffeine.

Clinical evidence

Nine healthy subjects given a creatine supplement 500 mg/kg daily
for 6 days, and caffeine capsules 5 mg/kg daily for 3 days beginning
on the fourth day, experienced a lack of performance-enhancing
effects of creatine during knee extension exercises, when compared
with creatine given alone. One subject experienced some gastro-
intestinal discomfort during concurrent use.!

These findings were replicated in a later study in 9 healthy
subjects. Caffeine 5mg/kg reduced phosphocreatine resynthesis
during rest from a period of exercise when given with creatine 25 g
daily for 2 or 5days.2

Experimental evidence
No relevant data found.

Mechanism

Caffeine appears to inhibit the resynthesis of endogenous phospho-
creatine during recovery from a period of strenuous exercise, which,
in turn, delays the formation of the energy source, ATP.

Importance and management

These studies are preliminary and there seem to be no further reports
of an interaction. However, those taking creatine supplements to
enhance exercise performance should perhaps reduce caffeine intake
from beverages and other sources. Note that caffeine is also present
in a number of herbal medicines, consider also caffeine-containing
herbs, page 97.

. Vandenberghe K, Gillis N, van Leemputte M, van Hecke P, Vanstapel F, Hespel P.
Caffeine counteracts the ergogenic action of muscle creatine loading. J Appl Physiol
(1996) 80, 452-7.

. Vandenberghe K, van Hecke P, van Leemputte M, Vanstapel F, Hespel P. Inhibition of
muscle phosphocreatine resynthesis by caffeine after creatine loading. Med Sci Sports
Exerc (1997) 29, 249.

S

Creatine + Food 4

Limited evidence suggests that a high carbohydrate intake may
increase creatine retention.

Clinical evidence

In a study, 22 healthy male subjects were given 5 g creatine alone, or
with 500 mL Lucozade (which provided a source of glucose and
simple sugars) every 4 to 5hours, giving a total dose of creatine of
20 g daily for 2 days. Subjects who received creatine alone continued
their normal diet, whereas those receiving creatine with Lucozade
received a high-carbohydrate diet. The peak plasma concentration
and AUC of creatine was higher in those who had not received the
glucose load (as Lucozade), but this group also demonstrated the
highest urinary creatine excretion.! In a similar study, the effect of
about 50 g of protein plus 50 g of carbohydrate on the retention of
creatine from supplements was similar to that of high carbohydrate
(100 g carbohydrate).2

Experimental evidence
No relevant data found.

Mechanism

The authors suggested that their findings indicate that the ingestion
of carbohydrate with creatine led to an increase in insulin secretion,

Creatine 157

resulting in an increased uptake of creatine by skeletal muscle,! and
that protein/carbohydrate might have a similar effect.2

Importance and management

These studies suggest that patients who are taking creatine to
improve their muscle creatine stores might experience better results
if the creatine is taken at the same time as high amounts of
carbohydrates or protein/carbohydrates. However, this requires
further study.

1. Green AL, Simpson EJ, Littlewood JJ, Macdonald IA, Greenhaff PL. Carbohydrate
ingestion augments creatine retention during creatine feeding in humans. Acta Physiol
Scand (1996) 158, 195-202.

2. Steenge GR, Simpson EJ, Greenhaff PL. Protein- and carbohydrate-induced augmen-
tation of whole body creatine retention in humans. J Appl Physiol (2000) 89, 1165-71.

Creatine + Herbal medicines; Ephedra with
Caffeine

There is an isolated report of stroke in a patient taking a creatine
supplement with ephedra plus caffeine, although the role of
creatine in this case is uncertain.

Evidence, mechanism, importance and management

A 33-year-old fit man with no vascular risk factors had a stroke
6 weeks after starting to take two supplements to aid body building.
The first contained ephedra alkaloids (from ma huang), caffeine,
levocarnitine and chromium, and the second contained creatine,
taurine, inosine and coenzyme Q;q. His daily consumption was
estimated to be 40 to 60 mg of ephedra alkaloids, 400 to 600 mg of
caffeine and 6 g of creatine.! Note that serious adverse events such as
stroke have been reported with caffeine and dietary supplements
containing ephedra alkaloids, and ephedra is banned in some
countries. See Ephedra + Caffeine, page 176. Therefore, this case
could be attributed to this supplement alone, and the role of creatine
is unclear.

Note that caffeine might counteract some beneficial effects of
creatine. Consider caffeine, above.
1. Vahedi K, Domigo V, Amarenco P, Bousser M-G. Ischaemic stroke in a sportsman who

consumed MaHuang extract and creatine monohydrate for body building. J Neurol
Neurosurg Psychiatry (2000) 68, 112—13.

Creatine + Laboratory tests v

There is a possibility that creatine supplements might complicate
the interpretation of serum creatinine measurement.

Evidence, mechanism, importance and management

Creatinine is produced in muscles from the breakdown of creatine,
and is excreted by the kidneys. Blood levels of creatinine are
therefore used as one measure to estimate renal function.

It is possible that dietary supplementation with creatine could lead
to increased serum levels of creatinine, and this might be particularly
so in patients with impaired renal function and with long-term use.!
Note that, it has been suggested that the long-term, high-dose use of
creatine supplements might actually contribute to worsening renal
function,! although further study is needed to establish this.

It would be sensible for individuals taking creatine supplements to
tell their health provider this fact, if they need to have renal function
tests.

1. Yoshizumi WM, Tsourounis C. Effects of creatine supplementation on renal function. J
Herb Pharmacother (2004) 4, 1-7.



Damiana

Turnera diffusa Willd. ex Schult. (Turneraceae)

Synonym(s) and related species

Turnera aphrodisiaca Ward, Turnera diffusa var aphrodi-
siaca (Ward) Urb, Turnera microphylla.

Constituents

Damiana leaves contain flavonoids including trimethoxy-
flavone derivatives. The hydroquinone arbutin, a cyano-
genetic  glycoside tetraphylline B and the phytosterol
f-sitosterol have also been reported. The volatile oil
contains, among other components, a- and 3-pinene, thymol,
o-copaene, d-cadinene and calamene.
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Use and indications

Damiana is used most often as an aphrodisiac, but, although
there are some animal studies, there is no clinical evidence to
support this use. It is also reported to be mildly sedative and
antidepressant.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview
No interactions with damiana found.



Dandelion

Taraxacum officinale Weber (Asteraceae)

Synonym(s) and related species

Lion’s tooth, Taraxacum.

Leontodon taraxacum L., Taraxacum dens-leonis Desf.,
Taraxacum palustre (Lyons) Lam & DC.

Taraxacum mongolicum Hand.—Mazz. is used in Chinese
medicine.

Constituents

The root and leaf of dandelion contain sesquiterpene
lactones including: taraxinic acid, dihydrotaraxinic acid,
taraxacoside, taraxacolide and others; caffeic, chlorogenic
and cichoric acids; the natural coumarins cichoriin and
aesculin; and flavonoids based on luteolin. The phytosterols
sitosterol, stigmas terol, taraxasterol and homotaraxasterol,
the triterpenes B-amyrin, taraxol and taraxerol, carotenoids,
and vitamin A are also found.

Use and indications

Dandelion has been widely used as a diuretic, and also for its
purported laxative, anti-inflammatory, choleretic (to increase
bile secretion) and blood-glucose-lowering activity. Some of
these activities have been demonstrated in some, but not all,
animal studies, and no human studies appear to have been
published.! Dandelion has been used as a foodstuff (the leaf
in salads, and the ground root as a coffee substitute). A
prebiotic effect has been suggested for the root.

Pharmacokinetics

In a study in rats pre-treated for 4 weeks with a dandelion tea
solution 2%, the solution inhibited the cytochrome P450
isoenzymes CYPIA2 and CYP2E by 85% and 52%,
respectively, when compared with a control group, but did
not change CYP2D and CYP3A activity. An increase in
UDP-glucuronyl transferase activity of 244% was also
reported in the rats given dandelion tea.2 The findings of
animal studies cannot be directly extrapolated to humans,
but positive findings such as these suggest that clinical
studies are required. For information on the pharmaco-
kinetics of individual flavonoids present in dandelion, see
under flavonoids, page 186.

Interactions overview

No interactions specific to dandelion, although there is
limited evidence from animals that Taraxacum mongolicum
(the species used in Chinese medicine) might alter the
absorption of ciprofloxacin. For information on the inter-
actions of individual flavonoids present in dandelion, see

under flavonoids, page 186.
1. Schiitz K, Carle R, Schieber A. Taraxacum — A review on its phytochemical and
pharmacological profile. J Ethnopharmacol (2006) 107, 313-23.

2. Maliakal PP, Wanwimolruk S. Effect of herbal teas on hepatic drug metabolizing
enzymes in rats. J Pharm Pharmacol (2001) 53, 1323-9.
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Dandelion + Ciprofloxacin v

The interaction between Taraxacum mongolicum and ciproflox-
acin is based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in rats, an aqueous extract of Taraxacum mongolicum (2 g
crude drug/kg) significantly reduced the maximum concentration of
a single 20-mg/kg oral dose of ciprofloxacin by 73% when
compared with administration of oral ciprofloxacin alone. The
overall tissue distribution and half-life were also increased, although
the AUC was not different. The Taraxacum mongolicum extract used
was analysed and found to have a high concentration of magnesium,
calcium and iron.!

Mechanism

Cations such as magnesium, calcium and iron are known to chelate
with ciprofloxacin and modestly reduce its overall absorption.
However, in this study, the overall absorption of ciprofloxacin was
unchanged. The reason for the reduced maximum level and
prolonged elimination half-life is uncertain.

Importance and management

The general significance of this animal study is unclear, especially as
the overall absorption of ciprofloxacin did not appear to be affected.
Further study is required to discover if, and under what circum-
stances, dandelion might interact with ciprofloxacin in clinical use.
Also, study is needed to see whether the effects of the dandelion
species used in this study (Taraxacum mongolicum) apply to
Taraxacum officinalis.

1. Zhu M, Wong PY, Li RC. Effects of Taraxacum mongolicum on the bioavailability and
disposition of ciprofloxacin in rats. J Pharm Sci (1999) 88, 632—4.

Dandelion + Food

No interactions found.

Dandelion + Herbal medicines

No interactions found.



Danshen

Salvia miltiorrhiza Bunge (Lamiaceae)

Synonym(s) and related species
Chinese salvia, Dan-Shen, Red root sage, Tan-Shen.

Constituents

Danshen products may be standardised according to the
content of: tanshinones (diterpene quinones), tanshinone ITA
and tanshinone 1IB; the polyphenolic acid, salvianolic acid
B; and the related compound danshensu (3,4-dihydroxy-
phenyllactic acid). Other constituents include fatty-acid
(oleoyl) derivatives, lithospermic acid B, and salvinal (a
benzofuran) and nitrogen-containing compounds such as
salvianen.

Use and indications

The dried root of danshen is traditionally used in Chinese
medicine for cardiovascular and cerebrovascular diseases,
specifically angina pectoris, hyperlipidaemia and acute
ischaemic stroke, but also palpitations, hypertension, throm-
bosis and menstrual problems. It is also used as an
anti-inflammatory and for the treatment of cancer and liver
disease.

Pharmacokinetics

Limited in vitro and animal studies suggest that danshen
extracts affect the activities of various cytochrome P450
isoenzymes. However, these effects do not appear to be
clinically relevant. In a study in mice, a commercial
pharmaceutical extract of danshen induced the activity of
the cytochrome P450 isoenzyme CYP1A2 (assessed by
7-methoxyresorufin O-demethylation) by about 60%. An
aqueous extract had no effect, whereas an ethyl acetate
extract, which is not used in pharmaceutical preparations,
had a very marked four- to eightfold increase in CYP1A2
activity. A purified extract of tanshinone IIA had a similar
effect in this study,! and in one of two mice models in
another study.2 Conversely, in another study using mice and
human liver microsomes, tanshinone IIA (extracted in ethy!

acetate) inhibited CYP1A2.3 Any potent effects of danshen
extracts on CYP1A2 therefore appear to be limited to ethyl
extracts of danshen, which are not used clinically. The more
modest effects found with the commercial pharmaceutical
extract may not be clinically relevant, as clinical studies with
theophylline, page 163, a substrate of CYP1A2 did not find a
clinically relevant interaction.

The extracts of danshen that are used pharmaceutically do
not appear to have clinically relevant effects on CYP2C9
(see tolbutamide, page 163) or CYP3A4 (see calcium-
channel blockers, page 162).

Some extracts of danshen may inhibit P-glycoprotein, see
under digoxin, page 162.

Interactions overview

Some case reports and animal data indicate that danshen can,
rarely, increase the effects of warfarin, resulting in bleeding.
The antiplatelet activity of danshen may be partly respon-
sible, and therefore additive antiplatelet effects might occur
if danshen is taken with conventional antiplatelet drugs,
which may also increase the risk of bleeding. Danshen can
falsify the results of serum immunoassay methods for
digoxin, and experimental evidence suggests that danshen
could raise digoxin levels. Additive blood-pressure-lowering
effects could, in theory, occur if danshen is taken with
nifedipine, but no clinically relevant pharmacokinetic inter-
action appears to occur. Clinical evidence suggests that
danshen does not affect the pharmacokinetics of theo-
phylline, and experimental evidence suggests that danshen
does not affect the pharmacokinetics of alcohol, or
tolbutamide.

1. Kuo Y-H, Lin Y-L, Don M-J, Chen R-M, Ueng Y-F. Induction of cytochrome P450-
dependent monooxygenase by extracts of the medicinal herb Salvia miltiorrhiza. J
Pharm Pharmacol (2006) 58, 521-7.

2. Ueng Y-F, Kuo Y-H, Wang S-Y, Lin Y-L, Chen C-F. Induction of CYP1A by a diterpene
quinone tanshinone ITA isolated from a medicinal herb Salvia miltiorrhiza in CS7TBL/6]
but not in DBA/2J mice. Life Sci (2004) 74, 885-96.

3. Ueng Y-F, Kuo Y-H, Peng H-C, Chen T-L, Jan W-C, Guengerich FP, Lin Y-L. Diterpene
quinine tanshinone ITA selectively inhibits mouse and human cytochrome P4501A2.
Xenobiotica (2003) 33, 603—13.
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Danshen + Alcohol v

The interaction between danshen and alcohol is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

An oral danshen extract 200 mg/kg inhibited the oral absorption of
alcohol in rats. Blood-alcohol levels were reduced by up to 60% in
comparison to control rats. Danshen had no effect on blood-alcohol
levels when ethanol was injected intraperitoneally. The danshen used
in this study was standardised to contain 13% tanshinone IIA.!

Mechanism
Unknown.

Importance and management

Evidence for an interaction between alcohol and danshen appears to
be limited to one study in rats. Even if these results are replicated in
humans, any effect is probably not clinically relevant, and danshen is
certainly not proven for use as an aid to reducing alcohol absorption
or lowering blood-alcohol levels.

1. Colombo G, Agabio R, Lobina C, Reali R, Morazzoni P, Bombardelli E, Gessa GL.
Salvia miltiorrhiza extract inhibits alcohol absorption, preference, and discrimination in
sP rats. Alcohol (1999) 18, 65-70.

Danshen + Calcium-channel blockers v

The interaction between danshen and calcium-channel blockers
is based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in mice, a commercial pharmaceutical extract and an
aqueous extract of danshen had no effect on nifedipine oxidation. In
contrast an ethyl acetate extract of danshen (which is not used as a
pharmaceutical preparation) caused a threefold increase in nifedipine
oxidation.! Another study found that purified tanshinone IIA, present
in ethyl acetate extracts, caused a decrease in nifedipine oxidation in
mice,2 whereas a third study reported no change in nifedipine
oxidation by tanshinone IIA in human liver microsomes.?

Studies in the rat femoral artery have shown that danshen extracts
cause vasorelaxant effects.*

Mechanism

Contradictory findings have been reported on the effect of ethyl
acetate danshen extracts on nifedipine oxidation, which is mediated
by the cytochrome P450 isoenzyme CYP3A4. This could be
increased, decreased or unchanged.

Importance and management

Evidence for an interaction between nifedipine and danshen appears
to be limited to experimental studies, which suggest that the type of
danshen extract used is important in determining whether or not an
interaction may occur. In general an interaction with pharmaceutical
extracts seems unlikely. Ethyl acetate extracts may decrease
nifedipine metabolism, but as these are not used pharmaceutically,
this is of little clinical relevance. A pharmacodynamic interaction
may occur, because both nifedipine and danshen have calcium-
channel-blocking effects. Until more is known, some caution might
be warranted if patients take nifedipine (and possibly any calcium-

channel blocker) with danshen, as additive blood pressure-lowering
effects could, in theory, occur.

. Kuo Y-H, Lin Y-L, Don M-J, Chen R-M, Ueng Y-F. Induction of cytochrome P450-
dependent monooxygenase by extracts of the medicinal herb Salvia miltiorrhiza. J
Pharm Pharmacol (2006) 58, 521-7.

Ueng Y-F, Kuo Y-H, Wang S-Y, Lin Y-L, Chen C-F. Induction of CYP1A by a diterpene
quinone tanshinone IIA isolated from a medicinal herb Salvia miltiorrhiza in C57BL/6]
but not in DBA/2J mice. Life Sci (2004) 74, 885-96.

. Ueng Y-F, Kuo Y-H, Peng H-C, Chen T-L, Jan W-C, Guengerich FP, Lin Y-L. Diterpene
quinine tanshinone ITA selectively inhibits mouse and human cytochrome P4501A2.
Xenobiotica (2003) 33, 603-13.

Lam FFY, Yeung JHK, Cheung JHY, Or PMY. Pharmacological evidence for calcium
channel inhibition by danshen (Salvia miltiorrhiza) on rat isolated femoral artery. J
Cardiovasc Pharmacol (2006) 47, 139-45.
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The interaction between danshen and digoxin is based on
experimental evidence only.

Danshen + Digoxin

Clinical evidence
No interactions found.

Experimental evidence

Two in vitro studies!2 have assessed the effects of tanshinone IIA
and tanshinone IIB (major constituents of danshen) on the uptake of
digoxin by P-glycoprotein. Both extracts exhibited concentration-
dependent inhibitor effects on P-glycoprotein. Tanshinone IIA had
the greatest effects of the two extracts, inhibiting the P-glycoprotein-
mediated transport of digoxin in a similar manner to verapamil, a
known clinically relevant P-glycoprotein inhibitor. The effects of
tanshinone IIB were modest in comparison.

Mechanism

Tanshinone IIA appears to be a clinically relevant inhibitor of P-
glycoprotein, of which digoxin is a substrate.

Importance and management

The available data appear to be from experimental studies in which
specific constituents of danshen were used. This makes it difficult to
extrapolate the data to the use of the herb in a clinical setting. What
is known suggests that danshen may inhibit the transport of digoxin
by P-glycoprotein, which could lead to raised digoxin levels.
Therefore if danshen is taken by a patient receiving digoxin it may
be prudent to be alert for symptoms of raised digoxin levels, such as
bradycardia, and consider monitoring levels, should this occur.
However, note that danshen may interfere with some of the tests
used to assess digoxin levels, see also laboratory tests, page 163.

1. YuX-Y, Lin S-G, Zhou Z-W, Chen X, Liang J, Liu P-Q, Duan W, Chowbay B, Wen J-Y,
Li C-G, Zhou S-F. Role of P-glycoprotein in the intestinal absorption of tanshinone IIA,
a major active ingredient in the root of Salvia miltiorrhiza Bunge. Curr Drug Metab
(2007) 8, 325-40.

Yu X-Y, Zhou Z-W, Lin S-G, Chen X, Yu X-Q, Liang J, Duan W, Wen J-Y, Li X-T,
Zhou S-F. Role of ATP-binding cassette drug transporters in the intestinal absorption of

tanshinone IIB, one of the major active diterpenoids from the root of Salvia miltiorrhiza.
Xenobiotica (2007) 37, 375-415.

N

Danshen + Food

No interactions found.

Danshen + Herbal medicines

No interactions found.



Danshen + Laboratory tests v

Danshen can falsify the results of serum immunoassay methods
for digoxin.

Evidence, mechanism, importance and management

Danshen can falsify some laboratory measurements of digoxin
because it contains digoxin-like immunoreactive components. A
study found that a fluorescent polarisation immunoassay method
(Abbott Laboratories) for digoxin gave falsely high readings in the
presence of danshen, whereas a microparticle enzyme immunoassay
(Abbott Laboratories) gave falsely low readings. These, or similar
findings, have been reported elsewhere.! These false readings could
be eliminated by monitoring the free (i.e. unbound) digoxin
concentrations? or by choosing assay systems that are unaffected
by the presence of danshen (said to be the Roche and Beckman
systems? or an enzyme-linked chemiluminescent immunosorbent
digoxin assay by Bayer HealthCare!#). Similarly, when assaying
serum from patients taking digoxin, to which a variety of danshen
extracts were added, the use of a fluorescent polarisation
immunoassay gave variable results, whereas the results were more
consistent with a chemiluminescent assay, the EMIT 2000 digoxin
assay and the Randox digoxin assay.s It would therefore seem
prudent, wherever possible, to use a chemiluminescent assay for
digoxin in patients also taking danshen.

. Dasgupta A, Actor JK, Olsen M, Wells A, Datta P. In vivo digoxin-like
immunoreactivity in mice and interference of Chinese medicine Danshen in serum
digoxin measurement: elimination of interference by using a chemiluminescent assay.
Clin Chim Acta (2002) 317, 231-4.

. Wahed A, Dasgupta A. Positive and negative in vitro interference of Chinese medicine
dan shen in serum digoxin measurement. Elimination of interference by monitoring free
digoxin concentration. Am J Clin Pathol (2001) 116, 403-8.

3. Chow L, Johnson M, Wells A, Dasgupta A. Effect of the traditional Chinese medicines
Chan Su, Lu-Shen-Wan, Dan Shen, and Asian ginseng on serum digoxin measurement
by Tina-quant (Roche) and Synchron LX System (Beckman) digoxin immunoassays. J
Clin Lab Anal (2003) 17, 22-7.

. Dasgupta A, Kang E, Olsen M, Actor JK, Datta P. New enzyme-linked chemilumi-
nescent immunosorbent digoxin assay is free from interference of Chinese medicine
DanShen. Ther Drug Monit (2006) 28, 775-8.

5. Datta P, Dasgupta A. Effect of Chinese medicines Chan Su and Danshen on EMIT 2000

and Randox digoxin immunoassays: wide variation in digoxin-like immunoreactivity

and magnitude of interference in digoxin measurement by different brands of the same

product. Ther Drug Monit (2002) 24, 637-44.
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Danshen + Salicylates v

The interaction between danshen and salicylates is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

(a) Protein binding

In vitro experiments show that danshen can increase free salicylate
concentration by displacing salicylate from binding to albumin
proteins. In contrast, unexpectedly, salicylate significantly decreased
free danshen concentrations at full anti-inflammatory concentrations
of salicylate (150 micrograms/mL and above). However, no signifi-
cant change in free danshen concentrations was observed when
salicylate concentrations were less than this (up to 100 micrograms/
mL).!

(b) Pharmacodynamic

An active component of danshen (765-3) has been shown to inhibit
human platelet aggregation via its effects on platelet calcium.?
Mechanism

In vitro many conventional drugs are capable of being displaced by
others, but in the body the effects seem almost always to be buffered

Danshen 163

so effectively that the outcome is not normally clinically important.
It would therefore seem that the importance of this interaction
mechanism has been grossly over-emphasised. It is difficult to find
an example of a clinically important interaction (with conventional
drugs) due to this mechanism alone.

Additive antiplatelet effects might occur, which might increase
the risk of bleeding.

Importance and management

In vitro evidence suggests that danshen displaces salicylate from
protein-binding sites at high doses, but the clinical relevance of this
seems minimal. There may be a more clinically significant
interaction with low-dose aspirin, as both it and danshen have
antiplatelet activity. Concurrent use may therefore result in additive
antiplatelet effects. Bear this possibility in mind if unexpected signs
of bleeding, such as bruising, occur.

1. Gupta D, Jalali M, Wells A, Dasgupta A. Drug-herb interactions: unexpected
suppression of free danshen concentrations by salicylate. J Clin Lab Anal (2002) 16,
2904

2. Wu H; Li J, Peng L, Teng B, Zhai Z. Effect of 764-3 on aggregation and calcium
movements in aequorin-loaded human platelets. Chin Med Sci J (1996) 11, 49-52.
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Danshen does not appear to affect the pharmacokinetics of
theophylline.

Danshen + Theophylline

Clinical evidence

In a crossover study, 12 healthy subjects were given a single 100-mg
dose of theophylline alone and, after taking four tablets, each
containing an extract of danshen 1 g, three times daily, for 14 days.
Danshen slightly decreased the time to maximum theophylline
levels, but this was not expected to be clinically relevant, and no
other pharmacokinetic parameters were altered.!

Experimental evidence
No relevant data found.

Mechanism

Alcoholic extracts of danshen may have effects on cytochrome P450
CYP1A2, the isoenzyme by which theophylline is metabolised. See
Pharmacokinetics, page 161.

Importance and management

The available evidence is limited, but seems to suggest that the dose
of theophylline will not need to be altered in patients also taking
danshen extract tablets.

1. Qiu F, Wang G, Zhao Y, Sun H, Mao G, A J, Sun J. Effect of danshen extract on
pharmacokinetics of theophylline in healthy volunteers. BrJ Clin Pharmacol (2008) 65,
270-4.

Danshen + Tolbutamide

@

The information regarding the use of danshen with tolbutamide
is based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in mice, a commercial pharmaceutical extract of danshen
had no effect on tolbutamide hydroxylation. Similarly, an aqueous
extract had no effect, whereas the ethyl acetate extract (which is not
used as a pharmaceutical preparation, and contained the greatest
amount of tanshinone IIA) caused a twofold increase in tolbutamide
hydroxylation.!
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However, in vitro, tanshinone IIA did not affect the oxidation of
tolbutamide in mouse or human liver microsomes.?

Mechanism

Tolbutamide is a substrate of the cytochrome P450 isoenzyme
CYP2C9, and is also used as a probe substrate to assess the effects of
other substances on this isoenzyme. The evidence suggests that the
usual extracts of danshen do not affect tolbutamide metabolism, and
therefore would not be expected to have clinically relevant effects on
other substrates of CYP2C9.

Importance and management

Evidence appears to be limited to two experimental studies.
However, they provide reasonably strong evidence to suggest that
danshen will not affect the metabolism of tolbutamide. Therefore no
dosage adjustments are expected to be needed if danshen is given to
patients also taking tolbutamide. This study also suggests that
danshen is unlikely to affect the metabolism of other drugs that are
substrates of this isoenzyme.

Kuo Y-H, Lin Y-L, Don M-J, Chen R-M, Ueng Y-F. Induction of cytochrome P450-
dependent monooxygenase by extracts of the medicinal herb Salvia miltiorrhiza. J
Pharm Pharmacol (2006) 58, 521-7.

Ueng Y-F, Kuo Y-H, Peng H-C, Chen T-L, Jan W-C, Guengerich FP, Lin Y-L. Diterpene
quinone tanshinone IIA selectively inhibits mouse and human cytochrome P4501A2.
Xenobiotica (2003) 33, 603-13.
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Danshen + Warfarin and related drugs A

Three case reports and some animal data indicate that danshen
can increase the effects of warfarin, resulting in bleeding.

Clinical evidence

A woman taking warfarin, furosemide and digoxin, who began to
take danshen on alternate days, was hospitalised a month later with
anaemia and bleeding (prothrombin time greater than 60 seconds,
INR greater than 5.62). The anaemia was attributed to occult
gastrointestinal bleeding and the over-anticoagulation to an inter-
action with the danshen. She was later restabilised on warfarin in the
absence of the danshen with an INR of 2.5, and within 4 months her
haemoglobin levels were normal.!

A man taking warfarin, digoxin, captopril and furosemide, with
an INR of about 3, developed chest pain and breathlessness about
2 weeks after starting to take danshen. He was found to have a
massive pleural effusion, and an INR of more than 8.4. He was later
discharged on his usual dose of warfarin with an INR stable at 3, in
the absence of the danshen.2

Over-anticoagulation was investigated in Chinese patients admit-
ted to a medical unit during a 9-month period in 1994/1995. An
interaction with warfarin was reported in a patient using a medicated
oil product that contained methyl salicylate 15%, and an ‘analgesic
balm’ that contained danshen, methyl salicylate 50% and diclofe-
nac.

Experimental evidence
In a study in rats, danshen aqueous extract 5 g/kg twice daily given

intraperitoneally for 3 days prolonged the prothrombin time and
increased the steady-state levels of both isomers of warfarin.# Similar
findings were reported in another earlier study by the same group.s
In contrast, in a study in mice, a commercial pharmaceutical extract
of danshen had no effect on warfarin 7-hydroxylation (mediated by
the cytochrome P450 isoenzyme CYP2C9). Similarly, an aqueous
extract had no effect, but an ethyl acetate extract (which is not used
as a pharmaceutical preparation, and contained the greatest amount
of tanshinone IIA) increased warfarin 7-hydroxylation threefold,
which would be expected to lead to a decrease in its anticoagulant
effects.6

A study in animals found that high doses of Kangen-Karyu (a
mixture of peony root, cnidium rhizome, safflower, cyperus
rhizome, saussurea root and the root of danshen) 2 g/kg twice
daily inhibited the metabolism and elimination of single doses of
warfarin, and prolonged bleeding time. There was no interaction at a
lower dose of 500 mg/kg, which suggests that a clinical interaction is
unlikely at the recommended dose of 90 mg/kg of Kangen-Karyu
daily.”

Mechanism

Danshen has antiplatelet actions, which may be additive to the
anticoagulant effect of warfarin. The mechanism for the increase in
warfarin levels is unknown, because the studies suggest that the
usual extracts of danshen do not inhibit the cytochrome P450
isoenzyme CYP2C9, the main route of warfarin metabolism.
Consider also tolbutamide, page 163, and for more information on
the antiplatelet effects of danshen, see salicylates, page 163.

Importance and management

Evidence appears to be limited to three case studies, which alone
would be insufficient to establish an interaction. The pharmaco-
kinetic effects of the usual extracts of danshen seem to suggest that
an interaction resulting in raised warfarin levels is unlikely in most
patients. However, because danshen may have antiplatelet effects, an
interaction between warfarin and danshen, resulting in increased
bleeding, is possible. Clinically the use of an antiplatelet drug with
an anticoagulant should generally be avoided in the absence of a
specific indication. It may therefore be prudent to advise against
concurrent use. However, if concurrent use is felt desirable it would
seem sensible to warn patients to be alert for any signs of bruising or
bleeding, and report these immediately, should they occur.

1. Yu CM, Chan JCN, Sanderson JE. Chinese herbs and warfarin potentiation by
‘Danshen’. J Intern Med (1997) 241, 337-9.

2. Izzat MB, Yim APC, El-Zufari MH. A taste of Chinese medicine. Ann Thorac Surg
(1998) 66, 941-2.

3. Chan TYK. Drug interactions as a cause of overanticoagulation and bleedings in
Chinese patients receiving warfarin. Int J Clin Pharmacol Ther (1998) 36, 403-5.

4. Chan K, Lo ACT, Yeung JHK, Woo KS. The effects of Danshen (Salvia miltiorrhiza) on
warfarin pharmacodynamics and pharmacokinetics of warfarin enantiomers in rats. .J
Pharm Pharmacol (1995) 47, 402-6.

5. Lo ACT, Chan K, Yeung JHK, Woo KS. The effects of Danshen (Salvia miltiorrhiza) on
pharmacokinetics and dynamics of warfarin in rats. Eur J Drug Metab Pharmacokinet
(1992) 17, 257-62.

6. Kuo Y-H, Lin Y-L, Don M-J, Chen R-M, Ueng Y-F. Induction of cytochrome P450-
dependent monooxygenase by extracts of the medicinal herb Salvia miltiorrhiza. J
Pharm Pharmacol (2006) 58, 521-7.

