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Preface

This book was written in response to the obvious need for a scientifi-
cally based text on the evidence for the use of nutraceuticals for the
prevention and treatment of important disease states. The use of
nutraceuticals is by now an established complementary therapy, with a
few being used as if they were conventional pharmaceuticals, and a
number of others being purchased and used by the general public as self-
medication. Although nutraceuticals are constantly discussed in the
media and freely available, comprehensive knowledge concerning their
activities, mode of action and safety is not yet widely available. The
main aim of this book was, therefore, to explore, discuss and possibly
substantiate claims that a number of nutraceuticals can actually treat or
prevent the underlying causes of disease.

Consumers clearly hope that they will benefit from intake of these
products either through long-term use or via a conscious decision to
change lifestyle. That is why I have decided here, unlike a number of
other books on the subject, to organise the information according to
disease states. In addition, any evidence quoted should be of under-
standable quality. The inclusion of directly attributable information
sources was considered vital for this, producing a usable text for both
patient, consumer and healthcare practitioners wanting to find further
details by checking the original publications. Wherever possible, I have
tried to focus on clinical and human research, although results from
animal studies are included, particularly for the chapter on animal
health, but also when there are major findings or there are insufficient
human data.

Previous books have either focused on the individual chemical
entities and their applications, or consist of information in therapeutic
areas which is not directly attributed to published data, hence not
allowing easy access to original material. In contrast, this text aims to
cover a wide range of nutraceuticals, specifically focusing on their use in
specific therapeutic categories. Although the book was designed as a text
to inform readers as to the claimed benefits of specific nutraceuticals in
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various therapeutic contexts, it was still thought necessary to include
monographs on individual compounds. This gives us the opportunity to
describe their properties and to define the characteristics that are often
important in a number of disease states, either due to a particular activity
that results in applications in more than one therapeutic area, or because
they possess a number of attributes with wide-ranging applications. The
monographs include information on biological sources, which are
important for those wishing to supplement their diets with specific foods
containing nutraceuticals, manufacturing and analytical details, metab-
olism, bioavailability and pharmacokinetics. Much of this information
has been compiled into tables to allow easy comparison between the
entities discussed.

The major change in this text with respect to the previous book is
the inclusion of soy and tea. Over the last 10–20 years a body of scien-
tific and medical literature has been published concerning the proposed
health benefits of soy and tea products. This weight of evidence, still
increasing annually, has determined that any text on the subject of
nutraceuticals takes into account commercially available products from
these two sources. At the time of writing (2006) it can be said that
roughly 20–30% of all studies and reviews on nutraceuticals are derived
from these two supplements.

In addition to the growth in evidence for these two supplements,
there is now also more evidence concerning, for example, flax lignans
and resveratrol, which justifiably warrants their inclusion in any relevant
text. Looking to the future, we can also see more evidence being
published on minor or new nutraceuticals, such as theanine and NADH,
which have been the subject of clinical trials.

Since 2002 there has been rapid expansion of publications in the
overall area of nutraceuticals, and this book attempts to reflect this new
material, particularly in reporting more detailed pharmacological pro-
filing of the nutraceuticals. Chapters on a number of pertinent aspects
of nutraceutical use have been included, apart from their applications
in specific therapeutic categories, namely combination therapy and
synergy, safety, adverse effects and quality issues, along with a section
on minor nutraceuticals.

Increasing evidence that health is related to diet have resulted in a
range of government initiatives designed to encourage healthy eating,
and positive steps are being taken by an increasing number of indi-
viduals. However, for many people living in an increasingly sophisti-
cated world, supplementation with formulated nutraceuticals is a more
realistic solution than making major modifications to the diet.

xiv Preface
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It is hoped that this work will be useful to pharmacists, medical
practitioners and nursing staff, as well as respective students. A chapter
on veterinary nutraceuticals specifies particular applications for domes-
ticated animals, but many of the included human nutraceuticals are now
also being used for animals.

Most information is summarised to allow readers to refer to data
on the large number of nutraceuticals currently available; some are the
subject of vast numbers of clinical trials and scientific publications, while
others have only been described in limited published data. Some of the
information has been published recently in peer-reviewed articles (for
example in Nutrition or the Pharmaceutical Journal and business-
related science journals) along with chapters in books, and a chapter in
the Encyclopedia of Pharmaceutical Technology. These publications
were often in association with co-authors, and are referenced in relevant
sections. Over the last 3–4 years numerous publications have appeared
on the subject of nutraceuticals, and it has been an ongoing task to keep
updating sections in this book, with references up to mid-2006 being
incorporated. Inevitably a number of articles will have been superseded
by more up-to-date studies during the publication process.

Brian Lockwood
January 2007

Preface xv
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1
Introduction

Over the last 20 years the number of nutraceuticals available for self-
medication in pharmacies or for sale in supermarkets and healthfood
shops has grown enormously, fostered by wide media coverage of their
benefits.1 There has been a boom in their sales as patients rush to self-
medicate, either in the hope that these products will be effective in
treating diseases unsatisfactorily treated with pharmaceuticals, or that
the adverse effects of some pharmaceuticals may be avoided. With an
ageing population throughout the Western world, a number of diseases
are becoming increasingly prevalent, and current and predicted patient
numbers are often vast. For example, it has been predicted that arthritis
will affect most of the population at some time during their lifetime.
And it is in disease states such as arthritis that nutraceuticals are increas-
ingly used.

This text will outline the major nutraceuticals with therapeutic
applications in a number of important therapeutic areas. The pharma-
ceutically important issues, adverse reactions and drug interactions, and
the quality of available nutraceuticals are now being addressed, as
evidence is now becoming available.

Foods or medicines? The relationship between
nutraceuticals, foods and medicines

‘Nutraceutical’ is the term used to describe a medicinal or nutritional
component that includes a food, plant or naturally occurring material,
which may have been purified or concentrated, and that is used for the
improvement of health, by preventing or treating a disease. It is often
thought that nutraceuticals have to occupy a narrow strip of legislative
ground between pharmaceuticals and food, but in reality their position
is much more complex.

Figure 1.1 shows the inter-relationship between nutraceuticals and
other health products. This relationship is confused due to the overlap
between the various entities, in terms of legal status, origins, marketing
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and public perception. Pharmaceuticals are usually classed as medicines
by law, but some are freely available without legal constraints and some
are legally classed as medicines. For example, in certain countries
melatonin is classed as a medicine and is not freely available. Most
nutraceuticals, however, are openly on sale and available via the Internet.

Herbal remedies may be classed as medicines because of their
perceived risks with self-medication. For example, plants containing
potent pharmacological entities such as digitalis are classed as medicines.
Functional foods are closely related to nutraceuticals as they often
contain nutraceuticals in a food-based formulation, such as carotenoids,
but others are novel biotechnological entities derived from foods, for
instance, pre- and probiotics. A new term for these has recently been
coined – ‘Phoods’ – which presumably aims to blur the distinction
between pharmaceuticals and foods in the minds of consumers.2 Further
new terms to attract consumers include cosmeceuticals and aquaceuti-
cals, which aim to convey pharmaceutical activity and quality in the
areas of cosmetics and soft drinks, respectively. Vitamins can also be
classed as medicines, but may be freely available. The distinction
between certain vitamins and nutraceuticals is blurred (e.g. �-carotene,
which is a vitamin A precursor). Many nutraceuticals are derived from
plants or foods and marketing usually follows legal status, medicines
and non-medicines being clearly separate. Public perception may involve
little distinction between any of these entities, except when legal status
affects availability. Most people are guided by the marketing: nutraceu-
ticals usually appear to be packaged and labelled as if they were
medicines.

Many terms and definitions are used in different countries and this
can become quite confusing. Dr Stephen De Felice, the founder and
chairman of the Foundation for Innovation in Medicine (Cranford, NJ,
USA), an educational organisation set up in 1976 to encourage medical
health research, coined the term ‘nutraceutical’.3 De Felice defined a
‘nutraceutical’ as a ‘food, or parts of a food, that provide medical or
health benefits, including the prevention and treatment of disease’.

2 Introduction

Pharmaceuticals Nutraceuticals Herbal remedies

Functional foods Vitamins

Figure 1.1 The relationship between nutraceuticals and other health products.
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Another definition from the USA is ‘diet supplement that delivers
a concentrated form of a presumed bioactive agent from a food,
presented in a non-food matrix, and used to enhance health in dosages
that exceed those that could be obtained from normal food’.4

A ‘functional food’ is a natural or formulated food that has
enhanced physiological performance or prevents or treats a particular
disease. This term was first used in Japan, and by 1998 it was the only
country to legally define ‘Foods for specified health use’ (FOSHU).
Functional foods consist of food- and drink-based formulations, as
opposed to tablets and capsules, etc. Often these products contain estab-
lished nutraceuticals and are recommended for the same range of thera-
peutic categories as the nutraceuticals contained therein.

In Canada, a functional food has been defined as ‘similar in
appearance to conventional foods, . . . consumed as part of a usual diet’,
whereas a nutraceutical is ‘a product produced from foods but sold in
pills, powders, (potions) and other medicinal forms not generally
associated with food’.5

In the UK the Department for Environment, Food and Rural
Affairs (Defra) defines a functional food as a ‘food that has a component
incorporated into it to give it a specific medical or physiological benefit,
other than purely nutritional benefit’.6

Thus both in Canada and in Britain a functional food is essentially
a food, and a nutraceutical is an isolated or concentrated form. In the
USA, however, ‘medical foods’ and ‘dietary supplements’ are regulatory
terms (see below), and ‘nutraceuticals’, ‘functional foods’, and other
such terms are determined by consultants and marketers, based on
consumer trends.7

In many countries food labelling regulations do not allow food
labels to carry health claims. In the UK, the Joint Health Claims
Initiative (JHCI) provides guidance on claims that are allowed for
functional foods, such as fortified breakfast cereals and ‘bio’-yoghurts.
In some cases although medical claims such as ‘helps prevent heart
disease’ are not allowed, health promoting claims, such as ‘helps lower
cholesterol’ can be made, if scientific evidence exists. Inevitably many
inaccurate claims are made for supplements and the consumer research
provider Mintel found that most British consumers were sceptical about
health claims and found them misleading.8

Companies marketing nutraceuticals cannot advertise specific
medical claims for their products without a medicine licence. When
launching a new product they have the option of either not doing any
research at all or researching it thoroughly and possibly obtaining a

Food or medicines? 3
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patent. Unfortunately many companies tend towards the former route
because of the expense, the problems of obtaining a patent on a natural
product and the fact that even if they do the research they cannot put
their claims on the label without a product licence. To bring a medicine
to market can take about ten years and cost US$0.8–1.7 billion,9 but to
market an unlicensed nutraceutical can take a fraction of this time and
money. Look at, for example, the case of Cholestin, a cholesterol-
lowering supplement marketed by Pharmanex in 1996. This product
was made from red yeast rice, a food that has been used for centuries
in China. The red yeast rice is made by a natural fermentation process,
which generates multiple statins and provides the cholesterol-lowering
benefit. When the pharmaceutical company Merck tested this
supplement, they found that the active ingredient was lovastatin, a
known cholesterol-lowering agent available on prescription, which is
made from the isolation of one of these statins and included in their
product Mevacor. In 1998, the US Food and Drug Administration (FDA)
banned Pharmanex from importing red yeast rice for the manufacture
of Cholestin on the grounds that one of the many beneficial constituents
in red yeast rice is chemically identical to lovastatin. However, in
February 1999, a district court ruled that Cholestin was indeed a dietary
supplement, based on the US Dietary Supplement Health and Education
Act of 199410 and Cholestin remains available. As can be seen from this
example the difference between pharmaceuticals and nutraceuticals is
sometimes difficult to define, depending only on regulatory issues.

Depending on issues such as claims, presentation and dosage, a
particular substance could be a food or a medicine. There are also a vast
number of products in a borderline area.11 These substances probably
include many nutraceuticals and need to be classified as medicines, foods
or in some other category. In the UK, unlicensed supplements are
marketed without medical claims and as such are legally regarded as
food supplements and are controlled by Defra. However, they can still
be packaged to look like medicines, with a recommended dose, which
can confuse the public. In the past, as long as the products did not claim
to have medicinal uses, the Medicines and Healthcare Products
Regulatory Agency (MHRA) – the body responsible for regulating
medicinal products – has not required that such products should satisfy
medical legislation.12 However, more emphasis is now being placed on
the function of the marketed products as the UK moves in line with the
rest of Europe. Control of herbal products has now moved to the
European Commission and it is likely that supplements will follow.

Article 1 of Directive 65/65 EEC13 defines a medicinal product as

4 Introduction
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‘any substance or combination of substances presented for treating, or
preventing disease in human beings or animals’ and ‘any substance or
combination of substances which may be administered to human beings
or animal with a view to making diagnosis or to restoring, correcting or
modifying physiological functions in human beings or animals is
likewise considered a medicinal product’. The second definition
describes a product which has a medical function irrespective of whether
these claims have been stated or not, which would include many supple-
ments being taken for medical purposes.

In Britain, medicines licensed for human use are regulated
according to The Medicines Act 196814 and the Medicines for Human
Use (Marketing Authorisations Etc.) Regulations 1994 SI3144 (The
Regulations).15 In 1995 these regulations came in to effect implement-
ing all the controls as listed in Directive 65/65 EEC. According to these
regulations there are controls over variation and renewal of UK licences
as well as labelling and package inserts.

In the USA, a new product may be eligible for regulatory status as
a food, a dietary supplement or as a medical food.16 The US Congress
passed the Dietary Supplement Health and Education Act (DSHEA) in
1994. This set up a new regulatory body for dietary supplements under
the US FDA. Unlike foods, dietary supplements are allowed to use
‘nutritional support statements’. These may offer nutritional support in
nutrient-deficiency disease, or state a description of the intended role,
mechanism of action or effect on general health as a result of taking the
product. For those dietary supplements for which such a statement is
used the label must also state: ‘This statement has not been evaluated
by the Food and Drug Administration. This product is not intended to
diagnose, treat, cure or prevent any disease.’

