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Disclaimer

Inclusion of a substance or preparation in Herbal Medicines is not to be
considered a recommendation for use, nor does it confer any status on the
substance or preparation. Although considerable efforts have been made to check
the material in Herbal Medicines, the authors and publisher make no
representation, express or implied, with regard to the accuracy of the
information contained in this book and cannot accept any legal responsibility
or liability for any errors or omissions that may be made. Also, the reader is
assumed to possess the necessary knowledge to interpret the information provided.

The views expressed in this book are those of the authors and do not represent
those of the UK Medicines and Healthcare products Regulatory Agency, European
Medicines Agency, World Health Organization, or any other institution or
organisation mentioned. Mention of specific product names is for clarity and
identification purposes and does not represent endorsement.
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' Preface to the Third Edition

This third edition of Herbal Medicines: A guide for healthcare
professionals comes a little over ten years after publication of the
first edition, and reflects continuing public, professional, research,
commercial and other interests in medicinal plants. At the same
time, there have been ongoing concerns surrounding the quality,
safety and efficacy of herbal medicinal products, and heightened
awareness of the need to protect the public against poor-quality
and unsafe products. Pharmacists, doctors, nurses, herbal-
medicine practitioners and other healthcare providers should be
knowledgeable about these issues and should be able to advise
patients and the public on the safe, effective and appropriate use
of herbal preparations; this book aims to provide pharmacists and
other healthcare professionals with summarised, yet sufficiently
detailed, scientific information to enable them to do so.

Herbal medicines continue to be a popular healthcare choice
with the general public not only for health maintenance and well-
being, minor ailments (e.g. coughs and colds), chronic conditions
(e.g. back pain) and serious chronic diseases (e.g. asthma, cancer,
depression, diabetes), but also for 'enhancement' of functions or
processes, such as the use of Ginkgo biloba products for memory
enhancement. The general public receives information on herbal
medicines through various sources, including popular magazines
and newspaper articles, as well as television, internet and other
sources of advertising literature provided by manufacturers. Much
of this information is presented uncritically, and targeted to the
consumer along with details of substantial price reductions on
products, including continuous sales promotions, that often are
the main recommendations for the products. There is an
increasing number of products that respond to the public demand
for so-called 'lifestyle' medicines, and manufacturers market, for
example, herbal alternatives to Viagra (sildenafil), 'slimming/
weight-loss' preparations, 'hangover' cures, and breast-enlarge-
ment products. Typically, these types of products are sold over the
internet without any assurance of their quality, safety and efficacy.

The last decade has seen several important developments with
respect to herbal medicines. The most significant of these has been
the introduction of a new regulatory framework for traditional
herbal medicines in the UK and the 27 other member states of the
European Union (EU) following the implementation in 2005 of the
EU Directive on Traditional Herbal Medicinal Products. Several
other countries worldwide have introduced new legislation to
regulate herbal medicinal products: Australia and Canada, for
example, have been particularly active in this respect. That the
regulatory landscape for herbal medicines has changed substan-
tially has required a full revision of the 'Introduction to the
Monographs', which in this edition can be found under 'How to
Use Herbal Medicines'; this now includes details of new
legislation in Europe and a summary of regulations for herbal
medicines in several other countries.

Although there are new regulations, in Europe there is a
transitional period until 2011 to allow manufacturers time to
comply with the new requirements, so issues relating to the
quality, safety and efficacy of herbal medicines are likely to
continue, even beyond the next edition of this book! Therefore,
with respect to quality, consumers and healthcare professionals
should be aware that the labels of unlicensed (unregulated) herbal

medicines may not reflect their actual contents, and that the
precise constituents of herbal medicines containing the same
herbal ingredient(s) but produced by different manufacturers are
likely to differ. The quality of herbal medicines (i.e. uniformity of
dose) is important for their efficacy: clinical trial results for a
particular herbal medicinal product cannot necessarily be
extrapolated to other products containing the same ingredient,
since their precise contents may differ. Details of herbal medicinal
products tested in clinical trials are provided in individual
monographs in this book. There is an increasing amount of
research comprising qualitative (i.e. the profile of chemical
constituents) and quantitative (quantity of chemical constituents)
analysis of herbal medicines and showing variations in the
contents of different manufacturers' products. For those herbal
ingredients for which there is substantial information, and for
commonly encountered herbal ingredients, we have summarised
the findings of these analyses in a new section in some
monographs on Quality of plant material and commercial
products (for examples, see the monographs on St John's wort
and Echinacea).

The quality of herbal medicines is also important as regards
their safety, and safety concerns with herbal medicines, including
intrinsic toxicity as well as problems due to adulteration and
contamination, continue to arise. This edition includes new
monographs on kava (Piper methysticum) and greater celandine
(Chelidonium majus) and a fully revised monograph on black
cohosh (Cimicifuga racemosa), all of which have been associated
with hepatotoxic reactions. The concurrent use of herbal and
other medicines remains a major concern for healthcare profes-
sionals because of the potential for important drug interactions.
Evidence of pharmacokinetic and pharmacodynamic interactions
between St John's wort (Hypericum perforatum) and 'conven-
tional' medicines emerged in the year 2000 and, since then, reports
have been made of interactions between other herbal medicines
and conventional medicines, typically those with a low therapeutic
index. At present though, there has been little formal clinical
research into interactions between herbal and other medicines,
and information relies mainly on spontaneous reports and, to
some extent, findings of in-vitro studies of the effects of certain
herbal medicines on cytochrome P450 drug-metabolising enzymes.
Information on known and potential interactions is summarised
in the Appendices to this book, and further information and detail
is provided in the individual monographs.

Continual vigilance and reporting of adverse effects, including
interactions and problems related to poor quality, associated with
herbal medicines is essential in order to detect safety issues as
soon as possible. In the UK, pharmacists and other state-
registered healthcare providers and, since 2005, patients and
consumers, can report suspected adverse drug reactions (ADRs)
associated with herbal medicines directly to the Medicines and
Healthcare products Regulatory Agency (MHRA) using 'yellow
card' report forms. These forms are included in the British
National Formulary and available on-line (see www.mhra.gov.uk),
and for the first time several are included in this book so that they
may be more readily at hand to healthcare professionals using this
book for information on adverse effects experienced and reported



to them by consumers and patients. Many other countries have an
ADR reporting scheme similar to that of the UK and encourage
reporting of suspected herbal ADRs, at least by healthcare
professionals. The World Health Organization's Uppsala Mon-
itoring Centre in Sweden receives such reports from over 70
countries, including Australia, Canada, France, Germany, New
Zealand, UK and the USA, and we have summarised this
information for a number of herbal medicines for which there
have been important safety concerns (see individual monographs).

The effects of herbal medicines are, of course, brought about by
their chemical constituents. It may not be fully recognised by some
individuals that while, for example, aspirin tablets contain a
measured quantity (within narrow limits) of a single active
chemical compound, tablets (and indeed other dosage forms) of a
herbal medicine typically contain a complex mixture of many
(hundreds or more) chemical compounds. In order to appreciate
the quality control and quality assurance procedures that are
essential for herbal medicinal products and to understand their
pharmacological and toxicological effects, it is necessary to be
aware of the different types of chemical constituents, e.g.
alkaloids, glycosides, flavonoids, etc, that may be present, as
well as the individual constituents in specific herbal medicines.
This edition includes two new features which provide this
information: chemical structural formulae are included with
virtually every monograph to supplement the textual information
on constituents, and a new chapter 'Chemical Constituents of
Plants Used as Herbal Medicines' has been added, which
summarises the different groups of natural product compounds
(e.g. alkaloids, glycosides, flavonoids, terpenes) that are present in
medicinal plants.

The first edition of this book provided information on herbal
medicines available in pharmacies in the UK, whereas we have
expanded the scope of this third edition to include new
monographs on herbal medicines that may not necessarily be
found in UK pharmacies but which are of public or professional
interest. Hence, this edition includes new monographs on

Acknowledgements

We are grateful to the following Pharmaceutical Press staff for
their active help and encouragement with this book: Tamsin
Cousins, Simon Dunton, Louise McIndoe, Karl Parsons, Linda
Paulus, Paul Weller and John Wilson. We also thank Marion
Edsall for her proofreading work, and Lida Teng, PhD student at
the School of Pharmacy, University of London, for administrative
assistance.

Photographs are included with kind permission of Thomas
Brendler (www.plantaphile.com, Germany). Some of the photo-
graphs were supplied to Plantaphile by Larry Allain, Pierre
Cabalion, Alvin Diamond, Ulrich Feiter, Trish Flaster, Nigel
Gericke, Michael Guiry, M]J Hatfield, Gary Kauffman, Diane
Robertson, Joachim Schmitz, Stan Shebs and Michael Wink.

In addition, the photograph of blue flag is reproduced with kind
permission of Brian Mathew, Royal Botanic Gardens, Kew, UK,
Honorary Research Associate, and the photograph of nettle with
kind permission of Dr Tom Cope, Royal Botanic Gardens, Kew,

UK.

Preface to the Third Edition Cix
A 4

butterbur (Petasites hybridus), greater celandine (Chelidonium
majus), kava (Piper methysticum) and rhodiola (Rhodiola rosea).
Kava has been prohibited in the UK since 2002 because of its
association with hepatotoxic reactions; we include a monograph
here as it is possible that consumers and patients in the UK may
obtain supplies from overseas. At least 10 existing monographs on
popular herbal medicines have been completely revised, sub-
stantial updates and revisions have been made to over 20 other
monographs, and minor amendments have been made to all
remaining monographs. In addition, in response to comments
from practising pharmacists, academics and other users of this
book, this edition includes photographs of the crude herbal drugs
which feature in the monographs as well as, for many
monographs, the plants from which they originate. Also for the
first time the individual monographs contain information from
several countries on marketed products containing the respective
herbal ingredients. We hope that these new features will be both
useful and pleasing to the eye! As always, keeping a book up to
date is a never-ending task, and the explosion in the scientific
literature on herbal medicines makes this ever more difficult. In
the last five years, there have been over 500 scientific papers
published on St John's wort alone, and it is impossible and
undesirable to describe each of them. The need for a book that
reviews and summarises all this information has, perhaps, never
been greater and we hope that this edition will provide healthcare
professionals with the information they need to be able to advise
their patients, competently and confidently, on the safe, effective
and appropriate use of herbal medicines.

Constructive criticism of the contents of Herbal Medicines is
welcome and may be used to assist in the preparation of any
future editions. The reader is asked to send any comments to the
publisher by post or email (pharmpress@rpsgb.org).

Joanne Barnes, Linda Anderson, David Phillipson
Auckland and London
May 2007
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medicinal product suppliers.
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' How to Use Herbal Medicines

Purpose and Scope

Herbal Medicines is intended to serve as a reference work for
pharmacists, doctors, nurses and other healthcare professionals,
assisting in their provision of advice on the use of herbal
medicines to members of the public. Herbal Medicines is not
intended to represent a guide to self-diagnosis and self-treatment
with herbal medicines, and should not be used as such.

The term 'herbal medicine' or 'herbal medicinal product' (or,
less frequently, 'herbal remedy') is used to describe a marketed
product, whereas 'herbal ingredient' refers to an individual herb
that is present in a herbal medicine. 'Herbal constituent' is used to
describe a specific chemical constituent of a herbal ingredient.
Thus, as examples, Valerian Tablets are a herbal product, valerian
root is a herbal ingredient, and valtrate is a herbal constituent of
valerian.

The main criterion for inclusion of a herbal ingredient in the
text is its presence in herbal medicines that are used in the UK,
particularly those which are sold through pharmacies. In addition,
herbs that have recently been the subject of media or scientific
interest have been included. The aim of Herbal Medicines is to
draw the attention of the reader to the reputed actions and uses of
herbal ingredients, and to whether or not these have been
substantiated by evidence from preclinical and/or clinical studies.
In addition, any known or potential toxicities of herbal
ingredients, and how these may influence the suitability for
inclusion in herbal medicines or for use with conventional
medicines, are also discussed.

Introduction to the Monographs

The introductory section to the 152 monographs on the individual
herbal ingredients contained in Herbal Medicines discusses the
legal aspects of herbal medicines including licensed medicines and
non-licensed products in the UK and within the European Union
(EU). All medicines are assessed for their quality, safety and

efficacy and, in the context of herbal medicines, there are often
specific criteria which are not encountered in the assessment of
other medicines. As a first line in ensuring the safety and efficacy
of herbal medicines there is a series of guidelines for quality
assessment and this is briefly discussed. In terms of safety, it is a
popular conception that because herbs are 'natural' then they must
also be safe. This is a misconception, and it is emphasised that
some herbal ingredients have the capability to cause adverse
effects, whilst some are decidedly toxic. Within the context of the
152 monographs on herbal ingredients, most have documented
adverse effects, or the potential to interact with other medication,
and few can be recommended for use during pregnancy.

Tables in the Introduction and appendices at the end of the
monographs summarise the safety aspects of these herbal
ingredients and give information on biologically active herbal
ingredients and their active principles. Clinical efficacy has not
been established for the majority of the herbal ingredients
described in this handbook and, in some instances, there is a
lack of documentation for chemical constituents and for
pharmacological actions.

The Herbal Monographs

Some 152 monographs on individual herbal ingredients found in
herbal products are included, the title used for the monograph
being their preferred common name. A data sheet-type format
was chosen for the monographs because it was felt important to
arrange the relevant information in a format familiar to
pharmacists, doctors, nurses and other healthcare professionals.
Although conventional data sheets are written for products, it was
decided to draw up the data sheets for herbal ingredients and not
for specific products, although where possible details are provided
of the specific products assessed in the studies discussed.

The headings used in the herbal monographs are listed below
with a brief explanation of the information provided under them.

Monograph title

Summary and Pharmaceutical Comment

Species (Family)

Synonym(s)

Part(s) Used

Pharmacopoeial and Other Monographs

UK Legal Category

Constituents

Common name for the herbal ingredient; if more than one common name exists,
this is the chosen preferred name.

This section is designed to give the reader an overall summary of the monograph
contents, indicating the extent of phytochemical, pharmacological and clinical
data available for the herbal ingredient, whether or not proposed herbal uses are
justified, concerns over safety and, based on this information, whether or not the
herbal ingredient is considered suitable for use as a herbal medicine

Preferred botanical name with authority, together with the plant family.
Other common or botanical names.

Plant part(s) traditionally used in herbal medicine.

Key pharmacopoeial monographs and texts on herbal medicines.

Legal category of the herb with respect to licensed products. For the majority of
herbal ingredients this will be the General Sales List (GSL).

Main documented chemical constituents grouped into categories such as alkaloids
(type specified), flavonoids, iridoid glycosides, saponins, tannins, triterpenes,
volatile oil and other constituents for miscellaneous and minor chemical
components.

table continues

%



2 How to Use Herbal Medicines

Chemical structural formulae

Quality of plant material and commercial products

Food Use

Herbal Use

Photographs

Dosage

Pharmacological Actions

Side-effects, Toxicity

Contra-indications, Warnings

Preparations

References

Chemical structural formulae are included for key constituents of herbal ingredients
for virtually every monograph. This information supplements the textual
information on constituents.

This section has been included for several herbal ingredients commonly
encountered in commercial products. It describes studies examining the variation
in phytochemical content of crude plant material and marketed products and other
aspects relating to product quality, such as differences between actual and labelled
content of commercial products.

Provides an indication as to whether the herbal ingredient is used in foods. The

Council of Europe (COE) category, which reflects the opinion of the COE on the
suitability of the herbal ingredient for use as a food flavouring, is quoted where

applicable.

States the reputed actions and uses of the herbal ingredients, based on information
from several sources. In some instances, current investigations of particular interest
are included.

Provided for most of the monographs for the crude drug substance and the plant
from which it originates. As we do not provide botanical, macroscopical or
microscopical descriptions, these photographs are for illustrative purposes only and
are not intended to be used for identification purposes.

States the traditional dose of the herbal ingredient, mainly from the British Herbal
Pharmacopoeia (BHP), German Commission E and European Scientific Co-
operative on Phytotherapy (ESCOP) monographs, giving doses for plant part used
(e.g. herb, rhizome, leaf), liquid extract and infusion. Where possible, dosages
typically used in clinical trials are included.

Describes any documented pharmacological actions for the herbal ingredient. This
is further divided into a section on In vitro and animal studies and a Clinical studies
section, which describes studies involving humans.

Details documented side-effects to the herbal ingredient and toxicological studies.
If side-effects or toxicity are generally associated with any of the constituents in the
herbal ingredient, or with its plant family, then these are mentioned here. See also
Table 1 and Table 2 in the Introduction.

Describes potential contra-indications and potential side-effects, and individuals
who may be more susceptible to a particular side-effect. This section should be
used in conjunction with Appendices 1-3. Comments on Pregnancy and lactation
are included; a summary is provided in Table 3 of the Introduction.

Describes product information from over 35 countries. Arranged in two sections,
the first section lists by country the proprietary names (product names) of
preparations containing the single herbal ingredient described in the monograph.
The second section lists by country products that contain multiple ingredients
including the herbal ingredient described in the monograph. Specific suppliers of
preparations are shown in Appendix 4 along with the supplier contact information
in Appendix 5.

References are included at the end of the text on each monograph. There is
considerable literature on herbal plants and general references have been selected
for use with the handbook. These General References, referred to as G1 to G88, are
listed after the Introduction. For some well-known herbal ingredients only general
references are cited. The majority of the monographs also contain specific
references which are cited at the end of each monograph.



Introduction

A general disillusionment with conventional medicines, coupled
with the desire for a 'natural' lifestyle has resulted in an increasing
utilisation of complementary and alternative medicine (CAM)
across the developed world.

A study of long-term trends in the use of CAM therapies in the
United States of America reported that the use of CAM therapies
has increased steadily since the 1950s." Use of CAM has
increased independent of gender, ethnicity and level of education,
but is more common in younger people. The use of herbal
medicine increased particularly in the 1970s and then again in the
1990s. The report concluded that the continuing demand for
CAM will affect delivery of healthcare for the foreseeable future.
More recent studies have confirmed that the prevalence of CAM
use has remained stable with about a third of US adults reported
to use CAM therapies.? The ten top-selling herbal products in
the US in 2004 have been reported as garlic, echinacea, saw
palmetto, ginkgo, soy, cranberry, ginseng, black cohosh, St John's
wort and milk thistle.” The continuing use of CAM has also been
reported in South Australia where in 2004, CAMs were reportedly
used by over 50% of the population.” Several other studies have
documented the growing use of CAM in the United Kingdom,
with the most common complementary therapies reported as
acupuncture, homeopathy, herbal medicine and manipulative
therapies, chiropractic and osteopathy.®

Estimates of the prevalence of CAM utilisation amongst the
general population in the UK range from 10.6%, for use of a
limited list of CAM therapies, to 46.6% for use of CAM therapies
or over-the-counter (OTC) CAM products.(7’8> In its report on
complementary and alternative medicine, the House of Lords
Select Committee on Science and Technology's Subcommittee on
Complementary and Alternative Medicine highlighted the lack of
comprehensive information on the use of herbal medicines in the
UK. Estimates of herbal medicine use are available, but it is
difficult to gauge usage accurately as many products are
considered to be food supplements. Nevertheless, a national
telephone survey of a nationally representative sample of 1204
British adults found that around 7% of those contacted had used
herbal medicines in the previous year."” In another cross-
sectional study, over 5000 randomly selected adults in England
were sent a postal questionnaire on their use of CAM.”” Around
20% of the respondents had bought an over-the-counter herbal
remedy in the previous 12 months.

Estimates of expenditure on herbal medicines vary, but data
generally show that the global market for herbal products has
grown rapidly in the past decade. In the USA, annual retail sales
of herbal medicines were estimated to be US$ 1.6 billion in
1994, and almost US$ 4 billion in 1998.""? However, since then
there have been reports that the US market has levelled off and in
some cases declined."™ Retail sales of herbal products in the
European Union (EU) were estimated to be US$ 7000 million in
1996.""% A detailed analysis of the European herbal medicines
market reported that Germany and France make up more than
70% of the market share.™ In 1997, total sales of herbal products
(using wholesale prices) were US$1.8 billion in Germany and US
$1.1 billion in France. In the UK, retail sales of herbal products
are reported to have increased by 43% in the period from 1994 to

1998, with retail sales of licensed herbal medicinal products
reported to be £50 million in 1998.?

Market reports from 2003 indicated a growth in the UK sales of
complementary medicines of almost 60% over the previous five
years with an estimated value of £130 million. Herbal medicines
were reported to represent 60% of the market."® Recent reports
indicate that the UK market has continued to expand by 45%
from 1999 to 2004, with sales of herbal medicines accounting for
more than 50%, having risen by 16% since 2002./"”

These figures demonstrate that herbal medicinal products are
being used increasingly by the general public on a self-selection
basis to either replace or complement conventional medicines.
Against this background of increasing usage of herbal medicines
by the public, a number of major public health issues have raised
concerns about these products and have highlighted the need for
healthcare professionals to have up-to-date scientific information
on the quality, safety and efficacy of these products. The
substitution of toxic Aristolochia species in traditional Chinese
medicines (TCM) has resulted in cases of serious renal toxicity
and renal cancer in Europe, China and America."® The
emergence of interactions between Hypericum perforatum (see
St John's wort) and certain prescription medicines has necessitated
regulatory action world-wide."”

Serious cases of liver damage including a number of fatalities
associated with the use of Piper methysticum (see Kava) have led
to restrictions on its use in many countries.“” Frequent reports of
the presence of toxic heavy metals and pharmaceutical substances
in Ayurvedic and traditional Chinese medicines reflect a global
problem of poor quality of many herbal products.*">*?

Pharmacists need to be able to advise the consumer on the
rational and safe use of all medicines. Studies in the UK, Australia
and the US show that pharmacists are frequently involved in the
supply of herbal medicines.® 2%

In order to fulfil this role, pharmacists need to be knowledge-
able about herbal medicines and should have access to reliable
information in order to advise patients and the public on the safe,
effective and appropriate use of herbal preparations. The need to
be reliably informed of the quality, safety and efficacy of herbal
medicines has been highlighted.””” Also, many other healthcare
professionals are becoming increasingly aware of their patients'
use of herbal medicines and need to be informed of the suitability
of these products for use as medicines.

This handbook brings together in one text a series of
monographs on 152 herbs commonly present in herbal medicinal
products sold through pharmacies in the UK. Three appendices
are also presented, grouping together herbs with specific actions,
and highlighting potential interactions with conventional medi-
cines.

As a preface to the monographs, an overview of UK and
European legislation concerning herbal products is provided,
together with issues pertaining to their quality, safety and efficacy.
In addition to retail purchase, herbs can be obtained by picking
the wild plant or from a herbal practitioner. This handbook does
not discuss the self-collection of plant material for use as a herbal
remedy or the prescribing of herbal medicines by herbal
practitioners.
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Herbal Medicines and Phytotherapy

Herbal medicines are also referred to as herbal remedies, herbal
products, herbal medicinal products, phytomedicines, phytother-
apeutic agents and phytopharmaceuticals. The use of herbal
medicines in an evidence- or science-based approach for the
treatment and prevention of disease is known as (rational)
phytotherapy. This approach to the use of herbal medicines
contrasts with traditional medical herbalism which uses herbal
medicines in a holistic manner and mainly on the basis of their
empirical and traditional uses. Although these two approaches —
traditional/holistic and rational/evidence-based — are entirely
different, in some instances they use the same terminology. For
example, traditional herbalism is also described as 'phytotherapy'
and refers to preparations of plant material as 'herbal medicines'.
Today, a continuum between these approaches exists and many
herbalists also use scientific evidence to support their traditional
use of herbal medicines. Plants have been used medicinally for
thousands of years by cultures all over the world. According to the
World Health Organization, 80% of the world's population uses
plant-based remedies as their primary form of healthcare;®? in
some countries, herbal medicines are still a central part of the
medical system, such as Ayurvedic medicine in India and
traditional Chinese medicine in China. Herbal medicine has a
long history and tradition in Europe.

Herbal medicines and homeopathic remedies are often
mistaken by the layperson to be similar. However, homeopathy
is based on the principle of 'like should be treated by like', and
involves the administration of minute doses of remedies that, in
larger doses, produce symptoms in a healthy person mimicking
those expressed by people who are ill. Many, but not all,
homeopathic remedies originate from plants. By contrast, herbal
medicine (phytotherapy) involves the use of dried plant material
or extracts of plant parts in therapeutic doses to treat the
symptoms exhibited. In this latter respect, it is similar to
conventional medicine.

Regulatory Controls on Herbal Medicines

Herbal medicinal products in Europe

Herbal products are available in all Member States of the
European Union (EU), although the relative size of their markets
varies between countries. Since the late 1980s, the regulation of
herbal products has been a major issue within the EU because of
the differences between Member States in the way herbal products
are classified and the difficulties this might present in the
completion of the single market for pharmaceuticals.

According to Council Directive 2001/83/EEC, as amended, a
medicinal product is defined as 'any substance or combination of
substances presented as having properties for treating or
preventing disease in human beings or any substance or
combination of substances which may be administered to human
beings with a view to restoring, correcting or modifying
physiological functions by exerting a pharmacological, immuno-
logical or metabolic action, or to making a diagnosis.'®"

Herbal products are considered as medicinal products if they
fall within the definition of the Directive. However, the legal
classification is complicated by the fact that in most Member
States herbal products are available both as medicinal products
with therapeutic claims and also as food/dietary supplements
without medicinal claims. The situation is further complicated in
that some Member States, including the UK (see Current
regulatory position of herbal products in the UK), have national

provisions which permit certain herbal medicinal products to be
exempt from the licensing provisions under specific conditions. In
general, in all Member States, herbal products are classified as
medicinal products if they claim therapeutic or prophylactic
indications.

The advent of the new pan-European marketing authorisation
system in 1993 raised questions with regard to herbal products
and, in particular, concerns that major differences in their
classification/assessment would hinder free circulation within
the EU. The new systems for marketing authorisations involve
three procedures: centralised, decentralised (mutual recognition)
and national.®*?*¥ The centralised procedure is mandatory for
biotechnology products and since November 2005 was mandatory
for orphan medicinal products and any medicinal product for
human use containing new active substances (i.e. one not
previously authorised in the Community) for the treatment of
AIDS, cancer, neuro-degenerative disease and diabetes.®” The
decentralised procedure or mutual recognition system involves
agreement of assessment between the Member States involved;
this procedure became compulsory from January 1998, for
products requesting authorisation in more than one Member
State. Since then, simultaneous national applications have been
possible, but the mutual recognition system automatically
becomes involved once an authorisation has been granted in the
first Member State. The original intention was to retain existing
national procedures for medicinal products requesting authorisa-
tion in a single Member State only. However, the European
Commission agreed that national procedures could continue for
bibliographic applications, including those for herbal products
until the harmonisation issues could be resolved.

In 1997, upon the initiative of the European Parliament, the
European Commission and the (then) European Medicines
Evaluation Agency (EMEA), now European Medicines Agency,
an ad hoc Working Group on Herbal Medicinal Products
(HMPWG) was established at the EMEA. The main thrust of
the HMPWG was the protection of public health by preparing
guidance to help facilitate mutual recognition of marketing
authorisations in the field of herbal medicines, and to minimise
CHMP (Committee on Human Medicinal Products) formerly the
Committee on Proprietary Medicinal Products (CPMP) arbitra-
tions.

A major study undertaken by the AESGP (Association of the
European Self-medication Industry) in 1998 at the request of the
European Commission confirmed the different approaches taken
by Member States in the regulation of herbal medicinal
products.”” Different traditions in the therapeutic use of herbal
preparations, coupled with different national approaches to their
assessment, have resulted in differences in the availability of some
herbal medicines. For example, ginkgo (Ginkgo biloba) is available
as a prescription-only medicine in some EU countries, but as a
food supplement in others. Similarly, St John's wort (Hypericum
perforatum) is accepted as a treatment for depression in some
Member States, but not in others.

The AESGP study revealed that, in general, herbal medicinal
products were either fully licensed with efficacy proven by clinical
trials or by bibliography (in accordance with Article 10.1 a (i) of
Council Directive 2001/83/EC), or that herbal products had a
more or less simplified proof of efficacy, according to their
national use. Furthermore, the study found major discrepancies
between Member States in the classification of individual herbal
preparations and products into one of these categories, as well as
in the requirements for obtaining a marketing authorisation
(product licence). The report highlighted the need for clarification



of the regulatory framework and harmonisation of the regulatory
requirements to ensure that herbal medicinal products could have
access to the single market for pharmaceuticals.

An important initiative in the harmonisation process has been
the formation of the European Scientific Cooperative on
Phytotherapy (ESCOP), an organisation representing national
associations for phytotherapy. ESCOP was founded in 1989 by six
EU national scientific associations with the objective of establish-
ing a scientific umbrella organisation to provide harmonised
criteria for the assessment of herbal medicinal products, to
support scientific research and contribute to the acceptance of
phytotherapy in Europe.®*%"

ESCOP now comprises 13 national associations across Europe,
and the American Botanical Council. The ESCOP Scientific
Committee has published 80 monographs for individual herbal
drugs; the monographs follow the European Summary of Product
Characteristics (SPC) format.®® The EMEA Herbal Medicinal
Products Working Party (HMPWP) formerly used the ESCOP
monographs as a basis for its work in developing core SPCs from
ESCOP monographs. The HMPWP has now been superseded by
the Herbal Medicinal Products Committee (HMPC) as discussed
below and the collaboration with ESCOP continues in accordance
with the new EU regulations.

New regulations for traditional herbal medicinal products
in the EU

From the late 1980s, the need for a new regulatory framework for
herbal products has been under discussion supported by the
European Parliament and the European Commission. It was
generally accepted that a significant number of herbal medicinal
products did not fulfil the requirements for marketing authoriza-
tions. In September 1999, the European Pharmaceutical Commit-
tee set up a working group of Member States to investigate the
possibility of a directive for traditionally used medicines. Work
commenced in April 2000 and a new EU Directive on Traditional
Herbal Medicinal Products 2004/24/EC came into force in April
2004 requiring Member States to implement registration schemes
by October 2005.%% The aim is to remove the differences which
create obstacles to the free movement of medicinal products in the
EU, while ensuring protection for public health. For unlicensed
herbal medicines legally on the market on 30 April 2004, the
Directive provides a seven-year transitional period to allow
companies time to meet the new requirements. The new Directive
provides a framework for the regulation of traditionally used
herbal medicinal products requiring them to meet specific and
appropriate standards of safety and quality and for the product to
be accompanied by suitable information to ensure its safe use.
Registered products are required to be suitable for self-medication
without the need for the intervention of a medical practitioner.
The normal requirement for medicines to be proven to be
efficacious, as required under Directive 2001/83/EC for a market-
ing authorisation, is replaced by a requirement to demonstrate 30
years' traditional use for the required medicinal indication; at least
15 years of this usage must have been within the EU.
Registration applications have to include a bibliographic review
of the safety data associated with the use of the herbal product in
a particular indication. In addition, this review will need to be
accompanied by an expert report on the safety data submitted.
The normal quality requirements applicable to licensed medicines
will apply, including good manufacturing practice (GMP) and
European Pharmacopoeia standards. Labelling and package
leaflets for registered products will be required to include
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information and instructions about the safe use of the product
and will include a statement to the effect that the product is based
on long-standing use. In addition to the herbal ingredients,
vitamins and minerals can be added provided that they are
ancillary to the herbal active ingredients. Manufacturers will be
required to have in place an adequate pharmacovigilance system
to maintain records of all suspected adverse drug reactions
(ADRSs) occurring world-wide and will have to report all ADRs to
the national regulatory licensing authority.

The Directive established a new European Committee at the
EMEA, the Committee on Herbal Medicinal Products (HMPC)
with responsibilities to prepare Community monographs and a
Community list of herbal substances. A Community herbal
monograph comprises the committee's scientific opinion on a
given herbal medicinal product, based on its evaluation of
available scientific data (well-established use) or on the historic
use of that product in the European Community (traditional use).
For some herbal medicinal products, the Community monograph
will cover both well-established use and traditional use. The
Community monographs are intended to assist harmonisation of
requirements for 'bibliographic' marketing authorisation applica-
tions. When the HMPC has produced a draft Community
monograph it is released for public consultation on the EMEA
website, usually for a period of three months. The comments
received are subsequently reviewed and the final version of the
Community herbal monograph is published.

The Community list will contain, for each herbal substance or
preparation, the indication, the specified strength and the
posology, the route of administration and any other information
necessary for the safe use of the herbal substance or preparation
used as an ingredient of a traditional medicinal product. The
Community list will provide a harmonised approach at EU level
for providing information on substance(s) or preparation(s) that
constitute traditional herbal medicinal products. The list will
cover substances and preparations that have been in medicinal use
for a sufficiently long time, and therefore considered not to be
harmful under normal conditions of use. List entries are also
released for public consultation on the EMEA website, usually for
a period of three months. Applicants for traditional registrations
can refer to the list rather than have to provide evidence of
traditional use and safety thus further simplifying the registration
procedure. Draft and adopted Community monographs are
available on the EMEA website.*”

A simplified registration scheme was introduced in the UK in
October 2005 for traditional herbal medicinal products. A new
advisory committee, the Herbal Medicines Advisory Committee
(HMAC), has been established to advise Health Ministers on
issues relating to registration of traditional herbal medicinal
products and the safety and quality of unlicensed herbal remedies.

Current regulatory position of herbal products in the UK

Herbal products are available in the UK through various retail
outlets, such as pharmacies, health-food shops, mail order
companies, supermarkets, department stores and, increasingly,
via the internet. Some herbal products consist solely of loose,
dried plant material; others are presented as pre-packaged
formulated products in a variety of pharmaceutical forms for
both internal (tablets, capsules, liquids) and external use (creams,
ointments) and may contain one or several herbal ingredients
which may be dried herbs or their extracts. The current regulatory
position is complicated by the fact that herbal products can fall
into one of three categories: licensed herbal products, those
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exempt from licensing and those marketed as food supplements.
In addition, from November 2003, the registration procedure for
traditional herbal medicinal products has introduced a further
category, that of 'registered products'.

The majority of herbal products are marketed without
medicinal claims either exempt from licensing (see Herbal
remedies exempt from licensing) or as food supplements. Those
supplied as food supplements are controlled under food legislation
whilst those exempt from licensing are controlled under medicines
legislation. Difficulties in defining the status of products
occupying the borderline between medicines and foods have
resulted in similar products being marketed in both these
categories. Provided the products were marketed without reference
to medicinal claims, the Medicines and Healthcare products
Regulatory Agency (MHRA; formerly Medicines Control Agency
(MCA)), the government body responsible for regulating medic-
inal products has, in the past, generally been satisfied that the
products were not subject to medicines legislation.*" However,
implementation of the definition of a medicinal product in
accordance with EC Directives has meant that greater emphasis is
now being placed on the nature of the herbal ingredients being
supplied as food supplements.

Licensed herbal medicinal products

Almost all of the licensed herbal medicines on the UK market have
been available for some time and most originally held Product
Licences of Right (PLR). Following the implementation of the UK
Medicines Act in 1971, Product Licences of Right were issued to
all medicinal products already on the market in September 1971,
however, scientific assessment was not undertaken at the time the
PLR was granted. A subsequent review of all PLRs for safety,
quality and efficacy took place culminating in 1990. During the
UK review of herbal medicinal products holding a PLR, the
Licensing Authority agreed to accept bibliographic evidence of
efficacy for herbal medicinal products which were indicated for
minor, self-limiting conditions.”” No evidence was required from
new clinical trials provided the manufacturers agreed to label their
products as 'a traditional herbal remedy for the symptomatic relief
of ..." and to include the statement 'if symptoms persist consult
your doctor'. The Licensing Authority considered it inappropriate
to relax the requirements for proof of efficacy for herbal medicinal
products indicated for more serious conditions. Thus, evidence
was required from controlled clinical trials for herbal medicinal
products indicated for conditions considered inappropriate for
self-diagnosis and treatment. Many features of the new traditional
use registration scheme are similar to those applied during the
review of PLRs.

The MHRA regulates medicinal products for human use in
accordance with The Medicines (Marketing Authorisations etc.)
Amendment Regulations 2005, (The Regulations)™ and the
Medicines Act 1968.*% The Medicines Act and secondary
legislation made under it remain the legal basis for other aspects
of medicines control including manufacturer and wholesale
dealers' authorisations, controls on sale and supply and controls
on promotion. Further explanation may be obtained by reference
to a chapter on herbal remedies in Dale and Appelbe's Pharmacy
Law and Ethics.™

Applications for marketing authorisations (product licences)
for new herbal products are assessed by the MHRA for quality,
safety and efficacy in accordance with EC and UK legislation.
Specific EC guidelines exist on the quality, specifications and

manufacture of herbal medicinal products.**™*® Few applications

for new marketing authorisations are successful and the
difficulties faced by herbal manufacturers in fulfilling the
regulatory requirements have led to the development of the new
simplified traditional use registration scheme outlined above. It
will continue to be possible to obtain a marketing authorisation
for a herbal medicinal product provided that the required data on
safety, quality and efficacy can be demonstrated.

Herbal remedies exempt from licensing

Under the Medicines Act, herbal remedies manufactured and sold
or supplied in accordance with specific exemptions set out in
Sections 12(1) or (2) or Article 2 of the Medicines (Exemptions
from Licences) (Special and Transitional Cases) Order 1971 (SI
1450)” are exempt from the requirement to hold product
licences. The exempt products are those compounded and
supplied by herbalists on their own recommendation, those
comprised solely of dried, crushed or comminuted plants sold
under their botanical name with no written recommendations as
to their use, and those made by a holder of a Specials
Manufacturing Licence on behalf of a herbalist.

The exemptions are intended, for example, to give herbal
practitioners the flexibility they need to prepare their own
remedies for individual patients without the burden of licensing,
and to enable simple dried herbs to be readily available to the
public. Supply of herbal remedies by herbal practitioners is not
affected by the new regulations on traditional medicines.
Proposals for the reform of the regulation of unlicensed herbal
remedies made up to meet the needs of individual patients are
currently under consideration.®”

At the present time, most manufactured over-the-counter herbal
medicines in the UK are sold under the exemptions provided for
by Section 12(2) of the Medicines Act. It has been recognised for
some time that the arrangements for unlicensed herbal medicinal
products do not afford sufficient protection for public health and
that there is a need to improve the regulatory position. The
MHRA is now of the view that the present regulatory
arrangements for unlicensed herbal medicines have significant
weaknesses.” The regime for unlicensed herbal products is
considered not to provide sufficient protection or information for
the public and there are no specific safeguards in place to ensure
adequate product quality and safety.®"

The all party House of Lords Select Committee on Science and
Technology concluded: 'We are concerned about the safety
implications of an unregulated herbal sector and we urge that
all legislative avenues be explored to ensure better control of this
unregulated sector in the interests of public bealth."

Evidence of the risks to public health have continued to emerge
and in September 2004 the Committee on Safety of Medicines
(CSM) repeated an earlier warning about their concerns in
relation to the poor quality of some traditional Chinese medicines
on the UK market.®?

The MHRA has indicated that it is the Government's intention
that, following the transitional period of the Traditional Use
Directive, Section 12 (2) would cease to provide a regulatory route
by which manufactured herbal medicinal products can reach the
market place without a traditional registration or product
licence.®?

Control of herbal ingredients in the UK

Most of the herbal ingredients used in licensed herbal medicines
have been used as traditional remedies for centuries without major



safety problems, and the majority is included in the General Sales
List (GSL).®* Potentially hazardous plants such as digitalis,
rauwolfia and nux vomica are specifically controlled under the
Medicines Act as prescription only medicines (POM),® and thus
are not available other than via a registered medical practitioner.
In addition, certain herbal ingredients are controlled under The
Medicines (Retail Sale and Supply of Herbal Remedies) Order
1977 SI 2130.°° This Order (Part 1) specifies 25 plants which
cannot be supplied except via a pharmacy, and includes well-
known toxic species, such as Areca, Crotalaria, Dryopteris and
Strophanthus. In Part 11, the Order specifies plant species, such as
Aconitum, Atropa, Ephedra and Hyoscyamus, which can be
supplied by ‘'herbal practitioners', and in Part III defines the
dosages and routes of administration permitted.

Legislation has been introduced to prohibit the use of
Aristolochia species or species likely to be confused with
Aristolochia in unlicensed medicines.”” These measures were
introduced in the wake of cases of serious toxicity and evidence
showing widespread substitution of certain ingredients in
traditional Chinese medicines with Aristolochia (see Quality,
Safety and Efficacy of Herbal Medicines).

Following cases of serious liver damage suspected to be
associated with its consumption Piper methysticum (see Kava)
was prohibited in unlicensed herbal medicines in January 2003.°%
The MHRA has also announced the need to update the list of
herbal ingredients subject to restrictions or prohibitions in use in
unlicensed medicines to take account of the herbal ingredients
used in traditional Chinese and Ayurvedic medicines.®”

Regulatory control of herbal medicines world-wide

The World Health Organization (WHQO) has conducted a recent
global survey on the regulatory control of herbal medicines and
has reported findings from 141 countries.®” This work provides a
valuable update to the earlier WHO reviews and illustrates the
wide differences in the approach to regulation between these
countries®%? The recent survey confirms that during the past
four years many countries have established, or initiated, the
process of establishing national policy and regulations regarding
herbal medicines. The most important challenges faced by
countries were those related to regulatory status, assessment of
safety and efficacy, quality control and safety monitoring. In
response to requests from Member States, WHO has resolved to
provide technical support for the development of methodology to
monitor or ensure product safety, efficacy and quality, preparation
of guidelines, and promotion of information exchange. WHO
guidelines have recently been developed in a number of important
areas including consumer information, pharmacovigilance and
good agricultural and collection practices (GACP).*%

Herbal products are well established as phytomedicines in some
countries, whereas in others they are regarded as foods, and
therapeutic claims are not allowed. In the context of this book, it
should be noted that many of the herbs included in the
monographs are of economic importance in some non-European
countries, particularly Australia, Canada and the USA.

In Australia, therapeutic goods for human use which are
imported or manufactured are subject to the Therapeutic Goods
Act, 1989 and all therapeutic goods imported into, supplied in or
exported from Australia must be included in the Australian
Register of Therapeutic Goods (ARTG).® Herbal medicines,
including traditional medicines such as Ayurvedic medicines and
traditional Chinese medicines (TCM) are regulated as comple-
mentary medicines. For the purpose of labelling requirements,
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herbs are included in the List of Australian Approved Names for
Pharmaceutical Substances, which is published by the Therapeutic
Goods Administration. The Australian system has a two-tiered
approach based on risk. Low risk medicines, which include most
complementary medicines, are included in the ARTG as listed
medicines. These medicines are not evaluated before they are
released on to the market, but are checked to ensure that they
comply with certain legislative requirements. Listed medicines
have limited therapeutic indications, for example health enhance-
ment, reduction in risk of a disease, disorder or condition,
reduction in frequency of a discrete event, aiding or assisting
management of a symptom, disease, disorder or condition, relief
of symptoms. Indications and claims referring to treatment,
management, cure or prevention of a disease, disorder, or
condition or reference to a serious form of a disease are generally
not permitted for listed medicines. Those medicines deemed to be
higher risk are assessed individually for safety, quality and efficacy
prior to marketing.

In Canada, new regulations, the Natural Health Products
Regulations, came into force in January 2004.” Products that fall
within the new regulations include herbal remedies, homeopathic
medicines, vitamins, minerals, traditional medicines, probiotics,
amino acids and essential fatty acids. The new regulations
introduce a system of product licensing, site licensing, GMP,
adverse reaction reporting and requirements for labelling. Persons
marketing products before January 2004 have a transition period
of two years to comply with the site licence requirements of the
regulations and those products with a valid Drug Identification
Number, from the previous regulatory regime, have six years to
obtain a product licence under the new regulations. Product
licence applications are assessed for safety and efficacy and
different types of claims can be proposed, e.g. therapeutic claims,
risk reduction claims or structure—function claims supported by
traditional use or non-traditional use.

In the USA, the majority of medicinal herbs and their products
are regulated like foods as dietary supplements, under the 1994
Dietary Supplement Health and Education Act (DSHEA).®%¢”
Whilst medicinal claims cannot be made for the products,
labelling may describe effects on general well-being. Unlike new
medicines, dietary supplements do not generally have to go
through review by the Food and Drug Administration for safety
and effectiveness or be approved before they can be marketed.
However, manufacturers must provide premarket notice and
evidence of safety for any supplements they plan to sell that
contain dietary ingredients that were not on the market before
DSHEA was passed. Concerns have been raised about the
effectiveness of the DSHEA legislation following the emergence
of major safety issues arising with unsafe ingredients e.g. ephedra,
lack of GMP, poor labelling and inadequate reporting of adverse
reactions.®””” In response, the FDA has announced the
development of strategies to monitor and evaluate product and
ingredient safety; to assure product quality (current good
manufacturing practice regulations (cGMP); and to improve
product labelling.”" 7%

It is apparent that not only is the regulation of medicinal herbs
different from one country to another, but also that the regulatory
processes are not necessarily ideal and are under current review.

Quality, Safety and Efficacy of Herbal Medicines

In order to ensure public health, medicinal products must be safe,
efficacious and of suitable quality for use. To obtain a marketing
authorisation (product licence) within the EU, manufacturers of
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herbal medicinal products are required to demonstrate that their
products meet acceptable standards of quality, safety and efficacy.

Quality

Over the past decade the quality of herbal products has continued

to be a major concern. The importance of quality in ensuring the

safety and efficacy of herbal products has been reviewed
C o 1(22,73-78)

extensively.

Problems with unregulated herbal products
The vast majority of quality-related problems are associated with
unregulated herbal products. There is substantial evidence that
many ethnic medicines, in particular, those used in traditional
Chinese medicine (TCM) and traditional Asian medicines
(Ayurvedic and Unani), lack effective quality controls and may
give rise to serious public health concerns. The problems include
deliberate or accidental inclusion of prohibited or restricted
ingredients, substitution of ingredients, contamination with toxic
substances and differences between the labelled and actual
contents. These problems are further compounded by demand
outstripping supply of good quality ingredients, confusing
nomenclature over plant species, cultural differences of view
over toxicity and traditional practices such as substituting one
ingredient for another having a reportedly similar action.
Although individual herbs present in traditional Chinese
medicines and traditional Asian medicines are not the subject of
monographs in this book, they do illustrate the problems that may
be associated with the quality and safety of herbal medicines.

Substitution and adulteration

Aristolochia Exposure to Aristolochia species in unlicensed herbal
medicines has resulted in cases of nephrotoxicity and
carcinogenicity in Europe, China, Japan and the USA."®
Concerns were first raised about the effects of products
containing aristolochic acids in Belgium where, since 1993,
over 100 cases of irreversible nephropathy have been reported
in young women using a preparation claimed to aid weight
loss. The nephrotoxicity was traced to the inadvertent use of
the toxic Aristolochia fangchi root in the formulation as a
substitute for Stephania tetrandra. Aristolochic acids, the toxic
components of Aristolochia species, are known to be
nephrotoxic, carcinogenic and mutagenic. The International
Agency for Research on Cancer classifies products containing
Aristolochia species as human carcinogens.”” Several of the
Belgian patients have subsequently developed urothelial cancer
as a result of exposure to the toxic aristolochic acids.®*%

Seven cases of nephropathy involving substitution of
Aristolochia fangchi and Stephania tetrandra have been
reported in France." Toxicity has also resulted from the
substitution of Aristolochia manshuriensis stem for the stem of
Clematis and Akebia species.™ In the UK, two such cases of
end-stage renal failure were reported in 1999.%%%¢) Other cases
have been reported in China (17 cases with 12 fatalities) and
Japan (ten cases of renal failure)."® Also, the FDA has
reported two cases of serious renal disease due to Aristolochia
being substituted for Clematis species in a dietary supple-
ment.®”

Substitution of one plant species for another, often of a
completely different genus, is an established practice in TCM.
Furthermore, herbal ingredients are traded using their
common Chinese Pin Yin names, and this can lead to
confusion. For example, the name Fang ji can be used to
describe the roots of Aristolochia fangchi, Stephania tetrandra

or Cocculus species, and the name Mu Tong can be used to
describe the stem of Aristolochia manshuriensis, Clematis or
Akebia species. The widespread substitution with Aristolochia
species in TCM products available in the UK was shown in a
MHRA study which reported the presence of aristolochic acids
in at least 40% of TCM products containing Fang ji and Mu
Tong.®¥

The problems associated with Aristolochia have prompted
regulatory action world-wide and new legislation has been
introduced in the UK to prohibit the use of Aristolochia species
in unlicensed medicines in the UK.®”

Despite warnings and an import alert issued by the US FDA
in 2001, products containing aristolochic acid were found to be
available on US websites in 2003.%% The MHRA has reported
that it continues to find products containing Aristolochia on
the UK market. In 2003, a product called Xie Gan Wan was
found to contain aristolochic acids and in December 2004,
tablets called Jingzhi Kesou Tanchuan were found to contain
Aristolochia fructus.®” Also in December 2004, the Hong
Kong authorities alerted other health authorities to a product
Shen Yi Qian Lie Hui Chin that contained aristolochic acids. In
December 2005, MHRA issued a warning about the possible
presence of Aristolochia species in African herbal remedies
available in the UK.

Digitalis Cases of serious cardiac arrhythmias were reported in the
USA in 1997 following the accidental substitution of plantain
with Digitalis lanata.®" Subsequent investigation revealed that
large quantities of the contaminated plantain had been shipped
to more than 150 manufacturers, distributors and retailers over
a two-year period.

Podophyllum Fourteen cases of podophyllum poisoning have been
reported from Hong Kong following the inadvertent use of the
roots Podophyllum hexandrum instead of Gentiana and
Clematis species.”® 1t is reported that this accidental
substitution arose because of the apparent similarity in
morphology of the roots.

Aconitum Cases of cardiotoxicity resulting from the ingestion of
Aconitum species used in TCM have been reported from Hong
Kong.®® In TCM, Aconitum rootstocks are processed by
soaking or boiling them in water in order to hydrolyse the
aconite alkaloids into their less toxic aconine derivatives.
Toxicity can, however, result when such processes are
uncontrolled and unvalidated. In the UK, the internal use of
aconite is restricted to prescription only.

Star Anise The dangers of confusing Chinese (Illicium verum
Hook.f.) and Japanese star anise (Illicium anisatum L.), have
been known for many years as the dried fruits cannot be
distinguished through visual examination. Japanese star anise
is similar to the Chinese variety but has been reported to cause
neurologic and gastrointestinal toxicities due to the presence of
anisatin.”*® In 2001 cases of poisoning were reported in the
Netherlands, Spain and France where Japanese star anise had
been accidentally used in place of Chinese star anise.”* "%
Several cases were epileptic-type seizures in babies who had
been given star anise infusions. This led to over 50 cases of
poisoning being reported, but there was no evidence that the
affected products had been imported into the UK. In the US,
seven cases of adverse neurologic reactions have been reported
among infants aged two weeks to three months who were
exposed to star anise tea.””



Adulteration with heavy metals/toxic elements and synthetic
drugs

The adulteration of ethnic medicines with heavy metals/toxic
elements and synthetic drugs continues to be a major interna-
tional problem. A comprehensive review in 1992 summarised test
results on products and case histories of patients who had
experienced toxic effects.”? Similar findings continue to be
reported and the potential impact on public health is signifi-
cant.”? In most cases involving synthetic drugs, the drugs are
undeclared in the product and only come to light when the user
experiences adverse effects which are sufficiently serious to
warrant medical intervention. Exposure to the undeclared drug
is revealed in the subsequent investigation of the clinical case. Of
particular concern is the deliberate addition of closely related
derivatives of pharmaceutical drugs, for example the use of
nitrosofenfluramine instead of fenfluramine in weight-loss pro-
ducts.*?

The situation with the heavy metals/toxic elements differs in
that whilst these ingredients may arise from the plant ingredients
themselves or be introduced as trace contaminants during
processing, they are also frequently added intentionally and
declared as ingredients within some TCM and Asian medicine
formulations. The Chinese Pharmacopoeia, for example, includes
monographs for realgar (arsenic disulfide), calomel (mercurous
chloride), cinnabaris (mercuric sulfide) and hydrargyri oxydum
rubrum (red mercuric oxide), and includes formulations for nearly
50 products that include one or more of these substances.'%”

A US survey in 1998 reported widespread inconsistencies and
adulterations in imported Asian medicines."®Y Of 260 imported
products tested, at least 83 (32%) contained undeclared
pharmaceuticals (most commonly ephedrine, chlorphenamine,
methyltestosterone and phenacetin) or heavy metals (lead, arsenic
or mercury). Another survey found evidence of a continuing
problem, with 10% of 500 OTC products testing positive for
undeclared drugs and/or toxic amounts of lead, mercury or
arsenic. "%

Elsewhere, health departments have reported similar conclu-
sions based on their findings. A survey conducted in Singapore
between 1990 and 1997 on TCM products reported that 42
different products were found to contain excessive amounts of
heavy metals (mercury, lead, arsenic) and that 32 different TCM
products were found to contain a total of 19 drugs.'® In total, 93
cases of excessive content of toxic heavy metals and undeclared
drugs were detected. The drugs detected included berberine,
antihistamines (chlorphenamine, promethazine, cyproheptadine),
non-steroidal anti-inflammatory drugs (diclofenac, indometacin,
ibuprofen), analgesic antipyretics (paracetamol, dipyrone), corti-
costeroids (prednisolone, dexamethasone, fluocinonide), sym-
pathomimetics agents (ephedrine), bronchodilators
(theophylline), diuretics (hydrochlorthiazide) and the antidiabetic
phenformin. A study in Taiwan found that more than 20% of
2609 products were found to be adulterated with synthetic drugs,
most commonly caffeine, paracetamol, indometacin and hydro-
chlorthiazide."%

Other examples of adulterated products come from a report
from the Singapore Ministry of Health which identified sildenafil
in two Chinese proprietary medicines,'” and a report from the
USA FDA which described the recall of a herbal product after
traces of chlordiazepoxide were found in the capsules."% In 2001,
the UK MCA reported presence of mercury (due to the inclusion
of cinnabaris) in samples of the product Shugan Wan on the UK
market.®”

Cases of toxicity associated with synthetic drugs present in
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ethnic medicines include a case of poisoning in Hong Kong
resulting from the use of a TCM product containing antic-
onvulsant agents (phenytoin, carbamazepine and valproate).1?”
In 2000, the USA FDA issued a public health warning on five
herbal products following adverse effects in patients.!'% The
products were found to contain the antihyperglycaemic prescrip-
tion drugs glibenclamide and phenformin. In March 2001, the UK
MCA reported a serious case of hypoglycaemic coma in a patient
who had taken a TCM product, Xiaoke Wan, which contained
glibenclamide. "%

Cases of toxicity associated with heavy metals in ethnic
medicines include a patient from Taiwan who developed a unique
syndrome of multiple renal tubular dysfunction after taking a
Chinese herbal medicine contaminated with cadmium."'” In the
USA, two cases of alopecia and sensory polyneuropathy resulting
from thallium in a TCM product have been reported.** In the
UK, cases have been reported of two patients with heavy metal
intoxication following ingestion of an Indian remedy containing
inorganic arsenic and mercury,"'? and of a patient with lead
poisoning after exposure to an Indian medicine containing toxic
amounts of lead, arsenic and mercury."*® In a case reported from
Macau, death of a 13-year-old girl from arsenic poisoning has
been linked with a Chinese herbal product Niu Huang Chieh Tu
Pien.!"¥

Evidence of this international problem continues to grow and a
substantial body of literature is now available. The adulteration of
Chinese and Ayurvedic herbal medicines with synthetic drugs and
toxic metals has been extensively reviewed.?!:2% 1137119

A survey of 70 Ayurvedic herbal medicinal products available in
Boston-area stores (US) found that 20% contained potentially
harmful concentrations of lead, mercury and/or arsenic."*” In
response to the many issues arising with herbal products the
MHRA has introduced a specific web page Herbal Safety News to
provide information on safety alerts.”” Regular notifications
concerning the presence of heavy metals/toxic elements and
pharmaceutical drugs in TCM/Ayurvedic products and steroids in
dermatological preparations are posted. Of particular concern in
recent years has been the discovery of TCM slimming products
containing potentially harmful ingredients such as fenfluramine,
nitrosofenfluramine, sibutramine, methylphenidate. In March
2004, the Agency was made aware of a UK case of irreversible
liver failure suspected to be caused by a product called 'Shubao-
Slimming Capsules'. The patient required a liver transplant. The
product was labelled as only containing botanical ingredients but
was found to contain undeclared nitrosofenfluramine, a drug
closely related to the prescription only medicine (POM),
fenfluramine. Nitrosofenfluramine is known to be toxic to the
liver. Other samples of Shubao tested were found to contain
nitrosofenfluramine and/or fenfluramine.

The MHRA has issued guidance to the public alerting them to
the specific concerns with TCM slimming products.”” In
September 2004, MHRA issued a press statement warning
consumers that the poor quality of some TCM products could
pose a health risk to those using them. The MHRA emphasised
that it continued to find examples of products containing the
prohibited ingredients Aristolochia and Ephedra as well as
products containing heavy metals/ toxic elements, prescription
drugs as well as human placenta and bat excreta.®?

Quality of regulated herbal products

Compared with conventional preparations, herbal medicinal
products present a number of unique problems when quality
aspects are considered. These arise because of the nature of the
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herbal ingredients, which are complex mixtures of constituents,
and it is well documented that concentrations of plant
constituents can vary considerably depending on environmental
and genetic factors. Furthermore, the constituents responsible for
the claimed therapeutic effects are frequently unknown or only
partly explained and this precludes the level of control which can
routinely be achieved with synthetic drug substances in conven-
tional pharmaceuticals. The position is further complicated by the
traditional practice of using combinations of herbal ingredients,
and it is not uncommon to have five herbal ingredients or more in
one product.

In recognition of the special problems associated with herbal
medicinal products, the CHMP (formerly CPMP) has issued
specific guidelines dealing with quality, specifications and
manufacture. These guidelines have recently been updated.®™*%
The EMEA HMPC has also issued guidance on Good Agricul-
tural and Collection Practice (GACP) for starting materials of
herbal origin."?" The CHMP guidelines highlight the need for
good control of both the starting materials and the finished
product, and emphasise the importance of good manufacturing
practice in the manufacture of herbal medicinal products.

The WHO has also published guidelines dealing with the
quality control of medicinal plant materials and on good
agricultural and collection practices (GACP). 122

European Pharmacopoeia

Since its creation in 1964, the European Pharmacopoeia (Ph Eur)
has devoted part of its work to the establishment of monographs
on herbal drugs which are used either in their natural state after
drying or extraction, or for the isolation of natural active
ingredients. The Ph Eur includes over 120 monographs on herbal
drugs, and a similar number of monographs are under develop-
ment. Many general methods of analysis are also described in the
Ph Eur, including tests for pesticides and for microbial
contamination. !*?

Herbal ingredients

Control of the starting materials is essential in order to ensure
reproducible quality of herbal medicinal products.*>”%'* The
following points are to be considered in the control of starting
materials.

Authentication and reproducibility of herbal ingredients The
problems associated with unregulated herbal products, as
illustrated above, highlight the major public health issues that
can arise when their herbal ingredients have not been
authenticated correctly. Herbal ingredients must be accurately
identified by macroscopical and microscopical comparison
with authentic material or accurate descriptions of authentic
herbs."* It is essential that herbal ingredients are referred to
by their binomial Latin names of genus and species; only
permitted synonyms should be used. Even when correctly
authenticated, it is important to realise that different batches
of the same herbal ingredient may differ in quality due to a
number of factors.

Inter- or intraspecies variation For many plants, there is
considerable inter- and intraspecies variation in constituents,
which is genetically controlled and may be related to the
country of origin.

Environmental factors The quality of a herbal ingredient can
be affected by environmental factors, such as climate, altitude
and growing conditions.

Time of harvesting For some herbs the optimum time of
harvesting should be specified as it is known that the
concentrations of constituents in a plant can vary during the
growing cycle or even during the course of a day.

Plant part used Active constituents usually vary between plant
parts and it is not uncommon for a herbal ingredient to be
adulterated with parts of the plant not normally utilised. In
addition, plant material that has been previously subjected to
extraction and is therefore 'exhausted' is sometimes used to
increase the weight of a batch of herbal ingredient.
Post-harvesting factors Storage conditions and processing
treatments can greatly affect the quality of a herbal ingredient.
Inappropriate storage after harvesting can result in microbial
contamination, and processes such as drying may result in a
loss of thermolabile active constituents.
Adulteration/substitution Instances of herbal remedies adult-
erated with other plant material and conventional medicines,
and the consequences of this, have been discussed above. In
particular, the serious public health consequences that may
arise from the substitution of herbal ingredients by toxic
Aristolochia species have been highlighted. Reports of herbal
products devoid of known active constituents have reinforced
the need for adequate quality control of herbal remedies.
Identity tests In order to try to ensure the quality of licensed
herbal medicines, it is essential not only to establish the
botanical identity of a herbal ingredient but also to ensure
batch-to-batch reproducibility. Thus, in addition to macro-
scopical and microscopical evaluation, identity tests are
necessary. Such tests include simple chemical tests, e.g. colour
or precipitation and chromatographic tests. Thin-layer chro-
matography is commonly used for identification purposes but
for herbal ingredients containing volatile oils a gas—liquid
chromatographic test may be used. Although the aim of such
tests is to confirm the presence of active principle(s), it is
frequently the case that the nature of the active principle has
not been established. In such instances chemical and chroma-
tographic tests help to provide batch-to-batch comparability
and the chromatogram may be used as a 'fingerprint' for the
herbal ingredient by demonstrating the profile of some
common plant constituents such as flavonoids.

Assay For those herbal ingredients with known active
principles, an assay should be established in order to set the
criterion for the minimum accepted percentage of active
substance(s). Such assays should, wherever possible, be specific
for individual chemical substances and high-pressure liquid
chromatography or gas—liquid chromatography are the meth-
ods of choice. Where such assays have not been established
then non-specific methods such as titration or colorimetric
assays may be used to determine the total content of a group of
closely related compounds.

Contaminants of herbal ingredients Herbal ingredients should

be of high quality and free from insects, other animal matter
and excreta. It is not possible to remove completely all
contaminants and hence specifications should be set in order to
limit them:
Ash values Incineration of a herbal ingredient produces ash
which constitutes inorganic matter. Treatment of the ash with
hydrochloric acid results in acid-insoluble ash which consists
mainly of silica and may be used to act as a measure of soil
present. Limits may be set for ash and acid-insoluble ash of
herbal ingredients.



Foreign organic matter It is not possible to collect a herbal
ingredient without small amounts of related parts of plant or
other plants. Standards should be set in order to limit the
percentage of such unwanted plant contaminants.

Microbial contamination Aerobic bacteria and fungi are
normally present in plant material and may increase due to
faulty growing, harvesting, storage or processing. Herbal
ingredients, particularly those with high starch content, may
be prone to increased microbial growth. It is not uncommon
for herbal ingredients to have aerobic bacteria present at 10°—
10% colony forming units per gram. Pathogenic organisms
including Enterobacter, Enterococcus, Clostridium, Pseudo-
monas, Shigella and Streptococcus have been shown to
contaminate herbal ingredients. It is essential that limits be
set for microbial contamination and the Ph Eur now gives non-
mandatory guidance on acceptable limits. %)

Pesticides Herbal ingredients, particularly those grown as
cultivated crops, may be contaminated by DDT (dichlorodi-
phenyltrichloroethane) or other chlorinated hydrocarbons,
organophosphates, carbamates or polychlorinated biphenyls.
Limit tests are necessary for acceptable levels of pesticide
contamination of herbal ingredients. The Ph Eur includes
details of test methods together with mandatory limits for 34
potential pesticide residues.!'??)

Fumigants Ethylene oxide, methyl bromide and phosphine have
been used to control pests which contaminate herbal
ingredients. The use of ethylene oxide as a fumigant with
herbal drugs is no longer permitted in Europe.

Toxic metals Lead, cadmium, mercury, thallium and arsenic
have been shown to be contaminants of some herbal
ingredients. Limit tests for such toxic metals are essential for
herbal ingredients.

Other contaminants As standards increase for the quality of
herbal ingredients it is possible that tests to limit other
contaminants such as endotoxins, mycotoxins and radio-
nuclides will be utilised to ensure high quality for medicinal
purposes.

Herbal products

Quality assurance of herbal products may be ensured by control of
the herbal ingredients and by adherence to good manufacturing
practice standards. Some herbal products have many herbal
ingredients with only small amounts of individual herbs being
present. Chemical and chromatographic tests are useful for
developing finished product specifications. Stability and shelf life
of herbal products should be established by manufacturers. There
should be no differences in standards set for the quality of dosage
forms, such as tablets or capsules, of herbal medicines from those
of other pharmaceutical preparations.

The quality of an unregulated herbal remedy will not have been
assessed by a Regulatory Authority and may thus potentially affect
the safety and efficacy of the product. In view of this, it may be
concluded that a pharmacist should only sell or recommend
herbal medicinal products that hold a product licence or a
traditional herbal medicine registration. However, the majority of
herbal medicinal products are only available as unlicensed
products. When deciding upon the suitability of such products,
a pharmacist should consider the intended use and the
manufacturer. It is highly likely that unlicensed herbal remedies
manufactured by an established pharmaceutical company will
have been subjected to suitable in-house quality control proce-
dures.
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Safety

As with all forms of self-treatment, the use of herbal medicinal
products presents a potential risk to human health.** 2 There
are concerns that the patient may be exposed to potentially toxic
substances either from the herbal ingredients themselves or as a
result of exposure to contaminants present in the herbal product.
Furthermore, self-administration of any therapy in preference to
orthodox treatment may delay a patient seeking qualified advice,
or cause a patient to abandon conventional treatment without
first seeking appropriate advice. Emerging evidence suggests that
herbal medicinal products may in some cases compromise the
efficacy of conventional medicines, for example through herb—
drug interactions.

The safety of all medicinal products is of the utmost
importance. All applications for marketing authorisations for
new medicines undergo extensive evaluation of their risks and
benefits and, once granted, licensed products are closely
monitored for the occurrence of suspected adverse effects. The
safety of herbal medicinal products is of particular importance as
the majority of these products is self-prescribed and is used to
treat minor and often chronic conditions.

The extensive traditional use of plants as medicines has enabled
those medicines with acute and obvious signs of toxicity to be well
recognised and their use avoided. However, the premise that
traditional use of a plant for perhaps many hundreds of years
establishes its safety does not necessarily hold true.** %127 The
more subtle and chronic forms of toxicity, such as carcinogenicity,
mutagenicity and hepatotoxicity, may well have been overlooked
by previous generations and it is these types of toxicities that are
of most concern when assessing the safety of herbal remedies.

A UK Medical Toxicology Unit conducted a study of
potentially serious adverse reactions associated with exposure to
traditional medicines and food supplements during 1991 to
1995."%8 Of 1297 enquiries from healthcare professionals, a total
of 785 cases were identified as possible (z = 738), probable (n =
35) or confirmed (7 = 12) cases of poisoning caused by traditional
medicines or food supplements. The report concluded that the
overall risk to public health from these types of products was low.
However, clusters of cases were identified that gave cause for
concern. Twenty-one cases of liver toxicity, including two deaths,
were associated with the use of traditional Chinese medicines,
although no causative agent was identified.

Potential hepatotoxicity associated with herbal medicines has
been discussed for some time."?” % Hepatotoxicity has been
reported with a number of herbal medicines (see monographs on
Black Cohosh, Chaparral, Comfrey, Ephedra, Kava). Teucrium
species (see Scullcap) have also been implicated in hepatotoxicity.
Following reports of serious cases of liver toxicity associated with
the use of Piper methysticum (see Kava), P. methysticum has been
prohibited in unlicensed medicinal products in the UK since
January 2003.°%

At the time of writing, MHRA was aware of 79 cases of liver
damage associated with the consumption of kava that have been
reported worldwide.®” Cases of hepatotoxicity associated with
the use of Black Cohosh have also been reported (see Black
Cohosh).®?

Intrinsically toxic constituents of herbal ingredients

Limited toxicological data are available on medicinal plants.
However, there exists a considerable overlap between those herbs
used for medicinal purposes and those used for cosmetic or
culinary purposes, for which a significant body of information
exists. For many culinary herbs used in herbal remedies, there is
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no reason to doubt their safety providing the intended dose and
route of administration is in line with their food use. When
intended for use in larger therapeutic doses the safety of culinary
herbs requires re-evaluation.

Culinary herbs Some culinary herbs contain potentially toxic
constituents. The safe use of these herbs is ensured by limiting
the amount of constituent permitted in a food product to a
concentration not considered to represent a health hazard.
Apiole The irritant principle present in the volatile oil of
parsley is held to be responsible for the abortifacient
action.®” Apiole is also hepatotoxic and liver damage has
been documented as a result of excessive ingestion of parsley,
far exceeding normal dietary consumption, over a prolonged
period (see Parsley).3!

B-Asarone Calamus rhizome oil contains P-asarone as the
major component, which has been shown to be carcinogenic in
animal studies."*" Many other culinary herbs contain low
levels of B-asarone in their volatile oils and therefore the level
of B-asarone permitted in foods as a flavouring is restricted.
The EMEA HMPC has concluded that in view of the toxicity
of a-and P-asarone, their concentration in herbal medicinal
products should be reduced to minimum and diploid varieties
should always be preferred. In analogy with the food
regulation (limitation of the intake of B-asarone from food
and alcoholic beverages), a limit of exposure from herbal
medicinal products of approximately 115 pg/day, i.e. about
2 ng/kg body weight/day could be accepted temporarily until a
full benefit—risk assessment has been carried out.!"**
Estragole (Methylchavicol) Estragole is a constituent of many
culinary herbs but is a major component of the oils of
tarragon, fennel, sweet basil and chervil. Estragole has been
reported to be carcinogenic in animals."*" The level of
estragole permitted in food products as a flavouring is
restricted. The EMEA HMPC has concluded that the present
exposure to estragole resulting from consumption of herbal
medicinal products (short time use in adults at recommended
posology) does not pose a significant cancer risk. Nevertheless,
further studies are needed to define both the nature and
implications of the dose—response curve in rats at low levels of
exposure to estragole. In the meantime exposure of estragole to
sensitive groups such as young children, pregnant and
breastfeeding women should be minimised. Toxicological
assessment of preparations for topical and external use needs
further investigation because data on absorption through the
skin are missing."*?

Safrole Animal studies involving safrole, the major component
of sassafras oil, have shown it to be hepatotoxic and
carcinogenic.!"®" The permitted level of safrole as a flavouring
in foods is 0.1 mg/kg.

Methyleugenol Methyleugenol is a constituent of many
culinary herbs and is present in small amounts in cassia bark
oil and clove oil (see Cassia, Clove). Chronic toxicity data on
methyleugenol show the compound to be a genotoxic
carcinogen. The EMEA HMPC has concluded that the present
exposure to methyleugenol resulting from consumption of
herbal medicinal products (short time use in adults at
recommended posology) does not pose a significant cancer
risk. Nevertheless, further studies are needed to define both the
nature and implications of the dose—response curve in rats at
low levels of exposure to methyleugenol. In the meantime,
exposure of sensitive groups, such as young children, pregnant
and breastfeeding women, to methyleugenol should be

minimised. Toxicological assessment of preparations for

topical and external use needs further investigation because
. . - 3

data on absorption through the skin are missing,"*¥

Other intrinsically toxic constituents Aristolochic acids are

reported to occur only in the Aristolochiaceae family. They
have been reported in Aristolochia species, and appear to occur
throughout the plant in the roots, stem, herb and fruit. The
aristolochic acids are a series of substituted nitrophenanthrene
carboxylic acids. The main constituents are 3,4-methylene-
dioxy-8-methoxy-10-nitrophenanthrene-1-carboxylic acid. Low
concentrations of aristolochic acids have been reported in
Asarum species, another member of the Aristolochiaceae
family. Aristolochic acids have been shown to be nephrotoxic,
carcinogenic and mutagenic."

Pyrrolizidine alkaloids are present in a number of plant
genera, notably Crotalaria, Heliotropium and Senecio. Many
of these plants have been used in African, Caribbean and South
American countries as food sources and as medicinal 'bush
teas'. Hepatotoxicity associated with their consumption is well
documented and has been attributed to the pyrrolizidine
alkaloid constituents.!** ') Pyrrolizidine alkaloids can be
divided into two categories based on their structure, namely
those with an unsaturated nucleus (toxic) and those with a
saturated nucleus (considered to be non-toxic).

Several herbs currently used in herbal remedies contain
pyrrolizidines; they include liferoot, borage, comfrey, coltsfoot
and echinacea (see individual monographs).

In addition to preclinical data, cases of human hepatotoxi-
city associated with the ingestion of comfrey have been
documented (see Comfrey). The concentrations of pyrrolizi-
dine alkaloids present in borage and coltsfoot are thought to be
too low to be of clinical significance, although the dangers
associated with long-term low-dose exposure are unclear. The
use of borage oil as a source of gamma-linolenic acid and as an
alternative to evening primrose oil is currently very popular.
The pyrrolizidine alkaloids identified in echinacea to date have
been of the non-toxic saturated type. In 2002, MHRA raised
concerns about a TCM product known as Qianbai Biyan Pian
available on the UK market containing Senecio scandens which
is reported to contain the unsaturated pyrrolizidine alkaloids,
senecionine and seneciphylline.®”

Benzophenanthridine alkaloids are present in bloodroot and
in prickly ash. Although some of these alkaloids have exhibited
cytotoxic properties in animal studies, their toxicity to humans
has been refuted (see Bloodroot).

Lectins are plant proteins that possess haemagglutinating
and potent mitogenic properties. Both mistletoe and pokeroot
contain lectins. Systemic exposure to pokeroot has resulted in
haematological aberrations. Mistletoe lectins may also inhibit
protein synthesis."*® (see Mistletoe and Pokeroot).

Viscotoxins, constituents of mistletoe, are low molecular
weight proteins which possess cytotoxic and cardiotoxic
properties.*® For many years, mistletoe preparations have
been used in Europe as cancer treatments. Clinical trials
carried out with Iscador, a product produced from the
naturally fermented plant juice of mistletoe, have concluded
that Iscador may exhibit some weak antitumour effects but
should only be used alongside conventional therapy in the
long-term treatment of cancer.

Lignans. Hepatotoxic reactions reported for chaparral have
been associated with the lignan constituents (see Chaparral).



Table 1
Potential adverse effect

Allergic (see Appendix 2, Table 11)
Hypersensitive

Phototoxic

Immune

Cardiac (see Appendix 2, Table 2)
Endocrine

Hypoglycaemic (see Appendix 2, Table 8)
Hyperthyroid

Hormonal (see Appendix 2, Table 9)
Mineralocorticoid

Oestrogenic; Anti-androgen

Irritant (see Appendix 2, Table 12)

Gastrointestinal

Renal
Toxic

Hepatotoxic/carcinogenic

Mitogenic
Cyanide poisoning

Convulsant

Saponins. Pokeroot also contains irritant saponins which
have produced severe gastrointestinal irritation involving
intense abdominal cramping and haematemesis. Systemic
exposure to these saponins has resulted in hypotension and
tachycardia. In May 1979, the US Herb Trade Association
requested that all its members should stop selling pokeroot as a
herbal beverage or food because of its toxicity.1*”

Diterpenes. The irritant properties of many diterpenes are
well documented and queen's delight contains diterpene esters
which are extremely irritant to all mucosal surfaces (see
Queen's Delight).

Cyanogenetic glycosides are present in the kernels of a
number of fruits including apricot, bitter almond, cherry, pear
and plum seeds. Gastric hydrolysis of these compounds
following oral ingestion results in the release of hydrogen
cyanide (HCN), which is rapidly absorbed from the upper
gastrointestinal tract and which can lead to respiratory failure.
It has been estimated that oral doses of 50mg of HCN,
equivalent to about 50-60 apricot kernels, can be fatal ™ (see
Apricot). However, variation in cyanogenetic glycoside content
of the kernels could reduce or increase the number required for
a fatal reaction. In the early 1980s a substance called amygdalin
was promoted as a 'natural' non-toxic cure for cancer.
Amygdalin is a cyanogenetic glycoside that is also referred to
as laetrile and 'vitamin By;'. Two near-fatal episodes of HCN
poisoning were recorded in which the patients had consumed
apricot kernels as an alternative source of amygdalin, due to
the poor availability of laetrile. Scientific research did not
support the claims made for laetrile, although a small number
of anecdotal reports suggested that laetrile may have some
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Examples of adverse effects that may occur with herbal ingredients

Constituent/Herbal ingredient

Sesquiterpene lactones: arnica, chamomile, feverfew, yarrow
Furanocoumarins: angelica, celery, wild carrot
Canavanine: alfalfa

Cardiac glycosides: pleurisy root, squill

Alfalfa, fenugreek

lodine: fucus

Triterpenoids: liquorice

Isoflavonoids: alfalfa; red clover
Saponins: ginseng, saw palmetto

Numerous compounds including anthraquinones (purgative),
capsaicinoids, diterpenes, saponins, terpene-rich volatile oils

Aescin: horse-chestnut; terpene-rich volatile oils

Pyrrolizidine alkaloids: comfrey, liferoot; p-asarone: calamus; lignans:
chaparral; safrole: sassafras; hepatotoxic constituents unconfirmed:
black cohosh, kava

Proteins: mistletoe, pokeroot
Cyanogenetic glycosides: apricot

Camphor/thujone-rich volatile oils

slight anticancer activity. As a result, legislation drawn up in
19841*Y restricted the availability of cyanogenetic substances
so that amygdalin can only be administered under medical
supervision.

Furanocoumarins are found predominantly in the families
Umbelliferae (e.g. parsley, celery), Rutaceae (e.g. bergamot,
Citrus species), Moraceae and Leguminosae. The furanocou-
marins occur as linear and branched forms: the most
commonly reported linear furanocoumarins are 8-methoxy-
psoralen, 5-methoxypsoralen (bergapten) and psoralen. The
furanocoumarins are phototoxic. Severe phototoxic reactions
have been reported in humans following the use of bergamot
oil in topical preparations. Severe phototoxic burns have been
reported in a Swedish patient following a visit to a suntan
parlour after ingestion of a large quantity of celery soup."'*? In
the UK, a patient developed severe phototoxicity during oral
photochemotherapy with psoralen and ultraviolet A (PUVA)
after eating a large quantity of soup made from celery, parsley
and parsnip."* The authors highlighted the potential hazards
of eating foods containing psoralens during PUVA therapy. In
the UK, the MCA received two reports describing severe skin
burns in patients who had been treated with TCM prepara-
tions derived from Psoralea corylifolia fruit."*¥

Volatile oils. See Precautions in specific patient groups,
Pregnant/breastfeeding mothers, below.

Herbal ingredients that may cause adverse effects

Examples of adverse effects that have been documented in humans
or animals for the herbal ingredients described in the monographs
are summarised in Table 1. These adverse effects include allergic,
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Table 2 Potential adverse effects of herbal ingredients listed in the monographs

Herb

Agnus Castus
Alfalfa

Aloes
Angelica
Aniseed
Apricot®
Arnica®
Artichoke
Asafoetida
Bayberry
Blue Flag
Bogbean
Boldo
Borage®
Broom
Buchu
Butterbur
Calamus®
Capsicum
Cascara
Cassia
Celery
Cereus
Chamomile, German
Chamomile, Roman
Chaparral
Cinnamon
Clove
Cohosh, Blue
Cola
Coltsfoot®
Comfrey®
Corn Silk
Cowslip

Damiana

Dandelion

Echinacea
Elecampane
Eucalyptus

Evening Primrose Oil
Eyebright

Feverfew

Frangula

Adverse effect

Allergic reactions

Systemic lupus erythematosus syndrome
Purgative, irritant to Gl tract

Phototoxic dermatitis

Contact dermatitis

Cyanide poisoning, seed

Dermatitis, irritant to Gl tract
Allergenic, dermatitis

Dermatitis, irritant

Carcinogenic to rats

Nausea, vomiting, irritant to Gl tract and eyes

Purgative, vomiting

Toxicity, irritant

Genotoxic, carcinogenic, hepatotoxic
Cardiac depressant

Irritant to Gl tract, kidney

Genotoxic, carcinogenic, hepatotoxic
Carcinogenic, nephrotoxic, convulsions
Irritant

Purgative, irritant to Gl tract
Allergenic, irritant

Phototoxic, dermatitis

Irritant to Gl tract

Allergic reactions

Allergic reactions

Dermatitis, hepatotoxic

Allergenic, irritant

Irritant

Irritant to Gl tract

Sleeplessness, anxiety, tremor
Genotoxic, carcinogenic, hepatotoxic
Genotoxic, carcinogenic, hepatotoxic
Allergenic, dermatitis

Allergenic

Convulsions

Allergenic, dermatitis
Allergenic, irritant
Allergenic, irritant

Nausea, vomiting

Mild indigestion, increased risk of epilepsy

Mental confusion, raised intraocular pressure

Allergenic, dermatitis

Purgative, irritant to Gl tract

Reasons/Comments

Canavanine, toxic amino acid
Anthraquinones
Furanocoumarins

Anethole in volatile oil
Cyanogenetic glycosides
Sesquiterpene lactones
Sesquiterpene lactones

Gum, related species

Fresh root, furfural (volatile oil)
In large doses

Volatile oil

Pyrrolizidine alkaloids
Sparteine (alkaloid)

Volatile oil

Pyrrolizidine alkaloids
B-Asarone in oil
Capsaicinoids
Anthraquinones
Cinnamaldehyde in volatile oil
Furanocoumarins

Fresh juice

Sesquiterpene lactones
Sesquiterpene lactones
Lignans

Cinnamaldehyde in volatile oil
Eugenol in volatile oil

Seeds poisonous

Caffeine

Pyrrolizidine alkaloids
Pyrrolizidine alkaloids
Quinones

High dose (one report only), quinones,
cyanogenetic glycosides

Sesquiterpene lactones
Polysaccharide
Sesquiterpene lactones

Volatile oil

Schizophrenic patients taking phenothiazines

Tincture
Sesquiterpene lactones

Anthraquinones

table continues



Table 2 continued

Herb

Fucus
Garlic

Ginseng

Golden Seal
Gravel Root®
Greater Celandine
Ground lvy
Guaiacum

Hops

Horehound, White
Horse-chestnut
Horseradish
Hydrangea
Hydrocotyle
Ispaghula

Jamaica Dogwood
Juniper

Lady’s Slipper
Liferoot®
Liquorice

Lobelia

Maté

Mistletoe
Motherwort
Nettle

Parsley
Pennyroyal
Pilewort®
Plantain

Pleurisy Root

Pokeroot

Prickly Ash, Southern

Pulsatilla®
Queen’s Delight®
Red Clover
Rhubarb
Rosemary

Sage

Sassafras®

Scullcap

Senega

Senna
Shepherd’s Purse
Skunk Cabbage

Adverse effect

Hyperthyroidism
Irritant to Gl tract, dermatitis

Mastalgia, vaginal bleeding, insomnia

Gastric upset

Genotoxic, carcinogenic, hepatotoxic
Hepatotoxic

Irritant to Gl tract, kidneys
Allergenic, dermatitis

Allergenic, dermatitis

Dermatitis, irritant

Nephrotoxic

Allergenic, irritant

Dermatitis, irritant to Gl tract
Phototoxic, dermatitis

Oesophageal obstruction, flatulence
Irritant, numbness, tremors

Irritant, abortifacient

Allergenic, dermatitis, hallucinations
Genotoxic, carcinogenic, hepatotoxic
Hyperaldosteronism

Nausea, vomiting, diarrhoea
Sleeplessness, anxiety, tremor
Hepatitis, hypotension, poisonous
Phototoxic dermatitis

Irritant

Irritant, hepatitis, phototoxic, abortifacient
Irritant, nephrotoxic, hepatotoxic
Irritant

Allergenic, dermatitis, irritant
Dermatitis, irritant, cardiac activity
Mitogenic, toxic, nausea, vomiting, cramp
Toxic to animals

Allergenic, irritant

Irritant to Gl tract

Oestrogenic

Purgative, irritant to Gl tract
Convulsions

Toxic, convulsant

Carcinogenic, genotoxic

Hepatotoxicity

Irritant to Gl tract
Purgative, irritant to Gl tract
Irritant

Itch, inflammation
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Reasons/Comments

lodine content
Sulfides

Various effects reported but species
unconfirmed (see Ginseng, Eleutherococcus)

Berberine, potentially poisonous
Pyrrolizidine alkaloids

Alkaloids

Pulegone in volatile oil

Lignans

Oleo-resin

Plant juice

Aescin

Glucosinolates

If swallowed with insufficient liquid
High doses

Volatile oil, confusion with savin
Pyrrolizidine alkaloids

Excessive ingestion

Lobeline (alkaloid)

Caffeine

Mixed herbal preparation
Volatile oil

Amines

Apiole in volatile oil, excessive ingestion
Pulegone in volatile oil
Protoanemonin

Mustard-type oil

Cardenolides

Lectins

Protanemonin

Diterpenes

Isoflavonoids

Anthraquinones

Camphor in volatile oil
Thujone, camphor in volatile oil
Safrole in volatile oil

Due to adulteration with hepatotoxic Teucrium
spp.

Saponins

Anthraquinones

Isothiocyanates

table continues
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Table 2 continued

Herb Adverse effect

Squill Irritant, cardioactive

St. John’s Wort Phototoxic

Tansy@ Severe gastritis, convulsions
Thyme Irritant to Gl tract

Wild Carrot Phototoxic, dermatitis
Yarrow Allergenic, dermatitis

Yellow Dock Purgative, irritant to Gl tract

“Not recommended for internal use.

cardiac, hepatic, hormonal, irritant and purgative effects, and a
range of toxicities. Some of the potential adverse effects of the
herbal ingredients which are the subject of the 152 monographs
are listed in Table 2. For further detailed information, including
literature references, the reader should consult individual mono-
graphs. The following few examples are illustrative of some of the
adverse effects caused by herbal ingredients.

Compfrey, coltsfoot Hepatotoxic reactions have been documented
for comfrey and coltsfoot. Both of these herbal ingredients contain
pyrrolizidine alkaloids, compounds known to be hepatotoxic.
However, it was later reported that the reaction documented for
coltsfoot may have in fact involved a herbal tea containing a
Senecio species rather than coltsfoot.”® The Senecio genus is
characterised by its pyrrolizidine alkaloid constituents.
Mistletoe, scullcap A case of hepatitis has been reported for a
woman who was taking a multi-constituent herbal product (see
Mistletoe). Based on the known toxic constituents of mistletoe
and other herbal ingredients present in the product, it was
concluded that mistletoe was the component responsible for the
hepatitis. Lectins and viscotoxins, the toxic constituents in
mistletoe, are not known to be hepatotoxic and no other reports
of liver damage associated with mistletoe ingestion have been
documented. The product also contained scullcap, which is
recognised to be frequently adulterated with a Teucrium species.
Hepatotoxic reactions have been associated with germander
(Teucrium chamaedrys) (see Scullcap).

Pokeroot Severe gastrointestinal irritation and haematological
abnormalities documented for pokeroot can be directly related to
the saponin and lectin constituents of pokeroot.””

Sassafras Hepatotoxicity has been associated with the consump-
tion of a herbal tea containing sassafras. The principal component
of sassafras volatile oil is safrole, which is known to be
hepatotoxic and carcinogenic."*”

Excessive ingestion

Ginseng Excessive doses of ginseng have been reported to cause
agitation, insomnia, and raised blood pressure and have been
referred to as abuse of the remedy. Side-effects have also been
reported for ginseng following the ingestion of recommended
doses, and include mastalgia and vaginal bleeding. However, the
reports are in the older literature, the products are poorly
described and a causal association with ginseng has not been
established (see Ginseng, Panax).

Liquorice Excessive ingestion of liquorice has resulted in typical
corticosteroid-type side-effects of oedema and hypertension (see
Liquorice).

Parsley Parsley volatile oil contains apiole which is structurally
related to the recognised hepatocarcinogen, safrole. Ingestion of
apiole has resulted in a number of cases of fatal poisoning,'*"

Reasons/Comments

Saponins

Hypericin

Thujone in volatile oil
Thymol in volatile oil
Furanocoumarins
Sesquiterpene lactones

Anthraquinones

Hypersensitivity reactions

Chamomile Sesquiterpene lactones are known to possess aller-
genic properties. They occur predominantly in herbs of the
Compositae (Asteraceae) family, of which chamomile is a member.
Hypersensitivity reactions have been reported for chamomile and
other plants from the same family (see Chamomile, German,
Chamomile, Roman). Cross-sensitivity to other members of the
Compositae family is well recognised. The EMEA HMPC has
issued a public statement proposing the following SPC statement
for chamomile products: 'Hypersensitivity reactions to (German)
chamomile (e.g. contact dermatitis) are very rare. Cross reactions
may occur in people with allergy to compositae (e.g. artemisia/
mugwort). Very rarely severe allergic reactions (anaphylactic
shock, asthma, facial oedema and urticaria) following internal use
have been reported.'*)

Feverferw The sesquiterpene lactones present in feverfew are
considered to be the active principles in the herb. It is unknown
whether documented side-effects for feverfew, such as mouth
ulcers and swollen tongue, are also attributable to these
constituents (see Feverfew).

Phototoxic reactions

Parsley Furanocoumarins, compounds known to cause phototoxic
reactions, are constituents of parsley. Excessive ingestion of
parsley has been associated with the development of photo-
sensitive rash which resolved once parsley consumption ceased
(see Parsley)."*"

Precautions in specific patient groups

Pregnant/breastfeeding mothers Few conventional medicines have
been established as safe to take during pregnancy and it is
generally recognised that no medicine should be taken unless the
benefit to the mother outweighs any possible risk to the foetus.
This rule should also be applied to herbal medicinal products.
However, one of the major problems is that herbal products are
often promoted to the public as being 'natural' and completely
'safe' alternatives to conventional medicines. A survey of 400
pregnant Norwegian women found that 36% had used herbal
products during pregnancy."*® This finding was higher than in
other published studies from western countries. Of those women
having used herbal products in pregnancy, nearly 40% used herbal
products that the authors considered possibly harmful or where
information on safety in pregnancy was missing. Interestingly,
43% of the women used herbal galactagogues and this is of
concern as there is limited information on the safety of such
products to the mother or infant (see Breastfeeding mothers
below). The lack of information about the safety of herbal
medicines during pregnancy is recognised.'*”
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Table 3 Herbal ingredients best avoided or used with caution during pregnancy. Absence of a herbal ingredient from this list does not signify
safety and, as with all medicines, herbal remedies should only be used where the perceived benefit outweighs any possible risk. For a number of
herbs the chemistry and pharmacology are poorly documented and their use in pregnancy should be avoided. Some of the herbs listed are
reputed to be abortifacient or to affect the menstrual cycle although no recent clinical or experimental data exist. In view of the potential serious

effects caution in their use is advised.

Herb

Agnus Castus
Aloes

Apricot
Asafoetida

Avens

Blue Flag
Bogbean

Boldo

Boneset

Borage

Broom

Buchu

Burdock
Butterbur
Calendula
Cascara
Chamomile, German
Chamomile, Roman
Chaparral
Cohosh, Black
Cohosh, Blue
Cola

Coltsfoot
Comfrey

Cornsilk

Damiana
Eucalyptus
Euphorbia
Fenugreek
Feverfew
Frangula

Fucus

Gentian

Ginseng, Eleutherococcus
Ginseng, Panax
Golden Seal
Ground vy
Hawthorn

Hops

Horehound, Black
Horehound, White

Horseradish

Effect

Hormonal action

Cathartic, reputed abortifacient

Cyanide toxicity

Reputed abortifacient and to affect menstrual cycle

Reputed to affect menstrual cycle

Irritant oil

Irritant, possible purgative

Irritant oil

Cytotoxic constituents (related species)

Pyrrolizidine alkaloids

Sparteine is oxytoxic

Irritant oil

Uterine stimulant, in vivo

Pyrrolizidine alkaloids

Reputed to affect menstrual cycle, uterine stimulant, in vitro
Anthraquinones, non-standardised preparations to be avoided
Reputed to affect menstrual cycle, uterine stimulant with excessive use
Reputed abortifacient and to affect menstrual cycle with excessive use
Uterine activity, hepatotoxic

Uterine oestrogen receptor binding in vitro, potential hepatotoxicity
Reputed abortifacient and to affect menstrual cycle

Caffeine, consumption should be restricted

Pyrrolizidine alkaloids

Pyrrolizidine alkaloids

Uterine stimulant, in vivo

Cyanogenetic glycosides, risk of cyanide toxicity in high doses
Oil should not be taken internally during pregnancy

Smooth muscle activity, in vitro

Oxytoxic, uterine stimulant, in vitro

Reputed abortifacient and to affect menstrual cycle
Anthraquinones, non-standardised preparations to be avoided
Thyroid gland activity, possible heavy metal contamination
Reputed to affect menstrual cycle

Hormonal activity

Hormonal activity

Alkaloids with uterine stimulant activity, in vitro

Irritant oil

Uterine activity, in vivo, in vitro

Uterine activity, in vitro

Reputed to affect menstrual cycle

Reputed abortifacient and to affect menstrual cycle

Irritant oil; avoid excessive ingestion

table continues
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Table 3 continued

Herb

Hydrocotyle
Greater Celandine
Jamaica Dogwood
Juniper

Kava

Liferoot

Liquorice

Lobelia

Maté
Meadowsweet
Mistletoe
Motherwort
Myrrh

Nettle
Passionflower
Pennyroyal
Plantain

Pleurisy Root
Pokeroot

Poplar

Prickly Ash, Northern
Prickly Ash, Southern
Pulsatilla

Queen’s Delight
Raspberry

Red Clover

Rhubarb

Sage

Sassafras

Scullcap

Senna

Shepherd’s Purse
Skunk Cabbage
Squill

St John’s Wort
Tansy

Uva-Ursi

Vervain

Wild Carrot

Willow

Yarrow

Yellow Dock

Effect

Reputed abortifacient and to affect menstrual cycle
Hepatotoxic

Uterine activity, in vitro, in vivo; irritant

Reputed abortifacient and to affect menstrual cycle. Confusion over whether oil is toxic
Hepatotoxic

Pyrrolizidine alkaloids

Oestrogenic activity, reputed abortifacient

Lobeline, toxicity

Caffeine, consumption should be restricted

Uterine activity, in vitro

Toxic constituents, uterine stimulant, in vivo

Uterine activity, in vitro, reputed to affect menstrual cycle
Reputed to affect menstrual cycle

Reputed abortifacient and to affect menstrual cycle
Harman, harmaline uterine stimulants, in vivo
Abortifacient, irritant oil (pulegone)

Uterine activity, in vitro; laxative

Uterine activity, in vivo; cardioactive constituents

Toxic constituents, uterine stimulant, reputed to affect menstrual cycle

Conflicting reports over use of aspirin in pregnancy; salicylates excreted in breast milk may cause

rashes in babies

Pharmacologically active alkaloids and coumarins

Pharmacologically active alkaloids

Reputed to affect menstrual cycle, uterine activity, in vitro, in vivo; irritant (fresh plant)
Irritant diterpenes

Uterine activity, in vitro, traditional use to ease parturition

Oestrogenic activity

Anthraquinones, non-standardised preparations to be avoided

Reputed abortifacient

Abortifacient (oil), hepatotoxic (safrole)

Traditional use to eliminate afterbirth and promote menstruation; potential hepatotoxicity

Anthraquinones, non-standardised preparations to be avoided
Reputed abortifacient and to affect menstrual cycle

Reputed to affect menstrual cycle

Reputed abortifacient and to affect menstrual cycle

Slight uterine activity, in vitro

Uterine activity, abortifacient (thujone in oil)

Large doses, oxytocic

Reputed abortifacient, oxytocic, utero-activity in vivo

Oestrogenic activity, irritant oil

Conflicting reports over use of aspirin in pregnancy; salicylates excreted in breast milk may cause

rashes in babies
Reputed abortifacient and to affect menstrual cycle (thujone in oil)

Anthraquinones, non-standardised preparations to be avoided



Table 3 lists some herbal ingredients taken from the following
152 monographs that specifically should be avoided or used with
caution during pregnancy. As with conventional medicines, no
herbal products should be taken during pregnancy unless the
benefit outweighs the potential risk.

Volatile oils Many herbs are traditionally reputed to be
abortifacient and for some this reputation can be attributed to
their volatile oil component."*" Several volatile oils are irritant to
the genito-urinary tract if ingested and may induce uterine
contractions. Herbs that contain irritant volatile oils include
ground ivy, juniper, parsley, pennyroyal, sage, tansy and yarrow.
Some of these oils contain the terpenoid constituent, thujone,
which is known to be abortifacient. Pennyroyal oil also contains
the hepatotoxic terpenoid constituent, pulegone. A case of liver
failure in a woman who ingested pennyroyal oil as an abortifacient
has been documented (see Pennyroyal).