7. Makino T, Wakushima H, Okamoto T, Okukubo Y, Deguchi Y, Kano Y.
Pharmacokinetic interactions between warfarin and kangen-karyu, a Chinese traditional
herbal medicine, and their synergistic action. J Ethnopharmacol (2002) 82, 35-40.



Devil’s claw

Harpagophytum procumbens (Burch.) DC. (Pedaliaceae)

Synonym(s) and related species

Grapple plant, Harpagophytum, Wood spider.
Harpagophytum burchellii Decne.

Pharmacopoeias

Devil’s Claw (BP 2009); Devil’s Claw Dry Extract (BP
2009, Ph Eur 6.4); Devil’s Claw Root (Ph Eur 6.4).

Constituents

Devil’s claw is usually standardised to the content of the
iridoid glycoside, harpagoside. Other iridoid glycosides
include harpagide and procumbide, and other constituents
include diterpenes, the phenolic glycosides 6-acetylacteoside
and 2,6-diacetylacteoside, flavonoids (including kaemp-
ferol), triterpenes and harpagoquinone.

Use and indications

The dried secondary root tuber is used as a stomachic and
bitter tonic, and for inflammatory disorders including
arthritis, gout, myalgia, fibrositis, lumbago and rheumatic
disease.

Pharmacokinetics

In vitro, a Devil’s claw extract moderately inhibited the
activity of the cytochrome P450 isoenzymes, CYP2CS,
CYP2C9, CYP2C19, and CYP3A4.! Devil’s claw had the
greatest effect on CYP2C9, but this was still, at best, a
modest effect. For information on the pharmacokinetics of
individual flavonoids present in Devil’s claw, see under
flavonoids, page 186.

Interactions overview

Limited evidence is available. Devil’s claw does not appear
to affect blood pressure, and its theoretical interaction with
drugs with antiplatelet effects seems unlikely to be of
practical relevance; however, it may increase the antic-
oagulant effects of drugs such as warfarin.

For information on the interactions of individual flavo-
noids present in Devil’s claw, see under flavonoids,
page 186.

1. Unger M, Frank A. Simultaneous determination of the inhibitory potency of herbal
extracts on the activity of six major cytochrome P450 enzymes using liquid

chromatography/mass spectrometry and automated online extraction. Rapid Commun
Mass Spectrom (2004) 18, 2273-81.
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Devil’s claw

@

Devil’s claw does not appear to affect blood pressure and is
therefore unlikely to interact with antihypertensives to a
clinically relevant extent, although further study is needed to
confirm this.

Devil’s claw + Antihypertensives

Clinical evidence

In a randomised, placebo-controlled, 4-week study,! a Devil’s claw
extract was studied for the possible treatment of low back pain in
109 patients. One patient had an episode of tachycardia while on
holiday, and stopped taking the herbal medicine. When he returned
from holiday, Devil’s claw was restarted and was well tolerated. It
was suggested that this adverse event was due to the change in
climate rather than the medication. Furthermore, in the study, there
was no significant change in systolic and diastolic blood pressure or
heart rate between the beginning and the end of the study, and
between Devil’s claw and placebo recipients. The Devil’s claw
extract used in this study was given at a dose of 800 mg three times
daily, equivalent to a daily dose of 50 mg of harpagoside.!

Experimental evidence

Crude methanolic extracts of Devil’s claw, and isolated harpagoside,
showed a significant and dose-dependent, protective action towards
ventricular arrhythmias in rat hearts.23 In other animal studies, high
doses of Devil’s claw have caused a reduction in blood pressure.3#

Mechanism
No mechanism established.

Importance and management

Clinical evidence is limited to one study that was not specifically
designed to assess interactions. However, the available data suggest
that Devil’s claw, used in standard doses, is unlikely to affect
treatment with conventional antihypertensives, although this ideally
needs confirmation in hypertensive patients. The reduction in blood
pressure found in animal studies seems unlikely to be clinically
relevant, due to the high doses used. Too little is known to be able to
make any clinical recommendations regarding the potential anti-
arrhythmic effect of Devil’s claw.

. Chrubasik S, Zimpfer CH, Schiitt U, Ziegler R. Effectiveness of Harpagophytum
procumbens in treatment of acute low back pain. Phytomedicine (1996) 3, 1-10.
Costa-De-Pasquale R, Busa G, Circosta C, Tauk L, Ragusa S, Ficarra P, Occhiuto F. A
drug used in traditional medicine: Harpagophytum procumbens DC. III. Effects on
hyperkinetic ventricular arrhythmias by reperfusion. J Ethnopharmacol (1985) 13, 193~
9

I

. Circosta C, Occhiuto F, Ragusa S, Trovato A, Tumino G, Briguglio F, de-Pasquale A. A
drug used in traditional medicine: Harpagophytum procumbens DC. II. Cardiovascular
activity. J Ethnopharmacol (1984) 11, 259-74.

Occhiuto F, De-Pasquale A. Electrophysiological and haemodynamic effects of some
active principles of Harpagophytum procumbens DC. in the dog. Pharmacol Res (1990)
22(Suppl 3), 1-2.
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Devil’s claw + Antiplatelet drugs and
NSAIDs

The interaction between Devil’s claw and antiplatelet drugs and
NSAIDs is based on a prediction only.

Evidence, mechanism, importance and management

One licensed preparation for Devil’s claw suggests that there is a
theoretical increased risk of bleeding if Devil’s claw is given with
drugs that inhibit platelet aggregation, such as antiplatelet drugs and
NSAIDs.! The exact basis for this recommendation is unclear and
another subsequently licensed preparation does not carry this
warning.2 A case report suggests that Devil’s claw may interact
with warfarin, see below, but this seems most likely to be due to a
metabolic effect rather than intrinsic antiplatelet properties. Devil’s

claw appears to be contraindicated in peptic ulceration, and this
could be taken to suggest that any antiplatelet effects that it may
have could increase the risks of bleeding from an ulcer. However,
some sources suggest that this contraindication is because of the
bitter properties of Devil’s claw (implying that it may stimulate
gastric secretions), and there are no documented cases of bleeding or
ulceration with the use of Devil’s claw. This warning with
antiplatelet drugs and NSAIDs therefore appears to represent
tremendous caution and it seems unlikely that the theoretical
prediction will be of clinical importance.

1. Flexiherb Film-coated Tablets (Devil’s claw root dry aqueous extract). MH Pharma

(UK) Ltd. UK Summary of product characteristics, March 2007.

2. Atrosan Film-coated Tablets (Devil’s claw root dry extract). Bioforce (UK) Ltd. UK
Summary of product characteristics, January 2008.

Devil’s claw + Food

No interactions found.

Devil’s claw + Herbal medicines

No interactions found.

Devil’s claw + Warfarin and related

drugs

Devil’s claw may increase the effects of warfarin, and possibly
other coumarins.

Clinical evidence

A case report from a S-year toxicological study! describes the
development of purpura in a patient following the concurrent use of
Devil’s claw and warfarin.

Experimental evidence

In an in vitro study, a Devil’s claw extract modestly inhibited the
activity of the cytochrome P450 isoenzyme CYP2C9.2

Mechanism

Limited in vitro evidence suggests that Devil’s claw may inhibit the
cytochrome P450 isoenzyme CYP2C9.2 Although the metabolism of
warfarin is complex, CYP2C9 plays a significant role. Therefore it is
possible that Devil’s claw could inhibit the metabolism of warfarin,
raising its levels and increasing its effect.

Importance and management

Evidence is limited to a case study, which reports minor adverse
effects, and experimental data. An interaction seems possible, but it
has not been conclusively demonstrated. Although only warfarin has
been studied, all coumarins are metabolised by CYP2C9 to some
extent, and therefore they also have the potential to be affected. The
evidence is too sparse to make any firm recommendations, but it
may be prudent to consider a possible interaction if a patient taking a
coumarin develops otherwise unexplained bruising.
1. Shaw D, Leon C, Kolev S, Murray V. Traditional remedies and food supplements. A 5-
year toxicological study (1991-1995). Drug Safety (1997) 17, 342-56.
2. Unger M, Frank A. Simultaneous determination of the inhibitory potency of herbal
extracts on the activity of six major cytochrome P450 enzymes using liquid

chromatography/mass spectrometry and automated online extraction. Rapid Commun
Mass Spectrom (2004) 18, 2273-81.



Echinacea

Echinacea species (Asteraceae)

Synonym(s) and related species

Black sampson, Brauneria, Coneflower, Purple coneflower,
Rudbeckia.

Echinacea angustifolia (DC) Heller, Echinacea pallida
(Nutt.) Britt., Echinacea purpurea (L.) Moensch. Other
names that have been used include Brauneria pallida (Nutt.)
Britton, Echinacea intermedia Lindl., Rudbeckia hispida
Hoftm, Rudbeckia pallida Nutt. Rudbeckia purpurea L. and
Rudbeckia serotina (Nutt) Sweet.

Pharmacopoeias

Echinacea angustifolia: Powder and Powdered extract (USP
32); Root (BP 2009).

Echinacea pallida: Powder and Powdered extract (USP
32); Root (BP 2009).

Echinacea purpurea: Aerial Parts (USP 32); Herb (BP
2009); Powder and Powdered extract (USP 32); Root (BP
2009, USP 32).

Constituents

The constituents of the various species are slightly different
and this leads to confusion as to the potential for drug
interactions.

(a) Echinacea angustifolia

The root contains alkamides, mainly 2-monoene isobutyl-
amides, and similar caffeic acid esters and glycosides to
Echinacea purpurea, including the major component,
echinacoside, and cynarin. Alkylketones, and the saturated
pyrrolizidine alkaloids, tussilagine and isotussilagine, are
also present (these are not the unsaturated hepatotoxic type).

(b) Echinacea pallida

The root contains similar caffeic acid esters and glycosides
to Echinacea purpurea, including the major component,
echinacoside. Polyenes and polyacetylenes, including a
range of ketoalkenes and ketopolyacetylenes, have been
reported and polysaccharides and glycoproteins are also
present.

(¢) Echinacea purpurea

The root contains alkamides, mainly 2,4-dienoic isobutyl-
amides of straight-chain fatty acids, caffeic acid derivatives
including the major component, cichoric acid, with echina-
coside, verbascoside, caffeoylechinacoside, chlorogenic
acid, isochlorogenic acid and caftaric acid. The saturated
pyrrolizidine alkaloids tussilagine and isotussilagine are
present.

The herb contains similar alkamides, and cichoric acid is
the major caffeic acid derivative present. Polysaccharides
PS1 (a methylglucuronoarabinoxylan), PS2 (an acidic

rhamnoarabinogalactan), a xyloglucan and glycoproteins
have been reported.

The pressed juice (from the aerial parts) contains hetero-
geneous polysaccharides, inulin-type compounds, arabino-
galactan polysaccharides and glycoproteins.

Use and indications

Echinacea is mainly used for its immunostimulant (immu-
nomodulatory) effects, particularly in the treatment and
prevention of the common cold, influenza and other upper
respiratory tract infections. It has a long history of medicinal
use for infections, both bacterial and viral, especially in skin
conditions such as acne and boils, and also in mild
septicaemia.

Pharmacokinetics

Most work has been carried out using Echinacea purpurea,
although other Echinacea species have been studied on
selected isoenzymes. /n vitro studies using non-drug probe
substrates!:2 suggest that Echinacea purpurea extracts
(Echinacare and Echinagard) do not have any significant
effects on the cytochrome P450 isoenzyme CYP2D6: a
finding supported by in vitro and clinical studies using drugs
as probe substrates, see dextromethorphan, page 169. Simi-
larly, in vitro studies!'-3 suggest that Echinacea purpurea
extracts (Echinacare, Echinagard and Echinaforce) either do
not inhibit, or only weakly inhibit, CYP1A2, CYP2C9, and
CYP2C19. These in vitro findings for CYP2C9 and
CYP1A2 would be expected to be replicated in most
patients, as suggested by clinical studies with the probe
substrates tolbutamide, page 170, and caffeine, page 169,
respectively.

The effects of echinacea on CYP3A4 are less clear. Some
extracts of Echinacea angustifolia, Echinacea pallida and
Echinacea purpura (Echinagard and Echinaforce) weakly?3
or moderately4 inhibited CYP3A4, whereas one extract of
Echinacea purpura (Echinacare) caused both weak inhib-
ition and induction of CYP3A4.! However, in one study? the
inhibitory properties varied greatly (150-fold). This seemed
to be related to the alkamide content of the extract, although
Echinacea pallida contains only low concentrations of
alkamides, so other constituents may also have a role in
CYP3A4 inhibition. Indeed, one study found that the caffeic
acid derivatives echinacoside and cichoric acid caused
moderate and very weak CYP3A4 inhibition, respectively.+
The findings of a clinical study using midazolam (a probe
substrate for CYP3A4) were also somewhat complex (see
midazolam, page 170), but appears to suggest only a
clinically modest effect of echinacea on CYP3A4.
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Interactions overview

Theoretically, echinacea may antagonise the effects of
immunosuppressants. The use of echinacea has been studied
with a number of drugs that are used as probe substrates for
cytochrome P450 activity or P-glycoprotein. With the
possible exceptions of midazolam and caffeine, no clinically
relevant interactions have been identified. Echinacea seems
to present a low risk for interactions occurring as a result of
these mechanisms.
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. Yale SH, Glurich I. Analysis of the inhibitory potential of Ginkgo biloba, Echinacea

purpurea, and Serenoa repens on the metabolic activity of cytochrome P450 3A4, 2D6,
and 2C9. J Altern Complement Med (2005) 11, 433-9.

. Modarai M, Gertsch J, Suter A, Heinrich M, Kortenkamp A. Cytochrome P450

inhibitory action of Echinacea preparations differs widely and co-varies with alkylamide
content. J Pharm Pharmacol (2007) 59, 567-73.

. Hellum BH, Hu Z, Nilsen OG. The induction of CYP1A2, CYP2D6 and CYP3A4 by

six trade herbal products in cultured primary human hepatocytes. Basic Clin Pharmacol
Toxicol (2007) 100, 23-30.

Budzinski JW, Foster BC, Vandehoek S, Arnason JT. An in vitro evaluation of human
cytochrome P450 3A4 inhibition by selected commercial herbal extracts and tinctures.
Phytomedicine (2000) 7, 273-82.



Echinacea + Caffeine 4

Echinacea appears to have a variable effect on the pharmaco-
kinetics of caffeine. In most patients, echinacea is unlikely to
raise caffeine levels.

Clinical evidence

In a pharmacokinetic study, 12 healthy subjects were given an §-day
course of Echinacea purpurea root 400 mg four times daily, with a
single 200-mg oral dose of caffeine on day 6. The maximum serum
concentration and AUC of caffeine were increased by about 30%.
There was a large variation between subjects, with some having a
50% increase in caffeine clearance, and some a 90% decrease.
However, the paraxanthine-to-caffeine ratio (a measure of CYP1A2
activity) was reduced by just 10%.! In another study in 12 healthy
subjects given Echinacea purpurea 800 mg twice daily for 28 days,
the paraxanthine-to-caffeine ratio was not significantly affected
when a single 100-mg dose of caffeine was given at the end of the
treatment with Echinacea purpurea.?

Experimental evidence
No relevant data found.

Mechanism

Echinacea is an inhibitor of the cytochrome P450 isoenzyme
CYP1A2, which is involved in caffeine metabolism. Echinacea was
therefore expected to raise caffeine levels. Although the studies
found that caffeine levels were modestly raised by caffeine this did
not appear to be due to an effect of echinacea on CYP1A2 (effects
found were mild).

Importance and management

Evidence appears to be limited to the two studies cited, which
suggest that in most patients echinacea is unlikely to raise caffeine
levels by inhibiting CYP1A2. However, some patients did experi-
ence a decrease in caffeine clearance, which suggests that, rarely,
caffeine levels may be raised. Some patients may therefore
experience some increase in the adverse effects of caffeine, such
as headache, tremor and restlessness, particularly if they have a a
high caffeine intake. Should this occur, advise the patient to either
stop taking echinacea and/or reduce their caffeine intake.

Caffeine is used as a probe drug for CYP1A2 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action between echinacea and other CYP1A2 substrates is unlikely.

. Gorski JC, Huang S-M, Pinto A, Hamman MA, Hilligoss JK, Zaheer NA, Desai M,
Miller M, Hall SD. The effect of echinacea (Echinacea purpurea root) on cytochrome
P450 activity in vivo. Clin Pharmacol Ther (2004) 75, 89-100.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Carrier J, Khan IA,
Edwards DJ, Shah A. In vivo assessment of botanical supplementation on human
cytochrome P450 phenotypes: Citrus aurantium, Echinacea purpurea, milk thistle, and
saw palmetto. Clin Pharmacol Ther (2004) 76, 428-40.
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Echinacea does not appear to have a clinically relevant effect on
the pharmacokinetics of dextromethorphan.

Echinacea + Dextromethorphan

Clinical evidence

In a study, 12 healthy subjects were given Echinacea purpurea root
400 mg four times daily for 8 days with a single 30-mg dose of
dextromethorphan on day 6. In the 11 subjects who were of the
cytochrome P450 isoenzyme CYP2D6 extensive metaboliser
phenotype there were no changes in the pharmacokinetics of
dextromethorphan. In contrast, the one subject who was a poor
metaboliser had a 42% increase in the AUC of dextromethorphan
and a 31% increase in its half-life.! In another study, in 12 healthy
subjects given Echinacea purpurea 800 mg twice daily for 28 days,
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there was no change in the debrisoquine urinary ratio after a single
5-mg dose of debrisoquine.2

Experimental evidence

In vitro studies found that an ethanol-based extract of Echinacea
purpura (Echinagard) produced a slight, non-significant inhibition
of dextromethorphan metabolism, a marker for CYP2D6 activity.34
Similar effects have been found with other probe substrates of
CYP2D6.5

Mechanism

In vitro studies suggest that echinacea has weak inhibitory effects on
the cytochrome P450 isoenzyme CYP2D6; however, the in vivo
study using debrisoquine (another probe substrate of CYP2D6)
suggests that this is not of clinical relevance.

Importance and management

The available evidence seems to reliably suggest that in most
patients echinacea does not affect the pharmacokinetics of
dextromethorphan. Those who are lacking, or are deficient, in
CYP2D6 may experience a modest increase in dextromethorphan
levels. However, dextromethorphan is generally considered to have a
wide therapeutic range and the dose is not individually titrated.
Therefore, the interaction is probably unlikely to be clinically
relevant.

Dextromethorphan is used as a probe drug for CYP2D6 activity,
and therefore these results (along with those for debrisoquine) also
suggest that a clinically relevant pharmacokinetic interaction
between echinacea and other CYP2D6 substrates is unlikely.

. Gorski JC, Huang S-M, Pinto A, Hamman MA, Hilligoss JK, Zaheer NA, Desai M,
Miller M, Hall SD. The effect of echinacea (Echinacea purpurea root) on cytochrome
P450 activity in vivo. Clin Pharmacol Ther (2004) 75, 89-100.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Carrier J, Khan IA,
Edwards DJ, Shah A. In vivo assessment of botanical supplementation on human
cytochrome P450 phenotypes: Citrus aurantium, Echinacea purpurea, milk thistle, and
saw palmetto. Clin Pharmacol Ther (2004) 76, 428-40.

3. Hellum BH, Nilsen OG. The in vitro inhibitory potential of trade herbal products on
human CYP2D6-mediated metabolism and the influence of ethanol. Basic Clin
Pharmacol Toxicol (2007) 101, 350-8.

. Hellum BH, Hu Z, Nilsen OG. The induction of CYP1A2, CYP2D6 and CYP3A4 by
six trade herbal products in cultured primary human hepatocytes. Basic Clin Pharmacol
Toxicol (2007) 100, 23-30.

. Gurley BJ, Swain A, Hubbard MA, Williams DK, Barone G, Hartsfield F, Tong Y,
Carrier DJ, Cheboyina S, Battu SK. Clinical assessment of CYP2D6-mediated herb-
drug interactions in humans: effects of milk thistle, black cohosh, goldenseal, kava kava,
St John’s wort, and Echinacea. Mol Nutr Food Res (2008) 52, 755-63.
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Echinacea does not appear to have a clinically relevant effect on
the pharmacokinetics of digoxin.

Echinacea + Digoxin

Clinical evidence

In a study, 18 healthy subjects were given an extract containing
Echinacea purpurea 195 mg and Echinacea angustifolia 72 mg three
times daily for 14 days with a single 250-microgram dose of digoxin
before and after the course of echinacea. No significant effects on the
pharmacokinetics of digoxin were reported for echinacea, suggesting
that echinacea does not have any significant effects on
P-glycoprotein. No adverse effects were reported when digoxin
was given with echinacea.!

Experimental evidence

An in vitro study found that Echinacea purpurea extract had no
significant effect on the pharmacokinetics of digoxin, a substrate for
P-glycoprotein.2

Mechanism

No mechanism expected.

Importance and management
The available evidence suggests that echinacea does not significantly
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affect the pharmacokinetics of digoxin, and therefore no digoxin
dosage adjustments appear necessary if echinacea is also taken.

Digoxin is used as a probe substrate for P-glycoprotein, and
therefore these results also suggest that a clinically relevant
pharmacokinetic interaction between echinacea and other P-
glycoprotein substrates is unlikely.

. Gurley BJ, Swain A, Williams DK, Barone G, Battu SK. Gauging the clinical
significance of P-glycoprotein mediated herb-drug interactions: Comparative effects of
St Johns wort, Echinacea, clarithromycin, and rifampin on digoxin pharmacokinetics.
Mol Nutr Food Res (2008) 52, 755-63.

Hellum BH, Nilsen OG. In vitro inhibition of CYP3A4 metabolism and P-glycoprotein-
mediated transport by trade herbal products. Basic Clin Pharmacol Toxicol (2008) 102,
466-75.

N

Echinacea + Food

No interactions found.

Echinacea + Herbal medicines

No interactions found.

X

The interaction between echinacea and immunosuppressants is
based on a prediction only.

Echinacea + Immunosuppressants

Evidence, mechanism and importance and management

Echinacea has immunostimulating effects. Theoretically therefore,
echinacea may antagonise the effects of immunosuppressant drugs.
The manufacturers of three echinacea products licensed by the
MHRA in the UK advise against concurrent use with immunosup-
pressants and specifically name ciclosporin and methotrexate.!-3
There do not appear to be any clinical reports of an interaction,
but, until more is known, it may be prudent to follow this advice.

. Echinaflu Soft Capsules (Dried pressed juice from Echinacea purpurea). Swiss Caps
GmbH. UK Summary of product characteristics, June 2008.
. EchinEeze Tablets (Dry extract of Echinacea purpurea root). Natures Aid Health
Products. UK Summary of product characteristics, July 2008.
3. Duchy Herbals Echina-Relief Tincture (Alcoholic dry extract of Echinacea purpurea
root). Nelson and Co. Ltd. UK Summary of product characteristics, October 2008.

S

Echinacea + Midazolam (4

Echinacea does not appear to alter the AUC and clearance of
oral midazolam, although the bioavailability may be increased.
Clearance of intravenous midazolam may be modestly increased
in patients taking echinacea.

Clinical evidence

In a pharmacokinetic study, 12 healthy subjects were given
Echinacea purpurea root (Nature's Bounty, USA) 400mg four
times daily for 28 days, with a single 50-microgram/kg intravenous
dose of midazolam on day 6 and, 24 hours later, a single 5-mg oral
dose of midazolam. The clearance of intravenous midazolam was
increased by 42%, and its AUC was reduced by 23%. In contrast, the
clearance and AUC of oral midazolam were not significantly altered;
however, the oral bioavailability of midazolam was increased by
50% but the oral bioavailability was still relatively low. In another
study in 12 healthy subjects given Echinacea purpurea 800 mg twice
daily for 28 days with a single 8-mg oral dose of midazolam, there

was no difference in the ratio of midazolam to its 1-hydroxy
metabolite.!

Experimental evidence
No relevant data found.

Mechanism

Midazolam is predominantly metabolised by the cytochrome P450
isoenzyme CYP3A4. It was suggested the echinacea may have
exerted opposing effects on the cytochrome P450 isoenzyme
CYP3A in the liver and the intestine, which resulted in this
difference in its effects on oral and intravenous midazolam.2

Importance and management

Direct evidence about an interaction between midazolam and
echinacea appears to be limited to these two clinical studies. Their
findings suggest that echinacea is unlikely to interact with oral
midazolam, as even though the oral bioavailability was increased
this did not affect the maximum levels or AUC. The interaction of
echinacea with intravenous midazolam is, at best, modest. As the
dose of intravenous midazolam is usually tapered to the individual’s
response, the potential for a reduced effect should be accommodated.
The authors of one of the studies? suggest that the effect of echinacea
on CYP3A4 substrates may depend on whether they have high oral
bioavailability and the degree of hepatic extraction, and is not easily
predicted. More study is needed to establish if echinacea has any
clinically relevant effects on a range of CYP3A4 substrates. See the
table Drugs and herbs affecting or metabolised by the cytochrome
P450 isoenzyme CYP3A4, page 8, for a list of known CYP3A4
substrates.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Carrier J, Khan IA,
Edwards DJ, Shah A. In vivo assessment of botanical supplementation on human
cytochrome P450 phenotypes: Citrus aurantium, Echinacea purpurea, milk thistle, and
saw palmetto. Clin Pharmacol Ther (2004) 76, 428-40.

. Gorski JC, Huang S-M, Pinto A, Hamman MA, Hilligoss JK, Zaheer NA, Desai M,
Miller M, Hall SD. The effect of echinacea (Echinacea purpurea root) on cytochrome
P450 activity in vivo. Clin Pharmacol Ther (2004) 75, 89-100.
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Echinacea + Tolbutamide 4

Echinacea does not appear to have a clinically relevant effect on
the pharmacokinetics of tolbutamide.

Clinical evidence

In a pharmacokinetic study, 12 healthy subjects were given
Echinacea purpurea root 400mg four times daily for 8 days with
a single 500-mg dose of tolbutamide on day 6. The AUC of
tolbutamide was increased by 14%, and the time to maximum levels
was increased from 4 to 6 hours.! The oral clearance was decreased
by a mean of 11%, although 2 subjects had a 25% or greater
reduction.

Experimental evidence
No relevant data found.

Mechanism
No mechanism expected.

Importance and management

This one study suggests that echinacea does not significantly affect
the pharmacokinetics of tolbutamide, and therefore no tolbutamide
dosage adjustments appear necessary if echinacea is also taken.
Tolbutamide is used as a probe substrate for CYP2C9, and
therefore these results also suggest that a clinically relevant
pharmacokinetic interaction between echinacea and other CYP2C9
substrates is unlikely.
1. Gorski JC, Huang S-M, Pinto A, Hamman MA, Hilligoss JK, Zaheer NA, Desai M,

Miller M, Hall SD. The effect of echinacea (Echinacea purpurea root) on cytochrome
P450 activity in vivo. Clin Pharmacol Ther (2004) 75, 89-100.



Eclipta

Eclipta alba Hassk (Asteraceae)

Synonym(s) and related species

Trailing eclipta.
Eclipta prostrata (L.).

Constituents

Eclipta contains terthienyl derivatives, including o-formyl-
terthienyl and a number of esterified 5-hydroxyterthienyl
derivatives. The leaves and stem contain the flavonoids
apigenin and luteolin, and the isoflavone orobol; wedelo-
lactone and desmethylwedelolactone, as well as their
glucosides, are present throughout the herb. Oleanane-type
triterpenoids known as the ecliptasaponins, eclalbatin and
the eclalbasaponins (based on echinocystic acid), and several
steroidal alkaloids based on verazine and ecliptalbine, are
also found in eclipta.

Use and indications
Eclipta is traditionally used for blood-related diseases,

including liver diseases such as hepatitis and jaundice.
Pharmacological studies support these uses to some extent,
but clinical data are lacking. It has also been used for
alopecia, as an antiseptic and as an analgesic; its analgesic
effects have been attributed to the alkaloid content.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids and isofla-
vones present in eclipta, see under flavonoids, page 186 and
isoflavones, page 258, respectively.

Interactions overview

No interactions with eclipta found. For information on the
interactions of individual flavonoids and isoflavones present
in eclipta, see under flavonoids, page 186 and isoflavones,
page 258, respectively.
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Elder

Sambucus nigra L. (Caprifoliaceae)

Synonym(s) and related species

Black elder, European elder, Sambucus.
Not to be confused with American elder, which is
Sambucus canadensis L.

Pharmacopoeias
Elder Flower (BP 2009, Ph Eur 6.4).

Constituents

The flowers and berries of elder are most often used
medicinally. The flowers contain: triterpenes based on
oleanolic and ursolic acids; the flavonoids rutin, quercetin,
hyperoside, kaempferol, nicotoflorin and others; and lino-
lenic and linoleic acids. The berries contain: anthocyanins
cyanidin-3-sambubioside and cyanidin-3-glucoside; the fla-
vonoids quercetin and rutin; cyanogenic glycosides includ-
ing sambunigrin; and vitamins. The unripe berries of elder
contain toxic constituents, but these are lost on drying and/or
heating, and are not present in the medicinal product. Elder
extracts may be standardised to contain 0.8% flavonoids
based on isoquercitroside (BP 2009, Ph Eur 6.4).
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Use and indications

Elder extracts are used mainly to treat colds and flu. Several
in vitro studies have shown that elder berry constituents have
antidiabetic, antiviral and immune-modulating effects,
enhance cytokine production and activate phagocytes, but
clinical data are lacking.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids found in elder,
see under flavonoids, page 186.

Interactions overview

There is some very weak experimental evidence to suggest
that elder extracts may have additive effects with antidiabetic
drugs and phenobarbital, and may antagonise the effects of
morphine. For information on the interactions of individual
flavonoids found in elder, see under flavonoids, page 186.



Elder + Antidiabetics 4

The interaction between elder and antidiabetics is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In an in vitro study, it was found that an aqueous elder flower extract
enhanced glucose uptake by 70%, but had no additional effect on
glucose uptake when insulin was also given. The extract also
stimulated insulin secretion and glycogen synthesis.!

Mechanism

Elder is thought to enhance insulin secretion in a similar manner to
the sulphonylureas. This study supports this suggestion as it found
that diazoxide inhibited the effects of elder.

Importance and management

The in vitro study provides limited evidence of a possible blood-
glucose-lowering effect of an aqueous elder flower extract. Because
of the nature of the evidence, applying these results in a clinical
setting is extremely difficult, and the effect of elder flower extracts
given with conventional antidiabetic medication is unknown.
However, if patients taking antidiabetic drugs want to take elder it
may be prudent to discuss the potential for additive effects, and
advise an increase in blood-glucose monitoring, should an inter-
action be suspected.

1. Gray AM, Abdel-Wahab YHA, Flatt PR. The traditional plant treatment, Sambucus

nigra (elder), exhibits insulin-like and insulin-releasing actions in vitro. J Nutr (2000)
130, 15-20.

Elder + Food

No interactions found.

Elder + Herbal medicines

No interactions found.

The interaction between elder and morphine is based on
experimental evidence only.

Elder + Morphine

Elder 173

Clinical evidence
No interactions found.

Experimental evidence

In a study in rats aqueous extracts of elder flower and elder berry
were found to modestly decrease the analgesic effects of morphine
90 minutes after dosing. The elder extracts had no effect on the
analgesic response to morphine at a subsequent time point
(150 minutes), and had tended to increase the effects of morphine
10 minutes after dosing. The berry and flower extracts had no
analgesic effect when given alone.!

Mechanism
Unknown.

Importance and management

Evidence for an interaction between extracts of elder flower and
elder berry and morphine appears to be limited to this study in rats,
which found only a modest decrease in analgesic effects at just one
time point. It is unknown if this effect would occur in humans, but,
even if it does, it seems unlikely to be of much clinical relevance.
1. Jakovljevi¢ V, Popovi¢ M, Mimica-Duki¢ N, Sabo J. Interaction of Sambucus nigra

flower and berry decoctions with the actions of centrally acting drugs in rats. Pharm Biol
(2001) 39, 142-5.