In effect, because legally they are in a class by themselves, dietary
supplements in the USA can be marketed without the FDA being satisfied
that they are safe. This makes it relatively easy for a manufacturer to
market a product without investing the time and money required for its
safety.

The Foundation for the Innovation in Medicine (FIM) introduced
the Nutraceutical Research & Education Act in Congress on 1 October
1999.17 This Act promotes clinical research and development of dietary
supplements, and foods with health benefits (nutraceuticals) to establish
a new legal classification, and give exclusive rights to the company doing
the research for a set time period.

Of all three categories (food, dietary supplement or medical food)
medical foods have the fewest formal regulatory controls. US Congress

Food or medicines? 5
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1990 defines a medical food as: ‘a food which is formulated to be
consumed or administered enterally under the supervision of a physician
and which is intended for the specific dietary management of a disease
or condition for which distinctive nutritional requirements, based on
recognised scientific principles, are established by medical evaluation’.16

These products are usually promoted through healthcare professionals
including pharmacists, and in the UK this would make them ‘prescrip-
tion only’ or ‘pharmacy medicines’.

If the present restrictions on health claims were lifted, the market
would probably be flooded with products that have no evidence for their
claims. It is very unlikely that this will happen, but it has been suggested
that a move from nutraceutical supplements being sold in healthfood
shops and most pharmacies to the production of nutraceuticals aimed
at the prescription market could occur. This would not necessarily be in
the manufacturers’ best interests, as it would limit the size of the market.
In either case, whether prescribed by a doctor or self-selected, the logical
place for the supply of these nutraceutical supplements is the pharmacy
where pharmacists are able to offer professional advice.

The use of nutraceutical supplements –
demographic trends

In a survey carried out by Mintel Market Research in November 1998,18

57% of 979 adults agreed that they would like to use supplements more
often, but were unsure of what to buy. This indicated a need for more
information to be available. The following year a market trend survey
carried out by Mintel Market Research in March 199919 found that the
prime target users of supplements were middle-aged females with an
above average income and above average education. There were also
occasional users who used supplements at a time of illness or stress,
rather like a medicine. These users were more varied in age and income
and were less likely to take supplements on a long-term basis.

In 2003, the Mintel Survey of Complementary Medicines in the
UK found that 51% of consumers consulted their GP concerning
complementary medicines, and 40% consulted their pharmacists. This
trend was repeated in other European countries: 37% consulted with
their pharmacists in Germany, 30% in France, and 15% in Spain.
Consumers over 64 years old consulted with their GPs, but 25–44 year
olds, particularly women with children, preferred to consult with their
pharmacist. Interestingly, there was a greater proportion of people
earning over €52 500 taking them ‘once a day or more’, than all lower
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income groups.20 The Mintel Survey on Vitamins and Mineral Supple-
ments – UK, which includes some nutraceuticals, found that 25% of all
adults were ‘convinced they were beneficial’, and 86% of 55 year olds
and over and 65% of 20–24 year olds took them ‘once a day or more’.
According to this survey the consumption of these products was greater
among lower income groups than among higher income groups, but the
biggest users were those with no children, not working, and the sole
occupant of the household.21

Consumers use nutraceutical supplements for many varied reasons.
These include supplementation of a poor diet, to improve overall health,
to delay the onset of age-related diseases, after illness, for stress,
recommended by a health professional, in pregnancy and slimming, to
improve sports performance and to treat symptoms (colds, coughs,
arthritis, etc.).

In the USA and in Europe the use of alternative or complementary
medicines, including supplements and nutraceuticals, is increasing.
Many theories have been put forward as to why consumers choose
alternative over conventional remedies.22 It is thought that many
patients are not satisfied with the treatment they are given by their
doctors due to adverse effects or because it has been ineffective. Another
reason for choosing alternative over conventional remedies is that
patients may feel that conventional medicine is impersonal or techno-
logically orientated. Some patients prefer to have personal control over
their healthcare and therefore are happier to self-select than be told what
to take by their doctor.

A number of surveys have been published concerning the use of
nutraceuticals by various sections of populations. One survey from 1988
to 1990, of a cohort of 2152 middle to older age adults living in
Wisconsin found that the use of nutraceutical supplements was more
prevalent among women, people with more than 12 years of education,
those with relatively low body mass index, people with active lifestyles,
and people who had never smoked rather than current smokers.23 A
similar study carried out in Japan on 45–74 year olds from 1995 to 1998
found that nutraceutical supplement users were likely to have never
smoked or to have formerly smoked. Female users were likely to have
been moderate consumers of alcohol. The prevalence of users was found
to be higher among the elderly, the self-employed, those with lower body
mass index, those carrying out greater physical activity, those with a
lower frequency of eating ready-prepared food, those with a higher
frequency of eating out, and those of both sexes with higher stress
levels.24

The use of supplements – demographic trends 7
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Another US study carried out between 1993 and 1996 found that
the use of nutraceutical supplementation was high amongst all ethnic
groups, but use tended to increase with age, education, physical activity,
fruit and dietary fibre intake, and to decrease with obesity, smoking and
dietary fat intake. Overall, participants with healthy lifestyles were more
likely to use these supplements.25 Use of these supplements by young
male (18–47 years) US Army Special Operations candidates was
reported in 1999. Eighty-five per cent of them reported using a
supplement, 64% reported current use and 35% reported daily use. Of
these participants it was found that users were significantly less likely to
smoke and were more likely to exercise daily.26

Another survey specifically targeting the elderly (65 years or older)
in Piedmont County, North Carolina in 1996, found that users were
more likely to be white women, were high school educated, were under-
weight, took prescription medicines, had five or more health visits in the
previous year, and had supplemental health insurance.27

Surveys have also been carried out concerning the use of specific
nutraceuticals, notably creatine, cod liver oil and evening primrose oil.
Creatine use amongst members of health clubs was found to be more
likely in men using resistance training, and was associated with the
consumption of dehydroepiandrosterone (DHEA) and other supple-
ments used to increase strength. The primary source of information
guiding their use was found to be popular magazines, as opposed to
qualified medical advice.28 In a Norwegian study, women using cod liver
oil were found to be non-smokers of higher educational experience, of
high physical activity levels and normal body mass index, with concomi-
tant consumption of healthy food.29

Demographic surveys of many alternative or complementary
medicines have been conducted in a range of locations, but there is
usually a problem in clearly defining and categorising individual types
of product. Nevertheless, the usual outcome of these surveys is that the
typical patient is middle aged, middle income and female.

A recent survey carried out in Washington State, USA, on patients
aged 50–76 years with a variety of medical conditions established the
incidence of use of a number of nutraceuticals by both men (n = 29 435)
and women (n = 32 152).30 It can be seen from Table 1.1, which
summarises their results, that many common disease states are being
treated in this population by self-medication with nutraceuticals. For
example, two widespread conditions – joint pain and insomnia – are
often treated in this way. Glucosamine, chondroitin and methylsul-
fonylmethane (MSM) are used for joint pain, particularly that caused
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by rheumatoid or osteoarthritis, and melatonin is used for insomnia.
There is also a substantial incidence of degenerative eye conditions in
this population, which is often treated with lutein. It was also noted that
there is increased incidence of use of complementary medicines by female
patients; this was also shown to be the case with nutraceuticals.30

An overview of these publications tends to show that users of
nutraceutical supplements are better educated, more healthy, and live
more healthy lifestyles than their counterparts not taking supplementa-
tion, but confusingly a survey in Holland showed that consumption of
cholesterol-lowering margarines were more likely to be reported by indi-
viduals with poorer subjective health, and smokers!31

Safety

This text highlights why the safety of these supplements must be ensured.
Many consumers are unaware of the difference between licensed and
unlicensed products and the differences between food legislation versus
medicine legislation. Pharmacists in the UK are being encouraged to
use the Yellow Card Scheme to report suspected drug reactions from
both unlicensed and licensed supplements as well as conventional
medicines. This scheme is run by the MHRA on behalf of the Committee

Safety 9

Table 1.1 Use of nutraceuticals for treating specific diseases

Medical condition Incidence of use (%) Nutraceuticals used

Prostate cancer 5.3 Lycopene,
dehydroepiandrosterone

Enlarged prostate 16.9 Lycopene
Osteoarthritis 29.7 Glucosamine, chondroitin,

methylsulfonylmethane
Neck, back, or joint pain 25.3 Glucosamine, chondroitin,

methylsulfonylmethane
Degenerative eye
conditions

9.9 Lutein

Perimenopause 4.6 Soy products
Memory loss 8.9 Fish oil, coenzyme Q10
Insomnia 20.0 Melatonin

Data extracted from Gunther S, Patterson R E, Kristal A R, Stratton K L, White E.
Demographic and health-related correlates of herbal and specialty supplement use, Journal of
the American Dietetic Association 2004; 104: 27–34, with permission from the American
Dietetic Association.
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on Safety of Medicines (CSM) and relies on health professionals
reporting side-effects they suspect to be related to the medicine a patient
is taking. The upsurge of interest in nutraceutical supplements shows
that many members of the public are seeking to improve their health
either through diet or through ‘natural’ remedies. It cannot be over-
emphasised that while many components of foods may be safe at the
normal levels of intake, once these levels are increased to ‘pharmaco-
logical’ levels, other effects may appear. It is therefore imperative that
these nutraceuticals are properly researched and that health
professionals, as well as the public, are well-informed of the benefits and
drawbacks of these medications.

Scientific evidence

Various types of studies have been carried out on nutraceuticals. These
include:

• Studies on in vitro cell cultures acting as models of target cells,
either animal or human derived. The problem with this type of
study is that it does not account for important in vivo factors which
may be important for the action of the compound, for example
absorption or metabolism.

• Studies on live animals in the laboratory. In this case such a model
cannot be used to predict effects in humans due to physiological
differences.

• Epidemiological studies of populations taking a compound in
supplements or through their diet. Ideally there should be evidence
of a link between very low levels of a particular nutraceutical with
an increased incidence/prevalence of a disease.

• Clinical trials comparing a potential compound with a placebo,
showing that providing the supplement will reduce the risk of
developing osteoporosis, for example. In these cases it is often
necessary to use subjects already with the disease or at greater risk
of developing it, as it would be impractical to observe onset of the
disease in healthy volunteers. There may, however, be physiologi-
cal differences between the healthy and disease state which
preclude the assumption that an intervention will prevent disease.1

All the above study designs may have problems in terms of controlling
the doses that should be used for testing, as there are often small traces
of nutraceuticals found in all foods which may be taken over long
periods of time. Many of the methods used to detect levels of these
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compounds or effects on outcome measures may lack the sensitivity to
draw any conclusions.

The use of clinical trials

In order to provide conclusive evidence of the role of a particular
nutraceutical either to prevent or treat disease, several factors must be
known. There must be an inverse relationship between body levels of
the supplement and risk of disease and the levels required must be
established. Research teams use many different types of evaluation.
Animal studies are often used, which although conclusive may be
irrelevant to humans. Another method is the in vitro study, using cell
and tissue responses, but this may be different to the response of that
tissue when exposed in vivo, nor does it take into account the absorption
of that substance after digestion. Epidemiological studies are another
widely used type of study. For example, Japanese women who consume
soya in large amounts and suffer very little from sex hormone-related
cancers have been compared with Western women who have very few
soya products in their diet and a high incidence of such cancers.32

Although small-scale human studies are popular with researchers,
some maintain that only large clinical trials can provide conclusive
evidence for the effects of nutraceuticals in the prevention and cure of
disease.33

When studying a nutraceutical for its disease prevention properties,
such as antioxidants used to prevent the development of atherosclerosis
or cancer, ideally a healthy population should be studied until sufficient
numbers have developed the disease. This is highly impractical and a
very large population would be required over a very long time. Therefore
researchers resort to the study of subjects who already have the disease
or who are at high risk of developing the disease.33 It is assumed that if
high-risk subjects or patients with the disease are cured then healthy
subjects would benefit from the supplement in question as a preventa-
tive measure. But just because high-risk patients are cured, can it be
assumed that healthy patients will also derive benefit? Moreover, if high-
risk subjects or people with the disease are not helped does this mean
that healthy subjects will not derive benefit either?

There is another important factor to consider when carrying out
clinical trials for nutraceuticals. Whereas with medicines it can safely be
assumed that the subject is receiving no other source of the test
substance, a nutraceutical is often a pharmacological dose of a substance
that is present in much smaller amounts in the body, for example,
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melatonin. In this case it is very difficult to assess the baseline levels of
the placebo group, which may vary considerably between subjects,
depending on the time of day or the diet.

A combination of several types of double-blind trials is required to
evaluate any particular nutracetical:34

• Cross-cultural epidemiological studies must show the association
between low levels of that nutrient in a sample population, and
high levels of disease.

• In the same study group there must be a relationship between low
initial levels of the nutrient and subsequent high risk for the disease.

• Supplementation of the nutrient to a sample population must show
a reduced incidence of the disease, compared with a group that
receives only placebo.

In addition to clinical trials, meta-analyses of clinical trials, often those
involving small patient numbers, combine study results in order to draw
conclusions about therapeutic efficacy. A number of meta-analyses and
systematic reviews have been carried out on the use of nutraceuticals in
many disease states, and this effectively increases the number of subjects
studied. Additionally, these may help to explain contradictory results
reported by individual trials.

Literature retrieval

In addition to using standard literature retrieval protocols, information
in the book has been routinely collected from government and insti-
tutional publications, frequently available on the internet, and com-
mercial data, manufacturers’ data, trade publications and nutraceutical
retailers. The data were cross-referenced from many sources, when
relevant information was not readily found, for example the results of
analysis of a nutraceutical are usually not easily found using a single
search strategy, and a variety of synonyms may also be required.

A chapter on meta-analyses and evidence from the Cochrane
Library and the Cochrane Database of Systematic Reviews is included
(see Chapter 19), in order to supply the most critical data available on
the demonstrable effects of nutraceuticals.