Utero-activity A stimulant or spasmolytic action on uterine
muscle has been documented for some herbal ingredients
including blue cohosh, burdock, fenugreek, golden seal, hawthorn,
Jamaica dogwood, motherwort, nettle, raspberry and vervain.
Raspberry is a popular remedy taken during pregnancy to help
promote an easier labour by relaxing the uterine muscles. The
pharmacological activity exhibited by raspberry may vary between
different preparations and from one individual to another.
Raspberry should not be used during pregnancy unless under
medical supervision (see Raspberry).

Herbal teas Increased awareness of the harmful effects associated
with excessive tea and coffee consumption has prompted many
individuals to switch to herbal teas. Whilst some herbal teas may
offer pleasant alternatives to tea and coffee, some contain
pharmacologically active herbal ingredients, which may have
unpredictable effects depending on the quantity of tea consumed
and strength of the brew. Some herbal teas contain laxative herbal
ingredients such as senna, frangula and cascara. In general
stimulant laxative preparations are not recommended during
pregnancy and the use of unstandardised laxative preparations is
particularly unsuitable. A case of hepatotoxicity in a newborn
baby has been documented in which the mother consumed a
herbal tea during pregnancy as an expectorant.""*® Following
analysis the herbal tea was reported to contain pyrrolizidine
alkaloids which are known to be hepatotoxic.

Breastfeeding mothers A medicinal product taken by a breastfeed-
ing mother presents a hazard if it is transferred to the breast milk
in pharmacologically or toxicologically significant amounts.
Limited information is available regarding the safety of conven-
tional medicines taken during breastfeeding. Much less informa-
tion exists for herbal ingredients, and generally the use of herbal
remedies is not recommended during lactation.

Paediatric use Herbal medicines have traditionally been used to
treat both adults and children. The belief that natural remedies
may be safer than conventional medicines may influence
parents in choosing herbal medicines for their children. Herbal
medicines may offer a milder alternative to some conventional
medicines, although the suitability of a herbal remedy needs to
be carefully considered with respect to quality, safety and
efficacy. Herbal medicines should be used with caution in
children and medical advice should be sought if in doubt. The
administration of herbal teas to children is generally unwise
unless used according to professional advice.""*” Several
surveys indicate that herbal use in children is increasing and
it has been estimated that 28—40% of children may be exposed
to herbal preparations for the management of asthma, anxiety,
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attention deficit hyperactivity disorders, insomnia and respira-
tory infections. %151

A survey of 503 children attending the Royal Children's
Hospital, Melbourne, found that the use of CAM by children is
common. Herbal products were used by 12% of the group
surveyed and a further 8% were taking echinacea products
Sixty-three percent of those reporting CAM use had not
discussed this with their treating doctor. The authors
concluded that given the potential risk of adverse events
associated with the use of CAM or interactions with
conventional management, doctors should ask about their
use as a part of routine history taking.<152)

A review has been carried out of some of the most
commonly used herbal products subjected to randomised
controlled clinical trials in children including Andrographis
paniculata, cranberry, echinacea, evening primrose oil, garlic,
ivy leaf, and valerian. The authors concluded that whilst some
of the studies showed promising results others suffered from
methodological flaws such as small sample size, lack of product
quality control, improper placebo and dose issues. Further
well-designed randomised, controlled clinical trials are needed
to evaluate these therapies for the paediatric population.®®

Systematic reviews of the risks associated with the use of
herbal medicines in children and adolescents have been carried
out."** 159 The findings show that many of the reports of
adverse effects are associated with products of poor quality
where the adverse effect is caused by adulteration with heavy
metals or conventional pharmaceutical drugs. In many cases it
is not possible to demonstrate a causal relationship between
the product taken and the adverse effect. The need for further
investigations in the paediatric population is clear.

Older patients Surveys show that the use of herbal medicinal
products by older patients is increasing and that typically more
than one herbal product is used at a time, often concomitantly
with prescription medicines. Older patients are reluctant to tell
their doctor that they are taking herbal products and so are at
risk of potential drug—herb interactions.!'*¢3%)

A review has considered the available evidence on the use of
several herbal medicinal products (St John's wort, valerian,
ginkgo, horse-chestnut, saw palmetto and yohimbe) by older
patients.® Whilst the treatments may offer considerable
benefits for a range of conditions, there is a need for caution,
particularly with regard to potential drug—herb interactions
and possible adverse effects, when herbal medicinal products
are used by older patients.

Patients with cardiovascular disease Concerns have been raised
about the use of herbal medicinal products for the treatment of
(and by patients with) cardiovascular disease, in particular,
because of the lack of scientific assessment and the potential
for toxic effects and major drug—herb interactions (see Herb—
drug interactions).'*”

A systematic review of the literature covering 1990-2001
found evidence mostly from case reports and case series that
herbal medicinal products could lead to serious cardiovascular
adverse events. The adverse effects were attributed not only to
the toxicity of the herbal products but in some cases to
contamination of the products with substances such as
prescription medicines, as well as to drug—herb interac-
tions. !tV

A systematic review of the literature between January 1996
and February 2003 has been undertaken to determine the
possible interactions between herbal medicines and cardiovas-
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cular drugs. Forty-three case reports and eight clinical trials
were identified. Warfarin was the most common cardiovascular
drug involved. It was found to interact with boldo, curbicin,
fenugreek, garlic, danshen, devil's claw, dong quai, ginkgo,
papaya, lycium, mango, PC-SPES (resulting in over-antic-
oagulation) and with ginseng, green tea, soy and St John's wort
(causing decreased anticoagulant effect). Gum guar, St John's
wort, Siberian ginseng and wheat bran were found to decrease
plasma digoxin concentration; aspirin interactions include
spontaneous hyphema when used concurrently with ginkgo
and increased bioavailability if combined with tamarind.
Decreased plasma concentration of simvastatin or lovastatin
was observed after co-administration with St John's wort and
wheat bran, respectively. Other adverse events reported were
hypertension after co-administration of ginkgo and a diuretic
thiazide, hypokalaemia after liquorice and antihypertensives
and anticoagulation after phenprocoumon and St John's wort.
The authors concluded that interaction between herbal
medicines and cardiovascular drugs is a potentially important
safety issue with patients taking anticoagulants at the highest
risk."®? The potential for herb—drug interactions is discussed
further below (see Herb—drug interactions).

The British Heart Foundation has produced a Factfile
entitled Herbs and the Heart in association with the British
Cardiac Society which informs patients about the use of herbal
products. The Factfile highlights possible cardiotoxicity that
might occur with certain herbal ingredients, such as black
hellebore, figwort, hawthorn, ephedra and yohimbe. The
potential for drug—herb interactions is also discussed, in
particular with warfarin, simvastatin, ciclosporin and
digoxin. ¥

Patients with cancer Studies have shown that CAM use in
patients with cancer is high in many countries."****® Surveys
indicate that this use is increasing and, interestingly, that
patients with breast cancer appear to use more CAMs than
individuals with other types of malignancy."*” Studies in
Europe have reported use of CAM in 23.6% of lung cancer
patients, 32% of colorectal cancer patients and 44.7% of
breast cancer patients after the diagnosis of cancer. In all of
these surveys use of herbal medicine was the most common
therapy used in over 40% of patients using CAM.707173) A
survey carried out at the Royal Marsden Hospital in 2004
found that 164 (51.6%) of 318 patients were taking some
complementary alternative medicine during their cancer
treatment. Of these, 10.4% were taking herbal medicines,
42.1% were taking food supplements and 47.6% were taking a
combination of the two. Of these patients, 30% were unsure
why they were taking the remedies and 50% had not discussed
the use with their doctor.”?

In view of the prevalence of use of herbal products by cancer
patients it is essential that healthcare professionals are aware
and seek information from patients. It is well known that
patients are often reluctant to discuss their use of CAM with
their doctors.” In most cases the impact of herbal medicines
on the patient's treatment is unknown and the potential for
drug-herb interactions exists as shown by the effect of St
John's wort on irinotecan used in the treatment of colon
cancer."”® There is also potential for other herbal ingredients
such as garlic, ginkgo, echinacea, ginseng and kava to interact
with anticancer agents (see also Herb—drug interactions).!"””

Peri-operative use Concerns about the need for patients to
discontinue herbal medicinal products prior to surgery have

been highlighted."”® 7 Studies in the US have shown that the
use of herbal medicines is common among surgical
patients." In one study of 2186 patients, 38% had taken
herbal medicines in the two years before surgery and 16%
continued the use of herbal medicines in the month of surgery.
Herbal medicine use was found to be higher in patients
undergoing gynaecologic (52%) and urologic (45%) proce-
dures and lower amongst patients undergoing vascular (10%)
surgical procedures."®” A study of herbal medication use in
paediatric surgical patients found that the prevalence of use
was higher in children of parents who used herbal medications
and children whose parents considered them to be chronically
il Whilst 21% of the parents were users of herbal
medicines only 4% of their children used them. The most
common herbal medicines used were echinacea, chamomile
and aloe. Forty-two per cent of the children using herbal
medicines were also taking prescription medicines concur-
rently. Interestingly, the study found that only 10% of parents
reported that the surgeon enquired about patient herbal
medication use.

From the available evidence, it has been suggested that the
potential exists for direct pharmacological effects, pharmaco-
dynamic interactions and pharmacokinetic interactions with
eight commonly used herbal medicinal products (echinacea,
ephedra, garlic, ginkgo, ginseng, kava, St John's wort,
valerian). The need for physicians to have a clear under-
standing of the herbal medicinal products being used by
patients and to take a detailed history was highlighted."”® The
American Society of Anesthesiologists (ASA) has reported that
several anaesthesiologists have noted significant changes in
heart rate or blood pressure in some patients who have been
taking herbal medicinal products, including St John's Wort,
ginkgo and ginseng. The ASA has produced information
leaflets for both patients and physicians advising patients to
tell their doctor if they are taking herbal products before
surgery and emphasising the need for physicians to specifically
ask patients if they are using herbal medicines.!8* %%

The Royal College of Anaesthetists (RCA) and The
Association of Anaesthetists of Great Britain and Ireland
(AAGBI) has produced an information leaflet specifically
targeted for patients which advises patients to bring any herbal
remedies along with them to hospital. Patients are advised that
they may need to discontinue the use of herbal remedies prior
to their operation.™ The MHRA has advised patients due to
have a surgical operation to always tell their doctor about any
herbal remedy they are taking.®”

Menopausal women Many studies show that use of herbal

medicines by women is greater than men and in some recent
surveys this use appears to be increasing significantly.®”
Women often try herbal medicines around the time of their
menopause. ¥ Use of conventional hormone replacement
therapy (HRT) products has declined since 2002 following
reports that HRT increases the risk of venous thromboembo-
lism, stroke, endometrial cancer and breast cancer. In the wake
of these reports, the use of herbal products for the relief of
menopausal symptoms has increased substantially. Results of a
national survey in the USA of 750 women aged 40 to 65 years
revealed that 29% of the women had taken herbal remedies or
soya products to ease menopause symptoms. The vast majority
of the women had not discussed the use of the herbal products
with their doctors but many were frustrated that their doctors
did not provide enough information about herbal and dietary



supplements to relieve menopause symptoms. Some 70% of the
women expressed at least some concern or uncertainty about
the safety of the products they were taking. The researchers
highlighted the lack of patient—physician communication and
called for more education for women about these treat-

The main herbal ingredients found in products for
menopausal symptoms are those containing isoflavones (red
clover, soya), black cohosh, dong quai, ginseng, evening
primrose oil and wild yam."®” Isoflavones are members of a
group of polyphenolic non-steroidal plant compounds known
as phytoestrogens. Other phytoestrogens include flavonoids,
stilbenes and lignans. Epidemiological and experimental
studies have shown that the consumption of phytoestrogen-
rich diets may have protective effects on menopausal
symptoms, diseases such as prostate and breast cancers,
osteoporosis and cardiovascular diseases."*”

Concerns have been raised about the use of isoflavone
containing herbal medicines particularly in women with
oestrogen-sensitive cancers. Limited data are available but
some studies have shown that certain extracts of red clover and
soya may induce cell proliferation in MCF-7 cells, an
established in vitro oestrogen-dependent mammary tumour
model.® In the same study, extracts of black cohosh tested
did not cause cell proliferation. The authors concluded that
preparations containing red clover and soya should be used
with caution in the treatment of menopausal symptoms in
women at risk of, or with a history of, oestrogen-sensitive
breast cancer. Similar advice has been included in a fact sheet,
Herbal Medicines and Breast Cancer Risk prepared by the US
Program on Breast Cancer and Environmental Risk Factors
(BCERF) at Cornell University."®? A recent study of 452
women with family histories of breast cancer who were
enrolled in a cancer risk assessment programme found that
32% reported soy food consumption.!"”™ The authors
concluded that these women would benefit from clear messages
regarding the health effects of soy.

Concerns have been raised about the potential for drug—herb
interactions, known or theoretically associated with herbal
medicines commonly used by women for the relief of
menopausal symptoms. ¥

Herb—drug interactions

The evidence of significant problems associated with the ingestion
of grapefruit juice concurrently with certain medicines has
emphasised the fact that clinically relevant interactions between
drugs and natural products, both herbs and foods, may occur."*>~
) The potential for interactions between herbal and conven-
tional medicines has been recognised for some time but awareness
has increased considerably since the emergence of clinically
significant interactions between St John's Wort and a range of
prescribed medicines."”* 2% The potential for drug-herb inter-
actions has been reviewed extensively, *>202720¢)

Concerns have been raised in the literature about herbal
medicines interfering with breast cancer treatment, antirheumatic
treatment and potential interactions between herbal products and
cardiac drugs.* 2!

Generally, information on herb—drug interactions, particularly
in the clinical setting, is limited and in most cases there has been
little formal clinical investigation. Instances of drug interactions
have been tentatively linked, retrospectively, to the concurrent use
of herbal medicines. The rationale for such interactions is often
difficult to explain if knowledge regarding the phytochemical
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constituents of the herbal product, their pharmacological activity
and metabolism are poorly understood. As with conventional
drug interactions, herb—drug interactions may be pharmacody-
namic or pharmacokinetic. Pharmacodynamic interactions could
result when a herbal drug and a conventional drug have similar or
antagonistic pharmacological effects or adverse effects. These
interactions are usually predictable from a knowledge of the
pharmacology of the interacting herb and drug. Pharmacokinetic
interactions could occur when a herb alters the absorption,
distribution, metabolism or elimination of a drug (and vice versa).
These interactions are not easy to predict. In addition, there is
also the potential issue of herb—herb interactions where
combinations of herbal ingredients are used or where patients
take a number of herbal products together. Little is known about
the pharmacokinetics of herbal ingredients and whether or not
they can, for example, induce their own metabolism.

As with all potential drug interactions there are particular
concerns when patients are stabilised on conventional medicines,
such as warfarin, digoxin, anticonvulsants (e.g. phenytoin) and
ciclosporin that are known to have a narrow therapeutic window.
Potential herb—drug interactions are considered for each herb
under the individual monographs.

A recent review has illustrated the difficulties in assessing the
significance of herb-drug interactions using four commonly used
herbal substances, namely St John's wort, ginseng, ginkgo and
liquorice.?'V The authors concluded that conclusive evidence of
herb—drug interactions is often lacking and where clinical
observations have been made or studies conducted, issues with
respect to the type, quality and content of the herbal products are
often not described. There is a need for rigorous studies to assess
the mechanism and clinical significance of potential interactions
in order to guide healthcare professionals and consumers.

In the absence of a comprehensive evidence base, patients
receiving drugs with a narrow safety margin (e.g. immunosup-
pressants, anticoagulants, digoxin,) and those patients most at
risk of serious drug interactions (i.e. patients who are elderly, have
chronic illness, have organ dysfunction and those receiving
multiple medicines) should be closely monitored to avoid the
possible adverse consequences of herb—drug interactions. As
highlighted in this review, the importance of the quality of the
herbal product in terms of its phytochemical profiles should be
emphasised. In view of the significant variability in herbal
products, extrapolation of findings with a specific extract to
other extracts may not be valid. For example, recent investiga-
tions reporting no alteration in bleeding time in elderly patients
and no interactions with anticoagulant medicines with the
specific ginkgo extract EGB 761 may not be valid for other
ginkgo extracts.?!%21%)

St John’s wort Since 1998 evidence has emerged from sponta-
neous reports and published case reports of the interactions
between St John's wort and certain prescribed medicines
leading to a loss of or reduction in therapeutic effect of these
prescribed medicines (see St John's Wort)."”?*" Drugs that
may be affected include indinavir, warfarin, ciclosporin,
digoxin, theophylline and oral contraceptives. There have
also been reports of increased serotonergic effects in patients
taking St John's wort concurrently with selective serotonin
reuptake inhibitors (e.g. sertraline, paroxetine). Results of drug
interaction studies have provided some evidence that St John's
Wort may induce some cytochrome P450 (CYP) drug-
metabolising enzymes in the liver as well as affecting P-
glycoprotein (a transport protein). Regulatory Authorities
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throughout the EU and elsewhere have issued advice to patients
and healthcare professionals.

Interactions with warfarin Several herbal ingredients have been
reported to potentially interfere with warfarin, including
devil's claw, dong quai, feverfew, garlic, ginkgo, ginseng and
St John's wort, 202210214

A survey of 1360 patients in the UK found that 8.8% were
taking one or more herbal remedies thought to interact with
warfarin. Complementary or homeopathic treatments not
specified in the survey questionnaire were taken by 14.3% of
responders.®'? Overall, 19.2% of the patients were taking one
or more such medicines. Of these patients, 28.3% thought that
herbal medicines might or definitely could interfere with other
drugs prescribed by their doctor, however, patients taking any
non-prescribed medication were less likely to believe this The
use of herbal medicines had not been discussed with a
conventional healthcare professional by 92.2% of patients.

Another UK study which conducted a retrospective analysis
of the pharmaceutical care plans for 631 patients attending an
outpatient anticoagulation clinic found that 26.9% of patients
were using some form of CAM; of the CAM users, 58% were
taking a CAM that could interfere with warfarin. The authors
stressed the importance of taking a full drug history to avoid
CAM-warfarin interactions.*'®

The CSM has issued advice to health professionals about the
possibility of interaction between warfarin and cranberry
juice.?7>2"® By October 2004, the MHRA had received 12
reports of suspected interactions involving warfarin and
cranberry juice; eight cases involved increases in INR and/or
bleeding episodes, in three cases the INR was reported to be
unstable and in one case the INR decreased. The CSM has
advised that it is not possible to define a safe quantity or brand
of cranberry juice and therefore patients taking warfarin
should avoid this drink unless the health benefits are
considered to outweigh any risks (which is unlikely). It is not
known whether other cranberry products, such as capsules or
concentrates, might also interact with warfarin. Therefore
similar caution should be observed with these products.

The evidence for and understanding of most drug—herb
interactions is limited. An attempt can be made, however, to
identify herbal ingredients that have the potential to interfere
with specific categories of conventional drugs, based on known
phytochemical information and pharmacological properties of
the constituents of the herb, and on any documented adverse
effects. For example, prolonged or excessive use of a herbal
diuretic may potentiate existing diuretic therapy, interfere with
existing hypo-/hypertensive therapy, or potentiate the effect of
certain cardioactive drugs due to hypokalaemia. Herbs which
have been documented to lower blood sugar concentrations
may cause hypoglycaemia if taken in sufficient amounts and
interfere with existing hypoglycaemic therapy. An individual
receiving antihypertensive therapy may be more susceptible to
the hypertensive adverse effects that have been documented
with, for example, ginseng or which are associated with the
excessive ingestion of plants such as liquorice. This approach
has been used in drawing up Appendix 1, Table 1 and
Appendix 2, Tables 1-12, which provide information on
potential drug—herb interactions. Appendix 1, Table 1 groups
together various therapeutic categories of medicines that may
be affected by a particular herb or group of herbs. Appendix 2,
Tables 1-12 list herbal ingredients that are claimed to have a
specific activity alphabetically within each table, including

laxative, cardioactive, diuretic, hypo-/hypertensive, anticoagu-
lant/coagulant, hypo-/hyperlipidaemic, sedative, hypo-/hyper-
glycaemic, hormonal, immunostimulant, allergenic or irritant.
Some commonly occurring groups of natural products found
within these 152 herbal ingredients contribute towards their
activities, toxicities or adverse effects. Appendix 2, Tables 13—
21 list those herbal ingredients that contain amines, alkaloids
or have sympathomimetic anti-inflammatory or antispasmodic
activities, coumarins, flavonoids, iridoids, saponins, tannins or
volatile oils.

Interactions of herbal products in therapeutic drug
monitoring

There are also examples of herbal medicinal products which
appear to cross-react with diagnostic markers in therapeutic drug
monitoring, e.g. with a digoxin assay (see Ginseng, Eleuther-
ococcus).(zoo)

Reporting of adverse reactions to herbal medicinal products
It is essential that information on the risks associated with the use
of herbal products is systematically collected and analysed in
order to protect public health. There is an increasing awareness of
the need to develop pharmacovigilance practices for herbal
medicines.** ") The WHO has recently produced guidelines on
safety monitoring of herbal medicines in pharmacovigilance
systems.®” The current arrangements for pharmcovigilance of
herbal medicinal products in the UK have been reviewed.?!”

In 1996, the UK MHRA extended its 'Yellow Card Scheme' for
adverse drug reaction reporting to include reporting of suspected
adverse reactions to unlicensed herbal products. This followed a
report from a UK Medical Toxicology Unit on potentially serious
adverse reactions associated with herbal remedies. Twenty-one
cases of liver toxicity, including two deaths, were associated with
the use of TCMs.!?®

The need to further improve pharmacovigilance on herbal
products was highlighted in a study of patients' perceived
behaviour towards reporting adverse reactions.® The study found
that patients would be less likely to consult their doctor for
suspected adverse drug reactions (minor or severe) to herbal
remedies than for similar adverse reactions to conventional over-
the-counter medicines. This illustrates the need for greater public
awareness that adverse reactions can occur and that such reactions
should be reported. It also highlights the need for healthcare
professionals to take a detailed medical history including use of
herbal products and to be aware that patients may be reluctant to
provide information. The UK Yellow Card scheme has recently
been extended to include reporting from patients and carers for
prescribed and OTC medicines as well as herbal and comple-
mentary medicines.”?” The Uppsala Monitoring Centre (UMC)
of the World Health Organization plays an important role in the
international monitoring of adverse health effects associated with
herbal medicines.**"

The UMC recognises the problems inherent in adverse drug
reaction reporting for herbal medicines and has established a
Traditional Medicines project to stimulate reporting in this area
and to standardise information on herbal medicines, particularly
with regard to nomenclature. For example, a special set of herbal
anatomical—therapeutic—chemical (ATC) codes has been devel-
oped which is fully compatible with the regular ATC classification
system for conventional medicines.?*” Another important project
has focused on developing a herbal substance register for use in
the international drug monitoring programme.**®) Comprehen-
sive guidelines issued by UMC for setting up and running a



pharmacovigilance centre are included in the recent WHO
publication. ¥

Efficacy

Despite the growing popularity of herbal medicines world-wide
there is a dearth of scientific evidence of efficacy for most herbal
medicines. Indeed, many of the herbs used medicinally in Europe
have a traditional reputation for their uses, but there is little
scientific documentation of their active constituents, pharmaco-
logical actions or clinical efficacy.****" Examples of this group
include avens, boneset, burdock, clivers, damiana, Jamaica
dogwood, parsley piert, pulsatilla and wild lettuce. For other
herbs, documented phytochemical data or pharmacological data
from animal studies may provide a plausible basis for their
traditional uses, but evidence of efficacy from clinical studies is
limited.

The current emphasis on evidence-based medicine requires
evidence of efficacy from rigorous randomised controlled trials.
Where possible, the evidence is best evaluated by systematic
reviews and meta-analyses of available clinical trial data, as such
approaches minimise both selection bias and random error.

Such approaches are now being applied to herbal medicines.
Systematic reviews have been undertaken for a number of herbal
ingredients, e.g. aloe vera, artichoke, echinacea, evening primrose,
feverfew, garlic, ginger, ginkgo, ginseng, hawthorn, horse-chest-
nut, mistletoe, peppermint, saw palmetto, St John's wort and
valerian®!™2¢ (see individual monographs). Several reviews have
been prepared by the Cochrane Collaboration (the international
association dedicated to preparing and maintaining systematic
reviews of the effects of healthcare interventions).”>” Most
reviews highlight that, in many cases, the evidence base is weak
and studies are often flawed.>>2% In other cases, studies have
been methodologically sound and evidence of efficacy is strong.

St John's wort, a widely used herbal product, has been
investigated in many clinical studies (see St John's Wort)."” A
recent systematic review of the evidence from 37 randomised
controlled trials has concluded that extracts seem more effective
than placebo and as effective as standard antidepressants for
treating mild-to-moderate depression. However, the authors
highlighted that these findings apply only to the preparations
tested in the trials as marketed preparations vary considerably. %%
There is, however, a need for further studies to evaluate efficacy
compared with that of standard treatments, particularly newer
antidepressant agents, in well-defined patient groups and
conducted over longer time periods.

One of the fundamental problems characteristic of herbal
medicinal products is that the individual herbal ingredients
contain a vast array of chemical constituents. Further, herbal
medicines traditionally involve mixtures of different herbal
ingredients, although in developed countries, recent trends
indicate that single-ingredient herbal products are becoming
increasingly popular. Herbalists would argue that combinations of
ingredients are designed to provide the best therapeutic outcome
while reducing adverse effects and toxicity. Evidence is emerging
that different constituents within a herbal preparation may
contribute to the overall therapeutic effect of the product and
that in some cases synergistic and additive effects play an
important role. 2%

In most cases there is a lack of knowledge of the phytochemical
constituents responsible for the claimed therapeutic effects of
many herbal ingredients. To further complicate matters, it is well
known that herbal products derived from the same herbal drug
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can vary considerably in terms of their phytochemical constituents
depending on the source of plant material, the manufacture of the
extracts and formulation of the dosage forms. As a result, efforts
to establish clinical efficacy are hampered by how far results for a
specific product can be extrapolated to other products containing
the same plant but different extracts. Where the active
constituents of a herbal ingredient are known it is possible and,
in most cases, desirable to standardise the extract/product. The
aim of standardisation is to obtain an optimum and consistent
quality of a herbal drug preparation by adjusting it to give a
defined content of a constituent or a group of constituents with
known therapeutic activity. Examples of herbal drugs with
constituents with accepted, known therapeutic activity are few.
Herbs with documented activities (and known active constituents)
include: senna, frangula (hydroxyanthracenes); belladonna (alka-
loids) and horse-chestnut (saponins).

In the case of St John's wort, early studies concentrated on the
hypericin constituents but more recent work suggests that
hyperforin and possibly flavonoids also contribute to the
antidepressant properties.'” Studies analysing St John's wort
products have reported differing contents of hypericin and
hyperforin.®*>*) Furthermore, some products showed consis-
tent batch-to-batch concentrations of hypericin and hyperforin,
whilst others exhibited significant interbatch variability.“*?

Despite the dearth of documented clinical evidence for the
effects of the majority of herbal ingredients, there is no reason
why herbal medicinal products should not be available for use in
minor conditions, providing that these are consistent with
traditional uses and that the herbal ingredients are of suitable
quality and safety. It would seem to be more appropriate to use
those herbal ingredients for which documented phytochemical and
pharmacological data support the traditional use. Herbal
medicines intended for use in more serious medical conditions
require evidence of efficacy to support their use.

Conclusion

The use of herbal medicinal products continues to increase and
there is growing evidence that herbal medicines are used widely by
all groups of society including children, pregnant and breastfeed-
ing mothers, women, especially during the menopause, and the
elderly. Of particular importance is the use of herbal medicines by
patients with a wide range of conditions many of whom are
stabilised on prescription medicines and findings that patients are
reluctant to tell their doctors about herbal products they are
taking. Over the last five years the significance of herb—drug
interactions has been recognised and with this the realisation that
healthcare professionals need to be aware that patients may be
taking herbal medicinal products, and need to understand their
effects and be aware of the potential problems associated with
their use. This handbook provides the reader with factual
information on 152 herbal ingredients present in herbal medicinal
products in European and other developed countries. Herbal
medicinal products can offer an alternative to conventional
medicines in non-life-threatening conditions, providing they are
of adequate quality and safety, and are used in an appropriate
manner.
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' Chemical Constituents of Plants Used
as Herbal Medicines

All living organisms produce numerous chemical substances that
are termed natural products. Those natural products that are
common to all life forms are known collectively as primary
metabolites and are exemplified by carbohydrates, proteins and
fats. Thus, many of the chemical building blocks of primary
metabolism are found in all medicinal plants (e.g. amino acids,
common sugars, such as glucose, and fatty acids). In addition to
primary metabolites, plants also produce other compounds with a
more restricted distribution and these are referred to collectively
as secondary metabolites. Plants are a rich source of secondary
metabolites and some of these are of such limited distribution that
they are found only in a particular genus (e.g. Papaver), or even in
only a single species (e.g. Papaver somniferum). On the other
hand, some secondary metabolites are widely distributed through-
out many of the plant families. It is not always understood why
particular plants produce specific secondary metabolites, but
some of them are known to have definite functions; for example,
some are toxic and form a defence against predators, while some
are attractive to insects and aid pollination. W hatever their roles
are within plants, many of them have pharmacological actions and
this has been exploited to provide medicinal drugs such as
codeine, morphine, digoxin and quinine. Some secondary
metabolites have proved to be too toxic for human use (e.g.
aconitine from aconite), but investigations of their mode of action
have stimulated research into synthetic analogues as potential
therapeutic agents.

For more details of plant secondary metabolites, the reader is
recommended to consult specialist texts, for example on the
biosynthesis of medicinal natural products (e.g. Dewick, 2002"),
on scientific background to herbal medicines (e.g. Evans, 2002;
Heinrich et al., 2003®)) and on specific chemical structures (e.g.
Harborne and Baxter, 1993;" Dictionary of Natural Products
CD-ROM®™).

Numerous secondary metabolites are derived from a common
biosynthetic precursor; for example, shikimic acid is involved in
the formation of coumarins, lignans, phenylpropanes and tannins.
Although each of these groups of secondary metabolites is
different chemically they all contain a common structural feature,
namely a C6—-C3 moiety. Among the most prevalent of secondary
metabolites are alkaloids, glycosides and phenols. Examples of
these types of secondary metabolite can be found in many of the
medicinal plants.

Alkaloids

A typical alkaloid is chemically basic (alkaline) and contains a
secondary or tertiary amine function within a heterocyclic ring
(e.g. codeine). Alkaloids may be classified by their chemical
skeleta (Figure 1) into the following major types: pyrrolidine (e.g.
betonicine from white horehound); pyridine (e.g. gentianine from
gentian); piperidine (e.g. lobeline from lobelia); pyrrolizidine (e.g.
symphytine from comfrey); quinolizidine (e.g. sparteine from
broom); quinoline (e.g. quinine from cinchona); isoquinoline (e.g.
boldine from boldo); indole (e.g. harman from passionflower);

tropane (e.g. hyoscine from belladonna); imidazole (e.g. pilocar-
pine from jaborandi); and xanthine (e.g. caffeine from maté).
Biosynthetically related compounds that do not follow the above
definition of an alkaloid may also be referred to as alkaloids, for
example phenylalkylamines that do not contain an N-heterocyclic
ring (e.g. ephedrine from ephedra), or that are not basic (e.g.
colchicine from colchicum). Examples of medicinal plants that
contain alkaloids are given in Appendix 2, Table 15. For further
information on alkaloids the reader is referred to other texts (e.g.
references 1, 3 and 6).

Glycosides

A glycoside consists of two components, an aglycone (non-sugar)
part and a sugar part. The aglycone portion may be of several
different types of secondary metabolite (Figure 2), including
coumarin (e.g. scopolin from horse-chestnut, see also Appendix 2,
Table 16), flavonoid (e.g. rutin from buchu, see also Appendix 2,
Table 17), or hydroxyanthracene (e.g. cascaroside A from cascara,
see also Appendix 2, Table 1). The sugar moiety is linked to the
aglycone by a direct carbon-to-carbon bond (C-glycoside), or
through an oxygen-to-carbon bond (O-glycoside). Cyanide glyco-
sides, (e.g. amygdalin from apricot) release toxic hydrogen cyanide
when cells are damaged and act as a defence mechanism.
Glucosinolates (e.g. sinigrin from horseradish) contain nitrogen
and sulfur and are pungent. Hydroxyanthracene glycosides are the
active principles of the laxative herbs cascara and senna (see also
Appendix 2, Table 1).
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N Q H
<\N] HN N>
V/
O)\N N
H
Imidazole Xanthine

Figure 1 Examples of alkaloid skeleta.
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O O

Glucose-O

Scopolin

Cascaroside A

Figure 2 Examples of glycosides.

Phenolics

Many of the aromatic constituents of plants contain hydroxy
substituents and are phenolic. There is a wide variety of phenolics
in medicinal plants and they range in chemical structure from
simple phenolic acids (Figure 3), e.g. caffeic acid from artichoke,
to complex tannins (see Appendix 2, Table 20).

Where chemical structures are included in a monograph they
may be the active principles or they may be compounds that can
be used as chemical markers for that plant, i.e. they are present in
significant quantities or are otherwise characteristic for a
particular plant. As some compounds are of common occurrence
in medicinal plants, their chemical structures are not necessarily
included within a monograph. Some of the commonly encoun-
tered natural products, including mono-, sesqui-, di- and
triterpenes, flavonoids and tannins, are briefly summarised below.

R’ COOH
RZ
R3 R ‘ R2 ‘ R3

p-Hydroxybenzoic acid H OH | H
Protocatechuic acid OH OH | H
Vanillic acid OCH; | OH | H
Gallic acid OH OH | OH

R? R R2
p-Coumaric acid H OH
Caffeic acid OH OH
Ferulic acid OCH; | OH

Figure 3 Examples of simple phenolic acids.

Terpenes

Terpenes are derived from two C35 units (isopentane), dimethy-
lallylpyrophosphate and isopentenylpyrophosphate. The mono-
terpenes contain two isopentane units (C10) and are constituents
of many volatile oils (see Appendix 2, Table 21). Some of the more
common monoterpenes are shown in Figure 4. Sesquiterpenes
contain three isopentane units (C15) and occur as different
skeletal types, e.g. eudesmane, germacrene, guaiane (Figure 5). A
large number of sesquiterpenes contain a y-lactone ring and these
are known as sesquiterpene lactones. Some sesquiterpene lactones
are allergenic (see Appendix 2, Table 11). Examples of different
skeletal types of molecule, including eudesmolide, germacranolide
and guaianolide (e.g. constituents of comfrey) and pseudoguaia-
nolide (e.g. matricine, chamomile), are illustrated in Figure S.
Diterpenes are derived from four isopentane units (C20) and
examples of abietane (e.g. carnosic acid from sage), daphnane,
kaurene, labdane (e.g. rotundifarine from agnus castus), taxane
and tigliane are given in Figure 6. The ginkgolides from ginkgo are
examples of complex diterpenes. Triterpenes are derived from six
isopentane units (C30), and some commonly occurring com-
pounds are illustrated in Figure 7, e.g. campesterol, B-sitosterol,
stigmasterol, o- and B-amyrin, oleanoic and ursolic acids. Cardiac
glycosides (cardenolides, see Appendix 2, Table 2) and saponins
(see Appendix 2, Table 19) are examples of triterpenes that are less
widely distributed in plants than the triterpenes illustrated in

Figure 7.
|
| OH

a-Terpineol

(+)-Linalool

& O

1,8-Cineole

A

(-)-Thujone (+)-Carvone {-)-Piperitone
OH
3 LE‘
a-Pinene Camphor Carvacrol

Figure 4 Some common monoterpenes from volatile oils.
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Flavonoids

Flavonoids are biosynthesised from a phenylpropane unit (C6—
C3), derived via shikimic acid and phenylalanine, and a Cé6 unit
from three molecules of malonyl-CoA. They are widely
distributed in the plant kingdom and occur in many medicinal
plants (see Appendix 2, Table 17). There are five major types:
chalcones, flavanones, flavones, flavonols and anthocyanins
(Figure 8). The flavones and their 3-hydroxy analogues (flavonols)
are the most widespread. The five aglycones kaempferol,
quercetin, myricetin, apigenin and luteolin, as well as the
quercetin glycosides quercitrin and rutin are among the most
commonly present in medicinal plants (Figure 9).

Tannins

Tannins are also common constituents of many medicinal plants
(see Appendix 2, Table 20) and they occur as two major types —
the hydrolysable tannins and the non-hydrolysable (condensed)
tannins. The hydrolysable tannins are esters of sugars with
phenolic acids and they are either gallotannins (galloyl esters of
glucose), e.g. pentagalloyl glucose, or ellagitannins (hexahydrodi-
phenic acid, derived from two units of gallic acid, esters with
glucose), e.g. agrimoniin from agrimony. Non-hydrolysable
tannins, also known as condensed tannins or proanthocyanidins,

=3

b2

Eudesmane Germacrene
O
% O
Guaiane Eudesmolide
O
O
O
O
Germacranolide Guaianolide

"

Pseudoguaianolide

Figure 5 Some skeletal types of sesquiterpenes and sesquiterpene
lactones.

are polymers of catechin or gallocatechin linked by C-C bonds
(e.g. cola tannins). Examples of some chemical structures of
hydrolysable and non-hydrolysable tannins are given in Figure 10.

5 o>

Abietane Kaurane
Labdane Tigliane
Daphnane Taxane

Figure 6 Examples of some different skeletal types of diterpenes.

iy,
jp-Sitosterol
g,

Campesterol
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o-Amyrin CH3
Ursolic acid COOH

B-Amyrin CHjy
Oleanolic acid COOH

Figure 7 Examples of some common triterpenes.
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Figure 8 Examples of some flavonoid skeleta.
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Figure 9 Examples of some common flavonoids.
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Hydrolysable tannins
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Figure 10 Examples of components of tannins.

1

2

References

Dewick PM. Medicinal Natural Products. A Biosynthetic Approach,
2nd edn. Chichester: John Wiley and Sons, 2002.

Evans WC. Trease and Evans Pharmacognosy, 15th edn. Edinburgh,
London: WB Saunders, 2002.

Heinrich M et al. Fundamentals of Pharmacognosy and Phytotherapy.
Edinburgh, London: Churchill Livingstone, 2004.

Harborne JB, Baxter H. Phytochemical Dictionary. London: Taylor
and Francis, 1993.

Dictionary of Natural Products (CD-ROM). London: Chapman &
Hall/CRC, 2003.

Cordell GA. Introduction to Alkaloids: a Biogenetic Approach. New
York: Wiley Interscience, 1981

Non-hydrolysable tannins

OH
OH
PO
HO AN O
OH

Trimer of epicatechin



' General References

General references are cited with the prefix 'G' in the monographs
(e.g. 'G1Y).

1

10

11

12

13
14

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

American Herbal Pharmacopoeia and Therapeutic Compendium.
Analytical, quality control and therapeutic monographs. Santa Cruz,
California: American Herbal Pharmacopoeia, 1997-2005.

Bisset NG, ed. Herbal Drugs and Phytopharmaceuticals (Wichtl M,
ed., German edition). Stuttgart: medpharm, 1994.

Blumenthal M et al., eds. The Complete German Commission E
Monographs. Austin, Texas: American Botanical Council, 1998.
Blumenthal M et al., eds. Herbal Medicine. Expanded Commission E
Monographs. Austin, Texas: American Botanical Council, 2000.
Boon H, Smith M. The Botanical Pharmacy. The Pharmacology of 47
Common Herbs. Kingston: Quarry Press, 1999.

Bradley PR, ed. British Herbal Compendium, vol 1. Bournemouth:
British Herbal Medicine Association, 1992.

British Herbal Pharmacopoeia. Keighley: British Herbal Medicine
Association, 1983.

British Herbal Pharmacopoeia, 1990, vol 1. Bournemouth: British
Herbal Medicine Association, 1990.

British Herbal Pharmacopoeia, 1996. Exeter: British Herbal Medicine
Association, 1996

British Pharmaceutical Codex 1934. London: Pharmaceutical Press,
1934.

British Pharmaceutical Codex 1949. London: Pharmaceutical Press,
1949.

British Pharmaceutical Codex 1973. London: Pharmaceutical Press,
1973.

British Pharmacopoeia 1993. London: HMSO, 1993.

British Pharmacopoeia 1999. London: The Stationery Office, 1999
British Pharmacopoeia 2001. London: The Stationery Office, 2001.
Council of Europe. Flavouring Substances and Natural Sources of
Flavourings, 3rd edn. Strasbourg: Maisonneuve, 1981.

Council of Europe. Natural Sources of Flavourings. Report No. 1.
Strasbourg: Council of Europe, 2000.

Cupp MJ, ed. Toxicology and Clinical Pharmacology of Herbal
Products. Totawa, New Jersey: Humana Press, 2000.

De Smet PAGM et al., eds. Adverse Effects of Herbal Drugs, vol 1.
Berlin: Springer-Verlag, 1992.

De Smet PAGM et al., eds. Adverse Effects of Herbal Drugs, vol 2.
Berlin: Springer-Verlag, 1993.

De Smet PAGM et al., eds. Adverse Effects of Herbal Drugs, vol 3.
Berlin: Springer-Verlag, 1997.

Duke JA. Handbook of Medicinal Herbs. Boca Raton: CRC, 198S.
European Medicines Evaluation Agency. Herbal Medicinal Products
Working Party Draft Core Summary of Product Characteristics for
Valerian and Ispaghula (accessed 20 February 2002).

European Pharmacopoeia, 2nd edn. Strasbourg: Maisonneuve, 1980.
European Pharmacopoeia, 3rd edn. Strasbourg: Council of Europe,
1997.

European Pharmacopoeia, 3rd edn, 1998 Supplement. Strasbourg:
Council of Europe, 1998.

European Pharmacopoeia, 3rd edn, 1999 Supplement. Strasbourg:
Council of Europe, 1999.

European Pharmacopoeia, 4th edn, 2002. Strasbourg: Council of
Europe, 2002.

Evans WC. Trease and Evans' Pharmacognosy, 14th edn. London: WB
Saunders Company, 1998.

Farnsworth NR. Potential value of plants as sources of new
antifertility agents I. | Pharm Sci 1975; 64: 535-598.

Fetrow CW, Avila JR. Professional's Handbook of Complementary
and Alternative Medicines. Springhouse: Springhouse Corporation,
1999.

Foster S, Tyler VE. Tyler's Honest Herbal, 4th edn. New York: The
Haworth Herbal Press, 1999.

S

33

34

35

36

37

38

39

40
41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Frohne D, Pfinder H]. A Colour Atlas of Poisonous Plants. London:
Wolfe, 1984.

Grieve M. A Modern Herbal. Thetford, Norfolk: Lowe and Brydon,
1979.

Gruenwald ] et al., eds. PDR for Herbal Medicines, 1st edn.
Montvale: Medical Economics Company, 1998.

Gruenwald ] et al., eds. PDR for Herbal Medicines, 2nd edn.
Montvale: Medical Economics Company Inc, 2000.

The Medicines (Products other than Veterinary Drugs) (General Sales
List), SI No.769: 1984, as amended SI No.1540: 1985; SI No.1129:
1990; and SI No.2410: 1994.

Guenther E. The Essential Oils, six volumes. New York: Van
Nostrand, 1948-1952.

Hamon NW, Blackburn JL. Herbal Products — A Factual Appraisal for
the Health Care Professional. Winnipeg: Cantext, 1985.

Hoppe HA. Taschenbuch der Drogenkunde. Berlin: de Gruyter, 1981.
Leung AY. Encyclopedia of Common Natural Ingredients Used in
Food, Drugs and Cosmetics. New York-Chichester: Wiley, 1980.
Mabey R., ed. The Complete New Herbal. London: Elm Tree Books,
1988.

Martindale. The Complete Drug Reference, 32nd edn. (Parfitt K, ed.).
London: The Pharmaceutical Press, 1999.

Martindale: The Extra Pharmacopoeia, 28th edn. (Reynolds JEF, ed.).
London: The Pharmaceutical Press, 1982.

Martindale: The Extra Pharmacopoeia, 29th edn. (Reynolds JEF, ed.).
London: The Pharmaceutical Press, 1989.

Martindale, The Extra Pharmacopoeia: 30th edn. (Reynolds JEF, ed.).
London: The Pharmaceutical Press, 1993.

Martindale. The Extra Pharmacopoeia, 31st edn. (Reynolds JEFE ed.).
London: The Pharmaceutical Press, 1996.

The Merck Index. An Encyclopedia of Chemicals, Drugs and
Biologicals, 11th edn. Rahway, NJ: Merck, 1989.

Mills SY. The Dictionary of Modern Herbalism. Wellingborough:
Thorsons, 1985.

Mills S, Bone K. Principles and Practice of Phytotherapy. Edinburgh:
Churchill Livingstone, 2000.

Mitchell J, Rook A. Botanical Dermatology — Plants and Plant
Products Injurious to the Skin. Vancouver: Greengrass, 1979.
Monographs on the Medicinal Uses of Plant Drugs, Fascicules 1 and 2
(1996), Fascicules 3, 4 and 5 (1997), Fascicule 6 (1999). Exeter:
European Scientific Cooperative on Phytotherapy.

Morelli I et al. Selected Medicinal Plants. Rome: FAO, 1983.
Robbers JE, Tyler VE. Tyler's Herbs of Choice. New York: The
Haworth Herbal Press, 1999.

Schulz V, Hinsel R, Tyler V. Rational Phytotherapy. A Physicians'
Guide to Herbal Medicine. Berlin: Springer-Verlag, 1998.

Schulz V, Hinsel R, Tyler V. Rational Phytotherapy. A Physicians'
Guide to Herbal Medicine, 4th edn. Berlin: Springer-Verlag, 2000.
Simon JE et al. Herbs — An Indexed Bibliography, 1971-80. Oxford:
Elsevier, 1984.

Tisserand R, Balacs T. Essential Oil Safety. Edinburgh: Churchill
Livingstone, 1995.

Trease GE, Evans WC. Pharmacognosy, 13th edn. London: Bailli¢re
Tindall, 1989.

Tyler VE. The Honest Herbal, 3rd edn. Philadelphia: Strickley, 1993.
United States Pharmacopeia 24 and National Formulary 19 and
Supplements. Rockville, Maryland, US: United States Pharmacopeial
Convention, 2000.

Wagner H et al. Plant Drug Analysis. Berlin: Springer-Verlag, 1983.
World Health Organization. WHO Monographs on Selected
Medicinal Plants, vol 1. Geneva: World Health Organization, 1999.
Wren RC. Potter's New Cyclopedia of Botanical Drugs and
Preparations (revised, Williamson EW, Evans FJ). Saffron Walden:
Daniel, 1988.



65

66

67

68

69

70

71
72

73

74
75

76

77

78

www.cfsan.fda.gov/~dms/eafus.html (US Food and Drug
Administration).

British Herbal Medicine Association. A Guide to Traditional Herbal
Medicines Bournemouth: British Herbal Medicine Association
Publishing, 2003.

Martindale. The Complete Drug Reference, 33nd edn. (Sweetman S,
ed.). London: The Pharmaceutical Press, 2002.

Evans WC. Trease and Evans Pharmacognosy, 15nd edn. Edinburgh:
WB Saunders, 2002.

Williamson EM. Potter's Herbal Cyclopaedia. Saffron Walden: CW
Daniel Co., 2003.

World Health Organization. WHO Monographs on Selected
Medicinal Plants, vol 2. Geneva: World Health Organization, 2002.
British Pharmacopoeia 2002. London: The Stationery Office, 2002.
European Pharmacopoeia, 4th edn, 2004 Supplement. Strasbourg:
Council of Europe, 2004.

United States Pharmacopoeia 26 and National Formulary 21 and
Supplements. Rockville, Maryland, US: United States Pharmacopeial
Convention, 2003.

British Pharmacopoeia 2004. London: The Stationery Office, 2004.
Wichtl M (ed.). Herbal Drugs and Phytopharmaceuticals. A handbook
for practice on a scientific basis. 3rd edition. Stuttgart: medpharm
Scientific publishers, 2004.

European Scientific Co-operative on Phytotherapy. ESCOP
monographs. 2nd edition. Exeter, Stuttgart, New York: ESCOP, Georg
Thieme Verlag, Thieme New York, 2003.

Martindale. The complete drug reference. 34th edn. (Sweetman S, ed.)
London: Pharmaceutical Press, 2005.

British National Formulary 49. London: British Medical Association
and Royal Pharmaceutical Society of Great Britain, 2005.

79

80

81

82

83

84
85
86

87

88

General References

\ 4

Stockley TH (editor in chief). Stockley's Drug Interactions. 6th edn.
London: Pharmaceutical Press, 2002.

European Medicines Agency. Committee on Herbal Medicinal
Products. Community Herbal Monograph on Valeriana officinalis L.,
radix. London, 26 October 2006. Doc. Ref. EMEA/HMPC/340719/
2005.

European Pharmacopoeia, 5th edn, and Supplements 5.1-5.7.
Strasbourg: Council of Europe, 2004-2007.

European Medicines Agency. Committee on Herbal Medicinal
Products. Community Herbal Monograph on Plantago ovata Forssk.,
seminis tegumentum. London, 26 October 2006. Doc. Ref. EMEA/
HMPC/340857/2005.

European Medicines Agency. Committee on Herbal Medicinal
Products. Community Herbal Monograph on Plantago ovata Forssk.,
semen. London, 26 October 2006. Doc. Ref. EMEA/HMPC/340861/
2005.

British Pharmacopoeia 2007. London: The Stationery Office, 2007.
Martindale. The Complete Drug Reference, 35th edn. (Sweetman S,
ed.) London: Pharmaceutical Press, 2007.

United States Pharmacopeia 29 and National Formulary 24 and
Supplements. Rockville, Maryland, US, United States Pharmacopeial
Convention, 2006.

Majerus PW, Tollefsen DM. Anticoagulant, thrombolytic and
antiplatelet drugs. In: Hardman JG, Limbird LE (eds). Goodman &
Gilman's The Pharmacological Basis of Therapeutics, 10th edn. New
York: McGraw-Hill, 2001: 1519-1538.

European Medicines Agency. Committee on Herbal Medicinal
Products. Community Herbal Monograph on Aloe barbadensis Miller
and on Aloe (various species, mainly Aloe ferox Miller and its
hybrids). London, 26 October 2006. Doc. Ref. EMEA/HMPC/76310/
2006.



' Agnus Castus

Summary and Pharmaceutical Comment

The chemistry of agnus castus is well-documented; the active
constituents have not been established definitely, although the
diterpene constituents are considered to be important, at least
for dopaminergic activity. Dopaminergic activity has been
documented in preclinical studies, and this provides some
supporting evidence for the traditional uses of agnus castus. At
present, there is conflicting evidence from in vitro studies
regarding oestrogenic effects of agnus castus fruit extract and
its constituents, and this requires further investigation.

Clinical trials of agnus castus preparations have focused on
assessing effects in premenstrual syndrome and mastalgia,
although rigorous clinical investigations are limited. In
addition, studies have tested different agnus castus
preparations, including combination herbal preparations
containing agnus castus extract. Therefore, at present there is
insufficient evidence to support definitively the efficacy of
specific agnus castus products. Preliminary uncontrolled
clinical studies involving women with hyperprolactinaemia
and/or menstrual disorders have reported reductions in serum
prolactin concentrations following treatment with certain
agnus castus preparations, although further research is
needed to confirm these findings.

Similarly, only limited data relating to the safety of agnus
castus preparations are available, and further investigation of
safety aspects is required. The available evidence indicates
that certain agnus castus preparations are well-tolerated
when used according to recommended dosage regimens. In
view of the lack of data, the use of agnus castus preparations
should be avoided in pregnancy and breastfeeding. As there is
pharmacological evidence that agnus castus has
dopaminergic activity, agnus castus should not be used with
dopamine receptor agonists or antagonists.

Species (Family)

Vitex agnus-castus L. (Verbenaceae)

Synonym(s)
Agni Casti, Chasteberry, Chaste Tree, Monk's Pepper

Part(s) Used

Fruit

Pharmacopoeial and Other Monographs
1)

American Herbal Pharmacopoeia
BHP 1996

BP 2007“%¥

BHMA 2003(“¢®

Complete German Commission E(©?
ESCOP 20037

Martindale 35th edition‘“®

PhEur 20078V

o

Legal Category (Licensed Products)
GSL'“¥

Constituents

The following is compiled from several sources, including General
Reference G75.

Diterpenes Labdane-type, including rotundifuran 0.04-0.3%,
vitexilactone  0.02-0.17%, 6f,7B-diacetoxy-13-hydroxy-labda-
8,14-diene  0.02-0.15%,"?  vitexlactam A  (6B-acetoxy-9a-
hydroxy-13(14)-labden-16,15-amide.”

Flavonoids Casticin  (3',5-dihydroxy-3,6,7,4'-tetramethoxy-
flavone) 0.02-2.0%, penduletin, chrysoplenol. C-glycosides orien-
tin, isoorientin and isovitexin.“®%7>7® The total flavonoid
content of three Croatian samples varied from 0.05 to 0.08%."

Iridoids Agnuside (p-hydroxybenzoylaucubin) 0.6% and aucubin
0.3%.% The agnuside content of eight samples of dried fruits
varied from 0.01-0.21%"? and a standard of 0.02-0.40% has
been proposed.!©7®

Polyphenols Seven Croatian samples analysed contained tannin
0.24-1.6% and total polyphenols 6.92-13.24%."

Essential oil 0.8-1.8%; 85 compounds identified."'? There are
two distinct chemotypes, one containing o-pinene and the other a-
terpinylacetate." Comminution, maturity of fruit, length of
distillation and extraction method markedly affect yields and
composition of the oil: sabinene 16.4—44.1%, 1,8-cineole 8.4—
15.2%, P-caryophyllene 2.1-5.0% and t¢rans-B-farnesene 5.0
11.7%."Y A yield of 0.5% volatile oil containing 35%
monoterpenes (mainly o-pinene, sabinene, B-phellandrene and
4-terpineol) and 52% sesquiterpenes (mainly B-caryophyllene,
allo-aromadendrene, germacrene B, spathulenol and t-cadinol)
has been reported.> 7

itu atty acids, including oleic, stearic, palmitic,
Other constituents Fatty acid luding ol pal
a-linolenic and linoleic acids.¢”®

Other parts of the plant The flowering stems contain the
iridoids 6'-O-foliomenthoyl-mussaenosidic acid (agnucastoside
A), 6'-O-(6,7-dihydro-foliomenthoyl-mussaenosidic acid (agnu-
castoside B), 7-O-trans-p-coumaroyl-6'-O-trans-caffeoyl-8-epilo-
ganic acid (agnucastoside C), aucubin, agnuside, mussaenosidic
acid and 6'-O-p-hydroxybenzoylmussaenosidic acid together with
a phenylbutanone glucoside (myzodendrone).*®

Material from agnus castus contains the flavonoids luteolin,
artemetin, isorhamnetin, luteolin-6-C-(4"'-methyl-6"-O-trans-caf-
feoylglucoside), luteolin-6-C-(6"'-O-trans-caffeoylglucoside),
luteolin-6-C-(2"-O-trans-caffeoylglucoside) and luteolin-7-O-(6"-
p-hydroxy-benzoylglucoside)."” The source of the material
concerned is unclear: the experimental section of the paper refers
to the fruit, whereas other sections of the paper mention the root

bark.
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Figure 1 Selected constituents of agnus castus.
Food Use

Agnus castus is not used in foods.

Herbal Use

Traditionally, agnus castus has been used for menstrual problems
resulting from corpus luteum deficiency, including premenstrual
symptoms and spasmodic dysmenorrhoea, for certain menopausal
conditions, and for insufficient lactation.*“*) The German
Commission E approved it for internal use for irregularities of the
menstrual cycle, premenstrual complaints and mastodynia.“?

Dosage

Dosages for oral administration (adults) recommended in older
standard herbal reference texts are given below.

Fruit 0.5-1.0¢g three times daily;'“* aqueous—alcoholic extracts
corresponding to 3040 mg daily of dried crushed fruit./“?

Tincture 1:5 (g/mL), 50~70% cthanol (v/v) 0.15-0.2 mL.‘“*
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Figure 3 Agnus castus — dried drug substance (fruit).

Pharmacological Actions

In vitro and animal studies

Previously it was thought that agnus castus does not contain any
oestrogenic constituents, although new findings are conflicting on
this point. In an in vitro assay, a methanol extract of V. agnus-
castus fruits showed competitive binding to both oestrogen
receptors of the a- (ER-a) and B-subtypes (ER-B), with mean
(standard deviation) ICsy values of 46 (3) and 64 (4) pg/mL,
respectively.®” In vitro ligand binding assays showed that a 68%
ethanol extract of V. agnus-castus dried fresh fruits bound to ER-8
in a concentration-dependent manner with an ECsy of around
10 pg/mL, but binding to ER-ot was not observed.?" Bioassay-
guided fractionation revealed that apigenin was the constituent
with the greatest affinity for ER-B (EC5o = 0.08 pg/mL), whereas
penduletin and vitexin had ECsy values of 0.25 and 10 pg/mL,
respectively. The compounds were all found to be selective for ER-
B. In contrast, in in vitro experiments using a recombinant cell
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bioassay, a methanol extract of agnus castus (not further specified)
had no measurable oestrogenic activity.*?

Extracts of agnus castus act at dopamine receptors and affect
prolactin release. Dopamine D,-receptor binding of extracts has
been demonstrated for three different dopamine receptors (rat
striatum, calf striatum and human recombinant receptors) and for
two separate ligands (sulpiridine and spiroperidol).*2* The
active compounds acted as dopamine agonists and were
characterised as labdane diterpenes. The two most active
diterpenes, rotundifuran and 6f,7B-diacetoxy-13-hydroxy-labda-
8,14-diene, had ICs, values (calf striatum preparation, *H-
spiroperidol ligand) of 45pg/mL (124 nmol/mL) and 79 pug/mL
(194 nmol/mL), respectively®” A lyophilised extract of agnus
castus (5mg/mL) was similar in activity to 10~ * mol/L dopamine
in receptor—ligand binding assays, displacing *H-spiroperidol
from calf brain striatal preparations.*=

An extract of agnus castus inhibited release of acetylcholine
from *H-choline loaded rat brain striatal cells on electrical
stimulation, and had an ICs, value of 30 pg/mL.**

Hexane fractions of agnus castus bind to human opiate
receptors with ICsy values of 20 pg/mL (p-receptors) and 10 pg/
mL (K—receptors).(zs)

Similar properties have been described for several different 60%
ethanol extracts of Vitex agnus-castus dried fruits that contained
at least 0.08% casticin. In radioligand binding studies, mean ICs,
values for binding to dopamine-D, receptors ranged from 40 to
70 pg/mL for the five ethanolic extracts tested, and the ICsq value
was 32 pg/mL for a hexane subfraction (containing diterpenes and
fatty acids) of an 80% methanol extract.”® The chemical profile
of the ethanolic extracts varied quantitatively and extracts were
characterised with respect to the constituents casticin (0.54—
1.22%), rotundifuran (1.04-2.23%), vitexilactone (0.34—1.01) and
6P,7B-diacetoxy-13-hydroxy-labda-8,14-diene (0.18-0.80%).

In in vitro experiments using rat pituitary cells, an ethanolic
extract of agnus castus (not further specified) inhibited basal and
thyroxine releasing hormone-stimulated prolactin secretion in a
concentration-dependent manner at concentrations of 115-460 pg/
mL.%” The effect was blocked by addition of a dopamine receptor
agonist to the system, indicating that the inhibition of prolactin
secretion by agnus castus was brought about through a
dopaminergic effect of constituents of the agnus castus extract.
Other experiments using rat pituitary cells have demonstrated
inhibition of basal and thyroxine releasing hormone-stimulated
prolactin secretion by a 60% ethanol extract of agnus castus
seeds.”® Further experiments showed that the inhibition of
prolactin release was not due to a cytotoxic effect on rat pituitary
cells, and that the agnus castus extract had no effect on
gonadotrophin release.

An ethanol extract of V. agnus-castus fruit significantly
inhibited phorbol-ester-promoted Epstein—Barr virus early antigen
(EBV-EA) activation in vitro.”” This assay is used to identify
potential cancer chemopreventive substances. Cytotoxic effects
have been described for an ethanol extract of V. agnus-castus fruit
against various non-cancer (human uterine cervical canal
fibroblast, HCF) and cancer cell lines (gastric signet ring
carcinoma (KATO-III), colon cancer (COLO-201), small-cell
lung carcinoma (Lu-134-A-H), ovarian cancer (MCF-7), cervical
carcinoma (SKG-3a) and breast carcinoma (SKOV-3)). The
cytotoxic effect correlated significantly with the growth rate of
the respective cells and, therefore, was greatest in those cells with
a higher growth rate (HCF, MCF-7, SKG-3a and SKOV-3);
cytotoxic activity did not appear to be selective for cancer cells.®”
Further work using KATO-IIT cells suggested that V. agnus-castus

extract may bring about apoptosis through a mechanism involving
oxidative stress.”” These findings, however, cannot be extra-
polated to the clinical setting, and further investigation of the
potential cytotoxic effects of V. agnus-castus fruit extract,
including with respect to normal cells, is required. Several
flavonoid compounds with cytotoxic activity against P388
lymphocytic leukaemia cells have been isolated from the root
bark of V. agnus castus."”

Antimicrobial activity has been described for extracts of V.
agnus-castus fruits in in vitro assays using a disc-diffusion
method. Ethanol, methanol, n-hexane and aqueous extracts
inhibited the growth of Escherichia coli ATCC29998, E. coli
ATCC11230, Staphylococcus aureus ATCC29213, S. epidermidis
ATCC12228 and Salmonella typhimurium CCMS5445 (zone of
inhibition including disc >6 mm).®? The ethanol, n-hexane and
aqueous extracts also inhibited the growth of S. aureus
ATCC6538P and Pseudomonas aeruginosa ATCC27853. None
of the extracts, however, was active against the yeast Candida
albicans. Ether and ethanol extracts of the leaves of V. agnus-
castus have also shown antibacterial activity in vitro.®?

A carbon dioxide extract of the seeds of V. agnus-castus at a
concentration of 1-3% in a formulation containing human skin
care substances provides protection against ticks, fleas, mosqui-
toes and biting flies in various animal models for up to eight
hours,®¥according to a preliminary report.

Clinical studies

Clinical trials of agnus castus preparations have focused on
assessing effects in premenstrual syndrome (PMS) and mastalgia,
although rigorous clinical investigations are limited. In addition,
studies have tested different agnus castus preparations, including
combination herbal preparations containing agnus castus extract.
At present there is insufficient evidence to support definitively the
efficacy of specific agnus castus products.

One of the most robust studies was a randomised, double-blind,
placebo-controlled trial in which 170 women with PMS received a
casticin-standardised agnus castus extract (ZE-440) 20 mg daily, or
placebo, for three menstrual cycles. At the end of the third
menstrual cycle, self-assessed improvements in PMS symptoms
(irritability, mood alteration, anger, headache, breast fullness,
bloating) were significantly greater in the agnus castus group,
compared with the placebo group (p < 0.001). Clinical global
impression (CGI) scores for severity of condition, global
improvement and the overall benefit=harm profile were also
significantly better for agnus castus, compared with placebo (p <
0.001).%%

In a double-blind, placebo-controlled trial, 37 women with
deficiencies in corpus luteal phase and latent hyperprolactinaemia
received an agnus castus preparation (n = 17) or placebo (n = 20)
for three menstrual cycles. In the treated group, the luteal phase
was extended to 10.5 days from an initial 3.4-5.5 days.®®

A small number of other trials has compared the effects of
agnus castus preparations with those of other agents. In a
randomised, double-blind trial, 41 women aged 2445 years with
regular menstrual cycles and who were diagnosed with pre-
menstrual dysphoric disorder received a V. agnus-castus extract
2040 mg daily (not further specified), or fluoxetine 20—40 mg
daily, for eight weeks. At the end of the study, daily symptom
record scores, Hamilton depression scale scores and psychiatrist-
assessed clinical global impression scores were significantly
improved for both groups, compared with baseline values, and
there were no statistically significant differences between the two



groups (p > 0.05 for all at the 8-week endpoint).”” However,
these findings can only be considered preliminary as the study has
several methodological limitations: at present, there is insufficient
evidence that fluoxetine is efficacious in premenstrual dysphoric
disorder and, as a placebo arm was not included in the study, a
placebo response in both the fluoxetine and the agnus castus
groups cannot be excluded; a sample size calculation does not
appear to have been carried out; the statistical analysis appears to
have been carried out with the 'per protocol' population, and an
intention-to-treat analysis using last available measurements for
participants who withdrew was not reported; and the study
involved treatment over two menstrual cycles only. Further
randomised, controlled trials that include a placebo arm and
have sufficient statistical power are required.

Another randomised, double-blind, controlled trial involving
women with PMS (n = 175) compared the effects of an agnus
castus fruit extract (Agnolyt capsules; drug to extract ratio 9.6—
11.5:1, equivalent to 3.5-4.2 mg extract per capsule) two capsules
daily with those of pyridoxine (vitamin Bg) over three menstrual
cycles. Similar reductions in self-assessed and physician-assessed
PMS scores were reported for both groups.®® However, the results
of this study should be interpreted with caution as evidence for
pyridoxine in reducing PMS symptoms is at present inconclusive,
therefore, a placebo response in both groups cannot be excluded.

Results of randomised, double-blind, placebo-controlled trials
involving women with mastalgia alone who received a combina-
tion preparation (Mastodynon) containing agnus castus extract
and five other herbal ingredients (at various dilutions) have
provided some evidence of efficacy for this product although
definitive studies are still required. One such study which involved
104 women who received the preparation formulated as a solution,
or as tablets, or placebo, for three menstrual cycles found that
breast pain was reduced to a significantly greater extent with
agnus castus than with placebo (p = 0.0067 and p = 0.0076 for
solution and tablets, respectively, versus placebo).®” Basal
prolactin concentrations were reduced significantly in the agnus
castus groups, compared with the placebo group (reductions of
4.35, 3.7 and 0.57 ng/mL for the solution, tablets and placebo
group; p = 0.04 and 0.02 for solution versus placebo and tablets
versus placebo, respectively).

A similar trial involving 97 women with cyclic mastalgia who
received Mastodynon solution 30 drops twice daily (equivalent to
32.4mg V. agnus-castus fruit extract daily), or placebo, found
statistically significant differences in reduction of breast pain
intensity as measured by visual analogue scale scores between
treatment and placebo after one and two menstrual cycles (p =
0.018 and p = 0.006, respectively), but no statistically significant
difference (p = 0.064) after three menstrual cycles.*”

In a randomised, double-blind, placebo-controlled pilot study,
30 women aged 2446 years who had tried unsuccessfully to
conceive for 6-36 months received a combination preparation
containing extracts of agnus castus and green tea (not further
specified), L-arginine and several vitamins and minerals, three
capsules daily, or placebo, for three menstrual cycles.*" After
three months, four women in the treatment group had become
pregnant whereas none had done so in the placebo group (p =
0.02). During an open-label extension in which all participants
received the combination preparation, another woman became
pregnant. The pregnancies resulted in four healthy live births; one
pregnancy resulted in a miscarriage.

Several open, uncontrolled studies involving small numbers of
women with fertility disorders, hyperprolactinaemia and men-
strual disorders have explored the effects of treatment with
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preparations containing extracts of agnus castus (e.g. Mastodynon
and Agnucaston; Bionorica), administered orally, generally at
doses equivalent to 30—40 mg drug daily for several months. These
studies report decreased prolactin concentrations at the end of
treatment, compared with baseline values.*>*? By contrast, in an
open-label study involving 50 women who received a casticin-
standardised preparation of agnus castus (Ze-440, containing
20 mg of a 60% ethanol extract of V. agnus-castus fruit; drug to
extract ratio 6—12:1) during three menstrual cycles, there was no
statistically significant difference in plasma concentrations of
prolactin at the end of treatment, compared with baseline values (p
> 0.05).*" However, the design of these studies does not allow the
observed effects to be attributed definitively to the intervention.

The effects of agnus castus have also been investigated in men.
In an open, placebo-controlled, crossover study, 20 healthy men
were given a commercial preparation of agnus castus fruit extract
(BP-1095E1) at doses of 120, 240 and 480 mg extract (3—12 times
higher than doses used in women) for 14 days, with a wash-out
period of at least one week between each study phase.® A
statistically significant increase in serum prolactin concentrations
was observed with the lowest dose tested, compared with placebo
(p = 0.033) whereas the higher dose decreased prolactin
concentrations (p = 0.016).

In an open, placebo-controlled, crossover study designed to
assess effects on melatonin secretion, 20 healthy male volunteers
received a 70% ethanol—-water extract of V. agnus-castus fruit 120,
240 and 480 mg daily in three divided doses for 14 days, with a
wash-out period of at least one week between each treatment
phase.* During treatment with agnus castus extract, the area
under the serum concentration curve of melatonin was signifi-
cantly higher than during placebo administration (p < 0.005). The
effects of agnus castus on melatonin secretion require further
investigation in randomised, double-blind, controlled experi-
ments.

Preliminary reports describe the use of agnus castus prepara-
tions in the treatment of acne,™” although randomised controlled
trials assessing the effects of agnus castus in this indication are
required.

Side-effects, Toxicity

Clinical data

Clinical data relating to safety aspects of V. agnus-castus
preparations are available from several sources, including
controlled clinical trials, post-marketing surveillance studies and
spontaneous reports of suspected adverse reactions associated
with agnus castus preparations.

Only limited data relating to the safety of agnus castus
preparations are available from randomised controlled trials. In
a randomised, double-blind, controlled trial in which 170 women
with PMS received a casticin-standardised agnus castus extract
(ZE-440) 20 mg daily, or placebo, for three menstrual cycles, the
frequency of adverse events was similar in the agnus castus and the
placebo groups (4.7 and 4.8%, respectively).®” Adverse events
reported for agnus castus were acne, multiple abscesses,
intermenstrual bleeding and urticaria, and for placebo, acne,
early menstrual period and gastric upset; all adverse events were
considered to be mild and resolved without discontinuation of
treatment. Adverse events were either not observed or not reported
in other placebo-controlled trials of agnus castus preparations.

In a randomised, double-blind trial, 41 women aged 2445
years with regular menstrual cycles and who were diagnosed with
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premenstrual dysphoric disorder received a V. agnus-castus extract
20-40 mg daily (not further specified), or fluoxetine 2040 mg
daily, for eight weeks.”” During the study, 17 participants (nine in
the fluoxetine group and eight in the agnus castus group) reported
a total of 36 adverse events (20 and 16 with fluoxetine and agnus
castus, respectively), most commonly nausea and headache in
both groups. Another randomised, double-blind, controlled trial
involving women with PMS (n = 175) compared the effects of an
agnus castus fruit extract (Agnolyt capsules; drug to extract ratio
9.6-11.5:1, equivalent to 3.5-4.2mg extract) with those of
pyridoxine (vitamin Bg) over three menstrual cycles.®® Adverse
events were reported for five agnus castus recipients (persistent
gastroenteritis, nausea, acneiform facial inflammation, allergic
rashes (2)), and four placebo recipients (sensation of a lump in the
throat, abdominal discomfort, recurrence of ulcerative colitis,
persistent bleeding of unknown origin). Although current desire
to conceive was an exclusion criterion for the study, five women,
all from the agnus castus group, became pregnant during the
trial.®¥

A systematic review of publications containing data relating to
adverse events associated with agnus castus preparations included
five post-marketing surveillance studies of an agnus castus fruit
extract (Agnolyt) formulated as a tincture.*® The studies involved
a total of over 7500 patients who received the agnus castus
preparation at a dose of around 40 drops daily, typically for
around four to six months, although in one study the duration of
administration ranged from one week to 19 months. Four studies,
involving a total of 7152 participants, reported the number of
participants withdrawing from the respective studies because of
adverse events (total n = 71; 1.0%). Adverse events reported most
frequently included nausea and other gastrointestinal distur-
bances, such as diarrhoea.

In another post-marketing surveillance study in Germany in
which 1634 women with premenstrual syndrome received a dried
extract of V. agnus-castus fruit (Femicur capsules containing 1.6—
3.0 mg extract, corresponding to 20 mg drug; drug to extract ratio,
6.7-12.5:1) for around three months, 37 participants reported a
total of 45 adverse events, most commonly skin complaints and
hair loss (n = 13) and gastrointestinal symptoms (7 = 6), none of
which were considered serious. Of these, 23 adverse events
occurring in 20 participants were considered to be related to
treatment with agnus castus.™*” During treatment with the agnus
castus preparation, 23 participants became pregnant and for 12 of
these women treatment with agnus castus was stopped because of
the pregnancy. A report of the study does not state whether
pregnancy was intended or unintended (although it was stated
that 19 of the 23 women had previously tried unsuccessfully to
become pregnant), whether or not they were concurrently taking
oral contraceptives, for how long during pregnancy agnus castus
was taken, or what were the outcomes of the pregnancies in
women who consumed agnus castus while pregnant.

In an open-label study, 50 women received a casticin-
standardised preparation of agnus castus (Ze-440, containing
20mg of a 60% ethanol extract of V. agnus-castus fruit; drug to
extract ratio 6-12:1) during three menstrual cycles.*¥ During the
study, 20 participants reported 37 adverse events, most commonly
acne (n = 7), headache (6), 'spotting' (5) and gastrointestinal
symptoms (5).

Preclinical data

Cytotoxic effects have been described for an ethanol extract of V.
agnus-castus fruit against various non-cancer (human uterine

cervical canal fibroblast, HCF) and cancer cell lines (see
Pharmacological Actions, I vitro and animal studies).®”

Contra-indications, Warnings

Drug interactions None have been described for agnus castus
preparations. However, as there is pharmacological evidence that
agnus castus has dopaminergic activity, agnus castus should not be
used with dopamine receptor agonists or antagonists. As with
other herbal medicines, the potential for preparations of V. agnus
castus to interact with other medicines administered concurrently
should be considered.

Pregnancy and lactation In view of the documented pharma-
cological actions and lack of toxicity data, the use of agnus castus
during pregnancy should be avoided. Agnus castus has been
reported to stimulate milk secretion without altering the composi-
tion of the breast milk.®” Nevertheless, agnus castus should be
avoided during breastfeeding until further information is available.

In a randomised, double-blind, placebo-controlled pilot study,
30 women aged 2446 years who had tried unsuccessfully to
conceive for 6-36 months received a combination preparation
containing extracts of agnus castus and green tea (not further
specified), L-arginine and several vitamins and minerals, three
capsules daily, or placebo, for three menstrual cycles.*" After
three months, four women in the treatment group had become
pregnant whereas none had done so in the placebo group (p =
0.02). During an open-label extension in which all participants
received the combination preparation, a further woman became
pregnant. The pregnancies resulted in four healthy live births; one
pregnancy resulted in a miscarriage. In another placebo-controlled
study, current desire to conceive was an exclusion criterion for the
study, yet five women, all from the agnus castus group, became
pregnant during the trial.®® The effects of agnus castus contain-
ing preparations on fertility and on resulting pregnancies require
further investigation.

An isolated case report describes a 32-year-old woman with
tubal infertility who was undergoing unstimulated in wvitro
fertilisation (IVF) treatment and who took a V. agnus-castus
preparation at the beginning of a fourth IVF treatment cycle.®"
The woman developed multiple follicles (n = 4), whereas previous
IVF treatment cycles, and two subsequent cycles, resulted in the
development of a single follicle. In addition, the woman's serum
gonadotrophin and ovarian hormone concentrations were dis-
ordered during ingestion of agnus castus. None of the six cycles of
IVF treatment (i.e. three before the woman took agnus castus, one
during and two afterwards) resulted in a pregnancy.

Preparations

Proprietary single-ingredient preparations

Austria: Agnofem; Agnucaston; Agnumens. Brazil: Lutene;
Regulatum; Tenag; Vitenon; Vitex. Czech Republic: Agnucas-
ton; Evana. Germany: Agno-Sabona; Agnolyt; Agnucaston;
Agnufemil; Biofem; Castufemin; Cefanorm; Femicur Nj
Feminon A; Femisana mens; Gynocastus; Hevertogyn; Sarai;
Strotan; Valverde Monchspfeffer bei Menstruationsbeschwer-
den. Hungary: Agnucaston; Cefanorm; PreMens. Mexico:
Cicloplant. Russia: Agnucaston (Armykacton). Spain: Disme-
gyn; Femiplante. Switzerland: Agnolyt; Emoton; Oprane;
Prefemine; PreMens. Thailand: Agnucaston. UK: Herbal
Premens.



Proprietary multi-ingredient preparations

Australia: Dong Quai Complex; Feminine Herbal Complex;
Lifesystem Herbal Formula 4 Women's Formula; PMT
Complex; Women's Formula Herbal Formula 3. Canada:
Natural HRT. Singapore: Phytoestrin. USA: Women's Meno-
pause Formula.
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' Agrimony

Summary and Pharmaceutical Comment

Limited information is available on the chemistry and
pharmacological properties of agrimony. Clinical
investigation of agrimony is extremely limited and rigorous
studies are needed to establish the efficacy of agrimony. The
tannin constituents may justify the astringent activity
attributed to the herb. In view of the lack of toxicity data,
excessive use of agrimony and use during pregnancy and
breastfeeding should be avoided. The potential for
preparations of agrimony to interfere with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Species (Family)

Agrimonia eupatoria L. (Rosaceae)

Synonym(s)

Agrimonia

Part(s) Used
Herb

Pharmacopoeial and Other Monographs

BHP 1996

BP 20075

Complete German Commission E(S?)
Martindale 35th edition©%

Ph Eur 2007“%"

Legal Category (Licensed Products)
GSL(@?”

Constituents

The following is compiled from several sources, including
References 1 and 2, and General Reference G2.

Acids Palmitic acid, salicylic acid, silicic acid and stearic acid.

Flavonoids Apigenin, luteolin, luteolin-7-glucoside, quercetin,
quercitrin, kaempferol and glycosides.”)

Tannins  3-21%. Condensed tannins in herb; hydrolysable
tannins (e.g. ellagitannin).

Vitamins  Ascorbic acid (vitamin C), nicotinamide complex
(about 100-300 pg/g leaf), thiamine (about 2pg/g leaf) and
vitamin K.

Other constituents Bitter principle, triterpenes (e.g. o-amyrin,

ursolic acid, euscapic acid), phytosterols and volatile oil 0.2%.

Food Use

Agrimony is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that

a2

agrimony can be added to foodstuffs in small quantities, with a
possible limitation of an active principle (as yet unspecified) in the
final product.‘“'®

Herbal Use

Agrimony is stated to possess mild astringent and diuretic
properties.” It has been used for diarrhoea in children, mucous
colitis, grumbling appendicitis, urinary incontinence, cystitis, and
as a gargle for acute sore throat and chronic nasopharyngeal
catarrh.(©>S7

Figure 1

Agrimony (Agrimonia eupatoria).

Figure 2 Agrimony — dried drug substance (herb).



Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Dried herb 2—4g by infusion three times daily.‘”

Liquid extract 1-3mL (1:1in 25% alcohol) three times daily.‘“”

Tincture 1-4mL (1:5 in 45% alcohol) three times daily.‘“”

Pharmacological Actions

In vitro and animal studies

Significant uricolytic activity has been documented for agrimony
infusions and decoctions (15% w/v), following their oral
administration to male rats at a dose of 20 mL/kg body weight
(equivalent to 3 g dry drug).”” Diuretic activity was stated to be
minimal and elimination of urea unchanged. A hypotensive effect
in anaesthetised cats has been documented for an agrimony
extract given by intravenous injection; blood pressure was lowered
by more than 40%.%

Marked antibacterial activity against Staphylococcus aureus
and o-haemolytic streptococci has been reported for agrimony.®

An aqueous ethanol extract of the herb was tested for
immunomodulative activity in the peritoneal cavities of mice.”
Immunostimulant activity resulted in an increase in phagocytic
activity and increases in the activities of lysozyme and peroxidase.
Agrimonia eupatoria given in the diet of mice for 12 days prior to
intraperitoneal administration of streptozotocin resulted in a
reduction in hyperglycaemia.® Further investigation revealed
stimulation of 2-deoxyglucose transport, glucose oxidation and
incorporation of glucose into glycogen in mouse abdominal
muscle. An aqueous extract (0.25-1mg/mL) stimulated insulin
secretion from a BRIN-BD11 pancreatic B cell line.”) These
findings demonstrate that A. eupatoria aqueous extract given
orally to mice has antihyperglycaemic, insulin-releasing and
insulin-like activity.”

A related species, A. pilosa, has also been investigated. In vivo
antitumour activity in mice has been attributed to the tannin
agrimoniin”” which has not been reported as a constituent of A.
eupatoria. Agrimoniin was administered intraperitoneally into
ascites-type and solid tumours in rodents.!"” At doses of greater
than 10 mg/kg, given before or after intraperitoneal inoculation
with MM2 cells, it completely rejected tumour growth in mice.?
Solid tumours of MH134 and Meth-A were inhibited by
agrimoniin, and the number of peripheral blood cells was
increased, indicating that agrimoniin has antitumour activity
and that it exerts its effect by enhancing the immune response. In
vitro studies have reported that agrimoniin induces the cytotoxi-
city of murine peritoneal exudate cells,"® and that it induces
interleukin 1 in human peripheral blood mononuclear cells and in
mouse adherent peritoneal exudate cells in vivo."? Several
phloroglucinols isolated from A. pilosa have demonstrated
activity against Staphylococcus aureus,"* and a methanol extract
of the herb inhibited HIV-1 protease activity"> An aqueous
suspension of A. pilosa herb (1 mg/kg and 5 mg/kg) given orally or
intraperitoneally significantly reduced blood glucose concentra-
tions in streptozotocin-induced diabetic rats.'®

An aqueous extract of the aerial parts of A. eupatoria inhibited
the secretion of hepatitis surface antigen in an in vitro system
using HepG2.2.15 cells, which produce complete virion particles
and viral proteins.""”
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Clinical studies

Clinical investigation of the effects of agrimony is extremely
limited and rigorous randomised controlled clinical trials are
needed. The use of agrimony infusions to treat cutaneous
porphyria in a group of 20 patients has been described.
Improvements in skin eruptions, and a decrease in serum iron
concentrations and urinary porphyrins were observed,™® although
the methodological limitations of this small, uncontrolled study do
not allow any conclusions to be made on the effects of agrimony.

A combination herbal preparation containing agrimony has
been used in 35 patients suffering from chronic gastroduodeni-
tis."” After 25 days of therapy, 75% of patients claimed to be free
from pain, 95% from dyspeptic symptoms and 76% from
palpitation pains. Gastroscopy was said to indicate that previous
erosion and haemorrhagic mucous changes had healed. However,
the methodological limitations of this small, uncontrolled study do
not allow any conclusions to be made on the effects of agrimony.

Side-effects, Toxicity

None documented for A. eupatoria. A polar fraction containing
flavonoids and triterpenes, but not tannins, produced a negative
result in the Ames test.™”

In mice, agrimoniin has been documented to cause stretching
and writhing reactions when administered by intraperitoneal
injection, and cyanosis and necrosis at the site of intravenous
injection."” These reactions were considered to be inflammatory
reactions. The LDjs of agrimoniin in mice has been estimated as
33 mg/kg (by intravenous injection), 101 mg/kg (by intraperitoneal
injection), and greater than 1g/kg (by mouth).™ Cytotoxic
activity has been reported for A. pilosa''” (see Pharmacological
Actions, In vitro and animal studies).

Contra-indications, Warnings

In view of the tannin constituents, excessive use of agrimony

should be avoided.

Drug interactions In view of the documented pharmacological
actions of agrimony, the potential for preparations of agrimony to
interfere with other medicines administered concurrently (parti-
cularly those with similar or opposing effects) should be
considered.

Pregnancy and lactation Agrimony is reputed to affect the
menstrual cycle./“*? In view of the lack of toxicity data, use of
agrimony should be avoided during pregnancy and lactation.

Preparations

Proprietary single-ingredient preparations

Czech Republic: Nat Repiku Lekarskeho; Repik Lekarsky;
Repikovy Caj, Repikova Nat.

Proprietary multi-ingredient preparations

Austria: Amersan; Gallen- und Lebertee St Severin; Novocho-
lin. Czech Republic: Amersan; Cynarosan; Eugastrin;
Hemoral; Naturland Grosser Swedenbitter; Nontusyl; Species
Cholagogae Planta; Stomaran; The Salvat; Ungolen; Zlucni-
kova Cajova Smes. France: Tisane Hepatique de Hoerdt.
Russia: Herbion Drops for the Gallbladder (I'epouon Kaman
Keaueronnsre). Spain: Natusor Astringel; Natusor Farinol.
UK: Piletabs.
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U Alfalfa

Summary and Pharmaceutical Comment

The chemistry of alfalfa is well documented and it does
appear to be a good source of vitamins and minerals, thereby
supporting the herbal uses. However, normal human dietary
intake of alfalfa is low and excessive ingestion should be
avoided in view of the many pharmacologically active
constituents (e.g. canavanine, isoflavones and saponins),
which may give rise to unwanted effects if taken to excess.
Oestrogenic effects are generally associated with the
ingestion of large amounts of the herb, such as in fodder for
poultry and cattle. Reports of a possible systemic lupus
erythematosus (SLE) inducing capacity for alfalfa, particularly
the seeds, also suggests that excessive ingestion is not
advisable. In view of the reports of arthralgia, alfalfa should
not be recommended for the treatment of arthritis. Coumarin
compounds detected so far in alfalfa do not possess the
minimum structural requirements (a C-4 hydroxyl substituent
and a C-3 non-polar carbon substituent)(“®” for
anticoagulant activity.

Species (Family)

Medicago sativa L. (Fabaceae/Leguminosae)

Synonym(s)

Lucerne, Medicago, M. afganica (Bord.) Vass, M. grandiflora
(Grossh.) Vass, M. ladak Vass, M. mesopotanica Vass, M.
orientalis Vass, M. polia (Brand) Vassi, M. praesativa Sinsk, M.
sogdiana (Brand) Vass, Purple Medick, Trigonella upendrae
Chowdh. and Rao

Part(s) Used
Herb

Pharmacopoeial and Other Monographs

BHP 1996'“”
Martindale 35th edition©%")

Legal Category (Licensed Products)
GSL(G37

Constituents

The following is compiled from several sources, including General
References G19, G22 and G41.

Acids Lauric acid, maleic acid, malic acid, malonic acid, myristic
acid, oxalic acid, palmitic acid and quinic acid.

Alkaloids Pyrrolidine-type (e.g. stachydrine, homostachydrine);
pyridine-type (e.g. trigonelline) in the seeds only.

Amino acids Arginine, asparagine (high concentration in seeds),
cystine, histidine, isoleucine, leucine, lysine, methionine, phenyl-
alanine, threonine, tryptophan and valine. The non-protein toxic

amino acid canavanine is present in leaves (0.9-1.2mg/g), stems
(0.6-0.9 mg/g) and seeds (5-14 mg/g). "

Coumarins Medicagol.

Isoflavonoids Coumestrol, biochanin A, daidzein, formononetin
and genistein.

Saponins 2-3%. Hydrolysis yields aglycones, medicagenic acid,
soyasapogenols A—F and hederagenin.!” Sugar chain components
include arabinose, galactose, glucuronic acid, glucose, rhamnose
and xylose.

Steroids Campesterol, cycloartenol, B-sitosterol (major compo-
nent), o-spinasterol and stigmasterol.

Other constituents Carbohydrates (e.g. arabinose, fructose,
sucrose, xylose), vitamins (A, By, Bs, By, C, E, K), pectin
methylesterase, pigments (e.g. chlorophyll, xanthophyll, B-caro-
tene, anthocyanins), proteins, minerals and trace elements.

Food Use

Alfalfa is widely used in foods and is listed by the Council of
Europe as a source of natural food flavouring (categories N2 and
N3). These categories indicate that alfalfa can be added to

Pterocarpans Isoflavonoids

medicarpin a 2
daidzein H H
formononetin - H CHa
genistein OH H
Coumestans

HO

coumestrol

Triterpenes

soyasapogenin

hederagenin

Figure 1 Selected constituents of alfalfa.
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foodstuffs in small quantities, with a possible limitation of an
active principle (as yet unspecified) in the final product.©'®
Previously, alfalfa has been listed as GRAS (Generally Recognised
As Safe). (€

Herbal Use

The herb was not valued by ancient civilisations and is not
detailed in classical herbals. Herbal use probably developed in the
USA where claims have been made for it in the treatment of
arthritis, high cholesterol, diabetes and peptic ulcers.? 1% ¢32
Reputedly, the herb has bactericidal, cardiotonic, diuretic, emetic,
emmenagogue and oestrogenic properties.” Commercial prepara-
tions including teas, tablets and capsules are available./“™ Alfalfa
is stated to be a source of vitamins A, C, E and K, and of the
minerals calcium, potassium, phosphorus and iron. It has been
used for avitaminosis A, C, E or K, hypoprothrombinaemic
purpura, and debility of convalescence./“”> %

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Dried herb 5-10g as an infusion three times daily.‘“”

Liquid extract 5-10mL (1:1 in 25% alcohol) three times

daily.(%”

Pharmacological Actions

In vitro and animal studies

Alfalfa top (stem and leaves) saponins have been reported to
decrease plasma cholesterol concentrations without changing
high-density lipoprotein  (HDL) cholesterol concentrations,
decrease intestinal absorption of cholesterol, increase excretion
of neutral steroids and bile acids, prevent atherosclerosis and
induce the regression of atherosclerosis.”

Hypocholesterolaemic activity has been reported for root
saponins, when given to monkeys receiving a high-cholesterol
diet.” Alfalfa herb fed to monkeys reduced hypercholesterolac-
mia and atherosclerosis; the effect may be partially due to the
saponin constituents.‘“'” In mice fed with alfalfa (6.25% of diet)
for 12 days before administration of streptozotocin, hyperglycae-
mia was reduced compared with values for control animals.”

‘;g ._&_ 2 A 3

Figure 2 Alfalfa — dried drug substance (herb).

Oestrogenic activity in ruminants has been documented for
coumestrol and the isoflavone constituents.©?> <#1

An investigation into the effect of various herbs on hepatic drug
metabolising enzymes in the rat, showed that alfalfa potentiated
the activity of aminopyrine N-demethylase but had no effect on
glutathione S-transferase or epoxide hydrolase activities.®

The seeds are reported to contain trypsin inhibitors.
Saponins isolated from the aerial parts have been reported to
stimulate the lipolytic activity of neopancreatinum (a mixture of
porcine pancreatic enzymes including lipase, amylase and
proteases).”

Alfalfa root saponins have been documented to exhibit selective
toxicity towards fungi.’"®” A medicagenic acid glycoside with
low haemolytic activity, isolated from alfalfa root, was found to
exhibit both strong inhibitory and fungitoxic activities towards
several medically important yeasts including Candida species,
Torulopsis species, Geotrichum canadidum and Rhodotorula
glutinis.® It has been proposed that the antimycotic activity of
alfalfa saponins is related to their ability to complex steroids and
that fungi sensitive to the saponins may contain relatively more
steroids in their membranes.®) Antifungal properties have also
been documented for alfalfa.“*"

The saponin constituents are documented to be haemolytic and
to interfere with vitamin E utilisation, and are believed to be one
of the causes of ruminant bloat.““*" Haemolytic activity is
associated with the medicagenic acid glycosides and not the
hederagenin and soyasapogenol glycosides.

The effects of polysaccharides from alfalfa on mice lympho-
cytes in vitro indicated immunopotentiating activity. '

(G41)

Clinical studies

Clinical investigation of the effects of alfalfa is extremely limited
and rigorous randomised controlled clinical trials are required. In
a short-term study involving three normolipidaemic individuals
given alfalfa seeds (60-80g daily), serum cholesterol concentra-
tions were reported to be reduced.“’ In another small study in
which heat-treated alfalfa seeds (40 g three times daily for eight
weeks) were taken by eight type-IIA hyperlipoproteinaemic
patients and three type IIB patients, a significant decrease was
noted in total serum cholesterol concentrations, low-density
lipoprotein (LDL) cholesterol and apolipoprotein B. The LDL
cholesterol concentration fell by less than 5% in two of the 11
patients."” The methodological limitations of this small,
uncontrolled study do not allow any conclusions to be made on
the effects of alfalfa.

The manganese content of alfalfa (45.5 mg/kg) is reported to be
the active principle responsible for a hypoglycaemic effect
documented for the herb."? A case report descibes a diabetic
patient, treated with soluble insulin but poorly controlled, in
whom control of diabetes was achieved following use of an alfalfa
extract. When administered separately, only small doses of
manganese chloride (5-10 mg) were required to have a hypogly-
caemic effect. However, no effect was seen on the blood sugar
concentrations of non-diabetic controls or of other diabetic
patients, who were also administered manganese.'?

Side-effects, Toxicity

Both alfalfa seed and herb have been reported to induce a systemic
lupus erythematosus (SLE)-like syndrome in female monkeys. '
G19:G32) This activity has been attributed to canavanine, a non-
protein amino acid constituent which has been found to have
effects on human immunoregulatory cells in vitro."™ Reactivation



of quiescent SLE in humans has been associated with the ingestion
of alfalfa tablets which, following analysis, were found to contain
canavanine."” It was not stated whether the tablets contained
seed or herb material. Canavanine is known to be toxic to all
animal species because it is a structural analogue of arginine and
may interfere with the binding of this amino acid to enzymes and
its incorporation into proteins."'®“'? Alfalfa seeds are reported
to contain substantial quantities of canavanine (8.33-13.6 mg/kg),
whereas the herb contains considerably less.® 7

Pancytopenia has been associated with human ingestion of
ground alfalfa seeds (80-160 g/day), which were taken to lower
plasma cholesterol concentrations.'®

Dietary studies using alfalfa top saponins (ATS) in the diet of
rats and monkeys showed no evidence of toxicity and serum lipid
concentrations were lowered.® 2% In addition, when ATS were
given to cholesterol-fed animals, a reduction in serum lipid
concentrations was observed.®'*?” ATS are reported to be free
of the SLE-inducing substance that is present in the seeds.”

Coumarin compounds detected so far in alfalfa do not possess
the minimum structural requirements (a C-4 hydroxyl substituent
and a C-3 non-polar carbon substituent)“®” for anticoagulant
activity.

Negative results were documented for alfalfa when tested for
mutagenicity using Salmonella strains TA98 and TA100."

Contra-indications, Warnings

Individuals with a history of SLE should avoid ingesting alfalfa.
Ingestion of large amounts of alfalfa (exceeding amounts
normally consumed in the diet) should be avoided in view of the
documented pharmacological activities. Alfalfa may affect blood
sugar concentrations in diabetic patients because of the manga-
nese content.

Drug interactions In view of the documented pharmacological
actions of alfalfa the potential for preparations of alfalfa to
interfere with those of other medicines administered concurrently,
particularly those with similar or opposing effects, such as
medicines with hormonal activity, should be considered.

Pregnancy and lactation Alfalfa seeds are reputed to affect the
menstrual cycle and to be lactogenic.!“*” Although the safety of
alfalfa herb has not been established, it is probably acceptable for
use during pregnancy and lactation provided that doses do not
exceed the amounts normally ingested as a food. Alfalfa seeds
should not be ingested during pregnancy or lactation.

Preparations

Proprietary multi-ingredient preparations

Australia: Neo-Cleanse; Panax Complex; Plantiodine Plus;
Zinc Zenith. Chile: Calcio 520. France: Gonaxine; Gynosoja.
USA: B-100 Complex; My Favorite Multiple Energizer; My
Favorite Multiple Take One; My Favorite Multiple Take One
Iron-Free; Natural Herbal Water Tablets; Zero Flush Niacin
400mg.
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A ' Aloe Vera

Summary and Pharmaceutical Comment

Aloe vera is obtained from the mucilaginous tissue in the centre
of the Aloe vera leaf and consists mainly of polysaccharides and
lipids. It should not be confused with aloes, which is obtained
by evaporation of water from the bitter yellow juice that is
drained from the leaf. Unlike aloes, aloe vera does not contain
any anthraquinone compounds and does not, therefore, exert
any laxative action. Studies have reported an anti-
inflammatory and anti-arthritic action for total leaf extracts but
the activity seems to be associated with anthraquinone
compounds. Hypoglycaemic activity has been reported for
aloe vera extract. Aloe vera is a source of gamolenic acid. The
literature on burn management with aloe vera gel preparations
is confused and further studies are required.

Species (Family)

*Aloe vera (L.) Burm.f., (Xanthorrhoeaceae)
A. africana Mill.

Synonym(s)
*Aloe barbadensis Mill.,
Aloe Gel

Part(s) Used
Leaf gel

Pharmacopoeial and Other Monographs

Martindale 35th edition‘“®
WHO volume 1 1999<¢%

Legal Category (Licensed Products)

Aloe vera is not included in the GSL.