Elder + Phenobarbital 4

The interaction between elder and phenobarbital is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in rats aqueous extracts of elder flower and elder berry
were found to approximately halve the time to the onset of sleep and
increase the sleeping time in response to phenobarbital (from about
190 minutes to 200 minutes).!

Mechanism
Unknown.

Importance and management

Evidence for an interaction between extracts of elder flower and
elder berry and phenobarbital appears to be limited to this study in
rats, which found only a very modest increase in sleeping time. It is
unknown if this effect would occur in humans, but, even if it does, it
seems unlikely to be clinically relevant.

1. Jakovljevi¢ V, Popovi¢ M, Mimica-Duki¢ N, Sabo I. Interaction of Sambucus nigra

flower and berry decoctions with the actions of centrally acting drugs in rats. Pharm Biol
(2001) 39, 142°5.



Elecampane

Inula helenium L. (Asteraceae)

Synonym(s) and related species
Alant, Helenio, Horseheal, Inula, Scabwort, Yellow starwort.

Aster helenium (L.) Scop., Aster officinalis All., Helenium
grandiflorum Gilib.

Constituents

The root contains sesquiterpene lactones, mainly helenalin
(alantolactone or elecampane camphor), isohelenalin, dihy-
droalantolactone, alantic acid, azulene and a large amount of
inulin. Phytosterols including B- and y-sitosterols, stigma-
sterol and friedelin are also present.
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Use and indications

Elecampane is used as an expectorant, antitussive and
antiseptic, especially for catarrh and dry irritating cough in
children.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview
No interactions with elecampane found.



Ephedra

Ephedra sinica Stapf, Ephedra gerardiana Wall,, Ephedra equisetina Bunge

(Ephedraceae)

Synonym(s) and related species
Ma huang.

Constituents

The main active components of ephedra are the amines
(sometimes referred to as alkaloids, or more properly
pseudoalkaloids) ephedrine, pseudoephedrine, norephe-
drine, norpseudoephedrine, N-methylephedrine, ephedrox-
ane, maokonine, a series of ephedradines and others. Other
constituents include the diterpenes ephedrannin A and
mahuannin, catechins, and a trace of volatile oil containing
terpinen-4-ol, a-terpineol, linalool and other monoterpenes.

Use and indications

Ephedra is used traditionally for asthma, bronchitis, hayfever
and colds, but recently the herb has become liable to abuse
as a stimulant and slimming aid. For this reason the herb has
been banned by the FDA in the US. Its main active

constituents are ephedrine and pseudoephedrine; however,
ephedra herb is claimed to have many more effects than
those ascribed to ephedrine and its derivatives. It is these
compounds that also give rise to the toxic effects of ephedra.

Pharmacokinetics
No relevant pharmacokinetic data found.

Interactions overview

Ephedra herb contains ephedrine and pseudoephedrine, and
therefore has the potential to interact in the same manner as
conventional medicines containing these substances. The
most notable of these interactions is the potential for
hypertensive crises with MAOIs; it would therefore seem
unwise to take ephedra during, or for 2 weeks after, the use
of an MAOIL. There do not seem to be any reports of drug
interactions for ephedra itself, with the exception of caffeine.
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X

Ephedrine can raise blood pressure and in some cases this may
be further increased by caffeine. Combined use has resulted in
hypertensive crises in a few individuals. Isolated reports describe
the development of acute psychosis when caffeine was given with
ephedra.

Ephedra + Caffeine

Clinical evidence

A review of reports from the FDA in the US revealed that several
patients have experienced severe adverse effects (subarachnoid
haemorrhage, cardiac arrest, hypertension, tachycardia and neurosis)
after taking dietary supplements containing ephedrine or ephedra
alkaloids with caffeine.! However, it is not possible to definitively
say that these effects were the result of an interaction because none
of the patients took either drug separately. Similarly, a meta-analysis
assessing the safety of ephedra or ephedrine and caffeine found a
two- to threefold increase in the risk of adverse events (including
psychiatric symptoms and palpitations) with ephedra or ephedrine,
but concluded that it was not possible to assess the contribution of
caffeine to these events.2

Two episodes of acute psychosis occurred in a 32-year-old man
after he took Vigueur fit tablets (containing ephedra alkaloids and
caffeine), Red Bull (containing caffeine) and alcohol. He had no
previous record of aberrant behaviour despite regularly taking 6 to
9 tablets of Vigueur fit daily (about twice the recommended dose).
However, on this occasion, over a 10-hour period, he consumed 3 or
4 bottles of Red Bull (containing about 95 mg of caffeine per 250-mL
bottle) and enough alcohol to reach a blood-alcohol level of about
335mg%. No more episodes occurred after he stopped taking the
Vigueur fit tablets. Ephedra alkaloids (ephedrine and pseudoephe-
drine) may cause psychosis and it appears that their effects may be
exaggerated by an interaction with caffeine and alcohol.3 In another
case report, an ischaemic stroke that occurred in a 33-year-old man
was thought to be due to taking a supplement called Thermadrene,
(now reformulated, but which at the time contained ephedrine,
guarana, caffeine, cayenne pepper and willow bark). The use of
bupropion may have been a contributory factor.4 A similar case of
stroke is reported in a man who took a creatine supplement with
ephedra plus caffeine. In this case, the interaction was attributed to
creatine. See Creatine + Herbal medicines; Ephedra with Caffeine,
page 157.

Experimental evidence

In a study, rats were given an oral solution of ephedra (containing up
to 50 mg/kg ephedrine) with, and without, caffeine. Ephedra with
caffeine increased the clinical signs of toxicity (salivation, hyper-
activity, ataxia, lethargy, failure to respond to stimuli) in the treated
rats, when compared with ephedra alone. Histological analysis for
cardiotoxicity showed some evidence of haemorrhage, necrosis, and
tissue degeneration within 2 to 4 hours of treatment. No statistical
difference in the occurrence of cardiotoxic lesions was found when
animals treated with ephedrine were compared with those treated
with ephedra, indicating that the cardiotoxic effects of ephedra are
due to ephedrine.s

Another study also reported that cardiac toxicity was observed in
7- and 14-week-old male rats administered ephedrine (25 mg/kg) in

combination with caffeine (30 mg/kg) for one or twodays. The
ephedrine and caffeine dosage was approximately 12-fold and
1.4-fold, respectively, above average human exposure. Five of the
seven treated 14-week-old rats died or were sacrificed 4 to 5hours
after the first dose, and massive interstitial haemorrhage was
reported.6

Mechanism

Ephedrine and caffeine may cause catecholamine release and an
increase in intracellular calcium release which leads to vasoconstric-
tion. Myocardial ischaemia may occur as a result of this
vasoconstriction (in the coronary artery), and this may result in
myocardial necrosis and cell death.s.6

Importance and management

The interaction between ephedra alkaloids and caffeine is fairly well
established. However, it has to be said that there seem to be few
reports of adverse interactions specifically with ephedra alkaloids.
One possible explanation for this could be that these interactions
may go unrecognised or be attributed to one drug only, whereas
caffeine may also have been taken either as part of the preparation or
in beverages or foods (often not reported). Nevertheless, a number of
serious adverse events have been reported and these preparations
may pose a serious health risk to some users. The risk may be
affected by individual susceptibility, the additive stimulant effects of
caffeine, the variability in the contents of alkaloids or pre-existing
medical conditions.!

Note that the FDA has banned combinations of caffeine and
herbal products containing ephedra. It would seem prudent to avoid
concurrent use.

. Haller CA, Benowitz NL. Adverse cardiovascular and central nervous system events
associated with dietary supplements containing ephedra alkaloids. N Engl J Med (2000)
343, 1833-8.

Shekelle PG, Hardy ML, Morton SC, Maglione M, Mojica WA, Suttorp MJ, Rhodes SL,
Jungvig L, Gagné J. Efficacy and safety of ephedra and ephedrine for weight loss and
athletic performance: a meta-analysis. JAMA (2003) 280, 1537-45.

. Tormey WP, Bruzzi A. Acute psychosis due to the interaction of legal compounds -
ephedra alkaloids in “Vigueur Fit’ tablets, caffeine in ‘Red Bull’ and alcohol. Med Sci
Law (2001) 41, 331-6.

Kaberi-Otarod J, Conetta R, Kundo KK, Farkash A. Ischemic stroke in a user of
Thermadrene: a case study in alternative medicine. Clin Pharmacol Ther (2002) 72,
343-6.

. Dunnick JK, Kissling G, Gerken DK, Vallant MA, Nyska A. Cardiotoxicity of Ma
Huang/caffeine or ephedrine/caffeine in a rodent model system. Toxicol Pathol (2007)
35, 657-64.

Nyska A, Murphy E, Foley JF, Collins BJ, Petranka J, Howden R, Hanlon P, Dunnick
JK. Acute hemorrhagic myocardial necrosis and sudden death of rats exposed to a
combination of ephedrine and caffeine. Toxicol Sci (2005) 83, 388-96.

N

w

e

w

o

Ephedra + Food

No interactions found.

Ephedra + Herbal medicines

No interactions found.



Epimedium

Epimedium brevicomu Maxim. (Berberidaceae)

Synonym(s) and related species

Barrenwort, Horny goat weed, Yin Yang Huo.

There is some taxonomic confusion within the species,
and most of the commercially available material has not been
properly characterised. In Chinese medicine, a mixture of
species (referred to as Herba Epimedii) is often used and
includes the following species (some of which may be
synonyms): Epimedium koreanum Nakai, Epimedium pub-
escens Maxim., Epimedium sagittatum (Sieb. Et Zucc)
Maxim and Epimedium wushanense T.S.Ying.

Constituents

The major constituents of all species of epimedium are
prenylated flavonoids and isoflavones: the most important
are icariin, epimedin A, B and C, and 6-prenylchrysin.
Apigenin, luteolin, kaempferol and quercetin are also
present. A multitude of other constituents, for which the
pharmaceutical relevance is unclear, have been identified.

Use and indications

Epimedium is used traditionally as an antirheumatic, tonic
and to enhance bone health and treat osteoporosis. The
isoflavones and prenylated flavones have oestrogenic
activity.

The herb is also used to enhance sexual function. Legend

has it that this use was discovered after a goat herd in China
found that his animals became much more sexually active
after eating the herb, hence the name horny goat weed. It has
therefore been widely advertised as a ‘herbal Viagra’.

Pharmacokinetics

In vitro, freeze-dried aqueous extracts of Herba Epimedii
have been found to have some inhibitory effect on the
cytochrome P450 isoenzyme CYP1A2, an effect thought to
be related to the quercetin content of the herb.! Extracts of
Herba Epimedii may also inhibit (in decreasing order of
potency) CYP2C19, CYP2El, CYP2C9, CYP3A4, and
CYP2D6,! but the clinical relevance of this has not been
established. See flavonoids, page 186, for information on the
pharmacokinetics of individual flavonoids present in epime-
dium.

Interactions overview

Little is known. Epimedium may have additive effects with
other medicines used for erectile dysfunction. For informa-
tion on the interactions of the individual flavonoids present
in epimedium, see flavonoids, page 186.

1. Liu KH, Kim ML, Jeon BH, Shon JH, Cha 1J, Cho KH, Lee SS, Shin JG. Inhibition of

human cytochrome P450 isoforms and NADPH-CYP reductase in vitro by 15 herbal
medicines, including Epimedii herba. J Clin Pharm Ther (2006) 31, 83-91.
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Epimedium + Food

No interactions found.

Epimedium + Herbal medicines

No interactions found.

Epimedium + Phosphodiesterase type-5
inhibitors

The interaction between epimedium and phosphodiesterase
type-5 inhibitors is based on experimental evidence only.
Clinical evidence

No interactions found.

Experimental evidence

An in vitro study using rabbit corpus cavernosum tissue found that
an aqueous extract of Epimedium brevicornum relaxed the smooth

muscle of the corpus cavernosum. The extract also enhanced the
relaxation caused by sildenafil, tadalafil and vardenafil.!

Mechanism

Epimedium appears to have a similar mode of action to the
phosphodiesterase type-5 inhibitors. /n vitro, an extract of
Epimedium brevicornum and one of its constituents, icariin, have
been found to inhibit phosphodiesterase type-5, although both had
weaker effects than sildenafil.2

Importance and management

Evidence is limited to experimental studies, but what is known
suggests that epimedium may potentiate the effects of the
phosphodiesterase type-5 inhibitors, sildenafil, tadalafil and varde-
nafil. The results of in vitro studies are difficult to reliably
extrapolate to humans. Nevertheless, the concurrent use of
epimedium and a phosphodiesterase type-5 inhibitor could poten-
tially lead to additive effects, which may be beneficial, but which
could in theory also lead to adverse effects, such as priapism. It
would therefore seem prudent to discuss concurrent use with
patients, and warn them of the potential risks. Note that it is
generally recommended that other agents for erectile dysfunction
should be avoided in those taking sildenafil, tadalafil or vardenafil.
1. Chiu J-H, Chen K-K, Chien T-M, Chiou W-F, Chen C-C, Wang J-Y, Lui W-Y, Wu C-W.
Epimedium brevicornum Maxim extract relaxes rabbit corpus cavernosum through
multitargets on nitric oxide/cyclic guanosine monophosphate signaling pathway. Int J
Impot Res (2006) 18, 335-42.
2. Dell’Agli M, Galli GV, Dal Cero E, Belluti F, Matera R, Zironi E, Pagliuca G, Bosisio E.

Potent inhibition of human phosphodiesterase-5 by icariin derivatives. J Nat Prod
(2008) 71, 1513-17.



Evening primrose oil

Oenothera biennis L. (Onagraceae)

Synonym(s) and related species

Common evening primrose, King’s cureall, Sun drop, Tree
primrose.
Oenothera lamarkiana, Onagra biennis (L.) Scop.

Pharmacopoeias
Evening primrose oil (BP 2009, Ph Eur 6.4).

Constituents

The oil from evening primrose seeds contains the essential
fatty acids of the omega-6 series, linoleic acid (about 65 to
85%) and gamolenic acid (gamma-linolenic acid, about 7 to
14%). Other fatty acids include oleic acid, alpha-linolenic
acid, palmitic acid and stearic acid.

Use and indications

Evening primrose oil is used as a food supplement to provide
essential fatty acids. It is also used for atopic eczema and
mastalgia; however, in the UK licences for two prescription
products containing gamolenic acid derived from evening
primrose oil were withdrawn in 2002, due to lack of
evidence in support of efficacy.

Other conditions for which it is used include rheumatoid
arthritis, premenstrual syndrome, menopausal symptoms,
chronic fatigue syndrome and attention deficit hyperactivity
disorder. Evening primrose oil has also been used topically

as a cream, for the relief of dry or inflamed skin.
Traditionally it has been used for asthma, whooping
cough, gastrointestinal disorders, and as a sedative painkiller.

In manufacturing, evening primrose oil is used in soaps
and cosmetics. The root of evening primrose has been used
as a vegetable.

Pharmacokinetics

In in vitro experiments,! cis-linoleic acid, was found to be a
modest inhibitor of the cytochrome P450 isoenzyme
CYP2C9 (but this is not expected to result in clinically
relevant effects on drug metabolism, see warfarin and related
drugs, page 181), and a modest to minor inhibitor of, in order
of potency, CYP1A2, CYP2C19, CYP3A4 and CYP2D6.

Interactions overview

Evening primrose oil has been predicted to interact with
antiplatelet and anticoagulant drugs, but data supporting this
prediction are limited. Although seizures have occurred in a
few schizophrenics taking phenothiazines and evening
primrose oil, no adverse effects were seen in others, and
there appears to be no firm evidence that evening primrose
oil should be avoided by epileptic patients.

1. Zou L, Harkey MR, Henderson GL. Effects of herbal components on cDNA-expressed
cytochrome P450 enzyme catalytic activity. Life Sci (2002) 71, 1579-89.
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Evening primrose oil + Antiplatelet

drugs

Evening primrose oil can inhibit platelet aggregation and
increase bleeding time. It has therefore been suggested that it
may have additive effects with other antiplatelet drugs, but
evidence of this is generally lacking.

Clinical evidence

In 12 patients with hyperlipidaemia given evening primrose oil 3 g
daily for 4 months, platelet aggregation decreased and bleeding time
increased by 40%. The evening primrose oil was given in the form
of six 500-mg soft-gel capsules and the daily dose contained linoleic
acid 2.2 g and gamolenic acid 240 mg.!

Experimental evidence

Similar findings to the clinical study above have been reported in
animals given evening primrose oil or gamolenic acid.!?

Mechanism

Prostaglandin E; (which has antiplatelet properties) and thrombox-
ane (which promotes platelet aggregation) are formed from
gamolenic acid. Supplementing the diet with gamolenic acid has
been shown to augment the production of prostaglandin E; and,
because prostaglandin E, is also preferentially formed (the conver-
sion of gamolenic acid to thromboxane is slower), evening primrose
oil could inhibit platelet aggregation. This effect could be additive
with the effects of other antiplatelet drugs.

Importance and management

Information is limited to one clinical study, in which patients were
not taking conventional antiplatelet drugs, and experimental data.
Based on the potential antiplatelet effects of evening primrose oil,
some authors’ suggest that patients taking antiplatelet drugs should
use evening primrose oil cautiously or not at all. This seems overly
cautious because evening primrose oil is a widely used herbal
product, and was formerly used as a prescription product in the UK,
and clinical reports of an interaction have yet to come to light.
Furthermore, the concurrent use of two conventional antiplatelet
drugs is not uncommon.

. Guivernau M, Meza N, Barja P, Roman O. Clinical and experimental study on the long-
term effect of dietary gamma-linolenic acid on plasma lipids, platelet aggregation,
thromboxane formation, and prostacyclin production. Prostaglandins Leukot Essent
Fatty Acids (1994) 51, 311-16.

2. De La, Cruz JP, Martin-Romero M, Carmona JA, Villalobos MA, Sanchez de la Cuesta
F. Effect of evening primrose oil on platelet aggregation in rabbits fed an atherogenic
diet. Thromb Res (1997) 87, 141-9.

3. Halat KM, Dennehy CE. Botanicals and dietary supplements in diabetic peripheral

neuropathy. J Am Board Fam Pract (2003) 16, 47-57.

Evening primrose oil + Food

No interactions found.

Evening primrose oil + Herbal medicines

No interactions found.

Evening primrose oil + NSAIDs (4

The interaction between evening primrose oil and NSAIDs is
based on a prediction only.

Evidence, mechanism, importance and management

Gamolenic acid, a major constituent of evening primrose oil, is a
precursor of prostaglandin E;, which inhibits the synthesis of tumour
necrosis factor-o (which has an important effect in the inflammatory
processes of rheumatoid arthritis). Supplementing the diet with
gamolenic acid has been shown to augment the production of
prostaglandin E;, which has a rate-limiting step mediated by
cyclooxygenase-2. Theoretically, the production of prostaglandin E;,
and therefore the anti-inflammatory effects of gamolenic acid, could
be opposed by the concurrent use of NSAIDs because both selective
and non-selective NSAIDs inhibit cyclooxygenase-2.! However,
evening primrose oil is often used alongside conventional treatments
for arthritis and two clinical studies found that high doses of
gamolenic acid reduced pain and swelling of the joints of arthritic
patients when given with usual doses of NSAIDs. This theoretical
interaction therefore appears to be of little clinical importance.23

. Kast RE. Borage oil reduction of rheumatoid arthritis activity may be mediated by
increased cAMP that suppresses tumor necrosis factor-alpha. Int Immunopharmacol
(2001) 1, 2197-9.

. Leventhal LJ, Boyce EG, Zurier RB. Treatment of rheumatoid arthritis with
gammalinolenic acid. Ann Intern Med (1993) 119, 867-73.

. Zurier RB, Rossetti RG, Jacobson EW, DeMarco DM, Liu NY, Temming JE, White BM,
Laposata M. Gamma-linolenic acid treatment of rheumatoid arthritis. A randomized,
placebo-controlled trial. Arthritis Rheum (1996) 39, 1808-17.
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Evening primrose oil + Phenothiazines

Although seizures have occurred in a few schizophrenics taking
phenothiazines and evening primrose oil, no adverse effects were
seen in others, and there appears to be no firm evidence that
evening primrose oil should be avoided by epileptic patients.

Clinical evidence

Twenty-three patients were enrolled in a placebo-controlled study of
evening primrose oil in schizophrenia. During the treatment phase,
patients were given 8 capsules of Efamol in addition to their normal
medication. Seizures developed in 3 patients, one during treatment
with placebo. The other two patients were taking evening primrose
oil: one was receiving fluphenazine decanoate 50 mg once every
2 weeks and the other fluphenazine decanoate 25 mg once every
2 weeks with thioridazine, which was later changed to chlorproma-
zine.! In another study, 3 long-stay hospitalised schizophrenics were
taking evening primrose oil. Their schizophrenia became much
worse and all 3 patients showed EEG evidence of temporal lobe
epilepsy.2

In contrast, no seizures or epileptiform events were reported in a
crossover study in 48 patients (most of them schizophrenics) taking
phenothiazines when they were given evening primrose oil for
4 months.3 Concurrent use was also apparently uneventful in another
study in schizophrenic patients.4

Experimental evidence
No relevant data found.

Mechanism

Not understood. One suggestion is that evening primrose oil
possibly increases the well-recognised epileptogenic effects of the
phenothiazines, rather than having an epileptogenic action of its
own.! Another idea is that it might unmask temporal lobe epilepsy.!-2

Importance and management

The interaction between phenothiazines and evening primrose oil is
not well established, nor is its incidence known, but clearly some
caution is appropriate during concurrent use, because seizures may
develop in a few individuals. There seems to be no way of
identifying the patients at particular risk. The extent to which the
underlying disease condition might affect what happens is also
unclear.

No interaction between antiepileptics and evening primrose oil
has been established and the reports cited above!:? appear to be the



sole basis for the suggestion that evening primrose oil should be
avoided by epileptics. No seizures appear to have been reported in
patients taking evening primrose oil in the absence of phenothia-
zines. One review,5 analysing these two reports, goes as far as
suggesting that formularies should now remove seizures or epilepsy
as an adverse effect of evening primrose oil because the evidence for
the seizures clearly point to the phenothiazines taken. Moreover, the
manufacturers of Epogam, an evening primrose oil preparation,
claim that it is known to have improved the control of epilepsy in
patients previously uncontrolled with conventional antiepileptic
drugs, and other patients are said to have had no problems during
concurrent treatment.¢

. Holman CP, Bell AFJ. A trial of evening primrose oil in the treatment of chronic
schizophrenia. J Orthomol Psychiatry (1983) 12, 302-4.

Vaddadi KS. The use of gamma-linolenic acid and linoleic acid to differentiate between
temporal lobe epilepsy and schizophrenia. Prostaglandins Med (1981) 6, 375-9.
Vaddadi KS, Courtney P, Gilleard CJ, Manku MS, Horrobin DF. A double-blind trial of
essential fatty acid supplementation in patients with tardive dyskinesia. Psychiatry Res
(1989) 27, 313-23.

Vaddadi KS, Horrobin DF. Weight loss produced by evening primrose oil administration
in normal and schizophrenic individuals. /RCS Med Sci (1979) 7, 52.

Puri BK. The safety of evening primrose oil in epilepsy. Prostaglandins Leukot Essent
Fatty Acids (2007) 77, 101-3.

Scotia Pharmaceuticals Ltd. Personal communication. January 1991.
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Evening primrose oil + Warfarin and related

drugs

The information regarding the use of evening primrose oil with
warfarin is based on experimental evidence only.

Clinical evidence
No interactions found.
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Experimental evidence

In vitro, cis-linoleic acid was found to be a moderate inhibitor of the
cytochrome P450 isoenzyme CYP2C9, which is the main isoenzyme
involved in the metabolism of warfarin. However, it was 26-fold less
potent than sulfaphenazole,! a drug known to have clinically relevant
inhibitory effects on CYP2C9 in vivo.

Mechanism

Prostaglandin E; (which has antiplatelet properties) and thrombox-
ane (which promotes platelet aggregation) are formed from
gamolenic acid. Supplementing the diet with gamolenic acid has
been shown to augment the production of prostaglandin E; and,
because prostaglandin E, is also preferentially formed (the conver-
sion of gamolenic acid to thromboxane is slower), evening primrose
oil could inhibit platelet aggregation. This effect could slightly
increase the risk of bleeding with anticoagulants.

Importance and management

Evening primrose oil seems unlikely to alter the pharmacokinetics of
warfarin. Other coumarins are metabolised by a similar route to
warfarin, and are therefore also unlikely to be affected. However,
based on the potential antiplatelet effects of evening primrose oil,
some authors? suggest that patients taking anticoagulants should use
evening primrose oil cautiously or not at all. This seems overly
cautious because evening primrose oil is a widely used herbal
product, and was formerly used as a prescription product in the UK,
and clinical reports of an interaction have yet to come to light.

1. Zou L, Harkey MR, Henderson GL. Effects of herbal components on cDNA-expressed

cytochrome P450 enzyme catalytic activity. Life Sci (2002) 71, 1579-89.

2. Halat KM, Dennehy CE. Botanicals and dietary supplements in diabetic peripheral
neuropathy. J Am Board Fam Pract (2003) 16, 47-57.



Fenugreek

Trigonella foenum-graecum L. (Fabaceae)

Synonym(s) and related species

Bird’s foot, Bockshornsame, Foenugreek, Greek hay.
Not to be confused with Bird’s foot trefoil, which is Lotus
corniculatus.

Pharmacopoeias
Fenugreek (Ph Eur 6.4).

Constituents

Fenugreek seeds are about 25% protein (particularly lysine
and tryptophan) and about 50% mucilaginous fibre. The
seeds also contain flavenoids (luteolin, quercetin and
vitexin). Saponins, natural coumarins and vitamins (nicotinic
acid) are also present.

Use and indications

The seeds of fenugreek have been used as an appetite
stimulant and for digestive disorders (including constipation,
dyspepsia and gastritis). It has also been used in respiratory
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disorders and is said to be an expectorant. Topically,
fenugreek has been used for wounds and leg ulcers, and as
an emollient. It has been reported to have hypocholester-
olaemic and hypoglycaemic activity.

Pharmacokinetics

No relevant pharmacokinetic data found. For information on
the pharmacokinetics of individual flavonoids present in
fenugreek, see under flavonoids, page 186.

Interactions overview

Fenugreek saponins may modestly enhance the antidiabetic
effects of the sulfonylureas. For a case report describing a
raised INR in a patient taking a herbal medicine containing
boldo and fenugreek, see Boldo + Warfarin and related
drugs, page 79. For information on the interactions of
individual flavonoids present in fenugreek, see under
flavonoids, page 186.



Fenugreek + Antidiabetics v

In one study, fenugreek saponins had modest additional
antidiabetic effects when they were added to established
treatment with sulfonylureas.

Clinical evidence

Fenugreek seed appears to have been widely studied for its blood-
glucose-lowering properties; however, studies on its effects in
combination with conventional treatments for diabetes appear
limited. In one randomised study,' 46 patients taking sulfonylureas
(not named), with fasting blood-glucose levels of 7 to 13 mmol/L,
were given fenugreek saponins 2.1 g three times daily after meals for
12 weeks. When compared with 23 similar patients given placebo it
was found that fenugreek saponins decreased fasting blood-glucose
levels by 23% (8.38 mmol/L versus 6.79 mmol/L). Diabetic control
was also improved: glycosylated haemoglobin levels were about
20% lower in the treatment group (8.2% versus 6.56%). The
fenugreek saponin preparation was an extract of total saponins of
fenugreek given as capsules containing 0.35mg per capsule,
equivalent to 5.6 g of crude fenugreek.

Experimental evidence

The blood-glucose-lowering activity of fenugreek and its extracts
has been well studied in animal models; however, there appear to be
no data directly relating to interactions.

Mechanism

It is suggested that fenugreek decreases blood-glucose levels by
affecting an insulin signalling pathway.

Importance and management
Evidence on the use of fenugreek with conventional antidiabetic
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medicines appears to be limited to this one study, which suggests
that fenugreek may have some modest additional blood-glucose-
lowering effects to those of the sulfonylureas. As these modest
effects were apparent over a period of 12 weeks it seems unlikely
that a dramatic hypoglycaemic effect will occur.

1. Lu F, Shen L, Qin Y, Gao L, Li H, Dai Y. Clinical observation on Trigonella Foenum-

graecum L. total saponins in combination with sulfonylureas in the treatment of type 2
diabetes mellitus. Chin J Integr Med (2008) 14, 56-60.

Fenugreek + Food

No interactions found. Fenugreek is often used as a flavouring in
foodstuffs.

Fenugreek + Herbal medicines

No interactions found.

Fenugreek + Warfarin and related drugs

For a case report describing a raised INR in a patient taking a herbal
medicine containing boldo and fenugreek, see Boldo + Warfarin and
related drugs, page 79.



Feverfew

Tanacetum parthenium Sch.Bip. (Asteraceae)

Synonym(s) and related species

Altamisa, Featherfew, Featherfoil, Midsummer daisy.
Chrysanthemum parthenium (L.) Bernh., Leucanthemum

parthenium (L.) Gren & Godron, Pyrethrum parthenium (L.)

Sm.

Pharmacopoeias

Feverfew (BP 2009, Ph Eur 6.4, USP 32); Powdered
Feverfew (USP 32).

Constituents

The leaf and aerial parts contain sesquiterpene lactones,
especially parthenolide, its esters and other derivatives,
santamarin, reynosin, artemorin, partholide, chrysanthemo-
nin and others. The volatile oil is composed mainly of
o-pinene, bornyl acetate, bornyl angelate, costic acid,
camphor and spirotekal ethers.

Use and indications

Feverfew is mainly used for the prophylactic treatment of
migraine and tension headache, but it has antiplatelet and
anti-inflammatory activity, and has been used for coughs,
colds and rheumatic conditions. It can cause allergic and
cytotoxic reactions due to the presence of sesquiterpene
lactones with an o-methylene butyrolactone ring, as in
parthenolide.
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Pharmacokinetics

In a study investigating the in vitro inhibitory potency of an
extract of feverfew using a commercially available mixture
of cytochrome P450 isoenzymes, and established substrates
of these isoenzymes, the feverfew extract modestly inhibited
the activity of CYP1A2, CYP2CS8, CYP2C9, CYP2C19 and
CYP3A4.1 The findings of in vitro studies cannot be directly
extrapolated to humans, but positive findings such as these
suggest that further study is required.

In an in vitro study, the transport of parthenolide, a
constituent of feverfew, was not affected by the presence of
MK-571, an inhibitor of P-glycoprotein.2

Interactions overview

Feverfew inhibits platelet aggregation in vitro and, theor-
etically, might increase the risk of bleeding in patients taking
other drugs that increase bleeding such as aspirin or
anticoagulants.

1. Unger M, Frank A. Simultaneous determination of the inhibitory potency if herbal
extracts on the activity of six major cytochrome P450 enzymes using liquid
chromatography/mass spectrometry and automated online extraction. Rapid Commun
Mass Spectrom (2004) 18, 2273-81.

2. Khan SI, Abourashed EA, Khan IA, Walker LA. Transport of parthenolide across human
intestinal cells (Caco-2). Planta Med (2003) 69, 1009-12.
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The interaction between feverfew and anticoagulants is based on
a prediction only.

Feverfew + Anticoagulants

Evidence, mechanism, importance and management

The manufacturer! advises that feverfew as a herbal medicine may
theoretically interact with warfarin and increase the risk of bleeding
on the basis of its in vitro antiplatelet effects (see Feverfew +
Antiplatelet drugs, below). However, they note that the clinical
relevance of this in vivo is unknown.2 Some reviews also note this
potential for an interaction and suggest that concurrent use should be
avoided.3 Clinically the use of an antiplatelet drug with an
anticoagulant should generally be avoided in the absence of a
specific indication. It may therefore be prudent to advise against
concurrent use. However, if concurrent use is felt desirable, the risks
and benefits of treatment should be considered. It would seem
sensible to warn patients to be alert for any signs of bruising or
bleeding, and report these immediately, should they occur.