Market trends

The markets for nutraceuticals and functional foods are rapidly
expanding. Combined, they represented annual global sales of US$95
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billion in 2001, and this has been projected to grow to US$127 billion
by 2005. The global nutraceutical market reached US$47 billion in
2002, and is expected to reach US$75 billion by 2007. The global
market for functional foods was estimated to be US$30 billion in 2003,
and Leatherhead Food RA consider that it will eventually reach 5% of
all food expenditure in developed countries.35 The predicted annual
growth rates of various nutraceutical categories have been estimated to
range from 6% for products treating digestive ailments, up to 25% for
eye health products (Figure 1.2).

An alternative view of current and predicted sales claims that the
joint health supplements – glucosamine, chondroitin and MSM – appear
to be the major product group, followed by the polyunsaturated fatty
acids (PUFAs). However, fish oils and MSM have been predicted to show
the greatest increase in sales.36

The contemporary use of soy, for example, is not simply a matter
of geographical habitat or cultural lifestyle. The availability of specific
foods and nutraceuticals refined from soy allows all consumers to derive
the proposed benefits. This also applies to green tea, fish oils, flax seed
and others. However, a more active approach has to be taken with those
only normally available in formulated dosages such as glucosamine,
chondroitin and MSM, for example.

Market trends 13
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Figure 1.2 Predicted growth rate of nutraceutical usage. Permission to use this data
from Dr C Gaertner, Cognis, is gratefully acknowledged.
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In combination with supplying increasing amount of product infor-
mation by a variety of strategies and developing products for new thera-
peutic categories, manufacturers are increasingly marketing novel
formulations. Tablets, capsules and softgels are still the most widely
available formulations, but new formulations such as soft chews, and
fast dissolving tablets and strips are becoming available. As with
pharmaceuticals, nutraceutical manufacturers are extolling the virtues
of controlled release formulations for release of precise levels of active
entities over a particular time period, in order to achieve maximum
therapeutic effects. An example of the use of this technology is the
Novasoy soya isoflavone range.37

Consumers and suppliers are also increasingly willing to choose
less conventional formulations (Figure 1.3). An American survey of
consumer preferences for different formulations in 2004 revealed that
younger consumers in particular are trying new delivery systems such as
patches, chewing gums and fizzing tablets, instead of conventional
dosage forms such as tablets and capsules.38
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Major nutraceuticals and their applications

The therapeutic applications, dosage range and available formulations
for the major nutraceuticals are discussed in Chapter 2. The major
nutraceuticals have a number of origins, being either endogenous human
metabolites, dietary constituents, animal or plant constituents normally
not present in the diet in therapeutic levels, or synthetic compounds
(notably MSM).39

For both patients and pharmacists, the choice of nutraceutical is
based upon the disease state, and the efficacy and safety data. The infor-
mation in this book is set out according to disease states, which is a
logical arrangement for patients and pharmacists wishing to identify a
suitable product for treating a particular ailment. The nutraceuticals
discussed will be those popularly available, whether or not there is a
large body of clinical or scientific evidence to substantiate their use.

Overview

The following chapters in this book will attempt to answer a number of
important questions;

• What are nutraceuticals?
• Do they work?
• Should consumers ask for medical advice?
• Are they safe?
• Are there any adverse effects, or interactions with conventional

pharmaceuticals?
• What is the quality of available products?
• Can patients or consumers simply modify their diets to obtain the

perceived benefits?

Overall, lifestyle and dietary choices are probably the main
determinants of health/bad health, and therefore the main question
today is:

• Can nutraceuticals help in the prevention of diseases and in their
treatment?
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2
Monographs – general and specific
properties

This chapter outlines the structure(s) and general properties of the major
nutraceuticals. Brief information on metabolism and pharmacokinetics,
and therapeutic uses and legal classification are also included in this
chapter. More detailed information on the sources, manufacture and
analytical techniques is collated in Chapter 3, followed by Chapter 4
listing comparative data for most nutraceuticals on their metabolism,
bioavailability and pharmacokinetics.

The available information for the different entities varies widely:
data for some are limited or even completely missing, whereas complex
supplements such as grape seed proanthocyanidin extract (GSPE) and
food-derived nutraceuticals such as soy and tea have been the subject of
extensive research into their composition, properties and related
epidemiology because of their consumption in wide-ranging populations
and over long periods of time.

Glucosamine

Structure and properties

Glucosamine (Figure 2.1) is an amino monosaccharide, consisting of
glucose and the amino acid glutamic acid.1 It is found naturally in the
body and is present in almost all human tissue, especially in cartilage,
tendons and ligament tissues. It is a precursor of the disaccharide units
of articular cartilage glycoaminoglycan (GAG), which forms most of the
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Figure 2.1 The structure of glucosamine.
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cartilage tissue.1,2 The sulfate, hydrochloride and N-acetyl forms are
usually used for therapeutic purposes.

Glucosamine is not found in significant amounts in the usual diet
and must be synthesised by the body. This ability declines with age and
predisposes the body to degenerative joint disease or arthritis.

Metabolism and pharmacokinetics

The bioavailability of glucosamine in humans is 44% after oral
ingestion, and urinary excretion during the first 24 hours has been
shown to be 1.2% of the dosage (7.5 g).3

Therapeutic areas: Joint, skin and animal health
Legal classification: No restriction; may be obtainable on prescription in the

UK
Recommended oral dose: 1500 mg/day
Formulations available: Tablet, capsule, patch, gel, effervescent tablet, sus-

tained release tablet

Chondroitin

Structure and properties

Chondroitin sulfate (Figure 2.2) is a GAG made up from alternate
sequences of differently sulfated units of uronic acid and N-acetyl-
galactosamine.4 It is commercially obtained from bovine or calf
cartilage.4 Chondroitins of different origins have different constitutions,
resulting in disaccharide units with different numbers and positioning
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Figure 2.2 The structure of chondroitin.
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of sulfate groups, and different polymer lengths. Studies have typically
used material of molecular weight 14 000,5 but the size of commercially
available material varies widely. This wide range in molecular weights
may have a marked effect on a preparation’s ability to treat joint
ailments.

Metabolism and pharmacokinetics

The bioavailability following oral administration of 3 g showed a half-
life of 363 minutes, and bioavailability of 13%.6

Therapeutic areas: Joint and veterinary health
Legal classification: No restriction
Recommended oral dose: 1200–1500mg/day
Formulations available: Tablet, nasal drops

Methylsulfonylmethane

Structure and properties

Methylsulfonylmethane (MSM) is derived from dimethyl sulfoxide
(DMSO), and is a by-product of the wood pulp industry that is used as
an industrial solvent. Other well-established names for MSM include
dimethyl sulfone (DMSO2) or methyl sulfone. MSM was developed after
previous experience with DMSO.

The history of DMSO and its clinical applications have been
reviewed.7 Its use in rheumatoid arthritis was questioned after side-
effects were reported. The possible side-effects of DMSO, plus the
unpleasant garlic odour reported by both users and partners, suggested
MSM, the major metabolite of DMSO, as a replacement. Approximately
15% of DMSO that enters the body is converted to MSM (Figure 2.3).8

MSM occurs naturally in a number of foods, such as meat, milk
and capers for example, and is one of the compounds responsible for
the pungent urinary odour after consumption of asparagus.
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Figure 2.3 Degradation of dimethyl sulfoxide (DMSO).
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Metabolism and pharmacokinetics

MSM exists in human plasma at levels of about 4 mg/person, and
4–11 mg are excreted every 24 hours in the urine.7

Many studies have looked at the conversion of DMSO to MSM,
both in animals and in humans. Reduced serum levels and recovery of
DMSO and MSM reported after dermal administration suggest that
absorption and bioavailability are lower after dermal application than
after oral administration. This may be due to retention in the skin at the
site of application (which could be beneficial for dermatological
conditions) or possible volatilisation from the skin. Much lower
percentage levels are found as the metabolite dimethyl sulfide (DMS),
which is responsible for producing the oyster/garlic odour and taste in
the mouth that occurs a short time after receiving DMSO.7 It has been
shown that MSM does not produce this unpleasant effect and no part
of it is converted into the odorous DMS.8

In all species studied MSM persists in tissues far longer than its
parent compound DMSO.9 It has been shown that excretion in the urine
of orally administered DMSO was complete after 120 hours, whereas
that of the metabolite MSM lasted longer than 480 hours.

Therapeutic areas: Joint and veterinary health
Legal classification: No restriction
Recommended oral dose: Up to 2 g/day
Formulations available: Tablet, capsule, cream, powder

Coenzyme Q10

Structure and properties

Coenzyme Q10 (Co Q10) (synonyms: ubiquinone, ubidecarone) (Figure
2.4) is an endogenously synthesised lipid soluble antioxidant. It is also
present in a number of foods, and this may cause ingestion of
3–5 mg/day. The food types containing Co Q10 are widely diverse,
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including fatty fish, cereals, poultry and vegetables, particularly
spinach.10 It is present in human plasma at a level of 1 mg/L.11

Metabolism and pharmacokinetics

When ingested as a supplement or present in food, Co Q10 is absorbed
and then contributes to plasma concentrations. The metabolism has
been studied in a range of animals, and the major metabolites found in
bile and urine have been identified as carboxylated derivatives.12

Coenzyme Q9 has also been identified in rats.11 After administration of
Co Q10 capsules (30 mg), or cooked pork heart (natural source of Co
Q10, equivalent to 30 mg) to human subjects, maximum serum concen-
trations of approximately 1 mg/L were detected at 6 hours, and levels
in pork heart-fed subjects was slightly higher.11

Therapeutic areas: Cardiovascular health, cancer prevention, respiratory, skin
and animal health (antioxidant)

Legal classification: No restriction
Recommended dose: 100–360 mg/day
Formulations available: Tablet, capsule, chewtab, drops, gel, gum, softgel

Melatonin

Structure and properties

Melatonin (Figure 2.5) is the primary hormone secreted by the pineal
gland. It is biosynthesised from the amino acid trytophan, via the inter-
mediate serotonin. This biosynthesis and the subsequent release of
melatonin is usually inhibited by exposure to light and stimulated by
darkness, via a multisynaptic neural pathway connecting the pineal
gland to the retina.13 However, the 24-hour cycle (or circadian rhythm)
of melatonin secretion is observed even when subjects are kept in
darkness, so it is thought that light adjusts this rhythm rather than
primarily causing it.14 Melatonin secretion usually starts as soon as
darkness falls and usually peaks between 2 and 4 am.
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The amount of melatonin produced varies with age. Babies secrete
low levels, but from the age of about three months, melatonin concen-
trations begin to increase, reaching a maximum between one and three
years of age. Young adults secrete 5–25 �g of melatonin daily and this
decreases markedly with advancing age.15

As it is a hormone, melatonin has been called a drug, however it
is also a nutrient. The consumption of plant materials containing high
levels of melatonin could alter serum concentrations. Melatonin has
been identified in bananas, tomatoes, cucumbers and beetroots, but
unrealistically large amounts of these foods would have to be eaten to
achieve pharmacological doses.15,16

Metabolism and pharmacokinetics

Melatonin is rapidly metabolised by the liver, with more than 85% being
excreted as 6-sulfatoxymelatonin (6-SMT) in urine. This is used as a
research tool to measure plasma melatonin.17 Low doses of between 0.1
and 0.3 mg result in serum concentrations similar to the usual, physio-
logical, night time peak, but doses of between 1 and 5 mg (pharmaco-
logical doses) result in serum concentrations up to 100 times higher than
this concentration.14 Oral doses of melatonin have a short half-life and
are quickly cleared, and even very high nightly doses of 50 mg are
cleared by the following morning. However, after two weeks of high
daily dosing, lipid storage occurs.15

Therapeutic areas: Cardiovascular health, cancer prevention, sport enhance-
ment, sleep improvement, and bone health (antioxidant)

Legal classification: In the UK, the Medicines and Healthcare Products
Regulatory Agency (MHRA) has restricted melatonin to prescription,
available on a named patient basis only. There are no licensed products in
the UK, so it is unlawful to promote melatonin. However, in the USA it may
be sold as a food supplement, under the Dietary Supplement Health and
Education Act of 1994. British residents can legally bring melatonin
purchased in the USA home, for personal use.18

Recommended dose: 0.3–25 mg/day
Formulations available: Tablet, patch, liquid

Carnitine

Structure and properties

Carnitine (Figure 2.6) is an essential cellular component, synthesised
from lysine and methionine in the liver and kidney, from where it is
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released into the systemic circulation, and is also synthesised in the
brain.19,20

Carnitine exists in two isomeric forms, the D- and L-forms, which
have different biochemical and pharmacological properties. Naturally
occurring carnitine is almost always the L-isomer, whereas the D-isomer
is usually obtained from chemical synthethesis. The L-isomer is a
substrate for carnitine-acetyltransferase and is the only isomer with
biological activity, but the D-isomer acts as a competitive inhibitor, inter-
fering with fatty acid oxidation and energy production.21 Some people
do not excrete the D-isomer efficiently and it has also been reported that
administration of the D-isomer causes a depletion of L-carnitine in the
heart muscle, leading to abnormalities.22 D-Carnitine and DL-carnitine
are therefore toxic and not safe for human consumption. They have been
banned in the USA.21

Ninety-eight per cent of carnitine is found in the cardiac and
skeletal muscle, with a further 1.5% in liver and kidneys and 0.5% in
extracellular fluid. Carnitine can also be obtained from the diet,
predominantly from food of animal origin, such as meat and dairy
produce. In humans, 100–200 �mol carnitine is synthesised daily and
an omnivorous diet supplies approximately 300–400 �mol daily.23

The main function of carnitine is in fatty acid metabolism. The
biochemical reactions of this nutrient are based on the reversible reaction
between carnitine and long-chain fatty acyl groups:

Carnitine + Acyl-coA ⇀↽ Acyl-L-carnitine + Coenzyme A

Carnitine is therefore involved with many coenzyme A-dependent
pathways.24

The first recognised function of carnitine was its involvement in
long-chain fatty acid oxidation, at the mitochondrial level, providing
energy. Carnitine acts as a carrier of the acyl and acetyl groups across
the mitochondrial membrane. Once inside the mitochondria, �-oxida-
tion can occur to provide energy from the long-chain fatty acids.25 This
is the main energy source in skeletal and cardiac muscle.20
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Metabolism and pharmacokinetics

A small amount of carnitine is excreted by the kidneys in the urine as
free carnitine or as acylcarnitine, but more than 85% is reabsorbed by
the proximal renal tubule.19,26 The bioavailability of dietary carnitine
has been shown to be 54–87%, depending on food level, and the
bioavailability from supplements (0.5–0.6 g) has been estimated as
14–18% of the dose.27

Although the amount ingested determines the absorption rate, oral
doses of greater than 2 g have no advantage, since at this dose mucosal
absorption appears to be saturated.20 In vegetarians metabolic needs are
usually met by endogenous biosynthesis.28 Carnitine levels would have
to drop by more than 50% to lead to a marked metabolic change, and
this does not usually occur even in strict vegetarians.21 Plasma carnitine
levels are higher in men than in women, and older women (above 40
years) have lower levels still.19,26

Physical activity causes increased serum levels of acetyl-L-carnitine,
C-4/C-8 acetylcarnitines, propionylcarnitine and �-butyrobetaine, and
decreased levels of serum carnitine compared with levels before
exercise.29

Therapeutic areas: Sport enhancement, cardiovascular and bone health,
weight optimisation, veterinary health

Legal classification: Widely used in carnitine-deficiency conditions, and in
many countries in Europe (including the UK) L-carnitine is available as a
prescription-only medicine (POM). In the UK doctors can prescribe
‘Carnitor’ (POM), while health food shops sell unbranded carnitine with
no legal restrictions.