Constituents

The following is compiled from several sources, including General
References G2 and Gé6.

Aloe vera is reported to contain mono- and polysaccharides,
tannins, sterols, organic acids, enzymes (including cyclooxygen-
ase),'" saponins, vitamins and minerals.?

Carbohydrates Glucomannan and other polysaccharides con-
taining arabinose, galactose and xylose.

Lipids Tncludes cholesterol, gamolenic acid and arachidonic acid.'

Food Use

Aloe vera is not used in foods.

Herbal Use

Traditionally, aloe vera has been used in ointments and creams to

. . o (G2,G6
assist the healing of wounds, burns, eczema and psoriasis.( % ©®
G41,G64)

Y

Dosage

None documented.

Pharmacological Actions

Aloe vera refers to the mucilaginous tissue located in the leaf
parenchyma of Aloe vera or related Aloe species. However, many
documented studies for Aloe vera have utilised homogenised leaf
extracts which therefore combine aloe vera with aloes, the laxative
preparation obtained from the bitter, yellow juice also found in
the leaf (see Aloes). Unless otherwise specified, the following
refers to a total leaf extract.

In vitro and animal studies

Gel preparations have been reported to be effective against
radiation burns, skin ulcers and peptic ulcers.”) However, the gel
was also found to be ineffective against drug- and stress-induced
gastric and peptic ulcers in rats.?

Anti-inflammatory activity has been observed in various rat and
mouse models that received subcutaneous injections of Aloe vera

Figure 1 Aloe vera (Aloe vera).

Figure 2 Aloe vera — dried drug substance (leaf gel).



leaf extract.”) A positive response was noted in wound-healing
(10 mg/kg, rat; 100 mg/kg, mouse), mustard oedema (10 mg/kg,
rat) and polymorphonuclear leukocyte infiltration (2mg/kg,
mouse) tests, although no activity was demonstrated in the
antifibrosis test (cotton pellet granuloma) (400 mg/kg, rat).

Anti-arthritic and anti-inflammatory activity have been docu-
mented for a cream containing homogenised Aloe africana leaves,
ribonucleic acid, and ascorbic acid, following topical application
to rats which had been injected (day 0) with Mycobacterium
butyricum to cause adjuvant arthritis.” This model is considered
a good experimental tool for studying rheumatoid arthritis." The
cream was found to be active when applied both as a prevention
(days 1-13) and as a regression (days 21-35) treatment.
Subsequent work suggested that anthraquinone compounds
(anthraquinone, anthracene and anthranilic acid) may be the
active components in the aloe leaf mixture.”” These compounds
are, however, constituents of aloes rather than aloe vera (see
Aloes). Aloe vera juice (presumably containing the anthraquinones
contained in aloe preparation) has been applied directly to open
pressure sores to assist in their healing.” The aloe vera extract
exhibited an anaesthetic reaction, antibacterial action and
increased local microcirculation.®

Endogenous cyclooxygenase in Aloe vera has been found to
convert endogenous arachidonate to various prostanoids, namely
PGE, (major), TXB,, PGD,, PGF,,, and 6-keto-PGFp,.."" The
production of these compounds, especially PGE,, has been
associated with the beneficial effect of an aloe vera extract on
human bronchial asthma® (see Clinical studies).

Hypoglycaemic actions have been documented for aloes extracts
(see Aloes).

Clinical studies

Enhancement of phagocytosis in adult bronchial asthma has been
attributed to a non-dialysable fraction of the extract, consisting of
active components that are a mixture of polysaccharide and
protein or glycoprotein.” Despite the nature of these proposed
active components, it has been proposed that activity of the
fraction may be related to the previous observation that aloe vera
synthesises prostaglandins from endogenous arachidonic acid
using endogenous cyclooxygenase.'” In this study,” activity of the
aloe vera extract required dark storage at 4-30°C for a period of
3-10 days.” These conditions are reported to be favourable for
the hydrolysis of phospholipids, thus releasing arachidonic acid
for synthesis of prostanoids.'” In addition, activity was dependent
on patients not having received prior treatment with a
corticosteroid.®

The gel has been reported to be effective in the treatment of
mouth ulcers.®

The literature on burn management with aloe vera gel
preparations is confused and further studies are required.”

Side-effects, Toxicity

None documented.

Contra-indications, Warnings

Hypoglycaemic activity has been documented for an aloe vera
extract, although it is unclear whether this is associated with the
true aloe vera gel or aloes extract.'”

Aloe Vera 49
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Pregnancy and lactation The external application of aloe vera
gel during pregnancy is not thought to be any cause for concern.
However, products stated to contain aloes extracts or aloe vera
may well contain gastrointestinal stimulant anthraquinone
components that are well recognised as the active constituents in
aloes (laxative). As such, ingestion of such preparations during
pregnancy and lactation should be avoided.

Preparations

Proprietary single-ingredient preparations

Argentina: Bio-Dermis; Biorevit Gel; Capson. Brazil: Probeks.
France: Veraskin. Italy: Epitaloe. New Zealand: Solarcaine
Aloe Vera.

Proprietary multi-ingredient preparations

Argentina: Abanta; Acuaderm; Aloebel; Aristaloe; Brunavera;
Controlacne; Dermaloe; Dermvien; Eurocolor Post Solar;
Europrotec Post Solar; KW; Negacne; Odontobiotic; Pedicrem;
Puraloe; Refrane P; Refrane Plus; Sadeltan F; Snella Vag;
Solenil Post Solar; Talowin; Yuyo. Australia: Aloe Vera Plus;
Percutane; Psor-Asist. Brazil: Derm'attive Solaire. Chile: Ac-
Sal; Fray Romano; Nenegloss; Solarcaine Aloe Vera Gel. Czech
Republic: After Burn. France: Postopyl; Rhinodoron. Ger-
many: Rhinodoron. India: Elovera-SPF; Elovera; Sofderm.
Israel: Aphtagone; Aptha-X. Italy: Capso; Ektrofil; Ginoxil
Ecoschiuma; Ninfagin; Vicks Baby Balsam; Vulnopur. Malay-
sia: Lorasil Feminine Hygeine; Neo-Healar. Mexico: Gelco-
nordin; Hipoglos Cremoso. New Zealand: Chap Stick; Odor
Eze. Portugal: Alkagin; Antiacneicos Ac-Sal; Multi-Mam
Compressas. Singapore: Desitin Creamy. UK: Herbal Laxative
Tablets. USA: Aloe Grande; Biotene with Calcium; Bodi Kleen;
Dermtex HC with Aloe; Entertainer's Secret; Geri-Lav Free;
Gold Bond Medicated Triple Action Relief; Hawaiian Tropic
Cool Aloe with I.C.E.; Hemorid For Women; MSM with
Glucosamine Creme; Maximum Strength Flexall 454; Nasal-
Ease; OraMagicRx; Solarcaine Aloe Extra Burn Relief.
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' Aloes

Summary and Pharmaceutical Comment

Aloes and aloe gel are often confused with each other. Aloes is
obtained by evaporation of water from the bitter yellow juice
drained from the leaves of A. vera. Commercial ‘aloin’ is a
concentrated form of aloes.“" Aloe gel is prepared by many
methods, but is obtained from the mucilaginous tissue in the
centre of the leaf and does not contain anthraquinones (see
Aloe Vera). Aloes is a potent purgative which has been
superseded by less toxic drugs such as senna and cascara.
Generally, the use of unstandardised preparations containing
anthraquinone glycosides should be avoided, since their
pharmacological effect is unpredictable and they may cause
abdominal cramp and diarrhoea. In particular, the use of
products containing combinations of anthraquinone laxatives
should be avoided.

Species (Family)

*Aloe vera (L.) Burm. f.
Aloe ferox Mill. (Xanthorrhoeaceae)

Synonym(s)
*Aloe barbadensis Mill.

Part(s) Used

Dried leaf juice

Pharmacopoeial and Other Monographs

BHC 1992(%®)

BHP 1996'“”

BP 2007'<%%

Complete German Commission E(©?
ESCOP 1997 (Cape Aloes)“*?
Martindale 35th edition %Y

Ph Eur 20078V

USP29/NF24(©8¢)

WHO volume 1 1999<¢%

Legal Category (Licensed Products)
GSL(G37

Constituents

The following is compiled from several sources, including
References 1-7, and General References G2, G20 and G52.

Anthranoids Cape aloes anthranoids are qualitatively identical
to leaf exudate of A. ferox.” Anthrones (up to 30%), mainly the
C-glycosides aloins A and B (= barbaloin, isobarbaloin, stereo
isomers of 10-glucosyl-aloe-emodin anthrone); other glycosides
include 8-O-methyl-7-hydroxy aloins A and B, aloinosides A and
B (aloin-11-O-a-L-thamnosides). Small quantities of 1,8-dihy-
droxyanthraquinoid aglycones, including aloe-emodin and chry-
sophanol are also present.

Chromones Major constituents are aloesin (2-acetonyl-5-methyl-
8-glucosyl chromone) and aloeresin E. Lesser quantities of
isoaloeresin D, 8-C-glucosyl-7-O-methyl-aloesol and related
glycosides, which may be esterified at the glucose moiety by
either cinnamic, p-coumaric or ferulic acids, are also present.
Non-glycosylated chromones include 7-hydroxy-2,5-dimethylchro-
mone, furoaloesone, 2-acetonyl-7-hydroxy-8-(3-hydroxyacetonyl)-
5-methyl chromone and 2-acetonyl-8-(2-furoylmethyl)-7-hydroxy-
5-methylchromone.®?

Phenyl pyrones Glycosides include aloenin and aloenin B.">?

Other constituents Cinnamic acid and 1-methyltetralin.©>?

Food Use

Aloes is listed by the Council of Europe as a natural source of
food flavouring (category N3).‘“*® This category indicates that
aloes can be added to foodstuffs in the traditionally accepted
manner, although there is insufficient information available for an
adequate assessment of potential toxicity. The concentration of
aloin present in the final product is limited to 0.1 mg/kg; 50 mg/kg
in alcoholic beverages.“'® Previously, aloes has been listed as
GRAS (Generally Recognised As Safe)./“*!

Herbal Use

Aloes is recommended for the treatment of atonic constipation
and suppressed menstruation, (% #% <64

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried juice 50-200 mg or equivalent three times daily, ‘< <+

In view of potential adverse effects, the dose recommended for
adults and children aged over 10 years is 10-30mg of
hydroxyanthracene derivatives (calculated as barbaloin) once daily
at night.“* Use of aloes as a laxative in self-treatment of
constipation for more than two weeks is not recommended. %

Pharmacological Actions

The activity of aloes can be attributed to the anthranoid glycoside
content. The glycosides are metabolised by glycosidases in the
intestinal flora to form active anthrones. The laxative action is due
to an increase in motility of the large intestine by inhibition of the
Na*/K* pump and chloride ion channels; enhanced fluid secretion

occurs due to stimulation of mucus and chloride ion secre-
. (GS52)
tion.

In vitro and animal studies

Nine hours after oral administration, aloes produced diarrhoea at
doses of 5 g/kg (in 20% of rats) and 20 g/kg (in 100% of rats).'”
Pretreatment of rats with the nitric oxide (NO) synthase inhibitor
N-nitro-L-arginine methyl ester given intraperitoneally reduced
diarrhoea induced by aloes (20g/kg) nine hours after oral



administration. The results suggest that endogenous NO
modulates the diarrhoeal effects of Cape aloes.!'”

Inhibitory effects of aqueous extracts of five species of Aloe,
including A. ferox and A. barbadensis, and aloe powder (Japanese
Pharmacopoeia) on histamine release from rat peritoneal mast
cells induced by antigen were investigated in vitro."'" All extracts
tested inhibited histamine release in a concentration-dependent
manner under the test conditions. Aloe ferox extract, Japanese
Pharmacopoeia aloes and barbaloin strongly inhibited histamine
release (ICsq 0.16, 0.07 and 0.02 pg/mL, respectively). ¥

Aqueous extracts of aloes are said to elevate the rate of ethanol
oxidation in vivo.""”” Oral administration of aloin (300 mg/kg) to
rats 12 hours prior to administration of alcohol (3 g/lkg) resulted

Anthracene glycosides
OH O OH
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aloin B Glucosyl H
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R! R2
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Figure 1 Selected constituents of aloes.
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in a significant decrease (40%) in blood alcohol concentration.

Treatment with intraperitoneal aloe-emodin two hours prior to
alcohol administration significantly reduced blood alcohol con-
centrations; it was hypothesised that aloin is metabolised to aloe-
emodin which exerts its effect on alcohol metabolism."? Activity-
guided fractionation of the leaves of A. aborescens resulted in the
isolation and characterisation of elgonica-dimers A and B
(dimeric C-glycosides of anthrone emodin-10'-C-B-D-glucopyra-
noside and aloe-emodin) as potent inhibitors of cytosolic alcohol
dehydrogenase and aldehyde dehydrogenase activities in vitro.")

Aloe-emodin and an alcoholic extract of aloes have been
reported to possess antitumour activity,“*!

Hypoglycaemic activity has been shown in alloxan-diabetic
mice for aloes" and in diabetic rats for an aloe gum
extract.!" 1

Barbaloin is active in vitro against Mycobacterium tuberculosis
and Bacillus subtilis (minimum inhibitory concentration 0.125 mg/
mL and 0.25 mg/mL, respectively).©'®

Clinical studies

The purgative action of the anthraquinone glycosides is well
recognised (see Senna), although aloes is reported to be more
potent than both senna and cascara./“*""*) Orally ingested
anthranoid glycosides are not metabolised until they reach the
colon. In humans, the intestinal flora break down O-glycosides
readily and C-glycosides to some extent. The main active
metabolite is aloe-emodin-9-anthrone. %

An aloes extract in doses too small to cause abdominal cramps
or diarrhoea had a significant hypoglycaemic effect in five patients
with non-insulin-dependent diabetes.™® However, the methodo-
logical limitations of this small, uncontrolled study do not allow
any conclusions to be drawn on the effects of aloes.

Side-effects, Toxicity

Aloes is a potent purgative that may cause abdominal pains,
gastrointestinal irritation leading to pelvic congestion and, in
large doses, may result in nephritis, bloody diarrhoea and
haemorrhagic gastritis. “*"“* Like all stimulant purgatives,
prolonged use of aloes may produce watery diarrhoea with
excessive loss of water and electrolytes (particularly potassium),
muscular weakness and weight loss.©*¥

Tests of the possible carcinogenicity of hydroxyanthraquinones
and their glycosides showed that exposure to certain aglycones
and glycosides may represent a human cancer risk."” Most of the
aglycones tested were found to be mutagenic and some, such as
emodin and aloe-emodin, were genotoxic in mammalian cells.

Administration of dried aloes extract 50 mg/kg per day for 12
weeks to mice did not result in the development of severe
pathological symptoms, although a raised sorbitol dehydrogenase
concentration was suggested to be indicative of liver damage.“*”
No mutagenic effects in Salmonella typhimurium and Va7 cells, or
DNA repair induction in rat hepatocytes, were observed. These
negative results are due to the inability of the test systems to
release mutagenic anthranoids from the C-glycosides.“*” Retro-
spective and prospective studies have shown no causal relationship
between anthranoid laxative use and colorectal cancer.‘“2”

Contra-indications, Warnings

Aloes has been superseded by less toxic laxatives.“* The drastic
purgative action of aloes contra-indicates its use in individuals
with haemorrhoids and existing kidney disease. In common with




% Aloes

all purgatives, aloes should not be given to patients with
inflammatory disease of the colon (e.g. Crohn's disease, ulcerative
colitis), appendicitis, intestinal obstruction, abdominal pain,
nausea or vomiting. Aloes colours alkaline urine red. Long-term
use should be avoided and a doctor should be consulted within
two weeks of treatment initiation if symptoms persist.

Drug interactions Hypokalaemia resulting from laxative abuse
potentiates the action of cardiac glycosides, interacts with anti-
arrhythmic drugs, and with drugs which induce reversion to sinus
rhythm, e.g. quinidine. Concomitant use with thiazide diuretics,
adrenocorticosteroids and liquorice may aggregate electrolyte
imbalance.

Pregnancy and lactation In view of the irritant and cathartic
properties documented for aloes, its use is contra-indicated during
pregnancy.'“* Anthraquinones may be secreted into breast milk
and, therefore, aloes should be avoided during lactation (see
Senna).

Aloes is reputed to be an abortifacient and to affect the
menstrual cycle./“??

Preparations

Proprietary single-ingredient preparations

France: Contre-Coups de I'Abbe Perdrigeon. Germany: Krau-
terlax; Rheogen. Ifaly: Vulcase. Monaco: Akipic.

Proprietary multi-ingredient preparations

Argentina: Genolaxante. Australia: Herbal Cleanse; Lexat;
Peritone. Austria: Artin; Waldheim Abfuhrdragees forte;
Waldheim Abfuhrdragees mild. Belgium: Grains de Vals.
Brazil: Paratonico. Canada: Laxative. Chile: Aloclax; Bulgar-
olax. Czech Republic: Dr Theiss Rheuma Creme; Dr Theiss
Schweden Krauter; Dr Theiss Schwedenbitter. France: Ideo-
laxyl; Opobyl; Petites Pilules Carters. Germany: Chol-
Kugeletten Neu; Cholhepan N. Israel: Laxative Comp. Italy:
Grani di Vals; Lassativi Vetegali; Puntualax. Russia: Doktor
Mom (Aoxrop Mowm); Original Grosser Bittner Balsam
(Opurnnasbueti Boabmoit Basssam Burrnepa). South Africa:
Helmontskruie; Lewensessens; Moultons Herbal Extract;
Turulington Tincture; Wonderkroonessens. Spain: Alofedina;
Crislaxo; Cynaro Bilina; Laxante Sanatorium; Nico Hepato-

cyn; Opobyl; Pildoras Zeninas. Switzerland: Padma-Lax;
Padmed Laxan; Phytolaxin; Schweden-Mixtur H nouvelle
formulation. UK: Constipation Tablets; Dual-Lax Normal
Strength; Laxative Tablets; Natural Herb Tablets; Out-of-
Sorts; Sure-Lax (Herbal). USA: Diaparene Corn Starch;
Vagisil.
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' Angelica

Summary and Pharmaceutical Comment

The chemistry of angelica is well documented. Although the
traditional use of Chinese angelica species, such as A. sinensis
(often referred to as dong quai or dang gui) and A. acutiloba,
is well established in oriental medicine, there is limited
documented pharmacological information available for A.
archangelica, the species most commonly used in Europe, to
justify its herbal uses. In view of the presence of known
pharmacologically active constituents, especially bergapten,
consumption of amounts exceeding normal human dietary
intake should be avoided. Angelica contains furanocoumarins
which are known to possess photosensitising properties.
Coumarin compounds detected so far in A. archangelica do
not possess the minimum structural requirements (a C-4
hydroxyl substituent and a C-3 non-polar carbon
substituent)“®” for anticoagulant activity.

Species (Family)

Angelica archangelica L. (Apiaceae/Umbelliferae)

Synonym(s)

Angelicae Radix, Archangelica officinalis Hoffm., Garden Angel-
ica

Part(s) Used

Fruit, leaf, rhizome, root

Pharmacopoeial and Other Monographs

BHP 1996(“”

BP 20075

Complete German Commission E(©?
Martindale 35th edition‘“®”

Ph Eur 20075V

Legal Category (Licensed Products)
GSL(GS7)

Constituents

The following is compiled from several sources, including General
Reference G2.
The literature mainly refers to constituents of the root.

Coumarins
archangelicin, bergapten, isoimperatorin and xanthotoxin.
Also the coumarins osthol (major constituent in rhizome/root,
0.2%) and umbelliferone./°? The root also contains the
furanocoumarins 2'-angeloyl-3'-isovaleryl vaginate,”” heraclenol-
2'-O-senecioate and heraclenol-2'-O-isovalerate.”

Over 20 furanocoumarins, including angelicin,
(1,G2)

Volatile oils 0.35-1.3% in root and fruit. 80-90% monoterpenes,
including o~ and B-phellandrene, a- and B-pinene, sabinene, o-
thujene, limonene, linalool, borneol™® and four macrocyclic
lactones.

Other constituents Archangelenone (a flavonoid), palmitic acid,
caffeic and chlorogenic acids, sugars (fructose, glucose, sucrose,
umbelliferose).

The chemistry of A. sinensis is similar to that of A.
archangelica, with coumarins and volatile oil being major
components.” In addition, a series of phthalides (e.g. ligustilide,
butylphthalide, butylidenephthalide) have been isolated.

Food Use

Angelica is widely used in foods." ) Angelica is listed by the
Council of Europe as a natural source of food flavouring (stem:
category 1; other parts and preparations: category 4, with limits
on coumarin and furanocoumarin) (see Appendix 3)./“'”
Previously, angelica has been listed as GRAS (Generally
Recognised As Safe).“*

1,G32
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Figure 1 Selected constituents of angelica.




* Angelica

Herbal Use

Angelica is stated to possess antispasmodic, diaphoretic, expec-
torant, bitter aromatic, carminative, diuretic and local anti-
inflammatory properties. It has been used for respiratory catarrh,
psychogenic asthma, flatulent dyspepsia, anorexia nervosa,
rheumatic diseases, peripheral vascular disease, and specifically
for pleurisy and bronchitis, applied as a compress, and for
bronchitis associated with vascular deficiency,(“7> ©#- 664 G75) The
German Commission E monograph states that angelica can be
used for lack of appetite and dyspeptic complaints such as mild
stomach cramps and flatulence.‘“"

Many related species, including A. sinensis (dong quai), are
traditionally used in Chinese medicine.'“>” A. sinensis occurs in
about 70% of all traditional Chinese medicine prescriptions to
treat dysmenorrhoea, postnatal disturbances, anaemia, constipa-
tion and chronic pelvic infections.”) Western naturopaths
recommend the use of dong quai in hypertension, for modification
of high blood sugar concentrations, regulation of the immune
system, liver detoxification, anaemia and to relieve allergic
conditions. Several unlicensed over-the-counter (OTC) products
containing dong quai are readily available.

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Dried leaf 2-5g by infusion three times daily.(“”

Leaf liquid extract 2-SmL (1:1 in 25% alcohol) three times
daily. ‘"

Leaf tincture 2-5mL (1:5 in 45% alcohol) three times daily.‘“”

Dried rhizome/root Daily dose 4.5g'“? or 1-2¢g by infusion
three times daily,(¢* <7

Rhizome/root liquid extract 0.5-2.0mL (1:1 in 25% alcohol)
three times daily.“”

Figure 2 Angelica (Angelica archangelica).

Rhizome/root tincture 0.5-2mL (1:5 in 50% alcohol) three
times daily.‘“”

Fruit 1-2g.©*

Pharmacological Actions

In vitro and animal studies

Minimal anti-inflammatory activity (1% inhibition of carragee-
nan-induced rat paw oedema) has been documented for fruit
extracts (100 mg/kg body weight by mouth) given 45 minutes
before eliciting oedema.” This was compared with 45%
inhibition by indometacin (5 mg/kg by mouth).

Angelica is reported to possess antibacterial and antifungal
propertics.<c41’c46) Antibacterial activity against Mycobacterium
avium has been documented, with no activity exhibited against
Escherichia coli, Bacillus subtilis, Streptococcus faecalis or
Salmonella typhi.'” Antifungal activity was reported in 14 of 15
fungi tested.”

A methanolic extract of A. archangelica root showed anti-
spasmodic activity against spontaneous contractions of circular
smooth muscle (ICsy 265 pg/mL) and inhibited acetylcholine- and
barium chloride-induced contractions of longitudinal smooth
muscle (ICs, values 242 and 146 pg/mL, respectively).®

Extracts of A. archangelica root exhibit calcium channel-
blocking activity.® A series of isolated coumarins showed activity,
the most active being archangelicin with an ICsy 1.2 pg/mL
(verapamil 2.0 pg/mL) as a calcium channel antagonist as assessed
by inhibition of depolarisation in GH4C; rat pituitary cells.!'”

Sixteen coumarin compounds isolated from A. archangelica
were tested for activity in cyclooxygenase-1 (COX-1) and 5-
lipoxygenase (5-LO) inhibition assays in vitro.'"V None of the
compounds demonstrated activity against COX-1, but osthol and
oxypeucedanin isovalerate were active in the 5-LO assay.

In rabbits, a uterotonic action has been documented for
Japanese angelica root following intraduodenal administration
of a methanolic extract (3 g/kg).!'? A. sinensis is reported to have
induced uterine contraction and relaxation.‘“>” Pharmacological
investigations have shown that phthalides and coumarins found in
A. sinensis have antispasmodic activity. The volatile constituents
generally exert a hypotensive effect. A polysaccharide component
is active against Ehrlich ascites tumours in mice and has
immunostimulating activity,"® and protects the gastric mucosa
against ethanol- and indometacin-induced damage.'™*

A e v . %
£ '.‘ f e

Figure 3 Angelica — dried drug substance (root).



Clinical studies

None documented for angelica (A. archangelica). The furanocou-
marin constituent bergapten (5-methoxypsoralen) has been used
in the PUVA (psoralen (P) and high-intensity long-wavelength
ultraviolet irradiation) treatment of psoriasis.©*”

Clinical investigation has failed to support the claims for A.
sinensis with respect to relieving menopausal symptoms.”'> A.
sinensis has been reported to be effective in improving abnormal
protein metabolism in patients with chronic hepatitis or hepatic
cirrhosis."®

Side-effects, Toxicity

Both angelica and the root oil have been reported to cause
photodermatitis and phototoxicity, respectively, following external
contact, !> 622 633, G38) Angelica contains furanocoumarin consti-
tuents which are known to cause photosensitisation. Concern has
been expressed at the possible carcinogenic risk of the furano-
coumarin bergapten. Seven species of plants known to cause
dermatitis were analysed for psoralen, 8-methoxypsoralen
(xanthotoxin) and 5-methoxypsoralen (bergapten). The highest
total yield was obtained from A. archangelica.!"”

The root oil has been reported to be non-irritant and non-
sensitising on animal and human skin.”

Root and fruit oils obtained by steam distillation are claimed to
be devoid of furanocoumarins, although extracts may contain
them. @4V

Coumarin compounds detected so far in A. archangelica do not
possess the minimum structural requirements (a C-4 hydroxyl
substituent and a C-3 non-polar carbon substituent)“®” for
anticoagulant activity.

Toxicity studies have been documented for the root oil.” Acute
LDso values have been reported as 2.2 g/lkg body weight (mouse,
by mouth) and 11.16 g/kg (rat, by mouth). Death was attributed to
liver and kidney damage, although animals surviving for three
days completely recovered with a reversal of organ damage. An
acute LDjsy (rabbit, dermal) value was reported to be greater than
S g/kg. Subacute toxicity studies, lasting eight weeks, suggested
that the tolerated dose in the rat was 1.5 g/kg, although at lower
doses the animals weighed less than the controls.”

Furanocoumarins isolated from another related Chinese
species, Angelica koreana, have been reported to affect the hepatic
metabolism of hexobarbitone. The compounds were found to
cause a marked inhibition of drug metabolism in the first phase
and an acceleration in the second phase, and were thought to be
drug-metabolising enzyme inhibitors rather than enzyme indu-
cers. Furanocoumarins investigated included imperatorin and
oxypeucedanin, which are also documented as constituents of A.
archangelica.

An extract of dong quai administered subcutaneously to rabbits
did not affect prothrombin time given alone, but did after
concurrent administration of a single dose of warfarin.'®
Elevation of prothrombin time was noted in a patient stabilised
on warfarin who began taking dong quai."” Coagulation values
returned to normal one month after discontinuing use of dong
quai.

Contra-indications, Warnings

Angelica may provoke a photosensitive allergic reaction because of
the furanocoumarin constituents.
The use of bergapten in cosmetic and suntan preparations is
: ~ ! o (GAS)
stated to be ill-advised by some regulatory authorities, in view

Angelica 55

of the concerns regarding the risk of skin cancer. The Interna-
tional Fragrance Association recommended that angelica root oil
be limited to a maximum of 0.78% in products applied to skin
which is then exposed to sunshine.*®

Drug interactions None documented. However, the potential for
preparations of angelica to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation Angelica root is reputed to be an
abortifacient and to affect the menstrual cycle. In view of this and
the photosensitising constituents, the use of angelica during
pregnancy and lactation in amounts exceeding those used in foods

should be avoided.

Preparations

Proprietary multi-ingredient preparations

Argentina: Sigmafem. Australia: Infant Tonic; Irontona; Life-
system Herbal Formula 4 Women's Formula; Medinat Esten;
Vitatona; Women's Formula Herbal Formula 3. Austria:
Abdomilon N; Original Schwedenbitter. Czech Republic: Dr
Theiss Rheuma Creme; Dr Theiss Schweden Krauter; Dr
Theiss Schwedenbitter; Stomaran; Valofyt Neo. France:
Dystolise; Mediflor Tisane Digestive No 3. Germany:
Abdomilon; Abdomilon Nj Gastritol; Iberogast; Klosterfrau
Melisana; Melissengeist; Schwedentrunk Elixier. Izaly: Flor-
elax. Russia: Doppelherz Melissa (Aommeasrepn Meancea);
Original Grosser Bittner Balsam (Opurumaspmbiii Boabimoit
Baavsam Burrnepa). South Africa: Melissengeist; Spiritus
Contra Tussim Drops. Spain: Agua del Carmen; Himelan.
Switzerland: Gastrosan; Iberogast. UK: Melissa Comp..
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Summary and Pharmaceutical Comment

The chemistry of aniseed is well studied and documented
pharmacological activities support some of the herbal uses.
Aniseed is used extensively as a spice and is widely used in
conventional pharmaceuticals for its carminative, expectorant
and flavouring properties. Aniseed contains anethole and
estragole which are structurally related to safrole, a known
hepatotoxin and carcinogen. Although both anethole and
estragole have been shown to cause hepatotoxicity in
rodents, aniseed is not thought to represent a risk to human
health when it is consumed in amounts normally encountered
in foods. Anethole was reaffirmed as GRAS (Generally
Regarded As Safe) in 1997 on the basis of the recognised
metabolic detoxication of trans-anethole in humans at low
levels of exposure (1 mg/kg body weight)." For medicinal
use, it is recommended that treatment should not be
continued for extended periods.

Species (Family)

Pimpinella anisum L. (Apiaceae/Umbelliferae)

Synonym(s)

Anise, Anisi Fructus, Anisum, Anisum officinarum Moench.,
Anisum vulgare Gaertn.

Part(s) Used

Fruit

Pharmacopoeial and Other Monographs
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(G3)

Legal Category (Licensed Products)
GSL'“?

Constituents

The following is compiled from several sources, including General
References G2 and GS2.

Coumarins Scopoletin, umbelliferone, umbelliprenine; bergapten
(furanocoumarin).

Flavonoids Flavonol (quercetin) and flavone (apigenin, luteolin)
glycosides, e.g. quercetin-3-glucuronide, rutin, luteolin-7-gluco-
side, apigenin-7-glucoside; isoorientin and isovitexin (C-gluco-
sides).

Volatile oils 2-6%. Major components are trans-anethole (80—
95%), with smaller amounts of estragole (methyl chavicol),‘“>?
anise ketone (p-methoxyphenylacetone) and B-caryophyllene.

Minor components include anisaldehyde and anisic acid (oxida-
tion products of anethole), linalool, limonene, a-pinene, pseudo-
isoeugenol-2-methyl butyrate, acetaldehyde, p-cresol, cresol,
hydroquinone, B-farnesene, -, B- and y-himachalene, bisabolene,
d-elemene, ar-curcumene and myristicin.®

Other constituents Carbohydrate (50%), lipids 16% (saturated
and unsaturated), B-amyrin (triterpene), stigmasterol (phyto-
sterol) and its palmitate and stearate salts.

Food Use

Aniseed is used extensively as a spice and is listed by the Council
of Europe as a natural source of food flavouring (category N2).
This category allows small quantities of aniseed to be added to
foodstuffs, with a possible limitation of an active principle (as yet
unspecified) in the final product./“'® Previously, anisced has been
listed as GRAS.:S*

Phenylpropanoids
OCHg OCH3

33

trans-anethole methyl chavicol

(estragole)
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Figure 1 Selected constituents of aniseed.
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Herbal Use

Aniseed is stated to possess expectorant, antispasmodic, carmi-
native and parasiticide properties. Traditionally, it has been used
for bronchial catarrh, pertussis, spasmodic cough, flatulent colic;
topically for pediculosis and scabies; its most specific use is for
bronchitis, tracheitis with persistent cough, and as an aromatic
adjuvant to prevent colic following the use of cathartics,(“% 7> <64
Modern use of aniseed is mainly for the treatment of dyspeptic
complaints and catarrh of the upper respiratory tract./“*- %73

Aniseed has been used as an oestrogenic agent.”) It has been
reputed to increase milk secretion, promote menstruation,
facilitate birth, alleviate symptoms of the male climacteric and
increase libido.®

Dosage

Dosages for oral administration (adults, unless otherwise stated)
for traditional uses recommended in older and contemporary
standard herbal reference texts are given below.

Dried fruit Adults: 1.0-5.0 g crushed fruits in 150 mL water as an
infusion several times daily.'“*? Children: 0-1 year old, 1.0g of
crushed fruits as an infusion; 14 years of age, 2.0g; over four
years, use adult dose./“>?

0il 0.05-0.2mL three times daily.(“”
Spirit of anise (BPC 1949) 0.3—-1.0 mL three times daily.
Distilled anise water (BPC 1934) 15-30 mL three times daily.

Pharmacological Actions

The pharmacological effects of aniseed are largely due to the
presence of anethole, which is structurally related to the
catecholamines adrenaline, noradrenaline and dopamine. Aneth-
ole dimers closely resemble the oestrogenic agents stilbene and
diethylstilbestrol.”

In vitro and animal studies

Antimicrobial, antifungal and insecticidal activities  The
volatile oil has antibacterial, antifungal and insecticidal activi-
ties.(“* 32 Anethole, anisaldehyde and myristicin have exhibited
mild insecticidal properties.©*"

Figure 2 Aniseed (Pimpinella anisum).

Antispasmodic activity Anise oil (200mg/L) was shown to
antagonise carbachol-induced spasms in a guinea-pig tracheal
muscle preparation.(“*?

Secretolytic and expectorant effect Application of aniseed
(6.4g/140mL) to isolated ciliated epithelium of frog trachea
induces small increases in transport velocity.“*? Dilutions of
anise oil increased respiratory tract fluid in anaesthetised guinea-
pigs, rats and cats. A similar action was observed in anaesthetised
rabbits inhaling anise 0il.““*¥ The reputed lactogogic action of
anise has been attributed to anethole, which exerts a competitive
antagonism at dopamine receptor sites (dopamine inhibits
prolactin secretion), and to the action of polymerised anethole,
which is structurally related to the oestrogenic compounds
stilbene and diethylstilbestrol.”

CNS activities Whole plant aqueous infusions have been reported
to delay (but not prevent) the onset of picrotoxin-induced seizures
and to reduce the mortality rate in mice following intraperitoneal
injection.® Aniseed has also been found to slightly elevate y-
aminobutyric acid (GABA) concentrations in brain tissue.”” The
anticonvulsant effect is much weaker with aniseed than with
conventional drug treatment and therefore its use as an anti-
convulsant in Arabic folklore is not supported.™® Anise oil diluted
in sesame oil (0.25-1.0mL/kg) given intraperitoneally to mice
increased in a dose-dependent manner the dose of pentylene-
tetrazole needed to induce clonic and tonic seizures.”) Activity
was also observed against tonic seizures induced by maximal
electric shock. Motor impairment was observed at higher doses of
anise oil. Pentobarbital-induced sleeping time was prolonged by
intraperitoneal administration of anise oil (50 mg/kg) to mice.“>?

Other activities Oral administration of anethole (250-1000 mg/
kg) to Swiss albino mice with Ehrlich ascites tumour in the paws
indicated antitumour activity.® The conclusions were based on
biochemical changes (nucleic acids, proteins, malondialdehyde,
glutathione), survival rate and tumour weight. Anise oil given to
rats (100 mg/kg given subcutaneously) stimulated liver regenera-
tion after partial hepatectomy.“*?

Clinical studies

There is a lack of documented clinical research involving aniseed
and rigorous randomised controlled clinical trials are required.

Figure 3 Aniseed — dried drug substance (fruit).



Side-effects, Toxicity

Contact dermatitis reactions to aniseed and aniseed oil have been
attributed to anethole.”” 3" %" Reactions have been reported
with products, such as creams and toothpastes, flavoured with
aniseed 0il.'“*V The volatile oil and anethole have been stated to
be both irritant and sensitising.‘“*" %Y Two female workers in a
cake factory developed severe dermatitis, and patch tests indicated
sensitivity to anise oil and to anethole.® Soreness, dryness and
cracking of lips and perioral skin occurred in an individual using a
herbal (fennel) toothpaste; anethole was reported to be the
sensitising agent.” Bergapten is known to cause photosensitivity
reactions and concern has been expressed over the possible
carcinogenic risk of bergapten.“*)

Ingestion of as little as 1-5 mL of anise oil can result in nausea,
vomiting, seizures, and pulmonary oedema.”’

The LDso values per kg body weight for anise oil and trans-
anethole are 2.7 g and 2-3 g, respectively.“*? Mild liver lesions
were observed in rats fed repeated anethole doses (695 mg/kg) for
an unspecified duration.”” Hepatic changes have been described in
rats fed anethole in their daily diet (1%) for 15 wecks,“??
although at a level of 0.25% there were no changes after one year.
Rats fed with 0.1% trans-anethole in their diet for 90 days showed
no toxic effects, but higher concentrations (0.3%, 1.0% and 3.0%)
resulted in liver oedema.“*? In therapeutic doses, anethole is
reported to cause minimal hepatotoxicity.“*?’ Trans-anethole
given orally to rats (50-80 mg/kg) resulted in dose-dependent anti-
implantation activity'? Significant oestrogenic activity was
observed, but no anti-oestrogenic, progestational, anti-progesta-
tional, androgenic or antiandrogenic activity.'”

Oral administration (1% of diet) of trans-anethole to rats
resulted in induction of parathion-degrading drug enzymes.“>?
Male Wistar rats were treated with #rans-anethole (125 or 250 mg/
kg) by gavage for 10 days and the activities of liver microsome and
cytosol phase T and II biotransformation enzymes were deter-
mined."Y There was no effect on cytochrome P450, but UDP-
glucuronyltransferase activity in the cytosol towards the sub-
strates 4-chlorophenol and 4-hydroxyphenol was significantly
increased for both doses. It was concluded that trans-anethole
preferentially induces phase II biotransformation in rat liver in
vivo.V

The safety of trans-anethole (4-methoxy propenylbenzene) has
been reviewed by the Expert Panel of the Flavour and Extract
Manufacturer Association (FEMA).®) The evaluation was based
on whether the hepatotoxic metabolite anethole epoxide is
produced. At low levels of exposure, trans-anethole is efficiently
detoxicated in rodents and humans, primarily by O-demethylation
and o-oxidation, respectively, while epoxidation is only a minor
pathway. At higher doses in rats, a metabolic shift occurs resulting
in epoxidation and formation of anethole epoxide. The contin-
uous intake of high doses of trans-anethole induces a continuum
of cytotoxicity, cell necrosis and cell proliferation. In chronic
dietary studies in rats, hepatotoxicity resulted when the daily
production of anethole epoxide exceeded 30 mg anethole epoxide
per kg body weight. Neither trans-anethole nor anethole epoxide
showed any evidence of genotoxicity. The Expert Panel concluded
that the hepatocarcinogenic effects in female rats occur via a non-
genotoxic mechanism and are secondary to hepatotoxicity caused
by continuous exposures to high hepatocellular concentrations of
anethole epoxide. Trans-anethole was reaffirmed as GRAS, based
on a thorough study of the scientific literature.”) Because trans-
anethole undergoes efficient metabolic detoxication in humans at
low levels of exposure, the neoplastic effects in rats associated
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with dose-dependent hepatotoxicity are not indicators of any
significant risk to human health from the use of trans-anethole as
a flavouring substance.”

Coumarin compounds detected so far in aniseed do not possess
the minimum structural requirements (a C-4 hydroxyl substituent
and a C-3 non-polar carbon substituent)“®” for anticoagulant
activity.

Contra-indications, Warnings

Aniseed may cause an allergic reaction. It is recommended that the
use of aniseed oil should be avoided in dermatitis, and
inflammatory or allergic skin conditions./“*">“** Anisced should
be avoided by persons with known sensitivity to anethole.“*?
Bergapten may cause photosensitivity in sensitive individuals. In
view of the structural similarity reported between anethole and
myristicin, consumption of large amounts of aniseed may cause
neurological effects similar to those documented for nutmeg.

Drug interactions None documented. However, the potential for
preparations of aniseed to interact with other medicines
administered concurrently, particularly those with similar (e.g.
hormonal therapies) or opposing effects, should be considered.

Pregnancy and lactation Traditionally, aniseed is reputed to be
an abortifacient'“*? and also to promote lactation. The safety of
aniseed taken during pregnancy and lactation has not been
established; however, there are no known problems provided that
doses taken do not greatly exceed the amounts used in foods. It
has been proposed that aniseed and preparations used at
recommended dosages may be used during pregnancy and
lactation. <%

Preparations

Proprietary multi-ingredient preparations

Australia: Neo-Cleanse. Austria: Asthmatee EF-EM-ES; Bra-
dy's-Magentropfen; Euka; Nesthakchen. Brazil: Balsamo
Branco. Chile: Paltomiel. Czech Republic: Blahungstee N.
France: Elixir Bonjean; Herbesan; Mediflor Tisane Digestive
No 3; Mucinum a I'Extrait de Cascara. Germany: Em-medical;
Floradix Multipretten N; Majocarmin-Tee; Ramend Krauter.
Hong Kong: Mucinum Cascara. Israel: Jungborn. Italy:
Cadifen; Cadimint; Dicalmir; Lassatina; Tisana Kelemata.
Russia: Original Grosser Bittner Balsam (Opurnnaspmpiii
Boabmioit Baabsam burraepa). South Africa: Clairo; Cough
Elixir. Spain: Crislaxo; Digestovital; Laxante Sanatorium;
Laxomax. Switzerland: Kernosan Elixir; Kernosan Heidelber-
ger Poudre; Tisane favorisant l'allaitement. UK: Herb and
Honey Cough Elixir; Revitonil. Venezuela: Neo-Atropan.
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Summary and Pharmaceutical Comment

Interest in apricot kernels was generated as a result of claims
in the late 1970s that laetrile, a semi-synthetic derivative of
the naturally occurring constituent amygdalin, was a natural,
non-toxic cure for cancer. Apricot kernels were seen as an
alternative source for this miracle cure. These claims have
since been disproved and it has been established that laetrile
(amygdalin) is toxic, particularly if administered orally. Fatal
cases of cyanide poisoning have been reported following the
ingestion of apricot kernels. Amygdalin was made a
prescription-only medicine in the UK in 1984.("

Species (Family)

Armeniaca vulgaris Lam. var. vulgaris

Synonym(s)

Ku Xing Ren (seed/kernel), Prunus armeniaca L., Prunus tiliifolia
Salisb.

Part(s) Used

Kernel (seed), expressed oil

Pharmacopoeial and Other Monographs
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Legal Category (Licensed Products)

Apricot is not included in the GSL. Amygdalin (a cyanogenetic
glycoside) is classified as a POM."

Constituents

Acids Phenolic. Various quinic acid esters of caffeic, p-coumaric
and ferulic acids.”” Neochlorogenic acid major in kernel,
chlorogenic in fruit."”)

Glycosides Cyanogenetic. Amygdalin (mandelonitrile digluco-
side). Cyanide content of kernel varies from 2 to 200 mg/100 g,

Tannins Catechins, proanthocyanidins (condensed).

Other constituents Cholesterol, an oestrogenic fraction (0.09%)
containing estrone (both free and conjugated) and o-estradiol.”

Other plant parts

Leaves and fruit contain various flavonol (kaempferol, quercetin)
glycosides including rutin (major)."”

Food Use

Apricot fruit is commonly eaten. Apricot is listed by the Council
of Europe as a natural source of food flavouring (categories N1
and N2). These categories limit the total amount of hydrocyanic
acid permitted in the final product to 1 mg/kg. Exceptions to this
are 25 mg/kg for confectionery, 50 mg/kg for marzipan and 5 mg/

kg for fruit juices.(<1¢) Previously, apricot kernel extract has been
listed as GRAS (Generally Recognised As Safe). (69

Herbal Use

Traditionally, the oil has been incorporated into cosmetic and
perfumery products such as soaps and creams.(“*

Cyanogenetic glycosides

HOH.C
(o]
HPo o
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Figure 1

Selected constituents of apricot.

Figure 2 Apricot (fruit).

Figure 3 Apricot — dried drug substance (kernel).
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Dosage

None documented. Traditionally, apricot kernels have not been
utilised as a herbal remedy.

Pharmacological Actions

During the late 1970s and early 1980s considerable interest was
generated in apricot from claims that laetrile (a semi-synthetic
derivative of amygdalin) was an effective treatment for cancer.
Two review papers'®” discuss these claims for laetrile together
with its chemistry, metabolism and potential toxicity.

The claims for laetrile were based on three different theories.
The first claimed that cancerous cells contained abundant
quantities of B-glucosidases, enzymes which release hydrogen
cyanide from the laetrile molecule as a result of hydrolysis.
Normal cells were said to be protected because they contained low
concentrations of B-glucosidases and high concentrations of
rhodanese, an enzyme which converts cyanide to the less toxic
thiocyanate. However, this theory was disproved when it was
shown that both cancerous and normal cells contain only trace
amounts of B-glucosidases, and similar amounts of rhodanese. In
addition, it was thought that amygdalin was not absorbed intact
from the gastrointestinal tract.®”

The second theory proposed that following ingestion, amygda-
lin was hydrolysed to mandelonitrile, transported intact to the
liver and converted to a B-glucuronide complex. This complex was
then carried to the cancerous cells, hydrolysed by B-glucuroni-
dases to release mandelonitrile and subsequently hydrogen
cyanide. This theory was considered to be untenable.”’

A third theory proposed that laetrile is vitamin By, that cancer
is a result of a deficiency of this vitamin, and that chronic
administration of laetrile would prevent cancer. Again this was
not substantiated by any scientific evidence.”

Clinical studies

A Cochrane systematic review that aimed to assess the efficacy of
laetrile in cancer reported that there were no controlled clinical
trials available in this indication.® The review concluded,
therefore, that there is no evidence from controlled clinical trials
to support the alleged beneficial effects of laetrile as an anticancer
agent, or as an adjunctive agent in cancer chemotherapy.

A retrospective analysis of the use of laetrile by cancer patients
reported that it may have slight activity®” However, a
subsequent clinical trial concluded that laetrile was ineffective in
cancer treatment. Furthermore, it was claimed that patients
taking laetrile reduced their life expectancy as a result of lack of
proper medical care and chronic cyanide poisoning.©”

Side-effects, Toxicity

Laetrile and apricot kernel ingestion are the most common
sources of cyanide poisoning, with more than 20 deaths
reported.®” Apricot kernels are toxic because of their amygdalin
content. Hydrolysis of the amygdalin molecule by B-glucosidases,
heat, mineral acids or high doses of ascorbic acid (vitamin C)
yields hydrogen cyanide (HCN), benzaldehyde, and glucose. -
Glucosidases are not generally abundant in the gastrointestinal
tract, but they are present in the kernels themselves as well as
certain foods including beansprouts, carrots, celery, green peppers,
lettuce, mushrooms and sweet almonds. Hydrolysis of the
amygdalin molecule is slow in an acid environment but much
more rapid in an alkaline pH. There may therefore be a delay in
the onset of symptoms of HCN poisoning as a result of the transit

time from the acid pH of the stomach to the alkaline environment
of the small intestine.

Acute poisoning

Cyanide is rapidly absorbed from the upper gastrointestinal tract,
diffuses readily throughout the body and promptly causes
respiratory failure if untreated. Symptoms of cyanide toxicity
progress rapidly from dizziness, headache, nausea, vomiting and
drowsiness to dyspnoea, palpitations, marked hypotension,
convulsions, paralysis, coma and death, which may occur from
1-15 minutes after ingestion. Antidotes for cyanide poisoning
include nitrite, thiosulfate, hydroxocobalamin, cobalt edetate and
aminophenol.®”

Chronic poisoning

Principal symptoms include increased blood thiocyanate, goitre,
thyroid cancer, lesions of the optic nerve, blindness, ataxia,
hypertonia, cretinism and mental retardation.” These symptoms
may develop as a result of ingesting significant amounts of
cyanide, cyanogenetic precursors in the diet, or cyanogenetic drugs
such as laetrile. Demyelinating lesions and other neuromyopathies
reportedly occur secondary to chronic cyanide exposure, including
long-term therapy with laetrile. Agranulocytosis has also been
attributed to long-term laetrile therapy.®”

Individual reports of adverse reactions and cyanide poisoning in
patients using laetrile have been documented.“*”

Normally, low concentrations of ingested cyanide are controlled
naturally by exhalation or by rapid conversion to the less toxic
thiocyanate by the enzyme rhodanese. Oral doses of 50 mg of
hydrogen cyanide (HCN) can be fatal. This is equivalent to
approximately 30 g kernels which represents about 50-60 kernels,
and approximately 2mg HCN/g kernel. Apricot seed has also
been reported to contain 2.92mg HCN/g.”) A 500-mg laetrile
tablet was found to contain between 5 and 51 mg HCN/g.

There may be considerable variation in the number of kernels
required to be toxic, depending on the concentration of amygdalin
and B-glucosidases present in the kernels, the timespan of
ingestion, the degree of maceration of the kernels, individual
variation in hydrolysing, and detoxifying abilities.

Systemic concentrations of B-glucosidases are low and therefore
toxicity following parenteral absorption of amygdalin is low.
However, cyanide poisoning has been reported in rats following
intraperitoneal administration of laetrile, suggesting another
mechanism of hydrolysis had occurred.®”

It is thought that cyanogenetic glycosides may possess
carcinogenic properties. Mandelonitrile (amygdalin = mandeloni-
trile diglucoside) is mutagenic and stimulates guanylate
cyclase.®”

Contra-indications, Warnings

Apricot kernels are toxic due to their amygdalin content.
Following ingestion hydrogen cyanide is released and may result
in cyanide poisoning. Fatalities have been reported following the
ingestion of apricot kernels. Contact dermatitis has been reported
following contact with apricot kernels.!'?

Drug interactions None documented.

Pregnancy and lactation Apricot kernels are toxic and should
not be ingested. The ingestion of cyanogenetic substances may
result in teratogenic effects.” However, one case has been
reported where no acute toxicity was noted in the infant when



laetrile was used during the third term of pregnancy. It was
unknown whether chronic effects would be manifested at a later
date.® Breeding rats fed ground apricot kernels had pups with
normal birth weights, but with lower survival rates and lower
weaning weights.”

1

2

References

The Medicines (Cyanogenetic Substances) Order, SI 1984 No. 187,
London: HMSO, 1984.

Moller B, Herrmann K. Quinic acid esters of hydroxycinnamic acids
in stone and pome fruit. Phytochemistry 1983; 22: 477-481.

Miller KW et al. Amygdalin metabolism and effect on reproduction of
rats fed apricot kernels. | Toxicol Environ Health 1981; 7: 457-467.

10

Apricot

Awad O. Steroidal estrogens of Prunus armeniaca seeds.
Phytochemistry 1973; 13: 678-690.

Henning W, Herrmann K. Flavonol glycosides of apricots (Prunus
armeniaca L.) and peaches (Prunus persica Batch). 13. Phenolics of
fruits. Z Lebensm Unters Forsch 1980; 171: 183—188.

Chandler RF et al. Laetrile in perspective. Can Pharm ] 1984; 117:
517-520.

Chandler RF et al. Controversial laetrile. Pharm ] 1984; 232: 330-332.
Milazzo S et al. Laetrile treatment for cancer. Cochrane Database of
Systematic Reviews, issue 2, 2006. London: Macmillan.

Holzbecher MD et al. The cyanide content of laetrile preparations,
apricot, peach and apple seeds. Clin Toxicol 1984; 22: 341-347.
Goransson K. Contact urticaria to apricot stone. Contact Dermatitis
1981; 7: 282.




A ' Arnica

Summary and Pharmaceutical Comment

The chemistry and pharmacology of arnica are well
documented, but there is a paucity of clinical data. Anti-
inflammatory properties associated with sesquiterpene
lactones justify the herbal uses, although allergenic and
cytotoxic properties are also associated with this class of
constituents. Arnica is not suitable for internal use, although it
is present in some homeopathic products. External use of
arnica tincture, which is included as an ingredient in some
cosmetics, hair shampoos and bath preparations, may cause
an allergic reaction. The pyrrolizidine alkaloids tussilagine and
isotussilagine, reportedly present in arnica, are non-toxic.
Moreover, they are artefacts produced during the extraction
process with methanol.

Species (Family)

Arnica montana L. (Asteraceae/Compositae)
Arnica chamissonis Less. subsp. foliosa (Nutt.) Maguire also
allowed in German Pharmacopoeia.‘“*?

Synonym(s)

Arnicae Flos, Leopard's Bane, Mountain Tobacco, Wolf's Bane

Part(s) Used

Flower

Pharmacopoeial and Other Monographs

BHP 1996¢?

BP 200734

ESCOP 199752
Martindale 35th edition(©%
Ph Eur 200780

Legal Category (Licensed Products)

G37)

GSL, for external use only.'

Constituents

The following is compiled from several sources, including
References 1-3, and General References G2 and G52.

Alkaloids  Traces of non-toxic alkaloids tussilagine and
isotussilagine™ but these are reportedly artefacts produced during
extraction.”

Amines Betaine, choline and trimethylamine.
Carbohydrates Mucilage, polysaccharides including inulin.

Coumarins Scopoletin and umbelliferone.

Flavonoids  Betuletol, eupafolin, flavonol glucuronides,™

hispidulin, isorhamnetin, kaempferol, laciniatin, luteolin, patule-
tin, quercetin, spinacetin, tricin and 3,5,7-trihydroxy-6,3',4'-
trimethoxyflavone.

o

Terpenoids Sesquiterpene lactones of the pseudoguaianolide-
type, 0.2-0.8%.“°? Pharmacopoeial standard not less than
0.4%./“81689) Helenalin, 11a,13-dihydrohelenalin and their
esters with acetic, isobutyric, methacrylic, tiglic and other
carb?%(ylic acids.‘“*? Diterpenes including z-labda-13-ene-8at,15-
diol.

Volatile oils Up to 1%, normally about 0.3%. Thymol and
thymol derivatives.

Other constituents Amino acid (2-pyrrolidine acetic), bitter
principle (arnicin), caffeic acid, carotenoids, fatty acids, phytos-
terols, polyacetylenes, resin, tannin (unspecified).

Food Use

Arnica is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that arnica
can be added to foodstuffs in small quantities, with a possible
limitation of an active principle (as yet unspecified) in the final
product.“*® Previously, arnica has been listed by the Food and
Drugs Administration (FDA) as an 'unsafe herb',““*? and is only
approved for food use in alcoholic beverages.‘“*!

Herbal Use

Arnica is stated to possess topical counter-irritant properties. It
has been used for unbroken chilblains, alopecia neurotica, insect
bites, gingivitis, aphthous ulcers, rheumatoid complaints and
specifically for sprains and bruises.(©% 7> ¢35 G64)

German Commission E approved external use for injuries and
consequences of accidents, e.g. haematoma, dislocation, contu-
sions, oedema due to fracture, rheumatoid muscle and joint pains,
inflammation of oral and throat region, furuncolosis, inflamma-
tion caused by insect bites and superficial phlebitis.‘“* <%

Arnica is mainly used in homeopathic preparations; it is used to
a lesser extent in herbal products.

Sesquiterpene lactones

b
o OH

helenalin

HZ
0 OH
11,13-dihydrohelenalin

Figure 1 Selected constituents of arnica.



Dosage

Recommendations for external use (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Tincture of arnica flower
application only.

(BPC 1949) 2-4mlL for external

Preparations Ointments, creams, gels, compresses made with 5—
25% v/v tinctures, 5-25% v/v fluid extracts, diluted tinctures or

fluid extract (1:3-1:10), decoctions 2.0 g drug/100 mL water./“*
G4)

Pharmacological Actions

In vitro and animal studies

Antimicrobial activity Arnica has been reported to exhibit
bactericidal properties against Listeria monocytogenes and
Salmonella typhimurium.“*Y Helenalin and related sesquiter-
penes from arnica have antimicrobial activity against Bacillus
subtilis and Staphylococcus aureus,™ Corynebacterium insido-
sum, Micrococcus roseus, Mycobacterium pbhlei, Sarcinia lutea
and Proteus vulgaris."“>? Antifungal activity against Trichophy-
ton mentagrophytes, Epidermaphyton spp. and Botrytis cinerea is
reported for helenalin.® <32

Antitumour activity The cytotoxicity of 21 flavonoids and five
sesquiterpene lactones from Arnica spp. has been investigated in
vitro in studies using GLC, (a human small cell lung carcinoma)
and COLO 320 (a human colorectal cancer) cell lines.”” The most
potent compound, helenalin, had an ICsq value of 0.44 pmol/L
against GLC,4 and 1.0 pumol/L against COLO 320 after two hours'
exposure.” Some of the individual flavonols and flavones of
arnica at non-toxic concentrations significantly reduced helenalin-
induced cytotoxicity in vitro."'?

Anti-inflammatory activity Moderate (29%) anti-inflammatory
effect in the carageenan rat paw model has been reported for
D Helenalin is a potent inhibitor in this test and in
chronic adjuvant arthritis tests in rats."” The o-methylene-y-
lactone moiety of sesquiterpenes is required for activity, and the
potency of helenalin is enhanced by the presence of the 6-hydroxy
group.!"” The mode of action of sesquiterpene lactones as anti-
inflammatory agents is at multiple sites. At a concentration of 5 X
10*mol/L, the compounds uncoupled oxidative phosphorylation
of human polymorphoneutrophils, elevated cyclic adenosine

arnica.

Arnica

monophosphate (cAMP) levels of rat neutrophils, and rat and
mouse liver cells, and inhibited free and total lysosymal enzyme
activity,"” Human polymorphonuclear neutrophil chemotaxis
was inhibited at 5 x 10 *mol/L, whereas prostaglandin
synthetase activity was inhibited at concentrations of 10~ mol/
L. Helenalin and 11a-13-dihydrohelenalin inhibited collagen-
induced platelet aggregation, thromboxane formation and 3-
hydr&);ytryptamine secretion in a concentration-dependent man-

I’ICI'.(

Other activities Helenalin has potent activity in the hotplate tail
flick analgesic test in mice.™”

Helenalin has also been reported to possess immunostimulant
activity in vitro,"™ while high molecular weight polysaccharides
have been found to exhibit immunostimulant activity in vivo in
the carbon clearance test in mice.!> !¢

Arnica contains an adrenaline-like pressor substance and a

. . 2
cardiotonic substance.“*?

Clinical studies

Clinical investigation of the effects of arnica is limited, and
rigorous randomised controlled clinical trials are required. A gel
preparation of arnica flowers applied externally to the limbs of 12
male volunteers was more effective than placebo in the treatment
of muscle ache.“**%? In a randomised, double-blind, placebo-
controlled study, 89 patients with venous insufficiency received
arnica gel (20% tincture) or placebo.“*” It was reported that
arnica treatment produced improvements in venous tone, oedema
and in feeling of heaviness in the legs.

Side-effects, Toxicity

Arnica is poisonous if taken internally. It is irritant to mucous
membranes and ingestion may result in fatal gastroenteritis,
muscle paralysis (voluntary and cardiac), increase or decrease in
pulse rate, palpitation of the heart, shortness of breath, and may
even lead to death.(“*“*) Helenalin is stated to be the toxic
principle responsible for these effects.“** Thirty millilitres of a
20% arnica tincture, taken by mouth, was reported to produce
serious, but not fatal, symptoms.‘“*" The topical application of
arnica has been documented to cause dermatitis."”" " Arnica is
a strong sensitiser, with the sesquiterpene lactone constituents
implicated as the contact allergens: they possess an a-methylene
group exocyclic to a y-lactone ring, which is recognised as an
immunological prerequisite for contact allergy."”'® Helenalin is
also reported to possess cytotoxic activity and this has been

Figure 2 Arnica (Arnica montana).

ez
Figure 3 Arnica — dried drug substance (flower).




&, Arnica

attributed to its ability to alkylate with sulfhydryl groups.

Helenalin was not mutagenic in the Salmonella typhimurium
(GS2)

assay.

(G33)

Contra-indications, Warnings

Arnica should not be taken internally except in suitable
homeopathic dilutions.*?

Externally, arnica is poorly tolerated by some people,
precipitating allergic reactions in sensitive individuals./“** It
should only be applied to unbroken skin and withdrawn at the
first sign of reaction.'” Toxic allergic skin reactions have
occurred following application of the tincture.“*?)

Pregnancy and lactation There are insufficient data on the use
of arnica preparations during pregnancy and breastfeeding, and
their use should be avoided during these periods.

Preparations

Proprietary single-ingredient preparations

Chile: Arnikaderm. France: Arnican; Pharmadose teinture
d'arnica. Germany: Arnikatinktur; Arthrosenex AR; Doc;
Enelbin-Salbe; Hyzum N. Mexico: Balsamo Nordin; Estimul.
Portugal: Arnigel.

Proprietary multi-ingredient preparations

Argentina: Fluido. Australia: Joint & Muscle Relief Cream;
Percutane. Austria: Arnicet; Asthmatee EF-EM-ES; Berggeist;
Cional; Dynexan; Heparin Comp; Rheuma. Brazil: Dermol,
Traumed. Chile: Lefkaflam; Matikomp. Czech Republic:
Arnidol; Heparin-Gel. France: Arnicadol; Creme Rap; Der-
mocica; Evarose. Germany: Cefawell; Combudoron; Dolo-cyl;
Gothaplast Rheumamed AC; Heparin Comp; Lindofluid N;
Retterspitz Ausserlich; Retterspitz Quick; Sportino Akut;
Stullmaton; Trauma-cyl; Varicylum-S; Venengel. Hong Kong:
New Patecs A. Italy: Flebolider. Mexico: Reudol. South Africa:
Combudoron; Dynexan; Lotio Pruni Comp cum Cupro;
Muscle Rub; Wecesin. Spain: Arnicon. Switzerland: Combu-
doron; Euceta avec camomille et arnica; Fortacet; Onguent aux
herbes Keller; Perskindol Cool Arnica; Topaceta. UK:

Hansaplast Herbal Heat Plaster; Profelan. USA: MSM with
Glucosamine Creme. Venezuela: Biomicovo.
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' Artichoke

Summary and Pharmaceutical Comment

Globe artichoke is characterised by the phenolic acid
constituents, in particular cynarin. Experimental studies (in
vitro and in vivo) support some of the reputed uses of
artichoke. Traditionally, the choleretic and cholesterol-
lowering activities of globe artichoke have been attributed to
cynarin. However, studies in animals and humans have
suggested that these effects may in fact be due to the
monocaffeoylquinic acids present in globe artichoke (e.g.
chlorogenic and neochlorogenic acids). Clinical trials
investigating the use of globe artichoke and cynarin in the
treatment of hyperlipidaemia generally report positive results.
However, further rigorous clinical trials are required to
establish the benefit of globe artichoke leaf extract as a lipid-
and cholesterol-lowering agent. Hepatoprotective and
hepatoregenerating activities have been documented for
cynarin in vitro and in animals (rats). However, these effects
have not yet been documented in clinical studies.

Species (Family)

Cynara scolymus L. (Asteraceae/Compositae)

Synonym(s)

Globe Artichoke.
Globe artichoke should not be confused with Jerusalem
artichoke, which is the tuber of Helianthus tuberosus L.

Part(s) Used
Leaf

Pharmacopoeial and Other Monographs

BHP 1996“”

BP 20078

Complete German Commission E(©?
Martindale 35th edition'“®

Ph Eur 20078V

Legal Category (Licensed Products)
GSLI“¥

Constituents

The following is compiled from several sources, including
References 1 and 2, and General Reference G41.

Acids Phenolic, up to 2%. Caffeic acid, mono- and dicaffeoyl-
quinic acid derivatives, e.g. cynarin (1,5-di-O-caffeoylquinic acids)
and chlorogenic acid (mono derivative).

Flavonoids 0.1-1%. Flavone glycosides, e.g. luteolin-7-rutino-
side (scolymoside), luteolin-7B-D-glucoside and luteolin-4f-p-
glucoside.

Volatile oils  Sesquiterpenes B-selinene and caryophyllene
(major); also eugenol, phenylacetaldehyde, decanal, oct-1-en-3-
one, hex-1-en-3-one, and non-trans-2-enal.

Other constituents Phytosterols (taraxasterol and P-taraxa-
sterol), tannins, glycolic and glyceric acids, sugars, inulin, enzymes
including peroxidases,” cynaropicrin and other sesquiterpene
lactones, e.g. grosheimin, cynarotriol.*> The root and fully
developed fruits and flowers are devoid of cynaropicrin; highest
content reported in young leaves.®

Food Use

Artichoke is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that
artichoke can be added to foodstuffs in small quantities, with a
possible limitation of an active principle (as yet unspecified) in the
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Figure 1 Selected constituents of artichoke.




' Artichoke

final product.‘“'® Previously, in the USA, artichoke leaves were
approved for use in alcoholic beverages only, with an average
maximum concentration of 0.0016% (16 ppm).©*V

Herbal Use

Artichoke is stated to possess diuretic, choleretic, hypocholester-
olaemic, hypolipidaemic, and hepatostimulating properties.””
Modern use of artichoke is focused on its use in the treatment of
hyperlipidaemia, hyperlipoproteinaemia, non-ulcer dyspepsia and
conditions requiring an increase in choleresis. There is also
interest in the potential hepatoprotective properties of globe
artichoke, although this has not yet been tested in controlled
clinical trials.!*% Y

Dosage

The German Commission E recommended an average daily dose
of 6 g drug, or an equivalent dose of extract (based on the herb-to-
extract ratio) or other preparations, for dyspeptic problems.“*
G50 A recommended dosage regimen for liquid extract (1:2) is 3—
8 mL daily.‘“*?

Dosages used in clinical trials of globe artichoke leaf extract
have assessed the effects of dosages of up to 1.92 g daily in divided
doses for up to six months.'?

Pharmacological Actions

Several pharmacological properties have been documented for
artichoke leaf, including inhibition of cholesterol biosynthesis,
hypolipidaemic, antioxidant and hepatoprotective activity. It
remains unclear which of the constituents of artichoke are
responsible for its pharmacological activities. The dicaffeoylquinic
acids, which include cynarin, are likely to be an important group
of constituents in this respect.!'" %> The sesquiterpene lactones,
such as cynaropicrin, and flavonoids, such as luteolin glycoside,
may also exert biological effects.""

Figure 2 Artichoke (Cynara scolymus).

In vitro and animal studies

Hypolipidaemic, hypocholesterolaemic and choleretic activity
Hypolipidaemic, hypocholesterolaemic and choleretic activities
are well documented for globe artichoke leaf extract and
particularly for the constituent cynarin.!®'" Globe artichoke
leaf extract not only increases choleresis and, therefore, choles-
terol elimination, but also has been shown to inhibit cholesterol
biosynthesis."” Preparations of globe artichoke leaf extract
inhibit cholesterol biosynthesis in a concentration-dependent
manner in studies in cultured rat hepatocytes."* ™ Low
concentrations (<0.1 mg/mL) of globe artichoke extract achieved
around 20% inhibition, whereas 65% inhibition was noted with
concentrations of 1 mg/mL. Luteolin was considered to be one of
the most important constituents for this effect, and it was
suggested that a possible mechanism of action might be indirect
inhibition of hydroxymethylglutaryl-CoA reductase (HMG-
CoA)." Other in vitro studies have documented a concentra-
tion-dependent inhibition of de novo cholesterol biosynthesis in
cultured rat and human hepatocytes for globe artichoke leaf
extract 0.03-0.1 mg/mL."

Several other experimental studies have documented lipid-
lowering effects for globe artichoke leaf extract and cynarin in
vivo. " A study in rats explored the hypocholesterolaemic,

hypolipidaemic and choleretic effects of purified (containing 46 %
caffeoylquinic acids, calculated as chlorogenic acid) and total
extracts of globe artichoke leaf (containing 19% caffeoylquinic

Figure 3 Artichoke.

Figure 4 Artichoke — dried drug substance (leaf).



acids, calculated as chlorogenic acid).” The purified extract was
found to be more potent than the total artichoke extract: purified
extract 25 mg/kg intraperitoneally reduced plasma triglyceride and
cholesterol concentrations by 33% and 45%, respectively, whereas
reductions of only 18% and 14%, respectively, were observed with
the total extract (100 mg/kg intraperitoneally).” Both purified
(25 mg/kg intraperitoneally) and total extract (200 mg/kg intraper-
itoneally) significantly enhanced bile secretion following treat-
ment, compared with baseline values; the increase in bile secretion
seen with the purified extract was still statistically significant
three hours after treatment. The more potent pharmacological
activities observed with the purified extract were attributed to the
higher concentration of monocaffeoylquinic acids (e.g. chloro-
genic, neochlorogenic) compared with dicaffeoylquinic acids (e.g.
cynarin) present.

Another study investigated the effects of cynarin on total
cholesterol concentrations in serum and liver of rats given ethanol
(6 g/kg/day by gavage over three days)."® In rats given ethanol
alone, serum cholesterol concentrations rose significantly by 44%,
compared with controls (p < 0.01). Rats given ethanol plus
cynarin (30 mg/kg intraperitoneally 30 minutes before gavage)
showed a significant reduction in serum cholesterol concentra-
tions, compared with controls (p < 0.05).

Antioxidant and hepatoprotective activity In vitro, a luteolin-
rich globe artichoke leaf aqueous extract (flavonoid content
around 0.4% w/w) retarded low-density lipoprotein (LDL)
oxidation in a concentration-dependent manner (determined by
a prolongation of the lag phase to conjugated diene formation)."”
The same tests carried out with the pure aglycone luteolin at
concentrations of 0.1-1 umol/L showed that this constituent had a
similar concentration-dependent effect on LDL oxidation in this
model. Luteolin-7-O-glucoside also demonstrated a concentra-
tion-dependent reduction in LDL oxidation, but was less potent
than luteolin.

Several in vitro and in vivo studies have investigated the
antioxidative and hepatoprotective properties of globe artichoke
leaf extracts, and their constituents, against liver cell damage
induced by different hepatotoxins.

The hepatoprotective effect of polyphenolic compounds
isolated from artichoke has been investigated in vitro using rat
hepatocytes.® Cynarin was the only compound reported to
exhibit significant cytoprotective activity, with a lesser action
demonstrated by caffeic acid. A standardised extract of globe
artichoke (Hepar-SL forte) significantly inhibited the formation of
malondialdehyde induced by tert-butylhydroperoxide (-BHP) in a
concentration-dependent manner within 40 minutes of incuba-
tion, compared with control."® The protective antioxidant effect
of globe artichoke was reported to be significant, compared with
control, even at a concentration of 1 pg/mL. A reduction in -BHP-
induced cell death with globe artichoke extract was also observed.
Further studies assessed the antioxidative and protective potential
of the same extract (Hepar-SL forte) in cultures of primary rat
hepatocytes exposed to -BHP." Incubation of cultured hepato-
cytes with globe artichoke extract and #-BHP inhibited #-BHP-
induced malondialdehyde formation in a concentration-dependent
manner. Globe artichoke extract was significantly effective,
compared with control, at concentrations down to 0.001 mg/mL.
Furthermore, concentrations of globe artichoke extract down to
0.005 mg/mL significantly enhanced hepatocyte survival. The
antioxidative effect of the extract was not affected by various
pretreatments (including tryptic digestion, boiling and acidifica-
tion), although it was sensitive to alkalinisation. Incubation with
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the globe artichoke constituents chlorogenic acid and cynarin
resulted in significant inhibition, and incubation with both
compounds was reported to have a synergistic effect, although
an additive effect may be a more accurate description of the
findings. Chlorogenic acid and cynarin were not solely responsible
for the antioxidant effect, as reduction of malondialdehyde
formation by the extract was at least twofold that seen with the
chlorogenic acid and cynarin."” The antioxidative and hepato-
protective potential of globe artichoke extract was confirmed in
other studies which also indicated that several constituents of the
extract may contribute to the effects.?”

The effects of globe artichoke leaf extract and its constituents
have also been investigated for activity against oxidative stress in
studies using human leukocytes.?" Globe artichoke leaf extract
demonstrated a concentration-dependent inhibition of oxidative
stress induced by several agents, such as hydrogen peroxide and
phorbol-12-myristate-13-acetate, that generate reactive oxygen
species. The constituents cynarin, caffeic acid, chlorogenic acid
and luteolin also showed concentration-dependent inhibitory
activity in these models.

In vivo hepatoprotectivity against tetrachloromethane-induced
hepatitis has been documented for globe artichoke leaf extract
(500 mg/kg) administered orally to rats 48 hours, 24 hours and one
hour before intoxication.” Concentrations of liver transaminases
were significantly lower in rats given globe artichoke leaf extract,
compared with those in controls. A hepatoregenerating effect has
also been described for an aqueous extract of globe artichoke leaf
administered orally to rats for three weeks following partial
hepatectomy.®? Regeneration was determined by stimulation of
mitosis and increased weight in the residual liver when animals
were sacrificed in globe artichoke-treated rats, compared with
controls. In a similar study, aqueous extract of globe artichoke leaf
(0.5 mL daily for five days preceding hepatectomy) was found to
be more potent than a root extract.*”

Clinical studies

Several clinical trials have explored the choleretic and hypolipi-
daemic properties of globe artichoke leaf extract, and its effects in
patients with symptoms of dyspepsia. A randomised, double-
blind, placebo-controlled, crossover trial involving 20 male
volunteers assessed the choleretic effects of a single intraduodenal
dose (1.92 g in 300 mL water) of the globe artichoke leaf extract
Hepar-SL forte.* Intraduodenal bile secretion, the primary
outcome variable, was measured using multichannel probes
starting 30 minutes after drug administration and continuing for
up to four hours afterwards. An increase in bile secretion was
observed in both groups; maximal increases for globe artichoke
leaf extract and placebo were 152% at 60 minutes after drug
administration, and 40% at 30 minutes, respectively. Differences
between globe artichoke leaf extract and placebo were statistically
significant at 30, 60 and 90 minutes after drug administration (p <
0.01) and at 120 and 150 minutes after drug administration (p <
0.05). In another randomised controlled trial, 60 patients with
dyspepsia received a combination preparation containing extracts
of globe artichoke 50mg, boldo (Peumus boldus) 30mg and
chelidonium (Chelidonium majus) 20 mg per tablet, or placebo,
three times daily for 14 days.”> The volume of bile secreted,
measured using a duodenal probe, increased significantly in the
treatment group, compared with the placebo group (p < 0.01).
Also, an improvement in symptoms was reported for 50% of the
treatment group, compared with 38% of the placebo group. There
are also clinical studies in the older literature (some of which were
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placebo-controlled trials, whereas others were open, uncontrolled
studies) which report choleretic effects with globe artichoke leaf
extract. These trials have been summarised in several
reviews, (10:24.GS0)

The effects of globe artichoke leaf extract have also been
monitored in several postmarketing surveillance (phase IV) studies
in patients with non-specific gastrointestinal complaints, includ-
ing dyspepsia,'? functional biliary tract complaints, constipation
and gastric irritation."" The studies monitored the effects of
globe artichoke leaf extract (Hepar-SL forte; one capsule contains
320 mg standardised aqueous extract; drug—extract ratio: 3.5 to
5.5:1) up to six capsules daily for six weeks"" or six months.?
Both studies reported improvements in clinical symptoms and
reductions in serum total cholesterol and triglyceride concentra-
tions, compared with baseline values. A subgroup analysis of 279
patients with at least three of five symptoms of irritable bowel
syndrome reported significant reductions in the severity of
symptoms and favourable evaluations of overall effectiveness by
both physicians and participants.*® The findings from post-
marketing surveillance studies provide supporting data for the
effects of globe artichoke leaf extract, but these are open studies
and do not include a control group and, therefore, are not
designed to assess efficacy.

The efficacy of globe artichoke leaf extract in patients with
hyperlipoproteinaemia has been assessed in a randomised, double-
blind, placebo-controlled, multicentre trial involving 143 patients
with initial total cholesterol concentrations of >7.3 mmol/L
(>280mg/dL).*” Participants received globe artichoke leaf
extract (CY450; drug—extract ratio: 25 to 35:1) 1800 mg daily
in two divided doses, or placebo, for six weeks. At the end of the
study, mean total cholesterol concentrations had decreased by
18.5% to 6.31 mmol/L and by 8.6% to 7.03 mmol/L in the CY450
and placebo groups, respectively (p < 0.0001). CY450 treatment
also led to a significant reduction in LDL cholesterol, compared
with placebo (p = 0.0001). There was no difference between
CY450 recipients and placebo recipients in blood concentrations
of the liver enzyme gamma-glutamyltransferase (GGT).

A published abstract reports the findings of a previous
randomised, double-blind, placebo-controlled trial of a globe
artichoke leaf extract (Hepar-SL forte; 640 mg three times daily
for 12 weeks) involving 44 healthy volunteers."> Mean baseline
total cholesterol concentrations for participants in this study were
low (placebo group: 203.0 mg/dL; globe artichoke extract group:
204.2mg/dL). Subgroup analysis suggested lipid-lowering effects
with globe artichoke extract for participants with baseline total
cholesterol concentrations of >200 mg/dL. However, numbers of
participants included in this analysis were small. The study
indicates only that trials in patients with hyperlipoproteinaemia
are required.

A series of three open, uncontrolled studies involved the
administration of pressed globe artichoke juice (obtained from
fresh leaves and flower buds) 10 mL three times daily for up to 12
weeks to a total of 84 patients with secondary hyperlipidaemia
(total cholesterol =260 mg/dL).*® After six weeks' treatment,
total cholesterol, LDL cholesterol and triglyceride concentrations
decreased, whereas high-density lipoprotein cholesterol tended to
increase. Another uncontrolled study involved the administration
of cynarin to 17 patients with familial type Ila or type IIb
hyperlipoproteinaemia for whom blood lipid concentrations were
maintained with dietary treatment alone.*” Cynarin was taken 15
minutes before meals at either 250 mg or 750 mg daily dose. Over a
period of three months, cynarin was reported to have no effect on
mean serum cholesterol and triglyceride concentrations.*” The

results were in agreement with the findings of some previous
workers, but also in contrast to other studies that have reported
cynarin to be effective in lowering serum concentrations of
cholesterol and triglycerides when taken in daily doses ranging
from 60 mg to 1500 mg.?”

A Cochrane systematic review®” of randomised, double-blind,
placebo-controlled studies of artichoke preparations for hyper-
cholesterolaemia included two studies (see above).">?” The
review concluded that there is limited evidence from randomised
controlled trials to support the use of artichoke leaf preparations
in hypercholesterolaemia and that such preparations cannot be
recommended as a treatment option.

Side-effects, Toxicity

A randomised, double-blind, placebo-controlled trial involving
143 patients with hyperlipoproteinaemia reported a similar
frequency of adverse events for globe artichoke leaf extract
(CY450) and placebo groups.”” A total of 28 adverse events were
reported during the study, 26 of which related to mild changes in
laboratory values. The relationship to the globe artichoke was
considered to be 'unlikely' in all cases.

Postmarketing surveillance (phase IV) studies have monitored
patients with non-specific gastrointestinal complaints receiving
treatment with globe artichoke leaf extract (Hepar-SL forte; up to
1.92g daily for six weeks™” or six months'?). In one study
involving 533 patients with non-specific gastrointestinal com-
plaints, including dyspepsia, functional biliary tract complaints,
constipation and gastric irritation, seven adverse events (weak-
ness, hunger, flatulence) were reported (1.3% of participants).'?
No serious adverse events were reported. A second postmarketing
surveillance study involved 203 patients with symptoms of
dyspepsia who received globe artichoke leaf extract up to 1.92 ¢
daily for up to six months."? It was reported that no adverse
events were recorded during the study, and that the physician's
overall judgement of tolerability was given as 'good' or 'excellent'
in 98.5% of cases.

Allergic contact dermatitis, with cross-sensitivity to other
Compositae plants, has been documented for globe artichoke.®"
G A case of occupational contact urticaria syndrome in a 20-
year-old woman has been reported in association with globe
artichoke. The woman developed acute generalised urticaria,
angioedema of the hands, forearms and face, and respiratory
symptoms after handling globe artichokes. The clinical history
and results of skin-prick tests indicated that the woman had
developed type I allergy to globe artichoke antigen(s).®? An
isolated case of allergy to ingested globe artichoke has also been
described.®?

Cynaropicrin and other sesquiterpene lactones with allergenic
potential have been isolated from globe artichoke.®"“*® Purified
globe artichoke extract is more toxic than a total extract. LDjs,
values (rat, by intraperitoneal injection) have been documented as
greater than 1000 mg/kg (total extract) and 265 mg/kg (purified
extract). ”

Contra-indications, Warnings

Globe artichoke vyields cynaropicrin, a potentially allergenic
sesquiterpene lactone.“*? Individuals with an existing hypersen-
sitivity to any member of the Compositae family may develop an
allergic reaction to globe artichoke.

Drug interactions None documented. However, the potential for
preparations of artichoke to interact with other medicines



administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation 1In view of the lack of toxicity data,
excessive use of globe artichoke should be avoided during
pregnancy and lactation.

Preparations

Proprietary single-ingredient preparations

Argentina: Alcachofa Plus; Chofitol; Cynarex. Austria:
Cynarix; Hepar-POS. Belgium: Hebucol. Brazil: Chophytol.
France: Chophytol; Hepanephrol. Germany: aar gamma N;
Ardeycholan; Cefacynar; Cholagogum; Cynacur; Cynalip duo;
Cynarix N; Hepagallin N Hepar SL; Hepar-POS; Heparstad,;
Hewechol Artischockendragees; Lipei; Losapan; Natu-Hepa;
Naturreiner; Valverde Artischocke. Russia:  Chophytol
(Xodmroa). Switzerland: Chophytol; Hepa-S; Natu-Hepa.

Proprietary multi-ingredient preparations

Argentina: Arceligasol; Bagohepat; Bilidren; Biliosan Com-
puesto; Boldina; Dioxicolagol; HDG; Hepacur; Hepatalgina;
Hepatalgina; Hepatodirectol; Metiogen; Palatrobil; Palatrobil.
Australia: Extralife Liva-Care; Lifesystem Herbal Formula 7
Liver Tonic; Liver Tonic Herbal Formula 6; Livstim; Livton
Complex. Austria: Cynarix comp. Brazil: Alcafelol; Alcaflor;
Chofranina; Colachofra; Composto Emagrecedor; Digestron;
Emagrevit; Figatil; Hecrosine B12; Hepatoregius; Jurubileno;
Lisotox; Olocynan; Prinachol; Solvobil. Canada: Milk Thistle.
Czech Republic: Cynarosan. France: Actibil; Canol; Elixir
Spark; Hepaclem; Hepax. Germany: Carmol Magen-Galle-
Darm; Cynarzym N; Gallexier; Gallexier. Hong Kong:
Hepatofalk. Izaly: Colax; Digelax; Epagest. Malaysia: Dande-
lion Complex. Mexico: Chofabol; Hepedren; Ifuchol. Russia:
Herbion Drops for the Gallbladder (I'epbuon Kaman
JKeaueronnnre). Spain: Cynaro Bilina; Lipograsil; Menabil
Complex; Nico Hepatocyn. Switzerland: Bilifuge; Boldocy-
nara; Demonatur Gouttes pour le foie et la bile; Heparfelien;
Strath Gouttes pour le foie et la bile; Tisane hepatique et
biliaire. UK: Bio-Strath Artichoke Formula; Boots Alternatives
Easy Digest. USA: Ultimate Antioxidant Formula.
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Summary and Pharmaceutical Comment

Asafoetida is a complex oleo gum resin consisting of many
constituents that vary according to the different species used.
Asafoetida is commonly used in foods but little scientific
evidence is available to justify the herbal uses. In view of the
known pharmacologically active constituents, asafoetida
should not be taken in amounts exceeding those used in
foods.

Species (Family)

There are reportedly 172 species of Ferula. The main source is
believed to be from Ferula assafoetida L. and Ferula foetida
(Bunge) Regel.

Synonym(s)

Asafetida, Asant, Devil's Dung, Ferula foetida (Bunge) Regel,
Gum Asafetida

Part(s) Used

Oleo gum resin obtained by incising the living rhizomes and roots.

Pharmacopoeial and Other Monographs

BHC 1992(¢%)
BHP 1996¢” ‘
Martindale 35th edition‘“®

Legal Category (Licensed Products)
GSL(G37)

Constituents

The following is compiled from several sources, including General
References G6, G59 and G62.

Gum fraction 25%. Glucose, galactose, L-arabinose, rhamnose
and glucuronic acid.

Resins  40-64%. Ferulic acid esters (60%), free ferulic acid
(1.3%), asaresinotannols and farnesiferols A, B and C, coumarin
derivatives (e.g. umbelliferone), coumarin—sesquiterpene com-
plexes (e.g. asacoumarin A and asacoumarin B).'Y Free ferulic
acid is converted to coumarin during dry distillation.

Volatile oils ~ 3-17%. Sulfur-containing compounds with
disulfides as major components, various monoterpenes. !

The oleo gum resins of different Ferula species are not identical
and many papers have documented their phytochemistry, !
reporting polysulfanes,” " complex acetylenes,”® phenylpropa-
noids”” and many sesquiterpene derivatives,>* ¢ %)

C-3 prenylated 4-hydroxycoumarin derivatives (e.g. ferulenol)
are thought to represent the toxic principles in the species Ferula
communis."?

2

Food Use

Asafoetida is used widely in foods. Asafoetida (essential oil, fluid
extract and gommo-oleoresin) is listed by the Council of Europe
as a source of natural food flavouring (category 35) (see Appendix
3).“ Previously, asafoctida was approved for food use in the
USA. (@)

Herbal Use

Asafoetida is stated to possess carminative, antispasmodic and
expectorant properties. It has been used for chronic bronchitis,
pertussis, laryngismus stridulus, hysteria and specifically for
; . . (G6,G7)

intestinal flatulent colic.

Phenylpropanoids
HSCOD/‘\\—/ COQH
HO
ferulic acid

Coumarins

faresiferol A

)WM\O o o
OH

asacoumarin A

Disulfides
HSCHQC\ H
AN,
HiC "S—8—C=CHCH,

H
2-butyl-1-propenyl disulfide

HiCHoC_ H
HaC—8" \S_S—CI::CHCHB
H

1-(1-methylthiopropyl)-
1-propenyl disulfide

Figure 1 Selected constituents of asafoetida.



Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal and pharmaceutical
reference texts are given below.

Powdered resin 0.3—1g three times daily/©®%”

Tincture of asafoetida (BPC 1949) 2-4 mL

Pharmacological Actions

In vitro and animal studies

Asafoetida has been reported to possess anticoagulant and
hypotensive properties,“*" although the scientific basis for these
statements is not clear; coumarin constituents detected so far in
asafoetida do not possess minimum structural requirements for
anticoagulant activity. Asafoetida is an ingredient of a plant
mixture reported to have antidiabetic properties in rats."?
However, when the individual components of the mixture were
studied asafoetida was devoid of antidiabetic effect with myrrh
and aloe gum extracts representing the active hypoglycaemic
principles.'

Oestrogenic activity in rats has been documented for carotane
sesquiterpenes and ferujol (a coumarin) isolated from Ferula
jaeschkeana.'>1®

Clinical studies

Clinical investigation of asafoetida is limited and rigorous
randomised controlled clinical trials are required. A protective
action against fat-induced hyperlipidaemia has been documented
for asafoetida and attributed to the sulfur compounds in the
volatile oil fraction of the resin."” Two double-blind studies have

reported significant effects for asafoetida in the treatment of
(18,19)

irritable bowel syndrome

Figure 2 Asafoetida (Ferula assafoetida).
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Side-effects, Toxicity

Asafoetida is documented to be relatively non-toxic; ingestion of
15 g produced no untoward effects.“*) A report of methaemo-
globinaemia has been associated with the administration of
asafoetida (in milk) to a five-week-old infant for the treatment of
colic.®” Asafoetida was found to exert an oxidising effect on fetal
haemoglobin but not on adult haemoglobin.

Coumarin constituents detected so far in asafoetida do not
possess minimum structural requirements (a C-4 hydroxyl
substituent and a C-3 non-polar carbon substituent)“®” for
anticoagulant activity.

A weak sister chromatid exchange-inducing effect in mouse
spermatogonia®” and clastogenicity in mouse spermatocytes®”
has been documented for asafoetida. Chromosomal damage by
asafoetida has been associated with the coumarin constituents.

Toxic coumarin constituents of a related species, Ferula
communis, have been documented to reduce prothrombin
concentrations and to cause haemorrhaging in livestock. >V

Two other species, Ferula galbaniflua and Ferula rubicaulis, are
stated to contain a gum that is rubefacient and irritant, causing
contact dermatitis in sensitive individuals. "%

Contra-indications, Warnings

Asafoetida should not be given to infants because of the oxidising
effect on fetal haemoglobin resulting in methaemoglobinaemia.”
The gum of some Ferula species is reported to be irritant and
therefore may cause gastrointestinal irritation or induce contact
dermatitis in some individuals.

Drug interactions None documented. However, the potential for
preparations of asafoetida to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation Asafoetida has a folkloric reputation
as an abortifacient and an emmenagogue.'“*” However the use of
asafoetida during pregnancy is probably acceptable, provided
doses do not exceed amounts normally ingested in foods. In view
of the toxic effect to infants (e.g. methaemoglobinaemia),
asafoetida should be avoided during breastfeeding.

Figure 3 Asafoetida — dried drug substance (resin).
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Preparations

Proprietary single-ingredient preparations

South Africa: Duiwelsdrekdruppels.

Proprietary multi-ingredient preparations

India: Tummy Ease. South Africa: Entressdruppels HM;
Stuidruppels. Thailand: Flatulence Gastulence. UK: Daily
Tension & Strain Relief; Nerfood Tablets.
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' Avens

Summary and Pharmaceutical Comment

Limited phytochemical or pharmacological data are available
for avens, although reported tannin constituents would
indicate an astringent action thus supporting the traditional
use in diarrhoea and haemorrhage. In view of the lack of
toxicity data, excessive use should be avoided.

Species (Family)

Geum urbanum L. (Rosaceae)

Synonym(s)

Benedict's Herb, Colewort, Geum, Herb Bennet, Wood Avens

Part(s) Used
Herb

Pharmacopoeial and Other Monographs
BHP 1983'“”

Legal Category (Licensed Products)

G37)

Avens is not included in the GSL.'

Constituents

The following is compiled from several sources, including General
References G40, G49, G64.

Limited information is available on the herb. Constituents
reported include bitter principles, resin, tannins and volatile oil.

Other plant parts

The root has been more extensively studied and is reported to
contain a phenolic glycoside (gein), yielding eugenol as the
aglycone and vicianose (disaccharide) as the sugar component;'!
30% tannin, including gallic, caffeic and chlorogenic acids
(pseudotannins generally associated with condensed tannins);"
a bitter substance, a flavonoid, and volatile oil.

Food Use

Avens is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that avens
can be added to foodstuffs in small quantities, with a possible
limitation of an active principle (as yet unspecified) in the final
product.(©1®

Phenylpropanoids

HgCOU\/
HO
eugenol

Figure 1 Selected constituents of avens.

Herbal Use

Avens is stated to possess antidiarrhoeal, antihaemorrhagic, and
febrifugal properties. It has been used for diarrhoea, catarrhal
colitis, passive uterine haemorrhage, intermittent fevers, and
specifically for ulcerative colitis./“” %%

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Dried herb 1-4g as an infusion three times daily.“”

Liquid extract 1-4mL (1: 1 in 25% alcohol) three times daily.‘“”

Pharmacological Actions

In vitro and animal studies

A 20% aqueous decoction of avens, administered by intravenous
injection, has been reported to produce a reduction in blood

Figure 3 Avens — dried drug substance (herb).




' Avens

pressure in cats.
astringent properties.

@ Tannins are generally known to possess

Clinical studies

None documented.

Side-effects, Toxicity

None documented.

Contra-indications, Warnings

In view of the reported tannin constituents and the lack of toxicity
data, it is advisable to avoid excessive use of avens.

Drug interactions None documented.

Pregnancy and lactation Avens is reputed to affect the
menstrual cycle.*” In view of the lack of phytochemical,
pharmacological and toxicological data, the use of avens during
pregnancy should be avoided.

References

1 Psendk M et al. Biochemical Study on Geum urbanum. Planta Med
1970; 19: 154-159.

2 Petkov V. Plants and hypotensive, antiatheromatous and
coronarodilating action. Am | Chin Med 1979; 7: 197-236.



' Bayberry

Summary and Pharmaceutical Comment

Limited chemical information is available for bayberry.
Documented tannin constituents justify some of the herbal
uses. In addition, mineralocorticoid activity has been reported
for one of the triterpene constituents. In view of this and the
tannin constituents, excessive use of bayberry should be
avoided.

Species (Family)

Myrica cerifera L. (Myricaceae)

Synonym(s)

Candleberry Bark, Myrica, Southern Bayberry, Southern Wax
Myrtle, Wax Myrtle Bark

Part(s) Used
Root bark

Pharmacopoeial and Other Monographs

BHP 1996'“” ‘
Martindale 35th edition(©%

Legal Category (Licensed Products)
GSL?

Constituents

The following is compiled from several sources, including General
References G22, G41, G48 and Gé64.

Flavonoids Myricitrin.

Tannins 3.9% (bark), 34.82% (total aqueous extract).

Terpenoids Myricadiol, taraxerol and taraxerone.'”

Other constituents Albumen, red dye, gum, resin, starch, wax
containing palmitic, myristic and lauric acid esters.

Food Use

Bayberry is not used in foods.

Herbal Use

Bayberry is stated to possess antipyretic, circulatory stimulant,
emetic and mild diaphoretic properties. It has been used for
diarrhoea, colds and specifically for mucous colitis. An infusion
has been used as a gargle for a sore throat, and as a douche for
leucorrhoea. Powdered root bark has been applied topically for
the management of indolent ulcers,(©7>¢41: 669

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Powdered bark 0.6-2.0g by infusion or decoction three times
daily. (<7

Liquid extract 0.6-2.0mL (1:1 in 45% alcohol) three times
daily.( "

Pharmacological Actions

In vitro and animal studies

Myricitrin has been reported to exhibit choleretic, bactericidal,
paramecicidal, and spermatocidal activity; myricadiol has miner-
alocorticoid activity. “*" Tannins are known to possess astringent
properties.

Figure 2 Bayberry — dried drug substance (root bark).




Bayberry

Clinical studies

There is a lack of clinical investigation with bayberry and rigorous
randomised controlled clinical trials are required.

Side-effects, Toxicity

A total aqueous extract, tannin fraction, and tannin-free fraction
from bayberry were all reported to produce tumours in NIH black
rats, following weekly subcutaneous injections for up to 75
weeks.®? The number of tumours that developed were stated to
be statistically significant for the tannin fraction and tannin-free
fraction. Analysis of the tannin-free fraction revealed the presence
of four phenolic compounds, one of which was identified as
myricitrin. No tumours were reported in a later study, in which
rats were given subcutaneous injections of total aqueous extract
for 78 weeks.

Large doses may cause typical mineralocorticoid side-effects
(e.g. sodium and water retention, hypertension).

Contra-indications, Warnings

Excessive use of tannin-containing herbs is not recommended.

Drug interactions None documented. However, the potential for
preparations of bayberry to interact with other medicines

administered concurrently, particularly those with similar or
opposing effects (e.g. steroids or those with hypo-/hypertensive
activity), should be considered.

Pregnancy and lactation The safety of bayberry has not been
established. In view of the possible mineralocorticoid activity and
the reported carcinogenic activity, the use of bayberry during
pregnancy and lactation should be avoided.

Preparations

Proprietary multi-ingredient preparations

UK: EP&C Essence; Peerless Composition Essence.

References

1 Paul BD et al. Isolation of myricadiol, myricitrin, taraxerol, and
taraxerone from Myrica cerifera L. root bark. | Pharm Sci 1974; 63:
958-959.

2 Kapadia GJ et al. Carcinogenicity of Camellia sinensis (tea) and some
tannin-containing folk medicinal herbs administered subcutaneously
in rats. | Natl Cancer Inst 1976; 57: 207-209.

3 Kapadia GJ et al. Carcinogenicity of some folk medicinal herbs in
rats. | Natl Cancer Inst 1978; 60: 683—686.



' Bilberry

Summary and Pharmaceutical Comment

The chemistry of bilberry is well documented and there is
good evidence that the anthocyanin constituents are
responsible for the pharmacological effects of bilberry.