. Migraherb (Feverfew herb). MH Pharma (UK) Ltd. UK Summary of product
characteristics, April 2007.

2. Schwabe Pharma (UK) Ltd. Personal communication. January 2009.

3. Heck AM, DeWitt BA, Lukes AL. Potential interactions between alternative therapies
and warfarin. Am J Health-Syst Pharm (2000) 57, 1221-7.
Feverfew + Antiplatelet drugs 4

Feverfew inhibits platelet aggregation in vitro and, theoretically,
might have additive effects with conventional antiplatelet drugs.

Clinical evidence

A letter briefly describes a study in which platelet aggregation was
assessed in samples taken from 10 patients who had taken feverfew
for at least 3.5 years. The platelets aggregated normally in response
to thrombin and ADP; however, the response to serotonin and
U46619 (a thromboxane mimetic) was attenuated, and occurred only
at higher doses.!

Experimental evidence

In a number of early in vitro studies, mostly by the same research
group, feverfew was found to inhibit platelet aggregation.2-8 In these
studies, feverfew extracts inhibited ADP, thrombin and collagen-
induced platelet aggregation,’-7 and inhibited the uptake? and release
of arachidonic acid.35¢ Parthenolide, a constituent of feverfew, has
also been shown to inhibit platelet aggregation in vitro.s

Mechanism
Unclear. It was suggested that the mechanism of platelet inhibition is
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neutralisation of sulthydryl groups within the platelets, although the
exact sulthydryl groups involved still need to be defined.2

Importance and management

There appears to be only one clinical study, which does not wholly
substantiate the in vitro findings that feverfew inhibits platelet
aggregation in response to certain chemical stimuli. However, the
study does support the finding of somewhat reduced platelet
responsiveness. It could be argued that any interaction should
have come to light by now, since feverfew has been in fairly
widespread use for the management of migraines, and, in this
setting, it is likely to have been taken with aspirin and NSAIDs. On
the other hand, the small increased risk of bleeding with low-dose
aspirin has required very large retrospective comparisons to
establish. Concurrent use need not be avoided (indeed combinations
of antiplatelet drugs are often prescribed together) but it may be
prudent to be aware of the potential for increased bleeding if
feverfew is given with other antiplatelet drugs such as aspirin and
clopidogrel. Patients should discuss any episode of prolonged
bleeding with a healthcare professional.

. Biggs MJ, Johnson ES, Persaud NP, Ratcliffe DM. Platelet aggregation in patients using
feverfew for migraine. Lancet (1982) 2, 776.

. Heptinstall S, Groenewegen WA, Spangenberg P, Losche W. Inhibition of platelet
behaviour by feverfew: a mechanism of action involving sulphydryl groups. Folia
Haematol Int Mag Klin Morphol Blutforsch (1988) 115 (Suppl ), 447-9.

. Loesche W, Groenewegen WA, Krause S, Spangenberg P, Heptinstall S. Effects of an
extract of feverfew (Tanacetum parthenium) on arachidonic acid metabolism in human
blood platelets. Biomed Biochim Acta (1988) 47 (Suppl), S241-3.

. Loesche W, Mazurov AV, Voyno-Yasenetskaya TA, Groenewegen WA, Heptinstall S,
Repin VS. Feverfew - an antithrombotic drug? Folia Haematol Int Mag Klin Morphol
Blutforsch (1988) 115 (Suppl), 181-4.

. Makheja AN, Bailey JM. A platelet phospholipase inhibitor from the medicinal herb
feverfew (Tanacetum parthenium). Prostaglandins Leukot Med (1982) 8, 653-60.

. Heptinstall S, White A, Williamson L, Mitchell JR. Extracts of feverfew inhibit granule
secretion in blood platelets and polymorphonuclear leucocytes. Lancet (1985) i, 1071-4.

7. Losche W, Mazurov AV, Heptinstall S, Groenewegen WA, Repin VS, Till U. An extract

of feverfew inhibits interactions of human platelets with collagen substrates. Thromb Res
(1987) 48, 511-18.

8. Groenewegen WA, Heptinstall S. A comparison of the effects of an extract of feverfew

and parthenolide, a component of feverfew, on human platelet activity in-vitro. J Pharm

Pharmacol (1990) 42, 553-7.
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Feverfew + Food

No interactions found.

Feverfew + Herbal medicines

No interactions found.



Flavonoids

Bioflavonoids

The flavonoids are a large complex group of related
compounds, which are widely available in the form of
dietary supplements, as well as in the herbs or foods that
they are originally derived from. They are the subject of
intensive investigations and new information is constantly
being published.

You may have come to this monograph via a herb that
contains flavonoids. Note that the information in this general
monograph relates to the individual flavonoids, and the
reader is referred back to the herb (and vice versa) where
appropriate. It is very difficult to confidently predict whether
a herb that contains one of the flavonoids mentioned will
interact in the same way. The levels of the flavonoid in the
particular herb can vary a great deal between specimens,
related species, extracts and brands, and it is important to
take this into account when viewing the interactions
described below.

Types, sources and related compounds

Flavonoids are a very large family of polyphenolic com-
pounds synthesised by plants that are common and widely
distributed. With the exception of the flavanols (e.g.
catechins) and their polymers, the proanthocyanidins, they
usually occur naturally bound to one or more sugar
molecules (flavonoid glycosides) rather than as the free
aglycones. The sub-groups of flavonoids, their main repre-
sentatives, and their principal sources are as follows:

e Flavones: e.g. apigenin, luteolin; found in celery,
page 123, and parsley, page 304. The rind of citrus fruits
is rich in the polymethoxylated flavones, tangeretin (from
tangerine), nobiletin and sinensetin.

e Flavonols: e¢.g. quercetin, kaempferol, myricetin, iso-
rhamnetin; widely distributed in berries, teas, broccoli,
apples and onions. Rutin (sophorin), also known as
quercetin-3-rutinoside, is a common glycoside of querce-
tin; other glycosides include quercitrin, baicalin and
hyperin. Morin is a flavonol found in Morus species.

e Flavanones: e.g. hesperetin (from oranges), naringenin
(from grapefruit), eriodictyol (from lemons); and their
glycosides, hesperidin, naringin and eriocitrin. They are
most concentrated in the membranes separating the fruit
segments and the white spongy part of the peel. Flavanone
glycosides are often present in supplements as citrus
bioflavonoids.

e Flavanols (Flavan-3-o0ls): monomers, e.g. catechins and
gallic acid esters of catechins, epicatechins and gallic acid
esters of epicatechins; found in teas, page 382, (particu-
larly green and white), cocoa, page 139, grapes, betries,
and apples. Dimers, e.g. theaflavins and gallic acid esters
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of theaflavins, and thearubigins also found in teas,
page 382 (particularly black and oolong). Proanthocya-
nidins are polymers of flavanols, also known as con-
densed tannins, the most frequent being procyanidins
(polymers of catechin and epicatechin). Found widely in
cocoa, page 139, some berries and nuts, hops, page 251
and grapeseed, page 239.

e Anthocyanins: e.g. cyanidin, delphinidin, malvidin, pelar-
gonidin, peonidin and petunidin; found widely in choc-
olate, apples, red, blue and purple berries, red and purple
grapes, and red wine.

o Isoflavones (Isoflavonoids): are a distinct group of
flavonoids with phytoestrogenic effects and are con-
sidered elsewhere, see isoflavones, page 258.

Use and indications

Some prospective cohort studies show that a high dietary
intake of flavonoid-rich foods is associated with a reduced
risk of coronary heart disease,!-2 but they do not all show this
effect3 Other cohort and case—control studies show a
reduced risk of some cancers.* However, there do not appear
to be any studies to show whether isolated flavonoid
supplements confer similar benefits to flavonoid-rich foods.

Many beneficial properties have been identified for
flavonoids, one of the most popularly cited being their
antioxidant activity. Other actions that are proposed to
contribute to their biological effects include chelating metal
ions, stimulating phase II detoxifying enzyme activity,
inhibiting proliferation and inducing apoptosis, reducing
inflammation, decreasing vascular cell adhesion molecule
expression, increasing endothelial nitric oxide synthase
(eNOS) activity and inhibiting platelet aggregation.

Pharmacokinetics

The bioavailability of flavonoids is relatively low due to
limited absorption and rapid elimination, and they are
generally rapidly and extensively metabolised.5¢ Flavonoid
esters, glycosides or polymers require hydrolysis to the free
aglycone before absorption, and this occurs by intestinal
enzymes (e.g. beta-glucosidases) and colonic bacteria.
During absorption, the aglycone is then conjugated by
sulfation, glucuronidation or methylation. These conjugates
are excreted back into the intestine by efflux pumps. Those
absorbed are eventually excreted in the urine and bile, and
may undergo enterohepatic recycling.5¢ It appears that
metabolism of flavonoids by cytochrome P450 isoenzymes
is probably minor compared with conjugation reactions for
flavonoids.s

The potential for flavonoids to alter drug metabolism by
cytochrome P450 isoenzymes, in particular, and also



intestinal and hepatic drug transporters, such as P-glycopro-
tein, has been extensively investigated in vitro.s7 There
are also some animal studies, but few human clinical
pharmacokinetic studies, and those that are available have
generally used very high doses of the flavonoids.

There is at present no reason to avoid flavonoids in the
diet, or in the form of herbal medicines (most of which
contain significant amounts of flavonoids naturally), and
many positive reasons for including them. However, very
high doses (such as the use of specific flavonoid supple-
ments) could potentially alter the metabolism of other drugs
that are substrates for CYP3A4 and/or P-glycoprotein, and
increase the bioavailability of some drugs; for instance the
statins, page 194, such as lovastatin and simvastatin;
ciclosporin, page 190; benzodiazepines, page 189, such as
midazolam; and digoxin, page 191.

Interactions overview

The interactions covered in this monograph relate to
individual flavonoids. It may be possible to directly
extrapolate some of these interactions to some flavonoid
supplements, especially those regarding quercetin; however,
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caution must be taken when applying these interactions to
herbs or foods known to contain the flavonoid in question.
This is because the amount of the flavonoid found in the
herb or food must be considered (this can be highly variable,
and might not be known) and the other constituents present
in the herb or food might affect the bioavailability or activity
of the flavonoid (information that is usually unknown).
Therefore, although data on isolated flavonoids are useful, it
is no substitute for direct studies of the herb, food or dietary
supplement in question.

. Huxley RR, Neil HAW. The relation between dietary flavonol intake and coronary heart
disease mortality: a meta-analysis of prospective cohort studies. Eur J Clin Nutr (2003)
57, 904-8.

2. Mink PJ, Scrafford CG, Barraj LM, Harnack L, Hong CP, Nettleton JA, Jacobs DR.
Flavonoid intake and cardiovascular disease mortality: a prospective study in
postmenopausal women. Am J Clin Nutr (2007) 85, 895-909.

3. Lin J, Rexrode KM, Hu F, Albert CM, Chae CU, Rimm EB, Stampfer MJ, Manson JE.
Dietary intakes of flavonols and flavones and coronary heart disease in US women. Am
J Epidemiol (2007) 165, 1305-13.

4. Neuhouser ML. Dietary flavonoids and cancer risk: evidence from human population
studies. Nutr Cancer (2004) 50, 1-7.

5. Cermak R, Wolffram S. The potential of flavonoids to influence drug metabolism and
pharmacokinetics by local gastrointestinal mechanisms. Curr Drug Metab (2006) 7,
729-44.

. Manach C, Scalbert A, Morand C, Remesy C, Jimenez L. Polyphenols: food sources and
bioavailability. Am J Clin Nutr (2004) 79, 727-47.

7. Morris ME, Zhang S. Flavonoid-drug interactions: effects of flavonoids on ABC

transporters. Life Sci (2006) 78, 2116-30.
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Flavonoids + Aciclovir

@

The interaction between quercetin and aciclovir is based on
experimental evidence only.

Evidence, mechanism, importance and management

Findings from an in vitro study suggest that quercetin might
modestly increase the absorption of oral aciclovir by inhibiting
intestinal P-glycoprotein. The effect of high-dose quercetin
(80 mg/L) was equivalent to that of verapamil 10mg/L,! which is
an established, clinically relevant inhibitor of P-glycoprotein.
However, because aciclovir has a wide therapeutic index, even if
this change is seen in practice, it is unlikely to be clinically
important.

1. Yang ZG, Meng H, Zhang X, Li XD, Lv WL, Zhang Q. Effect of quercetin on the
acyclovir intestinal absorption. Beijing Da Xue Xue Bao (2004) 36, 309-12.

Flavonoids + Antibacterials

@

The interaction between flavonoids and antibacterials is based
on experimental evidence only.

Evidence, mechanism, importance and management

(a) Aminoglycosides

In a study, rats were given either the aglycone baicalein or the parent
flavone baicalin orally. The bioavailability of baicalein from the
parent flavone was reduced from 28% to about 8% in rats given
neomycin and streptomycin, when compared with rats not given
these antibacterials, but the antibacterials did not affect the
bioavailability of administered baicalein.!

These antibacterials decimate colonic bacteria, which are involved
in the hydrolysis of baicalin to baicalein. This study used the
combination of neomycin and streptomycin because previous
research had shown that this combination was most effective in
reducing intestinal microflora, and that a single aminoglycoside did
not have this effect.!

These findings are likely to have little clinical relevance,
because individuals are rarely given combinations of aminoglyco-
sides with such potent effects on colonic microflora. It would be of
use to know the effect of standard broad-spectrum antibacterials in
general clinical use. However, even these are only given for short
courses, so any reduction in the effect of the flavonoid would be
short-lived.

(b) Nitrofurantoin

In a study in rats, oral administration of high-dose chrysin 200 mg/
kg increased the AUC of nitrofurantoin by about 76% and decreased
its clearance by 42%, whereas low-dose chrysin 50 mg/kg had no
effect on the pharmacokinetics of nitrofurantoin.2

Available evidence? suggests that chrysin increases the AUC of
nitrofurantoin by inhibition of the transporter protein BCRP.

The doses used in this study were much greater than those likely
to be encountered clinically, and therefore these data suggest that
even high doses of chrysin used as dietary supplements (e.g. 3 g
daily) are unlikely to have a clinically important effect on
nitrofurantoin pharmacokinetics.

. Xing J, Chen X, Sun Y, Luan Y, Zhong D. Interaction of baicalin and baicalein with
antibiotics in the gastrointestinal tract. J Pharm Pharmacol (2005) 57, 743-50.

2. Wang X, Morris ME. Effects of the flavonoid chrysin on nitrofurantoin pharmaco-

kinetics in rats: potential involvement of ABCG2. Drug Metab Dispos (2007) 35, 268—

74.

Flavonoids + Anticoagulant or Antiplatelet

drugs

The interaction between flavonoids and anticoagulant or
antiplatelet drugs is based on a prediction only.

Clinical evidence

There are few clinical studies investigating whether the in vitro
antiplatelet effect of flavonoids occurs in humans, and whether this
effect could be clinically relevant, and findings are not consistent.
Some studies are cited in the following section as examples to
illustrate the differences.

Antiplatelet effects

In one randomised controlled study, a cocoa supplement (234 mg of
cocoa flavanols and procyanidins daily) given for 28 days decreased
collagen- and ATP-induced platelet aggregation when compared
with placebo.! Similarly, onion soup high in quercetin (one ‘dose’ of
about 69 mg) inhibited collagen-stimulated platelet aggregation.?
However, in another study, neither dietary supplementation with
onions 220g daily (providing quercetin 114mg daily) nor
supplementation with parsley 4.9g daily (providing apigenin
84 mg daily) for 7days affected platelet aggregation or other
haemostatic variables.3 Similarly, a supplement containing quercetin
1 g daily and other flavonoids did not affect platelet aggregation in a
placebo-controlled study in healthy subjects.*

In a single-dose study in healthy subjects, a flavanol-rich cocoa
beverage (897 mg total flavonoids in 300 mL) had a similar, but less
marked, effect than aspirin 81 mg on adrenaline-stimulated platelet
activation and function. The effect of the cocoa beverage and aspirin
appeared to be additive.s

Experimental evidence

Numerous in vitro studies show that many flavonoids, and flavanols
and procyanidin oligomers in particular, inhibit platelet aggrega-
tion,® and this has been suggested as a mechanism to explain why
some epidemiological studies show that a diet high in flavonoids is
associated with a reduced risk of cardiovascular disease.

Mechanism

Flavonoids might have antiplatelet effects, which, if confirmed,
could be additive with other antiplatelet drugs. In addition, they
might increase the risk of bleeding when used with anticoagulants.

Importance and management

There is a large amount of information regarding an interaction
between flavonoids and antiplatelet drugs, but an interaction is not
established. There is a well-established small increased risk of
bleeding when aspirin at antiplatelet doses is combined with the
anticoagulant drug warfarin. Theoretically, very high intakes of
flavonoids (e.g. from supplements) might have similar clinically
important antiplatelet effects, and could therefore increase the risk of
bleeding when taken with any anticoagulant drug, and have additive
effects with antiplatelet drugs. However, available evidence is
conflicting, with some studies showing that a number of flavonoids
have antiplatelet effects and others finding no antiplatelet effects.

Until more is known, some caution might be appropriate with high

doses of flavonoid supplements. In practice this would mean being

aware of an increased risk of bleeding, and patients being alert for
symptoms of bleeding, such as petechiae and bruising. Modest doses
of flavonoids are unlikely to cause any problems.

1. Murphy KJ, Chronopoulos AK, Singh I, Francis MA, Moriarty H, Pike MJ, Turner AH,
Mann NJ, Sinclair AJ. Dietary flavanols and procyanidin oligomers from cocoa
(Theobroma cacao) inhibit platelet function. Am J Clin Nutr (2003) 77, 1466-73.

. Hubbard GP, Wolffram S, de Vos R, Bovy A, Gibbins JM, Lovegrove JA. Ingestion of
onion soup high in quercetin inhibits platelet aggregation and essential components of
the collagen-stimulated platelet activation pathway in man: a pilot study. Br J Nutr
(2006) 96, 482-8.

3. Janssen K, Mensink RP, Cox FJJ, Harryvan JL, Hovenier R, Hollman PCH, Katan MB.

Effects of the flavonoids quercetin and apigenin on hemostasis in healthy volunteers:

results from an in vitro and a dietary supplement study. Am J Clin Nutr (1998) 67, 255~
62.
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4. Conquer JA, Maiani G, Azzini E, Raguzzini A, Holub BJ. Supplementation with
quercetin markedly increases plasma quercetin concentration without effect on selected
risk factors for heart disease in healthy subjects. J Nutr (1998) 128, 593-7.

. Pearson DA, Paglieroni TG, Rein D, Wun T, Schramm DD, Wang JF, Holt RR, Gosselin
R, Schmitz HH, Keen CL. The effects of flavanol-rich cocoa and aspirin on ex vivo
platelet function. Thromb Res (2002) 106, 191-7.

6. Nardini M, Natella F, Scaccini C. Role of dietary polyphenols in platelet aggregation. A

review of the supplementation studies. Platelets (2007) 18, 224-43.
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Flavonoids + Benzodiazepines v

In a study, tangerine juice, containing tangeretin, did not affect
the pharmacokinetics of midazolam. However, grapefruit juice,
which contains different flavonoids, does increase levels of some
benzodiazepines.

Clinical evidence

In a crossover study in 8 healthy subjects, tangerine juice (which
contains the flavone tangeretin) 100 mL, given 15 minutes before
and with a single 15-mg dose of oral midazolam, had no effect on
the AUC and elimination of midazolam. The only change was a
slight delay in midazolam absorption.!

Note that grapeftuit juice (a rich source of flavonoids) has a well-
established inhibitory effect on the metabolism of some benzodia-
zepines, resulting in increased exposure (1.5- to 3.5-fold increase in
AUQC).

Experimental evidence

(a) Anxiolytic effect

In various animal models, the anxiolytic effects were additive for
diazepam and baicalin,? and synergistic for diazepam and hesper-
idin.3

(b) Pharmacokinetics

In vitro, tangeretin (a flavone from tangerine) stimulated the
hydroxylation of midazolam in human liver microsomes.! Con-
versely, in another study, quercetin was found to be an inhibitor of
the metabolism of midazolam, with kaempferol and naringenin also
having some effect.4

Mechanism

Theoretically, flavonoids might inhibit the metabolism of some
benzodiazepines by the cytochrome P450 isoenzyme CYP3A4 (note
that not all benzodiazepines are metabolised by this route). Some
flavonoids have anxiolytic properties in animal models.

Importance and management

Contrary to what was predicted from in vitro studies using
tangeretin, a single dose of tangerine juice did not appear to alter
the pharmacokinetics of midazolam. In contrast, grapefruit juice,
which contains different flavonoids, does increase levels of some
benzodiazepines. However, grapefruit juice also affects the levels of
some calcium-channel blockers, but studies with the flavonoid
naringin have found no interaction, suggesting that naringin is not
the primary active constituent of grapefruit juice (see calcium-
channel blockers, below). Therefore individual flavonoids might not
be anticipated to increase benzodiazepine levels. Furthermore,
although evidence is preliminary, it is possible that high doses of
some individual flavonoids such as hesperidin and baicalin might
have additive anxiolytic effects with benzodiazepines, suggesting a
possible pharmacodynamic interaction.

This suggests that, until more is known, some caution might be
appropriate if citrus bioflavonoids are used with benzodiazepines,
bearing in mind the possibility of increased benzodiazepine effects.
1. Backman JT, Midenpdi J, Belle DJ, Wrighton SA, Kivisto KT, Neuvonen PJ. Lack of

correlation between in vitro and in vivo studies on the effects of tangeretin and tangerine

juice on midazolam hydroxylation. Clin Pharmacol Ther (2000) 67, 382-90.

2. Xu Z, Wang F, Tsang SY, Ho KH, Zheng H, Yuen CT, Chow CY, Xue H. Anxiolytic-like

effect of baicalin and its additivity with other anxiolytics. Planta Med (2006) 72, 189~
92.
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3. Fernandez SP, Wasowski C, Paladini AC, Marder M. Synergistic interaction between
hesperidin, a natural flavonoid, and diazepam. Eur J Pharmacol (2005) 512, 189-98.

4. Ha HR, Chen J, Leuenberger PM, Freiburghaus AU, Follath F. In vitro inhibition of
midazolam and quinidine metabolism by flavonoids. Eur J Clin Pharmacol (1995) 48,
367-71.

Flavonoids + Caffeine 0

Naringin does not appear to affect the pharmacokinetics of
caffeine.

Clinical evidence

In a crossover study in 10 healthy subjects, changes in caffeine
pharmacokinetics and physiological responses (resting energy
expenditure, oxygen consumption and respiratory exchange ratio)
were measured after an acute dose of caffeine 200 mg with or
without naringin 100 or 200 mg. Naringin did not alter either the
pharmacokinetics of caffeine or the physiological responses to
caffeine.! Note that grapefruit juice (which is a rich source of
flavonoids) either does not interact with caffeine? or causes only
clinically irrelevant increases in caffeine levels.?

Experimental evidence

In contrast to the clinical findings, in vitro evidence suggests that
grapeftuit juice and naringenin inhibit CYP1A2 activity in human
liver microsomes.3 Nevertheless, it is not unusual for in vitro effects
to be less marked or not apparent when studied in humans.

Mechanism

Although in vitro studies’? have suggested that grapefruit juice and
one of its constituents, naringenin, may inhibit the metabolism of
caffeine by the cytochrome P450 isoenzyme CYP1A2, this does not
appear to occur in humans.

Importance and management

Although some of the data are conflicting, the balance of evidence
suggests that flavonoids such as naringin would not be expected to
alter the effects of caffeine or other substrates of CYP1A2 by a
pharmacokinetic mechanism.

. Ballard TL, Halaweish FT, Stevermer CL, Agrawal P, Vukovich MD. Naringin does not
alter caffeine pharmacokinetics, energy expenditure, or cardiovascular haemodynamics
in humans following caffeine consumption. Clin Exp Pharmacol Physiol (2006) 33,

0-14.

2. Maish WA, Hampton EM, Whitsett TL, Shepard JD, Lovallo WR. Influence of
grapefruit juice on caffeine pharmacokinetics and pharmacodynamics. Pharmacother-
apy (1996) 16, 1046-52.

3. Fuhr U, Klittich K, Staib AH. Inhibitory effect of grapefruit juice and its bitter principal,
naringenin, on CYP1A2 dependent metabolism of caffeine in man. Br J Clin Pharmacol
(1993) 35, 431-6.

Flavonoids + Calcium-channel blockers [/

Supplements of specific citrus bioflavonoids do not appear to
affect the pharmacokinetics of calcium-channel blockers to a
clinically relevant extent.

Clinical evidence

(a) Felodipine

In a crossover study in 9 healthy subjects, 200 mL of an aqueous
solution of naringin 450 micrograms/mL had no effect on the mean
AUC of a single 5-mg dose of felodipine. This contrasted with the
effect of 200 mL of grapefruit juice (determined to have the same
naringin level), which doubled the AUC of felodipine.! In another
study, in 12 healthy subjects, the liquid fraction (after centrifugation
and filtration) of grapefruit juice, which contained naringin 148 mg,
had /ess effect on the AUC of felodipine than the particulate fraction
(the sediment after centrifugation, which contained 7mg of
naringin; 20-fold less). The AUC of felodipine increased by about

F
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50% with the liquid fraction and by about 100% with the particulate
fraction.?

(b) Nifedipine

In a crossover study in 8 healthy subjects, high-dose quercetin
200 mg given the night before, 100 mg given on waking and 100 mg
given with nifedipine 10 mg had no effect on the AUC of nifedipine.
This contrasted with the effect of 200mL of double-strength
grapefruit juice (a rich source of flavonoids), which increased the
AUC of nifedipine by about 50%.3

(c) Nisoldipine

In a crossover study in 12 healthy subjects, the AUC of a single 20-
mg dose of nisoldipine was not altered by naringin 185mg (given
simultaneously), but was increased by 75% by 250 mL of grapefruit
juice (a rich source of flavonoids).4

Experimental evidence

One research group has extensively investigated the effects of
various flavonoids on the pharmacokinetics of various oral calcium-
channel blockers in rats and rabbits.510 In these studies, the
flavonoids tested (morin, naringin, quercetin) caused dose-depend-
ent increases in the AUC of diltiazem (30 to 120%),56 nimodipine
(47 to 77%)7 and verapamil (27 to 72%).5-10 No effect was seen on
the elimination half-life. An interaction occurred when the flavonoid
was given 30 minutes before the calcium-channel blocker, but not
when it was given simultaneously.”.10

Mechanism

The increased bioavailability of calcium-channel blockers in animals
pretreated with morin, naringin or quercetin may result from
inhibition of P-glycoprotein and the cytochrome P450 isoenzyme
CYP3A4. However, no individual flavonoids have had any effect on
the bioavailability of calcium-channel blockers in humans. It is
probable that furanocoumarins are more important for the grapefruit
interaction in humans,!! see also Natural coumarins + Felodipine,
page 300.

Importance and management

Experimental evidence for an interaction is extensive, but less is
known about any interaction between flavonoids and calcium-
channel blockers in humans. In contrast to the effect of grapefruit
juice, no individual flavonoid has had any effect on the
pharmacokinetics of a calcium-channel blocker in clinical studies
(naringin with felodipine, quercetin with nifedipine, naringin with
nisoldipine). Although, high doses of these flavonoids have
increased levels of several calcium-channel blockers in animals,
the clinical data seem to suggest that this is not applicable to
humans. Supplements of specific citrus bioflavonoids are therefore
unlikely to interact with calcium-channel blockers; however, an
interaction might occur with extracts of grapefruit if these contain
constituents other than just the flavonoids (e.g. furanocoumarins
such as bergamottin). Consider also Grapefruit + Calcium-channel
blockers, page 237.

. Bailey DG, Arnold JMO, Munoz C, Spence JD. Grapefruit juice-felodipine interaction:
mechanism, predictability, and effect of naringin. Clin Pharmacol Ther (1993) 53, 637—
Y

. Bailey DG, Kreeft JH, Munoz C, Freeman DJ, Bend JR. Grapeftuit juice-felodipine
interaction: effect of naringin and 6°,7’-dihydroxybergamottin in humans. Clin
Pharmacol Ther (1998) 64, 248-56.
. Rashid J, McKinstry C, Renwick AG, Dirnhuber M, Waller DG, George CF. Quercetin,
an in vitro inhibitor of CYP3A, does not contribute to the interaction between nifedipine
and grapefruit juice. Br J Clin Pharmacol (1993) 36, 460-3.
. Bailey DG, Arnold JMO, Strong HA, Munoz C, Spence JD. Effect of grapefruit juice
and naringin on nisoldipine pharmacokinetics. Clin Pharmacol Ther (1993) 54, 589-94.
5. Choi J-S, Han H-K. Pharmacokinetic interaction between diltiazem and morin, a
flavonoid, in rats. Pharmacol Res (2005) 52, 386-91.

6. Choi J-S, Han H-K. Enhanced oral exposure of diltiazem by the concomitant use of
naringin in rats. Int J Pharm (2005) 305, 122-8.

7. Choi JS, Burm JP. Enhanced nimodipine bioavailability after oral administration of
nimodipine with morin, a flavonoid, in rabbits. Arch Pharm Res (2006) 29, 333-8.

8. Yeum C-H, Choi J-S. Effect of naringin pretreatment on bioavailability of verapamil in
rabbits. Arch Pharm Res (2006) 29, 102-7.

9. Kim HIJ, Choi JS. Effects of naringin on the pharmacokinetics of verapamil and one of
its metabolites, norverapamil, in rabbits. Biopharm Drug Dispos (2005) 26, 295-300.

10. Choi J-S, Han H-K. The effect of quercetin on the pharmacokinetics of verapamil and

its major metabolite, norverapamil, in rabbits. J Pharm Pharmacol (2004) 56, 1537—

42.

]

w

'S

11. Bailey DG, Dresser GK, Kreeft JH, Munoz C, Freeman DJ, Bend JR. Grapefruit-
felodipine interaction: effect of unprocessed fruit and probable active ingredients. Clin
Pharmacol Ther (2000) 68, 468-77.
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A study found that quercetin increased the bioavailability of
ciclosporin.

Flavonoids + Ciclosporin

Clinical evidence

In a study in 8 healthy subjects, a single 300-mg dose of ciclosporin
was given four times: alone, with oral quercetin 5 mg/kg, 30 minutes
after oral quercetin 5mg/kg or after a 3-day course of quercetin
Smg/kg twice daily. It was found that the AUC of ciclosporin was
increased by 16% when given with a single dose of quercetin, by
36% when given after single-dose quercetin and by 46% when given
after multiple-dose quercetin.!

Experimental evidence

(a) Nephrotoxicity

There are some data suggesting that flavonoids might reduce the
renal toxicity of ciclosporin. For example, in one study in rats,
quercetin given with ciclosporin for 21 days attenuated the renal
impairment and morphological changes (such as interstitial fibrosis),
when compared with ciclosporin alone.?