Recommended dose: 2–4 g/day
Formulations available: Tablet

Acetyl-L-carnitine

Structure and properties

Acetyl-L-carnitine (Figure 2.7) is the acetyl derivative of L-carnitine (see
above) and has some similar functions, but it is not technically an
essential nutrient. It occurs naturally in the brain, liver and kidney, and
is synthesised in mitochondria.30

Primary deficiency of acetyl-L-carnitine is caused by impairment of
the membrane transportation of carnitine, and symptoms may include
chronic muscle weakness, recurrent episodes of coma and hypogly-
caemia, as well as encephalopathy and cardiomyopathy. Inherited

26 Monographs

02 Chapter 2  2/3/07  18:56  Page 26



disorders of metabolism can lead to secondary deficiency of carnitine.31

Side-effects associated with the ingestion of this compound are relatively
uncommon and mild.32

Metabolism and pharmacokinetics

Acetyl-L-carnitine is rapidly hydrolysed to carnitine. Pharmacokinetics
of acetyl-L-carnitine are similar to those of carnitine.27

Therapeutic areas: Mental health, sport enhancement, weight management
Legal classification: No restriction
Recommended dose: 1.5–3 g/day
Formulations available: Capsule

Octacosanol/policosanol

Structure and properties

Octacosanol (Figure 2.8) is a 28-carbon aliphatic primary alcohol
(CH3(CH2)26CH2OH), which is present in the superficial waxy layers of
fruit, leaves and epidermis of many plants, as well as whole grains. The
main commercial source is a by-product from the sugarcane industry,
but it is also found in the leaves of alfalfa and wheat, in wheatgerm and
also in various animal sources. It is also a component of paraffin.33,34

As only very small amounts are available in the diet, to gain any health
benefits from octacosanol it must be ingested as a supplement. Most
studies assessing these benefits have been carried out using either a
wheatgerm oil extract or policosanol, which is a natural mixture of

Octacosanol/policosanol 27

O

O−

O

N+

CH3

CH3

H3C O

H3C

Figure 2.7 The structure of acetyl-L-carnitine.

CH3HO

Figure 2.8 The structure of octacosanol.

02 Chapter 2  2/3/07  18:56  Page 27



primary alcohols purified from sugarcane (Saccharum officinarum L.)
wax, whose main component is octacosanol. Both wheatgerm extract
and policosanol are reported to contain 8% hexacosanol, 67%
octacosanol, 12% triacosanol and 13% other long-chain alcohols.35

Metabolism and pharmacokinetics

There are limited data available in this area. The supposed active
metabolite, octacosanoic acid, has been detected in the liver, along with
octacosanol, within 24 hours. After oral administration to rodents,
absorption of octacosanol has been ‘assumed’ to range between 10%
and 35%, and bioavailability ranges between 5% and 12%.36

Therapeutic areas: Cardiovascular health, sport enhancement
Legal classification: No restriction
Recommended dose: 100 mg/day
Formulations available: Tablet, capsule

S-Adenosyl methionine

Structure and properties

S-Adenosyl methionine (SAMe) (synonym : ademetionine) (Figure 2.9) is
synthesised from methionine and adenosine triphosphate (ATP) by
S-adenosylmethionine synthetase, and it is involved in transmethylation,
transsulfuration and aminopropylation reactions. It occurs in every
living cell and acts either as a group donor or enzyme inducer.37

Metabolism and pharmacokinetics

The major metabolic pathway involves decarboxylation, yielding
methylthioadenosine, or putrescine and polyamines.37 SAMe is very
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unstable in the body, and has very poor absorption and bioavailability.
Maximum plasma concentrations occur 3–6 hours after oral adminis-
tration of 400 mg, with a half-life of 1.7 hours, and volume of distri-
bution of 0.4 L/kg.38

Therapeutic areas: Joint and mental health
Legal classification: No restriction
Recommended dose: 200–1200 mg/day
Formulations available: Tablet

Polyunsaturated fatty acids

Fatty acids derive from triglycerides (animal fats and plant oils) in the
diet, and many can also be synthesised de novo. There is, however, a
group that can only be obtained from the diet as the body lacks the
ability to synthesise them, and these are known as essential fatty acids.

Many of those of interest derive from fish and plant oils and include
linoleic acid, eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA),
�-linolenic acid (ALA) and �-linolenic acid (GLA).

All possess multiple unsaturated double bonds and hence are
termed polyunsaturated fatty acids (PUFAs). The first of these double
bonds in EPA, DHA and ALA is located at the third carbon atom from
its terminal, hence they are described as omega-3 or n-3 PUFAs. Linoleic
acid and GLA have their first double bonds at the sixth carbon, and are
termed omega-6 or n-6 PUFAs.

Metabolic pathways have been identified which outline how the
n-3 and n-6 PUFAs act as precursors for the formation of prostaglandins:

• The n-6 PUFA linoleic acid is converted to GLA, then dihomo
�-linolenic acid (DGLA) and finally arachidonic acid (AA) through
the action of a series of enzymes. Cyclooxygenase-2 (COX-2) then
converts AA to prostaglandin E2 (PGE2). DGLA also forms the
precursor of prostaglandin E1 (PGE1) through the action of
cyclooxygenase-1 (COX-1) enzymes.

• The n-3 PUFA ALA is converted to EPA and then DHA which can
compete with and inhibit the action of COX-2, and reduce PGE2

formation.

These prostaglandins are released into the immediate bone tissue
environment and have conflicting actions.
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n-3 Fatty acids from fish oils

Structure and properties

Docosahexaenoic acid (DHA) (Figure 2.10) is one of the major
components of grey matter in the brain, and is important in the retina,
testes, and present at high levels in fish oil. The major source is marine
algae, consequently the largest commercial source is fish feeding off the
algae. Many of the important body functions are thought to require
adequate tissue levels of DHA, particularly brain and eye functions, and
there is a growing trend to enrich a large number of foods with DHA,
the virtues of which are widely extolled in the media. DHA is produced
in the body from EPA by desaturation and elongation reactions.39

Metabolism and pharmacokinetics

DHA-containing fatty acid triglycerides are hydrolysed by pancreatic
lipase in the duodenum to release free DHA. Relative absorption rates
for DHA are dependent on the form administered; up to 95% of free
DHA is absorbed, and less for triglycerides and ester forms. Maximum
plasma concentration occurs 5 hours after ingestion of a single dose of
fish oil. EPA is converted to DHA.39 Administration of 3–12 g fish oil
daily for 28 days produced rapid increases of EPA and DHA plasma
concentrations at all dosages. EPA accumulation was higher than DHA,
and dose-dependent increases were recorded, but DHA showed similar
plasma levels at all dosage levels.40
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Therapeutic areas: Joint, cardiovascular, eye and mental health, cancer
prevention, bone, respiratory, skin and veterinary health

Legal classification: No restriction
Recommended dose: 2.5 g/day
Formulations available: Oil, soft capsule

�-Linolenic acid

Structure and properties

The structure of �-linolenic acid (GLA) is shown in Figure 2.11.

Metabolism and pharmacokinetics

GLA is an essential intermediate between linoleic acid and DGLA, and
thence prostaglandins, thromboxanes and leukotrienes. It is often
claimed to be beneficial in disease states where it is not biosynthesised
from linoleic acid, and consequently supplementation may be beneficial.
Atopic eczema and premenstrual syndrome are two of the most popular
applications. GLA is not widely found in substantial amounts in nature,
but is present in evening primrose seed oil, starflower oil and black-
currant seed oil.10 Supplementation with GLA is usually carried out by
use of the complete oil source, with no prior purification of the GLA.

GLA is an important intermediate in the production of prosta-
glandins and eicosanoids, via the metabolites DGLA and AA,41 and
disruption of its production by the action of delta-6-desaturase on
linoleic acid is thought to be responsible for a number of human disease
states. This disruption is believed to be circumvented by oral GLA
supplementation.
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Therapeutic areas: Skin health, joint health
Legal classification: No restriction, Epogam and Efamast lost their licences as

POM medicines in 2002
Recommended dose: 360–2800 mg/day
Formulations available: Oil, soft capsule

Flaxseed/�-linolenic acid

Structure and properties

Flaxseed, also known as linseed, is produced from the flax plant (Linum
usitatissimum), and has traditionally been used for a number of medical
and non-medical applications.42 Over recent years flaxseed applications
have been ‘rediscovered’ in the area of health and are often promoted
by producers.

Flaxseed oil contains more than 50% ALA (Figure 2.12), which is
an essential n-3 fatty acid. Other sources of ALA include candlenut,
hemp seed, pumpkin seed, canola, walnut and soybean.42

Because ALA is an essential fatty acid humans need to make sure
there is enough in the diet. Health recommendations to replace saturated
fats with unsaturated fats have often resulted in replacement by n-6
rather than n-3 PUFAs. This has led to the modern, Western diet
including far more n-6 fatty acids than n-3, in a ratio of approximately
20–30:1. Ideally the ratio should be almost equal. Moreover, fish
consumption, which was a source of n-3 oils, has decreased in recent
years. Due to modern food industry and agricultural methods, the n-3
content of many foods, including meat, fish, eggs and vegetables is much
lower than it used to be. As a result many people are deficient in the n-
3 essential fatty acid ALA.43

Both n-6 and n-3 fatty acids are precursors of longer chain
eicosanoids, such as prostaglandins, thromboxanes and leukotrienes.
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Those derived from n-6 fatty acids have opposing properties to those
derived from n-3 and therefore a balance is required. A diet rich in n-6
and lacking in n-3 tends to lead to thrombi, blood aggregation and
cardiovascular disease, as well as allergies, inflammation and diabetes.
Fish oils have long been recognised as a source of long-chain n-3 PUFAs,
and many researchers have studied these oils. However, flaxseed
provides the richest plant source precursor, ALA, which is converted to
these long-chain fatty acids, and provides a way to correct deficiency
and prevent diseases associated with decreased n-3 fatty acids.

One advantage of ALA over fish oils is that the problem of reduced
plasma vitamin E does not occur when plant sources are used, because
ALA does not cause reduction, as is the case with fish oil supplements.43

Moreover, as well as being a precursor for longer chain n-3 fatty acids,
ALA has clinically relevant effects in its own right, which offers another
benefit over n-3-containing fish oils.44

Metabolism and pharmacokinetics

After ingestion, ALA is absorbed and partly converted to EPA or DHA.
However, after high intake of linoleic acid, desaturase enzyme degrades
both ALA and linoleic acid, causing reduction in synthesis of DHA from
the ALA.39

Therapeutic areas: Cancer prevention, respiratory health (antioxidant)
Legal classification: No restriction
Recommended dose: 1–2 g/day
Formulations available: Soft capsule

Conjugated linoleic acid

Conjugated linoleic acid (CLA) is a collective term used to describe the
mixture of positional and geometric isomers of linoleic acid with
conjugated double bonds (Figure 2.13). The two bioactive isomers of
CLA are cis-9,trans-11 and trans-10,cis-12, and these two isomers
usually predominate in commercial mixtures.

The main dietary sources of CLA are the meat and dairy products
of grazing animals in whose stomachs bacteria are able to modify dietary
linoleic acid. CLA concentrations in dairy products are usually of the
order of 3–9 mg/g, and are formed as a result of rumen gut microbial
isomerisation of dietary linoleic acid. The levels of CLA in human
plasma are directly related to milk fat intake; no isomerisation from
linoleic acid occurs in the human gut.45
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Metabolism and pharmacokinetics

Limited data are available.