Data from in vitro and animal studies provide supportive
evidence for some of the uses of bilberry. There have been
several clinical studies investigating the effects of bilberry in a
range of conditions. However, many studies have been
uncontrolled, involved only small numbers of patients and
had other methodological flaws. Further, well-designed
clinical trials are required to establish the efficacy of bilberry.

There are some limited toxicity and safety data for bilberry
which together with data on adverse effects reported in
clinical trials provide some support for the safety of bilberry
when used at recommended doses in the short term.
However, further data on the long-term safety of bilberry use
are required and, therefore, excessive use of bilberry should
be avoided.

Several of the intended uses of bilberry are not suitable for
unsupervised self-treatment.

Species (Family)

Vaccinium myrtillus L. (Ericaceae)

Synonym(s)
Blueberry, bogberry, huckleberry, Myrtilus niger Gilib., whortle-
berry

Part(s) Used

Fruit (berries), leaves

Pharmacopoeial and Other Monographs
G1)

American Herbal Pharmacopoeia
BP 2007'“*¥

Complete German Commission E(©?
Martindale 35th edition (Myrtillus)(©%
Ph Eur 2007V

Legal Category (Licensed Products)
Bilberry is not included in the GSL.

Constituents
The following is compiled from several sources, including General

References G2 and G355.

Berries

Flavonoid glycosides Anthocyanins (particularly glycosides of
delphinidin, cyanidin, petunidin, peonidin, malvidin),"*? querce-
tin-3-glucuronide and hyperoside.®

Polyphenols Catechin, epicatechin and tannins.

Other constituents Pectins'” and vitamin C.

Leaves

Flavonoids
trin). M

Quercetin and its glycosides (hyperoside, querci-

Phenolic acids Caffeic, p-coumaric, p-hydroxybenzoic, proto-
catechuic and melilotic.™

Other constituents Tannins and iridoids."

Food Use

Bilberries are used in foods.!” Bilberry is listed by the Council of
Europe as a natural source of food flavouring (category N1). This

category indicates that there are no restrictions on the use of
bilberry in foods.(©1®

Flavonoids

(+)-catechin

Figure 1 Selected constituents of bilberry.

Figure 2 Bilberry (Vaccinium myrtillus).




' Bilberry

Herbal Use

Bilberry is stated to possess astringent, tonic and antiseptic
properties and has traditionally been used in the treatment of
diarrhoea, dysentry, haemorrhoids, gastrointestinal inflamma-
tions, mouth infections, scurvy and urinary complaints.” It has
also been used in diabetes, gout and rheumatism and applied
locally in eye inflammation, burns and skin infections.”

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in standard herbal reference texts are given below.

Dried fruit 20-60g daily as a decoction for the treatment of
diarrhoea.‘“?

Pharmacological Actions

Several pharmacological activities have been documented for
bilberry, including ophthalmic activity and anti-inflammatory,
wound-healing, anti-ulcer, anti-atherosclerotic and vasoprotective
properties.”

In vitro and animal studies

An anthocyanidin extract of V. myrtillus has been reported to act
as a superoxide anion scavenger'"® and as an inhibitor of lipid
peroxidation in rat liver microsomes'"*® and in mouse liver tissue
in vivo,"”) and to inhibit potassium ion loss induced by free radicals
in human erythrocytes.""” V. myrtillus extract is stated to have a
potent protective antioxidant action on human low-density
lipoproteins (LDLs) in vitro during copper-mediated oxidation.”
Oxidative activity is recognised as a major process in tissue damage
in a variety of pathological conditions, such as atherosclerosis and
carcinogenesis. In addition, oxidative stress is thought to be
involved in brain ageing and age-related neurodegenerative disease.
A study in rats reported that, compared with rats fed a control diet,
dietary supplementation of blueberry (bilberry) extract for eight
weeks reversed age-related deficits in several neuronal and
behavioural parameters, such as enhancement of dopamine release
from striatal slices and a water maze performance test.®

V. myrtillus anthocyanins inhibit aggregation of human
platelets in vitro in a concentration-dependent manner'” and, in
rats, V. myrtillus anthocyanins administered orally at doses
ranging from 5-400 mg/kg prolong bleeding time markedly."”
Inhibition of platelet aggregation has also been reported in

L &

Figure 3 Bilberry — dried drug substance (leaves).

humans treated with V. myrtillus anthocyanins (see Clinical
studies). ™!

In vitro inhibition of elastase, a proteolytic enzyme involved
with elastic fibre and connective tissue degeneration and with
some pathological vascular conditions, has been demonstrated in
studies using anthocyanins extracted from V. myrtillus.'?

The hypolipidaemic activity of oral administration of extracts
of V. myrtillus leaves has been demonstrated in rats.>'® In
genetically hyperlipidaemic rats, plasma triglyceride and choles-
terol concentrations, but not free fatty acids, decreased signifi-
cantly™ In streptozotocin-induced diabetic rats, plasma glucose
concentrations as well as plasma triglyceride concentrations
decreased significantly compared with values in control rats.!'¥
In further experiments using bilberry and clofibrate, both
preparations reduced plasma triglyceride concentrations in a
dose-dependent manner in rats fed a hyperlipidaemic diet and in
ethanol-treated normolipidaemic rats.!'® Bilberry, however, did
not prevent fructose-elicited increases in plasma triglyceride
concentrations. Other studies in glucose-loaded mice failed to
demonstrate hypoglycaemic activity following oral administration
of bilberry leaf extract.™

Several in vitro studies have demonstrated the relaxing effects of
V. myrtillus anthocyanins on isolated vascular smooth muscle
preparations, including the thoracic vein and splenic and coronary
arteries."*"® There is evidence that the mechanism for this
smooth muscle relaxant effect is via stimulation of prostaglandin
release within vessel walls.!"”

Effects of V. myrtillus anthocyanins on enhancing arterial
vasomotion (rhythmic variation of arteriole diameter in the
microvasular network which influences microvascular blood flow
and the formation of interstitial fluid) have been shown in
experimental models, including the cheek pouch microcirculation
of hamsters.”” This model has also been used to investigate the
effects of V. myrtillus anthocyanins on ischaemia—reperfusion
injury.*” Oral administration for two and four weeks of
Myrtocyan, a commercially available product comprising bilberry
anthocyanin complex, reduced the increase in capillary perme-
ability, decreased leukocyte adhesion and improved capillary
perfusion compared with controls. In rats, oral administration of
V. myrtillus anthocyanins for 12 days before the induction of
hypertension (by ligature of the abdominal aorta) limited the
increase in vascular permeability and maintained a normal blood—
brain barrier permeability.*?

Components of bilberry exhibit potential anticarcinogenic
activity in vitro as demonstrated by inhibition of the induction

Figure 4 Bilberry — dried drug substance (fruit).



of ornithine decarboxylase (ODC) by the tumour promoter
phorbol 12-myristate 13-acetate (TPA).%¥

Myrtocyan and one of its anthocyanin constituents have
displayed anti-ulcer activity in various experimental models of
acute gastric ulcer and in chronic ulcer induced by acetic acid.**
The mechanism for this may be by potentiation of the defensive
barriers of the gastrointestinal mucosa, such as the secretion of
gastric mucus or stimulation of cellular regeneration.*¥

Extracts of V. myrtillus leaves have antibacterial activity against
several species, including Staphylococcus aureus and Escherichia
coli, as determined by the hole-plate diffusion method and the
microdilution broth method.® V. myrtillus fruit extracts were
less active.

The pharmacokinetics of V. myrtillus anthocyanins have been
studied in rats.*® Following a single oral administration, plasma
anthocyanin concentrations peaked after 15 minutes and declined
rapidly within two hours. No hepatic first-pass effect was
observed; elimination occurred mostly through the urine and bile.

Clinical studies

Clinical studies with extracts of V. myrtillus fruits (berries) have
focused mainly on its therapeutic applications in certain
ophthalmological conditions and in altered microcirculation and
peripheral venous insufficiency."

A study involving 30 healthy subjects with normal platelet
aggregation investigated the effects of administration of V.
myrtillus anthocyanins (Myrtocyan) (480 mg) daily, ascorbic acid
3¢ daily and V. myrtillus anthocyanins plus ascorbic acid on
collagen- and ADP-induced platelet aggregation.""” Platelet
aggregation in blood samples taken from participants after 30
and 60 days' treatment was reduced in all subjects compared with
baseline values. The reduction in platelet aggregation was greater
in subjects who received V. myrtillus anthocyanins alone than in
those who received ascorbic acid alone and was most marked in
subjects who received both preparations. Platelet aggregation
returned to baseline values when tested 120 days after disconti-
nuation of treatment.™

Early studies involving healthy subjects and patients with visual
disorders who received V. myrtillus extracts alone or in
combination with PB-carotene and vitamin E reported improve-
ments in night vision and faster adjustment to darkness and
restoration of visual acuity following exposure to a bright flash of
light.") Other studies reported improvements in retinal sensitivity
and the visual field in patients with myopia or glaucoma following
short- or long-term (six months) treatment with V. myrtillus
anthocyanins.”) However, none of these studies included a control
group, and so the observed effects cannot be attributed to bilberry
treatment. Other uncontrolled studies in small numbers of
patients with retinal pathologies have reported improvements in
retinal function, compared with pretreatment values (e.g. ref. 27).

In a randomised, double-blind, placebo-controlled trial, 40
patients with diabetic and/or hypertensive retinopathy received
Myrtocyan (160 mg) twice daily or placebo for one month.”® At
the end of the study, the placebo group received Myrtocyan for one
month. It was reported that 77-90% of treated patients
experienced improvement compared with the pretreatment period,
as determined by ophthalmoscopy and fluorescein fundus
angiography.®® However, there does not appear to have been a
statistical comparison between the treatment and placebo groups.
A similar placebo-controlled trial involving 40 patients with early-
phase diabetic retinopathy who received Myrtocyan for 12 months
also reported improvements in Myrtocyan-treated patients.®”

Bilberry

In a randomised, double-blind trial involving 51 patients with
mild senile cortical cataract who received V. myrtillus anthocya-
nins plus vitamin E twice daily for four months, treated patients
showed significant improvements in lens opacity compared with
placebo recipients.®”

Studies involving patients with peripheral vascular disorders of
various origins are stated to have demonstrated clinical benefits
with V. myrtillus extracts.”) Other studies in patients with
ulcerative dermatitis secondary to post-thrombotic or venous
varicose stasis, capillary fragility secondary to liver disorders and
other conditions, or chronic venous insufficiency have been
reported to have shown improvements in clinical signs and
symptoms.") However, several of these studies appear to have
been uncontrolled (e.g. refs 31-33) and/or included only small
numbers of patients (e.g. refs 31 and 32). A double-blind, placebo-
controlled study involving 47 patients with peripheral vascular
disorders reported reductions in subjective symptoms, such as
paraesthesia, pain and heaviness and improved oedema in patients
treated with Myrtocyan (480 mg/day) for 30 days." A single-blind
study involving 60 patients with venous insufficiency who received
Myrtocyan (480 mg/day) or placebo for 30 days reported
significant improvements in oedema, paraesthesia, cramp-like
pain and pressure sensation in Myrtocyan-treated patients
compared with pretreatment values in these patients.'”

V. myrtillus anthocyanins have been investigated in a variety of
other disorders.

A randomised, double-blind, placebo-controlled trial of V.
myrtillus anthocyanins (320 mg/day) taken for three days before
menstruation was conducted involving 30 patients with chronic
primary dysmenorrhoea.®? Significant differences between the
active treatment and placebo groups were reported for several
symptoms investigated, including nausea and vomiting and breast
tenderness; there was no effect on headache.

In a trial involving 60 patients who had undergone haemor-
rhoidectomy, participants were randomised to receive V. myrtillus
anthocyanins (320-480 mg/day) postoperatively in addition to
usual medical care or to no additional treatment. Reductions in
itch and oedema occurred in bilberry recipients, but there were no
effects on other symptoms.®®

Other studies, all of which were uncontrolled, have reported
beneficial effects following administration of V. myrtillus extracts
in patients with fibrocystic mastopathy®® and type 11 diabetes
mellitus,®” in infantile dyspepsia®® and in pregnant women with
lower limb venous insufficiency and acute-phase haemor-
rhoids.®”

Side-effects, Toxicity

A review of clinical trials of V. myrtillus extracts stated that no
adverse effects had been observed, even following prolonged
treatment.'”  However, most trials involved relatively small
numbers of patients and, therefore, would only be able to detect
very common acute adverse effects.

The same review summarised the results of an unpublished
postmarketing surveillance study which had involved 2295 subjects
who had taken Myrtocyan, usually 160 mg twice daily for 1-2
months, for lower limb venous insufficiency, capillary fragility,
functional changes in retinal microcirculation or haemorrhoids.
Ninety-four subjects reported side-effects, mainly relating to the
skin and gastrointestinal and nervous systems.!)

Long-term consumption of bilberry leaves may lead to toxicity.
Chronic administration of doses of 1.5 g/kg per day or more to
animals has been reported to be fatal.(“?
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Animal toxicity data indicate that in mice and rats, the LDj5 for
Myrtocyan is over 2g/kg and, in dogs, single doses of 3g/kg
produced no adverse effects other than marked darkening of urine
and faeces (demonstrating absorption).” Oral daily doses to rats
and dogs of 125-500 mg/kg and 80-320 mg/kg, respectively, for six
months did not induce mortality or toxic effects.") Pharmaco-
kinetic studies of V. myrtillus anthocyanins in rats demonstrated
that anthocyanins are removed rapidly from the systemic
circulation within two hours of oral administration.®

Contra-indications, Warnings

Drug interactions None documented. However, the potential for
preparations of bilberry to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. For example, there is
evidence from preclinical studies that V. myrtillus anthocyanins
inhibit platelet aggregation and prolong bleeding time, although
clinical evidence is limited. It is not known whether or not the use
of bilberry preparations concurrently with antiplatelet or antic-
oagulant agents carries an increased risk of bleeding; concurrent
use of bilberry with such agents, and initiation or cessation of
bilberry treatments, should be monitored

Pregnancy and lactation In an uncontrolled study, V. myrtillus
anthocyanin extract (Tegens) (80 or 160 mg) twice or three times
daily for three months was administered to pregnant women with
lower limb venous insufficiency and acute-phase haemorrhoids
with no apparent adverse effects.®” However, the safety of
bilberry has not been established and, in view of the lack of
toxicity data, the use of bilberry during pregnancy and lactation
should be avoided.

Preparations

Proprietary single-ingredient preparations

Australia: Herbal Eye Care Formula. Brazil: Miralis. Germany:
Difrarel. Italy: Alcodin; Mirtilene Forte; Tegens. Portugal:
Difrarel; Varison. Russia: Mirtilene Forte (Mupruaene ®opre).
Switzerland: Myrtaven.

Proprietary multi-ingredient preparations

Australia: Bilberry Plus Eye Health; Bioglan Pygno-Vite;
Bioglan Vision-Eze; Extralife Eye-Care; Extralife Leg-Care;
Herbal PMS Formula; Prophthal; Pykno; St Mary's Thistle
Plus. Austria: Amersan. Czech Republic: Amersan; Diabetan;
Diabeticka Cajova Smes-Megadiabetin; Tormentan; Urcyston
Planta. France: Diacure; Difrarel E; Difrarel; Flebior; Klorane
Shampooing Antipelliculaire; Stomargil. Hungary: Difrarel E.
Italy: Alvear con Ginseng; Angioton; Api Baby; Bebimix;
Biolactine; Capill; Dermilia Flebozin; Evamilk; Memovisus;
Mirtilene; Mirtilux; Mirtilux; Neomyrt Plus; Nerex; Pik Gel;
Retinovit; Tussol; Ultravisin; Varicofit. Netherlands: Difrarel.
Spain: Antomiopic; Mirtilus. UK: I-Sight; Nature's Garden; Se-
Power. USA: Bilbery 40mg; Eye Support Formula Herbal Blend,;
Healthy Eyes; Mental Clarity; My Favorite Multiple Iron-Free;
My Favorite Multiple Original; My Favorite Multiple Prime
Multi Vitamin; My Favorite Multiple Take One; My Favorite
Multiple Take One Iron-Free; Ultimate Antioxidant Formula;
Ocusense.
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O Bloodroot

Summary and Pharmaceutical Comment

Bloodroot is characterised by isoquinoline alkaloid
constituents (benzophenanthridine-type), predominantly
sanguinarine. A wide range of pharmacological activities has
been documented for this class of compounds including
antimicrobial, anti-inflammatory, antihistaminic, cardiotonic
and antiplaque. Other benzophenanthridine alkaloids have
been associated with cytotoxic activities. However, recent
interest over the potential use of bloodroot in oral hygiene
has stimulated considerable research into both sanguinarine
and bloodroot extracts. Results have indicated that products
such as oral rinses and toothpastes containing either
sanguinaria extracts or sanguinarine may be of value in dental
hygiene.

Species (Family)

Sanguinaria canadensis L. (Papaveraccae)

Synonym(s)

Red Indian Paint, Red Root, Sanguinaria, S. australis Greene, S.
canadensis var. rotundifolia (Greene) Fedde, S. dilleniana Greene,
Tetterwort

Part(s) Used

Rhizome
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Figure 1 Selected constituents of bloodroot.
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Legal Category (Licensed Products)
L.(G37)

Bloodroot is not included in the GS

Constituents

The following is compiled from several sources, including General
References G22 and G41.

Alkaloids Isoquinoline type. 3.0-7.0%." Sanguinarine (approx.
1%), sanguidimerine, chelerythrine, protopine; others include
oxysanguinarine, o- and B-allocryptopine, sanguilutine, dihydro-
sanguilutine, berberine, coptisine and homochelidonine.

Other constituents Resin, starch, organic acids (citric, malic).
Alkaloid content of other plant parts recorded as 0.08% (leaf),
1.8% (root).

Food Use

Bloodroot is listed by the Council of Europe as a natural source of
food flavouring (category N3). This category indicates that
bloodroot can be added to foodstuffs in the traditionally accepted
manner, although there is insufficient information available for an
adequate assessment of potential toxicity.‘“'¢)

Herbal Use

Bloodroot is stated to act as an expectorant, spasmolytic, emetic,
cathartic, antiseptic, cardioactive, topical irritant and escharotic
(scab-producing). Traditionally it is indicated for bronchitis
(subacute or chronic), asthma, croup, laryngitis, pharyngitis,
deficient capillary circulation, nasal polyps (as a snuff), and
specifically for asthma and bronchitis with feeble peripheral
circulation./“”)

Figure 2 Bloodroot (Sanguinaria canadensis).



Figure 3 Bloodroot — dried drug substance (rhizome).

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Rhizome 0.06-0.5g (1-2 g for emetic dose) three times daily.‘“”

Liquid extract 0.06-0.3 mL (1:1in 60% alcohol) (1-2mL for
emetic dose) three times daily.(“”

Tincture 0.3-2mL (1:5 in 60% alcohol) (2-8 mL for emetic dose)
three times daily.‘“”

Pharmacological Actions

Activities documented for bloodroot are principally attributable to
the isoquinoline alkaloid constituents, in particular sanguinarine.
Interest has focused on the use of sanguinarine in dental hygiene
products. Unless otherwise stated, the following actions refer to
sanguinarine.

In vitro and animal studies

Considerable antimicrobial activity has been documented against
both Gram-positive and Gram-negative bacteria, Candida and
dermatophytes (fungi), and Trichomonas (protozoa).” In addi-
tion, anti-inflammatory activity has been described against
carrageenan-induced rat paw oedema.®

Prolongation of the ventricular refractory period has been
attributed to an inhibition of Na™K* ATPase.**> However, a
single intravenous injection of sanguinarine to anaesthetised dogs
reportedly exerted no effect on cardiovascular parameters
monitored. ¥

In vitro inhibition of bone resorption and collagenase has been
documented.?

Clinical studies

Many studies have investigated the efficacy of bloodroot extracts
in oral hygiene.” Preparations containing bloodroot extracts,
such as oral rinses and toothpastes, have been reported to
significantly lower plaque, gingival and bleeding indices."”
Alteration of the oral microbial flora, or development of resistant
microbial strains has not been observed with the use of bloodroot
extracts.”

Bloodroot

Side-Effects, Toxicity

None documented for bloodroot. Much has been documented
concerning the potential toxicity of the alkaloid constituents in
bloodroot, in particular of sanguinarine.

Conclusions reached in the 1960s over the carcinogenic
potential of sanguinarine have more recently been disproved.®
In addition, negative mutagenic activity has been observed in the
Ames test (microbial, with and without activation).®

Sanguinarine is poorly absorbed from the gastrointestinal tract.
This is reflected in stated acute oral LDs, values (rat) of 1.7 g/kg
(sanguinarine) and 1.4 g/kg (sanguinaria extract), compared with
an acute intravenous LDsy (rat) value of 28.7 mg/kg (sanguinar-
ine).""” Symptoms of diarrhoea, ataxia and reduced activity were
observed in animals receiving high oral doses of sanguinarine."”’
The acute dermal toxicity (LDso) of sanguinarine is stated to be
greater than 200 mg/kg in rabbits.") The first experimental study
of sanguinarine toxicity (1876) reported prostration and severe
respiratory distress as the most marked signs of oral toxicity.'!
However, in more recent short-term toxicity studies no toxic signs
were observed in the fetuses of rats following maternal
administration of 5-30 mg/kg/day of sanguinarine. "

The reproductive and developmental toxicity potential of an S.
canadensis extract has been evaluated in rats and rabbits.
Developmental toxicity (increase in postimplantation loss, slight
decrease in fetal and pup body weights) was only evident at
maternally toxic doses. No effect was reported on reproductive
capabilities, on parturition or on lactation. It was concluded that
oral ingestion of sanguinaria extract has no selective effect on
fertility, reproduction, or on fetal or neonatal development.®

Hepatotoxicity has been documented in rats following a single
intraperitoneal administration (10 mg/kg) of sanguinarine."
Toxicity was indicated by an increase in serum alanine
aminotransferase and serum asparate aminotransferase activity,
and by a significant reduction in microsomal cytochrome P450
and benzfetamine N-demethylase activities.”) Macroscopic lesions
were also observed but the authors stated that the two events
could not be conclusively directly related.”” No hepatotoxicity has
been observed in short-term toxicity studies involving oral
administration of sanguinarine.'"

Animal studies have indicated sanguinarine to be non-irritant
and to exhibit no allergenic or anaphylactic potential.” Human
patch tests have shown sanguinarine to be non-irritant and non-
sensitising,

Contra-indications, Warnings

Drug interactions None documented. However, the potential for
preparations of bloodroot to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation There is limited evidence from animal
studies that bloodroot is non-toxic during pregnancy (see above).
However, in view of its pharmacologically active constituents and
lack of clinical data on safety, use of bloodroot during pregnancy
and lactation should be avoided.

Preparations

Proprietary multi-ingredient preparations

Australia: Lexat. Canada: Mielocol; Viadent; Wampole
Bronchial Cough Syrup. Italy: Dentosan Carie & Alito.
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' Blue Flag

Summary and Pharmaceutical Comment

Little is known about the phytochemical, pharmacological or
toxicological properties of blue flag and its constituents,
although related species are known to be toxic. In view of
these factors, the use of blue flag is not recommended.

Species (Family)

Iris versicolor L.

Synonym(s)

Iris caroliniana Watson, Iris virginica L.

Part(s) Used

Rhizome
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Legal Category (Licensed Products)
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Constituents

The following is compiled from several sources, including General
References G22, G40, G48 and G64.

Acids Tsophthalic acid 0.002%, salicylic acid, lauric acid, stearic
acid, palmitic acid and 1-triacontanol.
Volatile oils 0.025%. Furfural.

1D

Other constituents Iridin, B-sitosterol, iriversical'’ and tannin.

Food Use

Blue flag is not used in foods.

Herbal Use

Blue flag is stated to possess cholagogue, laxative, diuretic,
dermatological, anti-inflammatory and antiemetic properties. It
has been used for skin diseases, biliousness with constipation and
liver dysfunction, and specifically for cutaneous eruptions.'”><¢%

Triterpenes

HOH,C OH

OHC =

X

iriversical

Figure 1 Selected constituents of blue flag.

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal and pharmaceutical
reference texts are given below.

G6,G7,

Dried rhizome 0.6-2.0g as a decoction three times daily."
G10)

Liquid extract 1-2mL (1:1 in 45% alcohol) three times

daily. (G6,G7,G10)

Pharmacological Actions

None documented.

Side-effects, Toxicity

It has been stated that the fresh root of blue flag can cause nausea
and vomiting.‘“*? Therefore, dosage recommendations relate to

small doses of dried root.
Furfural, a volatile oil constituent, is known to be irritant to
mucous membranes causing lachrymation, inflammation of the

Figure 3 Blue flag — dried drug substance (rhizome).




Blue Flag

eyes, irritation of the throat, and headache.“*® Whether these
irritant properties are attributable to the volatile oil of blue flag
has not been established. Acute oral toxicity (rat, LDs,) for
furfural has been documented as 127 mg/kg body weight.“*
Iridin has been reported to be poisonous in both humans and
livestock.“*? However, it is unclear whether this substance is the
same iridin documented as a constituent of blue flag.

Contra-indications, Warnings

In view of the possible irritant nature of the volatile oil, blue flag
may not be suitable for internal use.

Drug interactions None documented.

Pregnancy and lactation The safety of blue flag has not been
established. In view of this, together with the documented irritant

properties of some of the constituents, blue flag should not be
taken during pregnancy.

Preparations

Proprietary multi-ingredient preparations

UK: Catarrh Mixture; HRI Clear Complexion; Napiers Skin
Tablets; Skin Eruptions Mixture.

References

1 Krick W et al. Isolation and structural determination of a new
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' Bogbean

Summary and Pharmaceutical Comment

The chemistry of bogbean is well studied, but no

pharmacological information is available to justify the herbal
uses. In view of the lack of toxicity data, excessive doses

should be avoided.

Species (Family)

Menyantbhes trifoliata L. (Menyanthaceae)

Synonym(s)
Buckbean, Marsh Trefoil, Menyanthes

Part(s) Used
Leaf
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Legal Category (Licensed Products)
GSL(G37

Constituents

The following is compiled from several sources, including General
References G2, G62 and G64.

Acid Caffeic acid, chlorogenic acid, ferulic acid, p-hydroxyben-
zoic acid, protocatechuic acid, salicylic acid, vanillic acid;? folic
acid and palmitic acid.”

Alkaloids Gentianin and gentianidine (pyridine-type); choline.'

Coumarins Scopoletin.?

Flavonoids Hyperin, kaempferol, quercetin, rutin and trifolio-
ide (1,2)
side.

Iridoids 7',8'-Dihydrofoliamenthin, foliamenthin, loganin,
menthiafolin and sweroside.®™

Other constituents Carotene, ceryl alcohol, enzymes (e.g.
emulsin, invertin), o-spinasterol, an unidentified substance with
haemolytic properties.”’ a-Spinasterol has been reported to be a
mixture of five sterols with a-spinasterol and stigmast-7-enol as
major components.”

Food Use

Bogbean is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that
bogbean can be added to foodstuffs in small quantities, with a
possible limitation of an active principle (as yet unspecified) in the
final product.‘“'®

Herbal Use

Bogbean is stated to possess bitter and diuretic properties. It has
been used for rheumatism, rheumatoid arthritis, and specifically

for muscular rheumatism associated with general asthenia.
GS,Go4)

(G2,G7,




' Bogbean

Figure 3 Bogbean - dried drug substance (leaf).

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried leaf 1-2 g or by infusion three times daily.‘“”
Liquid extract 1-2mL (1:1 in 25% alcohol) three times daily.‘“”

Tincture 1-3mL (1:5 in 45% alcohol) three times daily.(¢”

Pharmacological Actions

In vitro and animal studies

A choleretic action has been described for caffeic acid and ferulic
acid; a stomachic secretive action has been reported for
protocatechuic acid and p-hydroxybenzoic acid. The iridoids
possess bitter properties.!"’ The bitter index (BI) of bogbean is
stated to be 4000-10000 (compared to gentian BI 10000-
30000).“? Bogbean extracts have antibacterial activities.®”

Side-effects, Toxicity

Large doses of bogbean are stated to be purgative and may cause
vomiting.® An unidentified substance with haemolytic activity
has been isolated from bogbean.”

Contra-indications, Warnings

Excessive doses may be irritant to the gastrointestinal tract,
causing diarrhoea, griping pains, nausea and vomiting.®

Drug interactions None documented. However, the potential for
bogbean to interact with other medicines administered concur-
rently, particularly those with similar or opposing effects, should
be considered.

Pregnancy and lactation The safety of bogbean has not been
established. In view of the lack of toxicity data and possible
purgative action, the use of bogbean during pregnancy and
lactation should be avoided.

Preparations

Proprietary single-ingredient preparations
Czech Republic: List Vachty Trojliste.

Proprietary multi-ingredient preparations

Austria: Mariazeller. Czech Republic: Naturland Grosser
Swedenbitter. France: Tisane Hepatique de Hoerdt. Germany:
Gallexier. Russia: Original Grosser Bittner Balsam (Opurn-
HaAbHbI Boabmoit Baabsam Burraepa). UK: Modern Herbals
Rheumatic Pain; Rheumatic Pain; Rheumatic Pain Relief;
Rheumatic Pain Remedy; Rheumatic Pain Tablets; Sciatica
Tablets; Vegetex.
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' Boldo

Summary and Pharmaceutical Comment

The chemistry of boldo is well documented, and some
pharmacological data are available. Clinical studies have
described choleretic activity, although further well-designed
studies are required to establish this. The reputed diuretic and
mild urinary antiseptic properties of boldo are probably
attributable to the irritant volatile oil. In view of the toxicity
data and the irritant nature of the volatile oil, excessive and/or
long-term use of boldo should be avoided.(“>®

Species (Family)

Peumus boldus Molina (Monimiaceae)

Synonym(s)
Boldi Folium, Boldus

Part(s) Used
Leaf
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Legal Category (Licensed Products)
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Constituents

The following is compiled from several sources, including General
References G2, G52 and G62.

Alkaloids Isoquinoline-type. 0.25-0.7%. Pharmacopoeial stan-
dard not less than 0.1% alkaloid calculated as boldine. %1 <%%
Boldine 0.06% (major, disputed), isoboldine, 6a,7-dehydrobol-
dine, isocorydine, isocorydine-N-oxide, norisocorydine, laurolit-
sine, laurotetanine, ~ N-methyllaurotetanine  (aporphines),
reticuline; (—)-pronuciferine (proaporphine) and sinoacutine
(morphinandienone).!"™

Flavonoids Flavonols (e.g. isorhamnetin) and their glycosides.® ¢

Volatile oils 2.5%. Some 38 components have been identified,
including p-cymene 28.6%, ascaridole 16.1%, 1,8-cineole 16.0%,
linalool 9.1%, terpinen-4-o1 2.6%, o-terpineol 0.9%, fenchone
0.8% and terpinolene 0.4%.

Other constituents Coumarin 0.5%, resin and tannin.

Food Use

Boldo is listed by the Council of Europe as a natural source of
food flavouring (category N3). This category indicates that boldo
can be added to foodstuffs in the traditionally accepted manner,
although insufficient information is available for an adequate
assessment of potential toxicity.'“'® Previously, in the USA, boldo
was approved for food use in alcoholic beverages only.‘“¢*

Herbal Use

Boldo is stated to possess cholagogue, liver stimulant, sedative,
diuretic, mild urinary demulcent, and antiseptic properties. It has
been used for mild digestive disturbances, constipation, gallstones,
pain in the liver or gall bladder, cystitis, rheumatism, and
specifically for cholelithiasis with pain.“*%7%% The German
Commission E approved use for treatment of dyspepsia and mild
spastic gastrointestinal complai11ts.(63)

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Alkaloids
R]

HaCO HsCO
(S)-reticuline
R’ R?
boldine OH OCHs
isoboldine OCH3 OH

Monoterpenes

)N

p-cymene 1,8-cinecle
OH |
linalool ascaridole
Figure 1 Selected constituents of boldo.




Boldo

Dried leaf 60200 mg as an infusion three times daily;'“” 2-5 g as

a tea.(GSZ)

Liquid extract 0.1-0.3mL (1:1 in 45% alcohol) three times
daily.(%”

Tincture 0.5-2.0mL (1:10 in 60% alcohol) three times daily.“”

Pharmacological Actions

In vitro and animal studies

Boldo has exhibited choleretic (highest activity in rats), diuretic,
stomachic and cholagogic properties.‘“*"“*? The choleretic
activity may be due to synergy between flavonoids and
alkaloids.“>* Experiments in rats have failed to demonstrate
choleretic activity after oral administration of 400 or 800 mg/kg
aqueous ethanolic extract, intraduodenal administration of
200 mg or 800 mg/kg, and intravenous administration of 32.5—
130 mg/kg of a dry ethanolic extract.”

An aqueous ethanolic extract (equivalent to 0.5-1.0 mg/mL
dried ethanolic extract) and also boldine (33 pg/mL) gave
significant hepatoprotection against z-butyl hydroperoxide-
induced hepatotoxicity in rat hepatocytes in vitro.”) Boldine at
a concentration of 0.015mol/L inhibited microsomal lipid
peroxidation in a rat liver preparation by 50%.® A dried aqueous
ethanolic extract (0.06—0.115%) of boldine at a dose of 500 mg/kg
gave 70% protection against carbon tetrachloride-induced hepa-

Figure 2 Boldo (Peumus boldus).
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Figure 3 Boldo — dried drug substance (leaf).

totoxicity in mice, and boldine alone (10 mg/kg) gave 49%
protection.”” An aqueous ethanolic extract of boldo at doses of 50
and 100 mg/kg administered intraperitoneally showed anti-inflam-
matory activity in the rat paw carrageenan-induced oedema test,
whereas boldine alone appeared to be inactive.!”

Boldine showed concentration-dependent relaxant activity on
isolated rat ileum (ECso 1.7 x 10 *mol/L), and acted as a
competitive antagonist of acetylcholine and as a non-competitive
antagonist of barium.” Boldine at low micromolar concentra-
tions prevented oxidation in rat brain homogenate and lipid
peroxidation of red cell plasma membranes, led to inactivation of
lysozymes, indicating high reactivity of free radicals.!"”

Boldo essential oil contains terpinen-4-ol, the irritant and
diuretic principle in juniper oil.

Clinical studies

Clinical investigation of the effects of boldo is extremely limited
and rigorous randomized controlled clinical trials are required. In
a controlled trial, boldo, in combination with cascara, rhubarb
and gentian, had a beneficial effect on a variety of symptoms such
as loss of appetite, digestion difficulties, constipation, flatulence
and itching.""'® Rhubarb and gentian were found to be more
effective with respect to appetite-loss related symptoms, and
boldo and cascara more effective in relieving constipation-related
symptoms.

Two preparations containing extracts of boldo and cascara have
been documented to increase biliary flow without altering the
lithogenic index or bile composition."™® Treatment of 12 human
volunteers with boldo dry extract resulted in prolongation of
intestinal transit time.‘“” However, the methodological limita-
tions of this small, uncontrolled study do not allow any
conclusions to be drawn on the effects of boldo.

Ascaridole, a component of the volatile oil, previously found a
clinical use as an anthelmintic agent."” However, this use has
declined with the development of synthetic compounds with lower
toxicity and a wider range of activity.

Side-effects, Toxicity

Boldo volatile oil is stated to be one of the most toxic oils.*®

Application of the undiluted oil to the hairless backs of mice has
an irritant effect."™ The oil contains irritant terpenes, including
terpinen-4-ol, the irritant principle in juniper oil.

An acute oral LDy, value for boldo oil has been given as 0.13 g/
kg body weight in rats, with doses of 0.07g/kg causing
convulsions.""” The acute dermal LDs, in rabbits has been
reported as 0.625-1.25 g/kg."” No acute toxicity was observed in
rats given oral doses of 3 g/kg of dry aqueous ethanolic extract,
and in mice, an aqueous ethanolic extract (1:1) had an LDj, of
6 g/kg (intraperitoneal administration)./*” The LDs, values of
total alkaloids and of boldine in mice were 420 and 250 mg/kg
(intraperitoneal administration), respectively./“** Total alkaloids
(intraperitoneal administration) given to dogs produced vomiting,
diarrhoea and epileptic symptoms with a recovery after 50
minutes.

Boldine was not genotoxic as indicated by the SOS chromotest
with Escherichia coli, or in the Ames test, and did not induce
mutations in Saccharomyces cerevisiae.'® Boldine did not induce
an increase in the frequency of chromosome aberrations in human
lymphocytes in vitro, or in mouse bone marrow cells in vivo.
There were no signs of genotoxicity in mouse bone marrow, as
assessed by the micro nucleus test.'®



Contra-indications, Warnings

Excessive doses of boldo may cause renal irritation, because of the
volatile oil, and should be avoided by individuals with an existing
kidney disorder. Boldo is contra-indicated in individuals with
obstruction of bile duct or severe liver disease. Boldo should only
be used in patients with gallstones after consultation with a
physician./“”  Ascaridole is toxic and use of the oil is not
recommended. ¥

Drug interactions None documented. However, the potential for
preparations of boldo to interact with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered.

Pregnancy and lactation The safety of boldo taken during
pregnancy has not been established. In view of the potential
irritant nature of the volatile oil, the use of boldo during
pregnancy should be avoided.

Preparations

Proprietary multi-ingredient preparations

Argentina: Biliosan Compuesto; Boldina; Dioxicolagol; Dre-
nocol; Hepacur; Hepatalgina; Hepatodirectol; Metiogen;
Opobyl; Radicura. Australia: Berberis Complex; Lexat.
Austria: St Bonifatius-Tee. Brazil: Alcafelol; Alcaflor; Bilifel;
Boldopeptan; Boljuprima; Colachofra; Ductoveran; Emagrevit;
Eparema; Figatil; Gotas Digestivas; Hepatoregius; Jurubileno;
Prinachol; Solvobil. Chile: Hepabil; Nature Complex Reduct-
Te; Reduc-Te. Czech Republic: The Salvat. France: Bolcitol;
Drainactil; Elixir Spark; Grains de Vals; Hepaclem; Hepax;
Jecopeptol; Mediflor no 11 Draineur Renal et Digestif;
Mediflor Tisane Hepatique No 5; Mucinum a I'Extrait de
Cascara; Opobyl; Solution Stago Diluee; Tisane Hepatique de
Hoerdt. Germany: Cynarzym N; Heumann Verdauungstee
Solu-Lipar. Hong Kong: Mucinum Cascara. Italy: Amaro
Medicinale; Caramelle alle Erbe Digestive; Coladren; Colax;
Confetti Lassativi CM; Critichol; Digelax; Dis-Cinil Complex;
Eparema-Levul; Eparema; Eupatol; Hepatos B12; Hepatos;
Magisbile; Mepalax; Solvobil. Mexico: Chofabol; Hepedren

Boldo

Ifuchol; Peptochol. Spain: Natusor Hepavesical; Nico Hepato-
cyn; Odisor; Opobyl; Resolutivo Regium; Solucion Schoum.
Switzerland: Boldocynara; Heparfelien; Tisane hepatique et
biliaire. UK: Adios; Boldex; Fenneherb Slim Aid; HealthAid
Boldo-Plus; Napiers Slimming Tablets; Reducing (Slimming)
Tablets; Weight Loss Aid.
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' Boneset

Summary and Pharmaceutical Comment

The constituents of boneset are fairly well documented and
include many pharmacologically active classes such as
flavonoids, sesquiterpene lactones (typical for the Asteraceae
family) and triterpenes. Immunostimulant activity (in vitro)
has been reported for sesquiterpene lactone and
polysaccharide components, but there is a lack of rigorous
clinical research assessing the efficacy of boneset. Many
pharmacological studies have focused on the cytotoxic/
antitumour actions of sesquiterpene lactone components of
various Eupatorium species, although these actions have not
been reported for sesquiterpene lactones isolated from
boneset. Little is known regarding the toxicity of boneset.
Hepatotoxic pyrrolizidine alkaloids, which have been
documented for other Eupatorium species, have not been
reported for boneset.

Species (Family)

Eupatorium perfoliatum L. (Asteraceae/Compositae)

Synonym(s)

Common Boneset, Eupatorium chapmanii Small, Feverwort,
Thoroughwort. Snakeroot has been used to describe poisonous
Eupatorium species.

Part(s) Used
Herb

Pharmacopoeial and Other Monographs

BHP 1983(“7
Martindale 35th edition‘“%

Legal Category (Licensed Products)

(G37)

GSL — as Boneset and Eupatorium.

Constituents

The following is compiled from several sources, including General
References G22, G41 and G48.

Flavonoids Flavonol (kaempferol, quercetin) glycosides including
astragalin, hyperoside and rutin;  eupatorin (flavone) and
dihydroflavonols.™”

Terpenoids  Sesquiterpene lactones including euperfolin and
euperfolitin (germacranolides), eufoliatin (guianolide), eufolia-
torin (dilactone guaiane) and euperfolide.”” Sesquiterpenes,
diterpenes (dendroidinic acid, hebeclinolide), triterpenes (o-
amyrin, dotriacontane) and sterols (sitosterol, stigmasterol).

Other constituents Volatile oil, resin, wax, tannic and gallic
acids, bitter glucoside, inulin, polysaccharides and sugars.

o

Food Use

Boneset is not used in foods.

Herbal Use

Boneset is stated to possess diaphoretic and aperient properties.
Traditionally, it has been used for influenza, acute bronchitis,
nasopharyngeal catarrh, and specifically for influenza with deep

. . . (G7,G64)
aching, and congestion of the respiratory mucosa.

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Herb 1-2 g as an infusion three times daily.“”

Liquid extract 1-2mL (1: 1 in 25% alcohol) three times daily.‘“”

Tincture 1-4 mL (1:5 in 45% alcohol) three times daily.(%”

Figure 1 Boneset (Eupatorium perfoliatum).

Figure 2 Boneset — dried drug substance (herb).



Pharmacological Actions

In vitro and animal studies

Immunostimulant activity (in vitro stimulation of granulocyte
phagocytic activity) has been demonstrated by high dilutions
(107°=10"" g/100 mL) of various sesquiterpene lactones isolated
from E. perfoliatum.”) In addition, immunostimulating actions
(granulocyte, macrophage and carbon clearance tests) have been
documented for polysaccharide fractions from E. perfoliatum.>¥

An ethanol extract of the whole plant has exhibited weak anti-
inflammatory activity in rats.‘“*" Many activities, including anti-
inflammatory activity, have been documented for flavonoid
compounds.

Clinical studies

None documented. Rigorous randomised controlled clinical trials
assessing the effects of boneset are required.

Side-effects, Toxicity

Contact dermatitis has been reported for Eupatorium species, but
not specifically for boneset (E. perfoliatum)./*"  Cytotoxic
properties have been documented for a related species, E.
cannabinum, and are attributed to the sesquiterpene lactone
eupatoriopicrin. This compound has not been documented as a
constituent of boneset. Hepatotoxic pyrrolizidine alkaloids (PAs)
have been isolated from various Eupatorium species, although
none have been documented as constituents of boneset (E.
perfoliatun).”

Instances of allergic and anaphylactic reactions have been
associated with the sesquiterpene lactone constituents in German
chamomile, although no reactions specifically involving boneset
have been documented.

The US Food and Drugs Administration (FDA) has classified
boneset as a herb of undefined safety.“*?

Boneset
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Contra-indications, Warnings

The allergenic potential of sesquiterpene lactones is well
recognised. Individuals with a known hypersensitivity to other
members of the Asteraceae family (e.g. chamomile, feverfew,
ragwort, tansy) should avoid using boneset. Individuals with
existing hypersensitivities/allergies should use boneset with
caution.

Drug interactions None documented. However, the potential for
preparations of boneset to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation The safety of boneset taken during
pregnancy has not been established. In view of the lack of toxicity
data and the possibility of constituents with allergenic activity, the
use of boneset during pregnancy and lactation should be avoided.

Preparations

Proprietary multi-ingredient preparations

Australia: Flavons. UK: Catarrh Mixture.
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' Borage

Summary and Pharmaceutical Comment

Limited information is available on the constituents of borage.
No documented pharmacological data were located to
support the traditional uses, although the mucilage content
supports the use of borage as a demulcent. Interest has
focused on the volatile oil as a source of gamolenic acid.
Borage contains known toxic pyrrolizidine alkaloids, although
at concentrations considerably lower than those found in
comfrey for which human toxicity has been documented.
However, it would seem wise to avoid excessive or prolonged
ingestion of borage. It is unclear whether borage oil, currently
available in food supplements, contains any pyrrolizidine
alkaloids.

Species (Family)

Borago officinalis L. (Boraginaceae)

Synonym(s)

Beebread, Bee Plant, Burrage, Starflower (oil)

Part(s) Used
Herb

Pharmacopoeial and Other Monographs
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Legal Category (Licensed Product)

G37)

Borage is not included in the GSL.!

Alkaloids

intermedine

Figure 1 Selected constituents of borage.

Constituents

The following is compiled from several sources, including General
References G22 and G64.

Alkaloids Pyrrolizidine-type. Lycopsamine, intermedine, acet-
yllycopsamine, acetylintermedine, amabiline, supinine and thesi-
nine (unsaturated).!? Concentrations reported as 0.01% and 2—
10 ppm for commercial dried samples. Alkaloid concentrations
reportedly the same for fresh and dried samples; fresh samples
revealed alkaloids as the free base in the roots and mainly as N-
oxides in the leaves.

Mucilages 11.1%. Yielding glucose, galactose and arabinose.
Oil Rich in fatty acids, in particular gamolenic acid.

Other constituents  Acids (acetic, lactic, malic, silicic),
cyanogenetic compounds and tannins (up to 3%).

Food Use

Borage is occasionally used in salads and soups.

Herbal Use

Borage is stated to possess diaphoretic, expectorant, tonic, anti-
inflammatory and galactogogue properties.”)  Traditionally,
borage has been used to treat many ailments including fevers,
coughs and depression.® ¢* %% Borage is also reputed to act as a
restorative agent on the adrenal cortex.”’ Borage oil (starflower
oil) is used as an alternative source to evening primrose oil for
gamolenic acid.

Figure 2 Borage (Borago officinalis).



Figure 3 Borage — dried drug substance (herb).

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Infusion Two 5-mL spoonfuls of dried herb to one cup boiling
water three times daily.?

Tincture 1-4mL three times daily.®

Pharmacological Actions

In vitro and animal studies

Borage oil has been reported to attenuate cardiovascular reactivity
to stress in rats.®

Clinical studies

The effect of borage seed oil on the cardiovascular reactivity of
humans to acute stress has been studied in 10 individuals, who
each received a total daily dose of 1.3g for 28 days.” The
individuals were required to undertake an acute psychological task
requiring sensory intake and vigilance (Stroop colour test). Borage
oil was found to attenuate cardiovascular reactivity to stress,
indicated by a reduction in systolic blood pressure and heart rate
and by increased task performance. The specific mechanisms by
which borage exerts this effect were unknown, but a central
mechanism of action of the fatty acids was suggested in view of
the simultaneous reduction in heart rate and blood pressure.

Borage

Side-effects, Toxicity

None documented. However, borage contains low concentrations
of unsaturated pyrrolizidine alkaloids, which are known to be
hepatotoxic in both animals and humans (see Comfrey)."

Contra-indications, Warnings

Evening primrose oil is recommended to be used with caution in
epileptic patients, especially in those with schizophrenia and/or
those taking phenothiazines (see Evening Primrose); on the basis
that borage oil, like evening primrose oil, also contains high
concentrations of gamolenic acid, borage oil should also be used
with caution in these patient groups. In view of the known toxic
pyrrolizidine alkaloid constituents, excessive or prolonged inges-
tion of borage should be avoided. In particular, infusions (e.g.
herbal teas) containing borage should be avoided.

Drug interactions None documented. However, the potential for
preparations of borage to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation In view of the documented
pyrrolizidine constituents and lack of toxicity data, borage should
not be used during pregnancy or lactation.

Preparations

Proprietary single-ingredient preparations
Chile: Dexol.

Proprietary multi-ingredient preparations

Chile: Celltech Gold. Italy: Sclerovis H. New Zealand: Mr
Nits. USA: Borage Oil; Omega-3 Complex; Omega-3 Gluco-
samine.
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' Broom

Summary and Pharmaceutical Comment

The chemistry of broom is reasonably well documented. The
pharmacological actions are primarily due to the alkaloid
constituents. Sparteine, the major alkaloid component, is a
cardiac depressant with actions similar to those of quinidine.
Although these actions support some of the documented
traditional herbal uses, there is a lack of rigorous clinical
research assessing the effects of broom. The intended uses of
broom are not suitable for self-medication.

Species (Family)

Cytisus scoparius (L.) Link

Synonym(s)

Hogweed, Sarothamnus scoparius (L.) Koch, Scoparius, Spartium
scoparium L.

Part(s) Used
Flowerhead

Pharmacopoeial and Other Monographs
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Broom is not included in the GS

Constituents

The following is compiled from several sources, including General
References G2, G40, G41, G48, G62 and G64.

Alkaloids  Quinolizidine-type. 0.8-1.5%. Sparteine 0.3-0.8%
(major component); minor alkaloids include cytisine (presence
disputed), genisteine (d-o-isosparteine), lupanine, oxysparteine
and sarothamine.

Alkaloids
H

NS

-

(-)-sparteine

A

(+)-lupanine

Figure 1 Selected constituents of broom.

o

Amines Epinine, hydroxytyramine and tyramine.
Flavonoids Scoparin and vitexin.

Other constituents Amino acids, bitter principles, carotenoids,
fat, resin, sugars, tannin, wax and volatile oil.

Food Use

Broom is listed by the Council of Europe as a natural source of
food flavouring (category N3). This category indicates that broom
can be added to foodstuffs in the traditionally accepted manner,
although there is insufficient information available for an
adequate assessment of potential toxicity. ')

Herbal Use

Broom is stated to possess cardioactive, diuretic, peripheral
vasoconstrictor and antihaemorrhagic properties. It has been used
for cardiac dropsy, myocardial weakness, tachycardia, profuse
menstruation and specifically for functional palpitation with
lowered blood pressure.
possess emetic and cathartic properties.

G2,G7,Go4 .
¢ ) Broom is also reported to

(G41)

Figure 3 Broom - dried drug substance (herb).



Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried tops 1-2g as a decoction.'”
Liquid extract 1-2mL (1:1 in 25% alcohol).‘“”

Tincture 0.5-2.0mL (1:5 in 45% alcohol).'“”

Pharmacological Actions

The pharmacological actions of broom are primarily due to the
alkaloid constituents.

In vitro and animal studies

Sparteine is reported to exhibit pharmacological actions similar to
those of quinidine. Low doses administered to animals result in
tachycardia, whereas high doses cause bradycardia and may lead
to ventricular arrest. Sparteine has little effect on the central
nervous system (CNS), but peripherally, paralyses motor nerve
termin?és and sympathetic ganglia as a result of a curare-like
action.

Clinical studies

None documented for broom. The major alkaloid constituent
sparteine is known to decrease the irritability and conductivity of
cardiac muscle and has been used to treat cardiac arrhyth-
mias,“* restoring normal rhythm in previously arrhythmic
patients./“? Sparteine is reported to have a quinidine-like action
rather than a digitalis-like action.“® Sparteine is also stated to be
a powerful oxytocic drug, which was once used to stimulate
uterine contractions.

Broom
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Side-effects, Toxicity

The alkaloid constituents in broom are toxic. Sparteine sulfate has
been reported to be a cardiac depressant and can also produce
respiratory arrest. (8¢ Symptoms of poisoning are characterised
by tachycardia with circulatory collapse, nausea, diarrhoea,
vertigo and stupor.

Contra-indications, Warnings

Broom is stated to be inappropriate for non-professional use./“*”

Its use is contra-indicated in individuals with high blood
pressure“® or a cardiac disorder, because of the alkaloid

constituents.

Drug interactions None documented. However, the potential for
preparations of broom to interact with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered.

Pregnancy and lactation Sparteine is contra-indicated during
pregnancy; therefore, broom should not be used during pregnancy
in view of its sparteine content.'“*? Sparteine is stated to be a
powerful oxytocic drug and is cardiotoxic. Broom should not be
taken during lactation.

Preparations
Proprietary single-ingredient preparations

Germany: Spartiol.

Proprietary multi-ingredient preparations

France: Creme Rap.




' Buchu

Summary and Pharmaceutical Comment

Limited chemical data are available for buchu. No scientific
evidence was found to justify the herbal uses, although
reputed diuretic and anti-inflammatory activities may be
attributable to the irritant nature of the volatile oil and the
flavonoid components, respectively. In view of the lack of
documented toxicity data, together with the presence of
pulegone in the volatile oil, excessive use of buchu should be
avoided.

Species (Family)

Agathosma betulina (Berg.) Pillans (Rutaceae)

Synonym(s)

Barosma betulina, Folia Bucco, Hartogia betulina Berg., Round
Buchu, Short Buchu

Part(s) Used
Leaf

Pharmacopoeial and Other Monographs
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Figure 1 Selected constituents of buchu.
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Legal Category (Licensed Products)
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Constituents

The following is compiled from several sources, including General
References G2, G22, G41 and G48.

Flavonoids Diosmetin, quercetin, diosmin, quercetin-3,7-diglu-
coside, rutin.

Volatile oils 1.0-3.5%. Over 100 identified compounds, including
diosphenol, limonene, menthone and pulegone as the major
components.

Other constituents Mucilage, resin. Coumarins have been
reported for many other Agathosma species.'”

Food Use

Buchu is listed by the Council of Europe as a natural source of
food flavouring (category N3). This category allows buchu to be
added to foodstuffs in the traditionally accepted manner, although
there is insufficient information available for an adequate
assessment of potential toxicity.“'® In the USA, buchu volatile
oil is approved for food use with concentrations usually up to
about 0.002% (15.4 ppm).(©'&-G*1

Herbal Use

Buchu is stated to possess urinary antiseptic and diuretic

properties. It has been used for cystitis, urethritis, prostatitis,
(G2,G7,G8,Go4)

and specifically for acute catarrhal cystitis.

Figure 2 Buchu (Agathosma betulina).



Figure 3 Buchu - dried drug substance (leaf).

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard reference texts are given below.
Dried leaf 1-2g by infusion three times daily.‘“® <"
Liquid extract 0.3-1.2mL (1:1 in 90% alcohol)./“*<”

Tincture 2—4mL (1:5 in 60% alcohol).(“* <7

Pharmacological Actions

In vitro and animal studies

None documented for buchu. Diosmin has documented anti-
inflammatory activity against carrageenan-induced rat paw
oedema, at a dose of 600 mg/kg body weight.?

Clinical studies

None documented. Rigorous randomised controlled clinical trials
assessing the effects of buchu are required.

Side-effects, Toxicity

None documented for buchu. The volatile oil contains pulegone, a
known hepatotoxin (see Pennyroyal).“*” The oil may cause
gastrointestinal and renal irritation.

Buchu '

Excessive doses of buchu should not be taken in view of the
potential toxicity of the volatile oil. It has been stated that buchu
should be avoided in kidney infections, although the scientific
basis for this is not clear./“*

Contra-indications, Warnings

Drug interactions None documented. However, the potential for
preparations of buchu to interact with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered.

Pregnancy and lactation The safety of buchu has not been
established. In view of this, together with the potential toxicity
and irritant action of the volatile oil, the use of buchu during
pregnancy and lactation should be avoided.

Preparations

Proprietary multi-ingredient preparations

Australia:  Althaea Complex; Bioglan Cranbiotic Super;
Cranberry Complex; Cranberry Complex; De Witts New Pills;
Extralife Uri-Care; Fluid Loss; Medinat PMT-Eze; PMS
Support; Serenoa Complex; Urinase; Uva-Ursi Complex.
Canada: Herbal Diuretic. Czech Republic: Epilobin. France:
Urophytum. New Zealand: De Witts Pills. South Africa:
Borstol Cough Remedy; Doans Backache Pills; Docrub.
Switzerland: Heparfelien; Urinex. UK: Antitis; Backache;
Backache Relief; Buchu Backache Compound Tablets; De
Witt's K & B Pills; Diuretabs; Fenneherb Cystaid; HRI Water
Balance; Kas-Bah; Roberts Black Willow Compound Tablets;
Skin Eruptions Mixture; Watershed. USA: Water Pill.

References
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' Burdock

Summary and Pharmaceutical Comment

The chemistry of burdock and related Arctium species is well
documented. Various pharmacological activities have been
reported in animals, although none support the reputed
herbal uses and there is a lack of rigorous clinical research
assessing the effects of burdock. Documented bitter
constituents, however, may explain the traditional use of
burdock as an orexigenic. In view of the lack of toxicity data,
excessive use of burdock should be avoided.

Species (Family)

Arctium lappa L.

Synonym(s)

Arctium majus Bernh., Bardanae Radix, Greater Burdock

Part(s) Used

Root

Pharmacopoeial and Other Monographs
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Constituents

The following is compiled from several sources, including General
References G6 and G75.

Acids Acetic acid, butyric acid, caffeic acid, chlorogenic acid,
gamma-guanidino-z-butyric acid, o-guanidino-n-isovaleric acid,
trans-2-hexenoic acid, isovaleric acid, lauric acid, linoleic acid,
linolenic acid, myristic acid, oleic acid, palmitic acid, propionic
acid, stearic acid and tiglic acid.""

Aldehydes Acctaldehyde, benzaldehyde, butyraldehyde, caproic-
aldehyde, isovaleraldehyde, propionaldehyde and valeraldehyde.'”

Carbohydrates Inulin (up to 45-50%), mucilage, pectin and
sugars.

Polyacetylenes 0.001-0.002% dry weight. Fourteen identified
compounds include 1,11-tridecadiene-3,5,7,9-tetrayne  (50%),
1,3,11-tridecatriene-5,7,9-triyne (30%) and 1-tridecen-3,5,7,9,11-
pentayne as the major components.

Terpenoids Sesquiterpenes arctiol, B-eudesmol, fukinone, costus
acid, dehydrocostus lactone, arctiopicrin.®
b bl .

Thiophenes  Arctinone-a, arctinone-b, arctinol-a, arctinol-b,
arctinal, arctic acid-b, arctic acid-c, methyl arctate-b and
arctinone-a acetate (sulfur-containing acetylenic compounds).®”
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Figure 1 Selected constituents of burdock.



Other constituents Fats (0.4-0.8%), fixed and volatile oils (0.07—
0.18%), bitters (lappatin), resin, phytosterols (sitosterol and
stigmasterol), tannin® and arctiin, arctigenin and other lig-

(9-12)
nans.

Other species Flavonol (kaempferol, quercetin) glycosides are
present in Arctium minus (Hill) Bernh."

Food Use

Burdock is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that
burdock can be added to foodstuffs in small quantities, with a
possible limitation of an active principle (as yet unspecified) in the
final product.'©'®

Herbal Use

Burdock is stated to possess diuretic and orexigenic properties. It
has been used for cutaneous eruptions, rheumatism, cystitis, gout,

anorexia nervosa, and specifically for eczema and psoriasis.©%
G6,G7, GS, G60)

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried root 2—6 g by infusion three times daily./“”

Liquid extract 2-8 mL (1: 1 in 25% alcohol) three times daily.‘“”
Tincture 8—12mL (1:10 in 45% alcohol) three times daily.((m

Decoction 500 mL (1:20) per day.“”

Pharmacological Actions

In vitro and animal studies

The roots and leaves of burdock plants not yet flowering are stated
to possess diuretic, hypoglycaemic and antifurunculous proper-
ties.” A burdock extract (plant part not stated) was reported to
cause a sharp, long-lasting reduction in the blood sugar
concentration in rats, together with an increase in carbohydrate
tolerance and a reduction in toxicity."?

The antimicrobial activity documented for burdock has been
attributed to the polyacetylene constituents,”” although only
traces of these compounds are found in the dried commercial

Figure 2 Burdock (Arctium lappa).

Burdock

herb.'“®? Furthermore, arctiopicrin is stated to be a bitter with
antibiotic activity against Gram-positive bacteria.”" "™ Antibac-
terial activity against Gram-positive (e.g. Staphylococcus aureus,
Bacillus subtilis, Mycobacterium smegmatis) and Gram-negative
(Escherichia coli, Shigella flexneri, Shigella sonnei) bacteria has
been documented for burdock leaf and flower, whereas the root
was only found to be active towards Gram-negative strains.'
In vivo uterine stimulant activity has been reported.“3?
Protection against mutagenic activity has also been documented
for burdock.” ' Burdock reduced the mutagenicity to
Salmonella typhimurium (TA98, TA100) of mutagens both
requiring and not requiring $9 metabolic activation."” A
lignan-like structure was proposed for the desmutagenic factor.”
In vivo studies have shown that fresh or boiled plant juice from
burdock may cause a significant reduction in DMBA-induced
chromosome aberrations.”
Burdock has been reported to exhibit antitumour activity.'®
The addition of dietary fibre (5%) from burdock roots to the
diet of rats has been documented to provide protection against the
toxicity of various artificial food colours.”

)

Clinical studies

There is a lack of clinical research assessing the effects of burdock
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

A single report of human poisoning initially associated with
burdock has been documented.?® The patient exhibited symp-
toms of atropine-like poisoning following the ingestion of a
commercially packaged burdock root tea. However, atropine is
not a constituent of burdock, and subsequent analysis indicated
that the tea was contaminated with a herbal source of solanaceous
alkaloids, possibly belladonna leaf. This report served to highlight
the problems which may arise with inadequate quality control of
herbal preparations.

The carcinogenicity of burdock was investigated in 12 rats fed
dried roots (33% of diet) for 120 days, followed by a normal diet
until 480 days.®? Ten of the 12 rats survived 480 days and no
tumours were detected. A urinary bladder papilloma and an
oligodendroglioma were observed in one rat, but these were
considered to have been induced spontaneously.

Burdock has been reported to exhibit antitumour properties
(see In vitro and animal studies).
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Contra-indications, Warnings 3 Saleh NAM, Bohm BA. Flavonoids of Arctium minus (Compositae).
Experientia 1971; 27: 1494.

4 Schulte KE et al. Polyacetylenes in burdock root.

Arzneimittelforschung 1967; 17: 829-833.

Drug interactions None documented. However, the potential for

burdock tq interact with (')ther' med1c1nes adrplmstered concur- 5 Bever BO, Zahnd GR. Plants with oral hypoglycaemic action. O |
rently, particularly those with similar or opposing effects, should Crude Drug Res 1979; 17: 139-19.

be considered. For example, there is limited evidence from 6 Washino T et al. New sulfur-containing acetylenic compounds from
preclinical studies that burdock (not further specified) has Arctium lappa. Agric Biol Chem 1986; 50: 263-269.

hypoglycaemic activity. 7 Washino T et al. Structures of lappaphen-a and lappaphen-b, new
guaianolides linked with a sulfur-containing acetylenic compound,

Pregnancy and lactation I[n vivo uterine stimulant action has from Arctium lappa L. Agric Biol Chem 1987; 51: 1475-1480.

been reported.(GSO) In view of this, and the lack of toxicity data, 8 Nakabayashi T. Tannin of fruits and Vegetables. 1II. Polypheno]ic
the use of burdock during pregnancy and lactation should be compot{nds and phenol-pxidising enzymes of edible burdock. Nippon
avoided. Sbokubm Kogyo Gakkazshz 1968; 15: 199-206.
9 Morita K et al. Chemical nature of a desmutagenic factor from
burdock (A. lappa L.). Agric Biol Chem 1985; 49: 925-932.
: 10 Ichihara A ez al. Lappaol A and B, novel lignans from Arctium lappa
Preparatlons L. Tetrahedron Lett 1976; 44: 3961-3964.
P q ingle-i di q 11 Ichihara A et al. New sesquilignans from Arctium lappa L. The
roprietary single-ingredient preparations structure of lappaol C, D and E. Agric Biol Chem 1977; 41: 1813—
Mexico: Saforelle. Portugal: Saforelle. 1814.
12 Liu S et al. Isolation and identification of arctiin and arctigenin in
q A q . leaves of burdock (Arctium lappa L.) by polyamide column
Proprietary multi-ingredient preparations chromotography in combination with HPLC-ESI/MS. Phytochemical
Australia: Acne Oral Spray; Dermaco; Herbal Cleanse; Anal 2005; 16: 86-89. o )
Percutane; Trifolium Complex. Canada: Natural HRT. Czech 13 La;ﬂ)mma LO, Slspeva TE. Inv&estlgatlon of some plants to determine
. . . . their sugar lowering action. Farmatsevt Zh 1964; 19: 52-58.
Republzcg Diabetan. .ance: Art?um; Depuratif Parnel; Fitac- 14 Cappelletti EM et al. External antirheumatic and antineuralgic herbal
nol; Zeniac LP; Zeniac. Malaysia: Celery Plus; Cleansa Plus; remedies in the traditional medicine of North-eastern Italy. |
Dandelion Complex. South Africa: Lotio Pruni Comp cum Ethnopharmacol 1982; 6: 161-190.
Cupro. Spain: Diabesor. UK: Aqua Ban Herbal; Backache; 15 Moskalenko SA. Preliminary screening of far-eastern ethnomedicinal
Cascade; Catarrh Mixture; GB Tablets; Gerard House Skin; plants for antibacterial activity. | Ethnopharmacol 1986; 15: 231-259.
Gerard House Water Relief Tablets; HRI Clear Complexion; 16 Morita K et al. Desmutagenic factor isolated from burdock (Arctium
. . . lappa L.). Mutat Res 1984; 129: 25-31.
Modern .Herb.als Water Rete.ntlon; nglers Skln Tab.letS; 17 Ito Y et al. Suppression of 7,12-dimethylbenz(a) anthracene-induced
Rheumatic Pain Remedy; Skin Cleansing; Skin Eruptions chromosome aberrations in rat bone marrow cells by vegetable juices.
Mixture; Tabritis; Tabritis Tablets; Water Naturtabs. USA: Mutat Res 1986; 172: 55-60.
Liver Formula Herbal Blend; Skin Hair Nails. 18 Dombradi CA, Foldeak S. Anti-tumor activity of A. lappa ext. Tumori
1966; 52: 173-175.
19 Tsujita J et al. Comparison of protective activity of dietary fiber
References against the toxicities of various food colors in rats. Nutr Rep Int 1979;
- . ) 20: 635-642.
1 Obata S et al. Studies on the components of the roots of Arctium 20 Bryson PD et al. Burdock root tea poisoning. Case report involving a
lappa L. Agric Biol Chem 1970; 34: A31. commercial preparation. JAMA 1978; 239: 2157-2158.
2 Yamada Y et al. y-Guanidino-n-butyric acid from Arctium lappa. 21 Hirono I et al. Safety examination of some edible plants, Part 2. |

Phytochemistry 1975; 14: 582.

Environ Pathol Toxicol 1977; 1: 72-74.
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Summary and Pharmaceutical Comment

The chemistry of burnet herb does not appear to have been
studied, although data are available for the underground
plant parts. If present in the herb as well as the root, the
tannin constituents would support the reputed astringent and
antihaemorrhagic actions of burnet. In view of the lack of
toxicity data and the possible high tannin content of the herb,
excessive use of burnet should be avoided.

Species (Family)

Sanguisorba officinalis L. (Rosaceae)

Synonym(s)

Garden Burnet, Greater Burnet, Poterium officinale A. Gray,
Sanguisorba, Sanguisorba polygama F. Nyl

Part(s) Used
Herb

Pharmacopoeial and Other Monographs

BHP 1983(“7
Martindale 35th edition©%

Legal Category (Licensed Products)

GSL (Sanguisorba)(©3”

Constituents

The following is compiled from several sources, including General
Reference G40.

All phytochemical data located refer to the underground plant
parts and not to the herb.

Flavonoids Flavones, unstable flavonol derivatives.

Saponins Ziyu glycosides I and II (major glycosides)," pomolic
acid as aglycone (not tomentosolic acid as documented in earlier
work), sanguisorbin 2.5-4.0%.

Tannins Numerous compounds (condensed and hydrolysable)
have been isolated, including 3,3,4-tri-O-methylellagic acid.*®

Other constituents Volatile oil, ascorbic acid (vitamin C) in the
fresh plant.

Food Use

Burnet is not used in foods.

Herbal Use

Burnet is stated to possess astringent, antihaemorrhagic, styptic
and antihaemorrhoidal properties. It has been used for ulcerative
colitis, metrorrhagia, and specifically for acute diarrhoea./” ¥

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Dried herb 2—6g as an infusion three times daily.”
Liquid extract 2-6 mL (1: 1 in 25% alcohol) three times daily.‘“”

Tincture 2—8mL (1:5 in 45% alcohol) three times daily.‘“”

Figure 2 Burnet - dried drug substance (herb).
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Pharmacological Actions

In vitro and animal studies

None documented for burnet. The roots have been reported to
contain an antihaemorrhagic principle, 3,3,4-tri-O-methylellagic
acid.?

Clinical studies

There is a lack of clinical research assessing the effects of burnet
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

None documented. However, there is a lack of research assessing
the safety and toxicity profile of burnet.

Contra-indications, Warnings

None documented. However, there is a lack of research assessing
the safety and toxicity profile of burnet.

Drug interactions None documented. However, the potential for
preparations of burnet to interact with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered.

Pregnancy and lactation In view of the lack of phytochemical,
pharmacological and toxicity data, the use of burnet during
pregnancy and lactation should be avoided.

Preparations

Proprietary multi-ingredient preparations

Canada: Swiss Herb Cough Drops. Czech Republic: Tormen-
tan.

References

1 Yosioka I et al. Soil bacterial hydrolysis leading to genuine aglycone.
III. The structures of glycosides and genuine aglycone of Sanguisorbae
radix. Chem Pharm Bull 1971; 19: 1700-1707.

2 Kosuge T et al. Studies on antihemorrhagic substances in herbs
classified as hemostatics in Chinese medicine. III. On the
antihemorrhagic principle in Sanguisorba officinalis L. Chem Pharm
Bull 1984; 32: 4478—4481.

3 Nonaka G-I et al. Tannins and related compounds. XVII.
Galloylhamameloses from Castanea crenata L. and Sanguisorba
officinalis L. Chem Pharm Bull 1984; 32: 483-489.

4 Nonaka G-I et al. A dimeric hydrolyzable tannin, sanguiin H-6 from
Sanguisorba officinalis L. Chem Pharm Bull 1982; 30: 2255-2257.

5 Tanaka T et al. Tannins and related compounds. XVI. Isolation and
characterization of six methyl glucoside gallates and a gallic acid
glucoside gallate from Sanguisorba officinalis L. Chem Pharm Bull
1984; 32: 117-121.

6 Tanaka T et al. 7-O-galloyl-(+)-catechin and 3-O-galloylprocyanidin
B-3 from Sanguisorba officinalis. Phytochemistry 1983; 22: 2575-2578.
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Summary and Pharmaceutical Comment

The chemistry of butterbur is well documented. There is
evidence from preclinical studies to indicate that the
eremophilane sesquiterpene constituents (e.g. petasin and
isopetasin), found in the petasin chemovar, are important for
activity. However, there are some conflicting reports and it is
not clear precisely which constituents are most active.
Furthermore, certain activities have been documented for the
furanoeremophilane sesquiterpenes found in the
furanopetasin chemovar of Petasites hybridus.

There is evidence from preclinical studies of the anti-
inflammatory, anti-allergic and antispasmodic properties of
butterbur extracts and/or their constituents, hence
supporting some of the traditional uses. Precise mechanisms
of action have not yet been elucidated, although inhibition of
leukotriene synthesis, phospholipase A, activity and 5-
lipoxygenase translocation, and effects on intracellular
calcium ion concentrations have been documented in in vitro
studies. The implications of binding of certain butterbur
constituents at dopamine D,, histamine H; and muscarinic
receptors, described following in vitro studies, require further
investigation.

There is a paucity of well-designed, randomised clinical
trials of butterbur extracts. Existing trials generally have
involved individuals with seasonal allergic rhinitis and
migraine and have tested the effects of only a small number
of herbal medicinal products containing butterbur extracts.
While most of these studies have reported beneficial effects
for butterbur extracts, methodologically rigorous
investigation of efficacy in allergic rhinitis and migraine
prophylaxis is limited and large, well-designed clinical trials
are required. Similarly, at present, there is insufficient
evidence from randomised clinical trials to support the use of
butterbur extracts in patients with asthma and bronchitis.

There is also only limited information on the safety of
butterbur extracts and further investigation in this area is
required. On the basis of small, randomised clinical trials,
certain butterbur extracts appear to be well-tolerated when
taken at recommended doses for relatively short periods
(clinical studies have involved ingestion for up to four
months); adverse events reported most frequently are
gastrointestinal symptoms. Chronic toxicity studies are
lacking, and there is a lack of clinical information on the safety
of long-term use. Against this background, butterbur should
not be used for long periods, nor at higher than
recommended doses (see below). Spontaneous reports of
liver damage associated with the use of a butterbur root
extract have been received in Germany. On the basis of this
information, the Swiss regulatory authority for medicines
revoked the licences for certain butterbur products marketed
in Switzerland.

No drug interactions have been reported for butterbur
extracts. Based on data from preclinical studies, there is a
theoretical possibility that butterbur extracts potentially could
interact with hypertensive and antihypertensive medicines,

leukotriene receptor antagonists and agonists/antagonists at
dopamine D5, histamine H; and muscarinic M5 receptors.

Both chemotypes (petasin and furanopetasin) of P. hybridus
contain unsaturated pyrrolizidine alkaloids, and these
compounds occur in low concentrations throughout all parts
of the plant.C“'® These constituents are known to be
hepatotoxic in humans, and have been shown to be
carcinogenic and mutagenic in preclinical studies (see
Comfrey). Several manufacturers of products containing
butterbur include in their manufacturing processes steps to
remove the unsaturated pyrrolizidine alkaloids to
concentrations below the detectable limit (e.g. <35 parts per
billion). However, there remains the possibility that toxic
quantities of unsaturated pyrrolizidine alkaloids may be
present in poorly processed products, and any products
which contain Petasites species as a result of botanical
misidentification or adulteration.

There is a view that butterbur is unsuitable for use as a tea
or infusion.‘“®?) This is because the N-oxides of unsaturated
pyrrolizidine alkaloids, which can be formed from unsaturated
pyrrolizidine alkaloids during storage of plant material but
which can also be present in raw plant material, are more
water soluble than the parent compounds and are, therefore,
extracted more easily during preparations of herbal teas and
infusions. (1%

The dose of butterbur should be such that the daily intake
of unsaturated pyrrolizidine alkaloids, including their N-
oxides, is not greater than 1g.‘“® The duration of use of
butterbur should not exceed a total of 4-6 weeks in a year.©®

Species (Family)

Petasites hybridus (L.) P. Gaertn., B. Meyer et Scherb. (Asteraceae/
Compositae).
Synonym(s)

Blatterdock, Bogshorns, Bog rhubarb, Butterdock, Butterfly Dock,
Capdockin, Flapperdock, P. officinalis Moench, P. ovatus Hill, P.
sabaudus Beauv., P. vulgaris Desf., Umbrella Plant‘“*¥

Part(s) Used

Aerial parts, leaf, rhizome, root

Pharmacopoeial and Other Monographs

German Commission E (root and leaf).?

Martindale 35th edition“%

Legal Category (Licensed Products)

Butterbur is not on the GSL. There are no licensed products
containing butterbur available in the UK.

Constituents

Two chemovars of P. hybridus have been described, which differ
markedly in the profile of sesquiterpenes present in the root/
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rhizome and leaf. The furanopetasin chemovar contains furanoer-
emophilane sesquiterpenes, whereas the petasin chemovar con-
tains esters of the eremophilane sesquiterpenes petasol, isopetasol
and neopetasol. The furanopetasin chemovar contains exclu-
sively furanoeremophilane sesquiterpenes: petasin sesquiterpenes
are not found in this chemovar.”* Eremophilanlactones have
been reported as constituents of the furanopetasin chemovar,'
but it has been shown that they are produced by rearrangement of
9-hydroxy-furanoeremophilanes during storage of raw plant
material.®”)

Both chemotypes contain unsaturated pyrrolizidine alkaloids,
and these compounds occur throughout all parts of the plant./“'”

Leaf

Alkaloids Pyrrolizidine type, mainly senecionine and integerri-
) Content may vary from 0.02-1.50 parts per million
(ppm),® or <0.1-3.9 or 27.7ppm (for leaves and leafstalks,
respectively).”

mine.

Flavonoids Astragalin, isoquercitrin, quercetin.‘“?
Sesquiterpenes  Furanopetasin chemovar: furanoeremophilane
type, including 9-hydroxy-furanoeremophilanes and 9-oxo-fura-
noeremophilanes.® Petasin chemovar: eremophilane type, mainly
petasin and neopetasin (2.8 and 1.9 mg/g of dried plant material,
respectively), also isopetasin, and the sulfur-containing com-
pounds neo-S-petasin, S-petasin and iso-S-petasin (= S-isopetasin;
trace).(3)

Other constituents Tannins, mucilage, volatile oil (about 0.1%),
triterpenoid saponins (traces).(“?

Rhizome, root

Alkaloids  Pyrrolizidine type, mainly senecionine, its isomer
integerrimine and senkirkine.” Concentration can vary from 2—
500 ppm."? Values reported following specific investigations
include 5-90 ppm® and 6-105 (mean 49.2) ppm (calculated as
senecionine);”’ concentrations of senecionine and senkirkine have
been reported as 11.3 and 25.8 ppm, respectively.'?

Sesquiterpenes  Furanopetasin chemovar: furanoeremophilane
type,"” mainly furanopetasin and 9-hydroxy-furanoeremophilane
(approximately 16-21% and 30-37%, respectively),”” as well as
furanoeremophilane, 2-senecioyl-furanopetasol, 2-tigloyl-furano-
petasol and 2-methylthioacryloyl-furanopetasol (6-10%).? Peta-
sin chemovar: eremophilane type, mainly petasin (9.4, 7.0 and
7.0 mg/g of dried plant material for rhizomes, roots and runners,
respectively), also isopetasin, neopetasin, iso-S-petasin, neo-S-
petasin and S-petasin.) Minor compounds include 3-methylcro-
tonyl- and methacryloyl-esters of petasol, neopetasol, isopetasol,
3-desoxyneopetasol and 3-desoxyisopetasol.*?

Volatile oil A mixture of at least 26 compounds of which 1-
nonene, 1-undecene, albene, furanoeremophilane and fukinano-
lide are major components; minor compounds include the novel
sesquiterpene hydrocarbons petasitene and pethybrene. '

Quality of crude material and marketed products

As with other medicinal plants, the profile of constituents in
different parts of P hybridus can vary both qualitatively and
quantitatively depending on various factors, and this has
implications for safety and efficacy. The petasin content of the
underground parts of plants (petasin chemovar) grown in four

different locations in Switzerland ranged from 6.6-13.8 mg/g
across regions."” Furthermore, although plants showed an
approximately similar relative distribution of the six main petasin
sesquiterpenes (petasin, isopetasin, neopetasin, iso-S-petasin, neo-
S-petasin and S-petasin), there were exceptions: for example, in
plants grown in the Krauchthal region, the content of S-petasin
was approximately half that of neo-S-petasin, whereas in plants
grown in the Chessiloch region, S-petasin content was greater
than that of neo-S-petasin. Raised temperatures and storage
conditions also affect the profile of constituents in P hybridus
(petasin chemovar) roots. Under moderate drying conditions
(40°C in the dark), isomerisation occurs: sesquiterpene esters with
petasol and neopetasol skeletons form the corresponding esters
with isopetasin skeletons."” The isomerisation of neopetasin to
petasin occurs more readily than that of petasin to isopetasin
(half-life for neopetasin and petasin: 49 and 205 days, respec-
tively). In the furanopetasin chemovar, 9-hydroxy-furanoeremo-
philanes rearrange to the corresponding eremophilanlactones
during drying and storage of raw plant material.”’

Some manufacturers of herbal medicinal products containing
butterbur state that the unsaturated pyrrolizidine alkaloids are
removed from the product before it is released for sale."® One
method used to achieve acceptably low concentrations (the
German Commission E advised that the maximum daily intake
is 1pg)“® of these alkaloids is by multiple applications of a
method involving a cation-exchange resin;''” other methods of
separating pyrrolizidine alkaloids from several plants, including P.
bybridus, containing these compounds have been described. ™" A
different approach to achieving extremely low concentrations of
pyrrolizidine alkaloids is to cultivate clones of wild-type plants
previously selected for almost absence of these constituents.
Achievement of an initial step — in vitro propagation of wild-type
plants — in this approach has been documented.*®

Food Use

Butterbur is not used in foods.

Herbal Use

Butterbur root has been used traditionally for the treatment of
fevers, wheezing and colds and as a diuretic and vermifuge.!> <3
It is also reputed to be a heart stimulant, cardiac tonic and
antispasmodic, and to promote menstruation. It has been used
externally for treating persistent sores and other skin problems.

Butterbur root was approved by the German Commission E for
use as supportive therapy for acute spastic pain in the urinary
tract, particularly if urinary stones were present.'“” Modern-day
use of butterbur and clinical trials of products containing
butterbur have focused on its use in seasonal allergic rhinitis
and migraine prophylaxis.

Dosage

The German Commission E advised that the dose of butterbur
should be such that the daily intake of unsaturated pyrrolizidine
alkaloids, including their N-oxides, is not greater than 1pg.‘“?
The duration of use of butterbur should not exceed a total of 4-6
weeks in a year.©?

As an antispasmodic and for other traditional uses

Dosages described in the herbal literature are typically prepara-
tions equivalent to 4.5-7 g dried butterbur root daily in the form
of an ethanolic or lipophilic extract./“3 %%
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Figure 1 Selected constituents of butterbur.
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Figure 2 Selected constituents of butterbur. Figure 3 Selected constituents of butterbur.
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Figure 4 Butterbur (Petasites hybridus).

Figure 6 Butterbur — dried drug substance (leaf)

Dosages of butterbur extract used in clinical trials have varied.
In trials involving adults with seasonal allergic rhinitis, one study
used a butterbur root extract (containing not less than 15%
petasins calculated as isopetasin; Petaforce) (D Martin, Bioforce
(UK) Ltd, personal communication, 10 June 2004) 50 mg twice
daily for two weeks,*” whereas another study tested a butterbur
leaf extract (ZE-339) one tablet four times daily (equivalent to
32mg petasins daily) for two weeks.*" Trials of butterbur in
migraine prophylaxis have tested a carbon dioxide extract of
butterbur rhizome (Petadolex) at doses of 50 or 75 mg twice daily

(equivalent to at least 15 or 22.5 mg petasins daily, respectively) for
12 or 16 weeks.?* >

Pharmacological Actions

Several pharmacological activities, including anti-inflammatory,
anti-allergic and antispasmodic effects, have been described for
butterbur root/rhizome and leaf following preclinical studies.
Extracts of butterbur have been tested clinically in patients with
seasonal and perennial allergic rhinitis (hayfever), bronchial
asthma and chronic obstructive bronchitis, and in prophylaxis
of migraine headaches. The precise chemical constituents
responsible for the documented effects of butterbur are not
clearly understood, although several preclinical studies have
shown that the petasin constituents, such as petasin and
isopetasin, are important for certain pharmacological activities.
These compounds may have several intracellular targets, and there
is some evidence that the stereoisomers may have different
affinities at these, even bringing about different effects.*"
However, other in vitro studies have reported that petasin is
inactive,” and activities for the furanoeremophilane and
eremophilanlactone constituents have been documented.?®

Published papers and texts often use the words root and
rhizome interchangeably, although this is not strictly correct. This
monograph uses terms exactly as published in the reference
material, since it is not possible to say otherwise with certainty
precisely which plant part was meant. Published reports also often
fail to state which chemovar of P. hybridus was used.

In vitro and animal studies

Pharmacokinetics Petasins have been shown to be bioavailable
following studies in rabbits fed butterbur leaf extract (containing
50 mg petasin) twice daily for seven days; petasins were detected
by gas chromatography-mass spectrometry (GC-MS) within the
low nanogram range.”

Anti-allergic and anti-inflammatory properties Inhibition of
peptido-leukotriene (LT) biosynthesis in murine peritoneal
macrophages has been documented following in vitro experiments
using several different extracts of butterbur root and leaf.*>?% A
petroleum ether extract of P hybridus ground root showed the
greatest inhibitory activity of LT synthesis from mouse peritoneal
macrophages stimulated with calcium ionophore A23187
(10"®mol/L): 12.6, 95.1 and 100% inhibition at concentrations
of P hybridus extract of 6.3, 31.0 and 94.0 ug/mL, respectively (p
< 0.01 versus control).”” By contrast, a pyrrolizidine alkaloid-
free extract showed no activity in this assay, and the addition of
the pyrrolizidine alkaloids senkirkine and senecionine to this
extract and to the macrophage-containing tissue culture system
also failed to result in inhibition of LT synthesis.”” A report of
this work does not describe the constituents of the pyrrolizidine
alkaloid-free extract, so the latter results for lack of activity are
difficult to interpret.

Further work involving fractions of the active P. hybridus root
extract indicated that isopetasin and the oxopetasan esters (=
eremophilanlactones, the presence of these is due to rearrange-
ment of 9-hydroxy-furanoeremophilanes during drying and
storage as stated above) were important for activity: the content
of isopetasin and oxopetasan esters in the fractions correlated
with inhibition of LT synthesis in a concentration-dependent
manner.”” By contrast, petasin was not important for activity, but
appeared to reduce the activity of isopetasin in this assay.



Other in vitro studies, however, have reported that petasin is
one of the major active compounds of P. hybridus extract. Isolated
petasin and a standardised high-pressure carbon dioxide extract of
P. hybridus (containing 14.1% petasin; ZE-339, Zeller) inhibited
the synthesis of cysteinyl-LTs in eosinophils and LTB4 in
neutrophils which had been primed with granulocyte-macrophage
colony-stimulating factor and subsequently stimulated with
platelet-activating factor (PAF) or the anaphylatoxin C5a.*”
Petasin, ZE-339 and the positive control zileuton (a 5-lipoxygenase
inhibitor) achieved similar inhibition of cysteinyl-LTs and LTB, in
eosinophils and neutrophils, respectively, in these models (ICsg
(concentration for 50% inhibition) < 24 pug/mL in each case).

In other in vitro studies using a similar model of eosinophil
stimulation, ZE-339 showed greater inhibition of cysteinyl-LT
synthesis than did a fraction containing petasin, isopetasin and
neopetasin.®” When each of these latter compounds was tested
separately in this model, all inhibited C5a- and PAF-induced
cysteinyl-LT synthesis in a concentration-dependent manner and
to the same extent as zileuton (positive control). However, the
release of eosinophil cationic protein (ECP) from eosinophils (a
measure of eosinophil degranulation) was inhibited by petasin,
but not by isopetasin, neopetasin or zileuton. Similarly, petasin,
but not isopetasin, neopetasin or zileuton, suppressed cytosolic
phospholipase A, activity, 5-lipoxygenase translocation and PAF-
and CSa-induced increases in intracellular calcium ion concentra-
tions. These findings suggest that the different petasin constitu-
ents of butterbur may act upon different intracellular signalling
molecules.®” Extracts of P hybridus rhizomes with different
petasin and isopetasin contents (2.1 and 0.4, 0.2 and 0.1, 12.1 and
6.1, and 21.9 and 9.4% petasin and isopetasin respectively) are
weak inhibitors of cyclo-oxygenase 1 (COX-1) in vitro (ICsy >
400 pg/mL) and strong inhibitors of the inducible isoform COX-2
(ICs0 20 to 30.4 pg/mL), apart from the extract with the lowest
petasin and isopetasin content (ICso 60.6 pg/mL).®" The former
three extracts also inhibited lipopolysaccharide-induced and,
therefore, COX-2-mediated prostaglandin E, release in primary
rat microglial cells in a concentration-dependent manner (ICs, <
6 nug/mL); this effect was also independent of the petasin and
isopetasin contents. The extract containing petasin 12.1% and
isopetasin 6.1% completely inhibited COX-2 synthesis in micro-
glia at a concentration of 5 pug/mL whereas COX-1 synthesis was
unaffected. Overall, these findings suggest selective inhibition of
COX-2 and its expression."

Gastroprotective effects A petroleum ether extract of P. hybridus
ground root protects against gastrointestinal damage induced by
ethanol and indometacin (indomethacin) in vivo.”® P bybridus
root extract 0.83, 2.5 and 7.5 mg/kg administered intragastrally to
fasted rats 30 minutes before intragastral administration of 1.5 mL
ethanol significantly reduced gastric mucosal damage in a dose-
dependent manner, compared with control (p < 0.05). In an
experiment involving normally fed rats, indometacin (8 mg/kg
orally) was administered with P. hybridus root extract (6.3, 12.5 or
25 mg/kg orally), cimetidine (50 mg/kg orally) or control, followed
by a second dose six hours later, and sacrifice after a further 16
hours. Compared with control, all doses of P hybridus root
extract significantly inhibited indometacin-induced intestinal
damage (p < 0.05), and P. hybridus root extract 2 x 25mg/kg
inhibited intestinal damage to a greater extent than did cimetidine
(p < 0.05).%%

Other activities Extracts of butterbur rhizome from both petasin
and furanopetasin chemovars of P. hybridus have been reported to
inhibit the binding of radioactive ligands at dopamine D, and
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histamine H; receptors to a similar extent. The greatest inhibition
was observed for extracts with the highest content (>60%) of
eremophilane constituents. For example, for a rhizome extract
from the petasin chemovar, mean (standard error of mean; SEM)
ICso values for inhibition of dopamine D, and histamine H;
radioligand binding were 38 (3) and 155 (52), respectively.?®
Fractions of the petasin chemovar extract inhibited radioligand
binding in a concentration-dependent manner, with the highest
affinities displayed by the petasin and desoxyneopetasol fractions.
This was confirmed in assays with individual constituents in
which the lowest ICs, values were determined for petasin and
isopetasin. The furanopetasin chemovar constituents hydroxy-
furanoeremophilane and furanopetasin also inhibited radioligand
binding, as did the eremophilanlactones eremophilanolide and
hydroxy-eremophilanolide, albeit with markedly lower affinities
than the eremophilanes.®

Petasin, isopetasin, S-petasin and iso-S-petasin, isolated from
Petasites formosanus, a species related to P. hybridus, relaxed
histamine-, carbachol-, potassium chloride- and LTD,-induced
precontractions of isolated guinea-pig trachea in a concentration-
dependent manner.®? S-Petasin was more potent than petasin and
isopetasin for precontractions induced by all four reagents. S-
Petasin relaxed the precontractions induced by all four reagents in
a non-selective manner, with ICs, values of <10 umol/L, whereas
iso-S-petasin selectively relaxed precontractions induced by
carbachol and potassium chloride, with ICsq values of around
10 umol/L for each. The reason for these differences in the
respective profiles of activity, and the influence of isomerisation
(S-petasin to iso-S-petasin) is not clear. The documented relaxant
effects of S-petasin and iso-S-petasin from P formosanus on
precontracted guinea-pig trachea may be due to antispasmodic
and antimuscarinic properties, respectively.®? Following a study
using isolated guinea-pig atria, it has been reported that iso-S-
petasin may act preferentially on tracheal muscarinic M;j
receptors, rather than cardiac M, receptors.®?

Hypotensive activity has been documented for S-petasin and
iso-S-petasin isolated from P formosanus. In rats, a dose-
dependent hypotensive effect occurred following intravenous
administration of S-petasin or iso-S-petasin (0.1-1.5 mg/kg body
weight for each); in wvitro experiments indicated that these
compounds have a relaxant effect on precontracted rat aortic
ring segments and that this may be due in part to blockade of
calcium ion (Ca®") channels in vascular smooth muscle cells by S-
petasin and iso-S-petasin. ®%3%

S-Petasin from P. formosanus has been shown to have negative
chronotropic activity in vivo. In anaesthetised rats, S-petasin (1.0—
1.5 mg/kg body weight, intravenously) induced bradycardia in a
dose-dependent manner within a few seconds of administration
and the effect persisted for up to 11 minutes after administra-
tion.”®” The highest administered dose of S-petasin (1.5 mg/kg
body weight intravenously) evoked a maximal reduction in heart
rate of approximately 25%. S-Petasin had a negative inotropic
effect in isolated rat atria and depressed the amplitude of
contraction of rat cardiac myocytes. [so-S-petasin also depresses
cardiac contraction as demonstrated by iz vitro studies involving
ventricular myocytes.”® The mechanism for the observed negative
cardiac chronotropic and inotropic effects of S-petasin and iso-S-
petasin may be through inhibition of cardiac L-type voltage-
dependent Ca*" channels.®”*® Further work has shown that S-
petasin decreases the amplitude of L-type Ca®' currents in
NG108-15 cells (a mouse neuroblastoma and rat glioma hybrid
cell(slgi)ne) in a concentration-dependent manner (ICsy = 11 umol/
L.
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Clinical studies

Several clinical trials of butterbur extracts have been conducted
and have involved individuals with, for example, seasonal and
perennial allergic rhinitis and migraine. While many of these
studies have reported beneficial effects with butterbur, rigorous
investigation of the efficacy of butterbur extracts is limited and
further large, well-designed clinical trials are required.

Pharmacokinetics There are limited pharmacokinetic data for
the constituents of butterbur extracts. The bioavailability of
petasin has been reported following a study involving healthy
volunteers who received a single dose of two (n = 24) or four
tablets (n = 24) of butterbur leaf extract (ZE-339) orally; each
tablet contained 8 mg petasins.’”” The time to maximal petasin
concentrations (¢p,,) was around 1.6 hours in each group (mean
(standard deviation, SD): 1.62 (0.50) and 1.61 (0.93) hours for the
lower and higher dose groups, respectively), whereas the mean
(SD) half-life was 7.16 (4.61) and 7.62 (3.34) hours for the lower
and higher dose group, respectively. Maximal mean (SD) petasin
concentrations were 25.5 (14.8) and 58.1 (26.7) ng/mL for the
lower and higher dose groups, respectively.™” In a proof-of-
principle study in which six patients with seasonal (7 = 4) and
perennial (n = 2) allergic rhinitis each received butterbur extract
(ZE-339) three tablets twice daily, serum petasin concentrations
reached steady state after five days' treatment (mean (SD) 15.1
(2.3) ng/mL (A Brattstrom, Zeller AG, personal communication,
19 July 2004).

Another study described monitoring compliance by measuring
serum petasin concentrations using an enzyme-linked immuno-
sorbent assay,"*™” but these results were not reported.

Therapeutic effects

Seasonal and perennial allergic rhinitis In a randomised,
double-blind, double-dummy, parallel-group study involving
125 individuals with seasonal allergic rhinitis, the effects of a
carbon dioxide extract of butterbur leaf (ZE-339) one tablet
four times daily (equivalent to 32mg petasins daily) were
compared with those of the non-sedating antihistamine
cetirizine 10mg each evening. At the end of the two-week
study, butterbur recipients (n = 61) achieved similar scores to
cetirizine recipients on the SF-36 (Short Form 36; a self-
assessment scale for medical and health outcomes), the
primary outcome measure.*" There were also no differences
between groups with respect to secondary outcome measures,
including the clinical global impression score. The overall
frequency of adverse events was similar in both groups (see
Side-effects, Toxicity).

The statistical power of the study only allowed the
conclusion to be drawn that butterbur was not inferior to
cetirizine (i.e. the study does not demonstrate equivalence of
the two preparations),*" and the study has been criticised for
its choice of subjective outcome measures and interpreta-
tion.#> )

A subsequent study used an objective outcome measure — the
adenosine monophosphate (AMP) nasal provocation test
(AMP is important in the pathway leading to the release of
allergic inflammatory mediators, such as histamine, cysteinyl
leukotrienes and prostaglandins) — to assess the effects of
butterbur. In a randomised, double-blind, crossover trial, 20
individuals with seasonal allergic rhinitis ceased any existing
treatment for the condition (antihistamines and/or intranasal
corticosteroids) one week before starting treatment with
butterbur 50 mg (Petaforce; Bioforce), or placebo, twice daily

for two weeks.?” No further details of the preparation were
provided in the report of the study, although Petaforce
marketed in the UK contains butterbur root extract 25 mg
per capsule (containing not less than 15% petasins calculated
as isopetasin).

At the end of each treatment period, participants underwent
AMP challenge (described as two applications to each nostril
of a 400 mg/mL solution delivered via a pump actuator spray
device) and spontaneous recovery was monitored by measuring
peak nasal inspiratory flow (PNIF) at regular intervals over one
hour. Time to recovery was significantly attenuated and the
maximum fall in PNIF was significantly less in butterbur
recipients compared with placebo recipients (p = 0.028 and
0.036, respectively).®” The study design did not incorporate a
wash-out period between the two phases of the study, and it is
not clear whether there could have been any carry-over effect in
patients who received butterbur during the first phase of the
study and what influence, if any, this may have had on the
results.