(b) Pharmacokinetics

In contrast to the clinical evidence above, in an animal study, giving
single doses of oral ciclosporin with quercetin 50 mg/kg resulted in a
43% and 42% decrease in the AUC of ciclosporin in rats and pigs,
respectively (note, this did not reach statistical significance in pigs).3
In a further study in rats, onion (which is a rich source of quercetin)
caused a 68% reduction in the levels of ciclosporin given orally, but
had no effect on the AUC of ciclosporin given intravenously.+

Similarly, in another study, morin decreased levels of ciclosporin
in blood by a modest 33%, and also decreased levels in other tissues
(by 17% to 45%). However, despite this reduction, the ciclosporin-
suppressed Thl immune response was not reduced by morin.s

In yet another study, the individual flavonoids baicalin and
baicalein markedly increased ciclosporin levels in rats, whereas the
root of baical skullcap, which contains these flavonoids, decreased
the AUC of ciclosporin by up to 82%.6 In rats, ciclosporin halved
the AUC of baicalin in blood, and increased its levels in bile by
about 60%.7

Mechanism

Flavonoids might affect ciclosporin levels by their effects on
P-glycoprotein or the cytochrome P450 isoenzyme CYP3A4.
In animal studies both increased and decreased levels have been
seen.3-6

Importance and management

Evidence for an interaction between flavonoids and ciclosporin is
largely limited to experimental data. In the one clinical study, high-
dose quercetin modestly increased ciclosporin levels. The interaction
is not sufficiently severe to suggest that concurrent use should be
avoided; however, it may make ciclosporin levels less stable as the
quercetin content of different herbs and preparations is likely to vary.
Concurrent use may therefore be undesirable. If concurrent use of
ciclosporin and a quercetin-containing product is undertaken it
should be monitored well.

In animal studies, both increases and decreases in ciclosporin
levels have been seen with individual flavonoids. Until more is
known, it may be prudent to be cautious with any flavonoid
supplement and ciclosporin, especially those containing high doses.
Although the reduced nephrotoxicity is interesting, this has to be



viewed in the context of possible adverse pharmacokinetic inter-
actions.

. Choi JS, Choi BC, Choi KE. Effect of quercetin on the pharmacokinetics of oral
cyclosporine. Am J Health-Syst Pharm (2004) 61, 2406-9.

Satyanarayana PSV, Singh D, Chopra K. Quercetin, a bioflavonoid, protects against
oxidative stress-related renal dysfunction by cyclosporine in rats. Methods Find Exp
Clin Pharmacol (2001) 23, 175-81.

Hsiu S-L, Hou Y-C, Wang Y-H, Tsao C-W, Su S-F, Chao P-DL. Quercetin significantly
decreased cyclosporin oral bioavailability in pigs and rats. Life Sci (2002) 72, 227-35.
Yang CY, Chao PDL, Hou YC, Tsai SY, Wen KC, Hsiu SL. Marked decrease of
cyclosporin bioavailability caused by coadministration of ginkgo and onion in rats.
Food Chem Toxicol (2006) 44, 1572-8.

Fang S-H, Hou Y-C, Chao P-DL. Pharmacokinetic and pharmacodynamic interactions
of morin and cyclosporin. Toxicol Appl Pharmacol (2005) 205, 65-70.

6. Lai M-Y, Hsiu S-L, Hou Y-C, Tsai S-Y, Chao P-DL. Significant decrease of
cyclosporine bioavailability in rats caused by a decoction of the roots of Scutellaria
baicalensis. Planta Med (2004) 70, 132-7.

Tsai P-L, Tsai T-H. Pharmacokinetics of baicalin in rats and its interactions with
cyclosporin A, quinidine and SKF-525A: a microdialysis study. Planta Med (2004) 70,
1069-74.
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The interaction between flavonoids and digoxin is based on
experimental evidence only.

Flavonoids + Digoxin

Clinical evidence
No interactions found.

Experimental evidence

In a study in pigs, three animals were given digoxin 20 micrograms/
kg with quercetin 50 mg/kg and three animals were given digoxin
alone. Unexpectedly, two of the pigs receiving the combination died
suddenly within 30 minutes. At 20 minutes, the serum digoxin levels
of the animals receiving the combination were 2.6-fold higher than
those in the animals given digoxin alone (6.73 nanograms/mL versus
2.54 nanograms/mL).! In a further crossover study in 4 pigs,
quercetin at a slightly lower dose of 40mg/kg increased the
maximum level of digoxin fivefold and the AUC 2.7-fold.! The
authors state that they specifically chose pigs for this study, as a
preliminary study suggested that the pharmacokinetics of digoxin in
pigs were similar to that in humans.

Mechanism

Quercetin is suspected to increase the oral absorption of digoxin by
inhibiting intestinal P-glycoprotein. A study investigating the effects
of kaempferol derivatives isolated from Zingiber zerumbet, a species
related to ginger, found that some of these derivatives inhibited
P-glycoprotein, with a potency similar to verapamil, a known
clinically relevant P-glycoprotein inhibitor.2 Kaempferol may there-
fore also raise digoxin levels.

Importance and management

Although there is just one animal study of quercetin, its findings of
markedly increased levels of digoxin and toxicity suggest that
caution would be appropriate with supplements containing quercetin
in patients taking digoxin until further data become available.
Monitor for digoxin adverse effects, such as bradycardia, and
consider measuring digoxin levels if this occurs.

Note that there is currently no evidence of any clinically
important interactions between digoxin and food, even for foods
known to be rich sources of quercetin such as onions (about 7 to
34mg/100 g),> which suggests that any interaction might require
very high doses. The only possible evidence identified was one early
pharmacokinetic paper, which reported a modest 43% increase in the
peak level of digoxin after administration of acetyldigoxin with
carob seed flour,* which is also a rich source of quercetin (about
39mg/100 g).3
1. Wang Y-H, Chao P-DL, Hsiu S-L, Wen K-C, Hou Y-C. Lethal quercetin-digoxin

interaction in pigs. Life Sci (2004) 74, 1191-7.

2. Chung SY, Jang DS, Han A-R, Jang JO, Kwon Y, Seo E-K, Lee HJ. Modulation of P-
glycoprotein-mediated resistance by kaempferol derivatives isolated from Zingiber

zerumbet. Phytother Res (2007) 21, 565-9.

3. USDA Database for the flavonoid content of selected foods, Release 2.1. http://
www.nal.usda.gov/fnic/foodcomp/Data/Flav/Flav02-1.pdf (accessed 20/11/2008).
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4. Kasper H, Zilly W, Fassl H, Fehle F. The effect of dietary fiber on postprandial serum
digoxin concentration in man. Am J Clin Nutr (1979) 32, 2436-8.

Flavonoids + Enalapril

@

The interaction between flavonoids and enalapril is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In rats, oral kaempferol 2 mg/kg and 10 mg/kg given with enalapril
increased the AUC of enalaprilat (the active metabolite of enalapril)
by 60% and 109%, respectively, but only the effect with 10 mg/kg
was statistically significant. Naringenin 2mg/kg and 10 mg/kg
caused only a minor 18 to 38% increase in AUC of enalaprilat,
which was not statistically significant.!

Mechanism

In vitro, both kaempferol and naringenin were shown to be potent
esterase inhibitors. Esterases hydrolyse enalapril in the gut: esterase
inhibition by these flavonoids may be expected to increase the
stability of enalapril, increasing its absorption.!

Importance and management

Evidence appears to be limited to this experimental study. The effect
of kaempferol would not be expected to be clinically important
because enalapril has a wide therapeutic range. Naringenin does not
appear to interact. No dosage adjustments would therefore be
expected to be needed if either of these flavonoids is given with
enalapril.

1. Li P, Callery PS, Gan L-S, Balani SK. Esterase inhibition by grapeftuit juice flavonoids
leading to a new drug interaction. Drug Metab Dispos (2007) 35, 1203-8.

Flavonoids + Etoposide v

The interaction between flavonoids and etoposide is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence
In an in vitro study using rat gut sacs, pre-treatment with quercetin
or a natural diet (assumed to contain flavonoids) for 30 minutes
increased etoposide absorption when compared with a flavonoid-free
diet. However, there was no difference in etoposide absorption when
rats were pretreated for one week with a natural diet (assumed to
contain flavonoids) compared with a flavonoid-free diet.!

In another animal study, oral morin given 30 minutes before
etoposide increased the AUC of oral etoposide by about 46% but
had no effect on the AUC of intravenous etoposide.2

Mechanism

It is suggested that flavonoids might inhibit P-glycoprotein or the
cytochrome P450 isoenzyme CYP3A4 in the gut, and thereby
increase the absorption of etoposide, which is a substrate of
CYP3A4 and/or P-glycoprotein.

Importance and management

A finding of a 50% increase in the AUC of etoposide might be
clinically relevant in humans. However, these are animal data, and
therefore some caution is required in extrapolating their findings.
Also, the data suggest that the effect of continued use over one week
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might have little effect. Further study is needed before any specific

recommendations can be made.

1. Lo Y-L, Huang J-D. Comparison of effects of natural or artificial rodent diet on
etoposide absorption in rats. In Vivo (1999) 13, 51-5.

2. Li X, Yun J-K, Choi J-S. Effects of morin on the pharmacokinetics of etoposide in rats.
Biopharm Drug Dispos (2007) 28, 151-6.

Flavonoids + Fexofenadine v

Naringin and hesperidin may slightly reduce fexofenadine
bioavailibility.

Clinical evidence

In a crossover study in 12 healthy subjects, fexofenadine 120 mg
was given with either 300mL of grapefruit juice, an aqueous
solution of naringin at roughly the same concentration found in the
juice (1210 micromol), or water. The AUC of fexofenadine with
grapeftuit juice and naringin solution was reduced by 45% and 25%,
respectively, when compared with water.!

In another study in 12 healthy subjects, fexofenadine was given
with grapefruit juice, or water, at the same time, or 2 hours before, an
aqueous suspension of the particulate fraction of grapefruit juice.
The particulate fraction (i.e. the solid matter after centrifugation of
the juice) is known to be rich in furanocoumarins, which are clinical
inhibitors of intestinal CYP3A4, but relatively low in naringin
(34 micromol). The AUC of fexofenadine was reduced by 43% by
grapefruit juice, but was not affected by the particulate fraction
(when compared with water).!

Experimental evidence

An in vitro study found that the flavonoids in grapefruit (naringin)
and orange (hesperidin) were potent inhibitors of intestinal OATP
transport.!

Mechanism

The authors suggested that naringin directly inhibited enteric
OATP1A2 to decrease oral fexofenadine bioavailability, and that
inactivation of enteric CYP3A4 was probably not involved.!

Importance and management

The small 25% reduction in AUC of fexofenadine with a high
concentration of naringin is unlikely to be clinically important. No
interaction would therefore be expected with naringin supplements.
However, note that grapefruit juice and other fruit juices might cause
clinically relevant reductions in fexofenadine levels in some
individuals. See the table Summary of established drug interactions
of grapefruit juice, page 236. Therefore an interaction with other
extracts from these juices cannot be ruled out.

1. Bailey DG, Dresser GK, Leake BF, Kim RB. Naringin is a major and selective clinical

inhibitor of organic anion-transporting polypeptide 1A2 (OATP1A2) in grapefruit juice.
Clin Pharmacol Ther (2007) 81, 495-502.

Flavonoids + Food; Milk

The addition of milk to tea did not alter the absorption of quercetin
or kaempferol, or catechins, see Tea + Food, page 385.

Flavonoids + Herbal medicines

No interactions found. Flavonoids are a very large family of
polyphenolic compounds synthesised by plants that are common and
widely distributed.

Flavonoids + Irinotecan or Topotecan 0

Limited evidence suggests that high doses of chrysin are unlikely
to cause an adverse interaction with irinotecan and possibly
topotecan.

Clinical evidence

In a pilot study in patients with colorectal cancer receiving
intravenous irinotecan 350 mg/m® every 3 weeks, chrysin 250 mg
twice daily for oneweek before, and oneweek after, irinotecan
appeared to be associated with a low incidence of irinotecan-induced
diarrhoea. There was no difference in the pharmacokinetics of
irinotecan and its metabolites when compared with historical data for
irinotecan. Survival data did not differ from historical data
suggesting that chrysin did not reduce the efficacy of irinotecan.!
However, note that this study was small and did not include a control
group: therefore its findings require confirmation in a larger
randomised study.

Experimental evidence

In vitro, chrysin has been found to be a potent inhibitor of the human
transporter protein, BCRP. However, in a study in rats and mice, oral
chrysin did not alter the pharmacokinetics of the BCRP substrate,
topotecan. It was suggested that this may have been due to
differences in rat and mouse BCRP compared with human BCRP.

Mechanism

The flavonoid chrysin possibly acts as an inducer of the metabolism
of irinotecan by glucuronidases. It may also be an inhibitor of human
BCRP.

Importance and management

The available data suggest that high doses of chrysin are unlikely to
cause an adverse interaction if given with irinotecan, and might
possibly be beneficial, but more study is needed to establish this. It is
too early to say whether chrysin might affect topotecan pharmaco-
kinetics, but the study does highlight a problem with extrapolating
animal data to humans when studying this potential interaction.

. Tobin PJ, Beale P, Noney L, Liddell S, Rivory LP, Clarke S. A pilot study on the safety
of combining chrysin, a non-absorbable inducer of UGT1A1, and irinotecan (CPT-11) to
treat metastatic colorectal cancer. Cancer Chemother Pharmacol (2006) 57, 309-16.

2. Zhang S, Wang X, Sagawa K, Morris ME. Flavonoids chrysin and benzoflavone, potent

breast cancer resistance protein inhibitors, have no significant effect on topotecan

pharmacokinetics in rats or mdrla/lb (-/-) mice. Drug Metab Dispos (2005) 33, 341-8.

Flavonoids + Paclitaxel 4

The interaction between morin, naringin or quercetin and
paclitaxel is based on experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

(a) Morin

The pharmacokinetics of paclitaxel were determined in rats after oral
or intravenous administration of paclitaxel with or without morin
(3.3 and 10 mg/kg).! Compared with paclitaxel alone, morin, given
30 minutes before oral paclitaxel, increased the maximum levels and
AUC of paclitaxel by 70 to 90% and 30 to 70%, respectively,
without any change in the time to reach maximum levels, or
elimination half-life. In contrast, the pharmacokinetics of intraven-
ous paclitaxel (3.3 mg/kg) were not altered significantly by morin.

(b) Naringin
A study to investigate the effects of oral naringin on the
pharmacokinetics of intravenous paclitaxel in rats found that oral



naringin (3.3 and 10 mg/kg), when given to rats 30 minutes before
intravenous administration of paclitaxel (3 mg/kg), produced a
significantly higher AUC for paclitaxel (about 41% and 49% for
naringin doses of 3.3 and 10 mg/kg, respectively). Clearance was
also delayed (29% and 33% decrease, respectively) when compared
with the controls.2 In a similar study using oral paclitaxel, oral
naringin increased the AUC of paclitaxel by up to threefold, and
increased the elimination half-life. The oral bioavailability of
paclitaxel increased from 2.2% up to 6.8%.3

(¢) Quercetin

In an animal study using oral paclitaxel, oral quercetin increased the
AUC of paclitaxel by up to 3.3-fold, and increased the elimination
half-life. The oral bioavailability of paclitaxel increased from 2% up
to 6.6%.4

Mechanism

Paclitaxel is a substrate of P-glycoprotein and the hepatic
cytochrome P450 subfamily CYP3A and isoenzyme CYP2CS8. The
flavonoids might inhibit the metabolism of paclitaxel by CYP3A and
the transport of paclitaxel via intestinal P-glycoprotein, thereby
increasing the AUC of paclitaxel. Note that there is evidence that
quercetin does not inhibit CYP2CS, because it did not alter the
metabolism of rosiglitazone, below, a specific substrate for
CYP2CS.

Importance and management

The finding of increased oral absorption of paclitaxel with morin,
naringin and quercetin is of little clinical relevance because
paclitaxel is not used orally (it is poorly absorbed, even in the
presence of the flavonoids).

Morin had no effect on the pharmacokinetics of intravenous
paclitaxel, but the 50% increase in the AUC of intravenous
paclitaxel caused by naringin would be clinically relevant in
humans. However, these are animal data, and therefore some
caution is required in extrapolating their findings. Further study is
needed before any specific recommendations can be made.

1. Choi B-C, Choi J-S, Han H-K. Altered pharmacokinetics of paclitaxel by the
concomitant use of morin in rats Int J Pharm (2006) 323, 81-5.
2. Lim S-C, Choi J-S. Effects of naringin on the pharmacokinetics of intravenous paclitaxel
in rats. Biopharm Drug Dispos (2006) 27, 443-7.
3. Choi J-S, Shin S-C. Enhanced paclitaxel bioavailability after oral coadministration of
paclitaxel prodrug with naringin to rats. Int J Pharm (2005) 292, 149-56.
. Choi J-S, Jo B-W, Kim Y-C. Enhanced paclitaxel bioavailability after oral administra-
tion of paclitaxel or prodrug to rats pretreated with quercetin. Eur J Pharm Biopharm
(2004) 57, 313-18.
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The interaction between flavonoids and quinine or quinidine is
based on experimental evidence only.

Flavonoids + Quinine or Quinidine

Clinical evidence
No interactions found.

Experimental evidence

In rats, naringin 25mg/kg daily for 7days increased the oral
bioavailability of a single 25-mg/kg oral dose of quinine from 17%
to 42%, but did not affect the pharmacokinetics of intravenous
quinine.! In an in vitro study, quercetin and naringenin were modest
inhibitors of quinine metabolism.2

In another in vitro study, quercetin was an inhibitor of quinidine
metabolism, with kaempferol and naringenin also having an effect,’
and, in rats, quinidine approximately halved the AUC of baicalin in
blood, and increased its levels in bile by 47%.4

Mechanism

Flavonoids are predicted to interact with quinine and quinidine via
effects on cytochrome P450 isoenzymes or P-glycoprotein.
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Importance and management

On the basis of animal and in vitro data, it is possible that high doses
of quercetin, kaempferol and naringenin or naringin might increase
quinine or quinidine levels, but any interaction is not firmly
established. Furthermore, the rise in the quinine levels was modest,
and unlikely to be clinically relevant if a similar effect were shown
in practice. Note that grapefruit juice (a rich source of flavonoids),
does not have a clinically relevant effect on the pharmacokinetics of
quinine or quinidine. The clinical relevance of the effects of
quinidine on biacalin disposition is unclear.

. Zhang H, Wong CW, Coville PF, Wanwimolruk S. Effect of the grapefruit flavonoid
naringin on pharmacokinetics of quinine in rats. Drug Metabol Drug Interact (2000) 17,
351-63.

2. Ho P-C, Saville DJ, Wanwimolruk S. Inhibition of human CYP3A4 activity by
grapefruit flavonoids, furanocoumarins and related compounds. J Pharm Pharm Sci
(2001) 4, 217-27.

3. Ha HR, Chen J, Leuenberger PM, Freiburghaus AU, Follath F. In vitro inhibition of
midazolam and quinidine metabolism by flavonoids. Eur J Clin Pharmacol (1995) 48,
367-71.

. Tsai P-L, Tsai T-H. Pharmacokinetics of baicalin in rats and its interactions with
cyclosporin A, quinidine and SKF-525A: a microdialysis study. Planta Med (2004) 70,
1069-74.
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Flavonoids + Rosiglitazone

@

Quercetin does not appear to affect the pharmacokinetics of
rosiglitazone.

Clinical evidence

In a crossover study in 10 healthy subjects, quercetin 500 mg daily
for 3 weeks had no effect on the pharmacokinetics of a single 4-mg
dose of rosiglitazone, or its principal metabolite N-desmethylrosi-
glitazone.!

Experimental evidence
No relevant data found.

Mechanism

Rosiglitazone is a specific substrate for the cytochrome P450
isoenzyme CYP2CS8, and it therefore appears that multiple-dose
quercetin has no clinically relevant effect on this isoenzyme.The
rationale that it might was because, in vitro, quercetin inhibits the
CYP2C8-mediated metabolism of a number of substrates including
paclitaxel, page 192. However, in the case of paclitaxel (and
possibly the other substrates), P-glycoprotein inhibition and
CYP3A4 might also be important.

Importance and management

Although evidence appears to be limited to this one study, it is
supported by in vitro data that suggest the absence of an interaction.
No clinically important pharmacokinetic interaction would be
expected with long-term use of quercetin supplements in patients
taking rosiglitazone, and therefore no dosage adjustments would be
expected to be needed.

1. Kim K-A, Park P-W, Kim H-K, Ha J-M, Park J-Y. Effect of quercetin on the

pharmacokinetics of rosiglitazone, a CYP2CS8 substrate, in healthy subjects. J Clin
Pharmacol (2005) 45, 941-6.

@

Quercetin does not appear to affect the pharmacokinetics of
saquinavir.

Flavonoids + Saquinavir

Clinical evidence

In a study in 10 healthy subjects, the pharmacokinetics of saquinavir
1.2 g three times daily (Fortovase; soft capsules) were not affected
by the concurrent use of quercetin 500 mg three times daily for
8 days. Concurrent use of both products was well tolerated.!
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Experimental evidence
No relevant data found.

Mechanism

Based on other data for quercetin, it was suggested that this
flavonoid might increase saquinavir levels by inhibiting
P-glycoprotein, or by effects on the cytochrome P450 isoenzyme
CYP3A4.

Importance and management

Although the study appears to be the only published data, the
absence of an interaction is fairly well established. Quercetin is
unlikely to have a detrimental (or beneficial) pharmacokinetic effect
when used with saquinavir, and therefore no dosage adjustments
would be expected to be necessary on concurrent use.

1. DiCenzo R, Frerichs V, Larppanichpoonphol P, Predko L, Chen A, Reichman R, Morris

M. Effect of quercetin on the plasma and intracellular concentrations of saquinavir in
healthy adults. Pharmacotherapy (2006) 26, 1255-61.

Flavonoids + Statins

X

The interaction between flavonoids and statins is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In rats, oral kaempferol and naringenin, given with lovastatin,
markedly increased the AUC of lovastatin acid. Increases were
2.7-fold and 3.5-fold with kaempferol 2mg/kg and 10mg/kg,
respectively, and 2.6-fold and 3.9-fold with naringenin 2 mg/kg and
10mg/kg, respectively.! Other in vitro studies have shown that
naringenin inhibits simvastatin metabolism.23

Mechanism

Kaempferol and naringenin may be esterase inhibitors. In addition,
naringenin may inhibit the cytochrome P450 isoenzyme CYP3A4,
the main route of metabolism of simvastatin and lovastatin. Esterases
hydrolyse lovastatin in the gut to lovastatin acid which is poorly
absorbed: esterase inhibition by these flavonoids may be expected to
increase the stability of lovastatin, increasing its absorption.!
Subsequent metabolism then leads to greater levels of lovastatin
acid than would have occurred in the absence of the flavonoids.

Importance and management

There appears to be no clinical evidence to support these experi-
mental findings of an interaction between kaempferol or naringenin
and simvastatin or lovastatin. However, the marked increase in
lovastatin levels that occurred with these flavonoids in the animal
study, and the known important interaction of grapefruit juice (which
is a rich source of flavonoids) with lovastatin and simvastatin
(leading to rhabdomyolysis and myopathy), suggest that kaempferol
and naringenin supplements should generally be avoided in patients
taking these statins. This advice should be extended to citrus
bioflavonoid supplements.

. Li P, Callery PS, Gan L-S, Balani SK. Esterase inhibition by grapeftuit juice flavonoids
leading to a new drug interaction. Drug Metab Dispos (2007) 35, 1203-8.

2. Le Goff N, Koffel JC, Vandenschrieck S, Jung L, Ubeaud G. Comparison of in vitro
hepatic models for the prediction of metabolic interaction between simvastatin and
naringenin. Eur J Drug Metab Pharmacokinet (2002) 27, 233-41.

3. Ubeaud G, Hagenbach J, Vandenschrieck S, Jung L, Koffel JC. In vitro inhibition of

simvastatin metabolism in rat and human liver by naringenin. Life Sci (1999) 65, 1403~

12.

Flavonoids + Tamoxifen

A

The interaction between flavonoids and tamoxifen is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

(a) Antagonistic effects

Various flavonoids have been investigated in vitro for their ability to
reduce the proliferation of cancer cells, and in vivo some studies
have shown synergistic cytotoxicity with tamoxifen (e.g. with
catechins!).

In contrast, and of concern, it has been reported that tangeretin
abolished the growth inhibitory effects of tamoxifen in mice, and
shortened the survival time of tamoxifen-treated tumour-bearing
mice compared with those receiving tamoxifen alone.? This finding
was not explained by changes in tamoxifen pharmacokinetics, see
below.

(b) Pharmacokinetics

In a study, mice receiving tangeretin and tamoxifen had higher
tamoxifen levels than those receiving tamoxifen alone. In addition,
tangeretin did not alter the ratio between tamoxifen and its
N-desmethyl metabolite.>

In a study in rats,3 oral quercetin modestly increased the AUC of
oral tamoxifen given concurrently. The effect was not dose
dependent; there was a 35% increase with quercetin 2.5 mg/kg, a
60% increase with quercetin 7.5 mg/kg and a smaller 20% increase
with quercetin 15 mg/kg. There was also a minor 8 to 29% increase
in the AUC of the active 4-hydroxytamoxifen metabolite. When
compared with intravenous tamoxifen, quercetin 7.5 mg/kg
increased the absolute oral bioavailability of tamoxifen by 60%
(from 15% to 24%).

Mechanism

These findings suggest that quercetin inhibits both drug transporter
proteins and possibly the cytochrome P450 isoenzyme CYP3A4,
which decreases the first-pass metabolism of tamoxifen.3 The
authors suggested that the antagonistic effect of tangeretin against
tamoxifen was because tangeretin is an inhibitor of natural killer cell
activity.2

Importance and management

There do not appear to be any clinical data investigating the possible
interactions between tamoxifen and flavonoids, and extrapolating
the available animal findings to the clinical situation is difficult.
Nevertheless, some caution is required if patients taking tamoxifen
also take products containing tangeretin, because the effect of
tamoxifen was abolished in one study, despite an increase in its
levels. Studies are clearly needed that assess both efficacy and
pharmacokinetic effects of the concurrent use of tangeretin and
tamoxifen. The authors of the study with tangeretin suggested that
the level of tangeretin used (human equivalent of about 280 mg
daily) could not be obtained by eating citrus fruits or drinking juices.
However, they advise caution with the use of products containing
large amounts of citrus peel oil, and dietary supplements containing
large amounts of citrus bioflavonoids as these could provide
sufficient amounts of tangeretin to interact. Given the severity of
the possible outcome, until more is known this seems prudent.

. Rosengren RJ. Catechins and the treatment of breast cancer: possible utility and
mechanistic targets. /Drugs (2003) 6, 1073-8.

. Bracke ME, Depypere HT, Boterberg T, Van Marck VL, Vennekens KM, Vanluchene E,
Nuytinck M, Serreyn R, Mareel MM. Influence of tangeretin on tamoxifen’s therapeutic
benefit in mammary cancer. J Natl Cancer Inst (1999) 91, 354-9.

3. Shin S-C, Choi J-S, Li X. Enhanced bioavailability of tamoxifen after oral

administration of tamoxifen with quercetin in rats. Int J Pharm (2006) 313, 144-9.
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Flaxseed

Linum usitatissimum L. (Linaceae)

Synonym(s) and related species
Flax, Linseed.

Constituents

The seeds contain a fixed oil, composed of glycerides of
linoleic and linolenic acid. The seeds also contain: mucilage;
the lignans secoisolariciresinol and its diglucoside; and the
cyanogenetic glycosides linamarin and lotaustralin.

Use and indications

Flaxseed was formerly used as a demulcent and soothing
emollient agent for bronchitis and coughs, and applied
externally to burns. More recently, flaxseed oil has been used
to lower blood-cholesterol levels, and flaxseed extract is
being taken as a form of hormone replacement therapy due
to its phytoestrogenic effects, thought to be due to the

lignans (although note that the information available on
phytoestrogenic lignans is limited).

Pharmacokinetics

Ingested lignans such as secoisolariciresinol have been
shown to undergo bacterial hydrolysis and metabolism to
produce the mammalian lignans enterolactone and enter-
odiol, which have oestrogenic effects.

Interactions overview

Flaxseed lignan supplementation appears to have no signifi-
cant effect on blood-glucose levels in type 2 diabetic patients
also taking oral antidiabetic drugs (not named). Limited
evidence suggests that flaxseed oil may increase bleeding
times and therefore some caution might therefore be
appropriate with aspirin and anticoagulants.

195
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Flaxseed + Anticoagulant or Antiplatelet

drugs

Limited evidence suggests that flaxseed oil may have some
antiplatelet effects, which could be additive with those of
conventional antiplatelet drugs, and increase the risk of bleeding
with anticoagulants.

Clinical evidence

Two case reports briefly describe increased bleeding (haematuria and
nosebleeds) in patients taking aspirin and flaxseed oil, one of whom
was taking low-dose aspirin.!

Some studies have investigated the effect of flaxseed oil alone on
bleeding time, and one, in 10 healthy subjects, found that a flaxseed
oil rich diet (20.5g daily of a-linolenic acid) for 56 days had no
significant effect on bleeding times, prothrombin times or partial
prothrombin times.2 However, another study in 11 patients with
rheumatoid arthritis reported that flaxseed oil 30 g daily for 3 months
(9.6 g daily of a-linolenic acid) increased the bleeding time by about
one minute when compared with baseline, although this result was
not statistically significant.3

Experimental evidence
No relevant data found.

Mechanism

Omega-3 fatty acids such as linolenic acid are thought to have some
antiplatelet effects and might therefore prolong bleeding time.
Theoretically, this effect might be additive to that of other
antiplatelet drugs, and increase the risk of bleeding with antic-
oagulants.

Importance and management

The general significance of these reports is unclear and no
interaction has been established. Nevertheless, a large epidemi-
ological study would be needed to quantify any excess risk in the
order of that seen with antiplatelet doses of aspirin taken with
warfarin. As with high doses of fish oils (marine omega-3 fatty
acids), it may be prudent to use some caution with the concurrent use
of high doses of flaxseed supplements in patients also taking aspirin
or anticoagulants.

. Gruver DI Does flaxseed interfere with the clotting system? Plast Reconstr Surg (2003)
112, 934.

. Kelley DS, Nelson GJ, Love JE, Branch LB, Taylor PC, Schmidt PC, Mackey BE,
Tacono JM. Dietary o-linolenic acid alters tissue fatty acid composition but not blood
lipids, lipoproteins or coagulation status in humans. Lipids (1993) 28, 533-7.

. Nordstrom DCE, Honkanen VEA, Nasu Y, Antila E, Friman C, Konttinen YT. Alpha-
linolenic acid in the treatment of rheumatoid arthritis. A double-blind, placebo-
controlled and randomized study: flaxseed vs safflower seed. Rheumatol Int (1995) 14,
231-4.
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Flaxseed + Antidiabetics w7

Flaxseed lignan supplementation appears to have no significant
effect on blood-glucose levels in type 2 diabetic patients also
taking oral antidiabetic drugs.

Clinical evidence

In a randomised, crossover study in 68 patients with type 2 diabetes
and mild hypercholesterolaemia, taking a supplement containing a
total of 360mg of flaxseed lignan daily for 12weeks had no
significant effect on blood-lipid profile, insulin resistance, fasting
glucose and insulin concentrations. A minor reduction of glycosy-
lated haemoglobin (HbA.) of about 0.1% occurred, although the
clinical significance of this reduction is likely to be minimal. In this
particular study, patients continued to take their usual medication,
which included oral antidiabetics and lipid-lowering medications,
none of which was specifically named in the study. Patients were
excluded from the study if they were using insulin.! Similarly, in
another study, flaxseed oil (60 mg/kg o-linolenic acid daily) had no
significant effect on blood-glucose control in type 2 diabetics.
Patients taking insulin were also excluded from this study; however,
information on other concurrent medication was not reported.2 In
another study in 25 menopausal women with hypercholesterolaemia,
there was a slight 5.3% reduction in blood-glucose levels
(0.1 mmol/L) with crushed flaxseed, and this was less than that
seen with conventional HRT,?> which is not considered to have
blood-glucose-lowering effects.

Experimental evidence
No relevant data found.

Mechanism
No mechanism expected.