Therapeutic areas: Weight management, sport enhancement
Legal classification: No restriction
Recommended dose: 1–2 g/day
Formulations available: Soft capsule

Flax lignans

Structure and properties

The two major lignans are secoisolariciresinol diglucoside (SDG) and
matairesinol, and their major metabolites are enterolactone and
enterodiol (Figure 2.14). These are often referred to as mammalian
lignans, and have not been found in plants. Six other lignans have been
identified, and these are also converted to enterolactone and enterodiol
to some extent, and also to enterofuran.46 A number of lignans have
been found in a range of commonly consumed cereals and they have
been identified as enterolactone precursors.47

Metabolism and pharmacokinetics

The metabolites are shown in Figure 2.14. Administration of 10 g
flaxseed to humans resulted in large increases in faecal lignan excretion,
from 727 to 12 871 nmol/day. Wide variations in individual abilities to
metabolise lignans have been reported in populations, and this is
possibly caused by variations in the endogenous microflora of different
individuals.46
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Therapeutic areas: Cardiovascular health, cancer prevention, women’s health
(antioxidant and weakly oestrogenic)

Legal classification: No restriction
Recommended dose: Present at about 1% in flaxseed oil
Formulations available: Soft capsule

Pycnogenol

Structure and properties

Pycnogenol is the trade name of a standardised extract of the bark of
the French maritime pine, Pinus pinaster Aiton subspecies Atlantica des
Villar. The standardised extract is a concentrate of polyphenols, mainly
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phenolic acids and procyanidins. The phenolic acids are either deriva-
tives of benzoic acid, such as p-hydroxybenzoic acid, procatechuic acid,
vanillic acid or gallic acid, or cinnamic acid derivatives such as
p-coumaric acid, caffeic acid and ferulic acid. These acids exist in the
free form and as glucosides and glucose esters. The procyanidins are
polymers of catechin or epicatechin monomers, composed of 2–12
monomers. The major dimers include procyanidin B1, consisting of
catechin and epicatechin, followed by B3, consisting of two catechin
monomers linked by a C4–C8 bond, and lower concentrations of the
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equivalent dimers C4–C6 linked, namely B6 and B7. Monomeric
catechin, free taxifolin and its glucoside, and vanillin have also been
found.48 The structures of two proanthocyanidins found in Pycnogenol
are shown in Figure 2.15.

Metabolism and pharmacokinetics

Metabolites of procyanidins (see Table 4.1) were identified after oral
intake by humans, and maximum excretion was seen after between 8
and 15 hours, indicating slow absorption and metabolism.49

Therapeutic areas: Cardiovascular, eye, respiratory, and oral health (anti-
oxidant)

Legal classification: No restriction
Recommended dose: 25–200 mg/day
Formulations available: Capsule

Resveratrol

Structure and properties

Resveratrol (Figure 2.16) has been identified in the leaves, skins and
petals of Vitis vinifera, and also in wines and grape juice, but is also in
other foods, such as peanut butter. In grape products, levels are higher
after infection of the vine with Botrytis cinerea, and in red wines manu-
factured with extended time in contact with the skins.50 In addition to
resveratrol, a number of closely related stilbene analogues are also
present.

Metabolism and pharmacokinetics

A number of degradation products have been identified (see Table 4.1).
After oral administration of 25 mg resveratrol to humans, the highest
plasma concentrations were detected after 30 minutes, which returned
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to baseline after 2 hours.50 Most work has been carried out in rats, and
it appears to be well absorbed after oral administration; plasma values
peaked at about 60 minutes.51

Therapeutic areas: Cardiovascular health, cancer prevention, women’s health
(antioxidant and weakly oestrogenic)

Legal classification: No restriction
Recommended dose: 15–200 mg/day
Formulations available: Tablet, capsule

Grape seed proanthocyanidin extract

Structure and properties

Proanthocyanidins occur naturally in many fruits, vegetables, nuts,
seeds, flowers and bark.52 It is thought that protection from diseases
results from the increase of antioxidants in the body. Grape seed pro-
anthocyanidin extract (GSPE) contains proanthocyanidins based on
either catechin or epicatechin (Figure 2.17). The monomers join together
to form dimers, trimers and other oligomers, and many different
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Figure 2.17 The structures of (a) epicatechin and (b) procyanidin B2.
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structures are formed due to changes in stereochemistry. Dimeric
procyanidins have been classified as procyanidins B1, B2, B3 and B4
depending on the configuration of catechin and epicatechin subunits. A
number of these catechin derivatives are present as their gallates in
addition to the free form.

Metabolism and pharmacokinetics

The proanthocyanidins are poorly absorbed in the small intestine, and
it is thought that ingestion results in metabolism by colonic bacteria. 3-
Hydroxyphenylpropionic acid has been identified as the major
metabolite.53

Therapeutic areas: Cardiovascular and skin health (antioxidant)
Legal classification: No restriction
Recommended oral dose: 1500 mg/day
Formulations available: Tablet, capsule, patch, gel, effervescent tablet,

sustained release tablet

Lycopene

Structure and properties

Lycopene (Figure 2.18) is a natural red pigment synthesised by plants
and microorganisms, but not by animals. It is found in red fruits and
vegetables, particularly the tomato, and is one of over 600 carotenoids
found in nature which function as pigments in photosynthesis and in
photoprotection.54 Of these, about 24 are present in foods. Examples
include �-carotene found in carrots, broccoli and other green-leafed
vegetables and lutein found in spinach, peas and watercress.55 Unlike
many of the other carotenoids, however, lycopene is not a precursor of
vitamin A.

As humans are unable to synthesise carotenoids such as lycopene,
they must be obtained from dietary intake. One group has estimated the
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usual dietary intake in Germany to be approximately 5 mg daily56 but
others have estimated the average daily intake in North America to be
as high as 25 mg, with processed products accounting for at least 50%
of the total intake. Based on these findings the recommended daily intake
is about 35 mg, which is rarely met.57

Processed tomato products such as tomato ketchup, tomato paste
and tomato juice are all good sources of lycopene and, unlike some other
nutrients, lycopene is not lost through cooking or food processing.
Indeed, the lycopene bioavailability increases with heat processing and
therefore tomato-based products are a better source than raw tomatoes
(Table 2.1).58 Studies have shown that heat processing causes isomeris-
ation of the ingested trans-lycopene to the cis-form, which may be
responsible for the increased absorption.57

Metabolism and pharmacokinetics

Lycopene is one of the carotenoids present in humans in the greatest
amount, and plasma concentrations range from 0.22 to 1.06 �mol/L.
After administration of tomato juice containing high levels of lycopene,
peak plasma concentrations were reported from 24 to 48 hours, and
elimination half-life was estimated to be 48–72 hours.59

After ingestion, lycopene is metabolised to a series of epoxides and
diols (see Table 4.1).60

Although most studies have been carried out using high-dose
lycopene (16.5–75 mg/day), in a recent study using low-dose lycopene
(5 mg/day) over a period of six weeks, it was found that tomato juice and
softgel capsules led to higher rates of absorption than fresh tomatoes.56

A lipid-rich diet also increases the bioavailability of lycopene and
therefore the addition of oil to sauces and soups is beneficial. The
presence of �-carotene and other carotenoids in the diet also enhance
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Table 2.1 Lycopene contents of some tomato products

Tomato product Lycopene content (�g/g)

Fresh tomatoes 8.8–42.0
Tomato sauce 62.0
Tomato paste 54.0–1500.0
Tomato juice 50.0–116.0
Ketchup 99.0–134.4
Pizza sauce 127.1

From ref. 58.
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the bioavailability of lycopene, and the carotenoids seem to act syner-
gistically.54 Once ingested, lycopene is found distributed non-uniformly
in most human tissues. It concentrates in adrenal glands, testes, liver and
prostate.54

Therapeutic areas: Cardiovascular and respiratory health, cancer prevention
(antioxidant)

Legal classification: No restriction
Recommended dose: 10–40 mg/day
Formulations available: Tablet, capsule, oral gel

Lutein

Structure and properties

Lutein (Figure 2.19) (and zeaxanthin) are highly concentrated in the eye,
specifically the macula, and function as antioxidants. They exist in a
number of foods, such as green vegetables, particularly spinach.61

Metabolism and pharmacokinetics

Limited data are available. The bioavailability of lutein has been shown
to depend upon the chemical and physical nature of the food source,
and co-consumed material, particularly the fat content.

Therapeutic areas: Cardiovascular, eye and skin health (antioxidant)
Legal classification: No restriction
Recommended dose: 10–40 mg/day
Formulations available: Capsule

Zeaxanthin and astaxanthin

Structure and properties

The structures of zeaxanthin and astaxanthin are shown in Figure 2.20.
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Metabolism and pharmacokinetics

The major metabolites of zeaxanthin have been shown to be lutein and
3�-dehydro-lutein, and the time courses of plasma concentrations were
similar for both. Half-life for accumulation was 5 days.62

Therapeutic areas: Eye health (antioxidant)
Legal classification: No restriction
Recommended dose: 10–40 mg/day
Formulations available: Capsule

�-Lipoic acid

Structure and properties

Lipoic acid (synonym : thiotic acid) (Figure 2.21) is present in all kinds
of prokaryotic and eukaryotic cells, and is linked to lysine residues on
proteins. In humans it is involved in energy production, and acts as a
redox couple in combination with its reduced form, dihydrolipoic acid.
It is found in high amounts in metabolic organs such as the heart (pig
heart contains 1.1–1.6 mg/kg).

�-Lipoic acid is an antioxidant found naturally in meat, liver and
yeast,63 which is readily absorbed from the diet, but also synthesised by
animals and humans. In many tissues it is rapidly converted to
dihydrolipoic acid, which acts synergistically with other antioxidants.
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Dihydrolipoic acid is a non-essential nutrient created by the human body
and so deficiencies are not known to occur.

Metabolism and pharmacokinetics

The primary metabolites found in humans are the result of S-methyla-
tion and �-oxidation (see Table 4.1). Urinary excretion of lipoic acid
and its major metabolites account for only 12.4% of the administered
dose.64 Pharmacokinetic parameters for lipoic acid and its metabolites
have been reported in humans after administration of 600 mg doses once
daily for 4 days. The parameters were the same on both day 1 and day
4, and there were prolonged half-lives for the major metabolites
compared with that of lipoic acid.64 After oral administration to
humans, the absolute bioavailability was calculated as 20–38%, depend-
ing on isomer and formulation.65

Therapeutic areas: Eye and veterinary health (antioxidant)
Legal classification: No restriction
Recommended dose: 50–100 mg/day
Formulations available: Tablet, capsule, liquid

Dehydroepiandrosterone

Structure and properties

Dehydroepiandrosterone (DHEA) (synonym : Prasterone) (Figure 2.22)
and its metabolite DHEA sulfate (DHEAS) are endogenous hormones
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synthesised and excreted mainly in the adrenal gland, in response to
adrenocorticotropic hormone.66

Metabolism and pharmacokinetics

DHEA is converted to DHEAS, and further to androstenedione, and
androstenediol, and testosterone. The elimination half-life of DHEA is
15–38 minutes, and for DHEAS it is 7–22 hours. Oral absorption is
excellent.66

Therapeutic areas: Cardiovascular and mental health, veterinary health
Legal classification: POM in UK
Recommended dose: 5–25 mg/day
Formulations available: Tablet

Soy isoflavones

Structure and properties

Although soy is grown in many countries of the world, and the USA is
now a major producer, the major consumers are traditionally the inhabi-
tants of East Asia. Soy is available in a wide variety of different food
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forms, for example whole soybeans, soy sauce, tofu (soybean curd),
tempeh, soymilk, miso (fermented soybean paste) and natto (fermented
soybeans).67

The major isoflavones present in soybeans are genistein, daidzein
and, to a lesser extent glycitein (Figure 2.23). Genistein is found in the
highest proportion. This conjugates to form its �-glycoside genistin in
biological fluids. Daidzein and its �-glycoside daidzin are less abundant
in soy foods but still present in significant quantity.68 A third isoflavone,
glycitin (and its aglycone glycitein), is found in soy but this has been
much less researched as it is only found in relatively small amounts.
These isoflavones are available as extracted compounds, in a range of
foods, in traditional and modern commercial products, and in soy
protein.

The isoflavone content of raw soybean is around 1 mg/g but is
highly variable, varying between 0.4 to 2.4 mg/g depending on growing
conditions and crop variety. Highly processed products contain much
lower isoflavone contents due to manufacturing methods such as alcohol
washing of soy concentrates. This process vastly reduces the levels of
isoflavone present in the food.

Genistein is found at levels of 1–150 mg/100 g in the mature
soybean. Daidzein and its �-glycoside daidzin are less abundant in soy
at levels of 0.5–91 mg/100 g.69 The third isoflavone, glycitin and its
aglycone glycitein, are also present in relatively small amounts.
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The structural similarity between the isoflavones and oestradiol is
the basis for the proposition that the isoflavones may be able to replace
human oestrogenic activity.

17�-Oestradiol (Figure 2.24) is one of the most potent endogenous
oestrogens in humans. The structures of isoflavones are similar to the
structure of 17�-oestradiol in two ways: (1) Both have an aromatic ring
with a hydroxyl group attached to it; (2) A nearly identical distance
exists between the two hydroxyl groups in both.70

Comparisons, both structurally and pharmacologically, can be
drawn with the oestrogen antagonist tamoxifen, commonly used as a
chemopreventative and chemotherapeutic drug for breast cancer (see
Figure 2.24).

Metabolism and pharmacokinetics

The bioavailability of the isoflavones can depend on relative uptake rates
of the conjugated and free forms of genistein and daidzein, hydrolysis
of glycosides by gut bacteria and gut wall enzymes, further metabolism
in the liver, and excretion rates.71

Genistein and daidzein are efficiently absorbed from the gut and
small intestine. In non-fermented soy foods such as soybeans, genistein
is conjugated in several different forms but predominantly as the �-
glucuronide.72 Absorption requires prior hydrolysis by �-glucuronidase
to the aglycone. This results in a number of metabolic products such as
equol (Figure 2.25), which is produced by gastrointestinal flora. This
also possesses oestrogenic properties.73

In non-fermented soy products the conjugated isoflavones predom-
inate, whereas in fermented products such as soy sauce and miso, the
aglycone forms are more abundant. Fermented soy foods therefore
already contain the aglycone form of genistein, theoretically allowing
this to be absorbed straight into the blood.74 Cooking also generates this
absorbable form by degrading the heat-labile malonyl glucosides of
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daidzein and genistein to the non-acylated form,75 allowing absorption
in the gut. Once in the plasma, the compounds can be taken up by
the liver and excreted in the bile as conjugates, mainly as 7-O-�-
glucuronide.73

The isoflavones become highly bound to proteins in the plasma,
and less than 3% will circulate as the free aglycone form.76 A study
conducted on subjects fed a soy beverage for two weeks reported plasma
levels of genistein and daidzein to range between 0.55 and 0.96 �mol,
mostly as glucuronide and sulfate conjugates.77

The metabolism of genistein and daidzein occurs mainly in the
liver, and these metabolites are excreted via the biliary, urinary or faecal
routes. Only 1–2% of genistein is excreted faecally, the biliary and
urinary routes are of greater significance when considering clearance.78

Genistein and daidzein both undergo extensive first-pass metabolism,
removing them from the plasma.77 The genistein 7-O-�-glucuronide can
be excreted in the bile duct, where reabsorption may occur. It was
suggested that daidzein is less bioavailable than genistein due to its more
rapid excretion in the urine. This may be due, however, to the less
hydrophobic nature of daidzein.71

Therapeutic areas: Cardiovascular, mental, bone, women’s and skin health,
cancer prevention (antioxidant and oestrogenic)

Legal classification: No restriction
Recommended dose: 30–50 mg/day
Formulations available: Tablet, powder

Tea

Structure and properties

Tea is obtained from Camellia sinensis, an evergreen shrub native to
South-East Asia but cultivated in over 30 countries worldwide.79 Tea is
derived from the leaves of the plant, with the top two leaves and the
bud producing the finest tea.80 The leaves contain polyphenols (approx-
imately a third of the dry weight)81 together with an enzyme called
polyphenol oxidase.