In a randomised, double-blind, parallel group, controlled
trial, 330 individuals with seasonal allergic rhinitis and a
history of seasonal allergic rhinitis for at least two seasons in
consecutive years, received a carbon dioxide extract of
butterbur leaves (ZE-339, tablets standardised for 8.0 mg total
petasins per tablet) one tablet three times daily (n = 110),
fexofenadine (Telfast) 180 mg each morning (r = 113), or
placebo (n = 107), for two weeks; double dummy preparations
were used to achieve blinding.** At the end of the study, both
butterbur extract and fexofenadine were superior to placebo
with respect to the primary outcome variable (the change in
evening total symptom scores, determined for the previous 12-
hour period, from baseline values to the 2-week endpoint) (p <
0.001), and there was no statistically significant difference
between the two active treatment groups (p = 0.37). With
respect to secondary outcome variables, responder rates were
significantly higher in the butterbur extract and fexofenadine
groups (p < 0.001 for both versus placebo), and there was no
statistically significant difference between the two active
treatment groups (p = 0.88).*" Outcomes of statistical
analyses for the other secondary outcome variables were not
reported. In a similar randomised, double-blind, parallel group
trial, 186 individuals with seasonal allergic rhinitis and a
history of seasonal allergic rhinitis for at least two seasons in
consecutive years, received a carbon dioxide extract of
butterbur leaves (ZE-339, tablets standardised for 8.0 mg total
petasins per tablet) one tablet three times daily (z = 60), one
tablet twice daily (n = 63), or placebo (n = 61), for two weeks
to assess the relationship between dose and response.™ At the
end of the study, changes in symptom scores from baseline were
significantly greater for both butterbur groups when compared
with placebo (p < 0.001) and the change in symptom scores for
the higher-dose butterbur group was significantly greater than
that for the lower-dose butterbur group (p = 0.02). The effects
of butterbur extract (Petaforce) 50 mg twice daily in perennial
allergic rhinitis were compared with those of fexofenadine
180 mg daily in a randomised, double-blind, placebo-con-
trolled, crossover study involving 16 individuals. Participants
stopped their existing treatment for allergic rhinitis one week
before starting their randomised treatment; treatments were
taken for one week, with a one-week wash-out period between
each randomised treatment. At the end of the study, the
maximum percentage fall from baseline values in PNIF after
nasal AMP challenge was significantly attenuated in the



butterbur and fexofenadine groups, compared with the placebo
group (mean (SEM) for butterbur, fexofenadine and placebo:
34 (3), 39 (3) and 46 (3), respectively; p < 0.05).“® The total
nasal symptom score, a secondary outcome measure, was also
significantly improved for the butterbur and fexofenadine
groups, compared with the placebo group (p < 0.05). This
study is limited in that the duration of treatment was short,
and the sample size calculation was not based on detecting
differences in nasal symptom scores, so a larger study is needed
to confirm the latter result.

Asthma and bronchitis At present, there is insufficient evidence

from well-designed randomised controlled trials to support the
efficacy of butterbur extracts in asthma and bronchitis.

In a randomised, double-blind, crossover study, 16 patients
with atopic asthma who had been stabilised on inhaled
corticosteroid therapy for at least three months before the
study received butterbur (Petaforce) 25mg twice daily (no
further details stated in the report although Petaforce marketed
in the UK contains not less than 15% petasins calculated as
isopetasin), or placebo, for one week.™”) Participants stopped
any treatment with long-acting P,-agonists one week before
and for the duration of the study. At the end of the study,
bronchial hyper-responsiveness in response to AMP bronchial
challenge was significantly improved in butterbur recipients
compared with placebo recipients (p < 0.05), and concentra-
tions of inflammatory markers (exhaled nitric oxide, serum
eosinophil cationic protein and peripheral blood eosinophil
count) were significantly suppressed in the butterbur group,
compared with the placebo group (p < 0.05 for each).””

In a preliminary trial, 80 individuals (aged 6-85 years) with
mild or moderate asthma received a lipophilic carbon dioxide
extract of butterbur rhizome (Petadolex; standardised to
contain at least 15% petasins) 50mg three times daily
(equivalent to 22.5 mg petasins daily; dose reduced for children
depending on age) for a minimum of two months following a
two-week run-in phase. A report of this study attributes several
improvements to administration of butterbur, including reduc-
tions in the number, duration and severity of asthma attacks,
increases in peak flow and forced expiratory volume in one
second (FEV,), and reduced use of existing asthma medica-
tions.*® However, such conclusions may be flawed because of
the design and methodological limitations of the study and
because no statistical analysis was undertaken.

Allergic skin reactions A randomised, double-blind, double-

dummy, controlled, crossover trial assessed the effects of
butterbur on the histamine and allergen cutaneous response in
20 atopic patients with asthma or allergic rhinitis and
sensitisation to at least one common houschold allergen,
such as house dust mite, on skin prick testing.”*” Participants
received butterbur (Petaforce) 50 mg twice daily (no further
details given), fexofenadine 180 mg daily, montelukast 10 mg
daily, or placebo, for one week; existing treatment with
antihistamines and leukotriene receptor antagonists was
stopped one week before and for the duration of the study,
although existing treatment for asthma or allergic rhinitis was
continued. Each day, approximately two hours after taking the
first daily dose of study medication, each participant under-
went skin prick testing with the allergen that had previously
been shown to provoke the greatest response in that individual,
as well as with histamine (1.7 mg/mL; no further details
reported) and 0.9% sodium chloride as control. Mean
histamine and allergen wheal and flare responses were
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significantly attenuated by fexofenadine, compared with
placebo, but not by butterbur or montelukast.*”

Migraine prophylaxis The rationale for the use of butterbur in

migraine prophylaxis is centred around the understanding that
vasoconstrictive and neurogenic inflammatory processes are
involved in the generation of migraine headaches, and that
butterbur and certain of its isolated constituents have been
shown in preclinical studies to have anti-inflammatory proper-
ties.”? However, at present, rigorous clinical investigation of
the effects of butterbur extracts in preventing migraine is
limited.

In a randomised, double-blind, parallel-group trial, 60
hospital outpatients with migraine (minimum of three attacks
per month for the three months prior to the study and a
minimum of two attacks in the four-week run-in phase)
received a carbon dioxide extract of P hybridus rhizome
(Petadolex) two capsules twice daily (equivalent to 100 mg
extract or 15mg petasins daily), or placebo, for 12 weeks.
None of the participants were previous users of the butterbur
extract.”? Inclusion and exclusion criteria for the study were
in accordance with the International Headache Society guide-
lines.®” The frequency of migraine attacks in the last four
weeks of the study was significantly lower in the butterbur
group, compared with the placebo group: the mean (SD)
numbers of attacks during the month were 1.7 (0.9) and 2.6
(1.1), for the butterbur and placebo groups, respectively; p <
0.05). The number of days with migraine during the last four
weeks of the study also decreased significantly in the butterbur
group, compared with the placebo group (mean (SD) number
of days at baseline and weeks 8-12: 3.4 (1.6) and 1.7 (0.9)
versus 3.0 (1.3) and 2.6 (1.2), for butterbur and placebo,
respectively; p < 0.05). There were no statistically significant
differences between the two groups in the duration and
intensity of migraine headaches at the end of the study.*?

The study has several limitations which should be con-
sidered when interpreting the results. A sample size calculation
was not carried out, baseline characteristics (apart from age
and variables relating to migraine attacks) of participants were
not provided in a report of the study, so it is not clear if the
randomisation was successful (i.e. whether or not the two
groups were similar at baseline) and differences at baseline in
the frequency of migraine attacks are not considered in the
analysis. There are further flaws in the statistical analysis, for
example, the analysis was carried out only with those
participants who adhered to the protocol (i.e. an intention-
to-treat analysis was not carried out), efficacy parameters were
not defined a priori,®" the results are reported without 95%
confidence intervals and precise p-values are not provided.

Against this background, an independent re-analysis of the
data from this study was undertaken. Data entry from original
case report forms was completely repeated under the principles
of good clinical practice (which includes double data entry and
consistency checks), and all four primary efficacy criteria and
data from all three time points (four, eight and 12 weeks) were
evaluated equally weighted in an attempt to avoid bias by post-
hoc selections of efficacy criteria.®" All analyses were
undertaken with data from the intention-to-treat population
(i.e. all patients who were randomised and took the study
medication at least once).

The new analysis confirmed the findings of the original
analysis and stated that all 12 primary efficacy criteria (number
of attacks, number of days with attacks, mean duration and
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mean intensity of attacks at all three time points) were
significantly reduced in the butterbur group, compared with
the placebo group, and the most conservative analysis showed
that seven of these 12 variables were still statistically
significant.®" However, the possibility of bias in this retro-
spective re-analysis cannot be excluded entirely, and other
methodological issues remain, such as the lack of a sample size
calculation.

A larger randomised, double-blind, placebo-controlled trial
of a butterbur extract for migraine prophylaxis has since been
conducted. In the trial, 245 patients with migraine (two of six
attacks per month for the three months prior to the study and
a minimum of two attacks in the four-week run-in phase; with
or without aura and meeting International Headache Society
criteria) received an extract of butterbur rhizome (Petadolex)
50mg twice daily, 75mg twice daily, or placebo, for 16
weeks.® Overall, 202 participants completed the study (per-
protocol analysis) and 229 were included in the intention-to-
treat analysis. At the end of the study, the mean number of
migraine attacks was reduced by 45%, 32% and 28%,
compared with baseline values, for the butterbur extract
150 mg daily, 100 mg daily and placebo groups, respectively.
This finding was statistically significant for butterbur extract
150 mg daily versus placebo (p = 0.005; intention-to-treat
analysis).”” The proportion of 'responders' (proportion of
participants with > 50% reduction in mean attack frequency
per month relative to baseline) was significantly higher for the
butterbur 150 mg group when compared with the placebo
group (p < 0.05), but there was no statistically significant
difference in this outcome for butterbur 100 mg, compared
with placebo.

The effectiveness of a carbon-dioxide extract of P. hybridus
rhizome (Petadolex) at doses ranging from 50-150mg,
depending on participant's age, were explored in 108 young
people (aged 6-17 years) with a history of migraine for at least
one year diagnosed according to International Headache
Society criteria, in a prospective, open-label, multi-centre,
four-month trial.®? At the end of the study, the frequency of
migraine attacks was reduced by 63%, compared with baseline
values, and 77% of participants experienced a reduction in the
frequency of migraine attacks of at least 50%. As this study did
not involve a control group, the effects cannot be attributed to
treatment with butterbur, and the hypothesis that butterbur
rhizome extract reduces the frequency of migraine attacks in
this patient population requires testing in rigorous randomised
controlled trials involving sufficient numbers of participants.

Side-effects, Toxicity

As with many herbal medicines, the safety of butterbur
preparations has not yet been adequately assessed: only limited
preclinical and clinical safety and toxicity data are available (see
below). One of the main issues regarding the clinical use of
butterbur extracts concerns the unsaturated pyrrolizidine alkaloid
constituents which are known to be hepatotoxic in humans, and
have been shown to be carcinogenic and mutagenic in preclinical
studies (see Comfrey). These alkaloids may be present in low
concentrations in all parts of the plant (see Constituents).
Several manufacturers of products containing butterbur include
in their manufacturing processes steps to remove the unsaturated
pyrrolizidine alkaloids to concentrations below the detectable
limit (e.g. <35 parts per billion).”® However, there remains the
possibility that toxic quantities of unsaturated pyrrolizidine

alkaloids may be present in poorly processed products, and any
products which contain Petasites species as a result of botanical
misidentification or adulteration.

Butterbur is a member of the Asteraceae family, and members
of this family may cause allergic reactions in sensitive individuals,
especially those with an existing hypersensitivity to other
members of the Asteraceae/Compositac. No reports of allergic
reactions to butterbur were identified.

Clinical data

Swissmedic, the competent authority for licensing medicines in
Switzerland, has revoked the licences for certain products
containing butterbur root extract following spontaneous reports
received in Germany of liver damage associated with their use.”
At the time of writing, the German authority had not taken any
regulatory action, but was monitoring the situation.

There is only limited information available for butterbur from
long-term postmarketing surveillance studies. Clinical trials
reported to date generally have involved only small numbers of
participants, mostly with allergic rhinitis or migraine who are
generally otherwise healthy, and have involved ingestion of
butterbur preparations for relatively short periods of time (up
to four months). Some clinical trials have not adequately reported
data on safety, and two randomised, double-blind, placebo-
controlled trials involving individuals with seasonal allergic
rhinitis or asthma who received butterbur extracts and in which
participants continued to take their existing medication (inhaled
or intranasal corticosteroids, long-or short-acting [3,-ago-
nists) ¥ * have either not assessed or not reported data on
safety parameters at all.

In a randomised, double-blind, trial involving 125 individuals
with seasonal allergic rhinitis who received butterbur extract (ZE-
339) equivalent to 32 mg petasins daily, or cetirizine 10 mg daily,
for two weeks, the frequency of adverse events was similar in both
groups (proportions of butterbur and cetirizine recipients who
reported adverse events were 10% and 11%, respectively).*" Eight
of the 12 adverse events reported by cetirizine recipients and two
of the 10 adverse events reported by butterbur recipients were
classified as fatigue or drowsiness. Raised liver enzyme activity (no
further details provided) and pruritus were reported for one
butterbur recipient each, but not for cetirizine recipients.

In a randomised, double-blind, placebo-controlled, crossover
study, 20 patients with seasonal allergic rhinitis stopped taking
any existing treatment one week before receiving butterbur
(Petaforce) 50 mg twice daily for two weeks (no further details
of the preparation were provided in a report of the study, although
Petaforce marketed in the UK contains not less than 15% petasins
calculated as isopetasin). At the end of the study, liver function
test values (blood concentrations of alanine aminotransferase
(ALT), bilirubin, alkaline phosphatase (ALP) and albumin) were
reported to be similar for butterbur and placebo groups,?”
although no statistical analysis was carried out. Furthermore, this
study involved only small numbers of participants and was
conducted over a short time period and, therefore, cannot provide
adequate data on safety.

In a randomised, double-blind, parallel group, controlled trial
in which 330 individuals with seasonal allergic rhinitis received a
carbon dioxide extract of butterbur leaves (ZE-339, tablets
standardised for 8.0 mg total petasins per tablet) one tablet three
times daily (n = 110), fexofenadine (Telfast) 180 mg each morning
(n = 113), or placebo (n = 107), for two weeks, the frequency of
adverse events was similar in all three groups (9.1, 7.1 and 6.5%



for the butterbur, fexofenadine and placebo groups, respec-
tively).* There were no differences between the three groups
with respect to changes in mean liver function test values at the
end of treatment from baseline values,” although no statistical
analyses were reported. This finding is of limited value because of
the short treatment period. Furthermore, it would be more useful
to know whether or not liver function test values were raised in
any individual butterbur recipients, rather than reporting mean
values for the group.

Open, uncontrolled studies of butterbur extracts (ZE-339 and
Petadolex) in patients with seasonal and/or perennial allergic
rhinitis or asthma have reported that butterbur was well
tolerated,*®*) although the design of these studies renders
them unsuitable for an adequate assessment of safety. In one of
these studies, in which participants (aged 6-85 years) with mild or
moderate asthma received a lipophilic carbon dioxide extract of
butterbur rhizome (Petadolex; standardised to contain at least
15% petasins) 50 mg three times daily (reduced for children
depending on age) for a minimum of two months, seven
participants reported 11 adverse events.* These included
abdominal pain, flatulence, sneezing, allergic conjunctivitis,
allergic rhinitis and halitosis (reported by children) and hair
loss, coughing, dyspnoea, difficulty exhaling and depression
(reported by adults). None of these was judged by the study
physician to be causally related to butterbur ingestion and none
led to withdrawal of participants from the study.

In a randomised, double-blind, placebo-controlled trial invol-
ving 60 individuals with migraine who received a carbon dioxide
extract of P hybridus rhizome (Petadolex) two capsules twice
daily (equivalent to 100 mg extract daily), or placebo, for 12
weeks, no adverse events were reported for the butterbur group
and no statistically significant changes from baseline values were
reported for vital signs and physical examination results.*?
However, two butterbur recipients withdrew from the study, one
because of a suspected pregnancy; the other participant did not
provide a reason. An independent re-analysis of the data from this
trial added that, at the end of the study, three butterbur recipients
had liver function test (ALT, aspartate transaminase (AST)) values
which were higher than normal ranges and significantly higher
than baseline values, and that bilirubin concentration and
erythrocyte count were significantly higher than baseline values
for the butterbur group, compared with the placebo group.®!
These changes were not regarded as being clinically relevant,®"
although no numerical data were provided to support this
judgement.

In a larger randomised, double-blind, placebo-controlled trial,
245 patients with migraine received an extract of butterbur
rhizome (Petadolex) 50mg twice daily, 75mg twice daily, or
placebo, for 16 weeks.””) Data from 230 participants were
included in a safety analysis. The most frequently reported adverse
events that were considered possibly related to treatment were
gastrointestinal symptoms (not specified), which occurred in 22,
26 and 7% of participants in the butterbur extract 75mg,
butterbur extract 50 mg and placebo groups, respectively. There
were no statistically significant differences in the frequencies of
adverse events for the butterbur groups, compared with placebo,
except for belching. No differences in liver function test values
were observed between the three groups.

A review of safety data for a specific preparation of butterbur
rhizome — an extract (Petadolex) standardised to contain a
minimum of 15% petasins and processed to achieve a concentra-
tion of unsaturated pyrrolizidine alkaloids of less than 0.08 ppm —
includes data from four postmarketing surveillance studies

Butterbur

involving a total of 188 patients (145 with migraine, including
50 children and adolescents aged 6-17 years). Adverse events
deemed to be possibly or probably causally related to ingestion of
the butterbur product included eructations (belching; # = 7), bad
taste/smell of the product (2) and skin rash (1).°” However, it is
unclear why these four studies included such a small number of
participants: a single postmarketing surveillance study would
normally be expected to include many more participants.

The review also refers to 93 spontaneous suspected adverse drug
reaction (ADR) reports (75 of which originated from Germany,
where the manufacturer is located) received by the product
manufacturer from 1976 to the end of June 2002. In total, 27 of
these reports were determined to be possibly (7 = 19) or probably
(8) causally related to butterbur administration; the latter
included one case of reversible cholestatic hepatitis.” The review
states an overall frequency of suspected ADRs, calculated on the
basis of sales figures and the total number of spontaneous ADR
reports received by the manufacturer. However, for several
reasons, these types of data should not be used to calculate
frequencies of suspected ADRs.

The World Health Organization's Uppsala Monitoring Centre
(WHO-UMC; Collaborating Centre for International Drug
Monitoring) receives summary reports of spontaneous reports
of suspected adverse drug reactions from national pharmaco-
vigilance centres of over 70 countries worldwide. At the end of
2005, the WHO-UMC's Vigisearch database contained a total of
10 reports, describing a total of 22 adverse reactions, for products
reported to contain P. hybridus only as the active ingredient.®®
Reactions reported included hepatic enzymes increased (n = 2),
hepatic necrosis (2), hepatitis (1), cholestatic hepatitis (1) and
hepatocellular damage (1) from three case reports. Nine of the
reports originated from Germany and one from Switzerland. In
six of the 10 reports, P hybridus was the sole suspected drug.
(These data were obtained from the Vigisearch database held by
the WHO Collaborating Centre for International Drug Monitor-
ing, Uppsala, Sweden. The information is not homogeneous at
least with respect to origin or likelihood that the pharmaceutical
product caused the adverse reaction. Any information included in
this report does not represent the opinion of the World Health
Organization.)

Preclinical data

There are limited data from animal toxicity studies for butterbur
preparations, although a review® summarises data from
unpublished toxicity studies. Acute toxicity studies in rats yielded
LDs, values for a single-dose oral administration and single-dose
intraperitoneal administration of > 2.5 and approximately 1 g/kg
body weight, respectively. A chronic toxicity study in rats (n =
200) carried out over 26 weeks established a no adverse effect level
for the lower dose range tested (oral administration; no further
details provided).®

Information on mutagenicity and genotoxicity of butterbur
extracts is limited to summaries of unpublished data. An extract
of butterbur rhizome (Petadolex) produced a negative result in the
Ames test for mutagenicity using several strains of Salmonella
typhimurium.®” In an in vitro test for clastogenic activity in
which the butterbur extract was incubated with cultured human
peripheral lymphocytes, the mean number of chromosomal
aberrations was within the reference range of the negative
control.®® This result was obtained irrespective of whether or
not the test included metabolic activation using a rat liver
postmitochondrial fraction. In contrast, mitomycin C and
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cyclophosphamide, as positive controls, induced chromosomal
damage.

There is some evidence from preclinical studies that S-petasin,
a constituent of butterbur root, rhizome and leaf, has effects on
certain endocrine systems. In rats, S-petasin (10 ug/kg body
weight, intravenously) reduced basal plasma corticosterone
concentrations to a significantly greater extent than did control
at 30 minutes after administration (p < 0.05), although there
were no statistically significant differences between groups when
corticosterone concentrations were measured at one, two and
three hours after administration.®” The same dose of S-petasin
also significantly reduced adrenocorticotrophin (ACTH)-induced
increases in plasma corticosterone concentrations at 30 minutes,
but not longer intervals, after administration, compared with
control. Similar effects were observed following in wvitro
experiments: S-petasin significantly reduced basal, ACTH- and
forskolin (an adenylyl cyclase activator)-stimulated corticoster-
one release from rat adrenal gland cells (zona fasciculata
reticularis) in a concentration-dependent manner. Results of
further in vitro experiments suggested that the mechanism for
the observed effects is in part through inhibition by S-petasin of
the enzymes adenylyl cyclase (which catalyses the formation of
cyclic AMP), and cytochrome P450 side-chain cleavage and 11B-
hydroxylase, which are important in the biosynthesis of
corticosterone. %

S-Petasin (1 pg/kg body weight, intravenously) administered as
a single dose to small numbers of adult male rats reduced basal
plasma testosterone concentrations, compared with control
(mean (SEM): 0.81 (0.06) and 1.31 (0.21) ng/mL for S-petasin
and control, respectively; p < 0.05).°" Incubation of S-petasin
at concentrations of 0.14-14.4 pg/mL with rat testicular inter-
stitial cells led to a concentration-dependent inhibition of
testosterone release. S-Petasin also inhibited forskolin-, human
chorionic gonadotrophin- and androstenidione-induced stimula-
tion of testosterone secretion from rat testicular interstitial cells
in vitro.

Contra-indications, Warnings

In view of the known toxicity, the German Commission E
recommended that the maximum daily intake of unsaturated
pyrrolizidine alkaloids is 1 g, and that the duration of use should
not exceed 46 weeks in a year.®® In Switzerland, there are
concerns regarding reports in Germany of hepatotoxicity
associated with the use of certain products containing butterbur
root extract (see Side-effects, Toxicity).

Drug interactions No reports of drug interactions with
butterbur extracts were identified. Certain constituents of
butterbur have been documented in preclinical studies to have
hypotensive activity and negative chronotropic and negative
inotropic effects. Against this background, and on a theoretical
basis, the possibility of interactions with hypertensive and
antihypertensive medicines should be considered. Likewise,
several constituents of butterbur have been documented to
displace the binding of ligands at dopamine D, and histamine
H, receptors, so there is a theoretical possibility of interactions
with medicinal agents acting at these receptors.

Pregnancy and lactation In view of the lack of safety data and
the possible hepatotoxic effects of poorly processed butterbur
extracts, the use of products containing butterbur is contra-
indicated in pregnancy and by breastfeeding women.

Preparations

Proprietary single-ingredient preparations

Germany: Petadolex; Petaforce V. Switzerland: Pollivita;
Tesalin.

Proprietary multi-ingredient preparations

Switzerland: Dragees aux figues avec du sene; Dragees pour la
detente nerveuse; Relaxane; Valverde Constipation dragees;
Valverde Detente dragees; Wala Pulmonium suc contre la toux.
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Summary and Pharmaceutical Comment

The phytochemistry of calamus, especially the oil, is well
documentated. Three genotypes (diploid, triploid and
tetraploid) have been identified which are chemically distinct
with respect to the B-asarone content. Spasmolytic and anti-
ulcer effects documented for the oil support the traditional
herbal uses of calamus. In addition, bitter principles
documented as constituents may account for the use of the
root in anorexia. However, in view of the toxic properties
documented for the oil and associated with B-asarone, it has
been recommended that only B-asarone-free calamus root
should be used in phytotherapy. Use of the oil is not
recommended due to its carcinogenic activity and its ability
to cause kidney damage, tremors and convulsions.(©*®
Studies carried out to investigate the mutagenic potential of
calamus have produced conflicting results.

Species (Family)

Acorus calamus L. (Acoraceae)

Various genetic species (7 = 12): diploid North American,
triploid European, tetraploid Asian, Eastern, Indian.
Synonym(s)

Sweet Flag

Part(s) Used

Rhizome

Pharmacopoeial and Other Monographs

BHP 1996'“” ‘
Martindale 35th edition©3”

Legal Category (Licensed Products)
GSLI“¥

Constituents

The following is compiled from several sources, including General
References G19, G22, G41 and GS8.

Amines
choline.

Dimethylamine, methylamine, trimethylamine and

Volatile oil 1.5-3.5%. B-Asarone content varies between genetic
species: 96% in tetraploid (Indian), 5% in triploid (European) and
0% in the diploid (North American) species."™ Other identified
components include calamenol (5%), calamene (4%), calamone
(1%), methyl eugenol (1%), eugenol (0.3%) and the sesquiter-
penes acolamone, acoragermacrone and isoacolamone. Consider-
able qualitative and quantitative differences have been reported
between the volatile oil from different genetic species, and
between the volatile fraction of an alcoholic extract and the
essential oil from the same variety (European).® ¥

Tannin 1.5%.

@

Other constituents Bitter principles (e.g. acorin), acoric and
palmitic acids, resin (2.5%), mucilage, starch (25-40%), sugars.

Food Use

The level of B-asarone permitted in foods is restricted to 0.1 mg/kg
in foods and beverages, 1 mg/kg in alcoholic beverages and in
foods containing Acorus calamus or Asarum europaeum.'“'®
Calamus is listed by the Council of Europe as a source of natural
food flavouring (category N3). This category indicates that
calamus can be added to foodstuffs in the traditionally accepted
manner, although there is insufficient information available for an
adequate assessment of potential toxicity.“'® Previously, calamus
was classified as an 'unsafe herb' by the US Food and Drugs
Administration (FDA),“*? and the use of the rhizome and its

derivatives (oil, extracts) was prohibited from use in human
food. 4

Herbal Use

Calamus is stated to act as a carminative, spasmolytic and
diaphoretic. Traditionally it has been indicated for acute and

Phenylpropanoids Sesquiterpenoids

Hacom
HaCO OCH;

[-asarone o
acorone
HSCOD/\/
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R
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shyobunone

Figure 1 Selected constituents of calamus.

Figure 2 Calamus (Acorus calumus).



Figure 3 Calamus — dried drug substance (rhizome).

chronic dyspepsia, gastritis and gastric ulcer, intestinal colic and
anorexia.'®”

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Rhizome 1-3 g as an infusion three times daily.‘“”
Liquid extract 1-3mL (1:1in 60% alcohol) three times daily.‘“”

Tincture 2—4mL (1:5 in 60% alcohol) three times daily.(¢”

Pharmacological Actions

In vitro and animal studies

Numerous documented studies have concentrated on activities
associated with the 0il.”” Unless specified, all of the following
actions refer to those exhibited by the oil.

Spasmolytic action in wvitro versus various spasmogens in
different smooth muscle preparations including tracheal, intest-
inal, uterine, bronchial and vascular has been reported for
European and Indian varicties.”™ In one study, activity was
associated with a lack of B-asarone,® whereas oils with either low
or high concentrations of P-asarone have also exhibited
activity>”) The pattern of spasmolytic activity has been
compared to that of papaverine, and a direct musculotropic
action has been proposed.® Unlike papaverine, an acetylcholine-
like action has also been observed with low dilutions of the oil and
asarone.®

Inhibition of monoamine oxidase activity and a stimulation of
p- and L-amino oxidase has been reported.”” The mechanism for
this activity, involving serotonin and adrenaline, has been
disputed, and an alternative mechanism involving depression of
hypothalamic function has been proposed.”

Oil rich in B-asarone has been reported to reduce phenylbu-
tazone-induced ulcers in the rat by 5-60%, although no effect was
observed on stress- or ethanol-induced ulcers.”” No spasmolytic
activity was reported for oil free from or containing only low
concentrations of B-asarone.

A sedative action and a potentiation of barbiturate effect
(increased sleeping time, reduction in body temperature) have
been described in a number of small animals (mice, rats, rabbits
and cats) following intravenous or intraperitoneal administration
of European (alcoholic and aqueous extracts) and Indian

Calamus '

varieties.”’ Dexamfetamine has been found to block the
potentiating action of the Indian variety on barbiturate sleeping
time.”® Potentiation of morphine activity has been reported for
the European variety.

The Indian oil has been reported to deplete serotonin and
noradrenaline in the rat brain following intraperitoneal adminis-
tration.””) The mechanism of action was suggested as similar to
that of reserpine, and a potentiation of the amfetamine-
detoxifying effect of reserpine has also been described.” In
contrast, the central action of the European variety has been
stated not to resemble that of reserpine.” Anti-adrenergic activity
demonstrated by antagonism of dexamfetamine-induced agita-
tional symptoms has been reported for the Indian variety in
various small animals."”’

Anticonvulsant, anti-arrhythmic (like quinidine) and hypoten-
sive (apparently not due to a nervous mechanism) activities in
small animals have also been reported for the Indian variety."

o-Asarone, isolated from Asarum europaeum (Aristolochia-
ceae), has a local anaesthetic activity similar to that of
benzocaine.'”

Weak antifungal activity has been documented for B-asarone
and for the 0il.” Insecticidal and leech repellant properties have
been reported for the oil and may be synergised by synthetic pine
0il.®" Antibacterial activity primarily versus organisms respon-
sible for gut and throat infections has been documented,?
although a lack of antibacterial activity has also been reported.®

(%)

(1mn

Clinical studies

There is a lack of clinical research assessing the effects of calamus,
and rigorous randomised controlled clinical trials are required.

Side-Effects, Toxicity(©'% 5®

Concerns over the toxicity of calamus centre around the volatile
oil and in particular on the B-asarone content. The level of B-
asarone in the oil varies considerably between the different genetic
species of calamus (see Constituents).

Feeding studies (rat) using the Indian oil (high B-asarone
concentration) have shown death, growth depression, hepatic and
heart abnormalities, and serous effusion in abdominal and/or
peritoneal cavities."*' A two-year study involving diet supple-
mented with calamus oil at 0, 500, 1000, 2500 and 5000 ppm,
reported growth depression, and malignant duodenal tumours
after 59 weeks at all levels of dietary supplementation.!*>'¥
Tumours of the same type were not noted in the controls.

Genotoxic activity (strong induction of chromo somal aberra-
tions, slight increase in the rate of sister chromatid exchanges) has
been exhibited by B-asarone in human lymphocyte cultures in the
presence of microsomal activation.™ Mutagenic activity (Ames)
has been documented for root extracts, a tincture and f-asarone in
one (TA100) of the various Salmonella typhimurium strains
(TA98, 100, 1535, 1537, 1538) tested, but only in the presence of a
microsomal activation mix."® Lack of mutagenicity has also been
reported for an organic extract, when tested in the above
Salmonella typhimurium strains (except TA1538) with and
without activation."”

Acute toxicities (LDsy) quoted for the volatile oil from the
Indian variety (high B-asarone content) include 777 mg/kg (rat,
oral), >5g/kg (guinea-pig, dermal), 221 mg/kg (rat, intraperito-
neal).® The oleoresin is stated to be toxic at 400 and 800 mg/kg
(mouse, intraperitoneal).”) The LDs, of asarone in mice is stated
to be 417 mg/kg (oral) and 310 mg/kg (intraperitoneal).’”’




w Calamus

There is a lack of clinical safety and toxicity data for calamus
and investigation of these aspects is required. Generally the oil is
considered to be non-irritant, non-sensitising and non-photo-
toxic.® “*® However, bath preparations containing the oil have
reportedly caused erythema, and dermatitis has been reported in
hypersensitive individuals.®

Contra-indications, Warnings

The toxicity of calamus oil has been associated with the B-asarone
content." It has therefore been advised that only roots free from,
or with a low content of B-asarone should be used in human
phytotherapy.'® In foods and beverages, the concentration of B-
asarone permitted in the final product is restricted (see Food use).

Use of the isolated oil is not recommended.“*<*® In general,
topical application of any undiluted volatile oil is not recom-
mended; external contact with calamus oil may cause an irritant
reaction in sensitive individuals.

Drug interactions None documentated. However, the potential
for preparations of calamus to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. For example, calamus has
amine constituents, and there is limited evidence from in vitro
studies that calamus has monamine oxidase inhibitory activity;
however, the clinical significance of this, if any, is not clear.

Pregnancy and lactation In view of the toxic properties
associated with calamus, it should not be used during pregnancy
or lactation. It is not known whether [-asarone is excreted into the
breast milk.

Preparations

Proprietary single-ingredient preparations

Czech Republic: Koren Puskvorce.

Proprietary multi-ingredient preparations

Austria: Abdomilon N; Original Schwedenbitter. Czech
Republic: Dr Theiss Schwedenbitter; Eugastrin; Stomaran.
France: Jouvence de I'Abbe Soury. Germany: Abdomilon;

Abdomilon Nj ventri-loges N. Israel: Rekiv. Portugal: Chola-
gutt. Russia: Original Grosser Bittner Balsam (Opurunapmsrit
Boabroii Baabsam Burraepa). Switzerland: Kernosan Elixir;
Tisane pour l'estomac; Urinex. UK: Pegina.
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' Calendula

Summary and Pharmaceutical Comment

Phytochemical studies have reported four main groups of
constituents, for calendula, namely flavonoids,
polysaccharides, volatile oil and triterpenes. The latter seems
to represent the principal group, with many compounds
isolated, including pentacyclic alcohols, glycosides (saponins)
and sterols. Animal studies have reported wound-healing and
anti-inflammatory effects, supporting the traditional uses of
calendula in various dermatological conditions. The anti-
inflammatory effect is due to the triterpenoid constituents,
although flavonoids may contribute to the activity. The
reputed antispasmodic effect may be attributable to the
volatile oil fraction. In addition, immunostimulant activity has
been reported for high molecular weight polysaccharide
components. Clinical research assessing the effects of
calendula preparations is limited, and rigorous randomised
controlled clinical trials are required.

Species (Family)

Calendula officinalis L. (Asteraceae)

Synonym(s)
Gold-bloom, Marigold, Marybud, Pot Marigold

Part(s) Used

Flower

Pharmacopoeial and Other Monographs

BHP 1996“?

BP 20078

Complete German Commission E(©?
ESCOP 2003¢7®

Martindale 35th edition©%”

Ph Eur 20078V

WHO volume 1 1999<¢%

Legal Category (Licensed Products)

G37)

GSL (external use only)’

Constituents

The following is compiled from several sources, including General
References G2, G48, G62 and G76.

Flavonoids = Pharmacopoeial standard not less than 0.4%
flavonoids.“®- %% Flavonol (isorhamnetin, quercetin) glycosides
including isoquercitrin, narcissin, neohesperidoside, and rutin.”

Polysaccharides Three polysaccharides PS-1, -II and —III have a
(1—3)-B-p-galactan backbone with short side chains at C-6,
comprising o-araban-(1—3)-araban, o-L-rhamnan-(1—3)-araban
or simple a-L-rhamnan moieties."”

Terpenoids Many components, including o- and B-amyrin,
lupeol, longispinogenin, oleanolic acid, arnidiol, brein, calendu-

ladiol, erythrodiol, faradiol, faradiol-3-myristic acid ester, far-
adiol-3-palmitic acid ester,” helantriols A1, BO, B1 and B2,
lupeol, maniladiol, urs-12-en-3,16,21-triol, ursadiol; oleanolic
acid saponins including calendulosides C-H;*  campesterol,
cholesterol, sitosterol, stigmasterol and taraxasterol (sterols)."”’

Volatile oils Terpenoid components include menthone, iso-
menthone, caryophyllene and an epoxide and ketone derivative,
pedunculatine, a- and B-ionone, a B-ionone epoxide derivative,
dihydroactinidiolide.®

Other constituents Bitter (loliolide),” arvoside A (sesquiterpene

glycoside),®™ carotenoid pigments® and calendulin (gum)."”

Food Use

Calendula is not used in foods. Previously, calendula has been
listed as GRAS (Generally Recognised As Safe).(“%)

Herbal Use

Calendula is stated to possess antispasmodic, mild diaphoretic,
anti-inflammatory, anti-haemorrhagic, emmenagogue, vulnerary,

Saponins

=

R R
faradiol-3-O-laurate laurate maniladiol-3-O-laurate laurate
faradiol-3-O-myristate myristate  maniladiol-3-O-myristate ~ myristate
faradiol-3-O-palmitate palmitate

R'O

Calendulosides
R' R?

glucose (1-=4)~—

galactose (1+-3)— glucuronic acid glucose
g aﬁlatgﬁi: :1 :g;: glucuronic acid H
galactose (1-=3)——glucuronic acid glucose

galactose (1-=4)——glucuronic acid H

glucose (1-=4)——glucuronic acid H
glucuronic acid H
Figure 1 Selected constituents of calendula.




' Calendula

styptic and antiseptic properties. Traditionally, it has been used to
treat gastric and duodenal ulcers, amenorrhoea, dysmenorrhoea
and epistaxis; crural ulcers, varicose veins, haemorrhoids, anal
eczema, proctitis, lymphadenoma, inflamed cutaneous lesions
(topically) and conjunctivitis (as an eye lotion). The German
Commission E approved internal and external use for inflamma-
tion of oral and pharyngeal mucosa and external use in treatment
of poorly healing sores.

Dosage

Dosages for oral administration (adults) and directions for
external use (where stated) for traditional uses recommended in
older and contemporary standard herbal reference texts are given
below.

Dried florets 1—4 g by infusion three times daily.‘“”

Liquid extract 0.5-1.0mL (1:1 in 40% alcohol) three times
daily.(©”

Calendula Tincture (BPC 1934) 0.3-1.2mL (1 : 5 in 90% alcohol)
three times daily.“”

External use Tincture—liquid extract (1:1) in 40% alcohol or
tincture 1:5 in 90% alcohol. Apply to wounds as such and dilute
1:3 with water for compresses. Ointment 2.5%.“*?

Pharmacological Actions

In vitro and animal studies

Anti-inflammatory, antibacterial and antiviral activities have been
reported for calendula."” Weak anti-inflammatory activity in rats
(carrageenan-induced oedema) has been reported.""'?  An
aqueous ethanolic extract had mild dose-dependent action in the
mouse croton oil test with 20% inhibition being reached at a dose
of 1200 pg/ear, whereas a carbon dioxide extract exhibited 70%
inhibition at the same concentration.'® The activity was shown
to be due to the triterpenoids, the most active being a monoester

Figure 2 Calendula (Calendula officinalis).

of faradiol. Further separation of the triterpenoids has shown that
the three most active compounds in the croton oil mouse test are
faradiol-3-myristic acid ester, faradiol-3-palmitic acid ester and 4-
taraxosterol.”)

A polysaccharide enriched extract showed strong concentra-
tion-dependent adhesive properties on porcine buccal membranes
ex vivo."™ Fluorescent labelled rhamnogalacturan indicated the
presence of polysaccharide layers on buccal membranes, leading to
the suggestion that irritated buccal membranes may be smoothed
by mucilage.

The formation of new blood vessels is an essential part of the
wound-healing process. Angiogenic activity has been shown for a
freeze-dried aqueous extract of calendula utilising the chick
chorioallantoic membrane (CAM) assay."” The number of
microvessels in calendula-treated CAMs was significantly higher
than in the control (p < 0.0001). Furthermore, calendula-treated
CAMs were positive for the glycosaminoglycan hyaluronan (HA)
associated with neovascularisation. The presence of HA was not
demonstrated in control CAMs.

A combination of allantoin and calendula extract applied to
surgically induced skin wounds in rats has been reported to
stimulate physiological regeneration and epithelisation."® This
effect was attributed to a more intensive metabolism of
glycoproteins, nucleoproteins and collagen proteins during the
regenerative period in the tissues.'® Allantoin applied on its own
was found to exert a much weaker action.®

A proprietary cream containing a combination of plant
extracts, including calendula, has been reported to be effective
in dextran and burn oedemas and in acute lymphoedema in rats.
Activity against lymphoedema was primarily attributed to an
enhancement of macrophage proteolytic activity."”  Slight
increases in foot oedema were attributed to a vasodilatory action.

The trichomonacidal activity of calendula has been associated
with the essential oil terpenoid fraction.®

An in vitro uterotonic effect has been described for calendula
extract on rabbit and guinea-pig preparations.®

Immunostimulant activity, assayed using granulocyte and
carbon clearance tests, of calendula extracts has been attributed
to polysaccharide fractions of high molecular weight."” Poly-
saccharides PS-1, -II and -III have immunostimulant activity at
concentrations of 107> to 107° mg/mL, stimulating phagocytosis
of human granulocytes in vitro.”” A dry 70% ethanolic extract
was not directly mitogenic, and was inhibitory in the mitogen-
induced lymphocyte assay, causing stimulation at concentrations
of 0.1-10 pg/mL, and inhibition at higher concentrations.”

Lo T S -

Figure 3 Calendula — dried drug substance (flower).



A 70% methanolic extract of calendula was successively
extracted with ether, chloroform, ethyl acetate and n-butanol,
leaving a residual aqueous extract. Each of the five extracts were
concentrated and dissolved in 50% ethanol to produce 6% (w/v)
solutions which were assessed for activity on liposomal lipid
peroxidation induced by Fe’™ and ascorbic acid. The ether,
butanol and water extracts showed antioxidant activity.*"

The triterpenoid constituents of calendula are reported to be
effective as spermicides and as antiblastocyst and abortion
agents. @

In vitro cytotoxic activity and in vivo antitumour activity
(against mouse Ehrlich carcinoma) have been documented for
calendula extracts.”” The most active fraction in vivo (saponin-
rich) was not the most active in vitro.'?

A 70% aqueous ethanolic extract had marked antiviral activity
against influenza virus and herpes simplex virus.“*? A dichlor-
omethane—methanol (1:1) extract exhibited potent anti-HIV
activity in an in vitro MTT/tetrazolium-based assay.*? Un-
infected Molt-4 cells were completely protected for up to 24 hours
from fusion and subsequent death caused by co-cultivation with
persistently infected U-937/HIV-1 cells. The organic extract
caused a significant concentration- and time-dependent reduction
of HIV-1 reverse transcriptase.®?

In a study in mice fed for three weeks with a diet containing
either 0.1% or 0.4% of a calendula extract (containing 37% of
esters of the carotenoid lutein), mammary tumour cells were
infused into the mammary glands. Tumour latency increased, and
tumour growth was inhibited in a dose-dependent manner by
dietary lutein. In addition, dietary lutein was reported to enhance
lymphocyte proliferation.*

Clinical studies

Clinical research assessing the effects of calendula preparations is
limited, and rigorous randomised controlled clinical trials are
required.

A proprietary cream preparation containing several plant
extracts, including calendula, has been reported to reduce pain
associated with postmastectomy lymphoedema, although there
was no significant clinical difference in the reduction of oedema
between controls and experimental groups."” Calendula tincture
20% has been used in the treatment of chronic suppurative
otitis,*” and calendula extracts are used to accelerate healing and
to reduce inflammation.” However, the efficacy of calendula
preparations in these indications has not been assessed in
randomised controlled clinical trials. In an open, uncontrolled
pilot study, 30 patients with burns or scalds were treated three
times daily with a hydrogel containing 10% aqueous ethanolic
extract of calendula for 14 days.””’ Improvement was noted for
reddening, swelling, blistering, pain, soreness and heat sensitivity.
However, the methodological limitations of this study do not
allow any conclusions to be made on the effects of calendula.

Side-effects, Toxicity

An aqueous extract of calendula had an LDjs, of 375 mg/kg
(intravenous administration) and an LDy, of 580 mg/kg (intra-
peritoneal administration) in mice./’” Aqueous ethanolic
extracts (drug/extract ratio 1:1 and 0.5:1, 30% ethanol) had
LDs, values of 45 mg/mouse (subcutaneous administration) and
526mg/100g in rat (intravenous administration). An aqueous
extract was not toxic following chronic administration to mice.
Six saponins at doses of 400 plg were non-mutagenic in the Ames
test using Salmonella typhimurium TA98 with and without S9

Calendula %
activation mixture.“*? In vitro cytotoxicity has been reported for
calendula extracts."” Extracts have been reported to be non-
carcinogenic in rats and hamsters.“*?

There is a lack of clinical safety and toxicity data for calendula
and investigation of these aspects is required.

Contra-indications, Warnings

Calendula may cause an allergic reaction in sensitive individuals,
especially those with an existing hypersensitivity to other
members of the Asteraceae/Compositae.

Drug interactions None documentated. However, the potential
for preparations of calendula to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation Calendula is traditionally reputed to
affect the menstrual cycle. An uterotonic effect (in vitro) has been
reported, and the triterpenoid constituents are reported to be
effective as spermatocides and as antiblastocyst and abortion
agents. In view of the lack of toxicity data, the use of calendula is
best avoided during pregnancy and lactation.

Preparations

Proprietary single-ingredient preparations

Austria: Calendumed. Czech Republic: Dr Theiss Ringelblu-
men Salbe; Gallentee; Mesickovy. France: Calendulene. Mon-
aco: Akipic. UK: Calendolon.

Proprietary multi-ingredient preparations

Argentina: Acnetrol; Brunavera; Bushi; Controlacne; Eurocolor
Post Solar; Europrotec Post Solar; Lavandula Oligoplex;
Odontobiotic. Australia: Eczema Relief; Galium Complex;
Nappy Rash Relief Cream; Skin Healing Cream. Austria: The
Chambard-Tee. Brazil: Calendula Concreta; Malvatricin Nat-
ural. Chile: Matikomp. Czech Republic: Abfuhr-Heilkrauter-
tee; Blahungstee N; Blasen- und Nierentee; Cicaderma;
Epilobin; Hertz- und Kreislauftee. France: Dioptec; Eryange;
Hemorrogel. Germany: bioplant-Kamillenfluid; ~ Cefawell;
Nephronorm med; Unguentum lymphaticum. Italy: Alkagin;
Babygella; Decon Ovuli; Lenirose; Nevril; Proctopure. Mexico:
Sanicut; Supranettes Naturalag. Portugal: Alkagin; Alkagin;
Alkagin; Cicaderma. South Africa: Heilsalbe; Oleum Rhinale
Nasal Oil; Wecesin. Spain: Banoftal; Menstrunat. Switzerland:
Gel a la consoude; Onguent aux herbes Keller; Urinex; Wala
Echinacea. UK: Calendula Nappy Change Cream; Massage
Balm with Calendula; Napiers Echinacea Tea. USA: Nasal-
Ease; Ultimate Antioxidant Formula. Venezuela: Biomicovo;
Supranettes.
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- Capsicum

Summary and Pharmaceutical Comment

Capsicum is commonly used in both foods and medicinal
products. The capsaicinoids are principally responsible for the
biological activity of capsicum. These pungent principles are
thought to stimulate and aid digestion and to act as a
counter-irritant when applied externally. Capsaicin has also
been used as a neurochemical tool for studying sensory
neurotransmission. Topical creams containing capsaicin
0.025% and 0.075% are licensed in the UK for symptomatic
relief of osteoarthritis, and post-herpetic neuralgia,
respectively. Capsicum oleoresin and capsaicin are
ingredients of a number of over-the-counter (OTC) topical
preparations for relief of pain in muscle, tendon and joints.
Conflicting reports have been documented concerning the
effect of capsicum on acid secretion and on ulcer healing.
Capsaicin-sensitive areas of the gastric and duodenal mucosa
are thought to provide protection against mucosal damage. It
has been suggested that this protection is lost if the sensory
fibres are desensitised. Whether oral consumption of
capsicum by humans can cause desensitisation is unclear. The
toxicity of capsicum extracts observed in animals is
considered to be due to the capsaicinoid components.
However, ingestion of capsicum in the diet is not thought to
represent a health risk. Capsicum should not be ingested in
doses greatly exceeding amounts normally used in foods.

Species (Family)

Capsicum species (Solanaceae) including C. annum L., C.
baccatum L., C. chinense Jacq., C. frutescens L., C. pubescens
Ruiz & Pavon, C. minimum Roxb.

Synonym(s)

Cayenne, Chilli Pepper, Hot Pepper, Paprika, Red Pepper, Tabasco
Pepper

Part(s) Used

Fruit
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Figure 1 Selected constituents of capsicum.

Legal Category (Licensed Products)
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Constituents

The following is compiled from several sources, including General
References G22 and G41.

Capsaicinoids Up to 1.5%, usually 0.11%. Major components
capsaicin (48.6%), 6,7-dihydrocapsaicin (36%), nordihydrocapsai-
cin (7.4%), homodihydrocapsaicin (2%) and homocapsaicin

(2%).

Volatile oils Trace. Over 125 components have been isolated with
at least 24 characterised.

Other constituents Carotenoid pigments (capsanthin, capsor-
ubin, carotene, lutein), proteins (12-15%), fats (9-17%), vitamins
including A and C.

Other plant parts The plant material contains solanidine,
solanine and solasodine (steroidal alkaloidal glycosides) and
scopoletin (coumarin).

Food Use

Capsicum (chilli) peppers are widely used as a spice. Capsicum is
listed by the Council of Europe as a natural source of food
flavouring (category N2). This category indicates that capsicum
can be added to foodstuffs in small quantities, with a possible
limitation of an active principle (as yet unspecified) in the final
product.“*® Previously, capsicum has been stated to be GRAS
(Generally Recognised As Safe). @V

Figure 2 Capsicum (Capsicum annum).




Capsicum

Herbal Use

Capsicum is stated to possess stimulant, antispasmodic, carmi-
native, diaphoretic, counterirritant, antiseptic and rubefacient
properties. 7S Traditionally, it has been used for colic,
flatulent dyspepsia without inflammation, chronic laryngitis (as a
gargle), insufficiency of peripheral circulation and externally for
neuralgia including rheumatic pains and unbroken chilblains (as a
lotion/ointment). The German Commission E approved external
use for treatment of painful muscle spasms in shoulder, arm and
spine; arthritis, rheumatism, lumbago and chilblains.‘“*

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Fruit 30-120 mg three times daily.(%”

Capsicum Tincture (BPC 1968) 0.3-1.0mL; capsaicin content
0.005-0.01%.“*

Stronger Tincture of Capsicum (BPC 1934) 0.06-2.0 mL.
Oleoresin 0.6-2.0 mg./“*¥

Oleoresin, internal 1.2mg (maximum dose), 1.8 mg (maximum
daily dose).(“3"
Oleoresin, external 2.5% maximum strength.'“*”

Creams, ointments 0.02-0.05%.“¥

Pharmacological Actions

Capsaicin has effects on nervous, cardiovascular, respiratory,
thermoregulatory and gastrointestinal systems." Capsaicin has
been used as a neurochemical tool for studying sensory
neurotransmission.

In vitro and animal studies

Infusion of capsaicin (200 pg/kg, by intravenous injection) has
been reported to evoke dose-dependent catecholamine secretion
(adrenaline, noradrenaline) from the adrenal medulla of pento-
barbitone-anaesthetised rats.

The addition of capsaicin (0.014%) to a high-fat (30%) diet fed
to rats was found to reduce serum-triglyceride concentrations but
to have no effect on serum cholesterol or pre-f-lipoprotein

@)

Figure 3 Capsicum - dried drug substance (fruit).

concentrations.”” Capsaicin was thought to stimulate lipid

mobilisation from adipose tissue. Lipid absorption was unaffected
by capsaicin supplementation.®

Activities of two hepatic enzymes, glucose-6-phosphate dehy-
drogenase and adipose lipoprotein lipase, were elevated in rats
when capsaicin was added to the diet.”) Capsicum extracts fed
orally to hamsters have been reported to significantly decrease
hepatic vitamin A concentrations.” Serum vitamin A concentra-
tions were not affected.”

Both the gastric and duodenal mucosae are thought to contain
'capsaicin-sensitive' areas which afford protection against acid-
and drug-induced ulcers when stimulated by hydrochloric acid or
by capsaicin itself. Stimulation causes an increase in mucosal
blood flow and/or vascular permeability, inhibits gastric motility,
and activates duodenal motility.® Desensitisation of these areas,
using a regimen involving subcutaneous or oral administration of
capsaicin, is thought to remove the protection.”) However,
capsaicin desensitisation was found to have little effect on
peripheral responses to stress (i.e. ulcer formation) but did
enhance central responses (increase in plasma corticosterone
concentration) in rats.®’ The increase in plasma corticosterone
concentration observed in capsaicin-desensitised rats was similar
in stressed and non-stressed animals.®

Capsaicin was found to influence adrenal cortical activity
independently of the presence of a stress factor and may represent
a stressor in itself.) Capsaicin desensitisation was not found to
influence basal gastric acid secretion in non-stressed rats, but did
lower pentagastrin-stimulated gastric output.) However, other
results have reported that capsaicin desensitisation does increase
acid secretion.®

Capsicum (leaf and stem) has been reported to exhibit uterine
stimulant activity in animal studies.“*”

Pharmacokinetic studies in rats have reported that capsaicin is
readily transported via the gastrointestinal tract and absorbed
through non-active transport into the portal vein.””” Capsaicin is
partly hydrolysed during absorption and the majority is excreted
in the urine within 48 hours.>” Dihydrocapsaicin-hydrolysing
enzyme is present in various organs of the rat but principally in
the gastrointestinal tract and the liver. The biotransformation
pathway of dihydrocapsaicin in the rat has been studied.”
Metabolites are mainly excreted as glucuronide conjugates in the

ine 7)
urine.

Clinical studies

Ingestion of red chillies (10g in wheatmeal) by patients with
duodenal ulcers and by control patients does not have a significant
effect on acid or pepsin secretion, or on sodium, potassium and
chloride concentrations in the gastric aspirate.®® No apparent
change (qualitative or quantitative) in mucous and gastric mucosal
erosion was evident.® However, in contrast, capsicum has been
shown to increase acid concentration and DNA content (indicat-
ing exfoliation of epithelial cells) of gastric aspirates in both
control subjects and patients with duodenal ulcers.” A study
involving 18 healthy volunteers suggested that chilli (20g in
200 mL water) protected against aspirin-induced gastroduodenal
mucosal injury, compared with control (water).")

Capsicum is applied externally as a counter-irritant in many
preparations used for rheumatism, arthritis, neuralgia and
lumbago. Clinical studies of topical preparations containing
capsaicin have investigated its effectiveness in the treatment of
chronic post-herpetic neuralgia, shingles, diabetic neuropathy,
rhinopathy and neuropathic pain in cancer patients.“? A



systematic review of randomised, double-blind, placebo-con-
trolled trials of topical capsaicin included 13 trials involving
patients with diabetic neuropathy, osteoarthritis, post-herpetic
neuralgia, postmastectomy pain and psoriasis."'” All the included
trials reported that capsaicin was superior to placebo. However,
the review drew cautious conclusions because blinding may have
been compromised by the irritant effects of capsaicin.

Side-effects, Toxicity

Capsicum contains pungent principles (capsaicinoids) that are
strongly irritant to mucosal membranes. Inhalation of paprika can
produce a form of allergic alveolitis.

Chronic administration of capsicum extract (0.5 pg capsaicin/
kg body weight) to hamsters has been reported to be toxic.™
Treated animals did not survive beyond 17 months whereas all
untreated controls survived beyond this period. In addition, eye
abnormalities were observed in the treated animals. This effect
was attributed to the depletion of substance P in primary afferent
neurons by capsaicin, causing a loss of corneal pain sensation and
subsequently the loss of protective corneal reflexes.

It is thought that metabolism of capsaicin and related analogues
may reduce their acute toxicity.”’ LDs, values stated for capsaicin
in mice include 0.56 mg/kg (intravenous), 7.56 mg/kg (intraper-
itoneal), 9.00 mg/kg (subcutaneous) and 190 mg/kg (oral). In rats,
an intraperitoneal LDsy of 10mg/kg has been reported for
capsaicin.”) The toxicity of capsaicinoids has reportedly not
been ascribed to any one specific action but may be due to their
causing respiratory failure, bradycardia and hypotension.”

Contra-indications, Warnings

Capsicum may cause gastrointestinal irritation, although it has
been stated that capsicum does not influence the healing of
duodenal ulcers and does not need to be avoided by patients with
this condition.

Drug interactions None documented. However, the potential for
preparations of capsicum to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

There is limited evidence from preclinical studies that capsicum
can stimulate catecholamine release and that it can induce activity
of glucose-6-phosphate dehydrogenase and adipose lipoprotein
lipase in the liver. However, the clinical significance of this, if any
(particularly for topical preparations), is not known.

Pregnancy and lactation There are no known problems with
the use of capsicum during pregnancy, although it may cause
gastrointestinal irritation and should therefore be used with
caution. Doses should not greatly exceed amounts normally
ingested in foods. It is not known whether the pungent
components in capsicum are secreted into breast milk.
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Preparations

Proprietary single-ingredient preparations

Austria: ABC. Chile: Dolorub Capsico; Parche Leon Fortifi-
cante. Germany: Capsamol; Jucurba; Thermo Burger.

Proprietary multi-ingredient preparations

Argentina: Sebulex. Australia: Bioglan Joint Mobility; Bioglan
The Blue One; Euphrasia Complex; Euphrasia Compound; For
Peripheral Circulation Herbal Plus Formula 5; Lifesystem
Herbal Formula 6 For Peripheral Circulation; Valerian.
Austria: Mentopin; Salhumin; Trauma-Salbe warmend. Bel-
gium: Thermocream. Brazil: Pilulas Ross. Canada: Absorbine
Arthritis. Germany: Cremor Capsici compositus; Gothaplast
Rheumamed AC. India: Flexi-muv. Israel: Mento-O-Cap. Italy:
Gelovis. Malaysia: Dandelion Complex; Total Man. Mexico:
Parche Negro Belladona. Netherlands: Cremor capsici comp;
Kruidvat Spierbalsem. Portugal: Balsamo Analgesico Sanitas;
Medalginan. Russia: Efcamon (Ddxamon); Espol (Dcroa).
South Africa: Muscle Rub; Tandpyndruppels. Spain: Dolokey;
Embrocacion Gras; Linimento Naion. Switzerland: Midalgan.
Thailand: Flatulence Gastulence; Meloids. UK: Allens Dry
Tickly Cough; Buttercup Syrup; Catarrh Mixture; Hactos;
Hansaplast Herbal Heat Plaster; Honey & Molasses; Indian
Brandee; Indian Brandee; Indigestion Relief; Jamaican Sarsa-
parilla; Kilkof; Life Drops; Rheumatic Pain Relief; Sanderson's
Throat Specific; Sanderson's Throat Specific; Vegetable Cough
Remover. USA: MSM with Glucosamine Creme; Throat Discs.
Venezuela: Ehrlich Balsamo.
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' Cascara

Summary and Pharmaceutical Comment

The chemistry of cascara is characterised by the
anthraquinone derivatives, especially the cascarosides. The
laxative action of these compounds is well recognised.
Cascara has been used extensively in conventional
pharmaceutical preparations. Stimulant laxatives have largely
been superseded by bulk-forming laxatives. However, the use
of non-standardised anthraquinone-containing preparations
should be avoided since their pharmacological effects will be
variable and unpredictable. In particular, the use of products
containing combinations of anthraquinone laxatives is not
advisable.

Species (Family)

Rhamnus purshiana DC. (Frangula purshiana (DC). A. Gray ex J.
C. Cooper) (Rhamnaceae)

Synonym(s)

Cascara Sagrada, Rhamni Purshianae Cortex, Rhamnus

Part(s) Used
Bark

Pharmacopoeial and Other Monographs

BHP 1996¢”

BP 2007(C8%%

Complete German Commission E(C?)
ESCOP 2003¢7®

Martindale 35th edition(©%

Ph Eur 20078

USP29/NF248¢)

Legal Category (Licensed Products)
GSLI“¥

Constituents

The following is compiled from several sources, including General
References G2, G6, G52, G59 and G62.

Anthracene glycosides Pharmacopoeial standard, not less than
8% hydroxyanthracene glycosides./“'>%*® Cascarosides A and B
are anthrone C- and O-glycosides being 8-O-B-D-glucosides of 10-
S-deoxyglucosyl aloe-emodin anthrone (aloin A) and of 10-R-
deoxyglucosyl aloe-emodin anthrone (aloin B), respectively.
Cascarosides C and D are the 8-O-B-bD-glucosides of 10-(R)-(S)-
deoxyglucosyl chrysophanol anthrone (chrysaloin A and B,
respectively). Cascarosides E and F are the 8-O-B-D-glucosides
of 10-deoxyglucosyl emodin-9-anthrone. The cascarosides com-
prise 60-70% of the total hydroxyanthracene complex. Aloins A
and B, chrysaloins A and B account for 10-30% of the total
hydroxyanthracene complex. The remaining 10-20% is a mixture
of hydroxyanthracene O-glycosides including monoglucosides of
aloe-emodin, chrysophanol, emodin and physcion.
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Other constituents Linoleic acid, myristic acid, syringic acid,
lipids, resin and tannin.

Food Use

Cascara is listed by the Council of Europe as a natural source of
food flavouring (category N4). This category indicates that while
the use of cascara for flavouring purposes is recognised, it cannot
be classified into the categories N1, N2 or N3 because of
insufficient information./“'® Previously, in the USA, cascara has
been approved for food use.“*

Herbal Use

Cascara is stated to possess mild purgative properties and has
been used for constipation. The German Commission E approved
use for treatment of constipation.©®

Anthracene glycosides
OR' O OH

Fi1 HE F|3 Hd
cascaroside A B-D-glucose OH H fi-D-glucose
cascaroside B B-D-glucose OH f-D-glucose H
cascaroside C p-D-glucose H H B-D-glucose

cascaroside D p-D-glucose H  pB-D-glucose H

3 CHR'
RZ R
R' R? R®
aloin A OH H B-D-glucose
aloin B OH [(-D-glucose H
(+)-11-desoxyaloin H H f-D-glucose

(-)-11-desoxyaloin H  p-D-glucose H

Anthraguinones

OH © OH
H1 O. O RE
o]

R' R2
emodin OH  CHs
aloe emodin H CH.OH
chrysophanol H CHg
physcion OCHz CHjz

Figure 1 Selected constituents of cascara.



Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried bark 0.3-1g as a single daily dose.‘“*<7

Infusion 1.5-2¢ of dried bark in 150 mL hot water.“3<7®

Cascara Liquid Extract (BP 1980) 2-5mL.

Preparations Equivalent to 20-30 mg hydroxyanthracene deriva-
tives calculated as cascaroside A, daily,(“3<7¢)

Cascara is not recommended for use in children under 10 years
of age.(©7®

Pharmacological Actions

The laxative action of anthraquinone glycosides is well recognised
(see Senna). Cascara has a laxative action./¢*¢7®
Clinical studies

Studies involving elderly patients suggest that cascara treatment,
compared with placebo, leads to relief of constipation and
increased bowel movements.'”

Side-effects, Toxicity

The side-effects and toxicity documented for anthraquinone
glycosides are applicable (see Senna).

Figure 3 Cascara — dried drug substance (bark).
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Contra-indications, Warnings

Contra-indications and warnings described for antraquinone
glycosides are applicable (see Senna).

Cascara is contra-indicated for patients with intestinal
obstruction and stenosis, atony, inflamatory diseases of the colon
(e.g. Crohn's disease, colitis), appendicitis, abdominal pain of
unknown origin, severe dehydration states with water and
electrolyte depletion and in children under 10 years.“”® Cascara
should not be used over an extended period of time — use for more
than two weeks requires medical supervision.

Drug interactions Hypokalaemia (resulting from long-term
laxative abuse) potentiates the action of cardiac glycosides and
interacts with antiarrhythmic drugs or with drugs that induce
reversion to sinus rhythm (e.g. quinidine). Concomittant use of
cascara with other drugs inducing hypokalaemia (e.g. thiazide-
diuretics, andrenocorticosteroids, liquorice root) may aggravate
. (G76)
electrolyte imbalance.

Pregnancy and lactation Cascara should not be used during
pregnancy and lactation.

Preparations

Proprietary single-ingredient preparations

Argentina: Natulax. France: Peristaltine. Germany: Legapas.
Portugal: Laxolen; Mucinum.

Proprietary multi-ingredient preparations

Argentina: Bilidren; Cascara Sagrada Bouzen; Veracolate; Yuyo.
Australia: Colax; Colax; Peritone. Austria: Cascara-Salax;
Silberne. Belgium: Grains de Vals; Vethoine. Brazil: Bilifel;
Boldopeptan; Chofranina; Composto Emagrecedor; Emagrevit;
Eparema; Jurubileno; Pilulas De Witt's; Prisoventril; Solvobil;
Ventre Livre. Canada: Bicholate; Cholasyn II; Control; Doulax;
Herbal Laxative; Herbalax; Herborex; Laxaco; Laxative;
Mucinum. Chile: Bulgarolax. France: Dragees Fuca; Dragees
Vegetales Rex; Grains de Vals; Imegul; Mucinum a I'Extrait de
Cascara. Hong Kong: Mucinum Cascara. Italy: Amaro
Medicinale; Coladren; Confetti Lassativi CM; Critichol;
Digelax; Dis-Cinil Complex; Draverex; Eparema-Levul; Epar-
ema; Eupatol; Fave di Fuca; Grani di Vals; Hepatos B12;
Hepatos; Lassatina; Magisbile; Mepalax; Solvobil; Stimolfit.
Norway: Cosylan. South Africa: Moultons Herbal Extract.
Spain: Crislaxo; Lipograsil; Menabil Complex; Nico Hepato-
cyn; Pildoras Zeninas. Sweden: Emulax. Switzerland: Padma-
Lax; Padmed Laxan. Thailand: Flatulence Gastulence; Hemo-
lax; Veracolate. UK: Dual-Lax Extra Strong; Dual-Lax Normal
Strength; Jacksons Herbal Laxative; Laxative Tablets; Modern
Herbals Laxative; Modern Herbals Pile; Natural Herb Tablets;
Out-of-Sorts; Pileabs; Piletabs; Rhuaka; Skin Eruptions Mix-
ture. USA: Citrimax Plus with ChromeMate; Concentrated
Milk of Magnesia-Cascara. Venezuela: Gameral.

Reference
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' Cassia

Summary and Pharmaceutical Comment

Cassia is similar in composition to cinnamon and both are
widely used as flavouring agents in foods, and in
pharmaceutical and cosmetic preparations. Cassia oil is stated
to be inferior in flavour to cinnamon oil. The reputed herbal
uses of cassia have been attributed to the oil. Cassia contains
an irritant and sensitising principle in the oil,
cinnamaldehyde, and should not be used in amounts
generally exceeding those used in foods. It has been
recommended that the oil should never be applied topically.

Species (Family)

Cinnamomum cassia Pressl. (Lauraceae)

Synonym(s)

Cassia Bark, Cassia Lignea, Chinese Cinnamon, Cinnamomum
aromaticum Nees, Cinnamomum pseudomelastoma auct. non
Liao, False Cinnamon

Part(s) Used
Bark

Pharmacopoeial and Other Monographs

BHP 1996¢”

BP 2007<84

Martindale 35th edition “%
PhEur 20078

Legal Category (Licensed Products)
GSL (o0il)!¢*”)

Constituents

The following is compiled from several sources, including General
References G41, G358, G59 and G62.

Phenylpropanoids

CHO
=
HsCO
O C H 3
cinnamaldehyde methyleugenol
Phenols
CHO
OH

salicylaldehyde

Figure 1 Selected constituents of cassia.

Volatile oils 1-2%. Mainly composed of cinnamaldehyde (75—
90%). Other major components include salicylaldehyde, methyl-
salicylaldehyde, and methyleugenol. Eugenol is reported to be
absent. Cassia oil contains no monoterpenoids or sesquiterpe-
noids.

Other constituents Calcium oxalate, coumarin, mucilage (higher
content compared to cinnamon), resins, sugars and tannins
(condensed). Complex diterpenoids have been isolated from
cinnamomi cortex, for which C. cassia is used as a source.

Food Use

Cassia bark and oil are extensively used as food flavourings. A
temporary estimated acceptable daily intake of cinnamaldehyde is
700 pg/kg body weight. Previously, cassia has been listed as GRAS
(Generally Recognised As Safe).©*"

Herbal Use

Cassia is stated to possess carminative, antispasmodic, anti-
emetic, antidiarrhoeal and antimicrobial properties. It has been
used for flatulent dyspepsia, flatulent colic, diarrhoea, the
common cold, and specifically for colic or dyspepsia with flatulent
distension and nausea.’“” Cassia bark is also documented to

. - (GAL, G64) S I
possess astringent properties. Carminative and antiseptic
properties are documented for the oil.“*"

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Dried bark 0.5-1g as an infusion three times daily.“”

Oil of cassia (BPC 1949) 0.05-0.2 mL three times daily.(“”

Figure 2 Cassia (Cinnamomum cassia).



Figure 3 Cassia — dried drug substance (bark).

Pharmacological Actions

In vitro and animal studies

Anti-ulcerogenic properties have been described for two propionic
derivatives isolated from cassia.?’ An in vivo study using rats
reported activity against a variety of ulcerogens including
serotonin, phenylbutazone, ethanol, water immersion and stress.
The compounds were thought to act by improving gastric blood
flow rather than by inhibiting gastric secretion.

Many pharmacological investigations have been carried out on
cinnamomi cortex (bark), for which sources include C. cassia
(cassia) and Cinnamomum zeylanicum (cinnamon). These studies
have either examined the volatile oil, in particular the major
constituent cinnamaldehyde, or parts excluding the oil.!

Activities documented for cinnamaldehyde include CNS
stimulation (low dose), sedation (high dose), hypothermic and
antipyretic actions;'"“*" antibacterial and antifungal activity,
acceleration of catecholamine (mainly adrenaline) release from the
adrenal glands, weak papaverine-like action, increase in peripheral
blood flow, hypotension, bradycardia and hyperglycaemia have
also been reported."”) However, these actions are of low potency
and, in addition, much of the cinnamaldehyde content of cassia is
thought to be lost by evaporation and auto-oxidation during
decoction of the crude drug. The contribution of cinnamaldehyde
to the overall therapeutic efficacy of cassia has, therefore, been
questioned.

Actions observed for essential oil-free aqueous extracts have
been reported to be weak, and the only appreciable effects are
prolongation of barbiturate-induced sedation and a slight
reduction of acetic acid-induced writhing. "

In vivo inhibitory activity against complement formation has
been documented and attributed to the diterpenoid and condensed

Cassia

tannin constituents.”’ Anti-inflammatory activity exhibited by the
Japanese plant Cinnamomum sieboldii Meisn (also used as a
source for cassia bark), has been attributed to a series of
condensed tannin constituents.”) Antiplatelet aggregation and
antithrombotic actions have also been reported. These actions,
together with the documented anti-inflammatory activity, are
thought to contribute to the suppression of thrombus formation
in certain diseases."

Antitumour activity has been described and the activity depends
on the plant source used."

Clinical studies

There is a lack of clinical research assessing the effects of cassia
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

Allergic reactions, mainly contact sensitivity, to cassia oil and bark
have been reported.“>">“*® Cinnamaldehyde in toothpastes and
perfumes has also been reported to cause contact sensitivity. "
Cassia oil is stated to cause dermal and mucous membrane
irritation.“*® The irritant and sensitising properties of cassia oil
have been attributed to cinnamaldehyde.*® The dermal LDs,
value for cassia oil is stated as 320 mg/kg body weight.@*®

There is a lack of clinical safety data and toxicity data for cassia
and further investigation of these aspects is required.

Contra-indications, Warnings

Contact with cassia bark or oil may cause an allergic reaction.
Cassia oil is stated to be one of the most hazardous oils and

should not be used on the skin in concentrations of more than
0.29%.(G8)

Drug interactions None documented. However, the potential for
preparations of cassia to interact with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered.

Pregnancy and lactation There are no known problems with
the use of cassia during pregnancy, provided that amounts taken
do not exceed those generally used in foods. It is not known
whether the constituents of cassia are secreted into breast milk.
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' Cat’s Claw

Summary and Pharmaceutical Comment

The chemistry of cat’s claw is well documented. Reported
pharmacological activities are mainly associated with the
oxindole alkaloids and the quinovic acid glycosides.

The two species Uncaria tomentosa and U. guianensis may
be confused. In addition, there are two chemotypes of U.
tomentosa, one predominantly producing pentacyclic
oxindole alkaloids, and the other tetracyclic oxindole
alkaloids. Since the tetracyclic oxindole alkaloids have been
reported to antagonise the immunostimulant effect of the
pentacyclic oxindole alkaloids on human cells in vitro, it has
been stated that mixtures of the two chemotypes of cat’s claw
are unsuitable for therapeutic use unless certified to contain
less than 0.02% tetracyclic oxindole alkaloids.

Documented scientific evidence from in vitro and, to a
lesser extent, animal studies provides some supportive
evidence for some of the uses of cat’s claw. However, there is
a lack of clinical data, and well-designed clinical trials
involving adequate numbers of patients and using
standardised preparations manufactured from the
appropriate chemotype are necessary.

In view of the lack of toxicity and safety data, excessive use
of cat’s claw should be avoided. Individuals wishing to use
cat’s claw concurrently with conventional medicines should
first seek advice from an appropriate healthcare professional.

Species (Family)

Uncaria tomentosa (Willd. ex Schult.) DC., Uncaria guianensis
(Aubl.) Gmel. (Rubiaceae)

Synonym(s)

Life-giving Vine of Peru, Savéntaro, Uiia de gato

Part(s) Used

Roots, root bark, stem bark and leaves

Pharmacopoeial and Other Monographs

None

Legal Category (Licensed Products)

Cat's claw is not included in the GSL.(%*”

Constituents

Alkaloids Both U. tomentosa and U. guianensis yield oxindole
alkaloids, including isorhynchophylline and rhynchophylline and
their N-oxides, mitraphylline and the indole alkaloids dihydro-
corynantheine, hirsutine and hirsuteine.”’ Glucoalkaloids includ-
ing 3,4-dehydro-5-carboxystrictosidine, carboxystrictosidine and
lyaloside are also present. U. tomentosa also contains isomitra-
phylline, its N-oxide, dihydrocorynantheine N-oxide and hirsutine
N-oxide."”

There are two chemotypes of U. tomentosa which differ
markedly in their patterns of alkaloids present in the root bark;
in addition, the alkaloidal pattern of individual plants changes
with time.”* One chemotype primarily contains the pentacyclic
oxindole alkaloids pteropodine, isopteropodine, mitraphylline,
isomitraphylline, uncarine F and speciophylline,"” whereas the
other chemotype primarily contains the tetracyclic oxindole
alkaloids rhynchophylline and isorhynchophylline."’ Although a
particular plant may contain either tetracyclic or pentacyclic
oxindole alkaloids predominantly, both types of alkaloids can co-
occur in the same plant.®®

Other constituents Quinovic acid glycosides have been isolated
from both species.  Polyhydroxylated triterpenes'” and
steroids (B-sitosterol, stigmasterol, campesterol)™ occur in U.
tomentosa. An unidentified South American species of Uncaria
(presumably either U. guianensis or U. tomentosa) contains
polyphenols ((—)-epicatechin and procyanidins).™

Food Use

Cat's claw is not used in foods.

Herbal Use

Cat's claw is stated to possess anti-inflammatory, antiviral,
antioxidant, immunostimulating, antirheumatic and anticancer
properties.“*? It is native to the Amazon and has been used
traditionally to treat gonorrhoea, dysentry, arthritis, rheumatism,
gastric ulcers and various tumours.""? It is also reputed to be a

contraceptive.

Dosage

None documented in standard herbal and pharmaceutical
reference texts.

Commercial products (tablets, capsules) contain varying
amounts of material, ranging from 25-300mg standardised
extract and from 400 mg to 5 g of plant material./“*

Pharmacological Actions

Several pharmacological activities have been documented for cat's
claw, including anti-inflammatory, antimutagenic, antitumour,

antioxidant and immunostimulating properties.'* ')

In vitro and animal studies

Certain oxindole alkaloids isolated from U. tomentosa (isopter-
opodine, pteropodine, isomitraphylline, isorhynchophylline) have
been shown to enhance phagocytosis markedly in wvitro."™"
Pentacyclic oxindole alkaloids from U. tomentosa have been
reported to induce the release of a lymphocyte proliferation-
regulating factor from human endothelial cells; tetracyclic
oxindole alkaloids were found to reduce the activity of pentacyclic
oxindole alkaloids on these cells in a concentration-dependent
manner."> " Stem bark extracts of U. tomentosa have also been
shown to stimulate interleukin 1 (IL-1) and interleukin 6 (IL-6)
production in vitro in rat alveolar macrophages in a concentra-
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Figure 1 Selected constituents of cat’s claw.

tion-dependent manner (range 0.025-0.1 mg/mL) and to potenti-
ate the production of IL-1 and IL-6 in lipopolysaccharide-
stimulated macrophages.'

Extracts and fractions of U. tomentosa bark have shown no
mutagenic effect but demonstrated a protective antimutagenic
effect in vitro against 8-methoxypsoralen- and UVA-induced
photomutagenesis in Salmonella typhimurium TA102.""” This
antimutagenic activity may be due to an antioxidant effect of U.
tomentosa.t”

In vitro antioxidant activity of stem bark and root extracts of U.
tomentosa has been demonstrated in an assay using tert-
butylhydroperoxide-initiated chemoluminescence in rat liver
homogenates."® Extracts also prevented free radical-mediated
DNA sugar damage."®

In vitro antitumour activity of water extracts of U. tomentosa
(C-Med-100) has been shown in a human leukaemic cell line (HL-

Cat’s Claw
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60) and a human Epstein—Barr virus (EBV)-transformed B
lymphoma cell line (Raji)."” The suppressive effect of U.
tomentosa extracts on tumour cell growth appear to be mediated
through induction of apoptosis.™ The pentacyclic oxindole
alkaloids uncarine C and uncarine E from U. guianensis have been
identified as cytotoxic and DNA-damaging agents in a yeast-based
assay.?” These alkaloids also showed moderate cytotoxicity to
several mammalian cell lines, including human lung carcinoma.®”
In vitro, aqueous extracts of U. tomentosa bark appear to interact
with oestrogen receptor-binding sites."

Rhynchophylline has been reported to inhibit rat®? and rabbit
platelet aggregation ex vivo.”” Studies in cats and dogs have
reported that rhynchophylline has a negative inotropic effect
which can contribute to a hypotensive effect.* Rhynchophylline
and isorhynchophylline have been reported to have negative
chronotropic and inotropic effects in isolated guinea-pig atria.”




' Cat’s Claw

Isorhynchophylline has been reported to have hypotensive effects
in rats and dogs.*

Trichloromethane/methanol and aqueous extracts of cat's claw
(U. tomentosa) bark have demonstrated anti-inflammatory activity
in the rat paw carrageenan-induced oedema test; a quinovic acid
glycoside was identified as one of the active principles.® An
aqueous extract of cat's claw (U. tomentosa) bark was reported to
protect against oxidant-induced stress in vitro and to attenuate
indometacin-induced chronic intestinal inflammation in rats.*”
Cat's claw extract was found to prevent the activation of the

Triterpenes

R' R2 R®
quinovic acid glycosides Glc (3+=1)-Fuc  Glc H
Glc (3~1)-Fuc H H
Gle (3+1)-Fuc H Gle

(Glc = glucosyl; Fuc = fucosyl)
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OH
HO lo] (I
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“OH
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cinchonain 1b o-H

Figure 2 Selected constituents of cat’s claw.
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Figure 3 Cat's claw — dried drug substance (stem bark).

transcription factor NF-kB, which suggests a mechanism for the
anti-inflammatory activity of cat's claw.””

Quinovic acid glycosides have demonstrated antiviral activity in
in vitro tests against the RNA virus vesicular stomatitis virus.”
Two quinovic acid glycosides also demonstrated in vitro activity
against rhinovirus type 1B.”

Receptor-binding assays using dihydrocorynantheine isolated
from the branchlet and hook of Uncaria sinensis (and also found
in U. tomentosa) have shown that this alkaloid is a partial agonist
for serotonin receptors.?®

Clinical studies

There is a lack of clinical research assessing the effects of cat's
claw and rigorous randomised controlled clinical trials are
required.

A decoction of U. tomentosa bark ingested daily for 15 days by
a smoker decreased the mutagenicity induced in S. typhimurium
TA98 and TA100 by the subject's urine; urine from a non-smoker
who ingested the same regimen of U. tomentosa did not show any
mutagenic activity before, during or after treatment.””

In an uncontrolled study, 13 HIV-positive individuals who
refused to receive other therapies ingested 20 mg daily of an
extract of U. tomentosa root (containing 12 mg total pentacyclic
oxindole alkaloids per gram) for 2.2-5 months."® The total
leukocyte number in the group was unchanged, compared with
pretreatment values, whereas the relative and absolute lymphocyte
count increased significantly. No significant changes in T4/T8 cell
ratios were observed.'?

Side-effects, Toxicity

There is a lack of clinical safety and toxicity data for cat's claw and
further investigation of these aspects is required.

There has been an isolated report of acute renal failure in a
Peruvian woman with systemic lupus erythematosus who had
added a product containing cat's claw (one capsule four times
daily, obtained from a local herbal shop) to her regimen of
prednisone, atenolol, metolazone, furosemide and nifedipine.*”
The patient had a serum creatinine concentration of 3.6 mg/dL
and was diagnosed with acute allergic interstitial nephritis. She
was advised to discontinue cat's claw and, one month later, her
renal function had improved (serum creatinine 2.7 mg/dL).

Data on the acute oral toxicity of U. tomentosa aqueous root
extract (containing 35 mg total pentacyclic oxindole alkaloids per
gram) in mice and four-week oral toxicity of an aqueous extract of
U. tomentosa root (containing 7.5 mg total oxindole alkaloids per
gram) in rats administered 1000 mg/kg/day have been sum-
marised.""? The acute median LDs, to mice was found to be
greater than 16 g/lkg body weight. In the study in rats, a slight but
statistically significant increase in the percentage of lymphocytes
and a decrease in the percentage of neutrophil granulocytes were
seen. In addition, an increase in the relative weight of the kidneys
in rats of both sexes was noted, although kidney histology was
normal.

In vitro, extracts of U. tomentosa have been shown to possess
antitumour activity and to stimulate production of the cytokines
IL-1 and IL-6, both of which are known to initiate a cascade of
defence activities of the immune system. Oxindole alkaloids from
U. tomentosa have been reported to enhance phago cytosis in vitro
(see Pharmacological Actions, In vitro and animal studies).

The in vitro toxicity of aqueous extracts of U. tomentosa has
been evaluated in bioassays using Chinese hamster ovary (CHO)
cells and bacterial cells (Photobacterium phosphoreum).®” At the



concentrations used (10-100 mg/mL), the extracts did not show a
significant cytotoxic effect in CHO cells and demonstrated a non-
toxic effect in the bacterial cells used.

Contra-indications, Warnings

Drug interactions None documented. However, the potential for
preparations of cat's claw to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. There is limited evidence
from preclinical studies that cat's claw has immunostimulant
properties, and it is advised that extracts of the pentacyclic
chemotype of U. tomentosa should be avoided where there is a risk
of organ rejection in patients undergoing transplants; this includes
bone marrow transplants."?

There is also limited evidence from preclinical studies that
rhynchophylline inhibits platelet aggregation®? and that
rhynchophylline® and isorhynchopylline®® have hypertensive
effects. However, the clinical significance of these, if any, is not
known.

It has been stated that mixtures of the two chemotypes of cat's
claw are unsuitable for therapeutic use unless certified to contain
less than 0.02% tetracyclic oxindole alkaloids.®"

Pregnancy and lactation The safety of cat's claw has not been
established. In view of the lack of toxicity data, use of cat's claw
during pregnancy and lactation should be avoided. In addition,
use in children (<3 years) is not advised.

Preparations

Proprietary multi-ingredient preparations

USA: Cran Support.

References

1 Hemingway SR, Phillipson JD. Alkaloids from South American
species of Uncaria (Rubiaceae). ] Pharm Pharmacol 1974; 26 (Suppl.
Suppl.): P113.

2 Laus G, Keplinger D. Separation of stereoisomeric oxindole alkaloids
from Uncaria tomentosa by high performance liquid chromatography.
J Chromatogr 1994; 662: 243-249.

3 Laus G et al. Alkaloids of Peruvian Uncaria tomentosa.
Phytochemistry 1997; 45: 855-860.

4 Montenegro de Matta S et al. Alkaloids and procyanidins of an
Uncaria sp. from Peru. 1l Farmaco-Ed Sci 1976; 31: 5227-5235.

5 Phillipson JD et al. Alkaloids of Uncaria. Part V. Their occurrence and
chemotaxonomy. Lloydia 1978; 41: 503-570.

6 Cerri R et al. New quinovic acid glycosides from Uncaria tomentosa. |
Nat Prod 1988; 51: 257-261.

7 Aquino R et al. Plant metabolites. Structure and in vitro antiviral
activity of quinovic acid glycosides from Uncaria tomentosa and
Guettarda platypoda. | Nat Prod 1989; 52: 679-685.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Cat’s Claw

\ 4

Aquino R et al. Plant metabolites. New compounds and anti-
inflammatory activity of Uncaria tomentosa. | Nat Prod 1991; 54:
453-459.

Yepez AM et al. Quinovic acid glycosides from Uncaria guainensis.
Phytochemistry 1991; 30: 1635-1637.

Aquino R et al. New polyhydroxylated triterpenes from Uncaria
tomentosa. | Nat Prod 1990; 53: 559-564.

Senatore A et al. Richerche fitochimiche e biologiche sull'Uncaria
tomentosa. Boll Soc It Biol Sper 1989; 65: 517-520.

Keplinger K et al. Uncaria tomentosa (Willd.) DC. — ethnomedicinal
use and new pharmacological, toxicological and botanical results. |
Ethnopharmacol 1999; 64: 23-34.

Reinhard K-H. Uncaria tomentosa (Willd.) D.C.: cat's claw, Uia de
gato, Savéntaro. | Alt Complement Med 1999; 5: 143-151.

Wagner H et al. Die alkaloide von Uncaria tomentosa und ihre
Phagozytose-steigernde Wirkung. Planta Med 1985; 51: 419-423.
Wurm M et al. Pentacyclic oxindole alkaloids from Uncaria tomentosa
induce human endothelial cells to release a lymphocyte-proliferation-
regulating factor. Planta Med 1998; 64: 701-704.

Lemaire I et al. Stimulation of interleukin-1 and -6 production in
alveolar macrophages by the Neotropical liana, Uncaria tomentosa
(Ufia de gato). | Ethnopharmacol 1999; 64: 109-115.

Rizzi R et al. Mutagenic and antimutagenic activities of Uncaria
tomentosa and its extracts. | Ethnopharmacol 1993; 38: 63-77.
Desmarchelier C et al. Evaluation of the in vitro antioxidant activity
in extracts of Uncaria tomentosa (Willd.) DC. Phytother Res 1997; 11:
254-256.

Sheng Y et al. Induction of apoptosis and inhibition of proliferation in
human tumor cells treated with extracts of Uncaria tomentosa.
Anticancer Res 1998; 18: 3363—-3368.

Lee KK et al. Bioactive indole alkaloids from the bark of Uncaria
guianensis. Planta Med 1999; 65: 759-760.

Salazar E, Jayme V. Depletion of specific binding sites for estrogen
receptor by Uncaria tomentosa. Proc Western Pharmacol Soc 1998; 41:
123-124.

Jin RM et al. Effect of rhynchophylline on platelet aggregation and
experimental thrombosis. Acta Pharm Sin 1991; 26: 246-249.

Chen C-X et al. Inhibitory effect of rhynchophylline on platelet
aggregation and thrombosis. Acta Pharmacol Sin 1992; 13: 126-130.
Zhang W, Liu G-X. Effects of rhynchophylline on myocardial
contractility in anesthetized dogs and cats. Acta Pharmacol Sin 1986;
7: 426-428.

Zhu Y et al. Negatively chronotropic and inotropic effects of
rhynchophylline and isorhynchophylline on isolated guinea pig atria.
Chin ] Pharmacol Toxicol 1993; 7: 117-121.

Shi JS et al. Hypotensive and hemodynamic effects of
isorhynchophylline in conscious rats and anesthetised dogs. Chin |
Pharmacol Toxicol 1989; 3: 205-210.

Sandoval-Chacén M et al. Antiinflammatory actions of cat's claw: the
role of NF-xB. Aliment Pharmacol Ther 1998; 12: 1279-1289.
Kanatani H et al. The active principles of the branchlet and hook of
Uncaria sinensis Oliv. examined with a 5-hydroxytryptamine receptor
binding assay. | Pharm Pharmacol 1985; 37: 401-404.

Hilepo JN et al. Acute renal failure caused by 'cat's claw' herbal
remedy in a patient with systemic lupus erythematosus. Nephron
1997; 77: 361.

Santa Maria A et al. Evaluation of the toxicity of Uncaria tomentosa
by bioassays in vitro. | Ethnopharmacol 1997; 57: 183-187.

Laus G, Keplinger K. Radix Uncariae tomentosae (Willd.) DC. Z
Phytother 1997; 18: 122-126.




' Celandine, Greater

Summary and Pharmaceutical Comment

The chemistry of C. majus aerial parts and root is well
documented. The yellow-orange alkaloid-containing latex
occurs throughout the entire plant, and it is the alkaloids
which are considered to be the active principles. Precisely
which of the alkaloid constituents are responsible for the
documented pharmacological activities has not been
determined. There is also evidence that, at least for certain
activities, all components of the total extract (i.e. alkaloids
plus other constituents, such as caffeic acid esters) are
necessary, rather than a single constituent, or group of
constituents.

Several pharmacological properties, including
antispasmodic, choleretic, anti-inflammatory, cytotoxic and
antimicrobial activities, have been described for preparations
of C. majus following preclinical studies, providing some
supporting evidence for the traditional uses. However, well-
designed clinical trials of C. majus preparations are lacking
and further studies are required to determine clinical efficacy
and safety. To date, clinical investigations are limited to a
small number of trials which has assessed the effects of
proprietary products containing C. majus, often in
combination with other herbal ingredients, in patients with
functional epigastric disorders. These trials have involved
relatively small numbers of participants (less than 80 per trial)
and been of short duration (up to six weeks).

Information on the safety and toxicity of C. majus
preparations is limited and, in view of this, excessive use
(higher than recommended dosages and/or for long periods
of time) of C. majus should be avoided. Numerous reports
have described hepatotoxic effects, including severe
hepatitis, severe cholestasis and fibrosis, associated with the
use of preparations of C. majus. The majority of these reports
has involved different German manufacturers’ preparations of
C. majus, several of which formulations include only C. majus
extract as the active component; such preparations are
usually standardised for content of chelidonine. A
mechanism for C. majus induced hepatotoxicity has not been
established, although because of the apparent lack of a dose-
dependent effect and variable latent period in the reported
cases, an idiosyncratic reaction may be the most plausible
explanation.

On the basis of the available evidence, and in view of the
intended uses for greater celandine, C. majus preparations
appear to have a negative benefit-harm profile. In May 2003,
the Complementary Medicines Evaluation Committee, which
advises the Australian Government’s Therapeutic Goods
Administration, recommended that preparations of C. majus
for oral administration should include on their label
statements advising consumers to use such products only
under the supervision of a healthcare professional, to seek
advice from a healthcare professional before using the
product if the potential user has a history of liver disease, and
to stop using C. majus preparations if symptoms associated
with liver disease occur.

r Y
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Pharmacists and other healthcare professionals should be
aware that herbal products containing C. majus are readily
available over the internet and from retail outlets; such
products are promoted as being beneficial in indigestion,
dyspepsia, nervousness, restlessness, sleeplessness and for
nervous headaches and menstrual complaints. There are no
licensed C. majus products available in the UK, so the quality
of commercially available products is not assured.

Species (Family)

Chelidonium majus L. (Papaveraceae)

Synonym(s)
Common celandine, garden celandine, swallow wort. Greater

celandine should not be confused with Lesser celandine (Ranun-
culus ficaria L., Ranunculaceae) which is unrelated.

Part(s) Used

Aerial parts (herb), collected at the time of flowering, root, latex
(juice/sap) from leaves, stems, roots.

Pharmacopoeial and Other Monographs

BHMA 2003(“¢®

BP 2007 (herb) (©8%

Complete German Commission E
ESCOP 2003 (79

Martindale 35th edition ©%

Ph Eur 2007 (aerial parts) ‘<81

G3)

Legal Category (Licensed Products)

Greater celandine is not on the GSL. Chelidonium majus is listed
in Parts 2 and 3 to the Medicines (Retail Sale or Supply of Herbal
Remedies) Order 1977 (Statutory Instrument 1977/2130) which
restricts its sale or supply to that by a registered pharmacist from
a registered pharmacy, or that by a herbal practitioner in response
to a one-to-one consultation, provided maximum daily dosage is
not exceeded.'”

Constituents

The plant is particularly well known for the presence of alkaloids
which are located in laticiferous vessels. The latex is yellow-
orange due to the presence of benzophenanthridine and proto-
berberine alkaloids.

Aerial parts

Acids  Chelidonic, malic, citric;' " caffeic (0.4%), ferulic
(0.02%), p-coumaric (0.06%), gentisic and p-hydroxybenzoic
(traces, < 0.01%).?

Hydroxycinnamic acid derivatives (-)-2-(E)-caffeoyl-D-glyceric
acid, (-)-4-(E)-caffeoyl-L-threonic acid, (-)-2-(E)-caffeoyl threonic
acid lactone, (4)-(E)-caffeoyl-1-malic acid).”



Alkaloids Benzylisoquinoline type, 0.1-1%.‘“”> More than 20
have been identified including benzophenanthridines (e.g. cheler-
ythrine, chelidonine, sanguinarine, isochelidonine), protoberber-
ines (e.g. Dberberine, coptisine, sylopine), protopines (e.g.
protopine). 7%

Others A saponin, carotenoids,“” a phytocytostatin (chelido-
cystatin), flavonoids.* <7

Root

Alkaloids  Benzylisoquinoline type, up to 3%,“”” including
benzophenanthridines (e.g. chelerythrine, sanguinarine, chelido-
nine (0.2-0.4%)), protoberberines (e.g. coptisine),(S) protopines
(e.g. protopine, cryptopine,® a-allocryptopine =B-homochelido-
nine (0.01-0.06%)).

Others

chelidoniol, vitamin C, carotene.

Choline, histamine, tyramine, saponins, flavonol,
(6)

Sap (from leaves/roots)

Glycoproteins, including a lectin.”™”

In addition to the above, the alkaloids (-)-turkiyenine"™ and
(+)-norchelidonine” have been isolated from material compris-
ing the whole plant.

(10)

Quality of plant material and commercial products

The European Pharmacopoeia defines greater celandine as
consisting of the dried aerial parts collected during flowering

Acids
O

HOOC e} COOH
chelidonic acid

Caffeic acid esters
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Figure 1 Selected constituents of greater celandine.
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Figure 2 Selected constituents of greater celandine.

and containing not less than 0.6% of total alkaloids, expressed as
chelidonine and calculated with reference to the dried drug./“%"
The alkaloids are found in both the aerial parts and the roots,
although there are differences in the total alkaloid content and the
relative proportions of the individual alkaloid constituents."?
The concentrations of the alkaloids chelerythrine, chelidonine,
coptisine and sanguinarine in the latex undergo daily variations,
reaching a maximum in the summer in the evening and in the
middle of the day in the winter."® The increases in concentration
during the day are probably due to light and temperature, and
decreases in concentration during the night are probably due to
catabolism rather than translocation.!"® In contrast, the concen-
tration of berberine appears to be relatively stable.

Food Use

Greater celandine is not used in foods.

Herbal Use

Greater celandine is stated to have antispasmodic, laxative,
diuretic and alterative properties.“**“*) It has been used
traditionally in Western countries in eczema and scurvy, as a
cholagogue, in jaundice, gall bladder and biliary diseases, and in
preparations intended to remove obstructions of the liver and gall
bladder.‘“*¥ The German Commission E approved greater
celandine herb for use in spastic discomfort of the bile ducts
and gastrointestinal tract.'“” Topical preparations of the roots
and aerial parts have been used in the treatment of piles./“** The
fresh latex has been used externally for the treatment of warts and
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other skin conditions, such as corns, Tinea infections, eczema,
. (G66)
and tumours of the skin.

Dosage

Dosages for oral administration (adults) recommended in older
standard herbal reference texts for the traditional uses are given
below.

Spastic discomfort of the bile ducts and gastrointestinal
tract

Aerial parts Daily dosage 2-5g, equivalent to 12-30 mg total
alkaloids, calculated as chelidonine.©?