Importance and management

It appears from these studies that flaxseed oil or lignans have
minimal effects on glycaemic control in type 2 diabetes, and in one
study the lignans had no additive blood-glucose-lowering effects
with oral antidiabetic drugs (not named). Flaxseed is therefore
unlikely to affect the blood-glucose-lowering efficacy of concurrent
antidiabetic medication. However, more detailed information on
specific antidiabetic drugs is unavailable.

1. Pan A, Sun J, Chen Y, Ye X, Li H, Yu Z, Wang Y, Gu W, Zhang X, Chen X, Demark-
‘Wahnefried W, Liu Y, Lin X. Effects of a flaxseed-derived lignan supplement in type 2
diabetic patients: a randomised, double-blind, cross-over trial. PLoS ONE (2007) 2,
e1148.

2. Barre DE, Mizier-Barre KA, Griscti O, Hafez K. High dose flaxseed oil supplementation
may affect blood glucose management in human type 2 diabetics. J Oleo Sci (2008) 57,
269-73.

3. Lemay A, Dodin S, Kadri N, Jacques H, Forest J-C. Flaxseed dietary supplement versus
hormone replacement therapy in hypercholesterolemic menopausal women. Obstet
Gynecol (2002) 100, 495-504.

Flaxseed + Food

No interactions found.

Flaxseed + Herbal medicines

No interactions found.



Frangula

Rhamnus frangula L. (Rhamnaceae)

Synonym(s) and related species
Alder buckthorn.

Frangula alnus Mill, Frangula nigra Samp, Rhamnus
cathartica L.

Pharmacopoeias

Frangula Bark (BP 2009, Ph Eur 6.4); Standardised Frangula
Bark Dry Extract (BP 2009, Ph Eur 6.4).

Constituents

The major constituents of frangula are the anthraquinone
glycosides. The frangulosides are the main components,
which include frangulin A and B, emodin derivatives,
chrysophanol and physcion glycosides, and free aglycones.
Frangula also contains flavonoids and tannins.

Use and indications
Frangula bark is used as a laxative.

Pharmacokinetics

For information on the pharmacokinetics of an anthraqui-
none glycoside present in frangula, see under aloes, page 27.

Interactions overview

No interactions with frangula found; however, frangula (by
virtue of its anthraquinone content) is expected to share
some of the interactions of a number of other anthraquinone-
containing laxatives, such as aloes, page 27 and senna,
page 349. Of particular relevance are the interactions with
corticosteroids, digitalis glycosides and potassium-depleting
diuretics.
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Garlic

Allium sativum L. (Alliaceae)

Synonym(s) and related species
Ajo, Allium.

Pharmacopoeias

Garlic (USP 32); Garlic Delayed Release Tablets (USP 32);
Garlic Fluid Extract (USP 32); Garlic for Homeopathic
Preparations (BP 2009, Ph Eur 6.4); Garlic Powder (Ph Eur
6.4, BP 2009); Powdered Garlic (USP 32); Powdered Garlic
Extract (USP 32).

Constituents

Garlic products are produced from the bulbs (cloves) of
garlic and are usually standardised according to the content
of the sulphur-containing compounds, alliin, allicin (pro-
duced by the action of the enzyme alliinase on alliin) and/or
y-glutamyl-(S)-allyl-L-cysteine.

Other sulphur compounds such as allylmethyltrisulfide,
allylpropyldisulfide, diallyldisulfide, diallyltrisulfide, ajoene
and vinyldithiines, and mercaptan are also present. Garlic
also contains various glycosides, monoterpenoids, enzymes,
vitamins, minerals and flavonoids based on kaempferol and
quercetin.

Use and indications

Garlic has been used to treat respiratory infections (such as
colds, flu, chronic bronchitis, and nasal and throat catarrh)
and cardiovascular disorders. It is believed to possess
antihypertensive, antithrombotic, fibrinolytic, antimicrobial,
anticancer, expectorant, antidiabetic and lipid-lowering
properties.

It is also used extensively as an ingredient in foods.

Pharmacokinetics

There are many active constituents in garlic and their roles
have not been fully elucidated. Allicin is subject to a
considerable first-pass effect and passes through the liver
unmetabolised only at high concentrations,! but it is a very
unstable compound and, as with ajoene, the vinyldithiins and
diallylsulfide, it is not found in blood or urine after oral
ingestion.2

There have been several experimental studies undertaken
to assess the effects garlic and its constituents have on
cytochrome P450 isoenzymes. /n vitro studies suggest that
garlic inhibits, to varying degrees: CYP2C9,34 CYP2C19,34
the CYP3A isoenzyme subfamily,36 CYP2A6,5 CYP1A2,4
CYP2D64 and CYP2E1.7 Studies in rats suggest that garlic
inhibits CYP2EIL,$ and induces CYP2C9*2.3 However, in
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clinical studies, garlic and its constituents seem unlikely to
affect the cytochrome P450 isoenzymes to a clinically
relevant extent, see benzodiazepines, page 199, for
CYP3A4, caffeine, page 200, for CYP1A2, and dextro-
methorphan, page 200, for CYP2D6. The possible exception
to the lack of effect of garlic on cytochrome P450 is
CYP2EI1, which requires further study, see chlorzoxazone,
page 200, and paracetamol (acetaminophen), page 202.

Any effect on the drug transporter P-glycoprotein, shown
in vitro,? is also unlikely to be clinically significant, see
protease inhibitors, page 202.

For information on the pharmacokinetics of individual
flavonoids present in garlic, see under flavonoids, page 186.

Interactions overview

Case reports suggest that garlic may have additive blood
pressure-lowering effects with lisinopril, and may cause
bleeding in those taking warfarin or fluindione. It has also
been suggested that any antiplatelet effects of garlic may be
additive with conventional antiplatelet drugs and NSAIDs,
and studies suggest that garlic may reduce isoniazid levels.

However, no interaction has been proven with any of these

drugs.

In general, garlic seems to have no effect, or have only
clinically irrelevant effects when it is given with alcohol,
benzodiazepines (such as midazolam), caffeine, chlorzox-
azone, dextromethorphan, docetaxel, gentamicin, paraceta-
mol (acetaminophen), rifampicin (rifampin) or ritonavir. Any
interaction between garlic and fish oils may be beneficial.

One study suggested that a high-fat diet did not affect the
absorption of some of the active constituents of garlic oil.
For information on the interactions of individual flavonoids
present in garlic, see under flavonoids, page 186.

1. Egen-Schwind C, Eckard R, Kemper FH. Metabolism of garlic constituents in the
isolated perfused rat liver. Planta Med (1992) 58, 301-5.

2. Amagase H, Petesch BL, Matsuura H, Kasuga S, Itakura Y. Intake of garlic and its
bioactive components. J Nutr (2001) 131, 955S-62S.

3. Foster BC, Foster MS, Vandenhoek S, Krantis A, Budzinski JW, Arnason JT, Gallicano
KD, Choudri S. An in vitro evaluation of human cytochrome P450 3A4 and P-
glycoprotein inhibition by garlic. J Pharm Pharm Sci (2001) 4, 176-84.

4. Zou L, Harkey MR, Henderson GL. Effects of herbal components on cDNA-expressed

cytochrome P450 enzyme catalytic activity. Life Sci (2002) 71, 1579-89.
. Fujita K-I, Kamataki T. Screening of organosulfur compounds as inhibitors of human
CYP2A6. Drug Metab Dispos (2001) 29, 983-9.

6. Greenblatt DJ, Leigh-Pemberton RA, von Moltke LL. In vitro interactions of water-
soluble garlic components with human cytochromes P450. J Nutr (2006) 136, 806S-9S.

7. Brady JF, Ishizaki H, Fukuto JM, Lin MC, Fadel A, Gapac JM, Yang CS. Inhibition of

cytochrome P-450 2E1 by diallyl sulfide and its metabolites. Chem Res Toxicol (1991)
4, 642-7.
. Wargovich MJ. Diallylsulfide and allylmethylsulfide are uniquely effective among

organosulfur compounds in inhibiting CYP2EI protein in animal models. J Nutr (2006)
136, 832S-4S.
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Garlic + ACE inhibitors 4

In a single report, a patient taking lisinopril developed marked
hypotension and became faint after taking garlic capsules.

Evidence, mechanism, importance and management

A man whose blood pressure was 135/90mmHg while taking
lisinopril 15mg daily began to take garlic 4mg daily (Boots
odourless garlic oil capsules). After 3 days he became faint on
standing and was found to have a blood pressure of 90/60 mmHg.
Stopping the garlic restored his blood pressure to 135/90 mmHg
within a week. The garlic on its own did not lower his blood
pressure. The reasons for this interaction are not known, although
garlic has been reported to cause vasodilation and blood pressure
reduction.! This seems to be the first and only report of this reaction,
so its general importance is small. There seems to be nothing
documented about garlic and any of the other ACE inhibitors.

1. McCoubrie M. Doctors as patients: lisinopril and garlic. BrJ Gen Pract (1996) 46, 107.

Garlic + Alcohol w

The interaction between garlic and alcohol is based on experi-
mental evidence only.

Evidence, mechanism, importance and management
Garlic juice, from fresh garlic bulbs, inhibited the metabolism of
alcohol in mice. Garlic is a common ingredient in food and so it is
very unlikely that this interaction is clinically relevant.!

1. Kishimoto R, Ueda M, Yoshinaga H, Goda K, Park S-S. Combined effects of ethanol

and garlic on hepatic ethanol metabolism in mice. J Nutr Sci Vitaminol (1999) 45, 275—
86.

Garlic + Antiplatelet drugs v

Garlic may have antiplatelet properties. It might therefore be
expected to increase the risk of bleeding with conventional
antiplatelet drugs and other drugs that have antiplatelet adverse
effects.

Clinical evidence

In a study in 23 healthy subjects, liquid aged garlic extract 5mL
(Kyolic), given daily for 13 weeks, inhibited both the rate of platelet
aggregation and total platelet aggregation.! Similar effects were
found in another study in 28 healthy subjects given aged garlic
extract capsules 2.4 g, 4.8 g and 7.2 g. Each dose was given daily for
a 6-week period.2

Experimental evidence

Ajoene, a sulphur compound derived from garlic with antiplatelet
and antithrombotic properties, was found to synergistically potenti-
ate the antiplatelet actions of dipyridamole, epoprostenol and
indometacin in vitro.3

Mechanism

Uncertain. The authors of an experimental study? suggest that ajoene
inhibits the binding of fibrinogen to the fibrinogen receptor, which
occurs in the final step of the platelet aggregation pathway. Ajoene
would therefore be expected to interact synergistically with
antiplatelet drugs that act at an earlier step in the pathway.

Importance and management

There is a reasonable body of evidence, which suggests that aged
garlic herbal products may have antiplatelet properties. If they do,
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and they are similarly active to low-dose aspirin, they might
therefore be expected to increase the risk of bleeding with
conventional antiplatelet drugs and other drugs that have antiplatelet
adverse effects, such as indometacin. However, considering the
widespread use of garlic and garlic products, and the limited
information available, it seems unlikely that garlic has any generally
important interaction with antiplatelet drugs. Nevertheless, bear the
possibility in mind in the event of an unexpected response to
treatment.

. Rahman K, Billington D. Dietary supplementation with aged garlic extract inhibits
ADP-induced platelet aggregation in humans. J Nuzr (2000) 130, 2662-5.

. Steiner M, Li W. Aged garlic extract, a modulator of cardiovascular risk factors: a dose-
finding study on the effects of AGE on platelet functions. J Nutr (2001) 131, 980S—4S.

3. Apitz-Castro R, Escalante J, Vargas R, Jain MK. Ajoene, the antiplatelet principle of

garlic, synergistically potentiates the antiaggregatory action of prostacyclin, forskolin,

indomethacin and dypiridamole [sic] on human platelets. Thromb Res (1986) 42, 303~

11.
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Garlic does not appear to affect the pharmacokinetics of
alprazolam, midazolam or triazolam to a clinically relevant
extent.

Garlic + Benzodiazepines

Clinical evidence

A study in 14 healthy subjects found that Kwai garlic tablets 600 mg
twice daily for 14 days did not affect the pharmacokinetics of a
single 2-mg dose of alprazolam.!

Similarly, garlic oil 500 mg three times daily for 28 days did not
affect the metabolism of midazelam 8 mg in young? or elderly?
healthy subjects.

Experimental evidence

The effect of garlic constituents; alliin, cycloalliin, methylin,
S-methyl-L-cysteine, S-allyl-L-cysteine, N-acetyl-S-allyl-L-cysteine,
S-allomercapto-L-cysteine, and y-glutamyl-S-allyl-L-cysteine, on the
activity of the CYP3A probe substrate, triazolam, was investigated
using human liver microsomes. Both S-methyl-L-cysteine and S-
allyl-L-cysteine inhibited the activity of CYP3A, with the latter
reducing its activity by about 60%. No other significant inhibition
was apparent.4

Mechanism

The findings of the clinical studies suggest that garlic does not have
a clinically relevant effect on CYP3A4 activity. Although some
inhibition of CYP3A was seen in the in vitro study,* it was not
considered to be mechanism based and the concentrations used were
an order of magnitude greater than the anticipated in vivo
concentrations.

Importance and management

The results of the clinical studies suggest that garlic does not affect
the metabolism of alprazolam or midazolam, and therefore no
dosage adjustments would be expected to be necessary if patients
taking these benzodiazepines also take garlic supplements.
Midazolam is used as a probe drug for CYP3A4 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action between garlic and other CYP3A4 substrates is unlikely.

1. Markowitz JS, DeVane CL, Chavin KD, Taylor RM, Ruan Y, Donovan JL. Effects of
garlic (Allium sativum L.) supplementation on cytochrome P450 2D6 and 3A4 activity
in healthy volunteers. Clin Pharmacol Ther (2003) 74, 170-7.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Cytochrome P450 phenotypic ratios for predicting herb-drug interactions in humans.
Clin Pharmacol Ther (2002) 72, 276-87.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Clinical assessment of botanical supplementation on cytochrome P450 phenotypes in
the elderly: St John’s wort, garlic oil, Panax ginseng, and Ginkgo biloba. Drugs Aging
(2005) 22, 525-39.

. Greenblatt DJ, Leigh-Pemberton RA, von Moltke LL. In vitro interactions of water-
soluble garlic components with human cytochromes P450. J Nutr (2006) 136, 806S-9S.

)

w

-~



200 Garlic

Garlic + Caffeine

@

Garlic does not appear to affect the pharmacokinetics of
caffeine.

Clinical evidence

Garlic oil 500 mg three times daily for 28 days did not affect the
metabolism of a single 100-mg dose of caffeine in young! or elderly?
healthy subjects.

Experimental evidence
No relevant data found.

Mechanism

Garlic does not have a clinically relevant effect on the cytochrome
P450 isoenzyme CYP1A2 activity using caffeine as a probe
substrate.

Importance and management

Evidence for an interaction between garlic and caffeine appears to
come from two well-designed studies in humans. These studies
suggest that garlic does not affect the metabolism of caffeine, and
therefore an increase in caffeine adverse effects would not be
expected in those who also take garlic supplements. Caffeine is used
as a probe drug for CYP1A2 activity, and therefore these results also
suggest that a pharmacokinetic interaction between garlic and other
CYP1A2 substrates is unlikely.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Cytochrome P450 phenotypic ratios for predicting herb-drug interactions in humans.
Clin Pharmacol Ther (2002) 72, 276-87.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Clinical assessment of botanical supplementation on cytochrome P450 phenotypes in
the elderly: St John’s wort, garlic oil, Panax ginseng, and Ginkgo biloba. Drugs Aging
(2005) 22, 525-39.

)

Garlic + Chlorzoxazone v

The metabolism of chlorzoxazone is modestly inhibited by garlic
but this effect is probably not clinically relevant.

Clinical evidence

Garlic oil 500 mg, given to 12 healthy subjects three times daily for
28 days, reduced the conversion of a single 500-mg dose of
chlorzoxazone to 6-hydroxychlorzoxazone by about 40%.! In a later
similar study by the same authors, in 12 elderly healthy subjects, a
smaller reduction of 22% was seen.?

Another study in 8 healthy subjects found that a high dose of the
garlic constituent diallyl sulfide 200 micrograms/kg (equivalent to
15 cloves of fresh garlic, containing 1 mg/g diallyl sulfide), reduced
the conversion of chlorzoxazone to 6-hydroxychlorzoxazone by
about 30%.3

Experimental evidence

A garlic constituent, diallyl sulfide 50 mg/kg and 200 mg/kg, was
given to rats 12 hours before an intravenous dose of chlorzoxazone
150 micromols/kg. Diallyl sulfide increased the AUC of chlorzox-
azone by threefold and fivefold, respectively.+

Mechanism

Garlic appears to inhibit the activity of the cytochrome P450
isoenzyme CYP2EI, which metabolises chlorzoxazone to
6-hydroxychlorzoxazone.

Importance and management

There appear to be several clinical studies into the potential for an
interaction between garlic and chlorzoxazone. Although these
studies suggest that metabolism of chlorzoxazone is modestly

inhibited by garlic in healthy subjects, this effect is probably not
clinically relevant.

Chlorzoxazone is used as a probe drug for CYP1E2 activity, and
therefore these results also suggest that a pharmacokinetic inter-
action between garlic and other CYP1E2 substrates is unlikely.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Cytochrome P450 phenotypic ratios for predicting herb-drug interactions in humans.
Clin Pharmacol Ther (2002) 72, 276-87.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Clinical assessment of botanical supplementation on cytochrome P450 phenotypes in
the elderly: St John’s wort, garlic oil, Panax ginseng, and Ginkgo biloba. Drugs Aging
(2005) 22, 525-39.

. Loizou GD, Cocker J. The effects of alcohol and diallyl sulphide on CYP2EI activity in
humans: a phenotyping study using chlorzoxazone. Hum Exp Toxicol (2001) 20, 321-7.

4. Chen L, Yang CS. Effects of cytochrome P450 2E1 modulators on the pharmacokinetics

of chlorzoxazone and 6-hydroxychlorzoxazone in rats. Life Sci (1996) 58, 1575-85.
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Garlic does not appear to affect the pharmacokinetics of
dextromethorphan or debrisoquine.

Garlic + Dextromethorphan

Clinical evidence

A study in 14 healthy subjects found that Kwai garlic tablets 600 mg
twice daily for 14 days did not affect the pharmacokinetics of a
single 30-mg dose of dextromethorphan.!

Garlic oil 500 mg three times daily for 28 days did not affect the
metabolism of debrisoquine Smg in young? or elderly3 healthy
subjects.

Experimental evidence

The effect of garlic constituents; alliin, cycloalliin, methylin, S-
methyl-L-cysteine, S-allyl-L-cysteine, N-acetyl-S-allyl-L-cysteine,
S-allomercapto-L-cysteine, and y-glutamyl-S-allyl-L-cysteine, on
the activity of the CYP2D6 probe substrate, dextromethorphan,
was investigated using human liver microsomes. No significant
inhibition was apparent.+

Mechanism

Garlic does not appear to affect the cytochrome P450 isoenzyme
CYP2D6.

Importance and management

There appear to be two clinical studies investigating the potential for
an interaction between garlic and dextromethorphan, both of which
found that the pharmacokinetics of dextromethorphan were
unaffected by garlic and its constituents. Therefore the dosage of
dextromethorphan would not need adjusting if patients also wish to
take garlic supplements.

Dextromethorphan and debrisoquine are used as probe drugs for
CYP2D6 activity, and therefore these results also suggest that a
pharmacokinetic interaction between garlic and other CYP2D6
substrates is unlikely.

1. Markowitz JS, DeVane CL, Chavin KD, Taylor RM, Ruan Y, Donovan JL. Effects of
garlic (Allium sativum L.) supplementation on cytochrome P450 2D6 and 3A4 activity
in healthy volunteers. Clin Pharmacol Ther (2003) 74, 170-7.

2. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Cytochrome P450 phenotypic ratios for predicting herb-drug interactions in humans.
Clin Pharmacol Ther (2002) 72, 276-87.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Clinical assessment of botanical supplementation on cytochrome P450 phenotypes in
the elderly: St John’s wort, garlic oil, Panax ginseng, and Ginkgo biloba. Drugs Aging
(2005) 22, 525-39.

. Greenblatt DJ, Leigh-Pemberton RA, von Moltke LL. In vitro interactions of water-
soluble garlic components with human cytochromes P450. J Nutr (2006) 136, 806S-9S.
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Garlic does not appear to affect the pharmacokinetics of
intravenous docetaxel.

Garlic + Docetaxel

Clinical evidence

In a pharmacokinetic study, 10 patients with metastatic, or incurable
localised, breast cancer were given 1-hour intravenous infusions of
docetaxel 30 mg/m* weekly for 3 weeks (days 1, 8 and 15). Five
days after the first infusion, garlic tablets 600 mg were taken twice
daily for 13days (days 5 to 17). The garlic tablets used were
GarliPure Maximum Allicin Formula, Natrol, containing 3.6 mg of
allicin per tablet. Patients were also given a premedication regimen
of oral dexamethasone 8 mg 12 hours before each docetaxel infusion
and then every 12 hours for two more doses, and ondansetron 8 mg,
ranitidine 150 mg and diphenhydramine 25 mg half an hour before
each infusion of docetaxel. Garlic tablets had no effect on the
pharmacokinetics of docetaxel on the second or third week, when
compared with the first week (i.e. after 4 and 12 days’ use of garlic).!

Experimental evidence
No relevant data found.

Mechanism

Docetaxel is metabolised, in part, by the cytochrome P450
isoenzyme CYP3A4. This study suggests that garlic is unlikely to
alter the activity of this isoenzyme. See also benzodiazepines,
page 199.

Importance and management

Evidence appears to be limited to this one study, but it is supported
by the findings of other studies that suggest that garlic does not alter
the effects of CYP3A4, the main route of docetaxel metabolism.
Therefore what is known suggests that no pharmacokinetic
interaction would be expected in patients taking garlic supplements
with intravenous docetaxel.

1. Cox MC, Low J, Lee J, Walshe J, Denduluri N, Berman A, Permenter MG, Petros WP,

Price DK, Figg WD, Sparreboom A, Swain SM. Influence of garlic (A/lium sativum) on
the pharmacokinetics of docetaxel. Clin Cancer Res (2006) 12, 4636-40.

Garlic + Food

@

The information regarding the use of garlic with food is based on
experimental evidence only.

Evidence, mechanism, importance and management

In a study in rats that were fed a high-fat or low-fat diet, and also
given garlic oil or its constituents diallyl sulfide and diallyl disulfide,
there were no biochemical changes between the groups attributable
to an interaction between the garlic oil and dietary fat.! No clinical
interaction is expected; note that garlic is extensively used as a food
ingredient.

For the lack of pharmacokinetic interaction of garlic with caffeine,
see caffeine, page 200.
1. Sheen L-Y, Chen H-W, Kung Y-L, Cheng-Tzu L, Lii C-K. Effects of garlic oil and its

organosulfur compounds on the activities of hepatic drug-metabolizing and antioxidant
enzymes in rats fed high- and low-fat diets. Nutr Cancer (1999) 35, 160-6.

Garlic + Gentamicin

@

The information regarding the use of garlic with gentamicin is
based on experimental evidence only.
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Evidence, mechanism, importance and management

Aged garlic extract or garlic powder extract did not affect the in vitro
antibacterial ~ activity of gentamicin 2.6 micrograms/L  and
2.7 micrograms/L. on Escherichia coli. The bactericidal effect of
gentamicin against E. coli, measured by optical density, was
increased by S-allylcysteine, diallyl sulfide, and diallyl disulfide,
at concentrations of 0.25 mg/mL, 0.5 mg/mL and 1 mg/mL but the
significance of this is unclear. However, no clinically significant
interaction is expected as far as antibacterial activity is concerned.!
1. Maldonado PD, Chanez-Cardenas ME, Pedraza-Chaverri J. Aged garlic extract, garlic

powder extract, S-allylcysteine, diallyl sulfide and diallyl disulfide do not interfere with
the antibiotic activity of gentamicin. Phytother Res (2005) 19, 252-4.

Garlic + Herbal medicines; Caffeine-
containing

Garlic did not interact with caffeine, page 200, and is therefore
unlikely to interact with caffeine-containing herbs, as a result of this
constituent.

@

Garlic supplements and fish oils may have beneficial effects on
blood lipids.

Garlic + Herbal medicines; Fish oil

Clinical evidence

In a placebo-controlled study in 46 subjects with moderate, untreated
hypercholesterolaemia, combined use of garlic pills 300 mg three
times daily (Kwai) and fish oil capsules 4 g three times daily for
12 weeks was compared with either garlic or fish oil alone. Garlic
modestly reduced total cholesterol, and fish oil did not alter this
effect. Fish oil reduced triacylglycerol levels, and garlic did not alter
this effect. Garlic alone reduced low-density-lipoprotein cholesterol,
and combined use with fish oil reversed the increase of low-density-
lipoprotein cholesterol seen with fish oil alone and produced a
reduction similar to that seen with garlic alone. Slight reductions in
blood pressure were also reported with all treatments.! The fish oil
used was 1-g capsules (Nupulse) each containing eicosapentaenoic
acid 180 mg and docosahexaenoic acid 120 mg.

Experimental evidence

Garlic oil has been found to enhance the antioxidant effects of fish
oils in rats.2

Mechanism

Unclear. In the experimental study, garlic oil synergistically
increased the induction of the antioxidant superoxide dismutase by
fish oils, and the combination additively increased the protein levels
of CYP1AIL, CYP2EI and CYP3AI.

Importance and management

The available clinical evidence appears to come from one study,
which suggests that the combined use of garlic supplements and fish
oils may have beneficial effects on blood lipids, which are known to
be risk factors in coronary artery disease and atherosclerosis. While
the clinical importance is inconclusive, any interaction is not
expected to be harmful as far as blood lipids are concerned. Further
study is needed to establish the benefits of combined use.

. Adler AJ, Holub BJ. Effect of garlic and fish-oil supplementation on serum lipid and
lipoprotein concentrations in hypercholesterolemic men. Am J Clin Nutr (1997) 65,
445-50.

2. Chen H-W, Tsai C-W, Yang J-J, Liu C-T, Kuo W-W, Lii C-K. The combined effects of

garlic oil and fish oil on the hepatic antioxidant and drug-metabolizing enzymes of rats.

Br J Nutr (2003) 89, 189-200.



202 Garlic

Garlic + Isoniazid K

The interaction between garlic and isoniazid is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In a study in rabbits, a garlic extract, produced from blended garlic
cloves (exact dosage unknown) and given orally over 14 days,
reduced the AUC and maximum serum levels of a single 30-mg/kg
dose of isoniazid by about 55% and 65%, respectively, when
compared with the levels attained after a single 30-mg/kg dose of
isoniazid given 7 days before the garlic extract.!

Mechanism

Unclear. It was anticipated that garlic might increase isoniazid levels
by inhibiting the cytochrome P450 isoenzyme CYP2EI, but
decreased levels were seen. While the authors speculate that garlic
extract may induce enzymes in the intestinal mucosa, which
interferes with the absorption of isoniazid, they suggest that the
findings cannot be explained solely on this basis.

Importance and management

The evidence is limited to this one study, and because the
mechanism is unknown, a crude garlic extract was used, and the
data are from rabbits, it is difficult to apply these findings to a
clinical setting. However, if the reduction was shown to be replicated
in humans then isoniazid efficacy might be reduced, so further study
is warranted. Until more is known, a conservative approach would
be to suggest some caution with the use of garlic supplements in
patients taking isoniazid.

1. Dhamija P, Malhotra S, Pandhi P. Effect of oral administration of crude aqueous extract

of garlic on pharmacokinetic parameters of isoniazid and rifampicin in rabbits.
Pharmacology (2006) 77, 100-4.

Garlic + Paracetamol (Acetaminophen) 0

Studies in healthy subjects found that garlic did not affect the
pharmacokinetics of single-dose paracetamol to a clinically
relevant extent.

Clinical evidence

A study in 16 healthy subjects found that the use of an aged garlic
extract (approximately equivalent to 6 to 7 cloves of garlic daily) for
3 months had little effect on the metabolism of a single 1-g oral dose
of paracetamol.!

Experimental evidence

Diallyl sulfide, a constituent of garlic, and, to a greater extent, its
metabolite diallyl sulfone, protected mice from paracetamol-induced
hepatotoxicity when given immediately after a toxic dose of
paracetamol (200 mg/kg). The effect of diallyl sulfone 25 mg/kg
was equivalent to that of the known antidote, acetylcysteine.?

Mechanism

There was a very slight increase in glucuronidation of a therapeutic
dose of paracetamol after the long-term use of garlic in the clinical
study, and some evidence that sulfate conjugation was enhanced, but
no effect on oxidative metabolism.

It was suggested that diallyl sulfone protected against the
hepatotoxicity of paracetamol after a toxic dose in mice because it
irreversibly inhibited the cytochrome P450 isoenzyme CYP2EIL.
This isoenzyme is thought to be responsible for the production of a
minor but highly reactive paracetamol metabolite, N-acetyl-p-
benzoquinoneimine (NABQI).

Importance and management

The evidence regarding an interaction between paracetamol and
garlic is limited, but what is known suggests that no clinically
significant interaction would be expected if paracetamol is taken
with garlic. The animal data suggest that it is possible that some
garlic constituents, or substances derived from them, might prove to
protect against the hepatotoxicity from higher than therapeutic doses
of paracetamol, but this requires further study.

. Gwilt PR, Lear CL, Tempero MA, Birt DD, Grandjean AC, Ruddon RW, Nagel DL. The
effect of garlic extract on human metabolism of acetaminophen. Cancer Epidemiol
Biomarkers Prev (1994) 3, 155-60.

2. Lin MC, Wang E-J, Patten C, Lee M-J, Xiao F, Reuhl KR, Yang CS. Protective effect of

diallyl sulfone against acetaminophen-induced hepatotoxicity in mice. J Biochem

Toxicol (1996) 11, 11-20.

Garlic + Protease inhibitors

X)

A garlic supplement reduced the plasma levels of saquinavir in
one study, but had little effect in another. Another garlic
supplement did not significantly affect the pharmacokinetics of a
single dose of ritonavir.

Clinical evidence

In a study in 9 healthy subjects garlic reduced the AUC and
maximum and minimum plasma levels of saquinavir by about 50%.
The garlic was taken in the form of a dietary supplement (GarliPure,
Maximum Allicin  Formula caplets) twice daily for 20days.
Saquinavir 1.2 g three times daily was given for 4-day periods
before, during and after the garlic supplement. Fourteen days after
the garlic supplement was stopped the saquinavir pharmacokinetics
had still not returned to baseline values. Of the 9 subjects, 6 had a
substantial drop in the AUC of saquinavir while taking garlic, then a
rise when garlic was stopped. The remaining 3 had no change in the
AUC of saquinavir while taking garlic, but had a drop when garlic
was stopped.! However, in another study, garlic extract (Garlipure)
1.2 g daily for 3 weeks had no significant effect on the pharmaco-
kinetics of a single 1.2-g dose of saquinavir (a slight decrease in
AUC in 7 subjects and a slight increase in 3).2

In a study in 10 healthy subjects the use of a garlic extract (10 mg,
equivalent to 1g of fresh garlic) twice daily for 4days did not
significantly affect the pharmacokinetics of a single 400-mg dose of
ritonavir. There was a non-significant 17% decrease in the AUC of
ritonavir. The garlic was given in the form of capsules (Natural
Source Odourless Garlic Life Brand).3 Gastrointestinal toxicity was
noted in 2 patients taking garlic or garlic supplements when they
started to take ritonavir-containing regimens.*

Experimental evidence

In an experimental study using cell lines, allicin, a major active
constituent of garlic, significantly decreased the clearance (efflux) of
ritonavir from the cells in a dose-dependent manner.s

Mechanism

The mechanism of this interaction is uncertain, but it is thought that
garlic reduced the bioavailability of saquinavir by increasing its
metabolism in the intestine.! Why there was a disparity in the effect
of garlic on saquinavir between patients is unclear.