Approximately 3 billion kg of tea are produced and consumed each
year82 and of the three main types of tea produced – black, green and
oolong – black tea accounts for approximately 78% of the total
consumed worldwide, with green tea representing 20% and oolong tea
less than 2%.79

Green tea is produced by steaming or heating the freshly harvested
leaves; this inactivates the enzyme polyphenol oxidase, and prevents
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fermentation of the polyphenols such as catechins. To produce black tea
the leaves are left to wither, which allows the moisture content to
decrease. The leaves are then rolled and crushed, which permits the
release of polyphenol oxidase and the oxidation of the polyphenols. The
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(EGCG).
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catechins (polyphenols) are converted into theaflavins and thearubigins.
After 60–90 minutes the product is dried using a stream of hot air.79,83–85

Oolong tea is produced via the same process as black tea but the leaves
are dried with hot air after only 30 minutes, and therefore only partial
fermentation occurs.81

The polyphenols (proanthocyanidins) include catechins, quercetin,
myricetin and kaempferol and they account for 30–42% of the dry
weight of tea. Catechins are the main components and the four principal
ones found in tea are (—)-epicatechin (EC), (—)-epicatechin gallate
(ECG), (—)-epigallocatechin (EGC) and (—)-epigallocatechin gallate
(EGCG),86 of which EGCG is the most abundant, accounting for
50–80% of the catechins.83 A typical brewed cup of green tea, approx-
imately 240 mL, can contain up to 200 mg of EGCG.79 Figure 2.26
shows the structures of the major catechins in tea.

In addition to gallic acids and theanine, green tea contains approx-
imately 3–6% of caffeine, and theophylline and theobromine.83 Black
tea also contains catechins but to a lesser extent – only 3–10% of the
dry weight compared with 30–42% in green tea. Black tea also contains
theaflavins, including: theaflavin, theaflavin-3-gallate, theaflavin-3�-
gallate and theaflavin-3,3�-digallate. Theaflavins only account for 2–6%
of the dry weight of black tea; thearubigins are the major components
accounting for over 20% of the dry weight.85 Thearubigins have a higher
molecular weight than theaflavins and are presently poorly defined
chemically.85 Black tea contains slightly less caffeine than green tea, on
average 2–4% of the dry weight. Oolong tea also contains thearubigins,
theaflavins and catechins.83 Figure 2.27 shows the basic structures of
theaflavins.
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Catechins are the main polyphenolic component of green tea and
EGCG has been claimed to be the most biologically active.87

Metabolism and pharmacokinetics

Following the administration of decaffeinated green tea (1.5, 3.0 and
4.5 g tea solids) to human volunteers, peak plasma concentrations of
326, 550 and 190 �g/L were observed for EGCG, EGC and EC,
respectively 1.4–2.4 hours after ingestion. The half-life of EGCG
(5.0–5.5 hours) was higher than the half-lives of EGC or EC
(2.5–3.4 hours). Over 90% of total EGC and EC were excreted in the
urine within 8 hours, but EGCG was not, only appearing in faeces.88

Following consumption of 2–3 cups of green tea, peak saliva levels
of 4.8–22, 11.7–43.9 and 1.8–7.5 mg/L were observed respectively for
EGCG, EGC and EC. After volunteers held a solution of EGCG in
their mouths for a few minutes, both EGCG and EGC were detected
in saliva. EGCG was converted to EGC via an enzyme, catechin esterase,
and both compounds were absorbed through the oral mucosa.88 These
results suggest that drinking tea slowly is very effective in delivering high
concentrations of catechins to the oral cavity and oesophagus.85

In another study in humans, single oral doses of 200–800 mg
EGCG were administered, and the mean area under the plasma concen-
tration time curves of EGCG was from 22.5 to 167.1 min 	 �g/mL for
the 200–800 mg doses. EGC and EC were not detected in the plasma,
and the availability of EGCG increased over the dosage range, possibly
due to the presence of saturable presystemic elimination.89 Later work
using multiple-dose administration of EGCG revealed a >60% increase
in the plasma concentration time curves after four weeks of adminis-
tration at the 800 mg doses.90 A study using 195 mg EGCG found
similar pharmacokinetic data, but considerable interindividual vari-
ability was noted.91

Catechin bioavailability from 28 studies has been reviewed.92 It
was noted that the bioavailability differed markedly between the
different catechins. EGCG was seen to be methylated in a number of
studies, at either the 4�-O- or 4�,4��-di-O-positions, and these were often
the major metabolites of EGCG. EGCG is also the only polyphenol
present in plasma as a major proportion of the ingested dose. Other
catechins have been found as glucuronide and sulfate conjugates.92 A
range of hydroxyphenyl valerolactone analogues have been identified in
plasma and urine, mainly as conjugates, and these account for high levels
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of EGC and EC, 8–25 times the levels detected of the unchanged
compounds.92

Tea polyphenols have low bioavailability due to their high mol-
ecular weights and polarity. The large number of hydroxyl substituents
may hinder absorption of the compounds across the gut lumen.93
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Figure 2.28 Biotransformation of catechins. Reprinted from Lambert J D, Yang
Chung S. Cancer chemopreventive activity and bioavailability of tea and tea
polyphenols. Mutat Res 2003; 523–524: 201–208, with permission.
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Figure 2.28 outlines a number of human metabolites from
catechins catalysed by colonic microflora. A number of methylations of
EC, EGC and EGCG catalysed by catechol-O-methyltransferase
(COMT) have also been shown to give rise to mono- and di-methyl
forms.93

Human colonic microflora, in vitro, have also been shown to
degrade exogenous catechin polymers into monohydroxylated phenyl-
acetic, phenylpropionic and phenylvaleric acids, over 48 hours of
incubation in anoxic conditions.94 Catechins themselves are rapidly
eliminated, but galloylated catechins such as ECG and EGCG have not
been detected in the urine, due to their preferential excretion in the
bile.91

Tea polyphenols have low bioavailability due to their high
molecular weights and a high number of hydroxyl substituents. This
makes them susceptible to phase II enzymes, resulting in their biotrans-
formation. Also, the hydroxyl groups may hinder absorption of the
compounds across the gut lumen.95 The theaflavins are still less bioavail-
able.84

Therapeutic areas: Cardiovascular, bone, skin and oral health, cancer
prevention and weight management (antioxidant)

Legal classification: No restriction
Recommended dose: 5–100 mg/day of tea polyphenols
Formulations available: Tablet, capsule, powder, tea

Creatine

Structure and properties

Creatine (Figure 2.29) is distributed throughout the human body, with
95% found in skeletal muscle.96 It occurs naturally in the human diet,
as red meat and fish contain 4–10 g/kg. It is also synthesised in the
kidney, liver and pancreas. Creatine supplementation gives rise to higher
levels of phosphocreatine, which is used to produce and regenerate ATP,
resulting in cells being better able to deal with energy requirements in
health and disease.96

Metabolism and pharmacokinetics

Creatine and phosphocreatine are catabolised to creatinine, which is
eliminated in the urine. Creatine pharmacokinetics are non-linear, as
skeletal muscle which acts as a depot for creatine, has a finite capacity
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for its storage. When this capacity is taken up, the volume of distribution
and clearance can decrease, which causes complex pharmacokinetics.96

Therapeutic areas: Mental health, sport enhancement
Legal classification: No restriction
Recommended dose: 5–25 g/day
Formulations available: Tablet, capsule, effervescent tablet, liquid
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3
Source, manufacture and analysis of
major nutraceuticals

Table 3.1 summarises information on the source, manufacturer, GRAS
(Generally Recognized As Safe) status and representative analytical
techniques available for a selection of major nutraceuticals.

Most nutraceuticals are natural products, being derived roughly
equally from plants and animals. Some are endogenous human metabol-
ites, while others are common dietary constituents that appear in human
metabolism, for example lycopene. A number of entities exist in higher
plants, and are commercially extracted from them, although some are
present in insufficient levels for commercial exploitation, such as methyl-
sulfonylmethane (MSM) and dehydroepiandrosterone (DHEA), and
consequently are produced commercially by chemical synthesis.
Similarly, those of animal origin may be produced by chemical synthesis,
such as carnitine, creatine and the carotenoids, but may also be produced
by fermentation, such as coenzyme Q10 (Co Q10) and S-adenosyl
methionine (SAMe). Soy isoflavones which occur naturally in the
glycoside form are available as both glycosides and their aglycones, and
are invariably complex mixtures, as are green tea extracts, grape seed
proanthocyanidin extract (GSPE) and pycnogenol. The n-3 fatty acids
such as docosahexaenoic acid (DHA)/eicosapentaenoic acid (EPA) and
�-linolenic acid are usually available as complex mixtures, containing
supradietary levels of the active constituents, and often partial purifi-
cation from the other fatty acids is not carried out. However, enrichment
of these entities is increasingly being carried out using sophisticated
techniques.29,30 Microalgal fermentation is also an option for
production of DHA/EPA.31 In certain cases nutraceuticals exist in a
number of isomeric forms, which may have varied activities or even be
toxic; an example of this latter situation occurs with carnitine, in which
the D-form is toxic, and thus chiral synthesis of the L-form is carried
out.18

Because of their long standing presence in particular foodstuffs, a
number of nutraceuticals have GRAS status as defined by the US Food
and Drug Administration (FDA), and increasingly manufacturers are
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Table 3.1 Major nutraceuticals, their source, manufacture and extraction, and techniques used for their analysis

Nutraceutical Source Manufacture/extraction/fermentation GRAS Analytical techniques

Glucosamine Bovine trachea, shellfish1 Chitin acid hydrolysis,2 fish shell
enzymic hydrolysis3

HPLCU,R,P 4

Chondroitin Bovine trachea/cartilage1 Enzymic hydrolysis of beef trachea5 � HPLCR 6

Agarose electrophoresisP 7

CER 8

Methylsulfonylmethane Meat, milk, capers, etc.9 Distillate of peroxide oxidation of
DMSO10

� GCP,U 11

Coenzyme Q10 Common foods12 MeOH/NaOH digest of hearts/livers
after H2S treatment,13 fermentation1

� HPLC-Electrochemical
detectorR 14

HPLC-Electrochemical
detectorP 15

Melatonin Bovine pineal glands16 Aqueous extraction of defatted beef
pineal glands17

� RIAP,U 16

GC-MSR 16

HPLCP,U 16

Carnitine Heart, skeletal muscle18 Chiral synthesis from butyrolactone18 � Chiral HPLCR 19

HPLC-MSU 20

Acetyl-L-carnitine Brain, liver, kidney21 Synthesis from racemic carnitine22 � HPLC-MSU 20

Octacosanol/policosanol Sugarcane waste,
wheatgerm, rice bran23

Ultrasound aqueous extraction24 � GC-MSR 25

S-Adenosyl methionine Meat, yeast, vegetable26 Enzymatic synthesis27 SPE + HPLCR,U 28

Docosahexaenoic
acid/eicosapentaenoic
acid (DHA/EPA)

Fish, algae, plankton,29

seal blubber30
Oil extraction, lipase-catalysed
enrichment,29 fish oil distillation,30

microalgal oil31

� HPLCR 32

GCR 32
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Table 3.1 Continued

Nutraceutical Source Manufacture/extraction/fermentation GRAS Analytical techniques

FAME-GCP 33

�-Linolenic acid Oenothera biennis,
Borago officinalis

Whole oil used GLC 34

FTIR 35

�-Linolenic acid Linum usitatissimum Pressed oil/solvent extraction36 As for DHA/EPA FTIR 35

Conjugated linoleic acid Beef, dairy products37 Microbiological fermentation, extraction
from soy/sunflower38

Reversed phase HPLC 39

Flax lignans Linum usitatissimum Supercritical extraction CO2
40 CCC 41

Pycnogenol Pinus pinaster Aqueous/ethanolic extract of pine bark42 As for GSPE
Resveratrol Red wine,43 Polygonum

capsidatum root,44

Veratrum sp.,45

Vaccinium macrocarpon46

Mid polarity solvent extraction47 HPLCP 48

CER 49

GC-MSR 44

ELISAR 44

Grape seed
proanthocyanidin extract
(GSPE)

Vitis vinifera Water/ethanol extraction50 � Supercritical extractionR 51

HPLCR 52

LC-MSR 53

HP Gel permeation
chromatographyR 54

Lycopene Foods, including
tomato,55,56 green algae57

Tomato extraction,38 chemical
synthesis38

� HPLCR 58

continued
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Table 3.1 Continued

Nutraceutical Source Manufacture/extraction/fermentation GRAS Analytical techniques

Lutein Tomato, butternut
squash56

PET ether extraction of Tagetes spp.59 � HPLC60

Zeaxanthin Butternut squash56 Unsaponifiables of methanol extract61 HPLC56

Astaxanthin Fish, shellfish62 Oil extract from Haematococcus
pluvialis62

HPLC63

Lipoic acid Meat, liver37 Isolation from liver,64 synthesis65 HPLC fluorimetric
detectorP,U 66

Dehydroepiandrosterone Wild yams67 Cholesterol oxidation68 HPLCR 69

GC-MSP 70

Soy isoflavones Soy and fermented soy
products

Fermentation–glycoside hydrolysis71 HPLC coulometric
electrode array detectorR 72

Green tea extracts Camelia sinensis Aqueous extraction, synthesis of
catechins73

1H-NMRR 74

CER 75

Creatine Skeletal muscle76 Synthesis77 CEU 78

RRaw material; PPlasma; UUrine.
�, GRAS status for named products; HPLC, high-pressure liquid chromatography; CE, capillary electrophoresis; GC, gas chromatography; RIA,
radioimmunoassay; GC-MC, gas chromatography–mass spectrometry; SPE, solid phase extraction; CCC, counter current chromatography; ELISA,
enzyme-linked immunosorbent assay; FAME, fatty acid methyl esters; FTIR, Fourier transform infrared; NMR, nuclear magnetic resonance.
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gaining GRAS certification for products not normally ingested (in
realistic levels) by consumption of foodstuffs, such as MSM and
octacosanol/policosanol. This certification is thought to enhance the
product, by gaining a cachet that denotes that a product is of natural
origin, even if it is produced by other means.