Gall stones, gall bladder and biliary diseases

Aerial parts 1-2g dried herb three times daily./“* Modern
standard herbal reference texts recommend the following dosages
for oral administration (adults).

Liver and gall bladder disorders, cramp-like pain of the
gall ducts and gastrointestinal tract

Liquid extract 1-2mL of a 1:2 preparation daily“*” or 1-2mL
of a 1: 1 preparation three times daily./“”®

Tincture 2-4mL of a 1: § preparation daily“*” or 24 mL of a
1: 10 preparation three times daily.(“”®

A clinical trial of a monopreparation containing greater
celandine (tablets containing 66-167.2mg dry extract (5.3—
7.5:1), equivalent to 4 mg total alkaloids calculated as chelido-
nine) tested the effects of two tablets taken three times daily
(equivalent to 24 mg total alkaloids, calculated as chelidonine) in
patients with functional epigastric complaints.!'¥

Pharmacological Actions

Several pharmacological properties, including antispasmodic,
choleretic, anti-inflammatory, cytotoxic and antimicrobial activ-
ities, have been described for preparations of C. majus following
preclinical studies, providing some supporting evidence for the
traditional uses. However, there has been little rigorous clinical
investigation of C. majus and further studies are required to
determine its clinical efficacy and safety.

In-vitro and animal studies

Pharmacokinetics No information on the pharmacokinetics of
constituents following ingestion of C. majus preparations was
found. However, there is a limited amount of data on the
pharmacokinetics of individual constituents found in C. majus. In
a randomised controlled experiment involving swine fed sangui-
narine and chelerythrine (isolated from Macleya cordata (Wild.),
Papaveraceae) in their feed (mean daily intake 0.1 or 5 mg/kg body
weight), or a standard diet, for 90 days, plasma concentrations of
the alkaloids remained constant during the study when assessed at
days 30, 60 and 90, although data to support this were not
provided in a report of the study. At the 90-day time point for both
groups of animals fed the alkaloids (i.e. 0.1 or 5mg/kg body
weight daily), sanguinarine was detected in plasma, faeces and all
tissues tested (liver, gingival, tongue, stomach, intestine) with the
exception of muscle tissue. Mean (standard deviation, SD)
concentrations (ng/g) in plasma were 4 (1) and 108 (4) and in
faeces 1180 (72) and 16 110 (2604) for the low and high intakes of
alkaloids, respectively. Chelerythrine was detected in plasma (high
alkaloid intake only), faeces, liver, gingival and intestinal tissues.
Mean (standard deviation, SD) concentrations (ng/g) in plasma

Figure 4 Greater celandine — dried drug substance (herb).

Figure 5 Greater celandine — dried drug substance (root).



were 24 (4) (not detected in low alkaloid intake group) and in
faeces 834 (120) and 8412 (1705) for the low and high intakes of
alkaloids, respectively. These results indicate that, in swine,
sanguinarine and chelerythrine are mostly excreted in the faeces
and that a small proportion is absorbed and retained to different
extents by different tissues.™

Antispasmodic activity =~ Antispasmodic activity has been
documented for an aqueous-methanolic extract of the flowering
aerial parts of C. majus and for the isolated constituents coptisine
and (+)-caffeoylmalic acid following in wvitro experiments
involving isolated rat ileum."® The extract (containing 0.81%
alkaloids, 2.00% flavonoids, 1.20% hydroxycinnamic acid deriva-
tives and 0.06% (+4)-caffeoylmalic acid) displayed a mean
(standard error of mean; SEM) antispasmodic activity of 12.7%
(4.0) relative to that of control (acetylcholine), whereas values for
coptisine at a concentration of 1.0 x 107 g/mL organ bath and
(4)-caffeoylmalic acid 2.5 x 107° g/mL organ bath were 16.5 (3.0)
and 6.9 (standard error = 2.6), respectively, indicating that these
two constituents contribute to the total antispasmodic activity of
the extract. A lower concentration of coptisine (0.5 x 10 g/mL
organ bath) did not exhibit any statistically significant anti-
spasmodic activity,"® although no p values for this, or any of the
other results, were given.

In isolated guinea-pig ileum, two hydroalcoholic (ethanol 70%
w/w) extracts of C. majus herb (at a concentration of 5 x 10" g/
mL organ bath for both) relaxed barium-chloride (107°g/mL)-
induced contractions: mean (SEM) per cent relaxation values were
53.5 (4.1) and 49.0 (3.7), for extracts one and two, respectively."”
The alkaloid content, determined by high-pressure liquid
chromatography, for extract one was chelidonine 0.38%, proto-
pine 0.41% and coptisine 0.32% and for extract two, 0.59%,
0.48% and 0.26%, respectively. Mean (SEM) per cent relaxation
values for the individual constituents chelidonine (both at a
concentration of 1 X 107> g/mL organ bath) and protopine were
68.8 (11.2) and 54.8 (5.8), respectively, whereas coptisine (up to 3
x 107° g/mL) was ineffective. Values for papaverine hydrochloride
(1 x 10°g/mL) under the same conditions were 87.2 (7.4).
Further experiments using the two extracts and the individual
alkaloids produced concentration-dependent reductions in carba-
chol- and electric-field-induced contractions. Together, these
results indicate that the antispasmodic effects of C. majus herb
preparations comprise both musculotropic and neurotropic
mechanisms.’

In vitro studies have demonstrated effects of an extract of C.
majus herb and certain constituent alkaloids at GABA 5 receptors.
In radioreceptor assays, high concentrations (more than 160 pg/
assay) of a dry ethanolic extract of C. majus herb inhibited 50%
of specific [’H]-muscimol binding, whereas at lower concentra-
tions (around 90 pg/assay), specific binding of 115% was
observed, indicating induction of positive co-operation."® The
alkaloid content (mg/100mg dry extract) of the extract was
determined as: allocryptopine 0.076, chelerythrine 0.009, proto-
pine 0.465, sanguinarine 0.003 and stylopine 0.154. Further
binding studies indicated that the alkaloids allocryptopine,
stylopine and protopine are responsible for the positive coopera-
tive effect and that, of these, the effect is mainly due to protopine;
the content of chelerythrine and sanguinarine was considered to
be too low to account for the effect.'®

The individual protopine-type alkaloids protopine, cryptopine
and allocryptopine (plant or synthetic source not stated)
enhance [’H]-GABA binding to rat brain synaptic membrane
receptors.'”

Celandine, Greater

Analgesic activity Several in vitro experiments have proposed
mechanisms for analgesic activity for C. majus, although analgesic
effects for C. majus preparations have yet to be demonstrated in
preclinical (animal) studies. Furthermore, to date, studies have not
explored which constituents of C. majus are involved in these
mechanisms.

The effects of C. majus on GABA receptors have also been
investigated with respect to determining analgesic activity. In
patch-clamp experiments using fresh periaqueductal grey (PAG)
neurons isolated from rats, an aqueous extract of Chelidonii
herba (C. majus, and other details of authentication and
preparation, not specified) applied every two minutes at
concentrations of over 0.3—10 mg/mL elicited chloride ion current
in a concentration-dependent manner.®” This effect was inhibited
in a reversible manner by the GABA, receptor antagonist
bicuculline. Low concentrations of Chelidonii herba (0.03 and
0.1 mg/mL) inhibited GABA-activated chloride current; this effect
was abolished by the application of the opioid antagonist
naltrexone in a proportion of PAGs and potentiated by naltrexone
in other PAGs. As inhibition of the inhibitory influence of GABA
on neurons involved with descending antinociceptive pathways is a
mechanism of action of opioid analgesics, the inhibitory action of
Chelidonii herba on GABA may provide a mechanism for
analgesic activity.®?

Further experiments using similar methods have demonstrated
that low concentrations (0.03 and 0.1 mg/mL) of an aqueous
extract of Chelidonii herba (C. majus, and other details of
authentication and preparation, not specified) suppress glycine-
activated and increase glutamate-activated ion current in PAG
@D (Glycine is an inhibitory neurotransmitter and
glutamate an excitatory neurotransmitter, so these effects are
suggestive of increased PAG neuronal excitability and activation of
antinociceptive pathways.) In these studies, the inhibitory effect of
Chelidonii herba on glycine-activated ion current was partially
abolished by naltrexone, and the effect on glutamate-activated ion
current was not affected by naltrexone.

neurons.

Choleretic activity A dry total extract (extraction solvent 70%
ethanol) of the aerial parts of C. majus harvested during flowering
(total alkaloid content 1.6%; caffeic acid esters 1.9%; after
hydrolysis: caffeic acid 1.1%, p-coumaric acid 0.11%, ferulic acid
0.02%) administered at a concentration of 10 mg/mL/minute for
30 minutes led to a statistically significant increase in bile flow in
isolated perfused rat liver, compared with control (p < 0.025).%%
There were no statistically significant increases in bile flow
following administration of a phenolic fraction (1 mg/mL/minute)
and an alkaloid fraction (0.4 mg/mL/minute), separately and in
combination. This suggests that all components of the total
extract are necessary for activity, rather than a single constituent,
or group of constituents.

Anticancer activity There are some preliminary data suggesting
that C. majus herb extract may have preventive effects against
certain cancers, although this requires further research; there are
conflicting results regarding cytotoxic properties and antitumour
activity of C. majus preparations.

In an in vivo study, rats were given the carcinogenic agent N-
methyl-N’-nitro-N-nitrosoguanidine (MNNG; 200 mg/kg body
weight by gavage) and saturated sodium chloride solution (to
mimic a high-salt diet), or 0.9% saline, over three weeks, followed
by treatment with a water—-methanol extract of C. majus herb (0.1
or 0.2% in the diet for 16 weeks), or no further treatment; animals
were killed at 20 weeks.® At the end of the study, prencoplastic
pepsinogen-1-altered glands (PPAGs) in the pyloric mucosa of the
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stomach occurred in all groups of rats, but the mean number of
PPAGs was significantly lower in animals treated with 0.1% C.
majus herb extract, compared with animals treated with MNNG
and saturated sodium chloride alone (p < 0.02). However, there
was no statistically significant difference in the mean number of
PPAGs in animals treated with 0.2% C. majus herb extract,
compared with this control group. There were also no statistically
significant differences between any groups in the numbers of
animals with papilloma and squamous cell carcinoma lesions of
the forestomach.

An ethanol-water (1:1) dry extract of C. majus roots and
rhizomes was inactive in animal models of leukaemia (L-1210,
mice) and carcinosarcoma (Walker 256, rats).*” However, the
extract did exhibit cytotoxic activity in an assay utilising Eagle's
9KB carcinoma of the nasopharynx (EDs, < 15 pg/mL). Coptisine
chloride and a second, unnamed, alkaloid were also shown to have
cytotoxic activity.®” A polysaccharide fraction (CM-Ala) from a
water extract of C. majus 'herbs' inhibited the proliferation of
several tumour cell lines 12 vitro. At a concentration of 100 pg/mL,
CM-Ala showed over 50% cytotoxicity for the P815 and B16F10
cell lines.®

Sanguinarine intercalates with DNA,%® and structure—activity
relationship studies with alkaloids of the protoberberine and
benzophenanthridine types have shown that intercalation is
influenced by substitutions on rings C and D of the alkaloid
molecules.”” The antiproliferative effects of C. majus have been
explored in vitro in studies using a rapidly multiplying human
keratinocyte cell line (HaCaT cells). C. majus herb dry extract
(containing 0.68% alkaloids, calculated as chelidonine) inhibited
HaCaT cell growth, determined by direct counting of cells, with
an ICsy value of 1.9umol/L. The alkaloids sanguinarine,
chelerythrine and chelidonine gave ICs, values in the micromolar
range (0.2, 3.2 and 3.3 umol/L, respectively). The potency of
sanguinarine was similar to that of the antipsoriatic agent
anthralin (ICsy = 0.7 umol/L), whereas berberine showed a low
potency (ICso = 30 pmol/L).?® Further work (measurement of
lactate dehydrogenase release into the culture medium as an
indicator of plasma membrane damage) indicated that the
mechanism of action of C. majus extract was due to cytostatic,
rather than cytotoxic, activity.

A substantial amount of preclinical research has explored the
effects of a preparation (Ukrain) comprising a semi-synthetic
thiophosphoric (triaziridide) derivative of the purified alkaloid
chelidonine isolated from C. majus. The molecule is reported to
be a trimer of chelidonine, with the alkaloid linked to thio-
phosphoric acid; the chemical name of this preparation has been
stated to be Tris{2{(5bS-(5ba,6pB,12ba))-5b,6,7,12b,13,14-hexa-
hydro-13-methyl(1,3)-benzo-dioxolo(5,6-¢)-1,3-dioxolo(4,5-1) phen-
anthridinium-6-ol} ethane-aminyl} phosphine-sulphide.6hydro-
chloride.?” However, chemical analyses of Ukrain using a range
of techniques were unable to confirm the existence of the
proposed trimeric molecule and indicated that the preparations
tested simply contained a mixture of C. majus alkaloids, including
chelidonine.®?

It has been reported that Ukrain has antitumour activity in
vitro against various cancer cell lines and in vivo in several
experimental models of cancer, as well as immunomodulatory
properties.*" It has also been reported to induce cell cycle arrest
and apoptosis in human epidermoid cancer cell lines, but not in
normal human keratinocytes,®” and to protect normal human
fibroblasts, but not various types of human tumour cells, against
ionising radiation in in vitro experiments;®? radioprotective
effects have also been reported following in vivo (preclinical)

studies.®® Other properties reported include effects on bone

tissue in vivo (rats).(35)

Subsequent research in some of these areas has, however, failed
to replicate the findings. In vitro studies using normal,
transformed and malignant cell lines have shown that there was
no difference in the effects of Ukrain on cell growth, cell cycle
progression and morphology for the different cell lines, indicating
that there is no selective toxicity towards malignant cells.®® Other
in vitro research by the same authors has also raised doubts about
claims of a lack of adverse effects with Ukrain.®”

Immunomodulatory activity Incubation of spleen cells with
protein-bound polysaccharide fractions from a water extract of C.
majus 'herbs' for 5 days increased the lytic activity of spleen
lymphocytes to Yac-1 tumour cells from 0.9% to 30.0% and
34.2% for the fractions CM-Al and CM-Ala, respectively (p
values not given).””’ The optimal concentration for generation of
activated killer cells was 5 pg/mL for both fractions. Similarly,
mouse peritoneal macrophages cultured with CM-Ala (10-100 pg/
mL) show increased cytotoxicity, compared with control, as
determined by the degree of inhibition of radiolabelled thymidine
uptake by tumour cells. CM-Ala contains around 30% protein
and 70% carbohydrate.””

Further work suggested that CM-Ala may have a radio-
protective effect in vivo. In experiments involving mice given CM-
Ala 50 mg/kg intraperitoneally 24 hours before sublethal doses of
irradiation, platelet numbers were significantly increased in CM-
Ala treated mice, compared with control, five days post-
irradiation, and white blood cell count was significantly increased
in CM-A1a treated mice, compared with control, nine days post-
irradiation (p < 0.001 and < 0.01, respectively), indicating
haematopoietic recovery.”®® In other experiments involving mice
given lethal doses of irradiation (9 Gy), the survival rate for mice
treated with CM-Ala 50 or 100 mg/kg intraperitoneally before
irradiation was 80% at 30 days post-irradiation, whereas all mice
in the control group were dead by day 15 post-irradiation.

Anti-inflammatory activity Various effects related to anti-
inflammatory activity have been documented for C. majus extract
and for certain alkaloids isolated from the plant.

In in vitro experiments using mouse peritoneal macrophages,
nitric oxide production was significantly increased when cells were
treated with a water extract of C. majus dried 'herbs' (plant part
not stated precisely) at concentrations of 0.01, 0.1 and 1 mg/mL
together with murine recombinant interferon-gamma (rIFN-y),
compared with treatment with rIFN-y alone (p < 0.05), indicating
a cooperative induction of NO production.®” NO production in
mouse peritoneal macrophages induced by C. majus extract plus
rIFN-y was progressively inhibited by incubation with increasing
amounts (p < 0.05 for 0.01 and 0.1 mM, compared with control)
of N“-monomethyl-L-arginine (N°MMA) and by addition of the
antioxidant compound pyrrolidine dithiocarbamate (PDTC) at a
concentration of 100 uM. Furthermore, incubation of mouse
peritoneal macrophages with C. majus extract (1 mg/mL) plus
rIFN-y increased tumour-necrosis-factor-alpha (TNF-a) produc-
tion in a concentration-dependent manner; adding the nuclear
factor kappa B (NF-kB) inhibitor PDTC significantly decreased
the production of TNF-a, indicating that C. majus extract
increases TNF-o. production via NF-kB activation.®”

Anti-inflammatory activity has also been described for the
alkaloids sanguinarine and chelerythrine isolated from C. majus
root following studies involving the carrageenan-induced rat paw
oedema test. Greatest inhibition of oedema was observed with
subcutaneous (rather than oral) administration of sanguinarine



(rather than chelerythrine) 5 and 10 mg/kg body weight, compared
with control (no p values stated).”

An extract of C. majus herb and the alkaloids sanguinarine and
chelerythrine (isolated from C. majus root in this study) inhibited
S-lipoxygenase (5-LO) in isolated bovine polymorphonuclear
leukocytes (PMNL) with ICsy values of 1.9, 0.4 and 0.8 umol/L,
respectively.*! Sanguinarine and chelerythrine also inhibited 12-
lipoxygenase (12-LO) obtained from mouse epidermis (ICsy = 13
and 33 umol/L, respectively), whereas C. majus herb extract
(170 ug extract/mL test solution) was inactive. Chelidonine was
inactive against both lipoxygenase enzymes (ICsy = >100 pmol/L
for each). The enzymes 5-LO and 12-LO are involved with
leukotriene B, and 12-hydroxyeicosatetraenoic acid synthesis.

Antimicrobial activity A glycoprotein isolated from the juice of
C. majus leaves and roots is active against drug-resistant
staphylococci and enterococci in vitro.”) Minimum bactericidal
concentration (MBC) values against several strains (including
clinical isolates) of methicillin-sensitive Staphylococcus aureus
(MSSA), methicillin-resistant S. aureus (MRSA), mupirocin-
resistant MRSA, aminoglycoside-resistant Enterococcus faecalis
and aminoglycoside-resistant E. faecium were 31-125, 31-250, 31—
125, 125-500 and 250-500 mg/L, respectively.

Chelerythrine and the quaternary benzophenanthridine alka-
loid fraction (containing chelerythrine and sanguinarine 7 : 3 with
traces of chelirubine) isolated from C. majus root were ineffective
in vitro against several Gram-negative bacterial strains, including
Escherichia coli, Pseudomonas aeruginosa and Klebsiella pneu-
moniae.*” In contrast, substantial activity was observed in vitro
for the alkaloid fraction against Gram-positive bacteria, including
Staphylococcus aureus, beta-haemolytic streptococci and alpha-
haemolytic streptococci, and against Candida albicans (minimum
inhibitory concentration (MIC) values: 5, 10, 20 and 5 pg/mL,
respectively). MBC values for the alkaloid fraction against these
species were 40, 10, 40 and >160 pg/mL, respectively.

These findings are supported to some extent by those of other
studies. In tests using the liquid dilution method, crude ethanolic
extracts of the aerial parts of C. majus were inactive against E.
coli, P. aeruginosa, Bacillus cereus, Salmonella enteritidis and
Candida albicans.*? In contrast, an ethanolic extract of C. majus
roots had MIC values of 15.63, 62.50 and 62.50 mg dry plant
material/mL for B. cereus, S. enteritidis and C. albicans, but was
inactive against E. coli and P. aeruginosa.

Berberine chloride and chelerythrine chloride, isolated from
another plant species (Fagara zanthoxyloides, Rutaceae), have
activity against S. aureus, Bacillus subtilis, Streptococcus pneu-
moniae, E. coli, Klebsiella pneumoniae, P. aeruginosa, Proteus sp.
and C. albicans.*

Antifungal activity in vitro has also been documented for C.
majus extracts against Fusarium strains. In liquid medium assays,
a methanolic extract of the whole plant harvested at the flowering
stage appeared to display the greatest antifungal activity: five days
after inoculation, growth of two Fusarium strains tested was
reduced to less than 40% of that seen with control, whereas this
was achieved for only one strain with an ethanolic extract and not
at all with an aqueous extract.™ E oxysporum f. sp. cubense was
the strain most sensitive to the methanolic extract, and E solani
was the most sensitive strain to all three extracts. In contrast, F.
culmorum was insensitive to all three extracts. Methanolic
extracts of C. majus roots achieved greater inhibition of fungal
growth than did methanolic extracts of C. majus shoots: growth
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of E oxysporum f. sp. cubense, E oxysporum f. sp. melonis and F.
solani was reduced to less than 30% of that seen with control,
although growth of E culmorum was unaffected.

Further experiments used alkaloids isolated from C. majus
roots and shoots: chelerythrine and sanguinarine were reported to
be active against both E solani and E culmorum, berberine was
active against E solani, and chelidonine was inactive against both
strains. ™ However, data supporting these statements were not
provided in the published report.

Antifungal activity against Cladosporium herbarum has been
described for the alkaloids chelidonine, dihydrochelerythrine and
dihydrosanguinarine isolated from a methanolic extract of C.
majus fresh root: minimum quantities of these compounds for
inhibition of growth of C. herbarum on thin-layer chromato-
graphy (TLC) plates were 10, 6 and 4 pg, respectively.*”

Other work has shown little variation in the antimycotic
activity of C. majus plant material collected during different
months. Ethanolic extracts of C. majus plants collected in late
July or early September were active against Candida pseudotro-
picalis, M. gypseum, T. mentagrophytes, M. canis and E.
floccosum (zone of inhibition from 21 to 30 or more millimetres
in diameter). Ethanolic extracts of C. majus plants collected in
early September were also active against C. albicans.®*®

Antiviral activity In vitro activity against adenoviruses and
herpes simplex virus type I (HSV-1) has been documented for the
squeezed sap and a sodium chloride extract of the aerial parts of
C. majus.”” Subsequent bioassay-guided fractionation of extracts
of the aerial parts and the root of the plant produced several
fractions of which one in particular at a concentration of 35 pg/
mL showed antiviral activity when incubated with cells infected
with adenovirus type 12. This fraction also showed virucidal
action against HSV-1, achieving 100% loss of virus infectivity
after 90 minutes' incubation, although adenoviruses types 5 and 12
were less sensitive, retaining 50% infectivity after 120 minutes'
incubation with the fraction.

An extract obtained from the 'green' parts of mature C. majus
plants was found to have inhibitory activity against cysteine, but
not serine, proteinases. The phytocystatin chelidocystatin, iso-
lated from the extract, inhibited the activity of the cysteine
proteinases cathepsin L, papain and cathepsin H (inhibition
constant, K; values: 5.6 x 10" 'mol/L, 1.1 x 107" mol/L and 7.5
x 1077 mol/L, respectively).®

The pure compound chelidonine has weak inhibitory activity
(ICsp around 200 pg/mL) against human immunodeficiency virus
type-1 reverse transcriptase (HIV-1 RT), whereas berberine
chloride has moderate inhibitory activity against this enzyme
(ICs5o = 100 pg/mL).“¥

Other activities A liquid alcoholic extract of C. majus herb,
containing 0.64 mg/mL total alkaloids, calculated as chelidonine,
protected against indometacin-induced (10 mg/kg body weight)
gastric damage in a dose-dependent manner (2.5-10 mL/kg) when
administered orally one hour before indometacin to rats.”*” Doses
of C. majus herb extract of 5 and 10 mL/kg body weight afforded
over 50% protection against the development of ulcers, compared
with control.

Antioxidant activity, determined using the FRAP (ferric
reducing and antioxidant power) method, has been reported for
20% and 40% alcohol-water (type not stated) extracts of the
fresh aerial parts of C. majus collected in Hungary.®”
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Clinical studies

Pharmacokinetics No information relating to the clinical
pharmacokinetics of C. majus preparations was found.

Therapeutics Clinical investigation of C. majus preparations is
limited. The few clinical trials available have investigated the
effects of proprietary products containing C. majus, often in
combination with other herbal ingredients, in patients with
functional epigastric disorders. Further investigation of the
efficacy and effectiveness of C. majus preparations is required.

In a randomised, double-blind, placebo-controlled trial, 60
patients with functional epigastric complaints, including cramp-
like pains in the biliary and gastrointestinal tracts, received
tablets containing C. majus extract (comprising 66.0 to 167.2 mg
native dry extract, equivalent to 4 mg total alkaloids, calculated
as chelidonine), or placebo, at a dosage of two tablets three
times daily for six weeks."” At the end of the study, the
reduction in symptom score (one of the primary outcome
variables), assessed using the Zerssen list, was significantly
greater in the C. majus group, compared with the placebo group
(p = 0.003). Also, the physician's assessment of efficacy was that
18/30 patients in the treatment group were improved or
symptom-free, compared with 8/30 in the placebo group (p =
0.0038).1%

The effects of a combination preparation (Iberogast) containing
extract of C. majus herb (as well as extracts of bitter candy tuft,
chamomile flower, peppermint leaves, caraway fruit, liquorice
root, lemon balm leaves, angelica root and milk thistle fruit) were
investigated in a randomised, double-blind, placebo-controlled
trial involving 60 patients with functional dyspepsia.®" Partici-
pants received Iberogast, a preparation similar to Iberogast but
lacking bitter candy tuft extract, or placebo, 20 drops three times
daily for four weeks. At the end of the study, participants who
received one of the two combination preparations, compared with
those in the placebo group, had a significant improvement in
gastrointestinal symptom scores, one of the primary outcome
variables (p < 0.001).

Another double-blind, placebo-controlled trial assessed the
effects of a combination preparation (Cholagogum F Nattermann)
containing dry extracts of C. majus and Curcuma longa in
patients with upper abdominal pain due to biliary system
dysfunction.®? Participants received the herbal preparation (n =
39), or placebo (n = 37), one capsule three times daily for three
weeks. Capsules of the herbal preparation were standardised to
contain 4 mg total alkaloids calculated as chelidonine. During the
first week of treatment, reductions in the frequency of cramp-like
pain were reported for both the treatment and placebo groups,
although the difference between the groups was not statistically
significant (p = 0.069). There was, however, a statistically
significant difference in the frequency of episodes of dull/hollow
pain between the treatment and placebo groups (p = 0.009).°%

A small number of other clinical investigations has explored the
effects of a preparation (Ukrain) comprising a semi-synthetic
thiophosphoric (triaziridide) derivative of the purified alkaloid
chelidonine isolated from C. majus (see Pharmacological
Actions). Most of these investigations, typically case series and
small studies of varying methodological quality, have involved
patients with different types of cancer, including lung cancer,®**%
Kaposi's sarcoma,"” rectal or ovarian cancer,®® breast cancer,
and children from areas contaminated with radioactive material
after the Chernobyl accident with recurrent bronchopulmonary
pathology.®”

A systematic review of seven randomised controlled trials of
Ukrain in patients with different types of cancer found that all
included trials reported beneficial effects for Ukrain, but that as
most of the trials had methodological limitations, their results
were not definitive and further investigation in the form of well-
designed randomised controlled trials is required.®®

In one study, a randomised, controlled trial involving 90
patients with pancreatic cancer, participants received gemcitabine
alone, Ukrain (NSC-631570) alone, or gemcitabine followed by
Ukrain.®” Survival rates after six months were reported to be 26,
65 and 74% for the gemcitabine, Ukrain, and gemcitabine plus
Ukrain groups, respectively (p < 0.01 for gemcitabine plus Ukrain
versus gemcitabine alone). A further study has assessed the effects
of Ukrain in patients with hepatitis C virus infection.®”

Side-effects, Toxicity

There is a limited amount of information relating to the safety
and toxicity of preparations of C. majus.

Clinical data

Only limited data relating to safety aspects of C. majus are
available from clinical trials. Such studies in any case are not
designed primarily to assess safety, and generally have the
statistical power only to detect common, acute adverse events.

A randomised, double-blind, placebo-controlled trial involving
60 patients with functional epigastric complaints who received
tablets containing C. majus extract (comprising 66.0 to 167.2 mg
native dry extract, equivalent to 4 mg total alkaloids, calculated as
chelidonine), or placebo, at a dosage of two tablets three times
daily for six weeks reported a similar number of adverse events for
both groups (three and five for the C. majus preparation and
placebo, respectively).** In another double-blind, placebo-con-
trolled trial, no adverse events occurred in patients (7 = 39) with
upper abdominal pain due to biliary system dysfunction who
received a preparation (Cholagogum F Nattermann) containing
dry extracts of C. majus and Curcuma longa one capsule
(standardised to contain 4mg total alkaloids calculated as
chelidonine) three times daily for three weeks.?

Hepatotoxicity Several case reports have described hepatotoxic
effects, including severe hepatitis, severe cholestasis and fibrosis,
associated with the use of preparations of C. majus.®” One report
describes ten cases of acute hepatitis in women who had ingested
preparations containing C. majus extract for one to nine months
before the onset of symptoms of hepatotoxicity.®? In all ten cases,
other common causes for hepatitis were excluded, and liver
function test values before intake of C. majus were normal for the
seven patients for whom these data were available. The ten cases
concerned use of five different German manufacturers' prepara-
tions of C. majus, three of which formulations include only C.
majus extract as the active component; such preparations are
usually standardised for content of chelidonine. A mechanism for
C. majus induced hepatotoxicity has not been established,
although because of the apparent lack of a dose-dependent effect
and variable latent period in the reported cases, an idiosyncratic
reaction may be the most plausible explanation.®?

Two further cases describe a 39-year-old woman and a 69-year-
old man who both presented with symptoms of acute hepatitis,
including dark brown urine and jaundice; laboratory tests revealed
that both patients had highly elevated liver function test values.
The woman had been taking a preparation containing C. majus
for four weeks before the onset of symptoms, and the man had



taken capsules containing C. majus (each capsule standardised for
4mg chelidonine) and Curcuma longa for six weeks before
symptom onset; other possible causes of hepatotoxicity were
excluded. Both patients recovered after stopping treatment with C.
majus.

The World Health Organization's Uppsala Monitoring Centre
(WHO-UMC; Collaborating Centre for International Drug
Monitoring) receives summary reports of suspected adverse drug
reactions from national pharmacovigilance centres of over 70
countries worldwide, including the UK. At the end of June 2003,
the WHO-UMC's Vigisearch database contained a total of 47
reports, describing a total of 147 adverse reactions, for products
containing C. majus only as the active ingredient (see Table 1). All
but one (Belgium) of these reports originated from Germany.¥

The specific products (manufacturer) associated with the
reactions were: Ardeycholan N (Ardeypharm), two reports;
Chol 4000 (Lichtenstein), six reports; Chol Sabona (Sabona),
two reports; Cholarist (Steiner), ten reports; Gallopas (Pascoe),
four reports; Panchelidon (Kanoldt), eight reports; Panchelidon N
(Boots Pharmaceuticals), ten reports; Siosol Febna (one report);
celandine/chelidonium extract (specific product not stated), four
reports. In seven cases, the patient concerned was taking other
medicines, although C. majus extract was the sole suspected drug
in five of these seven reports.

Six of the total number of reports provided information on
dechallenge; in all six cases, the reaction(s) had abated on
stopping C. majus extract. The outcomes for the 47 reports were
stated as: died (one report); not recovered (six reports); recovered
(ten reports); unknown (30 reports). (These data were obtained
from the Vigisearch database held by the WHO Collaborating
Centre for International Drug Monitoring, Uppsala, Sweden. The
information is not homogeneous at least with respect to origin or
likelihood that the pharmaceutical product caused the adverse
reaction. Any information included in this report does not
represent the opinion of the World Health Organization.)
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In May 2003, the Complementary Medicines Evaluation
Committee, which advises the Australian Government's Thera-
peutic Goods Administration, recommended that preparations of
C. majus for oral administration should include on their label
statements advising consumers to use such products only under
the supervision of a healthcare professional, to seek advice from a
healthcare professional before using the product if the potential
user has a history of liver disease, and to stop using C. majus
preparations if symptoms associated with liver disease occur.®”
Healthcare professionals who identify suspected adverse drug
reactions associated with C. majus preparations should report
these using the appropriate spontaneous reporting form.

Other reactions Contact dermatitis has been reported in a 64-
year-old woman who had used C. majus juice externally to treat
warts.®® Within a few hours of applying the preparation, the
woman experienced severe itching and erythema, with papules, at
the application site. Six weeks later, the woman experienced the
same symptoms after applying the juice to a facial wart. In both
instances, the reaction resolved within a few days without
treatment. Subsequently, the woman displayed positive reactions
to patch testing with C. majus juice and to extracts of C. majus
branch, stem and root at concentrations of 0.1, 1 and 10 mg/
mL.“ A case report describing this reaction does not state the
source of the plant material and authentication and phytochem-
ical analysis of the materials do not appear to have been
undertaken.

Preclinical data

In vitro inhibition of rat liver alanine aminotransferase (ALT) has
been described for the benzophenanthridine alkaloids sanguinar-
ine and chelerythrine. Sanguinarine was a more powerful inhibitor
than was chelerythrine (IDs values: 3.4 x 10 °mol/L and 4.0 x
10"°mol/L, respectively).®®” In other experiments, sanguinarine,
chelerythrine, berberine and coptisine inhibited oxygen uptake by

Table 1T Summary of spontaneous reports (n = 47) of adverse drug reactions associated with single-ingredient Chelidonium majus preparations
held in the Vigisearch database of the World Health Organization’s Uppsala Monitoring Centre for the period up to end of June 2005.¢ %

System organ class. Adverse drug reaction name (number) Total

Central nervous system. Paraesthesia (1) 1

Foetal. Biliary atresia (1) 1

General. Asthenia (3); death (1); fatigue (2); malaise (1); necrosis ischaemic (1) 8

Gastrointestinal. Abdominal pain (4); diarrhoea (2); faeces, discoloured (3); mouth dry (1); nausea (6); 21

pancreatitis (1); tongue oedema (1); vomiting (3)

Liver-biliary. Bilirubinaemia (11); cholelithiasis (1); gamma-GT increased (6); hepatic enzymes increased 95

(13); hepatic failure (1); hepatic function abnormal (1); hepatitis (19); hepatitis, cholestatic (8); hepatitis,

viral (1); hepatocellular damage (4); jaundice (16); SGOT increased (7); SGPT increased (7)

Metabolic. Cholinesterase decreased (1); LDH increased (2); phosphatase alkaline, increased (5) 8

Psychiatric. Anorexia (1); insomnia (1); nervousness (2) 4

Respiratory. Dyspnoea (1); larynx oedema (1) 2

Skin. Pruritus (3); skin discoloration (1) 4

Urinary. Urine abnormal (3) 3

Total number of adverse drug reactions 147

Key: GT = glutamyl transferase; LDH = lactate dehydrogenase; SGOT = serum glutamic-oxaloacetic transaminase (= aspartate transaminase/aspartate
aminotransferase); SGPT = serum glutamate pyruvate transaminase (= alanine transaminase/alanine aminotransferase)

“Caveat statement. These data were obtained from the Vigisearch database held by the WHO Collaborating Centre for International Drug Monitoring, Uppsala,
Sweden. The information is not homogeneous at least with respect to origin or likelihood that the pharmaceutical product caused the adverse reaction. Any
information included in this report does not represent the opinion of the World Health Organization
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mitochondria obtained from mouse liver, whereas chelidonine had
virtually no effect.®®

In a randomised controlled experiment, swine were fed
sanguinarine and chelerythrine (isolated from Macleya cordata
(Wild.), Papaveraceae) in their feed (mean daily intake 0.1 or 5 mg/
kg body weight), or a standard diet, for 90 days (n = 3 per
group).'"” At the 30-, 60- and 90-day assessments, there were no
statistically significant differences between the alkaloid-fed
groups and the control group with respect to the following
haematological and biochemical parameters: haemoglobin, hae-
matocrit, erythrocyte and leukocyte counts, total protein,
albumin, glucose, cholesterol, triacylglycerols, creatinine, urea,
total bilirubin and alkaline phosphatase (ALP). However, at day
90, statistically significant differences were observed for ALT,
aspartate aminotransferase (AST) and gamma-glutamyl transfer-
ase (GGT) for the higher alkaloid intake group, compared with
control and, for GGT, for the lower alkaloid intake group (p <
0.05 for all)."™

There are conflicting results regarding possible cytotoxicity of
C. majus preparations (see Pharmacological Actions, In-vitro and
animal studies, Anticancer activity). Sanguinarine—intercalates
with DNA.*¥

Contra-indications, Warnings

Greater celandine is contraindicated in patients with biliary
obstructions, existing or previous liver disease./“”® In view of the
evidence of hepatotoxicity, use of C. majus extracts at dosages
higher than those recommended (see Dosage) and/or for longer
periods should be avoided. Monitoring of liver enzyme activity is
recommended for patients using C. majus preparations for longer
than four wecks.“”®

Drug interactions No interactions have been documented for C.
majus. However, in view of the documented pharmacological
effects, whether or not there is potential for clinically important
interactions with other medicines with similar or opposing effects
and used concurrently should be considered.

Pregnancy and lactation The safety of C. majus has not been
established. In view of the lack of information on the use of C.
majus during pregnancy and lactation, its use should be avoided
during these periods.
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' Celery

Summary and Pharmaceutical Comment

Celery fruit should not be confused with the commercial
celery stem, which is commonly eaten as a food. The
chemistry of celery fruit is well studied and the phototoxic
furanocoumarin constituents are well documented.
Phototoxicity appears to be associated with the handling of
the celery stems, especially diseased plant material. Limited
scientific evidence is available to justify the herbal uses of
celery, although bacteriostatic activity has been documented
for the oil. Celery fruit should be used cautiously in view of the
documented allergic reactions.

Species (Family)

Apium graveolens L. (Apiaceae/Umbelliferae)

Synonym(s)
Apii Fructus, Celery Fruit, Celery Seed, Smallage, Wild Celery

Part(s) Used

Fruit

Pharmacopoeial and Other Monographs

BHC 1992(°¢)
BHP 1996'“” )
Martindale 35th edition©”

Legal Category (Licensed Products)
GSL(G37

Constituents

The following is compiled from several sources, including General
References G2, G6, G48 and GS58.

Flavonoids Apigenin, apiin, isoquercitrin and others.!”

Coumarins  Apigravin, apiumetin, apiumoside, bergapten,
celerin, celereoside, isoimperatorin, isopimpinellin, osthenol,
rutaretin, seselin, umbelliferone and 8-hydroxy-5-methoxypsora-
len."™

Low concentrations (not exceeding 1.3 ppm) of furanocoumar-
ins have been identified in commercial celery,"? although
concer:g)ations are reported to rise considerably in diseased
stems.

Volatile oils 2-3%. Many components including limonene (60%)
and selenine (10-15%), and various sesquiterpene alcohols (1—
3%), e.g. o-eudesmol and B-eudesmol, santalol."*' Phthalide
compounds, 3-n-butyl phthalide and sedanenolide, provide the
characteristic odour of the oil (presence of sedanolide and
sedanonic anhydride disputed).**

Other constituents Choline ascorbate,'® fatty acids (e.g linoleic,
myristic, myristicic, myristoleic, oleic, palmitic, palmitoleic,
petroselinic and stearic acids).
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Volatile oil constituents
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Figure 1 Selected constituents of celery.

Food Use

Celery is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that celery
can be added to foodstuffs in small quantities, with a possible
limitation of an active principle (as yet unspecified) in the final
product.“*® Celery stem (not the fruit) is commonly used in
foods. Previously, celery seed has been listed as GRAS (Generally
Recognised As Safe)./“*!



Herbal Use

Celery is stated to possess antirheumatic, sedative, mild diuretic
and urinary antiseptic properties. It has been used for arthritis,
rheumatism, gout, urinary tract inflammation, and specifically for
rheumatoid arthritis with mental depression, (¢ - &7-G8:G6%)

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal reference texts are given
below.

Dried fruits 0.5-2.0¢ as a decoction 1:5 three times daily.©”

Liquid extract 0.3-1.2mL (1:1 in 60% alcohol) three times
daily.(©”

Liquid Extract of Celery (BPC 1934) 0.3—1.2mL.

Pharmacological Actions

In vitro and animal studies

In mice, sedative and antispasmodic activities have been
documented for the phthalide constituents.">%?? Celery seed
oil has been reported to exhibit bacteriostatic activity against
Bacillus subtilis, Vibrio cholerae, Staphylococcus aureus, Staphy-
lococcus albus, Shigella dysenteriae, Corynebacterium diphther-
iae, Salmonella typhi, Streptococcus faecalis, Bacillus pumilus,
Streptococcus pyogenes and Pseudomonas solanacearum.”’ No
activity was observed against Escherichia coli, Sarcina lutea or
Pseudomonas aeruginosa.

Apigenin has exhibited potent antiplatelet activity in wvitro,
inhibiting the aggregation of rabbit platelets induced by collagen,
ADP, arachidonic acid and platelet-activating factor (PAF), but
not that induced by thrombin or ionophore A23187.%

Studies with celery plant extracts have demonstrated anti-
inflammatory activity in the mouse ear test and against
carrageenan-induced rat paw oedema,' and a hypotensive effect

Figure 2 Celery (Apium graveolens).

Celery '
in rabbits and dogs after intravenous administration.'“*" In
G22)

addition, hypoglycaemic activity has been documented.’
Celery juice has been reported to exhibit choleretic activity and
the phthalide constituents are stated to possess diuretic activity.*”

Clinical studies

There is a lack of clinical research assessing the effects of celery
fruit and rigorous randomised controlled clinical trials are
required.

Side-effects, Toxicity

None documented. However, there is a lack of clinical safety and
toxicity data for celery fruit and further investigation of these
aspects is required.

Photosensitivity reactions have been reported as a result of
external contact with celery stems.?%% %D These reactions have
been attributed to the furanocoumarin constituents which are
known to possess photosensitising properties.'"**?’ The concen-
trations of these compounds are reported to increase considerably
in diseased celery stems."?? It is thought that psoralen, the most
potent phototoxic furanocoumarin, acts as a transient precursor
for other furanocoumarins and does not accumulate in celery.® 'V

Instances of allergic and anaphylactic reactions to celery have
also been documented® following oral ingestion of the stems.*"
Celery allergy is reported to be mediated by IgE antibodies and an
association between pollen and celery allergy has been postulated,

Figure 4 Celery — dried drug substance (fruit).




w Celery

although the common antigen has not been determined.” Cross-
sensitivities to celery have been documented in patients with

e . . . (Gs1)
existing allergies to dandelion and wild carrot.

Acute LDjsq values (rats, by mouth; rabbits, dermal) have been
reported as greater than 5 g/kg body weight.?® Celery seed oil is
stated to be non-irritant, non-phototoxic and non-sensitising in
humans, ¢ %)

Contra-indications, Warnings

Celery fruit contains phototoxic compounds, furanocoumarins,
which may cause photosensitive reactions. Celery fruit may
precipitate allergic reactions, particularly in individuals with
existing plant, pollen or food allergies. Diseased celery stems
(indicated by a browning of the stem) should not be ingested.

Drug interactions None documented. However, the potential for
preparations of celery to interact with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered.

Pregnancy and lactation Celery fruit is reputed to affect the
menstrual cycle and to be abortifacient.!*” Uterine stimulant
activity has been documented for the oil,‘“** %3 and the use of
celery fruits is contra-indicated during pregnancy.'“* This does
not refer to celery stems that are commonly ingested as a food,
although excessive consumption should be avoided. It is not
known whether constituents of celery fruit appear in breast milk.

Preparations

Proprietary multi-ingredient preparations

Australia: Arthritic Pain Herbal Formula 1; Boswellia Com-
plex; Devils Claw Plus; Fluid Loss; Guaiacum Complex;
Lifesystem Herbal Formula 1 Arthritic Aid. Canada: Herbal
Diuretic. India: Flexi-muv. Malaysia: Celery Plus. UK: Mixed
Vegetable Tablets; Modern Herbals Rheumatic Pain; Napiers
Backache Tea; Rheumatic Pain; Rheumatic Pain Tablets;
Sciatica Tablets; Vegetex.
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- Centaury

Summary and Pharmaceutical Comment

There is little published information specifically concerning
Centaurium erythraea. Bitter components support the
traditional use of centaury as an appetite stimulant, although
it is said to be less active than comparable bitter herbs, such
as gentian. In view of the lack of pharmacological and
toxicological data, excessive use should be avoided.

Species (Family)

Centaurium erythraea Rafn. (Gentianaceae)

Synonym(s)
Centaurium minus auct., C. minus auct. subsp. minus, C.

umbellatum Gilib., Common Centaury, Erythraea centaurium
(L.) Pers. subsp. centaurium

Part(s) Used
Herb

Pharmacopoeial and Other Monographs

BHP 1996'“”

BP 2007'<%

Complete German Commission E(©?
ESCOP 2003“7®

Martindale 35th edition %Y

Ph Eur 20078V
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Figure 1 Selected constituents of centaury.

Legal Category (Licensed Products)
GSL(G37

Constituents

The following is compiled from several sources, including General
Reference G2.

Acids  Phenolic. Protocatechuic, m- and p-hydroxybenzoic,
vanillic, syringic, p-coumaric, ferulic, sinapic and caffeic, hydro-
xyterephthalic and 2,5-dihydroxyterephthalic acids among others.

Alkaloids  Pyridine-type. Traces of gentianine, gentianidine,
gentioflavine and others.

Monoterpenoids Iridoids (bitters).""? Gentiopicroside (about
2%) as major, others include centapicrin, gentioflavoside, swero-
side and swertiamarin; intensely bitter 7-hydroxybenzoylesters of
sweroside and catapicrin.

Triterpenoids Includes o- and B-amyrin, erythrodiol, crataegolic
acid, oleanolic acid and sitosterol.

Xanthones Highly methylated xanthones, including eustomin
and 8-demethyleustomin.

Other constituents Flavonoids, fatty acids, alkanes and waxes.

Food Use

Centaury is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that
centaury can be added to foodstuffs in small quantities, with a
possible limitation of an active principle (as yet unspecified) in the
final product./“!® Previously, the bitter properties of centaury
were utilised in alcoholic and non-alcoholic beverages with
maximum permitted doses between 0.0002% and 0.0008%.“*V

Herbal Use

Centaury is reputed to act as a bitter, aromatic and stomachic.

Traditionally, it has been used for anorexia and dyspepsia.©* %"
G52)

Figure 2 Centaury (Centaurium erythraea).
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Figure 3 Centaury — dried drug substance (herb).

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in standard herbal reference texts are given below.
Herb 2—4g as an infusion three times daily.“”

Liquid extract 2-4mL (1: 1 in 25% alcohol) three times daily.‘“”

Pharmacological Actions

In vitro and animal studies

Anti-inflammatory activity has been documented in two rat
models; subchronic inflammation (air pouch granuloma and
polyarthritis) test,”) and the carrageenan rat paw oedema test
(19% compared to 45% with indometacin).”” Antipyretic activity
has also been exhibited by a centaury extract against experimen-
tally induced hyperthermia in rats, although pretreatment with
the extract did not prevent hyperthermia;®® antipyretic activity is
stated to be due to the phenolic acid constituents.“* In the same
study, no analgesic activity could be demonstrated in mice
(writhing syndrome and hotplate models).”) Gentiopicroside
(30 mg/kg/day intraperitoneally) inhibited tumour necrosis factor
(TNF) production in carbon tetrachloride-induced and bacillus
Calmette—Guérin/lipopolysaccharide-induced models of hepatic
injury in mice./*?

In rats, anticholinesterase activity has been demonstrated for
swertiamarin in a dose-dependent manner following oral admin-
istration, demonstrated by inhibition of carbachol-induced
contraction of proximal colon.!“*? In mice, gentianine has central
nervous system (CNS)-depressant activity at oral doses of 30 mg/
kg, demonstrated by inhibition of spontancous movement and
prolonged hexobarbital-induced sleeping time.‘“*? Anti-ulcero-
genic and inhibitory gastric secretion in rats (100 mg/kg) have been
shown for gentianine./“*?

Clinical studies

There is a lack of clinical research assessing the effects of centaury
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

There is a lack of clinical safety and toxicity data for centaury and
further investigation of these aspects is required.

An alcoholic extract of centaury (200 mL/plate) was antimuta-
genic in Salmonella typhimurium strains TA8 and TA100.%

Contra-indications, Warnings

Centaury is contra-indicated for individuals with peptic

ulcers.(©3?

Drug interactions None documented. However, the potential for
preparations of centaury to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation The safety of centaury taken during
pregnancy has not been established. In view of the lack of toxicity
data, use of centaury during pregnancy and lactation should be
avoided.

Preparations

Proprietary single-ingredient preparations
Czech Republic: Nat Zemezluce.

Proprietary multi-ingredient preparations

Austria: Montana N; China-Eisenwein; Eryval; Magentee St
Severin; Mariazeller. Czech Republic: Naturland Grosser
Swedenbitter; Stomaran. France: Diacure; Tisane Hepatique
de Hoerdt. Germany: Amara-Tropfen; Canephron; Stullma-
ton. Russia: Canephron N (Kanedpon H); Herbion Drops for
the Stomach (I'epbuon JKeayaoumnsie Karau); Original Grosser
Bittner Balsam (Opurunassmsit Boapmoit baassam Burraepa).
South Africa: Amara; Clairo. Spain: Natusor Hepavesical;
Odisor. Switzerland: Gastrosan; Tisane pour l'estomac.
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' Cereus

Summary and Pharmaceutical Comment

Little phytochemical or pharmacological information has
been documented for cereus, although the presence of
tyramine, a cardiotonic amine, may support the traditional
use of cereus as a cardiac stimulant. Cardiac complaints are
not considered to be suitable for self-medication.

Species (Family)

Selenicereus grandiflorus (L.) Britt. & Rose (Cactaceae)

Synonym(s)
Cactus grandiflorus L., Cereus grandiflorus (L.) Mill., Night

Blooming Cereus

Part(s) Used

Stem

Pharmacopoeial and Other Monographs

Martindale 35¢th edition‘“%

Legal Category (Licensed Products)
L.(G37)

Cereus is not included in the GS

Constituents

The following is compiled from several sources, including General
References G22 and G40.
Alkaloids Tsoquinoline-type. Unidentified alkaloids."

3)

Amines  Tyramine'”, hordenine,”) previously referred to as

cactine.

Flavonoids Rutin, kaempferitrin, hyperoside, isorhamnetin-3-f3-
(galactosyl)-rutinoside.

Other constituents Resin

Food Use

Cereus is not used in foods.

Herbal Use

Cereus is reputed to act as a cardiac stimulant and as a partial
substitute for digitalis, although there is no proof of its

Amines
HO HO HaC CHy
tyramine hordenine

Figure 1 Selected constituents of cereus.

therapeutic value. Cereus has been used in cases of dropsy and
various cardiac disorders.(<'%¢%

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard reference texts are given below.

Liquid extract of cereus (BPC 1934) 0.06-0.6 mL.
Tincture of cereus (BPC 1934) 0.12-2.0 mL.

Pharmacological Actions

In vitro and animal studies

None documented for cereus. Cereus is reported to contain a
cardiotonic amine, tyramine, which has positive inotropic activity.
Clinical studies

There is a lack of clinical research assessing the effects of cereus
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

There is a lack of clinical safety data and toxicity data for cereus
and further investigation of these aspects is required.

The fresh juice of cereus is irritant to the oral mucosa, causing
a burning sensation, nausea and vomiting. Diarrhoea has also
been reported following cereus consumption. ©>?

Contra-indications, Warnings

Cereus is stated to contain tyramine;” on this basis, whether or

not it is appropriate for use by patients with cardiac disorders
should be considered.

Drug interactions None documented. However, the potential for
preparations of cereus to interact with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered. Cereus is stated to contain
tyramine;'? until further information is available, its use in
patients receiving monoamine oxidase inhibitors should be
avoided.

Pregnancy and lactation The safety of cereus has not been
established. In view of the limited information available on cereus,
its use during pregnancy and lactation should be avoided.
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' Chamomile, German

Summary and Pharmaceutical Comment

The chemistry of German chamomile, especially of the
volatile oil component, is well documented and is similar to
that of Roman chamomile. Pharmacological activity is
associated with the flavonoid and volatile oil fractions. A
range of pharmacological actions has been documented (e.g.
anti-inflammatory and antispasmodic activities) and many of
these support the reputed herbal uses. Rigorous clinical
research assessing the effects of German chamomile is
limited, and randomised controlled clinical trials are required
to establish the reported anti-inflammatory, wound-healing
and sedative effects. Toxicity studies to date have indicated
chamomile to be of low toxicity, although allergic reactions
are documented.

Species (Family)

Matricaria recutita L. (Asteraceae/Compositae)

Synonym(s)

Chamomilla recutita (L.) Rauschert, Hungarian Chamomile,
Matricaria Flowers, Scented Mayweed, Sweet False Chamomile,
Wild Chamomile

Part(s) Used
Flowerhead

Pharmacopoeial and Other Monographs

BHC 19926

BHP 1996“”

BP 2007 (Matricaria Flower)(©%
Complete German Commission E ¢
ESCOP 20037

Martindale 35th edition©%”

Ph Eur 2007 (Matricaria Flower) ¢V
USP29/NF24(©8¢)

WHO volume 1 1999<¢%

G3)

Legal Category (Licensed Products)
GSL(G37

Constituents

The following is compiled from several sources, including General
References G2, G6 and GS52.

Coumarins Umbelliferone and its methyl ether, heniarin.

Flavonoids  Apigenin, apigetrin, apiin, luteolin, quercetin,
quercimeritrin and rutin.

Volatile oils 0.24-1.9%. Pharmacopoeial standard not less than
4 mg/kg blue o0il.‘““*¥ Main components are (—)-a-bisabolol (up to
50%)" and chamazulene (1-15%).% Others include (—)-o-
bisabolol oxide A and B, (—)-a-bisabolone oxide A, spiroethers
(e.g. cis- and trans-en-yn-dicycloether), sesquiterpenes (e.g.
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anthecotulid), cadinene, farnesene, furfural, spathulenol and
proazulenes (e.g. matricarin and matricin).

Chamazulene is formed from matricin during steam distillation
of the oil. It varies in yield depending on the origin and age of the
flowers.?

Other constituents Amino acids, anthemic acid (bitter), choline,
polysaccharide, plant and fatty acids, tannin and triterpene
hydrocarbons (e.g. triacontane).
Sesquiterpenes

H | 4OH OH

(-)-tx-bisabolol (<)-a-bisabolol oxide B

wOH

{-}-c-bisabolol oxide A
.OCOCH; CO
ST
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spathulenol
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o= H
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trans-enynedicycloether

Coumarins
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Glucosyl-O
RO o o

R
umbelliferone H
umbelliferone methyl ether CHj OH O

Flavonoids

apigenin-7-glucoside

Figure 1 Selected constituents of German chamomile.



Food Use

German chamomile is listed by the Council of Europe as a natural
source of food flavouring (category N2). This category indicates
that chamomile can be added to foodstuffs in small quantities,
with a possible limitation of an active principle (as yet
unspecified) in the final product.“'® German chamomile is
commonly used in herbal teas. Previously, German chamomile has
been listed as GRAS (Generally Recognised As Safe).“*

Herbal Use

German chamomile is stated to possess carminative, antispasmo-
dic, mild sedative, anti-inflammatory, antiseptic and anticatarrhal
properties,(©2 4 G0 G7 G8. G435, GSL GO 10 hag been used for
flatulent nervous dyspepsia, travel sickness, nasal catarrh, nervous
diarrhoea, restlessness and specifically for gastrointestinal dis-
turbance with associated nervous irritability in children. It has
been used topically for haemorrhoids, mastitis and leg ulcers.
German Commission E approved use for gastrointestinal spasms
and inflammatory diseases of the gastrointestinal tract and
externally for skin and mucous membrane inflammation and
bacterial skin diseases including oral cavity and gums. It is also
approved for inflammations and irritations of the respiratory tract
(by inhalation) and ano-genital inflammation (baths and irriga-
tion).(m)

Figure 3 German chamomile — dried drug substance (flowerhead).

Chamomile, German &
Dosage

Dosages for oral administration (adults) for traditional uses
recommended in standard herbal reference texts are given below.

Dried flowerheads 2-8g¢ as an infusion three times daily.®”

Liquid extract 1-4mL (1:1in 45% alcohol) three times daily.‘“”

Pharmacological Actions

In vitro and animal studies

A wide range of pharmacological activities has been documented
for German chamomile, including antibacterial, anti-inflamma-
tory, antispasmodic, anti-ulcer, antiviral and hypo-uraemic
activities.

Anti-inflammatory and anti-allergic activity Anti-allergic and
anti-inflammatory activities”* are well documented for German
chamomile. The azulene components of the volatile oil are
thought to contribute by inhibiting histamine release and they
have been reported to prevent allergic seizures in guinea-pigs.'”
Aqueous alcoholic extracts inhibited 5-lipoxygenase and cyclo-
oxygenase activity, and oxidation of arachidonic acid, and a
supercritical carbon dioxide extract had ICs, values of 6-25 ug/mL
for these three activities.“*¥ The active compounds identified
included apigenin, chamazulene, cis-en-yn spiroether and (—)-o-
bisabolol.“*¥  Matricin, the precursor to chamazulene, is
reported to be a more effective anti-inflammatory agent than
chamazulene.**  Anti-inflammatory activity has also been
documented for the sesquiterpene bisabolol compounds, with
greatest activity reported for (—)-o-bisabolol,* and for cis-
spiroether.”’ Anti-inflammatory activity (rat paw carrageenan
test) has also been documented for a cis-spiroether against
dextran induced oedema; no activity was observed against oedema
induced by serotonin, histamine or bradykinin.® In addition,
flavonoids are known to possess anti-inflammatory activity.

Sedative activity Apigenin competitively inhibited binding of
flunitrazepam to the central benzodiazepine receptor, but lacked
activity at other receptors, including muscarinic, o-adrenorecep-
tor and GABA,.(“*? High-performance liquid chromatography
(HPLC) fractions of a methanol extract displaced flunitrazepam
from its receptors in rat cerebellum membranes and muscimol
from GABA receptors in rat cortical membranes, due to the
presence of GABA in the fractions. Prolongation of hexobarbital-
induced sleeping time and reduction in activity of mice have been
documented.“*?

Anti-ulcerogenic activity Anti-ulcerogenic activity in rats has
been reported for (—)-a-bisabolol; the development of ulcers
induced by indometacin, stress or ethanol was inhibited.*”

Antimicrobial and antiviral activities German chamomile oil
has been reported to have antifungal activity and antibacterial
activity against Gram-positive bacteria./®*” The coumarin
herniarin has antibacterial and antifungal activities in the
presence of UV light. Antibacterial activity has been documented
for the coumarin constituents.” An ethanolic extract of the entire
plant has been reported to inhibit the growth of poliovirus and
herpesvirus.®

Antispasmodic activity Antispasmodic activity on the isolated
guinea-pig ileum has been documented for the flavonoid and
bisabolol constituents.*” Greatest activity was exhibited by the
flavonoids, especially apigenin which was found to be more than




Chamomile, German

three times as potent as papaverine.” (—)-o-Bisabolol activity was
found to be comparable to that of papaverine, while the total
volatile oil was considerably less active.” Smooth muscle relaxant
properties have also been documented for a cis-spiroether. > 1%

Enhancement of uterine tone in the guinea-pig and rabbit has
been reported for an aqueous extract at a concentration of 1-2 mg

extract/cm>. 1Y

Other activities High molecular weight polysaccharides with
immunostimulating activity have been isolated from German
chamomile."? The oil has been reported to increase bile secretion
and concentration of cholesterol in the bile, following the
administration of 0.1mL/kg by mouth to cats and dogs.™® A
dose of 0.2mL/kg was stated to exhibit hypotensive, and cardiac
and respiratory depressant properties. '

The ability of the volatile oil to regenerate liver tissue in
partially hepatectomised rats has been attributed to the azulene
constituents.?

The volatile oil has been documented to reduce the serum
concentration of urea in rabbits with experimentally induced
uraemic conditions."*

Clinical studies

Rigorous clinical research assessing the effects of German
chamomile is limited and large randomised controlled clinical
trials are required.

Anti-inflammatory and wound-healing effects Clinical studies
investigating the anti-inflammatory effects and wound-healing
properties of German chamomile preparations have been
reviewed.‘“*” A summary of this information is given below.
Many of the studies and reports mentioned below have important
methodological limitations (e.g. no control group, small numbers
of participants) and this should be considered when interpreting
the results.

A cream containing German chamomile extract was reported to
have effects equivalent to 0.25% hydrocortisone, and superior
effects to 0.1% diflucortolone and 5% bufexamax in inflamma-
tory dermatoses, as assessed in 161 patients. Studies involving
healthy volunteers who received German chamomile preparations
have reported that German chamomile ointment was superior to
0.1% hydrocortisone acetate in dermatitis, and German chamo-
mile cream (20 mg/g) reduced visual sores and redness of skin in
an adhesive-tape stripping test. A randomised, double-blind trial
involving 25 participants indicated that a cream containing an
aqueous alcoholic extract of German chamomile was more
effective than hydrocortisone against UVB-induced erythema.

In an open study involving 98 patients with cancer, an extract
preparation (containing 50mg o-bisabolol and 150-300 mg
apigenin-7-glucoside/100 g) used three times daily was reported
to reduce oral mucositis caused either by irradiation or
chemotherapy. However, a double-blind, placebo-controlled trial
involving 164 patients showed that a mouthwash containing
German chamomile did not decrease 5-fluorouracil-induced
stomatitis.

The healing effects of German chamomile ointment and
dexapanthenol 5% cream administered for six days were reported
to have comparable effects in a study involving 147 female patients
who underwent episiotomy during childbirth. A standardised
extract (50 mg a-bisabolol and 3 mg chamazulene/100g) signifi-
cantly decreased weeping wound area and drying of wound in 14
patients following removal of tattoos. An ointment preparation

improved haemorrhage, itching, burning and oozing due to
haemorrhoids in a study involving 120 patients.

Sedative effects Oral administration of a German chamomile
extract was reported to induce a deep sleep in 10 of 12 patients
undergoing cardiac catheterisation.”

Side-effects, Toxicity

There is a lack of clinical safety data and toxicity data for German
chamomile and further investigation of these aspects is required.

Reports of allergic reactions to chamomile are common,
although in the majority of cases the plant species is not
specified.""? Patients with an existing hypersensitivity to German
chamomile have demonstrated cross-sensitivities to other mem-
bers of the family Asteraceae/Compositae™® <" and also to
celery (family Umbelliferae)./“>V There are reports of anaphylac-
tic reactions to chamomile (species unspecified)!”"'® and in both
cases the individuals concerned had an existing hypersensitivity to
ragweed (member of Asteracecac/Compositae). The symptoms
they experienced included abdominal cramps, thickness of the
tongue and a tight sensation in the throat,"® angioedema of the
lips and eyes, diffuse pruritus, a full sensation of the ears,
generalised urticaria, upper airway obstruction, and pharyngeal
oedema."” Both patients made a full recovery following medical
treatment.

Allergic skin reactions have been documented following
external contact with German chamomile.* ' " Consumption
of chamomile tea may exacerbate existing allergic conditions and
the use of a chamomile enema has been documented to cause
asthma and urticaria.

The allergenic properties documented for chamomile have been
attributed to anthecotulid, a sesquiterpene lactone present in low
concentrations,"” and to matricarin, a proazulene which has
produced positive patch tests in patients with an existing
sesquiterpene lactone hypersensitivity.(G’;l) Sesquiterpene lactones
have been implicated in the allergenic activity of many plants,
especially those belonging to the Asteraceae/Compositae family
(see Feverfew). The prerequisite for allergenic activity is thought
to be an exocyclic a-methylene group.“”

The flowerheads contain anthemic acid, which is reported to act
as an emetic in large doses.©*

The acute toxicity of chamomile oil (German and Roman) is
reported to be low.?" Oral and dermal LDs, values in rabbits have
been documented as greater than 5 g/kg,”"” and the application of
undiluted oil to the hairless backs of mice, to rabbit skin, and to
human skin was not found to produce any observable irritation.*"
An LDjsq value (mouse, by mouth) for German chamomile oil has
been documented as 2.5 mL/kg."? The acute oral toxicity of (—)-
a-bisabolol in mice and rats is reported to be low at
approximately 15 mL/kg.?® The subacute oral toxicity of (—)-o-
bisabolol has been estimated to be between 1.0 and 2.0 mL/kg in
rats and dogs.*” An LDs value (mouse, intraperitoneal injection)
for cis-spiroether has been stated as 670 mg/kg.®

Contra-indications, Warnings

In view of the documented allergic reactions and cross-
sensitivities, German chamomile should be avoided by individuals
with a known hypersensitivity to any members of the Asteraceae/
Compositae family. In addition, German chamomile may
precipitate an allergic reaction or exacerbate existing symptoms
in susceptible individuals (e.g. asthmatics).



The use of chamomile preparations for teething babies is not
recommended.

Drug interactions None documented. However the potential for
preparations of German chamomile to interact with other
medicines administered concurrently, particularly those with
similar or opposing effects, should be considered (particularly
where oral preparations of German chamomile are used).

Coumarin compounds detected so far in German chamomile do
not possess the minimum structural requirements (a C-4 hydroxyl
substituent and a C-3 non-polar carbon substituent)“®” for
anticoagulant activity.

Pregnancy and lactation German chamomile is reputed to
affect the menstrual cycle'™*” and extracts are reported to be
uterotonic. ™ Teratogenicity studies in rats, rabbits and dogs
have been documented for (—)-a-bisabolol, with the oral toxic
dose stated as 1-3mL/kg.*? A dose of 3mL/kg was found to
increase the number of fetuses reabsorbed and reduce the body
weight of live offspring.”? (—)-a-Bisabolol administered orally
(250 and 500 mg/kg) to pregnant rats has been reported to have no
effect on the fetus.") There are insufficient data on the use of
German chamomile preparations during pregnancy and breast-
feasting, and excessive use (particularly oral preparations) should
be avoided during these periods.

Preparations

Proprietary multi-ingredient preparations

UK: Culpeper After Dinner Tea; Napiers Monthly Calm Tea.
USA: Hot Flashex; Kavatrol; Laci Throat Care Soothing
Citrus; MSM with Glucosamine Creme.
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' Chamomile, Roman

Summary and Pharmaceutical Comment

The chemistry of Roman chamomile, particularly of the
volatile oil, is well documented and is similar to that of
German chamomile. Limited pharmacological data are
available for Roman chamomile, although many actions have
been reported for German chamomile. In view of the similar
chemical compositions, many of the activities described for
German chamomile are thought to be applicable to Roman
chamomile and thus support the traditional herbal uses.
However, rigorous clinical research assessing the efficacy and
safety of preparations of Roman chamomile is required.
Roman chamomile is stated to be of low toxicity, although
allergic reactions (mainly contact dermatitis) have been
reported.

Species (Family)

Chamaemelum nobile (L.) All. (Asteraceae/Compositae)

Synonym(s)

Anthemis nobilis L., Chamomile, ormenis nobilis (L.) ]J. Gay ex
Coss. & Germ.

Part(s) Used

Flowerhead

Pharmacopoeial and Other Monographs

BHC 1992(%¢)

BHP 1996¢?

BP 200734

Martindale 35th edition©%®
Ph Eur 20078V
USP29/NF24'8€)

Legal Category (Licensed Products)
GSL'“?”

Constituents

The following is compiled from several sources, including General
References G2 and Gé6.

Coumarins Scopoletin-7-glucoside.

Flavonoids Apigenin, luteolin, quercetin and their glycosides
(e.g. apiin, luteolin-7-glucoside and rutin).

Volatile oils 0.4-1.75%. Angelic and tiglic acid esters (85%);"
others include 1,8-cineole, [-trans-pinocarveol, [-trans-pinocar-
vone, chamazulene, farnesol, nerolidol; germacranolide-type
sesquiterpene lactones (0.6%), including nobilin, 3-epinobilin,
1,10-epoxynobilin, 3-dehydronobilin; various alcohols including
amyl and isobutyl alcohols, anthemol.""™ Chamazulene is formed
from a natural precursor during steam distillation of the oil, and
varies in yield depending on the origin and the age of flowers.!"”

o

Other constituents Anthemic acid (bitter), phenolic and fatty
acids, phytosterol, choline and inositol.

Food Use

Roman chamomile is listed by the Council of Europe as a natural
source of food flavouring (category N2). This category indicates
that Roman chamomile can be added to foodstuffs in small
quantities, with a possible limitation of an active principle (as yet
unspecified) in the final product.“!® Chamomile is commonly
used as an ingredient of herbal teas. Previously, Roman chamomile
has been listed as GRAS (Generally Recognised As Safe). 4"

Herbal Use

Roman chamomile is stated to possess carminative, anti-emetic,
antispasmodic, and sedative properties. It has been used for
dyspepsia, nausea and vomiting, anorexia, vomiting of pregnancy,
dysmenorrhoea, and specifically for flatulent dyspepsia associated
with mental stress, (@2 G 7> G5 G649

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in standard herbal reference texts are given below.

Dried flowerheads 1-4g as an infusion three times daily.‘“”
Liquid extract 1-4mL (1:1in 70% alcohol) three times daily.‘“”

Volatile oil esters

Sesquiterpenes

H CHs

n-butylangelate

HsC CHg
=
o
n-butyltigliate

nobilin

Coumarins Flavonoids
Glucosyl-O o] o
scopoletin-7-glucoside
(scopolin)
R
apigenin  H
luteolin  OH

Figure 1 Selected constituents of Roman chamomile.



Pharmacological Actions

German and Roman chamomile possess similar pharmacological
activities (see Chamomile, German for a fuller description of
documented pharmacological actions).

In vitro and animal studies

Few studies have been documented specifically for Roman
chamomile. The azulene compounds are reported to possess
anti-allergic and anti-inflammatory properties; their mechanism
of action is thought to involve inhibition of histamine release (see
Chamomile, German). The volatile oil has been documented as
having anti-inflammatory activity (carrageenan rat paw oedema
test), and antidiuretic and sedative effects following intraperito-
neal administration of doses up to 350 mg/kg body weight to
rats.”

The azulenes have been reported to stimulate liver regeneration
following oral, but not subcutaneous, administration.

The sesquiterpenoids nobilin, 1,10-epoxynobilin and 3-dehy-
dronobilin have demonstrated in vitro antitumour activity against
human cells.!’ The concentration of hydroxyisonobilin required
for cytotoxic activity is reported to be low enough to warrant
further investigations (EDjsy 0.56 pg/mL versus HelLa; EDsg
1.23 pg/mL versus KB; arbitrary acceptable test level 4 pg/mL).

Clinical studies

Clinical research assessing the effects of Roman chamomile is
limited, and rigorous randomised controlled clinical trials are
required.

Side-effects, Toxicity

There is a lack of clinical safety data and toxicity data for Roman
chamomile and further investigation of these aspects is required.

Instances of allergic and anaphylactic reactions to chamomile
have been documented (see Chamomile, German) The allergenic
principles in chamomile are thought to be the sesquiterpene

Figure 2 Roman chamomile (Chamaemelum nobile).

Chamomile, Roman 157
A 4

lactones.!” Roman chamomile yields nobilin, a sesquiterpene

lactone that is reported to be potentially allergenic.”) However,
Roman chamomile oil has also been reported to be non-irritant
and non-sensitising to human skin.”” Animal studies have
indicated the oil to be either mildly or non-irritant, and to lack
any phototoxic effects.”

Large doses of Roman chamomile are stated to act as an
emetic“™ and this has been attributed to the anthemic acid
content.®

The acute toxicity of Roman chamomile in animals is reported
to be relatively low.!" Acute LDs, values in rabbits (dermal) and
rats (by mouth) have been stated to exceed S g/kg.”

Contra-indications, Warnings

In view of the documented allergic reactions and cross-sensitivities
(see Chamomile, German), Roman chamomile should be avoided
by individuals with a known hypersensitivity to any members of
the Asteraceae/Compositae family. In addition, Roman chamomile
may precipitate an allergic reaction or exacerbate existing
symptoms in susceptible individuals (e.g. asthmatics).

The use of chamomile preparations in teething babies is not
recommended.

Drug interactions None documented. However the potential for
preparations of Roman chamomile to interact with other
medicines administered concurrently, particularly those with
similar or opposing effects, should be considered (particularly
where oral preparations of Roman chamomile are used).
Coumarin compounds detected so far in Roman chamomile do
not possess the minimum structural requirements (a C-4 hydroxyl
substituent and a C-3 non-polar carbon substituent) for antic-
oagulant activity.

Pregnancy and lactation Roman chamomile is reputed to be an
abortifacient and to affect the menstrual cycle.“*” In view of this
and the potential for allergic reactions, the excessive use of Roman
chamomile during pregnancy and lactation should be avoided.

Preparations

Proprietary multi-ingredient preparations

UK: Summertime Tea Blend.

Figure 3 Roman chamomile — dried drug substance (flowerhead).
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- Chaparral

Summary and Pharmaceutical Comment

The chemistry of chaparral is well studied and extensive
literature has been published on the principal lignan
component nordihydroguaiaretic acid (NDGA). However,
little documented evidence is available to justify the herbal
uses of chaparral. In view of the concerns over the hepatic
toxicity, the use of chaparral as a herbal remedy cannot be
recommended.

Species (Family)

Larrea tridentata Cov. var. glutinosa Jepson (Zygophyllaceae)

Synonym(s)

Creosote Bush. L. tridentata (south-western USA and northern
Mexico) is now regarded as a separate species to Larrea divaricata
Gav. (north-western Argentina).(l)

Part(s) Used
Herb

Pharmacopoeial and Other Monographs

Martindale 35th edition'“%

Legal Category (Licensed Products)

(G37)

Chaparral is not included in the GSL.

Constituents

The following is compiled from several sources, including General
Reference G22.

Amino acids Arginine, aspartine, cystine, glutamic acid, glycine,
isoleucine, leucine, phenylalanine, tryptophan, tyrosine and
valine.

Flavonoids  More than 20 different compounds reported,
including isorhamnetin, kaempferol and quercetin and their
glycosidic and ether derivatives; gossypetin, herbacetin, and their
acetate derivatives;"” two C-glucosyl flavones.

Lignans Major constituent nordihydroguaiaretic acid (NDGA)
(up to 1.84%), norisoguaiacin, dihydroguaiaretic acid, partially
demethylated dihydroguaiaretic acid, 3’-demethoxyisoguaia-

- (8-10
Cll’l.( )

nordihydroguaiaretic acid

Figure 1 Selected constituents of chaparral.

Resins 20%. Phenolic constituents on external leaf surfaces of L.
divaricata and L. tridentata are reported to be identical, contain-
ing a number of flavone and flavonol glycosides, and two lignans
(including NDGA).*

Volatile oils Many identified terpene components include
calamene, eudesmol, limonene, o- and B-pinene, and 2-rossa-
lene. Y

Other constituents Two pentacyclic triterpenes,'

saponins.
Other plant parts A cytotoxic naphthoquinone derivative,
larreantin, has been isolated from the roots.*¥

Food Use

Chaparral is not used in foods, although a related species, Larrea
mexicana Moric., also termed creosote bush, is listed by the
Council of Europe as a natural source of food flavouring (category
N2). This category indicates that creosote bush can be added to
foodstuffs in small quantities, with a possible limitation of an
active principle (as yet unspecified) in the final product.‘“'® In the
USA, NDGA is no longer permitted to be used as an antioxidant
in foods following the results of toxicity studies in animals (see
Side-effects, Toxicity).

Herbal Use

Chaparral has been used for the treatment of arthritis, cancer,

venereal disease, tuberculosis, bowel cramps, rheumatism and
G60)

colds.'

Figure 2 Chaparral (Larrea tridentata).
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' Chaparral

Figure 3 Chaparral — dried drug substance (herb).

Dosage

None documented.

Pharmacological Actions

In vitro and animal studies

Amoebicidal action against Entamoeba histolytica has been
reported for a chaparral extract (0.01%).""* This action may be
attributable to the lignan constituents, which are documented as
both amoebicidal and fungicidal.”” NDGA has been reported to
have antimicrobial activity against a number of organisms
including Penicillium spp., Salmonella spp., Streptococcus spp.,
Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa
and various other pathogens and moulds.® ')

NDGA is an antioxidant, and has been documented to cause
inhibition of hepatic microsomal enzyme function.!">"!”

Clinical studies

Medical interest in chaparral increased following claims that
ingestion of an aqueous infusion of the herb was associated with
regression of a malignant melanoma in the cheek of an 85-year-old
man."® However, an isolated care report is not adequate scientific
evidence, results of a subsequent study that investigated the
antitumour action of chaparral, as a tea, were inconclusive.©¢"

Side-effects, Toxicity

There is a lack of clinical safety data and toxicity data for
chaparral and further investigation of these aspects is required.
Acute hepatitis has been associated with chaparral inges-
tion."”21)  Contact dermatitis to chaparral has been
reported.?>?¥  Chaparral-induced toxic hepatitis has been
reported for two patients in different parts of the USA. The
adverse effects were attributed to ingestion of a herbal nutritional
supplement derived from the leaves of chaparral. Five cases of
serious poisoning in the USA and another three in Canada have
been linked to chaparral-containing products.?”** Some patients
have developed irreversible reno-hepatic failure. Initially, NDGA
was thought to have low toxicity: doses of up to 400 mg/kg body
weight by intramuscular injection had been administered to
humans for 5-6 months, with little or no toxicity reported.">
Documented oral LDy, values for NDGA include 4 g/lkg (mouse),
5.5g/kg (rat) and 830 mg/kg (guinea-pig)."™ Results of chronic
feeding studies (two years, 0.25-1.0% of diet) in rats and mice

reported no abnormalities in histological tests of the liver, spleen
and kidney. Inflammatory caecal lesions and slight cystic
enlargement of lymph nodes near the caecum were observed in
rats at the 0.5% feeding level. At this point NDGA was considered
to be safe for food use. However, two later studies in rats (using
NDGA at up to 3% of the diet) reported the development of
cortical and medullary cysts in the kidney.""” On the basis of these
findings, NDGA was removed from GRAS (Generally Recognised
As Safe) status in the USA and is no longer permitted to be used
as an antioxidant in foods."

Contra-indications, Warnings

In view of the reports of acute hepatitis associated with chaparral
ingestion, and the uncertainty regarding NDGA toxicity, con-
sumption should be avoided.

Drug interactions None documented. However the potential for
preparations of chaparral to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. Chaparral has amino acid
constituents and, therefore, may not be suitable for use by patients
receiving treatments with monoamine oxidase inhibitors.

Pregnancy and lactation In vitro utero activity has been
documented for chaparral./“*” In view of the concerns regarding
toxicity, chaparral should not be ingested during pregnancy or
lactation.

Preparations

Proprietary multi-ingredient preparations

Australia: Proyeast.
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' Cinnamon

Summary and Pharmaceutical Comment

The reputed antimicrobial, antiseptic, anthelmintic,
carminative and antispasmodic properties of cinnamon are
probably attributable to the volatile oil. The astringent
properties of tannins may account for the claimed
antidiarrhoeal action. However, rigorous clinical research
assessing the efficacy and safety of cinnamon preparations is
required. Cinnamon should not be used in amounts greatly
exceeding those used in foods.

Species (Family)

*Cinnamomum zeylanicum Bl. (Lauraceae)
tCinnamomum loureirii Nees
fCinnamomum burmanii (Nees) Bl.

Synonym(s)

*Ceylon Cinnamon, Cinnamomum verum J.S. Presl., True
Cinnamon

tCinnamomum obtusifolium Nees var. loureirii Perr. & Eb.,
Saigon Cassia, Saigon Cinnamon

$Batavia Cassia, Batavia Cinnamon, Padang-Cassia, Panang
Cinnamon

Part(s) Used

Inner bark

Pharmacopoeial and Other Monographs

BHP 1996'“”

BP 20078

Complete German Commission E
Martindale 35th edition‘“®

Ph Eur 20078

WHO volume 1 19996

(G3)

Legal Category (Licensed Products)
GSL(G37)

Constituents

The following is compiled from several sources, including General
References G2, G58, G359 and G62.

Tannins Condensed.

Volatile oils Up to 4%. Cinnamaldehyde (60-75%), benzalde-
hyde and cuminaldehyde; phenols (4-10%) including eugenol, and
methyleugenol, pinene, phellandrene, cymeme and caryophyllene
(hydrocarbons), eugenol acetate, cinnamyl acetate and benzyl
benzoate (esters), linalool (an alcohol). Of the various types of
cinnamon bark the oil of C. zeylanicum is stated to contain the
highest amount of eugenol. Cinnamon oil differs from the closely
related cassia oil in that the latter is reported to be devoid of
eugenol, monoterpenoids and sesquiterpenoids (see Cassia).

162

Other constituents Calcium oxalate, cinnzeylanin, cinnzeylanol,
coumarin, gum, mucilage, resins and sugars.

Other plant parts Cinnamon leaf oil contains much higher
concentrations of eugenol, from 80 to 96% depending on the
species. A cinnamon leaf oil of Chinese origin, Cinnamomum
japonicum Sieb., contains a high concentration of safrole (60%)
and only about 3% eugenol.

Food Use

Cinnamon is listed by the Council of Europe as a natural source
of food flavouring (category N2). This category indicates that
cinnamon can be added to foodstuffs in small quantities, with a
possible limitation of an active principle (as yet unspecified) in the
final product./“'® It is commonly used as a spice in cooking,
although at levels much less than the stated therapeutic doses. The
acceptable daily intake of cinnamaldehyde has been temporarily
estimated as 700 pg/kg body weight.“*) Previously, cinnamon has
been listed as GRAS (Generally Recognised As Safe). <4

Herbal Use

Cinnamon is stated to possess antispasmodic, carminative,
orexigenic, antidiarrhoeal, antimicrobial, refrigerant and anthel-
mintic properties. It has been used for anorexia, intestinal colic,
infantile diarrhoea, common cold, influenza, and specifically for
flatulent colic, and dyspepsia with nausea./“”” Cinnamon bark is
also stated to be astringent, and cinnamon oil is reported to
possess carminative and antiseptic properties.(cz‘ G4L, Ge4)

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal and pharmaceutical
reference texts are given below.

Dried bark 0.5-1.0g as an infusion three times daily.“”

Phenylpropanes

CHO |
==
OCH; ¢
OR R o
cinnamaldehyde  eugenol H safrole
methyleugenol CHs
CO.H
Z

trans-cinnamic acid

Figure 1 Selected constituents of cinnamon.



Liquid extract 0.5-1.0mL (1:1 in 70% alcohol) three times
daily.(©”

Tincture of Cinnamon (BPC 1949) 2—4 mlL.

Pharmacological Actions

In vitro and animal studies

Cinnamon oil has antifungal, antiviral, bactericidal and larvicidal
properties.“*" A carbon dioxide extract of cinnamon bark
(0.1%) has been documented to suppress completely the growth
of numerous microorganisms including Escherichia coli, Staphy-
lococcus aureus and Candida albicans.'°*" (See Cassia for details

of the many pharmacological actions documented for cinnamal-
dehyde and cinnamomi cortex (cinnamon bark).)
Antiseptic and anaesthetic properties have been documented for

eugenol” and two insecticidal compounds, cinnzeylanin and
G41)

cinnzeylanol, have been isolated.’ Tannins are known to

possess astringent properties.

Figure 2 Cinnamon (Cinnamomum zeylanicum).

Figure 3 Cinnamon - dried drug substance (inner bark).

Cinnamon '

Weak tumour-promoting activity on the mouse skin and weak
cytotoxic activity against HeLa cells has been documented for
eugenol, 4

Clinical studies

There is a lack of clinical research assessing the effects of
cinnamon and rigorous randomised controlled clinical trials are
required.

Side-effects, Toxicity

None documented for cinnamon bark. However, clinical safety
data and toxicity data for cinnamom are limited and further
investigation of these aspects is required. Cinnamon oil contains
cinnamaldehyde, an irritant and sensitising principle./“*® The
dermal LDysq of the oil is reported to be 690 mg/kg body weight

(see Cassia). The accepted daily intake of eugenol is up to 2.5 mg/
ke, (G4

Contra-indications, Warnings

Contact with cinnamon bark or oil may cause an allergic
reaction.‘“*” Cinnamon oil is stated to be a dermal and mucous
membrane irritant, and a dermal sensitiser.“*® It is a hazardous
oil and should not be used on the skin./“*® The oil should not be
taken internally.

Drug interactions None documented.

Pregnancy and lactation There are no known problems with
the use of cinnamon during pregnancy and lactation, provided
that doses do not greatly exceed the amounts used in foods.

Preparations

Proprietary single-ingredient preparations

USA: Cinnamon Extract.

Proprietary multi-ingredient preparations

Austria: Brady's-Magentropfen; China-Fisenwein; Mariazeller;
Montana; Montana N; Passedan. Brazil: Balsamo Branco;
Paratonico. Czech Republic: Blahungstee N; Dr Theiss
Rheuma Creme; Dr Theiss Schwedenbitter; Magen- und
Darmtee N. France: Elixir Grez; Quintonine. Germany:
Amara-Pascoe; Gastrosecur; Klosterfrau Melisana; Melissen-
geist; Schwedentrunk Elixier; Sedovent. India: Carmicide.
Israel: Davilla. Italy: Biophase Shampoo; Dam. Russia:
Doppelherz  Melissa  (Aommeasrepn  Meancca);  Himcolin
(Xumkoaun). South Africa: Melissengeist; Rooilavental; Spir-
itus Contra Tussim Drops. Spain: Agua del Carmen;
Vigortonic. Switzerland: Odontal; Tisane pour les problemes
de prostate. Thailand: Meloids. UK: Melissa Comp.. Vene-
zuela: Aftil.

Reference
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' Clivers

Summary and Pharmaceutical Comment Tannins Unspecified;" gallic acid is usually associated with

— .. .. . . hydrolysable tannins.
Limited chemical information is available for clivers. No ydrolysable tantins

scientific evidence was found to support the herbal uses, Other constituents Alkanes (Co—Cs;)," flavonoids.
although documented tannin constituents may account for
the reputed mild astringent action. In view of the paucity of
toxicity data, excessive use of clivers should be avoided.

Other plant parts Anthraquinones have been documented for
the roots, but not for the aerial parts.””

Food Use

Clivers is not used in foods.

Species (Family)

Galium aparine L. (Rubiaceae)

Herbal Use
SynLym(s) Clivers is stated to possess diuretic and mild astringent properties.
Cleavers, Galium, Goosegrass It has been used for dysuria, lymphadenitis, psoriasis, and

specifically for enlarged lymph nodes. (©% 7> G8. G649

Part(s) Used

Herb Dosage

Dosages for oral administration (adults) for traditional uses
Pharmacopoeial and Other Monographs recommended in standard herbal reference texts are given below.
BHC 1992(“% Dried herb 2-4g as an infusion three times daily,(“® %7
BHP 1996'“”

Martindale 35th edition(©®

Legal Category (Licensed Products)
GSLI@¥

Constituents

The following is compiled from several sources, including General
Reference Gé.

Acids Caffeic acid, p-coumaric acid, gallic acid, p-hydroxyben-
zoic acid, salicylic acid and citric acid.”

Coumarins Unspecified. Scopoletin and umbelliferone reported
for related species Galium cruciata and Galium tauricum.®

Iridoids Asperuloside (rubichloric acid), monotropein.®® - ~ . o .
Figure 2 Clivers (Galium aparine).

Iridoids

H
Glucosyl-O

asperuloside

H
Glucosyl-O
monotropeine A -
Figure 1 Selected constituents of clivers. Figure 3 Clivers — dried drug substance (herb).

PN



Liquid extract 2-4mL (1:1 in 25% alcohol) three times

daily.(Gé’ G7)

Expressed juice 3-15mL three times daily.“® <7

Pharmacological Actions

In vitro and animal studies

None documented for clivers. Asperuloside and monotropein have
been reported to elicit a mild laxative action in mice. The action
was stated to be approximately 15 times less potent than that of
senna, and of shorter duration.

Clinical studies

None documented. Tannins are known to possess astringent
activities.

Side-effects, Toxicity

None documented.

Contra-indications, Warnings

It has been stated that diabetics should only use the expressed
- . . (G34) .

juice with caution although no pharmacological data were
located to support this statement.

Drug interactions None documented. However the potential for
preparations of clivers to interact with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered.

Clivers

\ 4

Pregnancy and lactation In view of the lack of pharmacological
and toxicological information, the use of clivers during pregnancy
and lactation should be avoided.

Preparations

Proprietary multi-ingredient preparations

Australia: Dermaco; Galium Complex; Herbal Cleanse; Uva-
Ursi Complex. UK: Antitis; Aqua Ban Herbal; Athera;
Backache; Cascade; Fenneherb Cystaid; Gerard House Water
Relief Tablets; HealthAid Boldo-Plus; Kas-Bah; Modern
Herbals Menopause; Modern Herbals Water Retention;
Napiers Breathe Easy Tea; Psorasolv; Sciargo; Skin Cleansing;
Tabritis; Tabritis Tablets; Water Naturtabs; Watershed.
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' Clove

Summary and Pharmaceutical Comment

The pharmacological properties documented for cloves are
associated with the volatile oil, in particular with eugenol
which has local anaesthetic action. However, rigorous clinical
research assessing the efficacy and safety of clove
preparations is required. Cloves should not be taken in doses
greatly exceeding those used in foods and caution should be
exerted in patients taking anticoagulant or antiplatelet
therapy.

Species (Family)

Syzygium aromaticum (L.) Merr. & Perry (Myrtaceae)

Synonym(s)

Caryophyllus aromaticus L., Eugenia aromatica (L.) Baill.,
Eugenia caryophyllata Thunb., Eugenia caryophyllus (Spreng.)
Bull. & Harr.

Part(s) Used

Clove (dried flowerbud), leaf, stem

Pharmacopoeial and Other Monographs

BHP 1996

BP 20075

Complete German Commission E(“?
Martindale 35th edition©%

Ph Eur 20078"

Legal Category (Licensed Products)
GSL?

Constituents

The following is compiled from several sources, including General
References G2 and GS38.

Volatile oils Clove bud oil (15-18%) containing eugenol (80—
90%), eugenyl acetate (2-27%), B-caryophyllene (5-12%). Others
include methylsalicylate, methyleugenol, benzaldehyde, methyla-
myl ketone and a-ylangene.

Leaf oil (2%) containing eugenol 82-88%.

Phenylpropanes

OCH3
OH
eugenol

Figure 1 Selected constituents of clove.

Stem oil (4-6%) with eugenol 90-95%. A more comprehensive
listing is provided elsewhere. (%2

Other constituents Campesterol, carbohydrates, kaempferol,
lipids, oleanolic acid, rhamnetin, sitosterol, stigmasterol and
vitamins.

Food Use

Clove is listed by the Council of Europe as a natural source of
food flavouring (category N2). This category indicates that clove
can be added to foodstuffs in small quantities, with a possible
limitation of an active principle (as yet unspecified) in the final
product.‘“*®" Clove is commonly used in cooking, and as a
flavouring agent in food products. Previously, clove has been listed
as GRAS (Generally Recognised As Safe).(“*!

Herbal Use

Clove has been traditionally used as a carminative, anti-emetic,
toothache remedy and counter-irritant, (¢% ©*- <64

Clove oil is stated to be a carminative, occasionally used in the
treatment of flatulent colic'“** and is commonly used topically
for symptomatic relief of toothache.©*¥

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older standard pharmaceutical reference texts
are given below. In dentistry, clove oil is applied undiluted using a
plug of cottonwool soaked in the oil and applied to the cavity of
the tooth (see Contra-indications, Warnings).

Clove 120-300 mg.‘“*

Clove oil 0.05-0.2 mL.(“*¥

Figure 2 Clove (Syzygium aromaticum).



Figure 3 Clove - dried drug substance (flowerbud).

Pharmacological Actions

In vitro and animal studies

The anodyne and mild antiseptic properties documented for clove
oil have been attributed to eugenol.(G41) Clove oil is stated to
o - .. N . L (G41)
possess antihistaminic and antispasmodic properties. Euge-
nol, eugenol acetate and methyl acetate are reported to exhibit
. o L (GA)

trypsin-potentiating activity.

Antibacterial, hypoglycaemic and potent CNS-depressant
activities have been documented for Syzygium cuminii L., a
related species cultivated in India.”

Clinical studies

There is a lack of clinical research assessing the effects of cloves
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

There is a lack of clinical safety data and toxicity data for clove oil
and further investigation of these aspects is required. Clove oil is
stated to be a dermal and mucous membrane irritant; ©>® contact
dermatitis, cheilitis, and stomatitis have been reported for clove
0il.““*" The irritant nature of the oil can be attributed to the
eugenol content. Eugenol is also stated to have sensitising
properties.'“Y An LDs, (rat, by mouth) value for clove oil is
stated as 2.65 glkg body weight.(©%?

Clove

Contra-indications, Warnings

None documented for the bud, leaf or stem. It is recommended
that clove oil should be used with caution orally and should not be
used on the skin.‘“*® Repeated application of clove oil as a
toothache remedy may result in damage to the gingival tissue./“*
In view of the irritant nature of the volatile oil, concentrated clove
oil is not suitable for internal use in doses larger than those
recommended.

There is limited evidence from in vitro investigations that
eugenol inhibits prostaglandin synthesis,”” and coagulation
disorders have been reported following childhood ingestion of
clove 0il.®¥

Drug interactions None documented. However, the potential for
preparations of clove oil to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. Eugenol, a major
consituent of clove oil, inhibits prostaglandin synthesis, although
the clinical relevance of this, if any, is unclear.

Pregnancy and lactation There are no known problems with
the use of clove during pregnancy or lactation, provided that doses
taken do not greatly exceed the amounts used in foods.

Preparations

Proprietary multi-ingredient preparations

Austria: Mariazeller. Brazil: Balsamo Branco. Czech Republic:
Naturland Grosser Swedenbitter; Stomatosan. Germany:
Inconturina; Klosterfrau Melisana; Melissengeist. Ifaly: Bio-
phase Shampoo; Saugella Uomo. Portugal: Midro. Russia:
Doppelherz Melissa  (Aonmeasreprr Meancca); Maraslavin
(Mapacaasun); Original Grosser Bittner Balsam (Opuru-
HaabHbl Boabmmoit Baavsav Burraepa). South Africa: Clairo;
Melissengeist; Spiritus Contra Tussim Drops. Switzerland:
Odontal; Tisane pour les problemes de prostate. UK: Melissa
Comp.; Revitonil.
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Summary and Pharmaceutical Comment

The chemistry of black cohosh is well-documented. The
triterpene glycosides and flavonoids are considered to be
important for activity, although as a mechanism of action for
black cohosh has not been established, whether or not other
known or as yet undocumented constituents contribute to
the observed effects is unclear. Most of the reputed traditional
uses of black cohosh are not supported by data from
preclinical or clinical studies. One exception is the use of black
cohosh in rheumatism and rheumatoid arthritis — there are
data from in vitro and in vivo studies in rodents that indicate
that black cohosh extracts have anti-inflammatory activity.

Evidence from rigorous randomised controlled clinical trials
to support the efficacy of extracts of black cohosh rhizome in
relieving menopausal symptoms is lacking; two recent studies
have reported a lack of effect for black cohosh preparations
on certain primary outcome variables (see Pharmacological
Actions; Clinical studies). Further investigation to assess the
effects of well-characterised black cohosh preparations in
well-designed randomised controlled trials involving sufficient
numbers of participants is required. Two such studies are in
progress in the USA.

Preclinical research has provided conflicting data on the
oestrogenic activity of preparations of black cohosh. On
balance, recent findings indicate that extracts of black cohosh
root/rhizome do not have oestrogenic effects, but further
study is required to confirm this and to elucidate the
mechanism(s) of action of black cohosh constituents.
Evidence from clinical studies on this point is also unclear.
Until further information is available, black cohosh
preparations should not be taken by individuals with
oestrogen-sensitive tumours, such as certain breast cancers.
There are only limited data on other safety aspects of black
cohosh preparations.

There are now several case reports of hepatotoxic reactions
associated with the use of black cohosh preparations.
Individuals taking black cohosh preparations and who feel
unwell or experience new symptoms, particularly those
associated with liver disease, should be advised to stop taking
black cohosh and to consult their doctor. Patients with
previous or existing liver disorders should be advised not to
take black cohosh without first consulting their doctor. In
view of the lack of conclusive evidence for the efficacy of black
cohosh, and the serious nature of the potential harm, it is
extremely unlikely that the benefit-harm balance would be in
favour of such patients using black cohosh.

Use of black cohosh preparations at doses higher than
those recommended for therapeutic effects and/or for
excessive periods (exceeding three months)‘“>® should be
avoided until further information is available on the safety of
black cohosh with long-term use. In view of the documented
pharmacological actions of black cohosh preparations, the
potential for interactions with other medicines administered
concurrently, particularly those with similar or opposing
effects, should be considered.
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Species (Family)

Cimicifuga racemosa (L.) Nutt. (Ranunculaceae)

Synonym(s)

Actaea racemosa L., A. monogyna Walter, Black Snakeroot,
Cimicifuga, Macrotys Actaca

Part(s) Used

Rhizome, root

Pharmacopoeial and Other Monographs

AHP 2002V

BHC 1992(%®)

BHP 1996“?