Allicin is thought to have inhibited the activity of P-glycoprotein
in vitro, which caused the build-up of ritonavir within the cell.s

Importance and management

Although information is limited, a reduction in saquinavir plasma
levels of the magnitude seen in the first study could diminish its
antiviral efficacy. All garlic supplements should probably be avoided
in those taking saquinavir as the sole protease inhibitor, but note that
this is no longer generally recommended. The effect of garlic on
saquinavir levels in the presence of ritonavir (as a pharmacokinetic
enhancer) does not appear to have been studied. The pharmaco-



kinetic effect on single-dose ritonavir was not clinically important,
but this requires confirmation in a multiple-dose study.

. Piscitelli SC, Burstein AH, Welden N, Gallicano KD, Falloon J. The effect of garlic
supplements on the pharmacokinetics of saquinavir. Clin Infect Dis (2002) 34, 234-8.

2. Jacek H, Rentsch KM, Steinert HC, Pauli-Magnus C, Meier PJ, Fattinger K. No effect of
garlic extract on saquinavir kinetics and hepatic CYP3A4 function measured by the
erythromycin breath test. Clin Pharmacol Ther (2004) 75, P80.

. Gallicano K, Foster B, Choudhri S. Effect of short-term administration of garlic
supplements on single-dose ritonavir pharmacokinetics in healthy volunteers. Br J Clin
Pharmacol (2003) 55, 199-202.

. Laroche M, Choudhri S, Gallicano K, Foster B. Severe gastrointestinal toxicity with
concomitant ingestion of ritonavir and garlic. Can J Infect Dis (1998) 9 (Suppl A), 76A.

5. Patel J, Buddha B, Dey S, Pal D, Mitra AK. In vitro interaction of the HIV protease

inhibitor ritonavir with herbal constituents: changes in P-gp and CYP3A4 activity. Am J

Ther (2004) 11, 262-77.
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The information regarding the use of garlic with rifampicin is
based on experimental evidence only.

Garlic + Rifampicin (Rifampin)

Clinical evidence
No interactions found.

Experimental evidence

In a study in rabbits, a garlic extract, produced from blended garlic
cloves (exact dosage unknown) and given orally over 14 days, did
not alter the AUC and maximum serum levels of a single 24-mg/kg
dose of rifampicin, when compared with the levels attained after a
single 24-mg/kg dose of rifampicin given 7 days before the garlic
extract.!

Mechanism
No mechanism expected.

Importance and management

Evidence appears to be limited to this one study in animals.
Nevertheless, what is known suggests that no changes in the dose of
rifampicin are likely to be needed if it is also taken with garlic.

1. Dhamija P, Malhotra S, Pandhi P. Effect of oral administration of crude aqueous extract

of garlic on pharmacokinetic parameters of isoniazid and rifampicin in rabbits.
Pharmacology (2006) 77, 100-4.

An isolated report described increases in the anticoagulant
effects of warfarin in two patients taking garlic supplements.
Another report described a decrease in anticoagulant effects of
fluindione in a patient taking garlic tablets. Garlic supplements
alone have also rarely been associated with bleeding. However,
in one study, aged garlic extract did not increase the INR or risk
of bleeding in patients taking warfarin.

Garlic + Warfarin and related drugs

Clinical evidence

(a) Fluindione
In an 82-year-old man stabilised on fluindione 5mg (dosage

frequency not stated) for chronic atrial fibrillation, the INR dropped
to below its usual range (2 to 3) when garlic tablets 600 mg daily
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were taken, and remained below 2 for 12 consecutive days despite
an increase in fluindione dosage to 10 mg. The INR returned to
normal, with an associated reduction in fluindione dose, when the
garlic tablets were stopped. He was also taking enalapril 20 mg,
furosemide 40mg and pravastatin 20 mg (dosage frequency not
stated).!

(b) Warfarin
The INR of a patient stabilised on warfarin more than doubled and
haematuria occurred 8 weeks after the patient started to take three
Hofels garlic pearles daily. The situation resolved when the garlic
was stopped. The INR rose on a later occasion while the patient was
taking two Kwai garlic tablets daily. The INR of another patient was
also more than doubled by six Kwai garlic tablets daily.23

In contrast, in a placebo-controlled study in 48 patients stabilised
on warfarin, there was no change in INR or evidence of increased
bleeding in those receiving 5mL of aged garlic extract (Kyolic)
twice daily for 12 weeks.4 Similarly, in a preliminary report of the
use of alternative and complementary medicines in 156 patients
taking warfarin, there was no apparent increased risk or bleeding or
raised INRs in 57 patients taking potentially interacting comple-
mentary medicines (garlic in 10%), compared with 84 who did not.s

Experimental evidence
No relevant data found.

Mechanism

Garlic has been associated with decreased platelet aggregation. See
antiplatelet drugs, page 199 for possible mechanisms. This effect on
platelet aggregation has, on at least two documented occasions, led
to spontaneous bleeding in the absence of an anticoagulant.6.” These
effects might therefore increase the risk of bleeding with antic-
oagulants. However, this would not cause an increase in INR, and
the mechanism for this effect in the cases seen is unknown.

Importance and management

Information about an adverse interaction between coumarin antic-
oagulants and garlic seems to be limited to these two reports, with
warfarin and fluindione. Bearing in mind the wide-spread use of
garlic and garlic products, the limited information from the reviews
and the study with aged garlic extract,* it seems most unlikely that
garlic usually has any generally important interaction with antic-
oagulants. Nevertheless, bear the possibility in mind in the event of
an unexpected response to treatment.

In addition, garlic may have some antiplatelet effects and,
although there appear to be no clinical reports of an adverse
interaction between garlic and antiplatelet drugs, it may be prudent
to consider the potential for an increase in the severity of bleeding if
garlic is given with anticoagulants. See Garlic + Antiplatelet drugs,
page 199.

. Pathak A, Léger P, Bagheri H, Senard J-M, Boccalon H, Montastruc J-L. Garlic
interaction with fluindione: a case report. Therapie (2003) 58, 380-1.

. Sunter W. Warfarin and garlic. Pharm J (1991) 246, 722.

. Sunter W. Personal communication. July 1991.

. Macan H, Uykimpang R, Alconcel M, Takasu J, Razon R, Amagase H, Niihara Y. Aged
garlic extract may be safe for patients on warfarin therapy. J Nutr (2006) 136 (Suppl 3),
793-5.

. Shalansky S, Neall E, Lo M, Abd-Elmessih E, Vickars L, Lynd L. The impact of
complementary and alternative medicine use on warfarin-related adverse outcomes.
Pharmacotherapy (2002) 22, 1345.

6. German K, Kumar U, Blackford HN. Garlic and the risk of TURP bleeding. BrJ Urol

(1995) 76, 518.

7. Rose KD, Croissant PD, Parliament CF, Levin MP. Spontaneous spinal epidural

hematoma with associated platelet dysfunction from excessive garlic ingestion: a case

report. Neurosurgery (1990) 26, 880-2.
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Ginger

Zingiber officinale Roscoe (Zingiberaceae)

Synonym(s) and related species

Gan Jiang, Zingiber.
Not to be confused with the wild gingers, which are
Asarum canadense L. and Asarum europaeum L.

Pharmacopoeias

Ginger (BP 2009, Ph Eur 6.4, USP 32); Ginger Capsules
(USP 32); Ginger Tincture (USP 32); Powdered Ginger
(USP 32).

Constituents

The constituents of ginger vary depending on whether fresh
or dried forms are used. Generally, ginger rhizomes contain
volatile oils of which zingiberene and bisabolene are major
components: zingerone, zingiberol, zingiberenol, curcu-
mene, camphene and linalool are minor components.

The rhizomes also contain gingerols and their derivatives,
gingerdiols, gingerdiones and dihydrogingerdiones. Sho-
gaols are formed from gingerols during drying, and together
these make up the pungent principles of ginger.

Ginger extracts have been standardised to contain a
minimum of 15 mL/kg of essential oil with reference to the
dried drug.

Use and indications

Ginger is thought to possess carminative, anti-emetic, anti-
inflammatory, antispasmodic and antiplatelet properties.
Both fresh and dried ginger are mainly used to settle the
stomach, to alleviate the symptoms of motion sickness and
to relieve morning sickness. Ginger has also been used in the
treatment of osteoarthritis and rheumatoid arthritis, and for
migraines.

Ginger is also an important culinary spice and the pungent
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properties of ginger have also been exploited for use in
cosmetics and soaps.

Ginger is a constituent of Trikatu, a medicine used in
Ayurvedic medicine in a ratio of 1:1:1 with Piper nigrum
and Piper longum, see pepper, page 313.

Pharmacokinetics

Detailed information on the pharmacokinetics of ginger in
humans is scarce but what has been found, in animals, is that
gingerol, a major constituent of ginger, is rapidly cleared
from plasma and elimination by the liver is involved.
Gingerol is also a substrate of several UDP-glucuronosyl-
transferases, which are major phase 2 metabolic enzymes
responsible for the metabolism of several drugs. Gut flora
also play a part in the metabolism of gingerol.!

Interactions overview

There are isolated cases of ginger increasing the response to
anticoagulant treatment with warfarin and related drugs, but
a controlled study did not confirm an interaction. A small
study showed antiplatelet effects for ginger that were
synergistic with those of nifedipine, but any effect needs
confirming.

For the interactions of ginger as a constituent of Trikatu, a
medicine used in Ayurvedic medicine, see Pepper +
Isoniazid, page 316, Pepper + NSAIDs, page 316, and
Pepper + Rifampicin (Rifampin), page 318. For the
interactions of ginger as a constituent of Chinese herbal
medicines, see under bupleurum, page 89.

1. Ali BH, Blunden G, Tanira MO, Nemmar A. Some phytochemical, pharmacologlcal and

tox1cologwal properties of ginger (Zingiber officinale Roscoe): a review of recent
research. Food Chem Toxicol (2008) 46, 409-20.



Ginger + Anticoagulants v

Evidence from pharmacological studies suggests that ginger does
not increase the anticoagulant effect of warfarin, nor does it alter
coagulation or platelet aggregation on its own. However, two
case reports describe markedly raised INRs with phenprocou-
mon and warfarin, which were associated with eating dried
ginger and drinking ginger tea. A prospective, longitudinal
study also reports an increased risk of self-reported bleeding
events in patients taking warfarin and ginger.

Clinical evidence

In a randomised, crossover study in 12 healthy subjects, 3 ginger
capsules taken three times daily for 2 weeks did not affect either the
pharmacokinetics or pharmacodynamics (INR) of a single 25-mg
dose of warfarin taken onday 7. The brand of ginger used was
Blackmores Travel Calm Ginger, each capsule containing an extract
equivalent to 400 mg of ginger rhizome powder. Moreover, ginger
alone did not affect the INR or platelet aggregation.!

However, a case report describes a rise in INR to greater than 10,
with epistaxis, in a woman stabilised on phenprocoumon several
weeks after she started to eat ginger regularly in the form of pieces of
dried ginger and tea from ginger powder. She was eventually
restabilised on the original dose of phenprocoumon, and was
advised to stop taking ginger.2 Another very similar case has been
described in a woman taking warfarin.3

Moreover, in a prospective, longitudinal study of patients taking
warfarin and a herbal product or dietary supplement, there was a
statistically significant increased risk of self-reported bleeding
events in patients taking warfarin and ginger (7 bleeds in
25 weeks, none of which was major: odds ratio 3.2).# No elevated
INRs were reported for the combination. Note that the number of
patients taking ginger was not reported, except to say it was less than
5% of 171 — so it was less than 8 patients. Also, the ginger products
used were not mentioned and some patients were taking more than
one potentially interacting supplement.

Experimental evidence
See under Mechanism below.

Mechanism

Ginger (Zingiber officinale) has sometimes been listed as a herb that
interacts with warfarins.¢ on the basis that in vitro it inhibits platelet
aggregation. However, this antiplatelet effect has generally not been
demonstrated in controlled clinical studies (three of which have been
reviewed?) although in one other study ginger had antiplatelet effects
that were synergistic with those of nifedipine,’ see nifedipine, below.

Importance and management

Evidence from a controlled study suggests that ginger does not
increase the anticoagulant effect of warfarin. Despite it being cited as
a herb that inhibits platelet aggregation, there is limited evidence that
it increases bleeding when given alone or with warfarin, and there
are just two case reports of markedly raised INRs with phenpro-
coumon and warfarin, which were associated with ginger root and
ginger tea. Because of the many other factors influencing antic-
oagulant control, it is not possible to reliably ascribe a change in
INR specifically to a drug interaction in a single case report without
other supporting evidence. It may be better to advise patients to
discuss the use of any herbal products that they wish to try, and to
increase monitoring if this is thought advisable. Cases of uneventful
use should be reported, as they are as useful as possible cases of
adverse effects.

. Jiang X, Williams KM, Liauw WS, Ammit AJ, Roufogalis BD, Duke CC, Day RO,
McLachlan AJ. Effect of ginkgo and ginger on the pharmacokinetics and
pharmacodynamics of warfarin in healthy subjects. Br J Clin Pharmacol (2005) 59,
425-32.

2. Kriith P, Brosi E, Fux R, Moérike K, Gleiter CH. Ginger-associated overanticoagulation

by phenprocoumon. Ann Pharmacother (2004) 38, 257-60.

3. Lesho EP, Saullo L, Udvari-Nagy S. A 76-year-old woman with erratic anticoagulation.
Cleve Clin J Med (2004) 71, 651-6.

. Shalansky S, Lynd L, Richardson K, Ingaszewski A, Kerr C. Risk of warfarin-related
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bleeding events and supratherapeutic international normalized ratios associated with
complementary and alternative medicine: a longitudinal analysis. Pharmacotherapy
(2007) 27, 1237-47.
. Argento A, Tiraferri E, Marzaloni M. Anticoagulanti orali e piante medicinali. Una
interazione emergente. Ann Ital Med Int (2000) 15, 139-43.
. Braun L. Herb-drug interaction guide. Aust Fam Physician (2001) 30, 473-6.
. Vaes LPJ, Chyka PA. Interactions of warfarin with garlic, ginger, ginkgo, or ginseng:
nature of the evidence. Ann Pharmacother (2000) 34, 1478-82.
8. Young H-Y, Liao J-C, Chang Y-S, Luo Y-L, Lu M-C, Peng W-H. Synergistic effect of
ginger and nifedipine on human platelet aggregation: a study in hypertensive patients
and normal volunteers. Am J Chin Med (2006) 34, 545-51.
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Ginger + Caffeine

For mention that sho-saiko-to (of which ginger is one of 7
constituents) only slightly reduced the metabolism of caffeine in
one study, see Bupleurum + Caffeine, page 90.

Ginger + Carbamazepine

For mention that saiko-ka-ryukotsu-borei-to and sho-saiko-to (of
which ginger is one of a number of constituents) did not affect the
pharmacokinetics of carbamazepine in animal studies, see
Bupleurum + Carbamazepine, page 90.

Ginger + Food

No interactions found. Ginger is extensively used as a food
ingredient.

Ginger + Herbal medicines

No interactions found.

Ginger + Isoniazid

For details of an animal study to investigate a possible interaction
between isoniazid and 7rikatu, an Ayurvedic medicine containing
ginger, black pepper and long pepper, see Pepper + Isoniazid,
page 316.

Ginger + Nifedipine v

A small study found that antiplatelet effects for ginger were
synergistic with those of nifedipine, but any effect needs
confirmation.

Evidence, mechanism, importance and management

In a small study in 10 hypertensive patients and another in 10
healthy subjects, ginger 1g daily for 7 days given with nifedipine
10 mg twice daily for 7 days inhibited platelet aggregation by up to
three times more than nifedipine alone.! In these studies, ginger
alone had similar antiplatelet effects to aspirin 75 mg (used as a
control), either alone, or given with nifedipine. Nifedipine alone also
had antiplatelet effects, but these were not as great as aspirin 75 mg
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alone. The ginger used in this study was dried, but no other details
about the preparation were given.

Calcium-channel blockers are not generally viewed as antiplatelet
drugs, and the finding of synergistic antiplatelet effects between
nifedipine and aspirin in this report and its clinical relevance needs
further study. Furthermore, this study suggests that ginger alone may
have similar antiplatelet effects to low-dose aspirin alone; however,
this antiplatelet effect has generally not been demonstrated in other
controlled clinical studies of ginger (three of which have been
reviewed?). Therefore, it is difficult to make any clinical recom-
mendations on the basis of this one small study. Further study is
clearly needed.

. Young H-Y, Liao J-C, Chang Y-S, Luo Y-L, Lu M-C, Peng W-H. Synergistic effect of
ginger and nifedipine on human platelet aggregation: a study in hypertensive patients
and normal volunteers. Am J Chin Med (2006) 34, 545-51.

. Vaes LPJ, Chyka PA. Interactions of warfarin with garlic, ginger, ginkgo, or ginseng:
nature of the evidence. Ann Pharmacother (2000) 34, 1478-82.
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Ginger + NSAIDs

Ginger + Ofloxacin

For mention that sairei-to and sho-saiko-to (of which ginger is one of
a number of constituents) do not affect the pharmacokinetics of
ofloxacin, see Bupleurum + Ofloxacin, page 90.

Ginger + Rifampicin (Rifampin)

For details of an interaction between rifampicin and Trikatu, an
Ayurvedic medicine containing ginger, black pepper and long
pepper, see Pepper + Rifampicin (Rifampin), page 318.

Ginger + Tolbutamide

For details of an animal study to investigate a possible interaction
between diclofenac and Trikatu, an Ayurvedic medicine containing
ginger, black pepper and long pepper, see Pepper + NSAIDs,
page 316.

For conflicting evidence from animal studies that sho-saiko-to (of
which ginger is one of 7 constituents) might increase or decrease the
rate of absorption of tolbutamide, see Bupleurum + Tolbutamide,
page 90.



Ginkgo

Ginkgo biloba L. (Ginkgoaceae)

Synonym(s) and related species

Fossil tree, Kew tree, Maidenhair tree.
Salisburia adiantifolia Sm., Salisburia biloba Hoftmanns.

Pharmacopoeias

Ginkgo (USP 32); Ginkgo capsules (USP 32); Ginkgo dry
extract, refined and quantified (BP 2009, Ph Eur 6.4);
Ginkgo leaf (BP 2009, Ph Eur 6.4); Ginkgo tablets (USP
32); Powdered ginkgo extract (USP 32).

Constituents

Ginkgo leaves contain numerous flavonoids including the
biflavone glycosides such as ginkgetin, isoginkgetin,
bilobetin, sciadopitysin, and also some quercetin and
kaempferol derivatives. Terpene lactones are the other
major component, and these include ginkgolides A, B and
C, and bilobalide, Ginkgo extracts may be standardised to
contain between 22 and 27% flavonoids (flavone glycosides)
and between 5 and 12% terpene lactones, both on the dried
basis. The leaves contain only minor amounts of ginkgolic
acids, and some pharmacopoeias specify a limit for these.

The seeds contain ginkgotoxin (4-O-methylpyridoxine)
and ginkgolic acids.

Use and indications

The leaves of ginkgo are the part usually used. Ginkgo is
often used to improve cognitive function in cases of
dementia and memory loss, and it has been investigated
for use in the treatment of Alzheimer’s disease. The
ginkgolides are thought to possess antiplatelet and anti-
inflammatory properties and it has been used for cerebro-
vascular and peripheral vascular disorders, tinnitus, asthma
and to relieve the symptoms of altitude sickness.

Ginkgo seeds contain some toxic constituents; neverthe-
less, they are used in China and Japan, including as a food.

Pharmacokinetics

The two main active components of ginkgo are flavonoids
and terpene lactones. For information on the pharmacoki-
netics of individual flavonoids present in ginkgo, see under
flavonoids, page 186. In contrast to the flavonoids, the
bioavailability of ginkgolide A and B (but not C) and
bilobalide is relatively high and a large proportion of the
dose is excreted unchanged in the urine.!

The effects of ginkgo on cytochrome P450 isoenzymes
appear to have been relatively well studied. It appears that
the flavonoid fraction of ginkgo has more of an effect on the
cytochrome P450 isoenzymes than the terpene lactones,?3
and the effect on these enzymes can be halted relatively
quickly when ginkgo is stopped.4

In vitro and rat studies?> have found that ginkgo may
have some modest effects on CYP1A2 (see also theophyl-
line, page 216). However, evidence from clinical studies
using the specific probe substrate caffeine suggests that this
is not clinically relevant with therapeutic doses of ginkgo.
See Ginkgo + Caffeine, page 211.

Similarly, in vitro and rat studies?-46-8 have suggested that
ginkgo affects CYP2C9, CYP2D6 and CYP1E2, but clinical
studies using the specific probe substrates tolbutamide,
page 217, for CYP2C9, dextromethorphan, page 213, for
CYP2D6, and chlorzoxazone, page 212, for CYP1E2 have
found no clinically relevant effect.

In contrast, in vitro findings suggesting that ginkgo may
affect CYP3A42469 and induce CYP2C92-46-8 are supported
by clinical studies with midazolam, page 210 and omepra-
zole, page 216, respectively. However, the effect of ginkgo
on CYP3A4 is unclear (induction and inhibition reported),
but any effect appears modest at best.

In vitro and rat studies#67 also suggest that ginkgo may
affect CYP2B6 and CYP2C8, but the clinical relevance of
this needs investigation.

Ginkgo is unlikely to affect the activity of P-glycoprotein
to a clinically relevant extent (see digoxin, page 213).

Interactions overview

Ginkgo appears to decrease the levels of omeprazole; it
seems likely that most other proton pump inhibitors will be
similarly affected. Some evidence suggests that diltiazem
and nifedipine levels may be raised by ginkgo, whereas
nicardipine levels may be reduced.

Isolated cases of bleeding have been seen when ginkgo
has been taken with conventional antiplatelet drugs, antic-
oagulants and NSAIDs, and some cases have occurred with
ginkgo alone, although a clinically relevant antiplatelet effect
for ginkgo alone is not established. Isolated case reports also
suggest that ginkgo may cause seizures in patients taking
phenytoin and/or valproate and one case had decreased
phenytoin and valproate levels. Phenobarbital levels do not
appear to be significantly affected, although this is based on
experimental data only. Isolated cases also describe coma in
a patient taking trazodone with ginkgo, priapism in a patient
taking ginkgo with risperidone, and CNS depression in a
patient taking ginkgo with valerian, although this case is
confused by alcohol consumption.

There are some animal data suggesting that ciclosporin
levels might be reduced by ginkgo, and it has been suggested
that the extrapyramidal adverse effects of haloperidol and the
ototoxic effects of amikacin may be enhanced by ginkgo.

Ginkgo does not appear to affect the pharmacokinetics/
metabolism of alprazolam, caffeine, chlorzoxazone, dextro-
methorphan, diclofenac, digoxin, donepezil, fexofenadine,
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flurbiprofen, lopinavir/ritonavir, midazolam, propranolol,
theophylline, or tolbutamide to a clinically relevant extent.

For a case of anxiety and memory deficits in a woman

taking several drugs and herbal medicines, including ginkgo,
see St John’s wort + Buspirone, page 365.

For information on the interactions of individual flavo-

noids present in ginkgo, see under flavonoids, page 186.
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Ginkgo + Aminoglycosides v

The interaction between ginkgo and amikacin is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

Ginkgo 100mg/kg (EGb 761) daily for 20days and amikacin
600 mg/kg daily for the first 14 days were given to rats. Amikacin-
induced ototoxicity developed earlier and to a greater level than that
caused by amikacin given alone. Ginkgo alone did not induce
ototoxicity.!

Mechanism
Unknown.

Importance and management

Ginkgo appears to accelerate the appearance of amikacin-induced
ototoxicity and to increase its ototoxic effects in rats. Because the
development of ototoxicity is cumulative, if ginkgo accelerates this
process, there is potential for ototoxicity to develop at a lower
cumulative dose. The available evidence is weak, but until more is
known it may be prudent to carefully consider the risks and benefits
of continuing ginkgo during treatment with drugs such as the
aminoglycosides.

1. Miman MC, Ozturan O, Iraz M, Erdem T, Olmez E. Amikacin ototoxicity enhanced by
Ginkgo biloba extract (EGb 761). Hear Res (2002) 169, 121-9.

Ginkgo + Antiepileptics v

Case reports describe seizures in three patients taking valproate,
or valproate and phenytoin, when ginkgo was also taken.

Clinical evidence

A 55-year-old man taking valproate and phenytoin for a seizure
disorder that developed following coronary artery bypass surgery
suffered a fatal breakthrough seizure while swimming a year later.
Analysis of his medical history showed that he had unexplained
subtherapeutic serum levels of valproate and phenytoin on three
occasions over the previous year. It was later found that the patient
had also been taking numerous vitamins, supplements and herbal
medicines without the knowledge of his physician, of which a
ginkgo extract was stated to be the most common ingredient.! The
only other herbal medicines named in the report were ginseng and
saw palmetto.

In another case, a 78-year-old man, whose epileptic seizures had
been well controlled by valproate 1.2 g daily for 7 years, suffered a
cluster of seizures after taking a ginkgo extract 120 mg daily for
2weeks for the management of mild cognitive impairment. The
ginkgo was stopped and the patient was reportedly seizure free
8 months later. All other medications taken by the patient remained
unchanged.2

An 84-year-old epileptic woman with severe dementia taking
valproate 1.2 g daily had been seizure free for 2 years. After taking a
ginkgo extract 120 mg daily for 12 days prescribed by her psych-
iatrist, she suffered a cluster of seizures, which were treated with
intravenous diazepam in the accident and emergency department.
The ginkgo extract was stopped on admission and the patient
remained free of seizures 4 months later. All other medications taken
by the patient were unchanged.?

Experimental evidence
No relevant data found.
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Mechanism

Unknown. Ginkgo seeds (nuts) contain the neurotoxin 4-O-
methoxypyridoxine (ginkgotoxin), which indirectly inhibits the
activity of glutamate decarboxylase, which in turn results in seizure
induction by lowering the levels of y-aminobutyric acid (GABA). A
large quantity of ginkgo nuts (about 70 to 80) alone have been
reported to be the cause of seizures in a healthy 36-year-old woman.?
However, leaf extracts would not generally be expected to contain
sufficient levels of this neurotoxin to be a problem.

Another possible mechanism is induction of the cytochrome P450
isoenzyme CYP2C19 by ginkgo. Phenytoin is a substrate of
CYP2C19 and therefore, in theory, ginkgo may increase the
metabolism of phenytoin and thereby reduce its levels. Ginkgo has
been seen to induce CYP2CI19 in clinical studies. See Ginkgo +
Proton pump inhibitors, page 216.

Importance and management

Evidence for an interaction between ginkgo and valproate and
phenytoin appears to be limited to case reports. The only case that
measured serum levels of these antiepileptics is complicated by the
use of numerous other supplements. An interaction is therefore by
no means established. Nevertheless, it may be prudent to consider
the possibility of reduced effects if a patient taking phenytoin and/or
valproate wishes also to take ginkgo.

For details of a possible interaction between ginkgo and
phenobarbital in animals see Ginkgo + Phenobarbital, page 215.

. Kupiec T, Raj V. Fatal seizures due to potential herb-drug interactions with Ginkgo
biloba. J Anal Toxicol (2005) 29, 755-8.

. Granger AS. Ginkgo biloba precipitating epileptic seizures. Age Ageing (2001) 30, 523—
5
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3. Miwa H, lijima M, Tanaka S, Mizuno Y. Generalised convulsions after consuming a
large amount of ginkgo nuts. Epilepsia (2001) 42, 280-1.
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Ginkgo biloba has been associated with platelet, bleeding and
clotting disorders, and there are isolated reports of serious
adverse reactions after its concurrent use with antiplatelet drugs
such as aspirin, clopidogrel and ticlopidine.

Ginkgo + Antiplatelet drugs

Clinical evidence

A study in 10 healthy subjects found no significant increase in the
antiplatelet effects of single doses of clopidogrel 75 mg or cilostazol
100 mg when a single dose of ginkgo 120 mg was added. However,
the bleeding time was significantly increased when cilostazol was
combined with ginkgo, although none of the subjects developed any
significant adverse effects.! Another study? in 8 healthy subjects
found that ginkgo 40 mg three times daily had no significant effect
on the pharmacokinetics of a single 250-mg dose of ticlopidine
taken on day 4.

A randomised, double-blind study in 55 patients with established
peripheral artery disease (PAD), or with risk factors for developing
PAD, found that the addition of ginkgo 300 mg (standardised extract
EGb 761) in divided doses to aspirin 325 mg daily did not have a
significant effect on platelet aggregation. Five of the patients taking
combined therapy reported nosebleeds or minor bleeding; however,
4 patients from the aspirin-only group also reported minor bleeding.3
Similarly, a study in 41 healthy subjects found that 120-mg ginkgo-
coated tablets (EGb 761) twice daily had no effect on the antiplatelet
activity of aspirin 500 mg daily given for 7 days. Minor bleeding
was seen in a few subjects but this was attributed to the use of
aspirin.4 In an analysis of supplement use, 23% of 123 patients were
currently taking supplements, and 4 patients were found to be taking
ginkgo and aspirin. However, no problems from this use were found
on review of the patients’ notes.’

Nevertheless, a number of cases of clinically significant bleeding
have been reported. A 70-year-old man developed spontaneous
bleeding from the iris into the anterior chamber of his eye within
one week of starting to take a ginkgo supplement (Ginkoba) tablet
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twice daily. He experienced recurrent episodes of blurred vision in
one eye lasting about 15 minutes, during which he could see a red
discoloration through his cornea. Each tablet contained 40 mg of
concentrated (50:1) extract of ginkgo. He was also taking aspirin
325mg daily, which he had taken uneventfully for 3 years since
having coronary bypass surgery. He stopped taking the ginkgo but
continued with the aspirin, and 3 months later had experienced no
recurrence of the bleeding. Another case reports persistent
postoperative bleeding from a hip arthroplasty wound, which
continued despite stopping aspirin. On closer questioning, the
patient had continued to take ginkgo extract 120mg daily
postoperatively. The oozing from the wound gradually reduced
when the ginkgo was stopped.

A search of Health Canada’s database of spontancous adverse
reactions for the period January 1999 to June 2003 found 21 reports
of suspected adverse reactions associated with ginkgo. Most of these
involved platelet, bleeding and clotting disorders. One report of a
fatal gastrointestinal haemorrhage was associated with ticlopidine
and ginkgo, both taken over 2 years along with other medications.
Another report was of a stroke in a patient taking multiple drugs,
including clopidogrel, aspirin and a herbal product containing
ginkgo.”

Experimental evidence

Ginkgo (EGb 761) 40 mg/kg daily had no effect on the antiplatelet
activity of ticlopidine 50 mg/kg daily when given to rats for 3 days.
However, when both were given for 5 days, the inhibition of platelet
aggregation was double that of ticlopidine given alone and the
bleeding time was increased by about 60%. Also, when given for
9 days, the combination was twice as effective at inhibiting thrombus
formation when compared with the same dose of ticlopidine alone.®

Mechanism

The reason for the bleeding is not known, but ginkgo extract
contains ginkgolide B, which is a potent inhibitor of platelet-
activating factor in vitro; this is needed for arachidonate-independent
platelet aggregation. However, in one controlled study in healthy
subjects, taking a ginkgo preparation alone for 2 weeks had no effect
on platelet function.? Nevertheless, there are case reports of ginkgo
supplements, on their own, being associated with prolonged
bleeding times,!0-12 left and bilateral subdural haematomas,!0.13 a
right parietal haematoma,'4 a retrobulbar haemorrhage,'s post-
laparoscopic cholecystectomy bleeding!¢ and subarachnoid haemor-
rhage.!! It seems that the effects of ginkgo and conventional
antiplatelet drugs can be additive, leading to bleeding complications
on rare occasions.