A list of GRAS entities is published on the Internet79 and manu-
facturers of many consumed constituents often choose to incorporate
these constituents as opposed to non-GRAS constituents, as they appear
to convey a suggestion of safety to the end product. Nutraceutical manu-
facturers not only use these products, but also actively press for GRAS
status of existing products, and products produced by a new manufac-
turing process.

As with pharmaceuticals, the analytical procedures used for
identification and quantification of nutraceuticals are becoming increas-
ingly sophisticated, reflecting the analytical advances being made, and
the desire by manufacturers to produce detailed information about levels
of active constituents, both in the natural materials, and in formulated
products, but also in biological fluids which are increasingly being inves-
tigated both in clinical trials and in vivo research in an attempt to
determine the fate of ingested entities. Traditional solvent extraction
techniques, although still widely used, are often supplanted by solid
phase extraction (SPE), and more recently by supercritical fluid
extraction, which removes/reduces levels of solvents used, and is particu-
larly beneficial for thermolabile constituents.

Non-polar molecules such as MSM are most easily analysed by gas
chromatography (GC)11 due to their volatility, and polar molecules are
widely separated and quantified using high-pressure liquid chromatog-
raphy (HPLC). A number of detection systems are used in HPLC, such
as ultraviolet (UV) and electrochemical detectors, and as with GC,
increasingly systems are being linked to mass spectroscopy (MS), to
allow detailed elucidation of individual molecular structures. This latter
area is now increasingly being used for the identification of metabolites
in biological fluids, such as urine and blood plasma, and chromato-
graphic systems are now widely available for the identification and
quantification of most nutraceuticals at the low levels found in these
matrices.

Agarose electrophoresis has been used for the analysis of chon-
droitin, and the relatively recent development of capillary electrophore-
sis (CE) has allowed analysis of a number of extremely complex
nutraceuticals such as green tea, and grape and wine products containing
GSPE and resveratrol. The phytoestrogens from soy and flax, n-3
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polyunsaturated fatty acids (PUFAs) and conjugated linoleic acid (CLA),
carotenoids, lycopene, zeaxanthin, astaxanthin and lutein, and tea
catechins have been the subject of a recent edited book on the subject,
in which monographs list techniques for sample preparation and
extraction, chromatographic separation, detection methods and quanti-
tation methods.80

Particularly in investigation of entities and their metabolites,
radioimmunoassays and enzyme-linked immunosorbent assay (ELISA)
are now being used for detection at extremely low levels.
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4
Metabolism, bioavailability and
pharmacokinetics of nutraceuticals

The metabolism, bioavailability and pharmacokinetics of many nutra-
ceuticals have been reported, particularly over the previous 10 years.
Results have been presented for both physiological and dietary com-
pounds after supplementation, which may cause problems in interpret-
ing the data.

Metabolism data

Metabolites have now been identified for the majority of nutraceuticals,
and a number of these may be responsible for the activity of particular
nutraceuticals. The evidence is discussed in later chapters. Table 4.1 lists
the physiological and dietary levels of some major nutraceuticals and
their metabolites. Rarely do available dietary levels impact on physio-
logical levels. Except for excessive intake of foods containing coenzyme
Q10 (Co Q10), carnitine, soy and tea phenolics, and creatine, there is
little chance of normal dietary supplementation substantially increasing
physiological levels. With some nutraceuticals there are no physiological
levels, and no realistic dietary sources. With others any physiological
levels are caused by consumption of specific foods, for example those
containing lycopene, tea catechins or soy isoflavones. Although metabo-
lites have been identified for many entities, detailed lists have still not
been collated for others.

Bioavailability data

Studies on the bioavailability of a number of nutraceuticals have been
carried out, revealing wide differences. These data give an insight into
the possible effectiveness of the different entities following consumption.
Table 4.2 lists reported levels from a variety of studies, from which a
rough comparison can be made. Nevertheless, as in the case of serum
levels, a number of variable circumstances were involved in deriving
these figures and any conclusions should be treated with caution. The
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7
0Table 4.1 Physiological and dietary levels of nutraceuticals and their metabolites

Nutraceutical Physiological level Dietary level Metabolites

Glucosamine1 No data N/A Glucosaminic acid
Chondroitin2 N/A – Lower molecular weight polysaccharide
Chondroitin3 N/A – Chondroitin-4-sulfate
Methylsulfonylmethane4 4 mg/person Minimal DMS
Methylsulfonylmethane5 4 mg/person Minimal Methionine?
Coenzyme Q106 0.5 �g/mL 3–5 mg/day Coenzyme Q9
Coenzyme Q107 0.5 �g/mL 3–5 mg/day 6-(5� and 6�) Carboxylated derivatives
Melatonin8 10–50 pg/mL Minimal 6-Hydroxymelatonin

plasma (day–night)
Carnitine9 9 mg/L 3–97 mg/100 g meats Acetylcarnitine, C-4/C-8 acetyl carnitines,

propionylcarnitine
Carnitine10 9 mg/L 3–97 mg/100 g meats �-Butyrobetaine, acetylcarnitine
Acetyl-L-carnitine11 No data, present No data, present Carnitine
Octacosanol/ policosanol12 Present in central N/A Fatty acids

nervous system
Octacosanol/policosanol13 See above N/A Myristic, palmitic, stearic, oleic, and

palmitoleic acids
Octacosanol/policosanol14 See above N/A See above
S-Adenosyl methionine15 30–40 ng/mL – Methylthioadenosine, S-adenosylhomocysteine,

adenosine, putrescine, polyamines
S-Adenosyl methionine16 30–40 ng/mL 0.1–10 mg/kg food Taurine
n-3-Fatty acids17 1–3% total body fat 
10% total fat ALA�EPA/DHA
n-3-Fatty acids18 1–3% total body fat 
10% total fat ALA�EPA/DHA
�-Linolenic acid19 4–6 �g/mL Minimal
�-Linolenic acid20 – Minimal DGLA Arachidonic acid
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7
1

Table 4.1 Continued

Nutraceutical Physiological level Dietary level Metabolites

Flaxseed/�-linolenic acid18 10–30 �g/mL –
Flaxseed/�-linolenic acid21 – 1.5 g/day ALA�DHA
Conjugated linoleic acid22 – – Elongated and desaturated CLA metabolites
Conjugated linoleic acid23 – 350–430 mg/day –
Flax lignans24 Diet dependent Diet dependent SDG�enterolactone
Pycnogenol25 N/A N/A Ferulic acid, taxifolin, �-(3,4-dihydroxyphenyl)

and (3-methoxy 4-hydroxy phenyl) gamma-
valerolactones

Resveratrol26 N/A 0.1–2.3 mg/L wine Piceatanol
Resveratrol27 N/A 0.1–2.3 mg/L wine –
Resveratrol28 N/A 0.1–2.3 mg/L wine Piceatanol, plus another tetrahydroxystilbene
Resveratrol29 N/A 0.1–2.3 mg/L wine Dihydroresveratrol
Grape seed N/A N/A Catechin/proanthocyanidin metabolites, mainly

proanthocyanidin extract30 3-hydroxyphenylpropionic acid
Lycopene31 N/A 2–5 mg/day 5,6-Dihydroxy-5,6-dihydrolycopene
Lycopene32 N/A – Lycopene epoxides, cyclocopene diols,

cyclocopene epoxides
Lutein33 10–12 �g/g, testes, – –

adrenal
Zeaxanthin34 N/A 5–26 ng/day Zeaxanthin�lutein
Zeaxanthin35 N/A 5–26 ng/day Zeaxanthin�lutein
Lipoic acid36 Minimal Minimal Dihydrolipoic acid, 3-ketolipoic acid,

bisnorlipoic acid, 3-methoxylipoic acid

continued
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7
2

Table 4.1 Continued

Nutraceutical Physiological level Dietary level Metabolites

Lipoic acid37 Minimal Minimal Bisnorlipoic acid, hydroxybisnorlipoic acid,
tetranorlipoic acid, 4,6-bismethylthio-hexanoic
acid, 6,8-bismethylthio-octanoic acid, 2,4-
bismethylthio-butanoic acid

Dehydroepiandrosterone38 – – Testosterone, 5-androstenediol
Dehydroepiandrosterone39 1–5 �g /L 0.2–1% in foods Oestradiol, oestrone
Soy isoflavones, N/A Diet dependent Unidentified

daidzein/genistein40

Soy isoflavones41 N/A 15–20 mg/day by specific 18 demethylated and hydroxylated metabolites
consumers

Soy isoflavones25 N/A 15–20 mg/day by specific Daidzein�equol and intermediates
consumers

Green tea catechins, N/A Diet dependent, minimal in 4–O-Methyl-epigallocatechin, valerolactones
EGCG, EGC, EC, ECG42 low dose green tea

Green tea catechins, N/A – 3 and 4-O-methyl-EC, EGC and EGCG,
EGCG, EGC, EC, ECG43 valerolactones

Green tea catechins, N/A 18–50 mg/day –
EGCG, EGC, EC, ECG44

Creatine45 1 g/day produced Present 5 g/kg meat Creatinine, phosphocreatine

N/A, not available endogenously.
ALA, �-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; CLA, conjugated linoleic acid; SDG, secoisolariciresinol diglucoside;
DHEA, dehydroepiandrosterone; EC, (—)-epicatechin; ECG, (—)-epicatechin gallate; EGC, (—)-epigallocatechin; EGCG, (—)-epigallocatechin gallate.
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7
3

Table 4.2 Oral bioavailability in humans after single-dose administration of nutraceuticals (except where stated)

Nutraceutical Dose Bioavailability Increased serum levels

Glucosamine46 7.5 g 26%, 44% incorporation –
into globulin

Chondroitin4 3 g 13% –
Coenzyme Q106 30 mg – 35% increase in serum levels at 6 hours
Coenzyme Q1048 30 mg – 2.7–6 times normal level
Melatonin27 2–4 mg 15% –
Melatonin49 250 �g 10–56% 240–620 pg/mL
Melatonin50 1–6 g 5–18% –
Carnitine51 2 g/12 hours 14–16%
Carnitine11 0.5–0.6 g 14–18%
Acetyl-L-carnitine11 2 g/day 43% increase
Octacosanol/policosanol12 – 5–12% (rats) –
S-Adenosyl methionine15 2 	 200 mg – 3.5–6 times
Docosahexaenoic acid52 11.6% of 9 g fresh oil – 2 times normal levels
Eicosapentaenoic acid52 18.2% of 9 g fresh oil – 5–6 times normal levels
Resveratrol53 50 mg/kg 38% (rats) –
Resveratrol29 Almost zero
Lycopene, lutein, zeaxanthin, 1 mg 4% –

astaxanthin34 10 mg 20%
Lipoic acid37 600 mg/day for 4 days 30% –
Lipoic acid36 1 g 20–38% –
Dehydroepiandrosterone54 200 mg – 5–6 times normal
Green tea extracts42 20 mg/kg body weight Low –
EGC 15.5 mg 0.8% 179 ng/mL peak serum level
EC 36.5 mg 0.7%
EGCG 16.7 mg 0.1%
ECG55 31.1 mg 0.09% 1.7% in total
Creatine56 2–3 g 5–6 times normal

EC, (—)-epicatechin; ECG, (—)-epicatechin gallate; EGC, (—)-epigallocatechin; EGCG, (—)-epigallocatechin gallate.
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absence of data for some major nutraceuticals, such as methylsulfonyl-
methane (MSM), �-linolenic acid (GLA) and grape seed proantho-
cyanidin extract (GSPE), means that there is no guidance for optimal
dosage levels.

Further evidence for the different bioavailability of different formu-
lations and complex mixtures only allows the individual con-
sumer/patient/clinician to use the most detailed/only available published
data. Detailed comparative data for some individual nutraceuticals have
been published (e.g. Co Q10,57 creatine45), and in these cases com-
parison of a range of studies is possible. In the study on the bio-
equivalence of Co Q10 formulated products, 180 mg doses of four
products were evaluated in nine individuals. Although the absolute
bioavailability of Co Q10 is not known, it has been found to be strongly
lipophilic, practically insoluble in aqueous solution, and has poor
bioavailability. A range of products have been formulated with emulsi-
fying agents and oil-based vehicles, as well as fully solubilised formula-
tions, in an attempt to improve bioavailability. An increased serum
concentration and area under the curve (blood concentration–time
profile) (AUC) of about 50% was recorded for the oil suspension in soft
gelatin capsule when compared with a standard dry formulation.58

Research into the variability of ten Co Q10 products available in
New Zealand showed that there was at least fourfold variation in the
increase in plasma Co Q10 levels achieved by the different products, and
patients showed no increase in levels with the least effective products.59

Bioequivalence comparison of four products showed the best to be the
one containing the reduced form of Co Q10, ubiquinol, which was even
superior to solubilised formulations.57

In a review of the pharmacokinetics of 17 formulated creatine
products taken from six published studies, accumulated data allow
direct comparison of the data on single dose use of 5 mg formulated
products.45 There is a wide variation in the levels of quoted pharmaco-
kinetic parameters: the maximum concentration (blood concentra-
tion–time profile) (Cmax) varies from 67 to 160 mg/L, AUC from 183 to
340 mg h/L, half-life (t1-2) from 0.89 to 1.7 hours, clearance from 14 to
27 L/hour, and the volume of distribution from 18 to 47 L. Overall, these
levels show variations of the order of 100%, and even comparable data
from a single study using different volunteer groups (young or elderly)
exhibited variations of up to 50%.