BHMA 20039

BPC 1934¢10

Complete German Commission E©?
ESCOP 2003¢7®

Martindale 35th edition!©%”

WHO volume 1 (1999)(¢%3)

Legal Category (Licensed Products)
GSL'@?”

Constituents

The following is compiled from several sources, including General
References G1 and G75.

Alkaloids Quinolizidine-type, including cytisine, N-methylcyti-
sine and other unidentified compounds.“”>

Flavonoids Formononetin (isoflavonoid), " although it was not
detected in 13 samples analysed.”

Phenylpropanoids Phenylpropanoid esters cimiracemates A-D,
isoferulic and ferulic acids, methylcaffeate.”

Terpenoids "® Complex mixture of 9,19-cycloartenol-type

triterpene glycosides with either xylose or arabinose. The isolated
compounds include actein®™> % and related compounds
cimicifugoside (cimigoside), 26-deoxycimicifugoside, cimiacero-
side A, cimiracemosides A-H,"*™* cimicifugosides H-3, H-4 and
H-6,""  cimigenol,“®®  26-deoxyactein, 23-epi-26-deoxyactein
(revised structure proposed for 27-deoxyactein), "' *¥
sides I-P and thirteen other cimiracemosides: 25-anhydrocimi-
genol-3-O-B-p-xyloside, 25-anhydrocimigenol-3-O-o.-L-
arabinoside, cimigenol-3-O-B-D-xyloside, cimigenol-3-O-o-L-ara-
binoside, 25-O-acetylcimigenin-3-O-f-D-xyloside, 25-O-acetyl-
cimigenol-3-O-o-L-arabinoside, 23-O-acetylshengmanol-3-O-o-L-
arabinoside, cimifugosides H-1 and H-2, 24-O-acetylshengma-
nol-a-arabinoside, 26-deoxycimicifugoside,'®'” and actacaepox-
ide-3-O-B-p-xylopyranoside.™® Daucosterol-6'-lineolate. The
major triterpene glycosides of this complex mixture appear to
be cimicifugoside, actein, 23-epi-26-deoxyactein and cimiracemo-
sides A, C and E(©7®

cimiracemo-



Other constituents Acetic acid, butyric acid, formic, palmitic
and salicylic acids, hydroxycinnamic acid esters of fukiic and
piscidic acids (e.g. fukinolic acid, cimicifugic acids A, B, E, F),"
glyceryl-L-palmitate.®

Related species 23-epi-26-deoxyactein (formerly 27-deoxyactein)
is present in C. daburica and C. foetida. The triterpenoid pattern
differs in seven species.”

Quality of plant material and commercial products

As with other herbal medicinal products, there is variation in the
qualitative and quantitative composition of black cohosh crude
plant material and commercial black cohosh root/rhizome
preparations.

Analysis of methanol extracts of black cohosh rhizomes using
thin-layer chromatography and fluorometry found the content of
formononetin to be in the range 3.1-3.5 ng/g dry weight (detection
limit 0.08 parts per million).” Contents of isoferulic acid and
total triterpene glycosides, analysed using other techniques, were
within the range 1.22-1.35 and 20.1-22.1mg/g dry weight,
respectively. By contrast, formononetin was not detected in any
of 13 samples of black cohosh root and rhizome collected in the
year 2000 from various locations in the Eastern United States of
America and extracted with 80% methanol, according to thin-
layer chromatographic and high-performance liquid chromato-
graphic techniques.”’ Similarly, formononetin and ononin (for-
mononetin-7-glucoside) were not detected in two commercial
products (Remifemin and CimiPure) available in the USA.
However, the method for determination of the limits of detection
used in this study, and the reliability of the results, have been
questioned.”” Another analytical study of commercial prepara-
tions of black cohosh also did not detect formononetin in the
products tested, although other flavonoids were present. "

In another analytical study, a sample of black cohosh plant
material and six commercial products purchased from shops in
North Carolina, USA, and labelled as containing black cohosh,
were examined for content of 23-epi-26-deoxyactein and other
triterpene glycosides using LC/TIS-MS (liquid chromatography/
turbo-ion spray-mass spectrometry). The crude plant material,
extracted with chloroform—methanol (1: 1, v/v), contained 0.8 mg/
g 23-epi-26-deoxyactein (10.6% of total triterpene glycosides) and
had a total triterpene glycoside content of 7.2 mg/g.*” The 23-cpi-
26-deoxyactein and total triterpene glycoside contents of com-
mercial products varied, ranging from 0.1-0.4 mg/capsule and 1.3—
3.0 mg/capsule, respectively, for the three products formulated as
capsules, and were 0.3 mg/mL and 3.6 mg/mL, respectively, for a
liquid extract, 0.1 mg/tablet and 0.4 mg/tablet, respectively, for a
tablet product, and 0.1 mg/tablet and 0.5 mg/tablet, respectively,
for a sublingual tablet product. The actual total triterpene
glycoside content also varied from that stated on the product
labels for the five products providing this information; in three
cases, the actual content was substantially higher than the
quantity stated on the labels (3.0, 1.6 mg/capsule and 3.6 mg/mL
versus 1.0, 1.0 mg/capsule and 2.0 mg/mL), and for the two other
products, was substantially lower than that stated on the labels
(0.38 and 0.45 versus one mg/tablet for both).

Contamination of C. racemosa products with other species,
such as C. foetida, C. daburica and C. bheracleifolia, has
occurred.”” While some of these other species do contain 23-
epi-26-deoxyactein and certain other constituents of C. racemosa,
the phytochemical profile of different Cimicifuga species differs
qualitatively and quantitatively.”

Cohosh, Black

\ 4

Detailed descriptions of C. racemosa rhizome for use in
botanical, microscopic and macroscopic identification have been
published, along with qualitative and quantitative methods for the
assessment of C. racemosa rhizome raw material.“"

Food Use

Black cohosh is not used in foods.

Herbal Use

Black cohosh is stated to possess antirheumatic, antitussive,
sedative and emmenagogue properties. It has been used for
intercostal myalgia, sciatica, whooping cough, chorea, tinnitus,
dysmenorrhoea, uterine colic, and specifically for muscular
rheumatism and rheumatoid arthritis.(“® <78 G326 Nodern
use of black cohosh is focused on its use in treating peri- and
postmenopausal symptoms.

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried rhizome/root 40-200 mg daily.“®

Liquid extract Ethanolic extracts equivalent to 40 mg dried
rhizome/root daily.(¢3 <39

Alkaloids
R
cytisine H
N-methylcytisine CHs
Flavonoids
HO I o}
g
OH
formononetin
Phenylpropanoids
o] R?
=y 0
(o]
R'O OH
OR? OH
R! R? R®
cimiracemate A CHg H H
cimiracemate B H CHs H
cimiracemate C CHj3 H OCH3
cimiracemate D H CH;  OCH;
R COOH HO COOCH
)G ) S
R2 R' R? HO
ferulic acid OCH3 OH methyl caffeate
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Figure 1 Selected constituents of black cohosh.
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Triterpenoids

actein OH cimicifugoside OH
26-deoxyactein H 26-deoxycimicifugoside H

O, L

26

23-epi-26-deoxyactein cimigenol

Figure 2 Selected constituents of black cohosh.

s
v

cimiracemoside J w-L-ara cimiracemoside L 4'-O-acetyl-o-L-ara
cimiracemoside K g-D-xyl cimiracemoside M 4'-O-acetyl-f-D-xyl

") R
23-p-acetylshengmanol- xyl shengmanol-3-0- ara
3-0-p-D-xylopyranoside «-L-arabinopyranoside
23-0-acetylshengmanol- ara shengmanol-3-0- xyl
3-C-w-L-arabinopyranoside f-D-xylopyranoside

Ac = acetyl, ara = arabinosyl, xyl = xylosyl

Figure 3 Selected constituents of black cohosh.

Tincture 0.4-2mL (1:10 in 60% ethanol) daily.‘“® deoxyactein)) 40 mg twice daily for up to 24 weeks, or an aqueous-

Controlled clinical trials assessing black cohosh preparations ethanolic extract of black cohosh rhizome (Klimadynon/Meno-
for the treatment of menopausal symptoms typically have used an fem/BNO-1055; not further specified) at doses equivalent to 40 mg
aqueous-isopropanolic standardised extract of black cohosh crude drug daily; treatment in clinical trials typically has been for
rhizome (Remifemin; each 20 mg tablet contains 1 mg triterpene 12 weeks.

glycosides, calculated as 27-deoxyactein (now known as 23-epi-26-



Pharmacological Actions

In vitro and animal studies

Preclinical research with black cohosh preparations has focused
on exploring hormonal activity, and there are conflicting results
on this. Several other pharmacological activities, including anti-
inflammatory and analgesic activities, have been documented for
black cohosh extracts and/or their constituents. The triterpene
glycosides and flavonoids are considered to be important for
activity, although as a mechanism of action for black cohosh has
not been established, whether or not other known or as yet
undocumented constituents contribute to the observed effects is
unclear.

Hormonal activity  There are conflicting results regarding
oestrogenic activity of black cohosh root/rhizome preparations.
There is evidence from older in vitro and in vivo studies that black
cohosh preparations have oestrogenic activity, although more
recent research has indicated a lack of oestrogenic activity,
antioestrogenic activity and, in some studies, antioestrogenic
activity and selective oestrogen receptor activity. A review of 15 in
vitro and 15 in vivo (animals) experiments assessing the effects of
different extracts and fractions of black cohosh material
concluded that C. racemosa does not have hormonal effects and
that it may act by a central mechanism,”” although data to
support the latter are limited at present. Further research using
well-characterised extracts is required to determine the precise
mechanism(s) of action of black cohosh rhizome. The following is
a summary of some of the preclinical research on the
pharmacological effects of black cohosh extracts and their
constituent compounds.

A methanolic extract of the rhizome of black cohosh reduced
the serum concentration of luteinising hormone (LH) in
ovariectomised rats, and exhibited a binding affinity to oestrogen
receptors in isolated rat uterus.”) In vivo, the activity of the
methanolic extract was significantly reduced following enzymatic
hydrolysis of glucosides present. Subsequent in vitro studies

Figure 4 Black cohosh (Cimicifuga racemosa).

Cohosh, Black e

isolated three compounds with endocrine activity, including an
isoflavone, formononetin. Formononetin was found to exhibit
competitive oestrogen receptor activity, but did not cause a
reduction in serum concentrations of LH."

In ovariectomised rats, administration of a lipophilic extract of
black cohosh (140 mg by intraperitoneal injection for three days)
led to a significant reduction in serum LH concentrations,
compared with control (p < 0.01), whereas no effect was observed
with a hydrophilic extract (216 mg intraperitoneally for three
days).*" Subsequent studies using fractions of the lipophilic
extract demonstrated that constituents inhibited LH secretion
and/or exhibited activity in an oestrogen receptor-binding assay.

Oestrogenic activity has been documented in vitro for fukinolic
acid, a hydroxycinnamic acid ester of fukiic acid, in oestrogen-
dependent MCF-7 cells (a breast cancer cell line).""” Fukinolic
acid at concentrations of 5 x 107" mol/L and 5 x 10 * mol/L led
to significantly increased cell proliferation (mean (standard
deviation): 4120 (6%) and +126 (5%), respectively), compared
with control. These effects were reported to be equivalent to those
of estradiol at 10~ mol/L.

By contrast, in animal models of cancer, black cohosh extracts
have not demonstrated oestrogenic activity. An isopropanolic
extract of black cohosh rhizome administered by gavage at doses
of 0.71, 7.1 and 71.4 mg/kg body weight daily (estimated to be 1-,
10- and 100-fold times the therapeutic dose used in humans) for
six weeks did not stimulate growth of chemically induced breast
tumours in ovariectomised rats (tumours were induced five to nine
weeks before ovariectomy), whereas rats treated with mestranol
450 pg/kg/day for six weeks had a significantly higher number of
tumours, compared with control (p < 0.01).”” Similarly, in an
animal model of endometrial cancer, an isopropanolic extract of
black cohosh rhizome administered via animals' drinking water to
achieve a dose of 60 mg herbal drug/kg body weight daily and
initiated on the same day as inoculation of animals with RUCA-I
rat endometrial adenocarcinoma cells,”® mean tumour mass after
five weeks was reported to be similar in black cohosh treated
animals and control animals, although no statistical tests were
reported to support this.

Several in vitro studies using black cohosh preparations have
also described a lack of oestrogenic activity and inhibition, or lack
of promotion, of proliferation of breast cancer cells. A methanol
extract of black cohosh rhizomes and roots did not demonstrate
oestrogenic activity in several assays, including binding affinity for
oestrogen receptors o and f3, stimulation of pS2 mRNA expression
in S30 cells (S30 is a subclone of an oestrogen receptor-negative

Figure 5 Black cohosh — dried drug substance (root).
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breast cancer cell line), and induction of alkaline phosphatase in
an oestrogen receptor-positive endometrial adenocarcinoma cell
line.*”

In studies using the oestrogen receptor-positive breast cancer
cell lines MCF-7 and T47D, hexane, ethyl acetate and aqueous
extracts of black cohosh dried roots and rhizomes (obtained from
crude plant material initially extracted with 80% methanol which
was then fractionated),™ and phenolic esters from a 50%
ethanolic extract of black cohosh rhizomes®” did not have
oestrogenic activity and did not lead to proliferation effects in
these cell lines. An ethyl acetate extract was found to be more
potent than hexane and water extracts in inhibiting growth of
MCF-7 cells and oestrogen receptor-negative MDA-MB-453 cells,
with ICs, values of 20 and 10 pg/mL, respectively.®”

In another in wvitro study using oestrogen receptor-positive
breast cancer cells, black cohosh extract did not stimulate cancer
cell growth and, at a concentration of 2.5 pg/mL, led to a marked
inhibition of breast cancer cell proliferation.®" Inhibition of
MCF-7 cell proliferation has also been described for an
isopropanolic extract of black cohosh rhizome in vitro, and
further experiments indicated that the black cohosh extract at
certain dilutions enhanced the proliferation-inhibiting effect of
tamoxifen in the same system.®? Further work has suggested that
extracts of black cohosh root and rhizome activate caspase
enzymes and induce apoptosis in both MCF-7 oestrogen receptor-
positive breast cancer cells and MDA-MB-231 oestrogen receptor-
negative breast cancer cells.** Triterpene glycoside and cinnamic
acid ester fractions inhibited growth of MCEF-7 cells with ICsq
values of 59.3 and 26.1 pg/mL, respectively, and induced apoptosis
at concentrations of 25 and 5pug/mL, respectively.®? An ethyl
acetate fraction of black cohosh rhizome extract induced cell-cycle
arrest at the G1 and G2/M phases at concentrations of 30 and
60 ug/mL, respectively, in MCF-7 cells.®?

Anti-oestrogenic activity and a lack of oestrogenic activity have
been described for ethanolic and isopropanolic extracts of black
cohosh rhizome (not further specified) in three experimental
systems. Oestradiol-induced stimulation of proliferation of MCF-
7 cells was inhibited by black cohosh extract at a concentration of
1pg/mL and, in two assays based on oestradiol-induced gene
expression, black cohosh extract at concentrations ranging from
100-1000 pg/mL suppressed gene expression.m) An anti-oestro-
genic effect would require binding of constituents of black cohosh
to oestrogen receptors, yet previous research has found that a
methanol extract of black cohosh rhizomes and roots did not
display binding affinity for either o or B oestrogen receptors.?”

Other in vitro experiments have shown that an aqueous-ethanol
extract of black cohosh rhizomes inhibited the proliferation of
LNCaP (androgen-sensitive human prostate carcinoma) cells in a
concentration-dependent manner. A significant reduction in cell
growth was observed with the extract at concentrations over the
range 0.05-10 pg/mL, when compared with control (p < 0.05 for
all).®®  An isopropanolic extract of black cohosh rhizome
activated caspase enzymes and induced apoptosis in both
androgen-sensitive LNCaP cells and androgen-insensitive PC-3
and DU-145 prostate cancer cells.®” 1Cs, values for the extract
were 37.1, 53.2 and 62.7 pg/mL for LNCaP, DU-145 and PC-3
cells, respectively.

Further work has suggested that black cohosh extract has
selective oestrogen receptor modifying effects. In ovariectomised
rats given an aqueous-ethanolic extract of black cohosh rhizome
or 17B-estradiol in their food for three months, uterine weight
increased significantly in the 17B-estradiol group, but not in
animals given black cohosh extract, compared with control (p <

0.05).%% Black cohosh extract and 17-estradiol reduced the
extent of loss of bone mass from the metaphysis of the tibia,
compared with control, three months after ovariectomy (p < 0.05
for both versus control). Similar results were obtained from
another experiment in ovariectomised rats given a black cohosh
rhizome extract (Remifemin) in their diet (equivalent to 4500 pg/
kg body weight triterpene glycosides daily, calculated as 27-
deoxyactein (now known as 26-deoxyactein)) for 12 weeks. At the
end of the study, bone mineral density and a score for bone quality
were significantly greater in the black cohosh and raloxifene (a
selective oestrogen receptor modulator; positive control) groups,
compared with those for the control group (p < 0.05 for both).””
Bone-sparing effects have also been described for an aqueous-
ethanolic extract of black cohosh rhizome in orchidectomised rats
when given in the diet at a dose of around 133 mg extract daily for
three months.*”

An alternative mechanism for the activity of black cohosh
extract, which does not involve oestrogenic pathways, has been
proposed (see Pharmacological Actions, Other Activities).

Anti-inflammatory and analgesic activities Anti-inflammatory
and analgesic activities have been described for constituents of
black cohosh following in vitro and in vivo studies (mice and
rats).

In vitro, caffeic acid, fukinolic acid and cimicifugic acids A, B,
E and F inhibited the activity of neutrophil elastase in a
concentration-dependent manner.*" (Raised plasma concentra-
tions of neutrophil elastase are a typical feature of active
inflammation. Neutrophil elastase contributes to the destruction
of basement membranes during inflammation.) Caffeic acid
inhibited the enzyme with an ICsy of 16 pg/mL (93 pmol/L),
whereas fukinolic acid had an ICs of 0.1 ug/mL (0.23 umol/L),
relative to controls. Of the cimicifugic acids, A and B were the
strongest inhibitors of the enzyme, with ICs, values of 2.2 umol/L
and 11.4 pmol/L, respectively.

Compared with controls, a methanol extract, a butanol-soluble
fraction and a water-soluble fraction obtained from Cimicifuga
rhizome inhibited carrageenan-induced rat paw oedema by 73—
76%, 80—-84% and 46—54%, respectively, compared with controls,
30120 minutes after injection of 0.1 mL carrageenan 1%.“? The
same fractions (100 mg/kg by intraperitoneal injection), compared
with controls, demonstrated analgesic activity determined by
significant reductions in acetic acid-induced writhing in mice, and
the methanol extract and butanol-soluble fraction also displayed
analgesic activity in a tail-flick test (demonstrated by increased
latency time upon infrared light exposure). All three fractions
(40 pg/mL) inhibited bradykinin and histamine receptor-mediated
contractions of guinea-pig ileum, and all inhibited lipopolysac-
charide-induced 6-keto prostaglandin Fy, (PGF;,) formation in
macrophages. Incubation of macrophages with lipopolysaccharide
and the water-soluble fraction 10pg/mL almost completely
blocked (99% inhibition) lipopolysaccharide-induced 6-keto-
PGF,,, formation. Lipopolysaccharide-induced 6-keto-PGF,,, for-
mation in macrophages is related to selective expression of
cyclooxygenase 2 (COX-2). The inhibitory effects of fractions of
Cimicifuga rhizome in this model, and their inhibitory effects on
bradykinin and histamine receptor-mediated reactions are possi-
ble mechanisms for the observed anti-inflammatory and analgesic
activities.

Other activities A mechanism for the activity of black cohosh
extract that does not involve oestrogenic pathways has been
described following in vitro experiments. In radioligand binding
studies, constituents of a 40% isopropanol extract of black



cohosh roots/rhizomes were found to bind to serotonin receptors,
particularly those of the 5-HT A, 5-HTp and 5-HT> subtypes.(43)
Subsequent experiments showed that the isopropanol extract
inhibited the binding of [H]-lysergic acid diethylamide to the
human S5-HT, receptor with an ICsy value of 2.4pg/mL, but
inhibited the binding of a ligand to the 5-HT 4 receptor with less
affinity (ICso 13.9ug/mL). A methanol extract inhibited the
binding of ligands to these receptor subtypes with equal affinities
(ICsop values: 2.5 and 2.2pg/mL for the 5-HT;, and 5-HT,
subtypes, respectively). Further work indicated that a constituent
(s) of the methanol extract was a mixed competitive ligand for the
5-HT receptor and behaved as a partial agonist.®”

In vitro studies using rat aortic strips have investigated the
vasoactive effects of constituents of Cimicifuga species.*
Cimicifugic acid D and fukinolic acid (3 x 10~ *mol/L) caused
a sustained relaxation of aortic strips precontracted with
noradrenaline (norepinephrine) in preparations with or without
endothelium. By contrast, cimicifugic acid C inversely caused a
weak contraction, and fukiic acid and cimicifugic acids A, B and E
showed no vasoactivity at the concentration tested.

Triterpene compounds in black cohosh have been shown to
possess hypocholesterolaemic activity in vivo, and an inhibitory
effect on phytohaemagglutin-induced proliferative response in
vitro. These activities were thought to be linked to molecular
characteristics between the identified triterpenes and intermedi-
ates in cholesterol biosynthesis.™*

Triterpenoid constituents from several Cimicifuga species,
including actein from C. racemosa, have been investigated for
antimalarial activity using Plasmodium falciparum in vitro.*®
Cimicifugoside (isolated from C. simplex) and actein were among
the compounds with potent antiplasmodial activity (ECs,
5.0umol/L and 10.0 pmol/L, respectively), although activity was
two- to three-fold less than that of positive controls (quinine,
chloroquine and pyrimethamine).

Actein, isolated from black cohosh rhizome, has been reported
to exhibit anti-HIV activity in vitro (ECsy = 0.375 pg/mL)."*”

The root of a related species, Cimicifuga daburica, has been
reported to exhibit antibacterial activity towards Gram-positive
(Bacillus subtilis, Mycobacterium smegmatis, Staphylococcus
aureus), and Gram-negative (Escherichia coli, Shigella flexneri,
Shigella sonnei) organisms.*®

In ovariectomised rats, ethyl acetate-soluble fractions from the
rhizome of the related species Cimicifuga beracleifolia and C.
foetida administered orally at doses of 100 mg/kg/day for 42 days
led to a significant increase in bone mineral density of the lumbar
spin?‘ig)compared with that in untreated ovariectomised control
rats.

Clinical studies

Clinical trials of extracts of black cohosh preparations mainly
have investigated effects in women with peri- and/or postmeno-
pausal symptoms.

Pharmacokinetics Pharmacokinetic data for preparations of
black cohosh are extremely limited. In a phase I study involving
six perimenopausal women who ingested single doses (32, 64 or
128 mg) of a 70% ethanol extract of black cohosh (not further
specified), mercapturate conjugates of certain constituents of
black cohosh (fukinolic acid, fukiic acid, caffeic acid and
cimiracemate B) were not detected in urine samples collected
from participants over the following 24 hours (see also Side
Effects, Toxicity, Preclinical data).®?
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Menopausal symptoms In a randomised (2:1 to the active
treatment group), double-blind, controlled trial, 127 women aged
45-60 years who were in the peri or early menopausal period and
were experiencing climacteric disorders, including at least three
hot flushes per day during the six weeks prior to commencement
of the study, received capsules containing a 60% ethanol extract of
black cohosh rhizome (Cr-99, each capsule contained 6.5 mg
extract; drug to extract ratio, 4.5-8.5: 1, equivalent to 29-55 mg
crude drug) one daily, or placebo, for 12 weeks.®" At the end of
the study, data from 122 participants were available for an
intention-to-treat analysis (z = 81 and 41 for the black cohosh and
placebo groups, respectively). There were no statistically sig-
nificant differences between the two groups with respect to the
two primary outcome variables (weekly weighted score for hot
flushes, and the change in the Kupperman Menopausal Index
score, a tool which measures major menopausal symptoms).
Subgroup analysis of participants with a Kupperman Index score
of at least 20 at baseline showed that the Kupperman Index score
and the Menopause Rating Scale score were significantly improved
in black cohosh recipients, compared with placebo recipients (p =
0.018 and 0.009, respectively). However, as the study was not
designed primarily to assess the effects of black cohosh in women
with moderate to severe (rather than mild) symptoms, the
hypothesis that black cohosh is effective in women with moderate
or severe menopausal symptoms requires testing in further
randomised controlled trials involving sufficient numbers of
participants.

In a randomised, double-blind, placebo-controlled trial, 80
women (mean (standard deviation) age: 51.2 (3.1) years) with
menopausal symptoms received standardised black cohosh extract
(Remifemin; each 20-mg tablet contained 1mg triterpene glyco-
sides, calculated as 27-deoxyactein) 40 mg twice daily, conjugated
oestrogens 0.625 mg daily, or placebo, for 12 weeks.®? At the end
of the study, somatic and psychological symptoms, measured by
the Kupperman Menopausal Index and the Hamilton Anxiety
Scale, had improved significantly only in women who received
black cohosh, compared with those who received oestrogen or
placebo. Similarly, a significant increase in proliferation of vaginal
epithelium was noted only in the black cohosh group. However,
there is a view that the dose of oestrogen used in the study was too
low to provide a useful comparison.

Another randomised, double-blind, placebo-controlled trial
compared the effects of an aqueous-ethanolic extract of black
cohosh rhizome (Klimadynon/Menofem/BNO-1055), correspond-
ing to 40 mg herbal drug daily for three months, with those of
conjugated oestrogens 0.6mg daily for three months, in
postmenopausal women (last menstrual bleed at least six months
ago) aged 40—60 years with serum FSH concentrations at least
25mU/mL and experiencing at least three hot flushes daily.
Initially, 97 women were randomised to one of the three study
groups, although the analysis included only 62 participants as two
women withdrew before any post-baseline data were collected and
data for 33 women were excluded as it was subsequently found
that they did not meet the inclusion criteria with respect to having
masked ovulatory or anovulatory cycles and oestrogen production
in fatty tissue.”?

The results of the study showed that Menopause Rating Scale
scores (the primary outcome variable) were reduced in both the
black cohosh extract and conjugated oestrogen groups, compared
with baseline values, although neither of these reductions was
statistically significant when compared with the reduction
observed in the placebo group (p = 0.051 for both).®¥ It was
also reported that the black cohosh extract had no effect on




Cohosh, Black

endometrial thickness, whereas endometrial thickness was sig-
nificantly increased, compared with placebo, in the conjugated
oestrogens group (p < 0.05). Black cohosh extract did have
beneficial effects on parameters relating to bone metabolism:
serum concentrations of bone-specific alkaline phosphatase
(indicating increased activity of osteoblast cells, which are
responsible for bone formation) were significantly increased in
the black cohosh group, but not in the conjugated oestrogens
group, compared with placebo. These findings were interpreted as
being indicative of selective oestrogen receptor modulatory effects
for black cohosh extract,®® although this hypothesis requires
testing in further clinical studies.

A randomised, double-blind, placebo-controlled trial involving
85 women with a history of breast cancer assessed the effects of
black cohosh (no details of extract provided) one tablet twice daily
for 60 days on the frequency and intensity of hot flushes.®”
Participants were stratified according to whether or not they were
using tamoxifen. Both treatment and placebo groups reported
decreases in the number and intensity of hot flushes, compared
with baseline values. There were no statistically significant
differences between the two groups, and subgroup analysis of
tamoxifen users and non-users did not reveal any statistically
significant differences. Changes in other parameters measured
during the study (other menopausal symptoms, serum concentra-
tions of follicle-stimulating hormone (FSH) and luteinising
hormone (LH)) were also not statistically significant between
groups.

Another study specifically assessed the effects of black cohosh
extract on gonadotrophin secretion. In a placebo-controlled trial
involving 110 women with menopausal symptoms, black cohosh
extract (Remifemin) two tablets daily for two months significantly
reduced serum LH concentrations, compared with placebo (p <
0.05).%* There was no significant difference between the two
groups with respect to serum FSH concentrations.

The effects of an aqueous-isopropanolic extract of black cohosh
rhizome (Remifemin) on menopausal symptoms were compared
with those of low-dose transdermal estradiol treatment in a
randomised controlled trial. In the study, 64 women with
menopausal status for at least six months, serum FSH concentra-
tions of > 30 mIU/L and experiencing at least five hot flushes per
day received the black cohosh extract 40mg daily for three
months, or transdermal estradiol patches 25 g every seven days
for three months plus dihydrogesterone 10 mg daily for the last 12
days of the 3-month period of estradiol treatment.® At the end
of the study, the number of hot flushes experienced by women was
significantly reduced for both groups, compared with baseline
values (p < 0.001 for both) and there was no statistically
significant difference between groups, although details of
statistical tests for the latter were not provided in a report of
the study. There were no statistically significant changes in serum
FSH and LH concentrations in either group at the end of the study
(p > 0.05). The study has several methodological limitations, such
as lack of a placebo arm, and apparent lack of blinding (the use of
dummy patches and tablets was not mentioned), and the
equivalence of black cohosh extract with standard treatment for
menopausal symptoms requires further investigation.

In an open study, 60 women with at least one intact ovary who
had undergone hysterectomy and who were experiencing meno-
pausal symptoms were randomised to receive estriol (1 mg daily),
conjugated oestrogens (1.25mg daily), oestrogen—progestagen
sequential therapy (dose not specified), or black cohosh extract
(Remifemin) 40 mg twice daily, for 24 weeks.®® At the end of the
study, improvements in Kupperman Index scores were significantly

lower, compared with baseline values, in all groups. There were no
statistically significant differences between groups.

Another open, controlled study involving women with meno-
pausal symptoms (n = 60) assessed the effects of black cohosh
extract administered as a tincture (80 drops daily), compared with
oestrogen (0.625 mg daily) or diazepam (2 mg daily), over a 12-
week period.®” Cytological responses (proliferation and matura-
tion of vaginal epithelial cells) were observed for participants in
the black cohosh and oestrogen groups, but not in the diazepam
group. For all three groups, improvements in neurovegetative and
psychological symptoms (e.g. self-assessed depression) were
reported.

Other studies of black cohosh extracts involving women with
menopausal symptoms lack control groups and, therefore, do not
provide an unbiased assessment of effects. Generally, these studies
report significant improvements in menopausal symptoms,
compared with baseline values, after at least four weeks'
treatment; some studies involved administration of black cohosh
extract for up to 24 weeks.*®

In a randomised, double-blind trial, 152 peri- and postmeno-
pausal women received an isopropanolic extract of black cohosh
rhizome (Remifemin) at a dose equivalent to 39 or 127 mg crude
drug daily for 24 weeks.”” At the 12-weeck and 24-week
endpoints, data from 149 and 116 participants, respectively, were
available for intention-to-treat analyses. Kupperman Index scores
decreased significantly in both the low- and high-dose groups,
compared with baseline values, and there was no statistically
significant difference between groups (p = 0.73). No statistically
significant differences were observed for either group in the degree
of vaginal cell proliferation, and serum concentrations of FSH,
LH, prolactin and 17B-oestradiol, compared with baseline values.
The results of this study provide some supporting clinical evidence
for a lack of oestrogenic activity of black cohosh extract, and raise
the possibility of tissue-selective effects,® although the design of
this study (no placebo or oestrogen control groups) precludes
definitive conclusions.

Other conditions In an open trial, 136 women who had
undergone segmental or total mastectomy, radiation therapy and/
or adjuvant cancer chemotherapy were randomised to receive
tamoxifen 20 mg orally daily for five years with (n = 90) or
without (7 = 46) an aqueous-ethanolic extract of black cohosh
rhizome (BNO-10355), corresponding to 20 mg herbal drug daily
for 12 months, to assess the effects of treatment with black cohosh
on hot flushes caused by tamoxifen.®” At the end of the study,
significantly fewer women in the tamoxifen plus black cohosh
extract group were experiencing severe hot flushes than were
women in the tamoxifen alone group (25% versus 74%) and more
women in the tamoxifen plus black cohosh extract group were not
experiencing hot flushes at all (47% versus 0%); proportions of
women experiencing hot flushes of moderate severity were similar
(29% versus 26%). The difference in outcome between the two
groups was reported to be statistically significant (p < 0.01),”
although as baseline values for the proportions of women in each
group experiencing hot flushes of different severities were not
reported, and as the study used an open-label design, it is not
possible to draw firm conclusions from this finding.

A randomised, double-blind, placebo-controlled trial assessed
the prophylactic effects of a combination preparation (tablets
containing 75 mg soy extract, standardised for 40% isoflavones,
50mg dong quai extract, standardised for 1% ligustilide, and
25 mg black cohosh extract, standardised for 8% triterpenes; not
further specified) in 49 women who experienced migraine attacks



associated with menstruation.” Participants took one tablet

twice daily, or placebo, for 24 weeks. At the end of the study, the
mean number of menstrual migraine attacks was significantly
lower in the treatment group, compared with the placebo group (p
< 0.01). The contribution of black cohosh to the observed effect is
unclear in view of recent studies that have described a lack of
oestrogenic activity for black cohosh extracts. (There is evidence
of an association between oestrogen concentrations and menstrual
migraine attacks).®"

In a randomised, double-blind, controlled trial, 82 patients with
osteoarthritis or rheumatoid arthritis received a proprietary
combination herbal preparation containing black cohosh 35 mg
(other ingredients: white willow bark, guaiacum resin, sarsaparilla
and poplar bark; Reumalex), or placebo, two tablets daily for two
months.®? At the end of the study, there was a small, but
statistically significant improvement in pain symptoms (as
assessed by the Arthritis Pain Scale) in the treatment group,
compared with the placebo group (p < 0.05).

Side-effects, Toxicity

Clinical data

There are only limited clinical data on safety aspects of black
cohosh preparations from clinical trials and post-marketing
surveillance-type studies.

Randomised, double-blind, placebo-controlled trials of black
cohosh preparations in women with menopausal symptoms have
reported that the frequency of adverse events was similar for the
black cohosh and placebo groups. Clinical trials, however, are
designed primarily to assess efficacy, not safety, and have the
statistical power only to detect common, acute adverse effects. In a
randomised, double-blind, controlled trial in which 127 women
aged 45—60 years in the peri- or early menopausal period received
capsules containing a 60% ethanol extract of black cohosh
rhizome (Cr-99, each capsule contained 6.5 mg extract; drug to
extract ratio, 4.5-8.5: 1, equivalent to 29-55 mg crude drug) one
daily, or placebo, for 12 weeks, 20 and 23% of participants in the
black cohosh and placebo groups, respectively, reported adverse
events.®" In another randomised, double-blind, placebo-con-
trolled trial in which postmenopausal women received an
aqueous-ethanolic extract of black cohosh rhizome (BNO-1055),
corresponding to 40 mg herbal drug daily, conjugated oestrogens
0.6 mg daily, or placebo, for three months, no serious adverse
events occurred and the frequency of mild or moderate non-
serious adverse events was stated to be similar in all three
groups.®® Another randomised, double-blind, placebo-controlled
trial involving women with menopausal symptoms (n = 80) who
received standardised black cohosh extract (Remifemin) 40 mg
twice daily, conjugated oestrogens, or placebo, for 12 weeks
reported that non-specific adverse events, such as headaches, not
considered to be treatment-related, occurred in all three
groups.®?

In a further randomised, double-blind, placebo-controlled trial,
which involved 85 women with a history of breast cancer who
received black cohosh (no details of extract provided) one tablet
twice daily, or placebo, for 60 days, ten adverse events occurred in
the treatment group, compared with three in the placebo group.®?
Three events were considered serious (treatment group: hyster-
ectomy, recurrence of breast cancer; placebo group: appendect-
omy) all of which occurred in women who were also receiving
tamoxifen. Minor adverse events (including constipation, weight
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gain, cramping, indigestion, vaginal bleeding) were not thought to
be treatment related.

Post-marketing surveillance studies involving over 2500 women
with menopausal symptoms have reported few serious adverse
events for black cohosh extracts, although these studies have been
of relatively short duration (up to 12 weeks) and have monitored
the effects of different black cohosh preparations. In view of this,
further, large, long-term drug monitoring studies of well-
characterised black cohosh extracts are required to provide data
on the safety of these preparations. In a post marketing
surveillance study involving 629 women with menopausal
symptoms who received standardised black cohosh extract as a
tincture (40 drops twice daily for 6-8 weeks, tolerability was rated
as 'good' in 93% of patients; mild, transient adverse events, such
as nausea, vomiting, headache and dizziness, were noted in 7% of
patients.®” In a post-marketing surveillance study involving 2016
Hungarian women with menopausal symptoms who received an
isopropanolic extract of black cohosh rhizome (Remifemin) for up
to 12 weeks, 24% of participants found the treatment to be
ineffective, 16% did not attend a final assessment, and 12%
reported 'unexpected adverse effects'.” Overall, 35 participants
reported specific adverse effects, most commonly stiffening of the
extremeties (n = 8), gastric pain (7) and allergic reactions (6).
Other adverse effects reported included breast tenderness,
bleeding disturbances (not further specified) and gastrointestinal
complaints. A report of the study indicates that these data were
collected using postal questionnaires, although it is not clear how
questions regarding safety aspects were phrased, including
whether participants were asked to report adverse effects or
adverse events.

Systematic reviews, conducted during 2001 and 2002,
information concerning safety aspects of black cohosh prepara-
tions have concluded that on the basis of the available limited
evidence, certain black cohosh preparations (i.e. those that have
been the subject of clinical investigations and/or have otherwise
been subject to safety monitoring) are well-tolerated when used
according to recommended dosage regimens.

65,66) o f

Hepatotoxicity Secveral case reports describe hepatoxic reactions
associated with the use of preparations containing black cohosh.
One report describes a 47-year-old woman who developed
jaundice and raised liver function test values one week after
beginning treatment with a product stated to contain black
cohosh for menopausal symptoms.®” Biopsy confirmed severe
hepatitis and the woman underwent liver transplantation. In a
second case, a 43-year-old woman was reported to have taken a
combination herbal preparation containing black cohosh as well
as skullcap, valerian and five other herbal ingredients. The woman
developed jaundice and raised liver function test values.®” For
both of these cases, descriptions of the products taken lack
important details, and it appears that samples of the products
were not available, therefore, analysis of the preparations
implicated was not undertaken. Causality in these cases has not
been established.

In a randomised controlled trial in which 64 menopausal
women received an aqueous-isopropanolic extract of black cohosh
rhizome (Remifemin) 40 mg daily for three months, or low-dose
estradiol treatment (transdermal patches delivering 25 pg every
seven days for three months plus dihydrogesterone 10 mg daily for
the last 12 days of the 3-month period of estradiol treatment),
there were no statistically significant differences in liver function
test values (aspartate transaminase and alanine transaminase
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concentrations) in the black cohosh group at the end of the study,
compared with baseline values.®

The World Health Organization's Uppsala Monitoring Centre
(WHO-UMC; Collaborating Centre for International Drug
Monitoring) receives summary reports of suspected adverse drug
reactions from national pharmacovigilance centres of over 70
countries worldwide. To the end of the year 2005, the WHO-
UMC's Vigisearch database contained a total of 143 reports,
describing a total of 328 adverse reactions, for products reported
to contain C. racemosa only as the active ingredient (see Table
1).® This number may include the case reports described above.
Reports originated from several 13 different countries. The total
number of reports included 31 reports, originating from five
countries (18 reports originated from the UK), describing a total
of 46 reactions associated with liver and biliary system disorders
(see Table 1), including two cases of hepatic failure. Where the age
and gender of the cases were known (n = 30 reports), all were

Table 1

female and aged between 38 and 66 years. Where the outcome of
the case was documented (7 = 24 reports), ten cases recovered and
14 had not recovered. Causality had been assessed for seven cases;
for these, a causal association with black cohosh use was
determined to be 'possible' in five cases and 'certain' in two cases.
(These data were obtained from the Vigisearch database held by
the WHO Collaborating Centre for International Drug Monitor-
ing, Uppsala, Sweden. The information is not homogeneous at
least with respect to origin or likelihood that the pharmaceutical
product caused the adverse reaction. Any information included in
this report does not represent the opinion of the World Health
Organization).

By March 2006, the UK's spontaneous reporting scheme for
suspected adverse drug reactions (ADRs) had received 21 reports
of suspected ADRs describing reactions in the liver associated
with the use of preparations containing black cohosh rhizome/
root; the total number of reports received in the UK for all

Summary of spontaneous reports (n = 143) of suspected adverse drug reactions associated with single-ingredient Cimicifuga racemosa

preparations held in the Vigisearch database of the World Health Organization’s Uppsala Monitoring Centre for the period up to end of 2005.( - 68

System organ class. Adverse drug reaction name (number) Total
Body as a whole — general disorders. Including back pain (5); chest pain (3); malaise (3); pain (7) 40
Cardiovascular disorders, general. Including hypertension (5) 6
Central and peripheral nervous system disorders. Including convulsions (5); dizziness (3); headache (6) 17
Collagen disorders. 2
Endocrine disorders. 1
Gastrointestinal system disorders. Including abdominal pain (8); diarrhoea (5); dyspepsia (3); nausea (10) 44
Hearing and vestibular disorders.

Heart rate and rhythm disorders. Including tachycardia (3) 9
Liver and biliary system disorders. Including hepatic function abnormal (13); hepatitis (12); jaundice (3); hepatic 46
enzymes increased (4); SGPT increased (4)

Metabolic and nutritional disorders. Including diabetes mellitus (3)

Musculo-skeletal system disorders.

Myo-endopericardial and valve disorders. 1
Neoplasm. Including breast, neoplasm benign female (3) 7
Platelet, bleeding and clotting disorders. 7
Psychiatric disorders. 15
Red blood cell disorders. 1
Reproductive disorders, female and male. Including menstrual disorder (3); breast enlargement (5); breast pain (4); 40
breast pain, female (6); post-menstrual bleeding (5)

Resistance mechanism disorders. 1
Respiratory system disorders. Including dyspnoea (5) 8
Skin and appendages disorders. Including angioedema (4); pruritus (7); rash (7); rash, erythematous (5) 35
Special senses other, disorders. 1
Urinary system disorders. Including face oedema (4); urinary tract infection (3) 15
Vascular (extracardiac) disorders. 5
Vision disorders. 2
White cell and res. disorders. Including granulocytopenia (3) 1
Other reactions described using terms not included in database 11
Total number of suspected adverse drug reactions 328

Specific reactions described where n =3 or more

PCaveat statement. These data were obtained from the Vigisearch database held by the WHO Collaborating Centre for International Drug Monitoring, Uppsala,
Sweden. The information is not homogeneous at least with respect to origin or likelihood that the pharmaceutical product caused the adverse reaction. Any
information included in this report does not represent the opinion of the World Health Organization



reactions associated with black cohosh was 31.” After assess-

ment, 14 reports were considered to support a relationship

between use of black cohosh rhizome and liver damage: hepatitis

(n = 4); abnormal liver function test values (9); jaundice (1). For

ten of these cases, black cohosh use was considered to have

‘probably’ led to liver damage. For a further six cases, the

relationship could not be assessed because of limited available

information.

On the basis of these data, in July 2006, the UK Medicines and
Healthcare products Regulatory Agency (MHRA) issued recom-
mendations that warnings should be added to preparations
containing black cohosh rhizome/root regarding the association
between such products and liver ADRs,®” and advised that
patients taking black cohosh preparations and who feel unwell
and/or experience new symptoms (particularly those indicative of
liver disease) should consult their doctor.”” Individuals who have
previously experienced liver complaints or other serious health
conditions should not use black cohosh preparations without first
consulting their doctor.

The European Medicines Agency undertook a similar assess-
ment of reports originating within the European Union, and
issued the following advice:

e patients should stop taking preparations containing black
cohosh rhizome/root and consult their doctor immediately if
they experience signs and/or symptoms indicative of liver injury,
such as tiredness, loss of appetite, yellowing of the skin, and
eyes, severe upper stomach pain with nausea and vomiting, dark
urine

e healthcare professionals should ask patients about use of
preparations containing black cohosh rhizome/root.”"

Preclinical data

In an in vitro study in which a 70% ethanol extract of black
cohosh (not further specified) was incubated with GSH (glu-
tathione), NADPH and a preparation of rat liver microsomes, the
formation of eight electrophilic metabolites, including quinoid
metabolites of fukinolic acid, fukiic acid, caffeic acid and
cimiracemate B, was described.®”

In mice, LDsy values for a black cohosh extract following
intragastric and intravenous administration have been found to be
7.7 and 1.1 g/lkg body weight, respectively.”?

Contra-indications, Warnings

There are reports of hepatotoxic reactions associated with the use
of black cohosh rhizome/root preparations. Patients should be
advised to stop taking black cohosh preparations, and to consult
their doctor if they experience symptoms that may indicate liver
injury.

Until further information is available, it is appropriate to advise
that black cohosh preparations should not be taken by individuals
with oestrogen-sensitive tumours, such as breast cancer. The
scientific basis for this statement is that there are conflicting
results from preclinical studies regarding oestrogenic activity of
black cohosh preparations. There is evidence from older in vitro
and in vivo studies that black cohosh preparations have
oestrogenic activity, although more recent research has indicated
a lack of oestrogenic activity and a small number of studies has
described selective oestrogen receptor activity or anti-oestrogenic
activity. On balance, preclinical research seems to indicate that
extracts of black cohosh root/rhizome do not have hormonal
effects, but further study is required to confirm this and to
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elucidate the mechanism(s) of action of black cohosh constituents.
Evidence from clinical studies is also unclear: some studies have
described effects for black cohosh preparations indicative of
oestrogenic activity, whereas in other studies such effects have not
been observed, or selective effects (e.g. effects on bone but not
uterine tissue) have been described.

There is concern that the use of herbal medicines with
oestrogenic activity by women with breast cancer might stimulate
the growth of breast cancer cells and interfere with the effects of
competitive oestrogen receptor antagonists such as tamoxifen”?
(although, in general, preclinical studies have not observed breast
cancer cell proliferation and one in vitro study found that black
cohosh extract enhanced the proliferation inhibiting effect of
tamoxifen on breast cancer cells.®”) In a randomised, double-
blind, placebo-controlled trial involving 85 women with a history
of breast cancer, one woman receiving both black cohosh and
tamoxifen experienced a recurrence of breast cancer, although it
was reported that the woman had an increase in carcinoembryonic
antigen concentration when she entered the trial (this had not
been reported to the referring physician).?

Drug interactions In view of the documented pharmacological
actions of black cohosh the potential for preparations of black
cohosh to interfere with other medicines administered concur-
rently, particularly those with similar or opposing effects, should
be considered.

In a randomised, crossover study, 12 healthy volunteers received
a black cohosh root extract (stated to be standardised for 0.2%
triterpene glycosides; not further specified) 1090 mg twice daily
for 28 days to assess effects on cytochrome P450 enzyme activity.
Presence of 27-deoxyactein (now known as 23-epi-26-deoxyac-
tein), actein and cimiracemoside was confirmed using reversed-
phase HPLC with light scattering detection. It was reported that
black cohosh extract significantly inhibited CYP2D6 activity, but
the extent of inhibition may not be clinically relevant.”*

In vitro experiments using EMT6 mouse mammary tumour
cells have shown that black cohosh extracts at concentrations
equivalent to 2.5 times recommended therapeutic doses increased
the cytotoxicity of doxorubicin when the two substances were
added to the cell system.” In similar experiments, black cohosh
extracts also increased the cytotoxicity of docetaxel and decreased
the cytotoxicity of cisplatin. The clinical relevance of these
findings, particularly with respect to the effects of increased
doxorubicin sensitivity in bone marrow and myocardial cells, is
unknown.

Pregnancy and lactation There are insufficient data on the use
of black cohosh preparations during pregnancy and breastfeeding,
and the use of such preparations is contraindicated during these
periods.

There are conflicting data on oestrogenic activity of black
cohosh, including the effects of black cohosh preparations on
uterine tissue (see Pharmacological Actions).

There is an isolated report of a child born with no spontaneous
breathing and who subsequently experienced brain hypoxia and
seizures following the oral administration of black cohosh and
blue cohosh by a midwife in an attempt to induce labour in a
woman who had had an uneventful pregnancy.”® The report has
been criticised as it did not provide any further details of the dose
or formulation of the herbs, and as the authors of the report make
several assumptions about the clinical activity of the herbs on the
basis of studies in animals.””
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Preparations

Proprietary single-ingredient preparations

Argentina: Menofem. Austria: Agnukliman; Jinda; Klimady-
non. Brazil: Aplause; Clifemin; Mencirax; Menoliv; Tensiane.
Chile: Ginemaxim; Mensifem. Czech Republic: Menofem.
France: Cimipax. Germany: Cefakliman mono; Cimisan; Femi;
Femikliman uno; Femilla N; Feminon C; Femisana gyn; Jinda;
Klimadynon; Natu-fem; Remifemin; Sinei; Solcosplen C. Hong
Kong: Klimadynon. Hungary: Cefakliman mono; Remifemin.
Russia: Klimadynon (Kanmaaunon). Singapore: Klimadynon;
Remifemin. Spain: Avala; Remifemin. Switzerland: Cimife-
mine; Climavita; Femicine; Maxifem. Thailand: Remifemin.

Proprietary multi-ingredient preparations

Australia: Cimicifuga Compound; Dong Quai Complex;
Dyzco; Extralife Meno-Care; Extralife PMS-Care; Herbal
PMS Formula; Lifesystem Herbal Formula 4 Women's
Formula; Medinat Esten; PMT Complex; Proesten; Soy Forte
with Black Cohosh; Women's Formula Herbal Formula 3.
Austria: Remifemin plus. Canada: Natural HRT. Czech
Republic: Dr Theiss Rheuma Creme; Dr Theiss Schwedenbit-
ter. Germany: Remifemin plus. Izaly: Climil Complex; Climil-
80; Hiperogyn. Singapore: Phytoestrin. UK: Gerard House
Reumalex; Modern Herbals Rheumatic Pain; St Johnswort
Compound; Vegetable Cough Remover; Vegetex. USA: Black
Cohosh; Estrocare; Hot Flashex; Menopause Relief; Meno-
pause Support; Natrol Complete Balance for Menopause AM/
PM Formula; Women's Menopause Formula.
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' Cohosh, Blue

Summary and Pharmaceutical Comment

Limited data are available on the chemistry of blue cohosh.
Documented pharmacological actions support some of the
reputed traditional uses, although many of these are not
suitable indications for self-medication. No evidence
regarding antirheumatic properties was located, although
anti-inflammatory action has been documented for the aerial
plant parts. In view of the potential toxicity associated with
blue cohosh, it should be used with caution. The potential for
preparations of blue cohosh to interfere with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. The use of blue
cohosh preparations during pregnancy and breastfeeding
should be avoided.

Species (Family)
Caulophyllum thalictroides (L.) Mich. (Berberidaceae)

Synonym(s)

Caulophyllum, Leontice thalictroides L., Papoose Root, Squaw
Root

Part(s) Used

Rhizome, root

Pharmacopoeial and Other Monographs

BHP 1983(“7 N
Martindale 35th edition‘“®

Legal Category (Licensed Products)
GSLI@¥

Constituents

The following is compiled from several sources, including General
References G22, G41 and G48.

Alkaloids  Quinolizidine and isoquinoline-types. Anagyrine,
baptifoline, magnoflorine, methylcytisine (caulophylline). Other
unidentified minor tertiary alkaloids.'

Saponins Caulosaponin and cauloside D yielding hederagenin on
hydrolysis.®

Other constituents
phytosterol and starch.

Citrullol, gum, resins, phosphoric acid,

Other Caulophyllum species A related species, C. robustum
Maxim., is rich in triterpene glycosides (caulosides A—G), most of
which possess hederagenin as their aglycone.

Food Use

Blue cohosh is not used in foods.

180

Herbal Use

Blue cohosh is stated to possess antispasmodic, emmenagogue,
uterine tonic and antirheumatic properties. Traditionally, it has
been used for amenorrhoea, threatened miscarriage, false labour
pains, dysmenorrhoea, rheumatic pains, and specifically for
conditions associated with uterine atony.(“”> %

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in standard herbal reference texts are given below.

Dried rhizome/root 0.3-1.0 g as a decoction three times daily. "

Liquid extract 0.5-1.0mL (1:1 in 70% alcohol) three times
daily.(%”

Pharmacological Actions

In vitro and animal studies

A blue cohosh extract exhibited stimulant properties on the
isolated guinea-pig uterus, although subsequent iz vivo studies in
cats, dogs and rabbits demonstrated no uterine activity."

Alkaloids

anagyrine H
baptifoline  OH

HaCO

N-methylcytisine

Triterpenes

hederagenin (aglycone of several saponins)

Figure 1 Selected constituents of blue cohosh.



Antifertility actions documented in rats were reported to be
caused by inhibition of ovulation™ and by interruption of
implantation.®’

Smooth muscle stimulation has been documented for a
crystalline glycoside constituent on the uterus (in vitro), the small
intestine (in vitro), and the coronary blood vessels (in vivo) of
various small mammals.” The glycoside was also reported to
cause erythrolysis and to be of an irritant nature. An earlier study
that used a crystalline glycoside identified as caulosaponin,
reported a variety of actions including an oxytocic effect on the
isolated rat uterus, constriction of coronary and carotid blood
vessels, a toxic action on cardiac muscle, and a spasmogenic
action on the isolated intestine.®

Methylcytisine is stated to have a nicotinic-like action, causing

an elevation in blood pressure and stimulating both respiration
(G60)

and intestinal motility.

Figure 2

Figure 3 Blue cohosh - dried drug substance (root).

Cohosh, Blue

An alcoholic extract of the aerial parts of blue cohosh produced
up to 55% inhibition of inflammation in the carrageenan rat paw
@)
test.

Clinical studies

There is a lack of clinical research assessing the effects of blue
cohosh and rigorous randomised controlled clinical trials are
required.

Side-effects, Toxicity

Clinical data

There is a lack of clinical safety and toxicity data for blue cohosh
and further investigation of these aspects is required.

Powdered blue cohosh is stated to be irritant, especially to
mucous membranes.'“>Y The leaves and seeds are reported to
contain methylcytisine and some glycosides that can cause severe
stomach pains. Children have been poisoned by eating the bright
blue bitter-tasting seeds.'“*?) Caulosaponin is reported to be
cardiotoxic, causing constriction of coronary blood vessels, to
produce intestinal spasms, and to possess oxytocic properties.“*”

There is an isolated report of tachycardia, diaphoresis, muscle
weakness and fasciculations in a 21-year-old woman who ingested
blue cohosh tincture in an attempt to induce an abortion. The
woman's symptoms, which resolved over the following 24 hours,
were considered to be consistent with those of nicotine toxicity.®

Preclinical data

N-methylcytisine isolated from blue cohosh root material
demonstrated teratogenic activity in rat embryo culture, an in-
vitro system used to detect potential teratogens.”) The clinical
significance of this finding has not been established.

Contra-indications, Warnings

Blue cohosh may irritate gastrointestinal conditions. It is not
known whether excessive doses of blue cohosh may cause a rise in
blood pressure, because of the methylcytisine content.

Drug interactions None documented. However, in view of the
limited information on the chemistry of blue cohosh, and
documented pharmacological actions, the potential for prepara-
tions of blue cohosh to interfere with other medicines adminis-
tered concurrently, particularly those with similar or opposing
effects, should be considered.

Pregnancy and lactation There are insufficient data on the use
of blue cohosh preparations during pregnancy and breastfeeding,
and the use of blue cohosh should be avoided during these periods.

Blue cohosh is reputed to be an abortifacient and to affect the
menstrual cycle.(“3%

Preparations

Proprietary multi-ingredient preparations

Australia: Dyzco; Lifesystem Herbal Formula 4 Women's
Formula; Women's Formula Herbal Formula 3.
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' Cola

Summary and Pharmaceutical Comment Food Use

The principal active constituent in cola is caffeine. The Cola is listed by the Council of Europe as a natural source of food
reputed herbal uses of cola can be attributed to the actions of flavouring (cola and cola nUE extract: category N4, with limits on
caffeine, and precautions associated with other xanthine- caffeine) (see Appendix 3)./“"” Cola is commonly used in foods.
containing beverages are applicable to cola. Previously, cola has been listed as GRAS (Generally Recognised

As Safe).©*)
Species (Family)

— ) Herbal Use
Cola nitida (Vent.) Schott & Endl. (Sterculiaceae) S EE— ) ) )
*Cola acuminata (P. Beauv.) Schott & Endl. Cola is stated to possess CNS stimulant, thymoleptic, antide-
pressant, diuretic, cardioactive and antidiarrhoeal properties. It

has been used for depressive states, melancholy, atony, exhaustion,

Synonym(s) dysentery, atonic diarrhoea, anorexia, migraine and specifically
Cola Seed. Guru Nut. Kola Nut for depressive states associated with general muscular weak-
) ) (G6, G7, GS, G64)
*Sterculia acuminata Beauv. Ness.
Dosage

Part(s) Used
Cotyledon

Dosages for oral administration (adults) for traditional uses
recommended in older standard herbal and pharmaceutical
reference texts are given below.

Pharmacopoeial and Other Monographs

BHC 1992%¢

BHP 1996(”

BP 20075

Complete German Commission
Martindale 35th edition©%

Ph Eur 20078V

E(G3)

Legal Category (Licensed Products)
GSL(G37)

Constituents

The following is compiled from several sources, including General
References G6 and G62.

Alkaloids Xanthine-types. Caffeine (0.6-3.0%), theobromine (up Figure 2 Cola (Cola nitida).

t0 0.1%).
Tannins Condensed type, catechins.

Other constituents Betaine, cellulose, enzyme, fats, a glucoside,

protein, red pigment and sugars.
Purines
Q  cH
r
FL‘N N
A
07N N
CHs
R
caffeine CH; ;

theobromine H

Figure 1 Selected constituents of cola. Figure 3 Cola - dried drug substance (cotyledon).



* Cola

Powdered cotyledons 1-3 g as a decoction three times daily.“®
G7)

Liquid Extract of cola
alcohol).

Tincture of cola (BPC 1934) 1-4mL (1:5 in 60% alcohol).

(BPC 1949) 0.6-1.2mL (1:1 in 60%

Pharmacological Actions

The xanthine constituents, caffeine and theobromine, are the
active principles in cola. The pharmacological properties of
caffeine are well documented and include stimulation of the CNS,
respiratory system and skeletal muscle, cardiac stimulation,
coronary dilatation, smooth muscle relaxation and diuresis.‘“*"

Cola-containing beverages are stated to provide active doses of
caffeine.“*)

Side-effects, Toxicity

Side-effects commonly associated with xanthine-containing bev-

erages include sleeplessness, anxiety, tremor, palpitations and
withdrawal headache.‘“*¥

Contra-indications, Warnings

Consumption of cola should be restricted in individuals with
hypertension or cardiac disorders, because of the caffeine
content.

Drug interactions None documented. However, the potential for
preparations of cola to interact with other medicines administered
concurrently, particularly those with similar or opposing effects,
should be considered.

Pregnancy and lactation 1t is generally recommended that
caffeine consumption should be restricted during pregnancy,
although conflicting reports have been documented regarding the
association between birth defects and caffeine consumption. In
view of this, excessive consumption of cola during pregnancy
should be avoided. Caffeine is excreted in breast milk, but at
concentrations considered too low to represent a hazard to
breastfed infants.“* However, as with all xanthine-containing
beverages, excessive consumption of cola by lactating mothers
should be avoided.



' Coltsfoot

Summary and Pharmaceutical Comment

The majority of the traditional uses associated with coltsfoot
can be attributed to the mucilage content. However, coltsfoot
also contains toxic pyrrolizidine alkaloids albeit at a low
concentration. The risk of exposure to low concentrations of
unsaturated pyrrolizidine alkaloids is unclear although
hepatotoxicity following prolonged exposure has been
documented (see Comfrey). The regular or excessive
consumption of coltsfoot, especially in the form of herbal
teas, should therefore be avoided.

Species (Family)

Tussilago farfara L. (Asteraceae/Compositae)

Synonym(s)

Farfara

Part(s) Used

Flower, leaf

Pharmacopoeial and Other Monographs

BHC 1992¢¢

BHP 1983(“7

Complete German Commission E(©?
Martindale 35th edition©%

Legal Category (Licensed Products)
GSL(G37)

Constituents

The following is compiled from several sources, including General
Reference G2.

Alkaloids

CHa
senkirkine

tussilagine

Figure 1 Selected constituents of coltsfoot.

Acids Caffeic acid, caffeoyltartaric acid, ferulic acid, gallic acid,
p-hydroxybenzoic acid, and tannic acid (phenolic); malic acid and
tartaric acid (aliphatic).

Alkaloids Pyrrolizidine-type. Senkirkine 0.015% and senecionine
(minor) (unsaturated)®? and tussilagine (saturated).®

Carbohydrates Mucilage (water-soluble polysaccharides) 7-8%
yielding various sugars following hydrolysis (e.g. arabinose,
fructose, galactose, glucose, uronic acid and xylose); inulin
(polysaccharide).(s)

Flavonoids
glycosides.”

Flavonols (e.g. kaempferol, quercetin) and their

Tannins Up to 17% (type unspecified).

Other constituents Bitter (glycoside), choline, paraffin (fatty
acid), phytosterols (sitosterol, stigmasterol, taraxasterol), triter-
pene (amyrin), tussilagone (sesquiterpene)® and volatile oil.

Food Use

Coltsfoot is not commonly used as a food but it is listed by the
Council of Europe as a source of natural food flavouring (category
N4). This category indicates that although coltsfoot is permitted
for use as a food flavouring, there are insufficient data available
for an assessment of toxicity to be made./“'®

Herbal Use

Coltsfoot is stated to possess expectorant, antitussive, demulcent
and anticatarrhal properties. It has been used for asthma,
bronchitis, laryngitis and pertussis. % 7> @42 G64)

Dosage
Dosages for oral administration (adults) for traditional uses
recommended in standard herbal reference texts are given below.

Dried herb 0.6-2.0g by decoction three times daily.‘“®

Figure 2 Coltsfoot (Tussilago farfara).




Liquid extract 0.6-2.0mL (1:1 in 25% alcohol) three times
daily. ‘"

Tincture 2-8mL (1:5 in 45% alcohol) three times daily.(“”

Syrup 2-8mL (liquid extract 1:4 in syrup) three times daily.‘“”

Pharmacological Actions

In vitro and animal studies

Antibacterial activity has been documented for coltsfoot against
various Gram-negative bacteria including Staphylococcus aureus,
Proteus hauseri, Bordetella pertussis, Pseudomonas aeruginosa
and Proteus vulgaris.”™

Anti-inflammatory activity comparable to that of indometacin,
determined in Selye's experimental chronic inflammation test, has
been attributed to water-soluble polysaccharides in coltsfoot.'”
Weak acute anti-inflammatory activity has been reported for
coltsfoot when tested against carrageenan-induced rat paw
oedema.!-12

Platelet-activating factor (PAF) is known to be involved in
various inflammatory, respiratory and cardiovascular disorders.
The aggregating action of PAF is known to be weaker if
intracellular concentrations of calcium are low. A sesquiterpene,
1-652469, isolated from coltsfoot buds has been reported to be a
weak inhibitor of both PAF receptor binding and calcium channel
blocker binding to membrane vesicles."” This combination of
actions was found to effectively block PAF-induced platelet
aggregation. 1-652469 was also found to be active orally,
inhibiting PAF-induced rat paw oedema.’® Interestingly, L-
652469 was reported to interact with the cardiac calcium channel
blocker receptor complex (dihydropyridine receptor), but was also
found to be a calcium channel blocker.™?

Tussilagine has been reported to be a potent cardiovascular and
respiratory stimulant.® ™ Dose-dependent pressor activity fol-
lowing intravenous injection has been observed in the cat, rat and
dog."™ The pressor effect is stated to be similar to that of
dopamine, but without tachyphylaxis. A significant stimulation of
respiration was also observed.® Cardiovascular and respiratory
effects are thought to be mediated by peripheral and central
mechanisms, respectively.®

Clinical studies

There is a lack of clinical research assessing the effects of coltsfoot
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

There is a lack of clinical safety and toxicity data for coltsfoot and
further investigation of these aspects is required.

Coltsfoot has been reported to be phototoxic in guinea-pig
skin.™

Pyrrolizidine alkaloids with an unsaturated pyrrolizidine
nucleus are known to be hepatotoxic in both animals and humans
(see Comfrey). Of the pyrrolizidine alkaloids documented for
coltsfoot, senecionine and senkirkine are unsaturated. Chronic
hepatotoxicity has been described in rats following the incorpora-
tion of coltsfoot into their diet at concentrations ranging from 4—
33%.19 After 600 days, it was found that rats fed more than 4%
coltsfoot had developed hepatic tumours (haemangioendothelial
sarcoma) while none were observed in the control group.
Furthermore, histological changes associated with pyrrolizidine
alkaloid toxicity, such as centrilobular necrosis of the liver and
cirrhosis, were observed in many of the rats who had ingested
coltsfoot but who had not developed tumours.*® The hepato-
toxicity of coltsfoot was attributed to senkirkine, which is present
at a concentration of only 0.015%, thus highlighting the dangers
associated with chronic exposure to low concentrations of
pyrrolizidine alkaloids.

Newborn rats have been found to be more susceptible than
weanlings to the hepatotoxic effects of senkirkine despite lacking
the hepatic microsomal enzymes required for the formation of the
toxic pyrrolic metabolites.!"” Fatal hepatic veno-occlusive discase
has been documented in a newborn infant whose mother had
regularly consumed a herbal tea during pregnancy.™® Analysis of
the herbal tea revealed the presence of 10 different plants including
coltsfoot and a Senecio species (known source of pyrrolizidine
alkaloids, see Liferoot). The mother exhibited no signs of hepatic
damage, suggesting an increased sensitivity of the fetal liver to
pyrrolizidine alkaloid toxicity.

Pre-blooming coltsfoot flowers are reported to contain the
highest concentration of alkaloids.”®” Considerable loss of both
senkirkine and senecionine has been observed upon prolonged
storage of the dried plant material.®) Senkirkine and senecionine
are both easily extracted into hot water and, therefore, would
presumably be ingested in a herbal tea prepared from the fresh
plant.® A cup of tea prepared from 10 g pre-blooming flowers has
been estimated to contain a maximum of 70 pg senecionine and
1.4 mg senkirkine. Tea from the young leaves or mature plant
would presumably contain considerably lower concentrations of
alkaloids.® These concentrations are not considered to represent
a health hazard compared to the known hepatotoxicity of
senecionine (intravenous LDs, 64 mg/kg body weight, mice)."
However, prolonged exposure to low concentrations of pyrrolizi-
dine alkaloids has resulted in hepatotoxicity (see Comfrey).

Tussilagine LDs, (mice, intravenous injection) has been
determined as 28.9 mg/kg. ¥

Contra-indications, Warnings

In view of the known pyrrolizidine alkaloid content, excessive or
prolonged ingestion should be avoided. In particular, herbal teas
containing coltsfoot should be avoided.

Drug interactions None documented. However, the potential for
preparations of coltsfoot to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. There is limited evidence
from preclinical studies that tussilagine, a constituent of coltsfoot,



has pressor activity. However, the clinical significance of this, if
any, is not known.

Pregnancy and lactation Coltsfoot should not be taken during
pregnancy or lactation in view of the toxicity associated with the
pyrrolizidine alkaloid constituents. Coltsfoot is reputed to be an

abortifacien

£.(G30)

Preparations

Proprietary multi-ingredient preparations

Argentina: Arceligasol; Negacne. Czech Republic: Perospir;
Species Pectorales Planta. Ifaly: Lozione Same Urto. Spain:
Llantusil. UK: Antibron; Chesty Cough Relief.
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' Comfrey

Summary and Pharmaceutical Comment

Comfrey is characterised by its pyrrolizidine alkaloid
constituents. The hepatotoxicity of these compounds is well
known, and cases of human poisoning involving comfrey
have been documented. Human hepatotoxicity with
pyrrolizidine-containing plants is well documented,
particularly following the ingestion of Crotalaria, Heliotropium
and Senecio species. Comfrey has traditionally been used
topically for treating wounds. Percutaneous absorption of
pyrrolizidine alkaloids present in comfrey is reported to be
low, although application of comfrey preparations to the
broken skin should be avoided.

Licensed herbal products intended for internal use are not
permitted to contain comfrey. The inclusion of comfrey in
products intended for topical application is permitted,
provided the preparation is only applied to the unbroken skin
and that its use is restricted to ten days or less at any one time.

As a result of a 1993 report by the Committee on Toxicity
of Chemicals in Food to the Food Advisory Committee and
the Ministry of Agriculture, Fisheries and Food (UK), the
health food trade voluntarily withdrew all products, such as
tablets and capsules, and advice was issued that the root and
leaves should be labelled with warnings against ingestion. It
was considered that comfrey teas contained relatively low
concentrations of pyrrolizidine alkaloids and did not need any
warning labels.

Species (Family)

Symphytum officinale L. (Boraginaceae)

Synonym(s)

Symphytum Radix

Related species include Prickly Comfrey (Symphytum asperum),
Quaker and Russian Comfrey (Symphytum uplandicum, hybrid of
S. officinale x S. asperum)

Part(s) Used

Leaf, rhizome, root

Pharmacopoeial and Other Monographs

BHC 1992<¢

BHP 1996'<”

Complete German Commission E(©?
Martindale 35th edition‘“®

Legal Category (Licensed Products)

G37
) (G37)

GSL (external use only
Constituents

The following is compiled from several sources, including General
References G2 and Geé.

Alkaloids  Pyrrolizidine-type. 0.3%. Symphytine, symlandine,
echimidine, intermidine, lycopsamine, myoscorpine, acetyllycop-
samine, acetylintermidine, lasiocarpine, heliosupine, viridiflorine
and echiumine.!"™

Carbohydrates Gum (arabinose, glucuronic acid, mannose,
rhamnose, xylose); mucilage (glucose, fructose).

Tannins Pyrocatechol-type. 2.4%.

Triterpenes Sitosterol and stigmasterol (phytosterols), steroidal
saponins and isobauerenol.

Other constituents Allantoin 0.75-2.55%, caffeic acid, carotene
0.63%, chlorogenic acid, choline, lithospermic acid, rosmarinic
acid and silicic acid.

Food Use

Comfrey is occasionally used as an ingredient of soups and salads.
It is listed by the Council of Europe as natural source of food
flavouring (category N4). This category indicates that although
comfrey is permitted for use as a food flavouring, insufficient data
are available to assess toxicity,“'®

Herbal Use

Comfrey is stated to possess vulnerary, cell-proliferant, astringent,
antihaemorrhagic and demulcent properties. It has been used for
colitis, gastric and duodenal ulcers, haematemesis, and has been

applied topically for ulcers, wounds and fractures,(© &7 G8:
G49, Gé64)

Dosage

Dosages for oral (unless otherwise stated) administration (adults)
for traditional uses recommended in standard herbal reference
texts are given below. Note: internal use is no longer advised.

Alkaloids
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Figure 1 Selected constituents of comfrey.



Figure 3 Comfrey — dried drug substance (leaf).

Dried root/rhizome 2—4g as a decoction three times daily.‘“”

Root, liquid extract 2—4mL (1:1 in 25% alcohol) three times
daily.(<”

Ointment symphytum root 10-15% root extractive in usual type
ointment basis applied topically three times daily.“”

Dried leaf 2-8 g or by infusion three times daily.‘“”

Leaf, liquid extract 2-8mL (1:1 in 25% alcohol) three times
daily.(©”

Pharmacological Actions

The classical pharmacology of pyrrolizidine alkaloids is over-
shadowed by the well-recognised toxicity of this class of
compounds. Consequently, the majority of data documented for
comfrey involve toxicity. Many useful reviews have been published
on the toxicity of pyrrolizidine alkaloids in humans (see
below).5™ Y

In vitro and animal studies

Wound-healing and analgesic activities have been documented in
rats administered comfrey extract orally."® Percutancous absorp-
tion of pyrrolizidine alkaloids obtained from comfrey is reported
to be low in rats, with minimal conversion of the pyrrolizidine
alkaloid N-oxides to the free pyrrolizidine alkaloids in the urine

Comfrey '

(reduction of the N-oxides is required before they can be
metabolised into the reactive pyrrolic esters).* '

Rosmarinic acid has been isolated from comfrey (S. officinale)
as the main constituent with in wvitro anti-inflammatory
activity." Biological activity was determined by inhibition of
malonic dialdehyde formation in human platelets. Minor
components, chlorogenic and caffeic acids, were not found to
exhibit any significant activity. The pyrrolic esters have been
reported to possess mild antimuscarinic activity, which is more
pronounced in the non-hepatotoxic esters of saturated amino
alcohols."® Conversely, the free amino alcohols are reported to
exert indirect cholinomimetic action involving the release of
acetylcholine from postganglionic sites in the guinea-pig ileum.'®

Comfrey has been reported to stimulate the activity of the
hepatic drug-metabolising enzyme aminopyrine N-demethylase in
rats."”

A comfrey extract has been reported to enhance uterine tone in
vitro."® The action of comfrey was reported to be weaker than
that exhibited by German chamomile, calendula and plantain, but
stronger than that shown by shepherd's purse, St. John's wort and
uva-ursi.

Clinical studies

There is a lack of clinical research assessing the effects of comfrey
and rigorous randomised controlled clinical trials are required.
The antimuscarinic properties of certain pyrrolic esters have
been utilised. Two non-hepatotoxic pyrrolizidine alkaloids,
sarracine and platyphylline, have been used for the treatment of
gastrointestinal hypermotility and peptic ulceration.'®

Side-effects, Toxicity

Two reports of human hepatotoxicity associated with the
ingestion of comfrey have been documented."”?” One case
involved a 13-year-old boy who had been given a comfrey root
preparation in conjunction with acupuncture to treat Crohn's
disease. " The boy was diagnosed with veno-occlusive disease of
the liver and the authors concluded comfrey to be the only
possible causal factor of the liver disease. The second case
involved a 49-year-old woman diagnosed with veno-occlusive
discase.*” She had been taking various food supplements
including a herbal tea and comfrey-pepsin pills. Pyrrolizidine
alkaloids were identified in both the tea (stated to contain
ginseng) and the comfrey-pepsin pills. The authors estimated that
over a period of six months the woman had ingested 85 mg of
pyrrolizidine alkaloids, equivalent to 15 pg/kg body weight per
day. This report highlighted the potential toxicity associated with
chronic ingestion of relatively small amounts of pyrrolizidine
alkaloids.

The toxicity of pyrrolizidine alkaloids is well recognised.
Pyrrolizidine alkaloids with an unsaturated pyrrolizidine nucleus
are metabolised in the liver to toxic pyrrole metabolites.®™® Acute
toxicity results in hepatic necrosis, whereas chronic toxicity
typically results in veno-occlusive disease characterised by the
presence of greatly enlarged liver cells.® %

Reports of human hepatotoxicity associated with pyrrolizidine
alkaloid ingestion have been documented.®571%21539 Many of
these reports have resulted from crop (and subsequently flour and
bread) contamination with Crotalaria, Heliotropium and Senecio
species and from the use of pyrrolizidine-containing plants in
medicinal 'bush’ teas. In addition, pyrrolizidine alkaloid poisoning
has been associated with the use of herbal teas in Europe and the
United States.®”> " The diagnosis of veno-occlusive disease in a
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w Comfrey

newborn infant who subsequently died highlights the suscept-
ibility of the fetus to pyrrolizidine alkaloid toxicity.®? In this case,
the mother had consumed a herbal tea as an expectorant during
pregnancy. The tea, which was purchased from a pharmacy in
Switzerland, was analysed and found to contain pyrrolizidine
alkaloids. The mother did not exhibit any signs of hepatotoxicity.

Interestingly, liver function tests in 29 chronic comfrey users
have been reported to show no abnormalities.®"

The hepatotoxicity of pyrrolizidine alkaloids is well documen-
ted in animals.”) In addition, carcinogenicity has been described
in rats fed a diet supplemented with comfrey.®? The mutagenicity
of comfrey has been attributed to lasiocarpine,”” which is known
to be mutagenic and carcinogenic. However, other workers have
reported a lack of mutagenic activity for comfrey following
assessment using direct bacterial test systems (Ames), host
mediated assay (Legator), liver microsomal assay and the
micronucleus technique.®33%

Contra-indications, Warnings

In view of the hepatotoxic properties documented for the
pyrrolizidine alkaloid constituents, comfrey should not be taken
internally. The topical application of comfrey-containing prepara-
tions to broken skin should be avoided.

Drug interactions None documented. However, the potential for
preparations of comfrey to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation The safety of comfrey has not been
established. In view of the toxicity associated with the alkaloid
constituents, comfrey should not be taken during pregnancy or
lactation.

Preparations

Proprietary single-ingredient preparations

Austria: Traumaplant. Czech Republic: Traumaplant. Ger-
many: Kytta-Plasma f; Kytta-Salbe f; Traumaplant. Switzer-
land: Kytta Pommade. Venezuela: Traumaplant.

Proprietary multi-ingredient preparations

Czech Republic: Dr Theiss Beinwell Salbe; Stomatosan.
Germany: Kytta-Balsam f; Rhus-Rheuma-Gel N. Israel:
Comfrey Plus. Switzerland: Gel a la consoude; Keppur;
Keppur; Kytta Baume. USA: MSM with Glucosamine Creme.

References

1 Culvenor CC]J et al. Structure and toxicity of the alkaloids of Russian
comfrey (Symphytum X uplandicum Nyman), a medicinal herb and
item of human diet. Experientia 1980; 36: 377-379.

2 Smith LW, Culvenor CC]J. Hepatotoxic pyrrolizidine alkaloids. | Nat
Prod 1981; 44: 129-152.

3 Huizing H]J. Phytochemistry, systematics and biogenesis of
pyrrolizidine alkaloids of Symphytum taxa. Pharm Weekbl (Sci) 1987,
9: 185-187.

4 Mattocks AR. Toxic pyrrolizidine alkaloids in comfrey. Lancet 1980,
i: 1136-1137.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Pyrrolizidine alkaloids. Environmental Health Criteria 80. Geneva:
WHO, 1988.

Abbott PJ. Comfrey: assessing the low-dose health risk. Med | Aust
1988; 149: 678-682.

Awang DVC. Comfrey. Can Pharm ] 1987; 120: 101-104.

McLean EK. The toxic actions of pyrrolizidine (Senecio) alkaloids.
Pharmacol Rev 1970; 22: 429-483.

Huxtable R]J. Herbal teas and toxins: novel aspects of pyrrolizidine
poisoning in the United States. Perspect Biol Med 19805 24: 1-14.
Mattocks AR. Chemistry and Toxicology of Pyrrolizidine Alkaloids.
London: Academic Press, 1986.

Jadhav SJ et al. Pyrrolizidine alkaloids: A review. | Food Sci Technol
1982; 19: 87-93.

Goldman RS et al. Wound healing and analgesic effect of crude
extracts of Symphytum officinale. Fitoterapia 1985; 6: 323-329.
Brauchli J ez al. Pyrrolizidine alkaloids from Symiphytum offinale L.
and their percutaneous absorption in rats. Experientia 1982; 38: 1085—
1087.

Brauchli J ef al. Pyrrolizidine alkaloids in Symphytum officinale L. and
their dermal absorption in rats. Experientia 1981; 37: 667.

Gracza L et al. Biochemical-pharmacological investigations of
medicinal agents of plant origin, I: Isolation of rosmarinic acid from
Symphytum officinale L. and its anti-inflammatory activity in an in-
vitro model. Arch Pharm (Weinheim) 1985; 318: 1090—1095.
Culvenor CC]J. Pyrrolizidine alkaloids: some aspects of the Australian
involvement. Trends Pharmacol Sci 1985; 6: 18-22.

Garrett BJ et al. Consumption of poisonous plants (Senecio jacobaea,
Symphytum officinale, Pteridium aquilinum, Hypericum perforatum)
by rats: Chronic toxicity, mineral metabolism, and hepatic drug-
metabolizing enzymes. Toxicol Lett 1982; 10: 183-188.

Shipochliev T. Extracts from a group of medicinal plants enhancing
the uterine tonus. Vet Med Nauki 1981; 18: 94-98.

Weston CFM et al. Veno-occlusive disease of the liver secondary to
ingestion of comfrey. Br Med ] 1987; 295: 183.

Ridker PM et al. Hepatic venocclusive disease associated with the
consumption of pyrrolizidine-containing dietary supplements.
Gastroenterology 1985; 88: 1050-1054.

Anderson C. Comfrey toxicity in perspective. Lancet 1981; i: 944.
Huxtable R] et al. Toxicity of comfrey-pepsin preparations. N Engl |
Med 19865 315: 1095.

Furmanowa M et al. Mutagenic effects of aqueous extracts of
Symphytum officinale L. and of its alkaloidal fractions. | Appl Toxicol
1983; 3: 127-130.

Ridker PM, McDermott WV. Comfrey herb tea and hepatic veno-
occlusive disease. Lancet 1989; i: 657—658.

Lyford CL et al. Hepatic veno-occlusive disease originating in
Ecuador. Gastroenterology 1976; 70: 105-108.

Kumana CR et al. Herbal tea induced hepatic veno-occlusive disease:
quantification of toxic alkaloid exposure in adults. Guz 1985; 26: 101
104.

Stillman AE et al. Hepatic veno-occlusive disease due to pyrrolizidine
(Senecio) poisoning in Arizona. Gastroenterology 1977; 73: 349-352.
McGee JO'D et al. A case of veno-occlusive disease of the liver in
Britain associated with herbal tea consumption. ] Clin Pathol 1976;
29: 788-794.

Datta DV et al. Herbal medicines and veno-occlusive disease in India.
Postgrad Med ] 1978; 54: 511-515.

Roulet M et al. Hepatic veno-occlusive disease in newborn infant of a
woman drinking herbal tea. | Pediatr 1988; 112: 433-436.

Anderson PC, McLean AEM. Comfrey and liver damage. Hum
Toxicol 1989; 8: 55-74.

Hirono I et al. Carcinogenic activity of Symphytum officinale. | Natl
Cancer Inst 1978; 61: 865-869.

Lim-Sylianco CY et al. Mutagenicity studies of aqueous extracts from
leaves of comfrey (Symphytum officinale Linn). NRCP Res Bull 1977
32: 178-191.

White RD et al. An evaluation of acetone extracts from six plants in
the Ames mutagenicity test. Toxicol Lett 1983; 15: 23-31.



' Corn Silk

Summary and Pharmaceutical Comment

Limited information is available on the constituents of corn
silk. Extracts have been reported to exhibit diuretic actions in
both humans and animals, thus justifying the reputed herbal
uses. However, no additional data were located to support
these reported actions. In view of the lack of toxicity data,
excessive use of corn silk should be avoided.

Species (Family)

Zea mays L. (Gramineae)

Synonym(s)
Stigma Maydis, Maize, Zea

Part(s) Used

Stigma, style

Pharmacopoeial and Other Monographs

BHC 1992@
BHP 1996'“?
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Legal Category (Licensed Products)

Corn silk is not included in the GSL.¢3”

Constituents

The following is compiled from several sources, including General
References G2 and Gé6.

Amines 0.05%. Type not specified, although hordenine is listed
for the genus Zea.

Fixed oils 1.85-2.25%. Contain glycerides of linoleic, oleic,
palmitic and stearic acids.

Saponins 3% (unspecified).
Tannins Up to 11.5-13% (unspecified).

Other constituents Allantoin, bitter glycosides (1%), cryptox-
anthin, cyanogenetic compound (unidentified),” flavone (may-
sin), gum, phytosterols (e.g. sitosterol, stigmasterol), pigments,
resin, vitamins (C and K).

Flavonoids

H4C
0
OH O
0" Ho &’—rhamnosyl
maysin

Figure 1 Selected constituents of corn silk.

Food Use

Corn silk is listed as a natural source of food flavouring (category
N2). This category indicates that corn silk can be added to
foodstuffs in small quantities, with a possible limitation of an
active principle (as yet unspecified) in the final product.
Previously, corn silk has been listed as GRAS (Generally
Recognised As Safe)./“*" The fruits are classified as category
N1 with no restriction on their use.“*® Corn (maize) oil and
flour are commonly used in cooking.

Herbal Use

Corn silk is stated to possess diuretic and stone-reducing
properties. It has been used for cystitis, urethritis, nocturnal
enuresis, prostatitis, and specifically for acute or chronic
. . . (G2, G6,G7, G8, G64)
inflammation of the urinary system.

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in standard herbal reference texts are given below.

Dried style/stigma 4-8 g as an infusion three times daily.‘“® <"

Liquid Extract of Maize Stigmas (BPC 1923) 4-8 mL.

Tincture 5-15mL (1:5 in 25% alcohol) three times daily.(“® <"

Figure 2 Corn silk (Zea mays).




* Corn Silk

Figure 3 Corn silk — dried drug substance (stigma).

Pharmacological Actions

In vitro and animal studies

Corn silk is stated to possess cholagogue, diuretic, hypoglycaemic,
and hypotensive activities in laboratory animals.”“*" Utilising
aqueous extracts, a methanol-insoluble fraction has been reported
to exhibit diuretic activity in rabbits,“*" and an isolated
crystalline component has been documented to have a hypotensive
action and to stimulate uterine contraction in rabbits.®” The latter
two actions were thought to involve a cholinergic mechanism. The
action of corn silk extract on experimental periodontolysis in
hamsters has been documented.

Cryptoxanthin is stated to possess vitamin A activity,'“* and
tannins are known to possess astringent properties.

Clinical studies

There is a lack of clinical research assessing the effects of corn silk
and rigorous randomised controlled clinical trials are required.

It has been stated that an aqueous extract is strongly diuretic in
humans,“* and that clinical studies have indicated corn silk to
be effective in kidney and other diseases.'“*" No further
information on human studies was located to support these
statements.

Side-effects, Toxicity

There is a lack of clinical safety and toxicity data for corn silk and
further investigation of these aspects is required.

Allergic reactions including contact dermatitis and urticaria
have been documented for corn silk, its pollen and for starch
derived from corn silk.“*" Cornstarch is considered to be a
known allergen.‘“>" The toxicity of a methanol-insoluble fraction
of an aqueous corn silk extract has been reported to be low in
rabbits. The effective intravenous dose for a diuretic action was
documented as 1.5 mg/kg body weight compared to the lethal
intravenous dose of 250 mg/kg.“*" Corn silk contains an
unidentified toxic principle,? and is listed as being capable of
producing a cyanogenetic compound.”

Contra-indications, Warnings

Corn silk may cause an allergic reaction in susceptible individuals.

Drug interactions None documented. However, the potential for
preparations of corn silk to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. There is limited evidence
from preclinical studies that corn silk has hypoglycaemic and
hypotensive activity.

Pregnancy and lactation Corn silk has been documented to
stimulate uterine contractions in rabbits. In view of this, doses of
corn silk greatly exceeding amounts used in foods should not be
taken during pregnancy or lactation.

Preparations

Proprietary single-ingredient preparations
UK: Protat.

Proprietary multi-ingredient preparations

Spain: Diurinat; Renusor. UK: Elixir Damiana and Saw
Palmetto; Napiers Uva Ursi Tea; Roberts Black Willow
Compound Tablets. USA: Cran Support.
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' Couchgrass

Summary and Pharmaceutical Comment

Limited chemical data are available for couchgrass and little
scientific evidence was located to justify the traditional herbal
uses. Agropyrene is regarded as the main active principle in
couchgrass on account of its antibiotic effect, although the
presence of agropyrene in the volatile oil has been disputed.
In view of the lack of toxicity data, excessive ingestion should
be avoided.

Species (Family)

Elymus repens (L.) Gould [Elytrigia repens (L.) Desv. Ex Nevski]
(Gramineae)

Synonym(s)

Agropyron, Agropyron repens Beauv., Dogs Grass, Quackgrass,
Triticum, Triticum repens L., Twitch, Twitchgrass

Part(s) Used

Rhizome

Pharmacopoeial and Other Monographs

BHP 1996'“”

BP 20078

Complete German Commission E(©?
Martindale 35th edition©%

Ph Eur 2007%"

WHO volume 1 1999(¢%

Legal Category (Licensed Products)

G37.
) (G37)

GSL (Agropyron

Constituents

The following is compiled from several sources, including General
References G2 and G7.

Carbohydrates Fructose, glucose, inositol, mannitol, mucilagi-
nous substances (10%), pectin, triticin.

Cyanogenetic glycosides Unspecified.
Flavonoids Tricin and other unidentified flavonoids.
Saponins No details documented.

Volatile oils 0.05%. Agropyrene (95%). Presence of agropyrene
has been disputed,” with the oil reported to consist mainly of the
monoterpenes  carvacrol, frans-anethole, carvone, thymol,
menthol, menthone and p-cymene and three sesquiterpenes.

Other constituents Fixed oil, vanillin glucoside.

Food Use

Couchgrass is listed by the Council of Europe as a natural source
of food flavouring (category N2). This category indicates that
couchgrass can be added to foodstuffs in small quantities, with a

possible limitation of an active principle (as yet unspecified) in the
final product.‘“!® Previously, couchgrass has been listed as GRAS
(Generally Recognised As Safe).©*V

Herbal Use

Couchgrass is stated to possess diuretic properties. It has been
used for cystitis, urethritis, prostatitis, benign prostatic hyper-
trophy, renal calculus, lithuria, and specifically for cystitis with
irritation or inflammation of the urinary tract.(“%©7> 6%

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried rhizome 4-8g as an decoction three times daily.¢”
Liquid extract 4-8 mL (1: 1 in 25% alcohol) three times daily.(%”

Tincture 5-15mL (1:5 in 40% alcohol) three times daily.‘“”

Pharmacological Actions

In vitro and animal studies

Couchgrass is stated to exhibit diuretic and sedative activities in
rats and mice, respectively.“*" Broad antibiotic activity has been
documented for agropyrene and its oxidation product.“*" An
ethanolic extract was found to exhibit only weak inhibition (14%)
: . L @)

of carrageenan-induced inflammation in the rat paw.

Couchgrass has been reported to be phytotoxic with flavonoid
components implicated as the active constituents.”

Couchgrass (Elymus repens).

Figure 1




' Couchgrass

Clinical studies

There is a lack of clinical research assessing the effects of
couchgrass and rigorous randomised controlled clinical trials are
required.

Side-effects, Toxicity

None documented. However, there is a lack of clinical safety and
toxicity data for couchgrass and further investigation of these
aspects is required. An unspecified cyanogenetic glycoside has
been reported as a constituent of couchgrass, although no further
details were located.“”

Contra-indications, Warnings

Drug interactions None documented. However, the potential for
preparations of couchgrass to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. The clinical relevance of
the reputed diuretic action is unclear.

Pregnancy and lactation In view of the limited pharmacological
and toxicological data, the use of couchgrass during pregnancy
and lactation should be avoided.

Preparations

Proprietary single-ingredient preparations

Germany: Acorus.

Proprietary multi-ingredient preparations

France: Herbesan; Mediflor Tisane Antirhumatismale No 2;
Mediflor Tisane No 4 Diuretique; Obeflorine; Tisane Hepa-
tique de Hoerdt. Germany: Hevert-Blasen-Nieren-Tee N;
Renob Blasen- und Nierentee. Ifaly: Emmenoiasi; Tisana
Kelemata. Spain: Diurinat; Renusor. UK: Antitis; Fenneherb
Cystaid; Kas-Bah; Napiers Uva Ursi Tea. USA: Natural Herbal
Water Tablets.
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' Cowslip

Summary and Pharmaceutical Comment

The chemistry of cowslip is not well-documented and it is
unclear whether saponins reported as constituents of the
underground plant parts are also present in the flowers. Little
pharmacological information has been documented to justify
the herbal uses of cowslip. In view of the lack of toxicity data,
excessive use of cowslip should be avoided.

Species (Family)

Primula veris L. (Primulaceae)

Synonym(s)
Paigle, Peagle, Primula, Primula officinalis (L.) Hill.

Part(s) Used

Flower

Pharmacopoeial and Other Monographs

BHP 1983(“7

Complete German Commission E (Primrose flower)
ESCOP 19972

Martindale 35¢th edition‘“®

(G3)

Legal Category (Licensed Products)
GSL(G37

Constituents

The following is compiled from several sources, including General
References G2 and G39.

Carbohydrates Arabinose, galactose, galacturonic acid, glucose,
rhamnose, xylose and water-soluble polysaccharide (6.2-6.6%).

Flavonoids  Apigenin, gossypetin, isorhamnetin, kaempferol,
luteolin and quercetin.
Phenols Glycosides primulaveroside (primulaverin) and prim-

veroside.
Quinones Primin and other quinone compounds.

Saponins Primula acid in sepals but saponins absent from other
parts of the flower.

Flavonoids

CH O

gossypetin

Figure 1 Selected constituents of cowslip.

Tannins Condensed (e.g. proanthocyanidin B2), pseudotannins
(e.g. epicatechin, epigallocatechin).™”

Other constituents Silicic acid and volatile oil (0.1-0.25%).

Other plant parts Saponins have been documented for the
underground parts." 'Primulic acid' is a collective term for the
saponin mixture.”” Primulic acid A glycoside (5-10%) yields
primulagenin A as aglycone together with arabinose, galactose,
glucose, glucuronic acid, rhamnose and xylose.”®** The saponin
content of the roots is stated to peak at two years.” After five
years of storage the saponin content was reported to have
decreased by 45%.

Food Use

Cowslip is not commonly used in foods. A related species,
Primula eliator, is listed by the Council of Europe as a natural
source of food flavouring (category N2). This category indicates
that Primula eliator can be added to foodstuffs, provided that the
concentration of coumarin does not exceed 2mg/kg.(“'® Cou-
marins, however, are not documented as constituents of Primula
veris, the subject of this monograph.

Herbal Use

Cowslip is stated to possess sedative, antispasmodic, hypnotic,
mild diuretic, expectorant and mild aperient properties. It has
been used for insomnia, nervous excitability, hysteria and

specifically for anxiety states associated with restlessness and
irritability,(¢% ©7-G6%

Dosage
Dosages for oral administration (adults) for traditional uses
recommended in standard herbal reference texts are given below.

Dried flowers 1-2g as an infusion three times daily.‘“”

Liquid extract 1-2mL (1:1in 25% alcohol) three times daily.‘“”

Figure 2 Cowslip (Primula veris).
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Figure 3 Cowslip — dried drug substance (flowerhead).

Pharmacological Actions

In vitro and animal studies

The saponin fraction has been reported to cause an initial
hypotension followed by a long-lasting hypertension in anaes-
thetised animals.'®

In vitro, the saponins have been documented to inhibit
prostaglandin (PG) synthetase, but to a lesser extent than aspirin
because of insignificant protein binding; to exhibit a slight anti-
inflammatory effect against carrageenan rat paw oedema; to
contract isolated rabbit ileum; and to possess analgesic and
antigranulation activity.®

Flavonoid and tannin constituents have been documented for
cowslip. A variety of activities has been reported for flavonoids
including anti-inflammatory and antispasmodic effects. The
tannins are known to be astringent.

Clinical studies

There is a lack of clinical research assessing the effects of cowslip
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

There is a lack of clinical safety and toxicity data for cowslip and
further investigation of these aspects is required.

Allergic contact reactions to related Primula species have been
documented; quinone compounds are stated to be the allergenic
principles with primin described as a strong contact allergen.”
Two positive patch test reactions to cowslip have been recorded,
although allergenicity was not proven.'“*" An LDs, value (mice,
intraperitoneal injection) for the saponin fraction is documented
as 24.5 mg/kg body weight compared to a value of 9.5 mg/kg for
reparil (aescin). Haemolytic activity has been reported for the
saponins, and an aqueous extract of cowslip is stated to contain
saponins that are toxic to fish. Saponins are stated to be irritant to
the gastrointestinal tract.

The toxicity of cowslip seems to be associated with the saponin
constituents. However, these compounds have only been docu-
mented for the underground plant parts, and not for the flowers
which are the main plant parts used in the UK.

Contra-indications, Warnings

Cowslip may cause an allergic reaction in sensitive individuals.

Drug interactions None documented. However, the potential for
preparations of cowslip to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. There is limited evidence
from preclinical studies that cowslip has hypo- and hypertensive
activity.

Pregnancy and lactation The safety of cowslip has not been
established. In view of the lack of toxicity data, use of cowslip
during pregnancy and lactation should be avoided.