Importance and management

The evidence from these case reports is too slim to advise patients
taking aspirin, clopidogrel or ticlopidine to avoid ginkgo, but some
do recommend caution,” which seems prudent, especially as this is
generally advised with most combinations of conventional anti-
platelet drugs. There may also be a theoretical risk of increased
bleeding if ginkgo is taken with other antiplatelet drugs and
anticoagulants; interactions have been reported with NSAIDs, some
of which have antiplatelet effects, and with warfarin.

Consider also Ginkgo + NSAIDs, page 214 and Ginkgo +
Warfarin and related drugs, page 217.

. Aruna D, Naidu MUR. Pharmacodynamic interaction studies of Ginkgo biloba with
cilostazol and clopidogrel in healthy human subjects. Br J Clin Pharmacol (2007) 63,
333-8.

Lu W-J, Huang J-d, Lai M-L. The effects of ergoloid mesylates and Ginkgo biloba on
the pharmacokinetics of ticlopidine. J Clin Pharmacol (2006) 46, 628-34.

. Gardner CD, Zehnder JL, Rigby AJ, Nicholus JR, Farquhar JW. Effect of Ginkgo biloba
(EGDb 761) and aspirin on platelet aggregation and platelet function analysis among older
adults at risk of cardiovascular disease: a randomized clinical trial. Blood Coagul
Fibrinolysis (2007) 18, 787-93. -

Wolf HRD. Does Ginkgo biloba special extract EGb 761® provide additional effects on
coagulation and bleeding when added to acetylsalicylic acid 500mg daily? Drugs R D
(2006) 7, 163-72.

. Ly J, Percy L, Dhanani S. Use of dietary supplements and their interactions with
prescription drugs in the elderly. Am J Health-Syst Pharm (2002) 59, 1759-62.
Rosenblatt M, Mindel J. Spontaneous hyphema associated with ingestion of Ginkgo
biloba extract. N Engl J Med (1997) 336, 1108.

Griffiths J, Jordan S, Pilon S. Natural health products and adverse reactions. Can
Adverse React News (2004) 14, 2-3.
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8. Kim YS, Pyo MK, Park KM, Park PH, Hahn BS, Wu SJ, Yun-Choi HS. Antiplatelet and
antithrombotic effects of a combination of ticlopidine and Ginkgo biloba ext (EGb 761).
Thromb Res (1998) 91, 33-8.
9. Beckert BW, Concannon MJ, Henry SL, Smith DS, Puckett CL. The effect of herbal
medicines on platelet function: an in vivo experiment and review of the literature. Plast
Reconstr Surg (2007) 120, 2044-50.
10. Rowin J, Lewis SL. Spontaneous bilateral subdural hematomas associated with chronic
Ginkgo biloba ingestion. Neurology (1996) 46, 1775-6.

11. Vale S. Subarachnoid haemorrhage associated with Ginkgo biloba. Lancet (1998) 352,
36.

12. Bebbington A, Kulkarni R, Roberts P. Ginkgo biloba: persistent bleeding after total hip
arthroplasty caused by herbal self-medication. J Arthroplasty (2005) 20, 125-6.

13. Gilbert GJ. Ginkgo biloba. Neurology (1997) 48, 1137.

14. Benjamin J, Muir T, Briggs K, Pentland B. A case of cerebral haemorrhage — can
Ginkgo biloba be implicated? Postgrad Med J (2001) 77, 112—13.

15. Fong KCS, Kinnear PE. Retrobulbar haemorrhage associated with chronic Gingko [sic]
biloba ingestion. Postgrad Med J (2003) 79, 531-2.

16. Fessenden JM, Wittenborn W, Clarke L. Gingko biloba: a case report of herbal
medicine and bleeding postoperatively from a laparoscopic cholecystectomy. Am Surg
(2001) 67, 33-5.

Ginkgo + Benzodiazepines v

Ginkgo does not significantly affect the pharmacokinetics of
alprazolam. Studies with midazolam suggest that ginkgo may
increase, decrease or have no effect on its metabolism.

Clinical evidence

(a) Alprazolam

Ginkgo leaf extract 120 mg twice daily for 16 days was given to 12
healthy subjects before and with a single 2-mg dose of alprazolam
on day 14. The ginkgo preparation (Ginkgold) was standardised to
ginkgo flavonol glycosides 24% and terpene lactones 6%. The
alprazolam AUC was reduced by 17%, and the maximum
concentration was not significantly affected.!

(b) Midazolam

In 12 healthy subjects, ginkgo 60 mg four times daily for 28 days did
not affect the metabolism of midazolam 8 mg. The ginkgo prepar-
ation used was stated to contain 24% flavone glycosides and 6%
terpene lactones.2 These findings were repeated in a later study using
the same criteria in 12 elderly healthy subjects.3 In contrast, in
another similar study, ginkgo 120 mg twice daily modestly reduced
the AUC and maximum serum levels of a single 8-mg dose of
midazolam by about one-third. The ginkgo preparation was assayed,
and contained 29% flavonol glycosides and 5% terpene lactones.*
Furthermore, in yet another study in 10 healthy subjects, ginkgo
360 mg daily for 28 days increased the AUC of a single 8-mg dose
of oral midazolam by about one-quarter. The ginkgo preparation
used was Ginkgold, which was stated to contain 24% flavone
glycosides and 6% terpene lactones.5

Experimental evidence

In an experimental study, unfamiliar pairs of rats were placed
together in a novel arena for 10 minutes to determine the effects of
combined administration of ginkgo and diazepam on social
behaviour. Social contact between rats given ginkgo 96 mg/kg
(EGb 761) daily for 8 days and then a single injection of diazepam
1 mg/kg 30 minutes before testing, was significantly higher than
those given ginkgo or diazepam alone.6

Mechanism

Alprazolam and midazolam are probe substrates for the cytochrome
P450 isoenzyme CYP3A4. The studies here show that ginkgo has
minimal effects on this isoenzyme, the maximum effect on
midazolam being about a 33% reduction in AUC. However, it is
unusual for studies to show opposite effects (one of the studies found
a minor increase in midazolam AUC), and the reasons for this are
unclear, but may be to do with the methodology (use of midazolam
metabolic ratios rather than midazolam exposure, and length of
sampling time* and the fact that in one study the subjects had
previously received lopinavir/ritonavir for 30days, concurrently
with the ginkgo for 2 weeks, just 2 weeks before the midazolam#).



The reasons for the experimental findings are not understood but
ginkgo may interact with diazepam through its effects on the
y-aminobutyric acid (GABA) receptor.

Importance and management

The pharmacokinetic evidence here shows that alprazolam and
midazolam levels are not significantly affected by ginkgo, and no
clinically relevant interaction would be expected. The conflicting
finding of the metabolism of midazolam being slightly inhibited in
one study and slightly induced in another is, however, unexplained,
but either effect would be modest at the most. Alprazolam and
midazolam are used as a probe drugs for CYP3A4 activity, and
therefore these results also suggest that a clinically relevant
pharmacokinetic interaction as a result of this mechanism between
ginkgo and other CYP3A4 substrates is unlikely.

The clinical relevance of the possible interaction of ginkgo with
diazepam in rats is unknown.

. Markowitz JS, Donovan JL, DeVane CL, Sipkes L, Chavin KD. Multiple-dose
administration of Ginkgo biloba did not affect cytochrome P-450 2D6 or 3A4 activity in
normal volunteers. J Clin Psychopharmacol (2003) 23, 576-81.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Cytochrome P450 phenotypic ratios for predicting herb-drug interactions in humans.
Clin Pharmacol Ther (2002) 72, 276-87.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Clinical assessment of botanical supplementation on cytochrome P450 phenotypes in
the elderly: St John’s wort, garlic oil, Panax ginseng, and Ginkgo biloba. Drugs Aging
(2005) 22, 525-39.

. Robertson SM, Davey RT, Voell J, Formentini E, Alfaro RM, Penzak SR. Effect of
Ginkgo biloba extract on lopinavir, midazolam and fexofenadine pharmacokinetics in
healthy subjects. Curr Med Res Opin (2008) 24, 591-9.

5. Uchida S, Yamada H, Li DX, Maruyama S, Ohmori Y, Oki T, Watanabe H, Umegaki K,
Ohashi K, Yamada S. Effects of Ginkgo biloba extract on pharmacokinetics and
pharmacodynamics of tolbutamide and midazolam in healthy volunteers. J Clin
Pharmacol (2006) 46, 1290-8.

. Chermat R, Brochet D, DeFeudis FV, Drieu K. Interactions of Ginkgo biloba extract
(EGb 761), diazepam and ethyl B-carboline-3-carboxylate on social behaviour of the rat.
Pharmacol Biochem Behav (1997) 56, 333-9.
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Ginkgo + Buspirone

For a case of anxiety, with episodes of over-sleeping and memory
deficits in a woman taking fluoxetine and buspirone with St John’s
wort, ginkgo and melatonin, see St John’s wort + Buspirone,
page 365.
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Ginkgo does not appear to affect the pharmacokinetics of
caffeine.

Ginkgo + Caffeine

Clinical evidence

In 12 healthy subjects, ginkgo 60 mg four times daily for 28 days did
not affect the metabolism of caffeine 100 mg. The ginkgo prepar-
ation used was standardised to 24% flavone glycosides and 6%
terpene lactones.! These findings were repeated in a later study using
the same criteria in 12 elderly healthy subjects.2

Experimental evidence
No relevant data found.

Mechanism

This study shows that ginkgo has no clinically relevant effect on the
cytochrome P450 isoenzyme CYP1A2.

Importance and management

Evidence from studies in healthy subjects suggests that ginkgo does
not affect the metabolism of caffeine and is therefore unlikely to
increase its adverse effects. Caffeine is used as a probe drug for
CYPIA2 activity, and therefore these results also suggest that a
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pharmacokinetic interaction as a result of this mechanism between
ginkgo and other CYP1A2 substrates is unlikely.

1. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Cytochrome P450 phenotypic ratios for predicting herb-drug interactions in humans.
Clin Pharmacol Ther (2002) 72, 276-87.

2. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Clinical assessment of botanical supplementation on cytochrome P450 phenotypes in
the elderly: St John’s wort, garlic oil, Panax ginseng, and Ginkgo biloba. Drugs Aging
(2005) 22, 525-39.

Ginkgo + Calcium-channel blockers;

Diltiazem

The interaction between ginkgo and diltiazem is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

Ginkgo 20 mg/kg approximately doubled the AUC and maximum
serum levels of oral diltiazem 30 mg/kg when given to rats 1 hour
before diltiazem. Ginkgo 20 mg/kg had no significant effect on the
levels of intravenous diltiazem 3 mg/kg.!

Mechanism

The authors suggest that ginkgo may inhibit the activity of the
cytochrome P450 isoenzyme CYP3A4 or P-glycoprotein, both of
which would raise diltiazem levels by inhibiting its metabolism or
increasing its absorption, respectively.! However, in clinical studies,
ginkgo had no clinically relevant effect on the P-glycoprotein
substrate digoxin, page 213, or on the conventional CYP3A4 probe
substrate, midazolam, page 210.

Importance and management

An interaction between ginkgo and diltiazem has only been
demonstrated in one study in rats, and ginkgo does not appear to
have clinically relevant effects on the activity of P-glycoprotein or
on the metabolism of other CYP3A4 substrates such as the
benzodiazepines. Because the findings of animal studies cannot be
directly extrapolated to humans, further study is needed before any
specific recommendations can be made. Until more is known, bear
the possibility of an interaction in mind in the event of an
unexpected response to treatment.
1. Ohnishi N, Kusuhara M, Yoshioka M, Kuroda K, Soga A, Nishikawa F, Koishi T,
Nakagawa M, Hori S, Matsumoto T, Yamashita M, Ohta S, Takara K, Yokoyama T.
Studies on interactions between functional foods or dietary supplements and medicines.

1. Effects of Ginkgo biloba leaf extract on the pharmacokinetics of diltiazem in rats. Biol
Pharm Bull (2003) 26, 1315-20.

Ginkgo + Calcium-channel blockers;
Nicardipine

The interaction between ginkgo and nicardipine is based on
experimental evidence only.

Clinical evidence
No interactions found.

Experimental evidence

In an experimental study in rats, ginkgo extract 0.5% daily for
4 weeks significantly reduced the hypotensive effects of both oral
nicardipine 30 mg/kg and intravenous nicardipine 30 micrograms/
kg.! These findings were repeated in a later study in rats: ginkgo
extract 0.5% daily for 2 weeks reduced the maximum serum levels
and AUC of oral nicardipine 30 mg/kg by about 65%.2 The ginkgo
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extract contained 24% flavonoids (12% quercetin) and 9% terpene
lactones.

Mechanism

The authors suggested that ginkgo may induce the cytochrome P450
subfamily CYP3A, which would increase the metabolism of
nicardipine, a CYP3A4 substrate, and reduce its levels. However,
in contrast, studies with diltiazem, page 211 and nifedipine, below
have shown inhibition of CYP3A4 and increased levels. Moreover,
note also that clinically relevant CYP3A4 inhibition has not been see
with the conventional CYP3A4 probe substrate, midazolam,
page 210.

Importance and management

These experiments in rats suggest that ginkgo can significantly
reduce the levels of nicardipine by inducing CYP3A, but note that
there is experimental evidence of ginkgo increasing nifedipine and
diltiazem levels. Moreover, clinical studies with CYP3A4 substrates
such as the benzodiazepines, page 210, have not shown any
clinically relevant pharmacokinetic interaction. Because of this, and
because the doses used were higher than those used in humans, the
animal data here are unlikely to be of general clinical importance.
1. Shinozuka K, Umegaki K, Kubota Y, Tanaka N, Mizuno H, Yamauchi J, Nakamura K,
Kunitomo M. Feeding of Ginkgo biloba extract (GBE) enhances gene expression of
hepatic cytochrome P-450 and attenuates the hypotensive effect of nicardipine in rats.
Life Sci (2002) 70, 2783-92.
2. Kubota Y, Kobayashi K, Tanaka N, Nakamura K, Kunitomo M, Umegaki K, Shinozuka
K. Interaction of Ginkgo biloba extract (GBE) with hypotensive agent, nicardipine, in
rats. In Vivo (2003) 17, 409-12.

Ginkgo + Calcium-channel blockers;
Nifedipine

Ginkgo may increase the levels and some of the effects of
nifedipine.

Clinical evidence

In the preliminary report of a clinical study, 22 healthy subjects were
given ginkgo 120 mg daily for 18 days before a single 10-mg oral
dose of nifedipine. Ginkgo increased the levels of nifedipine by
about 50%.!

In another study, a single 240-mg dose of ginkgo extract did not
significantly affect the pharmacokinetics of a single 10-mg oral dose
of nifedipine when they were given at the same time to 8 healthy
subjects. However, the maximum level tended to increase (30%
increase), and two subjects experienced a doubling of nifedipine
maximum serum levels. In addition, the incidence and severity of
headaches, hot flushes and dizziness tended to be higher with the
combination when compared with nifedipine alone. Subjects also
experienced increased heart rate with the combination although the
decrease in blood pressure was unaffected.2 The ginkgo extract used
in this study contained 24% flavonoids and 6% terpene lactones.

Experimental evidence

In a study in rats, ginkgo extract 20 mg/kg increased the maximum
serum levels and AUC of an oral dose of nifedipine 5mg/kg by
about 60% when they were given at the same time.> Ginkgo extract
had no effect on the pharmacokinetics of intravenous nifedipine.

Mechanism

Experimental data’ have found that ginkgo has no significant effect
on the pharmacokinetics of intravenous nifedipine, suggesting that
ginkgo reduces the first-pass metabolism of nifedipine. Ginkgo may
therefore inhibit the cytochrome P450 isoenzyme CYP3A4, which
would reduce the pre-systemic metabolism of nifedipine, a CYP3A4
substrate, and increase its levels. Note that simultaneous adminis-
tration of single doses is probably insufficient to completely evaluate
CYP3A4 inhibition. Note also that clinically relevant CYP3A4
inhibition has not been seen with the conventional CYP3A4 probe

substrates such as midazolam. See Ginkgo + Benzodiazepines,
page 210.

Importance and management

Limited clinical data suggest that ginkgo may raise the levels of
nifedipine and increase its effects. Until more is known, some
caution might be warranted when they are used together. Monitor for
signs of nifedipine adverse effects such as headaches, hot flushes,
dizziness and palpitations. If they become apparent, advise the
patient to stop taking ginkgo.

. Smith M, Lin KM, Zheng YP. An open trial of nifedipine-herb interactions: nifedipine
with St. John’s wort, ginseng or Ginko [sic] biloba. Clin Pharmacol Ther (2001) 69,
Pg6.

. Yoshioka M, Ohnishi N, Koishi T, Obata Y, Nakagawa M, Matsumoto T, Tagagi K,
Takara K, Ohkuni T, Yokoyama T, Kuroda K. Studies on interactions between functional
foods or dietary supplements and medicines. IV. Effects of Ginkgo biloba leaf extract on
the pharmacokinetics and pharmacodynamics of nifedipine in healthy volunteers. Biol
Pharm Bull (2004) 27, 2006-9.

. Yoshioka M, Ohnishi N, Sone N, Egami S, Takara K, Yokoyama T, Kuroda K. Studies
on interactions between functional foods or dietary supplements and medicines. III.
Effects of Ginkgo biloba leaf extract on the pharmacokinetics of nifedipine in rats. Biol
Pharm Bull (2004) 27, 2042-5.
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Ginkgo does not appear to affect the pharmacokinetics of
chlorzoxazone.

Ginkgo + Chlorzoxazone

Evidence, mechanism, importance and management

In a study in 12 healthy subjects, ginkgo 60 mg four times daily for
28 days did not significantly affect the metabolism of chlorzoxazone
500mg. The ginkgo preparation used was standardised to 24%
flavone glycosides and 6% terpene lactones.! These findings were
repeated in a later study using the same criteria in 12 elderly healthy
subjects.?

Chlorzoxazone is used a probe substrate for the cytochrome P450
isoenzyme CYP2EI, and this study shows that ginkgo has no
clinically relevant effect on this isoenzyme. No action is necessary
with combined use, and no pharmacokinetic interaction would be
expected with other substrates of CYP2EI.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Cytochrome P450 phenotypic ratios for predicting herb-drug interactions in humans.
Clin Pharmacol Ther (2002) 72, 276-87.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Clinical assessment of botanical supplementation on cytochrome P450 phenotypes in
the elderly: St John’s wort, garlic oil, Panax ginseng, and Ginkgo biloba. Drugs Aging
(2005) 22, 525-39.
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The interaction between ginkgo and ciclosporin is based on
experimental evidence only.

Ginkgo + Ciclosporin

Clinical evidence
No interactions found.

Experimental evidence

In a study in rats, ginkgo extract 8 mL/kg (containing the flavonoid
quercetin 775 nanomol/kg) reduced the maximum serum levels and
AUC of oral ciclosporin by about 60% and 50% respectively, but
had no effect on the pharmacokinetics of intravenous ciclosporin.!

Mechanism

The authors suggest that the flavonoid component of ginkgo,
quercetin, might affect ciclosporin levels via its effects on P-
glycoprotein or cytochrome P450 isoenzyme CYP3A4. However, in
clinical studies, ginkgo had no clinically relevant effect on the P-
glycoprotein substrate digoxin, page 213, or on midazolam,
page 210, a CYP3A4 substrate.



Importance and management

The evidence for an interaction between ginkgo and ciclosporin is
limited to one study in rats. However, ginkgo contains flavonoids,
and of these quercetin has been implicated in modest interactions
with ciclosporin in other studies (see Flavonoids + Ciclosporin,
page 190 for more information). On this basis, while there is
insufficient evidence to suggest that concurrent use should be
avoided, there is the possibility that ginkgo may make ciclosporin
levels less stable as the quercetin content of different preparations is
likely to vary. Some caution might therefore be prudent on
concurrent use.

1. Yang CY, Chao PDL, Hou YC, Tsai SY, Wen KC, Hsiu SL. Marked decrease of

cyclosporin bioavailability caused by coadministration of ginkgo and onion in rats.
Food Chem Toxicol (2006) 44, 1572-8.
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Ginkgo does not appear to affect the metabolism of dextro-
methorphan.

Ginkgo + Dextromethorphan

Clinical evidence

Ginkgo leaf extract 120 mg twice daily for 16 days was given to 12
healthy subjects with a single 30-mg dose of dextromethorphan on
day 14. The ginkgo preparation (Ginkgold) contained ginkgo
flavonol glycosides 24% and terpene lactones 6%. There was no
change in the metabolism of dextromethorphan when it was taken
after the ginkgo.!

In 12 healthy subjects, ginkgo 60 mg four times daily for 28 days
did not significantly affect the metabolism of debrisoquine 5mg.
The ginkgo preparation used was standardised to 24% flavone
glycosides and 6% terpene lactones.? These findings were repeated
in a later study using the same criteria in 12 elderly healthy subjects.?

Experimental evidence

In in vitro experiments, low-dose and high-dose ginkgo modestly
decreased and increased the metabolism of dextromethorphan,
respectively.4s

Mechanism

Dextromethorphan is used as a probe substrate for the cytochrome
P450 isoenzyme CYP2D6, and the study shows that ginkgo has no
clinically relevant effect on this isoenzyme. Studies with debriso-
quine, another CYP2D6 substrate, also suggest that ginkgo does not
affect CYP2DG6.

Importance and management

The available evidence seems to reliably suggest that ginkgo does
not affect the pharmacokinetics of dextromethorphan. No action is
therefore needed on concurrent use.

Dextromethorphan is used as a probe drug for CYP2D6 activity,
and therefore these results (along with those for debrisoquine) also
suggest that a clinically relevant pharmacokinetic interaction
between ginkgo and other CYP2D6 substrates is unlikely.

. Markowitz JS, Donovan JL, DeVane CL, Sipkes L, Chavin KD. Multiple-dose
administration of Ginkgo biloba did not affect cytochrome P-450 2D6 or 3A4 activity in
normal volunteers. J Clin Psychopharmacol (2003) 23, 576-81.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Cytochrome P450 phenotypic ratios for predicting herb-drug interactions in humans.
Clin Pharmacol Ther (2002) 72, 276-87.

. Gurley BJ, Gardner SF, Hubbard MA, Williams DK, Gentry WB, Cui Y, Ang CYW.
Clinical assessment of botanical supplementation on cytochrome P450 phenotypes in
the elderly: St John’s wort, garlic oil, Panax ginseng, and Ginkgo biloba. Drugs Aging
(2005) 22, 525-39.

. Hellum BH, Nilsen OG. The in vitro inhibitory potential of trade herbal products on
human CYP2D6-mediated metabolism and the influence of ethanol. Basic Clin
Pharmacol Toxicol (2007) 101, 350-8.

. Hellum BH, Hu Z, Nilsen OG. The induction of CYP1A2, CYP2D6 and CYP3A4 by
six trade herbal products in cultured primary human hepatocytes. Basic Clin Pharmacol
Toxicol (2007) 100, 23-30.
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Ginkgo does not appear to affect the pharmacokinetics of
digoxin.

Ginkgo + Digoxin

Clinical evidence

A study in 8 healthy subjects found that ginkgo leaf extract 80 mg
three times daily had no significant effects on the pharmacokinetics
of a single 500-microgram dose of digoxin.!

Experimental evidence

In in vitro experiments, ginkgo modestly inhibited the cellular
transport of digoxin resulting in the intracellular accumulation of
digoxin.2

Mechanism

Digoxin is a P-glycoprotein substrate and in vitro studies? suggest
that ginkgo may inhibit the activity of this drug transporter protein,
which could lead to increased digoxin levels. However, this effect
was not seen clinically.

Importance and management

The clinical study suggests that ginkgo is unlikely to alter digoxin
levels in clinical use. Therefore no dosage adjustment would be
expected to be necessary if patients taking digoxin also wish to take
ginkgo. As digoxin is used as a probe substrate for P-glycoprotein,
this study also suggests that ginkgo is unlikely to interact with other
drugs that are substrates of P-glycoprotein. No action is necessary
with combined use.

. Mauro VF, Mauro LS, Kleshinski JF, Khuder SA, Wang Y, Erhardt PW. Impact of
Ginkgo biloba on the pharmacokinetics of digoxin. Am J Ther (2003) 10, 247-51.

. Hellum BH, Nilsen OG. In vitro inhibition of CYP3A4 metabolism and P-glycoprotein-
mediated transport by trade herbal products. Basic Clin Pharmacol Toxicol (2008) 102,
466-75.
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Ginkgo does not appear to alter the pharmacokinetics or effects
of donepezil.

Ginkgo + Donepezil

Evidence, mechanism, importance and management

In a pharmacokinetic study, 14 elderly patients with Alzheimer’s
disease were given donepezil 5 mg daily for at least 20 weeks, after
which ginkgo extract 90 mg daily was also given for a further
30days. Concurrent use did not affect the pharmacokinetics or
cholinesterase activity of donepezil, and cognitive function appeared
to be unchanged.! Therefore, over the course of 30 days, concurrent
use appears neither beneficial nor detrimental. No action is necessary
with combined use.

1. Yasui-Furukori N, Furukori H, Kaneda A, Kaneko S, Tateishi T. The effects of Ginkgo

biloba extracts on the pharmacokinetics and pharmacodynamics of donepezil. J Clin
Pharmacol (2004) 44, 538-42.
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Ginkgo does not appear to affect the pharmacokinetics of
fexofenadine.

Ginkgo + Fexofenadine

Evidence, mechanism, importance and management

In a clinical study, 13 healthy subjects took a single oral dose of
fexofenadine 120 mg after 4 weeks of twice-daily doses of ginkgo
120mg containing 29% flavonol glycosides and 5% terpene
lactones. The pharmacokinetics of fexofenadine were not signifi-
cantly affected.!
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Fexofenadine is a P-glycoprotein substrate and the findings of this
study therefore suggest that ginkgo does not affect P-glycoprotein
activity. No action is necessary with combined use.

1. Robertson SM, Davey RT, Voell J, Formentini E, Alfaro RM, Penzak SR. Effect of

Ginkgo biloba extract on lopinavir, midazolam and fexofenadine pharmacokinetics in
healthy subjects. Curr Med Res Opin (2008) 24, 591-9.

Ginkgo + Food

No interactions found.

Ginkgo + Haloperidol (4

Animal studies suggest that ginkgo may increase extrapyramidal
effects in response to haloperidol, but clinical studies do not
appear to have reported this effect.

Clinical evidence

Ginkgo has been tried in schizophrenia as an addition to standard
antipsychotics such as haloperidol. For example, in one clinical
study, an improvement in positive symptoms was seen in 43
schizophrenic patients given ginkgo extract 360 mg daily with
haloperidol 250 micrograms/kg daily for 12 weeks.! This study did
not report any adverse events.

Experimental evidence

High-dose ginkgo extract (EGb 761, Tebonin®), 80 mg/kg daily for
Sdays, significantly potentiated the cataleptic adverse effects of
haloperidol 2 mg/kg given to rats on the first and last day.2 The
cataleptic response to haloperidol is used as an animal model of
extrapyramidal adverse effects.

Mechanism

Unknown. Haloperidol is a dopamine D,-receptor antagonist. It is
thought that ginkgo may interfere with dopamine neurotransmission
by scavenging nitric oxide, which in turn reduces locomotor activity.

Importance and management

The authors of the experimental study caution that there is a
possibility of an increase in extrapyramidal effects when ginkgo is
used with haloperidol.2 However, their study in rats used high doses,
and there are clinical studies investigating the addition of ginkgo to
haloperidol that do not mention this adverse effect. Nevertheless, a
clinical study specifically of extrapyramidal effects would be
required to investigate this further. It may be prudent to be aware
of this possible interaction in case there is an unexpected outcome in
patients taking haloperidol and ginkgo.

. Zhang XY, Zhou DF, Su JM, Zhang PY. The effect of extract of Ginkgo biloba added to
haloperidol on superoxide dismutase in inpatients with chronic schizophrenia. J Clin
Psychopharmacol (2001) 21, 85-8.

. Fontana L, Souza AS, Del Bel EA, de Oliveira RMW. Ginkgo biloba leaf extract (EGb
761) enhances catalepsy induced by haloperidol and L-nitroarginine in mice. Braz J Med
Biol Res (2005) 38, 1649-54.
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Ginkgo + Herbal medicines; Valerian |4

A case report describes psychotic symptoms in a woman who
took ginkgo with valerian, but an interaction was not established
as the cause.

Clinical evidence

A 51-year-old woman taking valerian 1 to 2 g daily and an unknown
amount of ginkgo daily, and who regularly consumed over 1L of

wine daily, was admitted to hospital after a fainting episode and
changes in mental status. Over the next couple of days she exhibited
a variety of psychotic symptoms including paranoid delusions,
disorganised behaviour, anxiety and auditory hallucinations. Her
blood-alcohol level was zero on admission and there was no
evidence of alcohol withdrawal during her stay in hospital.!

Experimental evidence
No relevant data found.

Mechanism

Unclear. Valerian has been associated with CNS depressant effects
when given alone and ginkgo is used primarily to improve cognitive
function and memory loss. Alcohol, valerian and ginkgo were also
all being withdrawn at the same time. These factors make it difficult
to find the exact cause of the psychotic symptoms.

Importance and management

This appears to be the only case report in the literature and, because
of the multiple factors involved, such as a history of alcohol abuse, it
is difficult to assess its general importance. Bear this interaction in
mind in case of an adverse response to the combination of ginkgo
and valerian.

1. Chen D, Klesmer J, Giovanniello A, Katz J. Mental status changes in an alcohol abuser
taking valerian and Ginkgo biloba. Am J Addict (2002) 11, 75-7.
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An isolated case describes fatal intracerebral bleeding in a
patient taking ginkgo with ibuprofen, and another case describes
prolonged bleeding and subdural haematomas in another
patient taking gingko and rofecoxib. Studies with diclofenac
and flurbiprofen showed that ginkgo had no effect on the
pharmacokinetics of these drugs.

Ginkgo + NSAIDs

Clinical evidence

A case of fatal intracerebral bleeding has been reported in a 71-year-
old patient taking a ginkgo supplement (Gingium) 4 weeks after he
started to take ibuprofen 600 mg daily.! A 69-year-old man taking a
ginkgo supplement and rofecoxib had a subdural haematoma after a
head injury, then recurrent small spontaneous haematomas. He was
subsequently found to have a prolonged bleeding time, which
returned to normal 1 week after stopping the ginkgo supplement and
rofecoxib, and remained normal after restarting low-dose rofecoxib.2

A placebo-controlled study in 11 healthy subjects who were given
ginkgo leaf (Ginkgold) 120 mg twice daily for three doses, followed
by a single 100-mg dose of flurbiprofen, found that the
pharmacokinetics of flurbiprofen were unchanged.3

A study in 12 healthy subjects who were given diclofenac 50 mg
twice daily for 14 days, with ginkgo extract (Ginkgold) 120 mg twice
daily ondays 8 to 15, found no alteration in the AUC or oral
clearance of diclofenac.4

Experimental evidence
See Mechanism, below.

Mechanism

The reason for the bleeding is not known, but ginkgo extract
contains ginkgolide B, which is a potent inhibitor of platelet-
activating factor in vitro, which is needed for arachidonate-
independent platelet aggregation. However, in one controlled study
in healthy subjects, taking a ginkgo preparation alone for 2 weeks
had no effect on platelet function.5 Nevertheless, there are case
reports of ginkgo supplements, on their own, being associated with
prolonged bleeding times,s’ left and bilateral subdural haemat-
omas,o8 a right parietal haematoma,® a retrobulbar haemorrhage,!0
post-laparoscopic cholecystectomy bleeding!! and subarachnoid
haemorrhage.” Ibuprofen is an inhibitor of platelet aggregation, but



selective inhibitors of COX-2 such as rofecoxib have no effect on
platelets and would not be expected to potentiate any bleeding effect
of ginkgo.

The pharmacokinetic studies involving diclofenac and flurbipro-
fen were designed to identify whether ginkgo exerted an inhibitory
effect on cytochrome P450 isoenzyme CYP2C9, and confirm that
ginkgo has no effect on