Preparations

Proprietary multi-ingredient preparations

Argentina: Expectosan Hierbas y Miel. Austria: Bronchithym;
Cardiodoron; Heumann's Bronchialtee; Krauter Hustensaft;
Sinupret; Thymoval. Canada: Original Herb Cough Drops.
Czech Republic: Biotussil; Bronchialtee Nj Bronchicum Elixir;
Bronchicum Hustensirup; Bronchicum Sekret-Loser; Sinupret.
Germany: Bronchicum Elixir S; Bronchicum; Bronchipret;
Brust- und Hustentee; Cardiodoron; Drosithym-N; Equisil
N; Expectysat Nj Harzer Hustenloser; Heumann Bronchialtee
Solubifix T; Kinder Em-eukal Hustensaft; Phytobronchin;
Sinuforton; Sinuforton; Sinupret; Solvopret; Tussiflorin Hus-
tensaft; Tussiflorin Hustentropfen; TUSSinfant N. Hong Kong:
Sinupret. Hungary: Sinupret. Netherlands: Bronchicum. Rus-
sia:  Bronchicum  (Bpomxukym);  Bronchicum  Husten
(Bporxukym Cupon or Kamas); Sinupret (Cumynper). South
Africa: Cardiodoron. Singapore: Sinupret. Switzerland: Demo-
Pectol; Kernosan Elixir; Pectoral N; Sinupret; Sirop pectoral
contre la toux S; Sirop S contre la toux et la bronchite; Strath
Gouttes contre la toux; Strath Gouttes pour les veines; Strath
Gouttes Rhumatisme; Tisane pectorale pour les enfants.
Thailand: Sinupret; Solvopret TP. UK: Bio-Strath Willow
Formula; Onopordon Comp B.
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' Cranberry

Summary and Pharmaceutical Comment

Limited chemical information is available for cranberry.
Documented in vitro and animal studies provide supporting
evidence for a mechanism of action for cranberry in
preventing urinary tract infections. However, little is known
about the specific active constituent(s); proanthocyanidins
have been reported to be important.

A Cochrane systematic review of cranberry for the
prevention of urinary tract infections found that there is some
evidence to support the efficacy of cranberry juice for the
prevention of urinary tract infections in women with
symptomatic urinary tract infections. However, there is no
clear evidence as to the quantity and concentration of
cranberry juice that should be consumed, or as to the
duration of treatment. Rigorous randomised controlled trials
using appropriate outcome measures are required to
determine the efficacy of cranberry juice in other populations,
including children and older men and women. Prevention
trials should be of at least six-months” duration in order to
take into account the natural course of the illness. Another
Cochrane systematic review found that there is no reliable
evidence to support the efficacy of cranberry juice in the
treatment of urinary tract infections.

Patients wishing to use cranberry for urinary tract infections
should be advised to consult a pharmacist, doctor or other
suitably trained health care professional for advice.

There are several reports of an interaction between
cranberry juice and warfarin. Most reports have involved
increases in patients’ international normalised ratios (INR)
and/or bleeding episodes. It is not possible to indicate a safe
quantity or preparation of cranberry juice, and it is not known
whether or not other cranberry products might also interact
with warfarin. Patients taking warfarin should be advised to
avoid taking cranberry juice and other cranberry products
unless the health benefits are considered to outweigh the
risks. In view of the lack of conclusive evidence for the efficacy
of cranberry, and the serious nature of the potential harm, it is
extremely unlikely that the benefit-harm balance would be in
favour of such patients using cranberry.

Doses of cranberry greatly exceeding the amounts used in
foods should not be taken during pregnancy and lactation.

Species (Family)

*Vaccinium macrocarpon Aiton (Ericaceae)
tVaccinium oxycoccus L.

Synonym(s)

*Large Cranberry Oxycoccus macrocarpus (Aiton) Pursh. is the
species grown for commercial purposes.'"
tEuropean Cranberry, Mossberry, Oxycoccus palustris Pursh.

Part(s) Used

Fruit (whole berries)

Pharmacopoeial and Other Monographs

AHP©Y
Martindale 3§th edition (%%
USP29/NF24(¢89

Legal Category (Licensed Products)

G37)

Cranberry is not included in the GSL."

Constituents

Acids Citric, malic, quinic and benzoic acids are present.”

Carbohydrates Fructose and oligosaccharides.
Phenolics Anthocyanins and proanthocyanidins.

Other constituents Trace glycoside has been isolated from V.
oxycoccus.””  Cranberries are also a good source of fibre.
Cranberry juice cocktail contains more carbohydrate than do
products (i.e. soft or hard gelatin capsules) based on cranberry
powder (prepared from rapidly dried fruits), whereas the latter
contain more fibre.”” Alkaloids (N-methylazatricyclo type) have

been isolated from the leaves.”

Food Use

Cranberries are commonly used in foods;® cranberry juice
cocktail (containing approximately 25% cranberry juice) is widely
available.®®) Cranberry is listed by the Council of Europe as a
natural source of food flavouring (fruit: category N1) (see
Appendix 3)./“17

Herbal Use

Cranberry juice and crushed cranberries have a long history of use
in the treatment and prevention of urinary tract infections.”
Traditionally, cranberries have also been used for blood disorders,
stomach ailments, liver problems, vomiting, loss of appetite,
scurvy and in the preparation of wound dressings."”

Dosage

The doses used in clinical trials of cranberry for prevention of
urinary tract infections have been variable. One study used 300 mL
cranberry juice cocktail (containing 30% cranberry concentrate)
daily for six months.®

Pharmacological Actions

Documented activity for cranberry is mainly of its use in the
prevention and treatment of urinary tract infections.!”

Initially it was thought that the antibacterial effect of cranberry
juice was due to its ability to acidify urine and, therefore, to
inhibit bacterial growth. However, recent work has focused on the
effects of cranberry in inhibiting bacterial adherence and on
determining anti-adhesion agents in cranberry juice. Bacterial
adherence to mucosal surfaces is considered to be an important
step in the development of urinary tract infections;” it is
facilitated by fimbriae (proteinaceous fibres on the bacterial cell

I 'I 7 A




w Cranberry

wall) which produce adhesins that attach to specific receptors on
uroepithelial cells.®

In vitro and animal studies

In in vitro studies using human urinary tract isolates of
Escherichia coli, cranberry cocktail (which contains fructose and
vitamin C in addition to cranberry juice) inhibited bacterial
adherence to uroepithelial cells by 75% or more in over 60% of
the clinical isolates.”” In addition, urine from mice fed cranberry
juice significantly inhibited E. coli adherence to uroepithelial cells
when compared with urine from control mice.”) However, these
studies did not define the bacteria tested in terms of the type of
fimbriae they might have expressed (specific fimbriae mediate
bacterial adherence to cells).

Irreversible inhibition of adherence of urinary isolates of E. coli
expressing type 1 and type P fimbriae has been demonstrated with
cranberry juice cocktail.'? It was thought that fructose might be
responsible for the inhibition of type 1 fimbriae"” and an
unidentified high molecular weight substance responsible for type
P fimbriae inhibition."" Further in vitro studies in which
cranberry juice was added to the growth medium of P-fimbriated
E. coli duplicated immediate inhibition of adherence, but also
showed the loss of fimbriae with cellular elongation after long-
term exposure; such changed bacteria are unable to adhere to
urothelium.*?

Proanthocyanidins extracted from cranberries have been shown
to inhibit the adherence of P-fimbriated E. coli to uroepithelial
cell surfaces at concentrations of 10-50 pg/mL, suggesting that
proanthocyanidins may be important for the stated effects of
cranberry in urinary tract infections."¥

The effects of a high molecular weight constituent of cranberry
juice on adhesion of bacterial strains found in the human gingival
crevice have also been investigated."® A non-dialysable material
derived from cranberry juice concentrate used at concentrations of
0.6-2.5 mg/mL reversed the interspecies adhesion of 58% of 84
bacterial pairs. Gram- negative dental plaque bacteria appeared to
be more sensitive to the inhibitory effects of the cranberry
constituent on adhesion. "

Crude extracts of cranberry have been reported to exhibit
potential anticarcinogenic activity in vitro as demonstrated by
inhibition of the induction of ornithine decarboxylase (ODC) by
the tumour promoter phorbol 12-myristate 13-acetate (TPA).™
The greatest activity appeared to be in the polymeric proantho-
cyanidin fraction which had an ICs, for ODC activity of 6.0 ug.
The anthocyanidin fraction and the ethyl acetate extract were
either inactive or relatively weak inhibitors of ODC activity.

A cranberry extract with a polyphenolic content of 1548 mg
gallic acid equivalents per litre inhibited low-density lipoprotein
(LDL) oxidation in vitro.!'®

Cranberry juice has demonstrated marked iz vitro antifungal
activity against Epidermophyton floccosum and against several
Microsporum and Trichophyton species, but had no effect against
Candida albicans."” Benzoic acid and/or other low molecular
weight constituents of cranberry juice were reported to be
responsible for the fungistatic action.

Clinical studies

Clinical trials investigating the use of cranberries for the
prevention and treatment of urinary tract infections have been
subject to Cochrane systematic reviews; both of these systematic
reviews sought to include all randomised or quasi-randomised
controlled trials. "'

Prevention of urinary tract infections Seven trials were included
in a Cochrane systematic review of cranberries for prevention of
urinary tract infections; six trials compared the effectiveness of
cranberry juice (or cranberry—lingonberry juice) versus placebo or
water and two trials compared cranberry tablets or capsules with
placebo."™ Studies differed in the formulations of cranberry,
doses and treatment periods used.

In the two trials assessed as being of good methodological
quality, use of cranberry was associated with a statistically
significant reduction in the incidence of urinary tract infections
after 12 months (relative risk (95% confidence interval): 0.61
(0.40-0.91)). One of these trials involved the administration of
cranberry concentrate 7.5g daily (in 50mL) and the other
assessed the effects of cranberry concentrate (1:30) in tablet
form or in 250mL juice. Apart from these two trials, the
methodological quality of the trials was found to be poor and
the reliability of their results questionable. The conclusions of
the review were that there was some evidence to support the
efficacy of cranberry juice for the prevention of urinary tract
infections in women with symptomatic urinary tract infections.
However, there was no clear evidence as to the quantity and
concentration of cranberry juice that should be consumed, or as
to the duration of treatment.""® In addition, rigorous rando-
mised controlled trials are required to determine the efficacy of
cranberry juice in other populations, including children and
older men and women.

The largest study of cranberry juice for the prevention of
urinary tract infections was a double-blind, placebo-controlled
trial involving 153 women (mean age 78.5 years) randomised to
receive 300mL cranberry juice cocktail (n = 72) or an
indistinguishable placebo (7 = 81) daily for six months.® The
odds of experiencing bacteriuria with pyuria were significantly
lower in cranberry-treated subjects than in those who received a
placebo beverage (p = 0.004). The validity of the results of this
trial have been questioned because of methodological short-
comings in the study design, particularly the method of
randomisation.®*"

Several of the other studies included in the review are
summarised below. These also have methodological limitations,
for example, several controlled studies claiming to involve random
assignment to treatment™* > either did not employ true
randomisation™ or the method of randomisation was not
stated.®> ¥

A randomised, controlled, crossover study was conducted
involving 38 persons (mean age 81 years) who had had hospital
treatment and were waiting to be transferred to a nursing
home.® Subjects received cranberry juice (15mL) mixed with
water or water alone twice daily for four weeks before crossing
over to the alternative regimen. Seventeen participants completed
the study and, of the seven from whom data were suitable for
comparison, there were fewer occurrences of bacteriuria during
the period of treatment with cranberry juice.*”

The role of cranberry in the prevention of urinary tract
infections in younger women has been explored in a randomised,
double-blind, placebo-controlled, crossover trial involving 19 non-
pregnant, sexually active women aged 18-45 years.*¥ Participants
received capsules containing 400 mg cranberry solids daily (exact
dose not stated) or placebo for three months before crossing over
to the alternative regimen. Ten subjects completed the six-month
study period. Of the 21 incidents of urinary tract infection
recorded among these participants, significantly fewer occurred
during periods of treatment with cranberry than with placebo (p
< 0.005).*¥



A randomised, physician-blind, crossover study investigated the
efficacy of cranberry cocktail (30% cranberry concentrate) (15 mL/
kg/day) for six months in 40 children (age range 1.4-18 vyears,
mean age 9.35 years) with neuropathic bladder and managed by
clean intermittent catheterisation; water was used as a control.??
No benefit was reported for cranberry compared with control.

A randomised, double-blind, placebo-controlled, crossover trial
of the effects of consumption of cranberry concentrate on the
prevention of bacteriuria and symptomatic urinary tract infection
has been carried out in children (n = 15) with neurogenic bladder
receiving clean intermittent catheterisation.”” Children drank
20z of cranberry concentrate or placebo daily for three months
before changing to the alternative regimen. At the end of the study,
the number of urinary tract infections occurring under each
regimen was identical (n = 3). There was no significant difference
between cranberry treatment and placebo with regard to the
number of collected urine samples testing positively for a
pathogen (75% of samples for both cranberry and placebo) (p =
0.97). It was concluded that cranberry concentrate had no effect
on the prevention of bacteriuria in the population studied.*”

Treatment of urinary tract infections Although several trials
investigating the effectiveness of cranberry juice and cranberry
products for treating urinary tract infections were found, none of
these trials met all the inclusion criteria for systematic review."”
Two of the studies identified®®%” did report a beneficial effect
with cranberry products, although both contained methodological
flaws and no firm conclusions can be drawn from these studies."”
Thus, it was stated that there was no evidence to suggest that
cranberry juice or other cranberry products are effective in
treating urinary tract infections."”

Other studies Early studies involving the administration of large
amounts of cranberry juice to human subjects reported reductions
in mean urinary pH values.*®2*) A crossover study involving eight
subjects with multiple sclerosis reported that administration of
cranberry juice and ascorbic acid was more effective than orange
juice and ascorbic acid in acidifying the urine. However, neither
treatment consistently maintained a urinary pH lower than 5.5,
the pH previously determined as necessary for maintaining
bacteriostatic urine.®” Inhibition of bacterial adherence (see
Pharmacological Actions, In vitro and animal studies) has been
observed with urine from 22 human subjects who had ingested
cranberry cocktail 1-3 hours previously® Protection against
bacterial adhesion has also been reported in a study involving
urine collected from ten healthy male volunteers who had ingested
water, ascorbic acid (500 mg twice daily for 2.5 days) or cranberry
(400 mg three times daily for 2.5 days) supplements.®" Urine
samples were used to determine uropathogen adhesion to silicone
rubber in a parallel plate flow chamber; urine obtained after
ascorbic acid or cranberry supplementation reduced the initial
deposition rates and numbers of adherent E. coli and Enter-
ococcus faecalis, but not Pseudomonas aeruginosa, Staphylococ-
cus epidermidis or C. albicans.

Other preliminary studies have explored the use of cranberry
juice in reducing urine odours,®? in improving peristomal skin
conditions in urostomy patients®® and in reducing mucus
production in patients who have undergone entero-uroplasty.**

The ingestion of cranberry juice by subjects with hypochlorhy-
dria due to omeprazole treatment or atrophic gastritis has been
shown to result in increased protein-bound vitamin By, absorp-
tion, although the clinical benefit of ingesting cranberry juice
along with a meal (i.e. with the buffering action of food) remains
to be determined.®” Possible mechanisms by which the ingestion

Cranberry

of an acidic drink such as cranberry juice could result in improved
protein-bound vitamin B, absorption include increased release of
vitamin By, from protein by direct action of acid on the vitamin
B,—protein bond and a pH-sensitive bacterial binding activity of
vitamin By, that is altered in an acidic environment.®

Side-effects, Toxicity

Clinical data

A Cochrane systematic review of cranberry products for the
prevention of urinary tract infections reported that the drop-out
rates in the seven studies included were high (20-55%).""® In one
of these studies, of 17 withdrawals during cranberry treatment (a
further two occurred during the control period), nine participants
gave the taste of cranberry as the reason for withdrawal.*?

It has been claimed that ingesting large amounts of cranberry
juice may result in the formation of uric acid or oxalate stones
secondary to a constantly acidic urine and because of the high
oxalate content of cranberry juice.’"’ However, it has also been
stated that the role of cranberry juice as a urinary acidifier has not
been well established.®® The use of cranberry juice in preventing
the formation of stones which develop in alkaline urine, such as
those comprising magnesium ammonium phosphate and calcium
carbonate, has been described.®®

Contra-indications, Warnings

The calorific content of cranberry juice should be borne in mind.
Patients with diabetes who wish to use cranberry juice should be
advised to use sugar-free preparations. Patients using cranberry
juice should be advised to drink sufficient fluids in order to ensure
adequate urine flow.'“*" Although a constituent of cranberry juice
has been reported to have potential for altering the subgingival
microbiota, some commercially available cranberry juice cocktails
may not be suitable for oral hygiene purposes because of their high
dextrose and fructose content.™

Drug interactions There are several reports of an interaction
between cranberry juice and warfarin. By October 2004, the UK
Committee on Safety of Medicines had received 12 such reports, of
which eight involved increases in patients' international normal-
ised ratios (INR) and/or bleeding episodes, three involved unstable
INR and one a decrease in INR.®” These reports include a death
in a man whose INR rose to over 50 six weeks after starting to
drink cranberry juice. The man experienced gastrointestinal and
pericardial haemorrhage and died.®® It is not possible to indicate
a safe quantity or preparation of cranberry juice, and it is not
known whether or not other cranberry products might also
interact with warfarin.

Against this background, patients taking warfarin should be
advised to avoid taking cranberry juice and other cranberry
products unless the health benefits are considered to outweigh the
risks.®? In view of the lack of conclusive evidence for the efficacy
of cranberry, and the serious nature of the potential harm, it is
extremely unlikely that the benefit—harm balance would be in
favour of such patients using cranberry.

The mechanism for the interaction between cranberry consti-
tuents and warfarin is not known. The suggestion that it may
involve inhibition of the cytochrome P450 enzyme CYP2C9 (by
which warfarin is predominantly metabolised),®®  requires
investigation.

While not a drug interaction, it is reasonable to provide the
following information here. Interference with dipstick tests for




“ Cranberry

glucose and haemoglobin in urine has been reported in a study
involving 28 patients who had drunk 100 or 150 mL of low-sugar
or regular cranberry juice daily for seven weeks;*” ascorbic acid
in cranberry juice was reported to be the component responsible
for interference resulting in negative test results.

Pregnancy and lactation There are no known problems with
the use of cranberry during pregnancy. Doses of cranberry greatly
exceeding the amounts used in foods should not be taken during
pregnancy and lactation.

Preparations

Proprietary single-ingredient preparations

Australia: Uricleanse. Canada: Cran Max. France: Gyndelta.
UK: Seven Seas Cranberry Forte.

Proprietary multi-ingredient preparations

Australia: Bioglan Cranbiotic Super; Cranberry Complex;
Cranberry Complex; Extralife Uri-Care. Canada: Cran-C;
Prostease. Hong Kong: Prostease. USA: CranAssure; Cran-
berry; Cran Support; Calcium with Magnesium; My Defense.
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' Damiana

Summary and Pharmaceutical Comment

There is limited chemical information available on damiana.
There has been little documented evidence to justify the
herbal uses, and the reputation of damiana as an aphrodisiac
is unproven. In view of the lack of toxicity data and reported
cyanogenetic and arbutin constituents, excessive use of
damiana should be avoided.

Species (Family)

Turnera diffusa Willd. ex Schult. (Turneraceae)

Synonym(s)

Turnera aphrodisiaca Ward, T. diffusa var. aphrodisiaca (Ward)
Urb.

Part(s) Used

Leaf, stem

Pharmacopoeial and Other Monographs

BHC 1992@
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Legal Category (Licensed Products)
GSL'@?”

Constituents

The following is compiled from several sources, including General
Reference G6.

Carbohydrates Gum 13.5%, starch 6%, sugars.
Cyanogenetic glycosides Tetraphyllin B."”
Phenolic glycoside Arbutin (up to 0.7%).%
Tannins 3.5%. Type unspecified.

Volatile oils 0.5-1.0%. At least 20 components including 1,8-
cineole (11%), p-cymene (2%), o- and B-pinene (2%), thymol, o-
copaene, d-cadinene and calamene. The presence of 1,8-cineole
and p-cymene has been disputed.?

Other constituents Acids (fatty, plant), alkanes (e.g. hexacosa-
nol-1 and triacontane), damianin (7%) (a bitter principle), flavone
(gonzalitosin-1), B-sitosterol, resin (6.5%)."

Food Use

Damiana is used in foods and is listed by the Council of Europe as
a natural source of food flavouring (category N2). This category
indicates that damiana can be added to foodstuffs in small
quantities with a possible limitation of an active principle (as yet
unspecified) in the final product.“!® Previously in the USA,
damiana has been approved for food use./“*!

Herbal Use

Damiana is stated to possess antidepressant, thymoleptic, mild
purgative, stomachic and reputedly aphrodisiac properties.” It

Phenolic glycosides
HOH,C

Rl
OH
OH

arbutin

Monoterpene:

s
0 i OH
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Figure 1 Selected constituents of damiana.



' Damiana

has been used for depression, nervous dyspepsia, atonic constipa-
tion, coital inadequacy, and specifically for anxiety neurosis with a
predominant sexual factor,(©% 67> 8. G649

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard reference texts
are given below.

Dried leaf 2—4g as an infusion three times daily,‘“® 7"

Liquid Extract of Damiana (BPC 1934) 2—4 mL.

Pharmacological Actions

In vitro and animal studies

Hypoglycaemic activity has been reported in mice following both
oral and intraperitoneal administration of damiana.®’ An
ethanolic extract was stated to exhibit CNS-depressant activity
although no other experimental details were available.‘

Figure 3 Damiana — dried drug substance.

Antibacterial activity against Escherichia coli, Proteus mirabilis,
Pseudomonas aeruginosa and Staphylococcus aureus has been
documented for a mixed herbal preparation, with some of the
activity attributed to damiana.” The same herbal preparation was
also reported to inhibit acetylcholine-induced spasm of the
isolated guinea-pig ileum, although none of the antispasmodic
activity was attributed to damiana.”

Arbutin is stated to be responsible for the urinary antiseptic
properties (see Uva-Ursi). However, the arbutin content of
damiana is much less than that quoted for uva-ursi (0.7% and 5
to 18%, respectively).

Clinical studies

There is a lack of clinical research assessing the effects of damiana
and rigorous randomised controlled clinical trials are required.

A herbal preparation containing damiana as one of the
ingredients was reported to have a favourable effect on the
symptoms of irritable bladder associated with functional and
neurohormonal disorders, and on bacterial bladder infections.”
However, because of the methodological limitations of this study,
these effects cannot be attributed to damiana.

Side-effects, Toxicity

There is a lack of clinical safety and toxicity data for damiana and
further investigation of these aspects is required.

Tetanus-like convulsions and paroxysms resulting in symptoms
similar to those of rabies or strychnine poisoning have been
described in one individual following the ingestion of approxi-
mately 200 g damiana extract; cyanide poisoning was considered
to be a possible cause. No other reported side-effects for damiana
were located.

High doses of arbutin (e.g. 1g) are considered to be toxic,
although the concentration of arbutin documented for damiana
(1g arbutin is equivalent to more than 100g plant material) is
probably too low to warrant concerns over safety.

Contra-indications, Warnings

Excessive use should be avoided because of the presence of
cyanogenetic glycosides and arbutin.

Drug interactions None documented. However, the potential for
preparations of damiana to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. There is limited evidence
from preclinical studies that damiana has hypoglycaemic activity.

Pregnancy and lactation The safety of damiana has not been
established. In view of the lack of toxicity data and possible
cyanogenetic constituents, doses greatly exceeding amounts used
in foods should not be taken during pregnancy or lactation.

Preparations

Proprietary multi-ingredient preparations

Australia: Bioglan Mens Super Soy/Clover; Bioglan The Blue
One; Medinat Esten; Nevaton. Canada: Damiana-Sarsaparilla
Formula. Italy: Dam; Four-Ton. Malaysia: Total Man. Spain:
Energysor. UK: Daily Fatigue Relief; Damiana and Kola
Tablets; Elixir Damiana and Saw Palmetto; Regina Royal
Concorde; Strength; Strength Tablets; Supa-Tonic Tablets;
VitAmour; Zotrim. USA: Women's Menopause Formula.
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' Dandelion

Summary and Pharmaceutical Comment

Dandelion is a well-known traditional herbal remedy,
although limited scientific information, particularly clinical
research, is available to justify the reputed uses. Several
investigations have failed to demonstrate significant diuretic
effects in laboratory animals and have proposed that any
diuretic activity is due to the high potassium content of the
leaf and root. Dandelion has also been used in foods for many
years. Animal studies indicate dandelion to be of low toxicity.
However, excessive ingestion of dandelion, particularly in
amounts exceeding those normally consumed in foods,
should be avoided.

Species (Family)

Taraxacum officinale Weber (Asteraceae/Compositae)
Synonym(s)

Lion's Tooth,Taraxacum palustre (Lyons) Lam & DC., Leonto-
don taraxacum L., Taraxacum

Part(s) Used
Leaf, root

Phenols

HO

p-hydroxyphenyl acetic acid

HO
9 HOH,C
A

do OQ
OH 5

taraxacoside

Triterpenes

taraxasterol H
amidiol OH

Figure 1 Selected constituents of dandelion.
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Legal Category (Licensed Products)
GSL(G37)

Constituents

The following is compiled from several sources, including General
References G2, G6 and G64.

Acids and phenols Caffeic acid, p-hydroxyphenylacetic acid,
chlorogenic acid," cichoric acid, monocaffeoyl tartaric acids,”
taraxacoside, linoleic acid, linolenic acid, oleic acid and palmitic
acid.

Coumarins Cichoriin and aesculin.®
Flavonoids Luteolin-7-glucoside and luteolin-7-diglucosides.”

Minerals Potassium 4.5% in leaf, 2.45% in root.”

Sesquiterpenes
O-Glucosyl

taraxacolide-
B-D-glucoside
Glucosyl-O (8]

taraxinic acid
[3-D-glucoside

y-taraxasterol H
faradiol OH



Resin Undefined bitter complex (taraxacin).

Terpenoids Sesquiterpene lactones taraxinic acid (germacrano-
lide) esterified with glucose,"” and eudesmanolides.®

Vitamins  Vitamin A 14000iw/100g leaf (compared with
11000iu/100 g carrots).

Other constituents  Carotenoids, choline, inulin, pectin,
phytosterols (e.g. sitosterol, stigmasterol, taraxasterol, homotar-
axasterol), sugars (e.g. fructose, glucose, sucrose), triterpenes (e.g.
-amyrin, taraxol, taraxerol).

Food Use

Dandelion is used as a food, mainly in salads and soups. The
roasted root and its extract have been used as a coffee
substitute.'“*" Dandelion is listed by the Council of Europe as
a natural source of food flavouring (category N2). This category
indicates that dandelion can be added to foodstuffs in small
quantities, with a possible limitation of an active principle (as yet
unspecified) in the final product.“!® Previously in the USA,
dandf:(l({glr)l has been listed as GRAS (Generally Recognised As
Safe)."™

Herbal Use

Dandelion is stated to possess diuretic, laxative, cholagogue and
antirheumatic properties. It has been used for cholecystitis,
gallstones, jaundice, atonic dyspepsia with constipation, muscular
rheumatism, oliguria, and specifically for cholecystitis and
dyspepsia. The German Commission E approved use of root and
herb for disturbance of bile flow, stimulation of diuresis, loss of
appetite and dyspepsia.‘“® Root is used in combination with
celandine herb and artichoke for epigastric discomfort due to
functional disorders of the biliary system.“?

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried leaf 4-10g as an infusion three times daily, %<7

Leaf, liquid extract 4-10mL (1:1 in 25% alcohol) three times
daily. (667

Leaf tincture 2—5mL.©>

Figure 2

Dandelion (Taraxacum officinale).
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Ledf, fresh juice 5-10mL.‘“>?

Dried root
daily, (@ <7

2-8g or by infusion or decoction three times

Root, tincture 5-10mL (1:5 in 45% alcohol) three times
daily, (667

Liquid Extract of Taraxacum (BPC 1949) 2-8 mL.
Juice of Taraxacum (BPC 1949) 4-8 mL.

Pharmacological Actions

In vitro and animal studies

A diuretic effect in rats and mice has been documented for
dandelion extracts, following oral administration.® Herb extracts
were found to produce greater diuresis than root extracts; a dose
of 50 mL (equivalent to 2 g dried herb/kg body weight) produced
an effect comparable to that of furosemide 80 mg/kg. By contrast,
no significant increases in urine volume or sodium excretion were
observed in mice following oral administration of either leaf or
root extracts, or of purified fractions.”) Similarly, oral and

intravenous administration of an ethanolic extract of dandelion
root failed to produce a diuretic effect in laboratory animals."”
Moderate anti-inflammatory activity against carrageenan-
induced rat paw oedema has been documented for a dandelion
root extract.® An 80% ethanol extract of root (100 mg/kg orally)

I’I !!IJ[IHI[ I!I|JIIII |
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Figure 3 Dandelion — dried drug substance (leaf).
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Figure 4 Dandelion — dried drug substance (root).
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inhibited oedema by 43% in the carrageenan-induced rat paw
oedema test at 3 hours."”

Bile secretion was doubled in dogs by a decoction of fresh root
(equivalent to 5g dried plant); similar activity has been observed
for rats.(“%?

Hypoglycaemic activity has been described in normal, but not
in diabetic rabbits, following oesophageal administration of
dandelion.” Doses greater than 500 mg/kg produced a significant
blood glucose concentration which had returned to normal after
24 hours. The maximum decrease produced by a dose of 2 g/kg
was reported to be 65% of the effect produced by tolbutamide
500 mg/kg. Sulfonylureas (e.g. tolbutamide) act by stimulating
pancreatic beta-cells and a similar mechanism was proposed for
dandelion.

In vitro antitumour activity has been documented for an
aqueous extract of dandelion, given by intraperitoneal injection,
in the tumour systems ddY-Ehrlich and C3H/He-MM46."” The
mechanism of action was thought to be similar to that of tumour
polysaccharides such as lentinan.

Clinical studies

There is a lack of clinical research assessing the effects of
dandelion and rigorous randomised controlled clinical trials are
required.

Side-effects, Toxicity

There is a lack of clinical safety and toxicity data for dandelion
and further investigation of these aspects is required.

Contact allergic reactions to dandelion have been documen-
ted™ Y and animal studies have reported dandelion to have a
weak sensitising capacity.'? Sesquiterpene lactones are thought to
be the allergenic principles in dandelion.” These compounds
contain an exocyclic a-methylene B-lactone moiety, which is
thought to be a prerequisite for allergenic activity of sesquiterpene
lactones.

The acute toxicity of dandelion appears to be low, with LDjs,
values (mice, intraperitoneal injection) estimated at 36.8 g’lkg and
28.8 g/kg for the root and herb, respectively.® No visible signs of
toxicity were observed in rabbits administered dandelion 3, 4, 5
and 6g/kg body weight by mouth for up to seven days.”) In
addition, no behavioural changes were recorded.

Contra-indications, Warnings

Treatment with dandelion is contraindicated for patients with
occlusion of bile duct, gall bladder empyema and obstructive
ileus.‘“* %2 Dandelion may precipitate an allergic reaction in
susceptible individuals, although no reports following the
ingestion of dandelion have been documented.

Drug interactions None documented. However, the potential for
preparations of dandelion to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered. There is limited evidence
from preclinical studies that dandelion has diuretic and hypo-
glycaemic activities.

Pregnancy and lactation There are no known problems with
the use of dandelion during pregnancy, provided that doses do not
greatly exceed the amounts used in foods.

Preparations

Proprietary single-ingredient preparations

Czech Republic: Gallentee. Germany: Carvicum.

Proprietary multi-ingredient preparations

Argentina: Quelodin E Australia: Berberis Complex; Bioglan
Cranbiotic Super; Colax; Colax; Digest; Extralife Fluid-Care;
Extralife Liva-Care; Feminine Herbal Complex; Fluid Loss;
Glycoplex; Herbal Cleanse; Herbal Diuretic Formula; Life-
system Herbal Formula 7 Liver Tonic; Liver Tonic Herbal
Formula 6; Livstim; Livton Complex; Profluid; Silybum
Complex; St Mary's Thistle Plus; Trifolium Complex; Uva-
Ursi Complex; Uva-Ursi Plus. Austria: Gallen- und Lebertee St
Severin; Magentee St Severin; Montana; Original Schweden-
bitter; Urelium Neu. Canada: Milk Thistle Extract Formula.
Czech Republic: Cynarosan; Diabetan; Diabeticka Cajova
Smes-Megadiabetin; The Salvat; Ungolen. France: Diacure;
Hydracur; Romarene. Germany: Alasenn; Amara-Tropfen;
Carmol Magen-Galle-Darm; Cholosom SL; Cholosom-Tee;
Gallemolan forte; Gallexier; Gallexier; Tonsilgon. Hong Kong:
Hepatofalk. Italy: Varicofit. Malaysia: Dandelion Complex.
Russia: Tonsilgon N (Tomsuaron H). South Africa: Amara.
Spain: Diurette. Switzerland: Boldocynara; Demonatur
Gouttes pour le foie et la bile; Gastrosan; Heparfelien; Strath
Gouttes pour les reins et la vessie; Tisane hepatique et biliaire.
UK: Adios; Aqualette; Aqualette; Backache; Boldex; Culpeper
DeTox Tea; Fenneherb Slim Aid; HealthAid Boldo-Plus;
Herbulax; HRI Water Balance; Napiers Slimming Tablets;
Natravene; Natural Herb Tablets; Nervous Dyspepsia Tablets;
Out-of-Sorts; Reducing (Slimming) Tablets; Rheumatic Pain;
Stomach Mixture; Uvacin; Uvacin; Weight Loss Aid; Wind &
Dyspepsia Relief. USA: Liver Formula Herbal Blend.
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' Devil’s Claw

Summary and Pharmaceutical Comment

The chemistry of devil’s claw has been well documented. The
iridoid constituents are thought to be responsible for the
reputed anti-inflammatory activity of devil’s claw, although it
is not known precisely which of these are the most important
for pharmacological activity, and the importance of other
compounds. There is conflicting evidence from in vitro,
animal and human studies regarding the anti-inflammatory
activity of devil’s claw and possible mechanisms of action.
Several randomised trials using devil’s claw extracts
standardised on harpagoside content have reported
superiority over placebo for some aspects of low back pain
and rheumatic complaints. However, some studies used non-
standard outcome measures and carried out several post-hoc
analyses. Further studies have used recognised, predefined
outcome measures to establish the therapeutic value of
standardised devil’s claw extracts in patients with arthritic and
rheumatic conditions.

On the basis of randomised controlled trials involving
patients with arthritic and rheumatic disorders, devil’s claw
extracts appear to have a favourable short-term adverse effect
profile when taken in recommended doses. Mild, transient
gastrointestinal effects, such as diarrhoea and flatulence, may
occur. Chronic toxicity studies and clinical experience with
prolonged use are lacking, so the effects of long-term use are
not known. On this basis, and in view of the possible
cardioactivity of devil’s claw, devil’s claw should not be used
for long periods of time at doses higher than recommended.
Further studies involving large numbers of patients are
required.

Species (Family)

Harpagophytum procumbens (Burch.) DC. ex Meissn. (Pedalia-
ceae)

Synonym(s)

Harpagophytum, Harpagophytum burchelii Decne, Grapple
Plant, Wood Spider

Part(s) Used

Secondary root tuber

Pharmacopoeial and Other Monographs
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Legal Category (Licensed Products)
L.(G37)

Devil's claw is not included in the GS

Constituents

See also General Reference G2.

Carbohydrates Fructose, galactose, glucose and myo-inositol
(monosaccharides), raffinose, stachyose (46%) and sucrose
(oligosaccharides).)

Diterpenes (+)-8,11,13-totaratriene-12,13-diol and (+)-8,11,13-
abietatrien-12-0l.?

Iridoids Harpagoside (1-3%), harpagide, 8-p-coumaroylharpa-
gide, 8-feruloylharpagide, 8-cinnamylmyoporoside, 6'-O-p-cou-
maroylharpagide, 6'-p-coumaroylprocumbide, and pagoside.®™
p-Coumaroyl esters occur as E and Z isomers.”

Phenylpropanoids Actcoside and isoacteoside, 6-O-acetylacteo-
side, " 2,6-O-diacetylacteoside.!”

Other constituents Amino acids, flavonoids (e.g. kaempferol,
luteolin), triterpenoids, sterols. <7

Other plant parts The flower, stem and ripe fruit are reported to
be devoid of harpagoside; the leaf contains traces of iridoids.®

Quality of plant material and commercial products

According to the British and European Pharmacopoeias, devil's
claw root consists of the cut and dried tuberous secondary roots
of H. procumbens DC. It contains not less than 1.2% of
harpagoside, calculated with reference to the dried drug,(©8 8%
As with other herbal medicinal products, there is variation in the
qualitative and quantitative composition of commercial devil's
claw root preparations.

Some commercial extracts of devil's claw root may have been
prepared not only from the roots of H. procumbens, but also from
the roots of H. zeyheri, which are similar macroscopically.”
However, the two species differ in the concentration of the
constituents harpagoside and 8-p-coumaroylharpagide. On this
basis it has been stated that the species can be distinguished
chemically by determining the ratio harpagoside : 8-p-coumaroyl-
harpagide. The ratio is stated to be near one for H. zeyheri and
between 20 and 38 for H. procumbens which has a low 8-p-
coumaroylharpagide content.”” While this ratio may be sufficient
for chemotaxonomic differentiation, it may not be adequate for
quality control.!'?

Other studies have demonstrated that the harpagoside content
of several powdered dry extracts of devil's claw from different
manufacturers varies, and that each extract has a unique profile of
other constituents."” The harpagoside content of commercial
extrac(tlsz)of H. procumbens has been reported to range from 0.8—
2.3%.
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Food Use

Devil's claw is not used in foods.

Herbal Use

Devil's claw is stated to possess anti-inflammatory, antirheumatic,
analgesic, sedative and diuretic properties. Traditionally, it has
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Figure 2 Selected constituents of devil’s claw.

been used as a stomachic and a bitter tonic, and for arthritis, gout,
myalgia, fibrositis, lumbago, pleurodynia and rheumatic disea-
se. (62 COG8. G326 Nodern use of devil's claw is focused on its
use in the treatment of rheumatic and arthritic conditions, and

low back pain.

Dosage

Dosages for oral administration (adults) recommended in older
and more contemporary standard herbal reference texts are given
below.

Painful arthrosis and tendonitis

1.5-3 g dried tuber as a decoction, three times daily; 1-3 g drug or
equivalent aqueous or hydroalcoholic extracts; " liquid extract
1-3mL (1:1, 25% ethanol) three times daily.‘“®

Figure 4 Devil’s claw - dried drug substance (root).



Loss of appetite or dyspepsia

Dried tuber 0.5g as a decoction, three times daily.(“®

Tincture 1mL (1:5, 25% ethanol) three times daily.(©®

Clinical trials of devil's claw root extracts for the treatment of
low back pain typically have tested oral doses ranging from 2000—
4500 mg daily, in two or three divided doses (equivalent to less
than 30mg up to 100 mg harpagoside daily, depending on the
particular extract), for four to 20 weeks.™® In a clinical trial in
osteoarthritis, participants received capsules containing powdered
cryoground devil's claw root 2610 mg daily for four months.™

Pharmacological Actions

The active constituents of devil's claw are widely held to be the
iridoid glucosides although, of these, it has not been definitively
established whether harpagoside is the most important pharma-
cologically active constituent of the whole extract. Other
compounds present in the root may contribute to the pharmaco-
logical activities of devil's claw.>'® It has also been suggested
that harpagogenin, formed by in wvivo acid hydrolysis of
harpagoside, may have biological activity."”

In vitro and animal studies

Pharmacokinetics Transformation of the iridoids harpagide,
harpagoside and 8-O-(p-coumaroyl)-harpagide into the pyridine
monoterpene alkaloid aucubinine B, chemically or by human
intestinal bacteria in vitro, has been documented.® ' However,
it is not known if aucubinine B is formed in vivo by intestinal
bacteria and, therefore, whether it contributes to the pharmaco-
logical activity of devil's claw.!"”

Anti-inflammatory and analgesic activities Animal studies of
the anti-inflammatory and analgesic activities of devil's claw have
reported conflicting results. Activity appears to differ depending
on the route of administration of devil's claw, and the model of
inflammation, whether acute or subacute. Also, studies have
assessed the effects of different preparations of H. procumbens
(e.g. aqueous extracts and ethanolic extracts) and it is important
to consider this when interpreting the results.

In controlled experiments in rats, a 60% ethanol extract of H.
procumbens roots injected (compartment and site not specified) at
doses of 25, 50 and 100 mg/kg body weight daily for four days
beginning five days after sub-plantar injection of Freund's
adjuvant produced a significantly greater antinociceptive response
in the hot-plate test and significantly reduced paw oedema than
did control (distilled water) on days 6-8 after induction of
experimental arthritis (p < 0.01 for all).®” Similar results were
obtained when administration of H. procumbens extract was
initiated 20 days after sub-plantar injection of Freund's adjuvant
and continued for 20 days, with tests for antinociceptive and anti-
inflammatory activity performed on four occasions during this
period.

Pretreatment with a dried aqueous extract of devil's claw root at
doses of 100 mg/kg and above, administered intraperitoneally,
resulted in peripheral analgesic activity demonstrated by a
significant reduction in the number of writhings induced by
acetic acid in mice."® However, no effect was observed in the hot-
plate test, indicating a lack of central analgesic activity with
devil's claw extract.

The peripheral analgesic properties of intraperitoneal dried
aqueous extract of devil's claw have been confirmed in other
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studies for doses of 400 mg/kg and above.” A subsequent series of
experiments found that administration of an aqueous extract of
H. procumbens root at doses of 200-800 mg/kg body weight
intraperitoneally resulted in significantly greater antinociceptive
effects than did control in both the hot-plate and acetic-acid
induced writhings tests in mice (p < 0.05 versus control) and, at a
dose of 400 or 800 mg/kg body weight, in a significant reduction in
egg-albumin induced hind-paw inflammation in rats, compared
with control (p < 0.05).

In contrast, other studies have reported that dried aqueous
extract of devil's claw administered orally had no effect on
carrageenan- or Mycobacterium butyricum- (Freund's adjuvant)
induced oedema in rat paw, whereas both indometacin and aspirin
displayed significant anti-inflammatory activity.**** However,
dried aqueous extract of devil's claw administered by intraper-
itoneal injection demonstrated significant activity in the carra-
geenan-induced oedema test in rats, an acute model of
inflammation.'® The effect on oedema was dose-dependent for
doses of devil's claw extract 100-400 mg/kg, and reached a
maximum three hours after carrageenan injection. Other studies
in rats have reported significant reductions in oedema using the
same model following pretreatment with intraperitoneal®?* and
intraduodenal, but not oral, dried aqueous extract of devil's
claw.®¥

Anti-inflammatory activity of harpagoside has been demon-
strated in experimental models, including the croton oil-induced
granuloma pouch test, and for harpagogenin, the aglucone of
harpagoside, in the croton oil-induced granuloma pouch test and
in formalin-induced arthritis in rats.*”

Studies have also reported peripheral analgesic and anti-
inflammatory properties for the related species Harpogophytum
zeyberi.”” Animal studies using aqueous extracts of devil's claw
have suggested that the extract may be inactivated by passage
through the acid environment of the stomach."®*" One study
compared the anti-inflammatory activities of aqueous devil's claw
extract administered by different routes. Intraperitoneal and
intraduodenal administration led to a significant reduction in
the carrageenan-induced rat paw oedema test, but there was no
effect following oral administration.*¥ In another study, aqueous
devil's claw extract pretreated with hydrochloric acid to mimic
acid conditions in the stomach showed no activity in pharmaco-
logical models of pain and inflammation.®

A clear mechanism of action for the purported anti-inflamma-
tory effects of devil's claw has yet to be established. In vitro, devil's
claw (100 mg/mL) had no significant effect on prostaglandin (PG)
synthetase activity, whereas indometacin (316 pg/mL) and aspirin
(437 pg/mL) caused 50% inhibition of this enzyme.*? In other in
vitro studies in human whole blood samples, devil's claw extracts
and fractions of extracts were tested for their effects on
thromboxane B2 (TXB,) and leukotriene (LT) biosynthesis.*®
TXB, is an end-product of arachidonic acid metabolism by the
cyclooxygenase 1 (COX-1) pathway. Inhibition appeared to be
dependent on the harpagoside content of the extracts or
fractions.?® An aqueous extract of H. procumbens inhibited
lipopolysaccharide-induced enhancement of cyclooxygenase-2
activity, resulting in suppression of PGE, synthesis in in-vitro
experiments using the mouse fibroblast cell line 1929.%” In the
same system, the extract inhibited inducible nitric oxide synthase
(iNOS) mRNA expression, resulting in suppression of nitric oxide
production. Inhibition of iNOS expression by an aqueous extract
of H. procumbens roots, resulting in suppression of nitrite
production, has also been described following experiments in rat
renal mesangial cells. The effect was observed with a harpagoside-
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free extract and with an extract containing a high concentration
(27%) of harpagoside, but not with extracts containing around
2% harpagoside, indicating that high concentrations of harpago-
side as well as other concentrations are necessary to bring about
the effect.®

Harpagoside (100 pmol/L), but not harpagide (100 pmol/L),
inhibited calcium ionophore A23187-stimulated release of TXB,
from human platelets.””’ However, harpagoside and harpagide
had no significant inhibitory effect on calcium ionophore A23187-
stimulated release of PGE, and LTC, from mouse peritoneal
macrophages.*”

Other preclinical studies have described effects for devil's claw
extracts and/or isolated constituents on other pathways involved
in inflammatory processes. In vitro inhibition of tumour-necrosis-
factor-o0  (TNF-a) synthesis in lipopolysaccharide-stimulated
human monocytes by a hydroalcoholic extract of devil's claw
(SteiHap 69) has also been documented.®? Inhibitory activity
against human leukocyte elastase (a serine proteinase involved in
inflammatory processes) has been reported for an aqueous extract
of H. procumbens roots (drug to extract ratio 1.5-2.5:1) and the
isolated constituents 6'-O-acetylacteoside, isoacteoside, 8-p-cou-
maroylharpagide, pagoside and caffeic acid, with ICsq values of
542, 47, 179, 179, 154 and 86 pug/mL, respectively. The ICjy, values
for several other constituents, including acteoside and harpagoside
were higher than 300pg/mL (4). An ethanol extract of H.
procumbens significantly reduced IL-1B-induced production of
several matrix metalloproteinase enzymes (MMPs) in human
chondrocytes.®" (In inflaimmatory diseases, there is increased
production of cytokines such as IL-1f and TNF-a, which results
in an increased production of MMPs which breakdown the
extracellular cartilage matrix.)

Other activities Crude methanolic extracts of devil's claw have
been shown to be cardioactive in vitro and in vivo in animals. A
protective action against ventricular arrhythmias induced by
aconitine, calcium chloride and epinephrine (adrenaline)/chloro-
form has been reported for devil's claw given intraperitoneally or
added to the reperfusion medium.®*3?¥ The crude extract was
found to exhibit greater activity than pure harpagoside.®? In
isolated rabbit heart, low concentrations of a crude methanolic
extract had mild negative chronotropic and positive inotropic
effects,®® whereas high concentrations caused a marked negative
inotropic effect with reduction in coronary blood flow.®? In
anaesthetised dogs, harpagoside administered orally by gavage
caused a decrease in mean aortic pressure and arterial and
pulmonary capillary pressure.®?

In vitro, harpagoside has been shown to decrease the contractile
response of smooth muscle to acetylcholine and barium chloride
on guinea-pig ileum and rabbit jejunum. Harpagide was found to
increase this response at lower concentrations, but antagonised it
at higher concentrations.®” On the basis of these studies in
isolated smooth muscle, it was suggested that the constituents of
devil's claw may influence mechanisms regulating calcium
influx.®

Methanolic extracts have also exhibited hypotensive properties
in normotensive rats, causing a decrease in arterial blood pressure
following oral doses of 300 mg/kg and 400 mg/kg body weight.®?

Aqueous fractions derived from an extract of devil's claw root
(drug to extract ratio 2: 1 containing 2.6% harpagoside) showed
antioxidant activity in an in-vitro assay based on ability to
scavenge  2,2'-azino-bis(3-ethylbenzthiazoline-6-sulfonic  acid)-
derived radicals.®® However, harpagoside showed only weak
antioxidant activity. In mice, a methanol extract of H. procum-

bens root tubers applied topically to shaven skin 30 minutes before
application of 12-O-tetradecanoylphorbol-13-acetate (TPA), a
stimulator of COX-2 expression, led to a significant reduction
in COX-2 protein when assessed four hours after TPA adminis-
tration.””) The extract did not have any effect on TPA-induced
activation of nuclear factor-kB, but inhibited TPA-induced
activation of activator protein-1, which is involved in the
regulation of COX-2 in mouse skin. Overexpression of COX-2
is thought to be involved in tumour promotion.

Antidiabetic activity has been described for an aqueous extract
of H. procumbens root in in vivo experiments in rats with
streptozotocin-induced diabetes mellitus.?" The extract signifi-
cantly reduced blood glucose concentrations in both fasted
normoglycaemic rats and fasted diabetic rats when administered
intraperitoneally at doses of 800 mg/kg body weight.

Two diterpene constituents ((+)-8,11,13-totaratriene-12,13-diol
and (+)-8,11,13-abietatrien-12-o0l) isolated using bioassay-guided
fractionation from a petroleum ether extract of H. procumbens
root were found to be active against a chloroquine-sensitive (D10)
and a chloroquine-resistant (K1) strain of Plasmodium falciparum
in vitro (ICsy < 1pg/mL).”

Devil's claw extracts possess weak antifungal activity against
Penicillium digitatum and Botrytis cinerea.®®

Clinical studies

Pharmacokinetics There is little published information on the
pharmacokinetics of devil's claw extracts in humans. A pharma-
cokinetic study involving a small number of healthy male
volunteers (n = 3) measured plasma harpagoside concentrations
after oral administration of devil's claw extract (WS1531 contain-
ing 9% harpagoside) 600, 1200 and 1800 mg as film-coated
tablets.*® Maximal plasma concentrations of harpagoside were
reached after 1.3-1.8 hours, and were 8.2ng/mL and 27.8 ng/mL
for doses of harpagoside of 108 and 162mg, respectively
(corresponding to 1200 and 1800mg devil's claw extract,
respectively). Other studies involving small numbers of healthy
male volunteers indicated that the half-life ranged between 3.7 and
6.4 hours. Other results suggested that there may be low oral
absorption or a considerable first-pass effect with devil's claw
extract, although this needs further investigation.*®

Pharmacodynamics A study involving healthy volunteers
investigated the effects on eicosanoid production of orally
administered devil's claw (four 3500-mg capsules of powder,
containing 3% glucoiridoids, daily for 21 days).®” No statistically
significant differences on PGE,, TXB,, 6-keto-PGF;, and LTB,
were observed following the period of devil's claw administration,
compared with baseline values. By contrast, in a subsequent study
involving whole blood samples taken from healthy male
volunteers, a biphasic decrease in basal cysteinyl-leukotriene
(Cys-LT) biosynthesis, compared with baseline values, was
observed following oral administration of devil's claw extract
(WS1531 containing 9% harpagoside) 600, 1200 and 1800 mg as
film-coated tablets.*®

Therapeutic activity The efficacy and effectiveness of devil's claw
have been investigated in around 20 clinical studies involving
patients with rheumatic and arthritic conditions, and low back
pain.">* These studies have involved different methodological
designs, including several uncontrolled studies, and different
preparations of devil's claw, including crude drug and aqueous
extracts. Evaluating the evidence is further complicated as
preparations tested in clinical trials typically have been standar-



dised for their harpagoside content and, although harpagoside is
believed to contribute to activity, it is not yet clear to what extent
and which other constituents are important. Therefore, at present,
there is insufficient evidence to draw definitive conclusions
regarding the efficacy of specific devil's claw preparations, and
because of the differences in the pharmaceutical quality of
individual preparations, general conclusions on efficacy cannot be
drawn.®"

A systematic review of the quality of clinical trials involving
devil's claw found that although the results of some studies have
provided evidence for the effectiveness of certain devil's claw
preparations, the quality of evidence was not sufficient to support
the use of any of the available products.*?

A systematic review of 12 controlled, randomised or quasi-
randomised trials of H. procumbens preparations in patients with
osteoarthritis (5 trials), low back pain (4 trials) and mixed pain
conditions (3 trials) found differing levels of evidence for the
different H. procumbens preparations assessed. There was
evidence (from two trials involving a total of 325 participants)
that an aqueous extract of H. procumbens administered orally at a
dose equivalent to harpagoside 50 mg daily for four weeks was
superior to placebo in reducing pain in patients with acute
episodes of chronic non-specific low-back pain."® There was also
evidence (from one trial for each) that the same extract
administered orally at a dose equivalent to harpagoside 100 mg
daily for four weeks was superior to placebo, and at a dose
equivalent to harpagoside 60 mg daily for six weeks was not
inferior to rofecoxib 12.5 mg daily, in reducing pain in patients
with acute episodes of chronic non-specific low-back pain. There
was evidence that powdered H. procumbens plant material at a
dose equivalent to 57 mg harpagoside daily for 16 weeks was not
inferior to diacerhein. Overall, however, the limited amount of
data and heterogeneous nature of the available studies, indicate
that further randomised controlled trials assessing well-charac-
terised H. procumbens preparations and involving sufficient
numbers of patients are required.

Several of the trials mentioned above are discussed in more
detail below.

A randomised, double-blind, placebo-controlled study involving
118 patients with acute exacerbations of chronic low back pain
investigated the effects of devil's claw extract 800 mg three times
daily (equivalent to 50 mg harpagoside daily) for four weeks.*?
There was no statistically significant difference between the devil's
claw and placebo groups in the primary outcome measure —
consumption of the opioid analgesic tramadol over weeks 2—4 of
the study — among the 109 patients who completed the study. This
was an unusual choice of primary outcome measure as it gives no
direct indication of the degree of pain experienced by participants.
There was a trend towards improvement in a modified version of
the Arhus Low Back Pain Index (a measure of pain, disability and
physical impairment) for devil's claw recipients compared with
placebo recipients, although this did not reach statistical
significance. A greater proportion of patients in the devil's claw
group were pain-free at the end of the study, although this was
only a secondary outcome measure.

On the basis of these findings, a subsequent randomised,
double-blind, placebo-controlled trial involving 197 patients with
exacerbations of low back pain tested the effects of two doses of
devil's claw (WS1531) extract against placebo.*® Participants
received devil's claw extract 600 mg or 1200 mg daily (equivalent to
50 mg and 100 mg harpagoside daily, respectively), or placebo, for
four weeks. There was a statistically significant difference (p =
0.027) between devil's claw and placebo with respect to the

Devil’'s Claw

primary outcome measure — the number of patients who were
pain-free without tramadol for at least five days during the last
week of the study. However, numbers of patients who were pain-
free were low (3, 6 and 10 for placebo, devil's claw 600 mg daily
and devil's claw 1200 mg daily, respectively). Furthermore, this is a
non-standard outcome measure. Arhus Low Back Pain Index
scores improved significantly in all three groups, compared with
baseline values, although there was no statistically significant
difference between groups.

In a randomised, double-blind, placebo-controlled study
involving patients with non-specific low back pain, 65 participants
received devil's claw extract (LI-174, Rivoltan), or placebo, 480 mg
twice daily (equivalent to 24 mg harpagoside daily) for four
weeks.* There was a significant improvement (p < 0.001) in
visual analogue scale (VAS) scores for muscle pain in the devil's
claw group, but not the placebo group, compared with baseline
values, after two and four weeks' treatment. Differences in VAS
scores between the two groups were statistically significant after
four weeks' treatment (p < 0.001). Significant differences between
the two groups in favour of devil's claw after four weeks' treatment
were also observed with several other parameters, including
muscle stiffness and muscular ischaemic pain.

A small number of studies has compared the efficacy of devil's
claw with that of conventional pharmaceutical agents in the
treatment of low back pain. In a randomised, double-blind, pilot
trial, 88 participants with acute exacerbations of low back pain
received an aqueous extract of devil's claw (Doloteffin; drug to
extract ratio 1.5-2.5:1) 2400 mg daily in three divided doses
(equivalent to 60 mg harpagoside daily), or rofecoxib (Vioxx)
12.5mg daily for six weeks.* At the end of this period,
compared with baseline values, there were improvements in Arhus
Low Back Pain Index scores, health assessment questionnaire
scores, and increases in the numbers of pain-free patients for both
groups. There were no statistically significant differences between
groups for any of the outcome measures but, because the study
did not include sufficient numbers of patients, these findings do
not demonstrate clinical equivalence between the two treat-

A randomised, double-blind, pilot trial in which 88 participants
with acute exacerbations of low back pain received an aqueous
extract of devil's claw (Doloteffin), or rofecoxib (Vioxx) for six
weeks offered participants continuing treatment with devil's claw
aqueous extract two tablets three times daily for up to one year
after the six-week pilot study. Participants were not aware of their
initial study group (i.e. devil's claw extract or rofecoxib) until
towards the end of the one-year follow-up study.*” In total, 38
and 35 participants who had previously received devil's claw and
rofecoxib, respectively, participated in the follow-up study, and
underwent assessment every six weeks. After 24 and 54 weeks, 53
and 43 participants, respectively, remained in the study. There were
no convincing differences between the two groups (i.e. those who
previously received devil's claw and those who received rofecoxib)
with respect to pain scores, use of additional analgesic medica-
tion, Arhus Index scores and health assessment questionnaire
scores.

Furthermore, the uncontrolled design of the follow-up study
would have precluded any definitive conclusions regarding
differences between the two groups.

A randomised, double-blind trial compared the efficacy of
devil's claw extract with that of diacerein in 122 patients with
osteoarthritis of the knee and hip."” Participants received
powdered cryoground devil's claw (Harpadol) 2.61g daily, or
diacerein 100 mg daily, for four months.
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VAS scores for spontaneous pains improved significantly in
both groups, compared with baseline values, and there were no
differences between devil's claw and diacerein with respect to VAS
scores. In a placebo-controlled study involving 89 patients with
rheumatic complaints, devil's claw recipients (who received
powdered crude drug 2 g daily for two months) showed significant
improvements in sensitivity to pain and in motility (as measured
by the finger-to-floor distance), compared with placebo recipi-
ents, ¥

Several, open, uncontrolled, post-marketing surveillance stu-
dies™ ¥ have assessed the effects of devil's claw preparations in
patients with rheumatic and arthritic disorders, and back pain.
These studies typically have reported improvements in pain scores
at the end of the treatment period, compared with baseline values.
However, the design of these studies (i.e. no control group) does
not allow any conclusions to be drawn on the effects of devil's
claw in these conditions as there are alternative explanations for
the observed effects.

Another study involved 45 patients with osteo- or rheumatoid
arthritis who received devil's claw root extract 2.46 g daily for two
weeks in addition to non-steroidal anti-inflammatory drug
(NSAID) treatment, followed by devil's claw extract alone, for
four weeks.®? It was reported that there were no statistically
significant changes in pain intensity and duration of morning
stiffness during the period of treatment with devil's claw extract
alone. In subgroups of patients with rheumatoid arthritis and
those with osteoarthritis, small decreases were observed in
concentrations of C-reactive protein and creatinine, respectively.
The design of this study in terms of the treatment regimen
(NSAID followed by devil's claw extract without a wash-out
period), also precludes definitive conclusions about the effects of
devil's claw preparations.

Side-effects, Toxicity

The mechanism of action of devil's claw remains unclear, in
particular, whether it has significant effects on the mediators of
acute inflammation. Data from in vitro and clinical studies in this
regard do not yet give a clear picture (see Pharmacological
Actions, In wvitro and animal studies and Clinical studies,
Pharmacodynamics). It has been stated that adverse effects
associated with the use of NSAIDs are unlikely to occur with
devil's claw, even during long-term treatment.‘“*%%7® While there
are no documented reports of gastrointestinal bleeding or peptic
ulcer associated with the use of devil's claw, the latter statement
requires confirmation. Use of devil's claw in gastric and duodenal
ulcer is contraindicated, although this appears to be because of
the drug's bitter properties.“?

Clinical data

Randomised, placebo-controlled trials involving patients with
rheumatic and arthritic conditions who have received devil's claw
extracts or powdered drug at approximately recommended doses
for four weeks have reported mild, transient gastrointestinal
symptoms (such as diarrhoea, flatulence) in a small proportion
(less than 10%) of devil's claw recipients.*™* No serious adverse
events were reported, although one patient withdrew from one
study because of tachycardia.®

A small number of reports of randomised trials comparing the
effects of devil's claw preparations with those of standard
pharmaceutical agents has included data on adverse events. In a
randomised, double-blind, pilot trial, 88 participants with acute
exacerbations of low back pain received an aqueous extract of

devil's claw (Doloteffin; drug to extract ratio 1.5-2.5:1) 2400 mg
daily in three divided doses (equivalent to 60 mg harpagoside
daily), or rofecoxib (Vioxx) 12.5mg daily for six weeks.** In
total, 28 (32%) participants (14 in each group) experienced
adverse events, most commonly gastrointestinal complaints (9 in
each group).

In a follow-up study, participants in the six-week pilot study
were offered continuing treatment with devil's claw aqueous
extract two tablets three times daily for up to one vyear.
Participants were not aware of their initial study group (i.e.
devil's claw extract or rofecoxib) until towards the end of the one-
year follow-up study.*” In total, 38 and 35 participants who had
previously received devil's claw and rofecoxib, respectively,
participated in the follow-up study and, after 24 and 54 weeks,
a total of 53 and 43 participants, respectively, remained in the
study. Overall, 17 (23%) of the 73 participants in the follow-up
study experienced a total of 21 adverse events. Of these, the
causality for three events was classified (by a physician not
involved in the study) as 'likely' (one allergic skin reaction) or
'possible' (diarrhoea, acid 'hiccup') with respect to devil's claw
treatment. Five participants (7%) withdrew from the study
because of adverse events.

In a randomised, controlled trial comparing devil's claw extract
with diacerein in patients with osteoarthritis, numbers of patients
ending the study prematurely because of suspected adverse drug
reactions were 8 and 14 for devil's claw and diacerein recipients,
respectively. ™ In total, 26 diacerein recipients and 16 devil's claw
recipients reported one or more adverse events (p = 0.042). The
numbers of adverse events attributed to the treatment was
significantly lower for devil's claw than for diacerein (10 versus
21; p = 0.017). The most frequently reported adverse event,
diarrhoea, occurred in 8.1% and 26.7% of devil's claw and
diacerein recipients, respectively.

Several, open, uncontrolled studies,' ) which have assessed
the effects of devil's claw preparations in patients with arthritic
disorders and back pain, have reported data on adverse events. In
an open, uncontrolled, multicentre, surveillance study involving
patients with arthrosis of the hip or knee, 75 participants received
tablets containing an aqueous extract of the secondary tubers of
devil's claw (Doloteffin; drug extract ratio = 1.5-2.5:1) at a
dosage of two 400 mg tablets three times daily (equivalent to
50mg iridoidglycosides, calculated as harpagoside) for 12
weeks.®Y During the study, four (5%) participants experienced
adverse events (dyspeptic complaints, 2; sensation of fullness, 1;
panic attack, 1), although none stopped treatment with devil's
claw. Causality was assessed as 'possible' for two of these events.
In a similar open, uncontrolled, multicentre study, 130 partici-
pants with chronic non-radicular back pain received tablets
containing 480 mg devil's claw extract (LI-174; drug extract ratio
= 4.4-5:1) at a dosage of one tablet twice daily for eight weeks.®?
Overall, 13 (10%) participants withdrew from the study for
various reasons, including no apparent improvement in their
condition. No serious adverse events were reported, but three
partipants reported minor adverse events (bloating, insomnia and
outbreaks of sweating). In a post-marketing surveillance study, 250
patients with non-specific low back pain or osteoarthritic pain of
the knee or hip received an aqueous extract of H. procumbens
(Doloteffin) at an oral dose equivalent to harpagoside 60 mg daily
in three divided doses for eight weeks in addition to any existing
treatment and/or additional analgesic medicines as required. Fifty
participants experienced adverse events; most commonly gastro-
intestinal complaints (n = 22); two participants experienced
allergic skin reactions.® In 27 participants, the adverse event was
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considered by an independent investigator to be possibly (n = 11),
likely (15) or certainly (1) related to ingestion of devil's claw.

In another open, uncontrolled study, one patient withdrew after
four days' treatment with devil's claw aqueous extract 1.23 g daily
because of several symptoms, including frontal headache, tinnitus,
anorexia and loss of taste.®”

There is an isolated report of conjunctivitis, rhinitis and
respiratory symptoms in a 50-year-old woman who had experi-
enced chronic occupational exposure to devil's claw.®®

Preclinical data

Acute and subacute toxicity tests in rodents have demonstrated
low toxicity of devil's claw extracts. In a study in mice, the acute
oral lethal dose (LD) LD, and LDs, were greater than 13.5 g/kg
body weight.”? In rats, clinical, haematological and gross
pathological findings were unremarkable following administration
of devil's claw extract 7.5 g/lkg by mouth for seven days. Hepatic
effects (liver weight, and concentrations of microsomal protein
and several liver enzymes) were not observed following oral
treatment with devil's claw extract 2 g/kg for seven days.”> Other
studies in mice have reported acute oral acute intravenous LDy
values of greater than 4.64g/kg and greater than 1g/kg,
respectively.®” For an extract containing harpagoside 85%, acute
oral LDy, acute intravenous LD, and acute intravenous LDj,
values were greater than 4.64g/kg, 395 mg/kg and 511 mg/kg,
respectively.®”

Contra-indications, Warnings

Devil's claw is stated to be contra-indicated in gastric and
duodenal ulcers,’“>»%7® and in gallstones should be used only
after consultation with a physician.‘“?

Drug interactions None have been described for devil's claw
preparations. However, on the basis of pharmacological evidence
of devil's claw's cardioactivity, the possibility of excessive doses
interfering with existing treatment for cardiac disorders or with
hypo/hypertensive therapy should be considered. Inhibitory effects
on certain cytochrome P450 (CYP) drug metabolising enzymes
have been documented for a devil's claw root extract (Bioforce) in
vitro using a technique involving liquid chromatography-mass
spectrometry and automated online extraction.®® Mean (stan-
dard deviation) ICs, values for the devil's claw extract when tested
in assays with individual CYP enzymes were 997 (23), 254 (17),
121 (8), 155 (9), 1044 (80) and 335 (14) for the CYPs 1A2, 2C8,
2C9, 2C19, 2D6 and 3A4, respectively.

Pregnancy and lactation It has been stated that devil's claw has
oxytocic properties,®” although the reference gives no further
details and the basis for this statement is not known. In addition,
there is no further evidence to substantiate the statement.
However, given the lack of data on the effects of devil's claw
taken during pregnancy and lactation, its use should be avoided
during these periods.

Preparations

Proprietary single-ingredient preparations

France: Harpadol; Harpagocid. Germany: Ajuta; Allya;
Arthrosetten H; Arthrotabs; Bomarthros; Cefatec; Dolo-
Arthrodynat; Dolo-Arthrosetten H; Doloteffin; flexi-loges;
Harpagoforte Asmedic; HarpagoMega; Harpagosan; Jucurba;
Matai; Pargo; Rheuferm Phyto; Rheuma-Sern; Rivoltan;
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Sogoon; Teltonal; Teufelskralle. Spain: Fitokey Harpagophy-
tum; Harpagofito Orto.

Proprietary multi-ingredient preparations

Australia: Arthriforte; Arthritic Pain Herbal Formula 1;
Bioglan Arthri Plus; Boswellia Compound; Devils Claw Plus;
Extralife Arthri-Care; Guaiacum Complex; Herbal Arthritis
Formula; Lifesystem Herbal Formula 1 Arthritic Aid; Prost-1.
Czech Republic: Antirevmaticky Caj. France: Arkophytum.
Germany: Dr Wiemanns Rheumatonikum. Italy: Bodyguard,;
Nevril; Pik Gel. Malaysia: Celery Plus. Spain: Dolosul;

Natusor Harpagosinol.
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' Drosera

Summary and Pharmaceutical Comment

Limited chemical information is available for drosera.
Documented animal studies support some of the herbal uses.
Reported immunostimulant and immunosuppressant
activities may warrant further research into the
pharmacological activities of drosera. In view of the lack of
chemical and toxicity data, excessive use of drosera should be
avoided.

Species (Family)

Drosera rotundifolia L. (Droserceae)

Synonym(s)

Round-leaved Sundew, Sundew

Part(s) Used
Herb

Pharmacopoeial and Other Monographs

BHP 19837
Complete German Commission E (Sundew)'
Martindale 35th edition(©%

G3)

Legal Category (Licensed Products)

G37)

Drosera is not included in the GSL.'

Constituents

The following is compiled from several sources, including General
Reference G2.

Flavonoids Kaempferol, myricetin, quercetin and hyperoside.")

Quinones Plumbagin,” hydroplumbagin glucoside® and rossoli-
side (7-methyl-hydrojuglone-4-glucoside). ¥

Other constituents Carotenoids, plant acids (e.g. butyric acid,
citric acid, formic acid, gallic acid, malic acid, propionic acid),
resin, tannins (unspecified) and ascorbic acid (vitamin C).

Food Use
Drosera is not used in foods.
Quinones
R o]
l l CH4 HaC ! l
OoH O OH O
R
plumbagin H ramentaceone

- hyljugl
ramentone OH (7-methyljuglone)

Figure 1 Selected constituents of drosera.

Herbal Use

Drosera is stated to possess antispasmodic, demulcent and
expectorant properties. It has been used for bronchitis, asthma,
pertussis, tracheitis, gastric ulceration and specifically for asthma

and chronic bronchitis with peptic ulceration or gastritis.(“> <"
G64)

Dosage

Dosages for oral administration (adults) for traditional uses
recommended in older and contemporary standard herbal
reference texts are given below.

Dried plant 1-2g as an infusion three times daily. (%"

Liquid extract 0.5-2.0mL (1:1 in 25% alcohol) three times
daily. %"

Tincture 0.5-1.0mL (1:5 in 60% alcohol) three times daily.‘“”

Pharmacological Actions

In vitro and animal studies

Drosera is reported to prevent acetylcholine- or histamine-induced
bronchospasm, and to relax acetylcholine- or barium chloride-
induced spasm of the isolated intestine.”” Drosera is stated to
possess antitussive properties and has been reported to prevent
coughing induced by excitation of the larynx nerve in the rabbit."
These antispasmodic actions have been attributed to the
naphthoquinone constituents.“*?

Antimicrobial properties have also been documented for the
naphthoquinones.® In vivo, plumbagin is reported to exert a
broad spectrum of activity against Gram-positive and Gram-
negative bacteria, influenza viruses, pathogenic fungi, and
parasitic protozoa. In vitro, a plumbagin solution (1:50000)
was reported to exhibit activity against staphylococci, streptococci
and pneumococci (Gram-positive bacteria), but to lack activity
against Haemophilus pertussis (Gram-negative bacteria).” Plum-
bagin administered orally to mice for five days, was found to be
ineffective against Lamblia muris and tuberculosis infection.

Figure 2 Drosera — dried drug substance (herb).




“, Drosera

Microsporum infections in guinea-pigs were treated successfully
by local applications of 0.25-0.5% solutions (in 40% alcohol) or
of 1% emulsions.

An aqueous drosera extract was reported to possess pepsin-like
activity, ©>)

In vitro, drosera extracts and plumbagin, in concentrations of
0.01-1.0 mg/mL, have been documented to exert a cytotoxic or
immunosuppressive effect in human granulocytes and lympho-
cytes.”” Lower concentrations were reported to exhibit immuno-
stimulating properties. Plumbagin possesses chemotherapeutic
proper(g)ies, but is irritant when administered at therapeutic
doses.

Clinical studies

There is a lack of clinical research assessing the effects of drosera
and rigorous randomised controlled clinical trials are required.

Side-effects, Toxicity

None documented. However, there is a lack of clinical safety and
toxicity data for drosera and further investigation of these aspects
is required. Plumbagin is stated to be an irritant principle!“" and
an LDy, (mice, intraperitoneal injection) has been reported to be
15 mg/kg body weight.*®

Cytotoxic properties have been documented for drosera and
plumbagin (see Pharmacological Actions, In vitro and animal
studies).

Contra-indications, Warnings

Drug interactions None documented. However, the potential for
preparations of drosera to interact with other medicines
administered concurrently, particularly those with similar or
opposing effects, should be considered.

Pregnancy and lactation The safety of drosera has not been
established. In view of the lack of toxicity data, the use of drosera
during pregnancy and lactation should be avoided.

Preparations

Proprietary single-ingredient preparations

Germany: Makatussin  Saft Drosera; Makatussin  Tropfen
Drosera.

Proprietary multi-ingredient preparations

Australia: Asa Tones. Austria: Pilka Forte; Pilka. Chile:
Fitotos; Gotas Nican; Notosil; Pectoral Pasteur; Pulmagol;
Ramistos; Sedotus. Czech Republic: Bronchicum Pflanzlicher
Hustenstiller; Stodal; Tussilen. France: Pastilles Monleon;
Tussidoron. Germany: Drosithym-N; Lomal; Makatussin
Tropfen forte. Israel: Pilka. Mexico: Citos; Fen-y-Tos. Portugal:
Pilka E South Africa: Cough Elixir. Spain: Broncovital;
Pazbronquial; Pilka. Switzerland: Bromocod N; Demo Elixir
pectoral N DemoTussil; Escotussin; Famel; Gouttes contre la
toux "S"; Makaphyt Gouttes antitussives; Makaphyt Sirop;
Nican; Pastilles bronchiques S nouvelle formule; Pastilles
pectorales Demo Nj Sirop pectoral contre la toux S; Sirop S
contre la toux et la bronchite. Venezuela: Codebromil; Pi-
Fedrin.
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O Echinacea

Summary and Pharmaceutical Comment

The chemistry of echinacea is well documented (see
Constituents). The three species are chemically dissimilar.
Echinacea purpurea and E. angustifolia both contain alkamides
as their major lipophilic constituents, but of differing
structural types. By contrast, the lipophilic fraction of E. pallida
is characterised by polyacetylenes and contains only very low
concentrations, if any, of alkamides. The alkene constituents
are stated to be susceptible to auto-oxidation, resulting in the
formation of artefacts during storage.(“?

Commercial echinacea samples and marketed echinacea
products may contain one or more of the three echinacea
species mentioned above. Analysis of commercial samples of
raw echinacea material and marketed echinacea products has
shown that in some cases the echinacea species assigned to
the sample or product was incorrect, and that the
pharmaceutical quality and labelling of some finished
products was inadequate (see Constituents, Quality of plant
material and commercial products). Users and potential users
of echinacea products should be made aware of the possible
differences between products and the implications of this for
efficacy and safety.

Evidence from in vitro and animal studies supports some of
the uses for echinacea, particularly the reputed
immunostimulant properties, although immunostimulant
activity has been disputed following one series of studies (see
Pharmacological Actions, In vitro and animal studies,
Immunomodulatory activity). Reported pharmacological
activities have been documented for the polyene and high
molecular weight polysaccharide constituents, as well as the
alkamides and caffeic acid derivatives.

Several, but not all, clinical trials of echinacea preparations
have reported effects superior to those of placebo in the
prevention and treatment of upper respiratory tract infections
(URTIs). However, evidence of efficacy is not definitive as
studies have included different patient groups and tested
various different preparations and dosage regimens of
echinacea. As such, there is insufficient evidence to
recommend any specific echinacea products, or to advise on
optimal dose and treatment duration (see Clinical studies).
Further well-designed clinical trials using well-defined,
standardised preparations are necessary in order to establish
efficacy.

There is a lack of clinical research on the anti-inflammatory
and wound-healing properties of echinacea preparations
documented in vitro and in animal studies. Several other areas
of interest, related to the immunostimulant effects of
echinacea, such as prevention of recurrence of genital herpes
and other infections, and reduction of adverse effects
associated with antineoplastic treatment, also require further
clinical investigation.

Another area that requires further study is whether certain
groups of constituents, such as the polysaccharides, are active
after oral administration and, if so, what is the mechanism of
action since polysaccharides usually would be broken down

into simple inactive sugars. There is a lack of data on the
pharmacokinetics of echinacea preparations, although very
preliminary studies have reported transportation of
isobutylamides across Caco-2 cells, an in vitro model of
intestinal absorption, and detection of alkamides in blood
taken from healthy volunteers who ingested echinacea
preparations (see Clinical studies, Pharmacokinetics).

On the basis of the available (limited) safety data, which
come mostly from short-term clinical trials of echinacea
preparations for the prevention and treatment of URTIs in
otherwise generally healthy individuals, echinacea appears to
be well-tolerated. However, firm conclusions cannot be
drawn from these limited data, and further investigation is
required to establish the safety profile of different echinacea
preparations. At present, the main safety issues are the
possibility of allergic reactions, and concern about the use of
echinacea by patients with progressive systemic diseases,
such as tuberculosis, leukaemia, collagen disorders, multiple
sclerosis and other autoimmune diseases (see Side-effects,
Toxicity and Contra-indications, Warnings). In view of the
lack of toxicity data, excessive use of echinacea should be
avoided. In placebo-controlled trials of echinacea
preparations for the prophylaxis of URTIs, treatment was
taken typically for 8-12 weeks.

As with other herbal medicines, the potential for echinacea
preparations to interact with conventional medicines should
be considered. As E. purpurea root can inhibit CYPTA2 and
selectively modulate CYP3A, echinacea should be used with
caution in patients receiving therapeutic agents with a narrow
therapeutic range and which are substrates for these CYP
enzymes.

Species (Family)

*Echinacea angustifolia DC. (Asteraceae/Compositae)
tEchinacea pallida (Nutt.) Nutt.
fEchinacea purpurea (L.) Moench

Synonym(s)

Black Sampson, Coneflower

*E. angustifolia var. strigosa

TRudbeckia pallida Nutt., Brauneria pallida (Nutt.) Britton, E.
angustifolia Hook. f.

FRudbeckia purpurea L., sp., R. serotina (Nutt.) Sweet, R. hispida
Hoffm., E. intermedia Lindl., E. purpurea (L.) Moench var.
arkansana Stey., E. purpurea var. purpurea f. liggettii

Part(s) Used

Rhizome, root. E. purpurea herb (aerial parts) is also used

Pharmacopoeial and Other Monographs
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AHP (E. purpurea root)
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Constituents

Alkamides At least 20, mainly isobutylamides of straight-chain
fatty acids with olefinic and/or acetylenic bonds,"™ e.g. isomeric
dodeca-2E,4E,87,10E/Z-tetraenoic isobutylamide,® present in
the roots and aerial parts of Echinacea angustifolia and Echinacea
purpurea, but mainly absent from Echinacea pallida. Tsobutyl-
amides from the roots of E. purpurea contain mainly 2,4-dienoic
units whilst those of E. angustifolia contain mainly 2-monoene
units.”” The synthesis of the acetylenic amide N-(2-methylpro-
pyl)-2E-undecene-8,10-diynamide, a constituent of E. angustifolia
root, has been reported.”) E. purpurea root reportedly contains
0.01-0.04% alkamides.'“*”

Phenylpropanoids Caffeic acid glycosides (e.g. echinacoside,®
verbascoside, caffeoylechinacoside), caffeic acid esters of quinic
acid (e.g. chlorogenic acid = 5-caffeoylquinic acid, isochlorogenic
acid = 3,4 and 3,5-dicaffeoylquinic acid, cynarin = 1,3-
dicaffeoylquinic acid) and of tartaric acid (e.g. caftaric acid =
2-caffeoyltartaric acid, cichoric acid = 2,3-dicaffeoyltartaric
acid).”” Varying mixtures of caffeic acid derivatives are present
in the three species, with echinacoside being the major component
of the roots of E. angustifolia and E. pallida® (0.5-1.0%),/“>?
and cichoric acid being a major component of E. purpurea roots
(0.14-2.05%),"? and aerial parts (1.2-3.1%)."%<*? Cynarin is
reportedly present in E. angustifolia root,’® but not in the roots
of the other two species.

Polysaccharides Polysaccharides PS1 (a methylglucuronoarabi-
noxylan, mol. wt 35kDa),""? PS2 (an acidic rhamnoarabino-
galactan, mol. wt 450kDa) and a xyloglucan (mol. wt 79 kDa)
have been isolated from E. purpurea herb."> <32 polysacchar-
ides and glycoproteins are present in E. purpurea herb and E.
pallida root.'“>? The pressed juice from the aerial parts of E.
purpurea (and the herbal medicinal product Echinacin prepared
from the juice) contain heterogeneous polysaccharides (mol. wt
<10kDa), inulin-type fractions (mol. wt 6kDa) and an acidic
highly branched arabinogalactan polysaccharide (mol. wt
70kDa).""” The pressed juice of E. purpurea aerial parts has
yielded an arabinogalactan-protein (AGP) comprising 83%
polysaccharide (galactose—arabinose 1.8: 1), uronic acids (4-5%)
and protein (7%) with high concentrations of serine, alanine and
hydroxyproline."® The AGP (mol. wt 1.2 x 10° Da) has a highly
branched polysaccharide core of 3-, 6-, and 3,6-linked galactose
residues with terminal arabinose and glucuronic acid units.'®

Volatile oils E. pallida root (0.2-2.0%)‘“*? mainly contains
polyenes and polyacetylenes including pentadeca-1,8Z-diene and a
range of ketoalkenes and ketoalkenynes (ketopolyacetylenes),
principally pentadeca-8Z-ene-2-one, pentadeca-8Z,11Z-diene-2-
one, pentadeca-8Z,13Z-diene-11-yne-2-one, tetradeca-8Z-ene-

11,13-diyne-2-one and others.""”>“*? These alkenes are unstable

and readily oxidise to 8-hydroxy derivatives.“>? The alkenes of E.
pallida and E. purpurea root are distinctly different from those of
E. angustifolia which are mainly alkylketones.”” The volatile oil
from the aerial parts of the three species contains borneol, bornyl

acetate, germacrene D, caryophyllene and other components. %
Gs2)

Other constituents A series of other constituents has been
reported including the saturated pyrrolizidine-type alkaloids
tussilagine and isotussilagine (0.006%) from E. angustifolia and
E. purpurea.™ Flavonoids, including quercetin, kaempferol,
isorhamnetin and their glycosides'“? and also anthocyanins,
are present in the aerial parts of E. purpurea (0.48%).'°? The
major flavonoid of the aerial parts of E. angustifolia has been
identified as patuletin-3-rutinoside,"” and not rutin as previously
reported.®” Free phenolic acids, including p-coumaric, p-hydro-
xybenzoic and protocatechuic acids, have been isolated from the
aerial parts of E. angustifolia and E. purpurea.?’ Other
miscellaneous compounds reported include betaine, fatty acids,
simple sugars, sterols and vanillin. The presence of 'melanin' in
material from cultured E. angustifolia plants has been
reported.”? Phytomelanin deposits are stated to be present in
the roots of E. pallida and E. angustifolia, but absent from E.
purpurea roots.‘ "

Quality of plant material and commercial products

Alkamide concentrations vary between species and between
different parts of the plant.”” Commercial root samples of E.
purpurea have been shown to vary in their alkamide content (0.12—
1.2%)."Y In Germany, 25 commercial echinacea preparations
were assayed for their alkamide (dodeca-2E,4E,8Z,10F/Z-tetra-
enoic acid isobutylamide) and cichoric acid contents.*” Some
products were highly concentrated, whereas others had no
detectable concentrations of alkamide or cichoric acid. Large
differences were observed between comparable products from
different manufacturers.

Several commercial echinacea products have performed poorly
in examinations of their quality Of 25 commercial echinacea
products purchased in the USA only 14 (56%) passed assessments
for their quality™ Six were inadequately labelled, three of them
not stating the species used, one not stating the plant part and two
liquid preparations had no concentrations given for their
echinacea content. The remaining 19 products were assessed for
their stated content of particular species and for claimed
concentrations of phenols. Twelve of these products were labelled
as containing only E. purpurea and two of them failed, as one
contained only 54% of the expected concentration of phenols and
the other had three times the accepted concentration of microbes
as set out in World Health Organization (WHO) guidelines. Two
products were allegedly prepared from E. angustifolia and both
failed, one having only one-third of the stated phenolic content
and the other having no detectable echinacoside. Five further
products allegedly containing a mixture of species were also
assessed and one failed because echinacoside could not be
detected. Analysis of 59 commercial products available in the
US revealed that 10% had no measurable echinacea content, 48 %
were not consistent with their labels in respect of the species
present, and of 21 standardised preparations, 57% did not meet
the standards stated on their labels; often products did not contain
the species stated.*®

A fresh plant product of echinacea herb has been shown to
possess three times the amount of alkamide than a product



prepared from dried plants and this has been attributed to loss on
drying.”” The alkamide and cichoric acid contents of six
commercial preparations of E. purpurea expressed juice have
been shown to be variable (0.1-1.8mg/mL and 0.0-0.4%,
respectively).®® Ten commercial preparations of echinacea were
analysed for their betaine content and concentrations ranged from
0.04-0.64%.%”

The concentrations of some constituents may be affected during
growing, drying or storage of the plant material. The yields of
some constituents are affected when plants are grown under
conditions of drought stress.®” Analysis of roots of E. angustifolia
dried at a range of temperatures between 23°C and 60°C indicated
that there were no significant changes in the alkamide content,
whereas 25% and 45% of the echinacoside content was lost at
30°C and 60°C, respectively.®! By contrast, roots of E. purpurea
at —18°C in deep-freeze for 64 weeks were found to have lost 40%
of their alkamide content.®? An aqueous—alcoholic extract of E.
purpurea and its dried extract were stored at different tempera-
tures for seven months and then assayed for their alkamide and
phenylpropanoid content.®* The amount of the major alkamide
(dodeca-2E4E,87,10F/ Z-tetraenoic acid isobutylamide) in the
liquid preparation was not significantly affected by storage at
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Figure 1 Selected constituents of echinacea.
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25°C and 40°C, whereas the cichoric acid content declined.
However, the reverse occurred for the dried extract when there was
a significant loss of alkamide at storage temperatures of 25°C and
40°C but no significant loss of cichoric acid content.

The effects of drying temperatures on the constituents of all
three echinacea species have been investigated.®” The results
showed that there was an increase in cichoric acid for E. purpurea
and E. pallida. Furthermore, increased moisture content resulted
in higher concentrations of echinacoside for E. angustifolia and E.
pallida and of chlorogenic acid in E. angustifolia. The poly-
saccharide contents were significantly decreased by raised
moisture levels in the roots of E. angustifolia and E. pallida.

The presence of colchicine in commercial echinacea products in
the USA has been reported,™ although subsequent analysis of 17
commercial echinacea products purchased in pharmacies in
Chicago, USA, did not detect colchicine in any of the samples.®®

Detailed descriptions of E. purpurea root for use in botanical,
microscopic and macroscopic identification have been published,
along with qualitative and quantitative methods for the assess-
ment of E. purpurea root raw material.®”

Herbal Use

Echinacea has a long history of medicinal use for a wide variety of
conditions, mainly infections, such as syphilis and septic wounds,
but also as an 'anti-toxin' for snakebites and blood poisoning.®®
30 Traditionally, echinacea was known as an 'anti-infective'
agent, and was indicated in bacterial and viral infections, mild
septicaemia, furunculosis (persistent recurring episodes of painful
nodules in the skin) and other skin conditions, including boils,
carbuncles and abscesses.'“® 7<% Other traditional uses
listed include naso-pharangeal catarrh, pyorrhoea (periodontitis)
and tonsillitis, and as supportive treatment for influenza-like
infections and recurrent infections of the respiratory tract and
lower urinary tract and, externally, for poorly healing superficial
wounds, %%

Current interest in the medicinal use of echinacea is focused on
its immunostimulant (increasingly described as immunomodula-
tory) effects, particularly in the treatment and prevention of the
common cold, influenza and other upper respiratory tract
infections (see Pharmacological Actions; Clinical studies).

Dosage

In standard herbal reference texts

Dosages for oral administration (adults) recommended in older
standard herbal reference texts'“®“” are the same for several
indications; examples are given below.

E. angustifolia root and/or E. pallida root For various
indications, including chronic viral and bacterial infections, skin
complaints, prophylaxis of colds and influenza, mild septicaemia,
furunculosis, naso-pharyngeal catarrh, pyorrhoea and tonsillitis.

Dried root/rhizome 1g by infusion or decoction three times
daily,(“® <7

Liquid extract 0.5-1.0mL (1:5 in 45% alcohol) three times
daily,'“® or 0.25-1.0mL (1:1 in 45% alcohol) three times
daily.¢”

Tincture 2-5mL (1:5 in 45% alcohol) three times daily,(G6) or 1-
2mL (1:5 in 45% alcohol) three times daily.‘“”
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In more recent texts

Dosages for oral administration (adults) described in more recent
texts are provided for more specific indications.

As adjuvant therapy and for prophylaxis of recurrent infections
of the upper respiratory tract (common colds); treatment should
not exceed eight weeks' duration.(©*5?

E. pallida root Hydroethanolic extract corresponding to 900 mg
crude drug daily,‘“*? e.g. tincture (1:5 in 50% ethanol by volume)
from dry extract (7-11:1 in 50% ethanol)./“?

E. purpurea herb 6-9 mL expressed juice daily.“> <%

E. purpurea root 3 x 60 drops of tincture (1:5 in 55% ethanol),
equivalent to 3 X 300 mg crude drug daily.((”sz)

E. angustifolia root 1-3 g daily

Echinacea preparations (i.e. containing different echinacea
species and plant parts) and, therefore, dosage regimens tested
in clinical trials have varied widely (see Pharmacological Actions,
Clinical studies). Trials of echinacea preparations for the
prevention of upper respiratory tract infections have typically
involved an 8- or 12-week duration of treatment; trials of
echinacea preparations for the treatment of upper respiratory
tract infections typically involve administration of the study
medication for 6-10 days.
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Pharmacological Actions

There is a vast scientific literature on the pharmacological
activities of Echinacea species based on in vitro and in vivo
(animal) studies. Research has focused on investigating the
immunomodulatory activity of echinacea preparations, although
other activities, such as antiviral, antifungal, anti-inflammatory
and antioxidant properties have also been explored. Effects on the
immune system may play a role in some of these other activities.

The pharmacological activities of echinacea preparations
cannot be attributed to a single constituent or group of
constituents. Rather, several groups of constituents — the
alkamides, caffeic acid derivatives, polysaccharides and alkenes
— appear to contribute to activity.

However, it has been reported that following oral administra-
tion in man, alkamides are bioavailable, whereas caffeic acid
derivatives are not and, therefore, cannot contribute to activity
(see Clinical studies, Pharmacokinetics).®”

In vitro and animal studies

Immunomodulatory activity Currently, there is a view that
immunomodulatory, rather than immunostimulatory, is the most
appropriate term to describe the immunological effects of
echinacea,™” although 'immunostimulatory' is still used and is
ubiquitous in the earlier scientific literature on echinacea. It has
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been suggested that broad stimulation of the various highly
complex components of the immune system is unlikely to be
beneficial, since some immune responses are harmful.*”

The immunological effects of a wide range of echinacea
preparations comprising different species, plant parts and types
of extract, have been investigated extensively in vitro and in vivo.
Collectively, the data indicate that echinacea preparations do have
effects on certain indices of immune function,***" although at
present there is no clear picture as to which specific preparations
have the greatest activity. A summary of some of the scientific
literature on the immunological effects of echinacea is given below.

Enhancement of macrophage function has been documented for
various preparations of echinacea in vitro and in vivo in studies
using a range of methods, such as the carbon clearance test and
measurement of cytokine production, as indicators of macrophage
activity, "* ™ I vitro experiments with human macrophages
found that fresh pressed juice and dried juice from the aerial parts
of E. purpurea stimulated production of cytokines, including
interleukin 1 (IL-1), IL-10, and tumour necrosis factor o
(TNFg).™®)

Other studies have reported that purified polysaccharides from
E. purpurea induced macrophage production of 1L-1,*? and that
a polysaccharide arabinogalactan isolated from plant cell cultures
of E. purpurea induced TNFa and interferon B2 production by
murine macrophages.”’ Polysaccharides obtained from plant cell
cultures of E. purpurea have also been shown previously to have
immunological activity iz vitro.*® In another series of in vitro
experiments, E. purpurea induced macrophage activation (as
assessed by TNFa production) following simulated digestion
(incubation of echinacea with gastric fluid) in an attempt to mimic
effects following oral administration.*” Other work has demon-
strated that E. purpurea dry root powder (containing 1.5% total
polyphenols, calculated as chlorogenic acid) increased the
resistance of splenic lymphocytes to apoptosis; splenic lympho-
cytes were obtained from mice administered the echinacea
preparation orally at dosages of 30 or 100 mg/kg daily for 14
days.®?

In an in vitro study, peripheral blood mononuclear cells
(PBMCs) from healthy individuals and from patients with chronic
fatigue syndrome and acquired immune deficiency syndrome
(AIDS) incubated with increasing concentrations of extracts of E.
purpurea led to enhanced natural killer function of PBMCs.®" In
vivo, oral administration of E. purpurea root extract has been
reported to increase numbers of natural killer cells in normal,®?
leukaemic,®® and ageing mice.®”

A subsequent in wvivo study, conducted using a rigorous
randomised, double-blind design, assessed the effects of an
echinacea product (Nature's Resource, CVS Pharmacy, USA;
capsules containing echinacea aerial parts 1.05 g and cichoric acid
10.5mg) in 16 ageing male rats.”” Animals received echinacea
(species and method of preparation were not stated although, as
aerial parts were used, the species may have been E. purpurea)
50 mg/kg body weight (equivalent to cichoric acid 0.5 mg/kg), or
placebo, orally as a bolus dose in peanut butter each morning for
eight weeks. Mean circulating total white cell counts were
significantly higher in echinacea-treated rats than in the control
group for the first two weeks (p < 0.05), although baseline counts
for the two groups and a precise p value or confidence intervals
were not given in a report of the study, and concentrations of IL-2
were significantly higher in echinacea-treated rats, compared with
the control group, for the last five weeks of the study (p < 0.03).
Differential white cell counts were significantly altered throughout
the 8-week study period in the echinacea group, compared with
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the control group: proportions of lymphocytes and monocytes
increased while those of neutrophils and eosinophils decreased
with echinacea, compared with placebo.®® There were no changes
in the phagocytic activity of circulating leukocytes, as assessed by
ability to ingest latex particles, in either group during the study.

Other in vivo studies (rats) have shown that administration of
water—ethanol extracts (100 puL twice daily by oral gavage for four
days) of E. purpurea roots and aerial parts containing defined
concentrations of cichoric acid, polysaccharides and alkamides
stimulated phagocytic activity of macrophages; activity was
increased with increasing concentrations of the three compo-
nents.®® Subsequently, an increase in lipopolysaccharide-stimu-
lated nitric oxide release was observed by macrophages obtained
from the spleens of rats previously treated with the echinacea
extracts. A similar set of experiments demonstrated stimulation of
alveolar macrophage function by alkamides administered to
healthy rats.””

A proprietary preparation containing E. purpurea root extract
and liquorice (Glycyrrhiza glabra) root extract stimulated
phagocytosis in vitro and in vivo, as demonstrated by the carbon
clearance test, following oral administration to mice.®® The
combination product produced a greater immunostimulatory
effect in this test than did either extract tested alone. Another
combination preparation, comprising aqueous—ethanol extracts of
E. purpurea and E. pallida root, Baptisia tinctoria root and Thuja
occidentalis herb, administered orally via the diet or drinking
water to mice for seven days enhanced the antibody response to
sheep red blood cells.®”

In contrast with the extensive body of research supporting the
immunostimulatory effects of echinacea preparations, some recent
work has reported a lack of effect. No evidence of natural killer
cell activity or antibody formation was found in studies involving
rats fed various preparations of echinacea, including an alcoholic
extract of E. purpurea root and an alcoholic extract of the roots of
E. angustifolia, E. purpurea and E. pallida, in their diet.”

A concentration-dependent and cell-type specific de novo
synthesis of TNF-oo mRNA in primary human CD144 mono-
cytes/macrophages in vitro has been described for an E. purpurea
extract (Echinaforce, Bioforce).®” The alkamide constituents
appeared to be responsible for this effect, at least in part,
mediated via the cyclic AMP and other pathways and involving
activation of NF-«B. Further experiments using these cells and an
anti-cannabinnoid-2 (CB2) polyclonal antibody and the CB2
antagonist SR-144528 resulted in inhibition of the induction of
TNF-o mRNA.

Antiviral activity —Antiviral activity has been described for
various different preparations of echinacea following in vitro
studies. An 'indirect' antiviral effect was documented in experi-
ments involving addition of glycoprotein-containing fractions
obtained from E. purpurea root to mouse spleen cell cultures.®?
Interferon-o. and -f produced by the cells were then tested for
activity against vesicular stomatitis virus. These glycoprotein-
containing fractions were also tested directly against herpes
simplex virus (HSV) and were reported to reduce the number of
plaques by up to 80%, although raw data were lacking and
statistical tests do not appear to have been car