In addition to formulation differences, it has been reported that
various dietary factors also affect the bioavailability of certain nutra-
ceuticals. The absorption of lycopene has been reported to improve
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following ingestion of a combined dose of �-carotene and lycopene,
instead of lycopene alone.60 Optimal intestinal uptake of lutein esters
has been reported to require higher dietary fat levels than other
carotenoids, and with concomitant intake of high fat supplementation,
plasma lutein uptake more than doubled.61 Lutein-containing yellow
carrots caused significantly increased lutein concentrations in humans,
and did not result in the decrease of �-carotene concentrations that
normally accompanies administration of lutein.62 Further evidence of
the effect of the food matrix on the bioavailability of lutein was shown
when present in spinach.63 Dietary fat levels have also been shown to
affect absorption of lutein beneficially, high levels resulting in five times
higher absorption.64

Pharmacokinetic data

Pharmacokinetic data for a number of nutraceuticals have been
reported. This is of great importance in deciding optimum dosage levels
and frequency of administration of the particular entities. Comparison
of data available for different nutraceuticals is extremely difficult due to
the wide range of possible parameters available and published. Table 4.3
lists some of the major pharmacokinetic parameters for many of the
major nutraceuticals. Some of the most important parameters (Cmax,
time of Cmax (tmax)), t1-2, maximum AUC at � (AUC�)) have been reported,
but only rarely is the whole pharmacokinetic picture available. Compari-
sons between nutraceuticals, even nutraceuticals of similar type, are
extremely difficult due to lack of data, different dosage levels (different
dimensions and units in published works) and wide variations between
different volunteer/patient groups involved. Cmax gives an idea of
maximal serum concentration after dosing. The half-life, t1-2, is sometimes
available, but this varies if above saturation dose. AUC� is often quoted,
but not invariably, sometimes AUC24h or another timescale is used.
AUC� is an acccepted indicator of bioavailability, but takes no account
of dosing level used.

From Table 4.3 it would appear that glucosamine, chondroitin,
eicosapentaenoic acid (EPA), GLA and creatine have far better bioavail-
ability (as seen from AUC values) than other nutraceuticals. However,
the dosages used were usually far greater as well, although they were in
the normal therapeutic range. Bioavailability appears to be very low for
carnitine, lipoic acid, dehydroepiandrosterone (DHEA) and tea
catechins. The tmax and t1-2 values indicate a comparatively low retention
for melatonin and lipoic acid. The n-3 fatty acids docosahexaenoic acid
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7
6Table 4.3 Pharmacokinetic profiles of major nutraceuticals after single dose oral supplementation to healthy individuals (unless otherwise
stated)

Nutraceutical Number of Dose Cmax tmax (h) t 1-2 (h) AUC�

subjects

Glucosamine65 8 beagles 1500 mg 1.5 1.52 178.1 �g.h/mL
Chondroitin66 20 4 g (bovine) 12.7 �g/mL 2.4 179.1 �g.h/mL (48 h)
Chondroitin3 20 4 g (ickthyc) 4.87 �g/mL 8.7 141.4 �g.h/mL (48 h)
Coenzyme Q1057 9 180 mg 1.03 �g/mL 6.2 51.67 �g.h/mL
Melatonin49 12 250 �g 125 pg/mL 0.38 255 pg.h/mL
Melatonin67 16 0.5 �g/kg 0.79 377 pg.h/mL
Carnitine51 15 2 g every 12 h 12.4 �g/mL 0.12 �g.h/mL
S-Adenosyl methionine68 6 100 mg i.v. 1.35 78 �g.h/mL

6 500 mg i.v. 1.68 425 �g.h/mL
Docosahexaenoic acid69 12 1200 mg 131 �g/mL
Eicosapentaenoic acid69 12 1140 mg 126 �g/mL
Eicosapentaenoic acid70 10 1 g 50 �g/mL 4.7 645 �g.h/mL
�-Linolenic acid70 10 1.5 g 73 �g/mL 3.4 674 �g.h/mL
�-Linolenic acid19 6 240 mg 21.7 �g/mL 3.6 137.1 �g.h/mL
Flax lignans71 12 0.9 mg/kg SDG 4.4 280 �g.h/mL

12 0.9 mg/kg SDG 12.6 525 �g.h/mL
Lycopene72 25 10 mg 0.04 �g/mL 16.6 28.1 2.74 �g.h/mL

25 120 mg 0.11 �g/mL 32.6 40.9 9.70 �g.h/mL
Zeaxanthin34 10 10 mg 1 �g/mL 15 13 1.6 �g.h/mL
Astaxanthin73 3 100 mg 1.3 mg/mL 6.7 21 42 �g.h/mL
Astaxanthin74 8 40 mg 55 �g/mL 8 16.7 1.35 �g.h/mL
Lipoic acid36 12 200 mg 70.8 �g/mL 1.8 0.66 0.66 �g.h/mL
Lipoic acid11 4 600 mg daily 7.6 �g/mL 0.5 0.7 2.8 �g.h/mL
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Table 4.3 Continued

Nutraceutical Number of Dose Cmax tmax (h) t 1-2 (h) AUC�

subjects

Dehydroepiandrosterone38 12 Men 25 mg/day for 8 days 27.7 26 0.16 �g.h/mL
12 Women 25 mg/day for 8 days 27.7 26 0.20 �g.h/mL

Daidzein40 10 (20 g soybean) 214 000 �g/mL 2.6 �g.h/mL
13 mg daidzein

Daidzein75 10 7.47 mg SR 0.05 �g/mL 7.4 11.4 1.07 �g.h/mL
Genistein40 10 (20 g soybean) 0.31 �g/mL 4.4 �g.h/mL

20 mg genistein
Genistein75 10 22.3 mg SR 0.04 �g/mL 6.7 10.2 0.97 �g.h/mL
Green tea extracts76 5 400 mg 0.11 �g/mL 1.8 2.7 2124 �g.h/mL

epigallolocatechin
gallate

Green tea catechins77 12 910 mg total  159 500 �g/mL 2.3 4.8 0.64 �g.h/mL
catechin derivatives

Black tea catechins77 12 300 mg total  49 300 �g/mL 2.2 6.9 0.15 �g.h/mL
catechin derivatives

Black tea catechins 12 300 mg total  52 200 �g/mL 2 8.6 0.17 �g.h/mL
(with milk)77 catechin derivatives

Creatine45 1 10 g 120 �g/mL 1.25 0.94 360 �g.h/mL

SR, sustained release; SDG, secoisolariciresinol diglucoside.
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(DHA) and EPA exhibit comparable data in the same study, but
astaxanthin shows widely different data (Cmax, AUC) from the two
studies quoted. As one would expect, hydrophobic substances often
exhibit longer half-lives, and the data shown for DHEA and carotenoids
confirm this.

Half-lives are available for some of the published nutraceuticals,
which should allow dosage regimens to be designed. Comparative data45

published for creatine show a wide variation in half-life values, both
within single studies, of the order of 2.5 times, and also between
different studies using the same dosage regimen. If pharmacokinetic
experimentation was available from similarly designed studies, derived
data may be useful in comparing the effectiveness of nutraceuticals used
for the same therapeutic application (e.g. in the case of glycoaminogly-
cans (GAG)), and one should be able to compare dosing of individual
compounds and thereby select the best individual entity for the appli-
cation.

Recently, the comparable bioavailability of a number of poly-
phenols has been studied.44 Comparable data from 28 studies on
catechin bioavailability were reported, and there are marked differences
between different individual entities. When supplementation with single
pure catechins was studied it was found that galloylation of catechins
reduces their absorption. It was also shown that 77–90% of (—)-epigal-
locatechin gallate (EGCG) is present in plasma in the free form, although
other catechins are highly conjugated with glucuronic acid and/or sulfate
groups. The valerolactone metabolites of the catechin derivatives are of
microbiological origin, and were mainly found in plasma and urine in
conjugated forms. These metabolites represented 6–39% of (—)-epigal-
locatechin (EGC) and (—)-epicatechin (EC), and were present in concen-
trations 8–25 times higher than those of the free compounds. It is likely
that as these appear later than the catechins in plasma, and have long
half-lives, they may prolong the action of the catechins. Very limited
absorption of polymeric proanthocyanidins has been shown to occur,
but their activity may be via direct action on the intestinal mucosa,
protecting it from oxidative stress or carcinogens. Alternatively, these
polymers usually occur in conjunction with their monomers at levels of
5–25%, and these may be responsible for the activity.

Similar comparative bioavailability studies have also been carried
out on soy phytoestrogens, using 15 published studies.78 Unfortunately,
contradictory results were obtained: one particular study had indicated
that there was greater bioavailability for the glucoside forms, another
that there was greater bioavailability for the aglycone form, and two
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showed no differences in the absorption rates for the two forms.
Production of the metabolite equol was shown to be greater for daidzin
than for daidzein, and the bioavailability of genistein was higher than
that of daidzein, but glycitein was higher still.

Overall, data for metabolites produced from most nutraceuticals
are now available, and bioavailability data have been published for the
majority. Detailed pharmacokinetic data have not been published for
MSM, octacosanol/policosanol, CLA, Pycnogenol, resveratrol, GSPE,
and any of the isolated components from complex products such as
CLA, Pycnogenol or GSPE.

Dosage levels that have been used for collection of the data are
largely intuitive, and more studies involving greater dosage ranges are
needed.

It needs to be borne in mind that dosage regimens used in reported
clinical trials and pharmacokinetic work may not have been the most
effective for treating symptoms, and also that different researchers have
often used different regimens. Pharmacokinetic data from trials
involving wide dosage levels and regimens may supply extremely
worthwhile information for planning future clinical trials of nutra-
ceuticals, particularly in cases where there is a possibility of side-effects,
for example with the caffeine content of green tea.79

Some scientists would question the validity of carrying out
pharmacokinetic evaluation of those nutraceuticals which are them-
selves endogenous constituents of living tissue. A number are also
possible or probable components of individual diets, for example soy
products, green tea and n-3 fatty acids, and may either be consumed at
variable levels or not at all, thus compromising other data.
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5
Joint health

Prevalence of joint disease

Joint disease is a major cause of disability in the UK, affecting people of
all ages, particularly the elderly. Currently, 29% of adults report being
affected by arthritis or joint pain, which translates to over 13 million
people across the UK.1 The prevalence of joint disease is higher amongst
women, those aged over 55 and those from less affluent populations.1

Most sufferers of joint disease describe their condition in terms of
‘joint pain’ or ‘back pain’, with fewer reporting having a specific arthritic
condition. In fact, it can sometimes be difficult to determine where joint
pain ends and arthritis begins. The term arthritis and related conditions
can be used to cover a myriad of over 200 different complaints, of which
the most common are osteoarthritis, rheumatoid arthritis, juvenile
arthritis, gout and ankylosing spondylitis.1

Osteoarthritis

Osteoarthritis (OA) is the most common arthritic disorder, affecting
3–6% of the general population and over 10% of those aged over 64
years. This prevalence in the elderly makes arthritis almost a normal part
of ageing. OA is characterised by the degenerative damage and loss of
the articular cartilage of the joints, and hypertrophy of the underlying
bone.2 This damage is caused by the overexpression of enzymes known
as metalloproteinases that degrade the cartilage matrix with the
resultant loss of collagen and proteoglycans, the building blocks of this
tissue.3 The synthesis of these enzymes may be induced by the pro-
inflammatory cytokine interleukin 1 (IL-1), which also inhibits the
synthesis of new cartilage and induces the apoptosis of chondrocytes
(the cellular component of cartilage) and the production of nitric oxide
and prostaglandins. All of these factors may contribute to the destruc-
tion of cartilage that characterises OA.3

OA commonly affects the large joints such as those of the knee,
hip or hand, and may well be present in a single joint only. The pain
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suffered by patients tends to be localised and worsens with activity, while
early-morning joint stiffness tends to improve throughout the day.2

Rheumatoid arthritis

Rheumatoid arthritis (RA) affects 0.5–1% of the world’s population and
is a chronic systemic inflammatory disease affecting the synovial joints
and exhibiting additional non-articular features.4 RA is an autoimmune
disease, initiated by the interaction between an unidentified antigen and
the body’s T lymphocytes. This causes an inflammatory response in the
joints, leading to oedema, manifested as joint swelling and pain. This
response also leads to the development of new blood vessels (angio-
genesis), and hyperplasia of the synovial membrane lining the joint, with
an increase in the number of macrophages and fibroblasts present. Infil-
tration of immune cells, including T and B lymphocytes, macrophages
and plasma cells, into the joint also occurs. The synovial membrane
starts to invade the tissue between cartilage and bone, resulting in the
formation of a mass of tissue known as a ‘pannus’, which goes on to
cause erosions of the joint.4

The proinflammatory cytokines IL-1 and tumour necrosis factor
alpha (TNF-�) have been identified as crucial in the pathogenesis of RA,
causing an increase in vascular permeability, chemotaxis, angiogenesis,
metalloproteinase production and lymphocyte activation.4

RA is often symmetrical (affecting both right and left sides of the
body) and usually affects multiple joints, particularly those of the hands
and wrists, although other body areas may be affected. Pain may move
from joint to joint, and increases with immobility. Morning stiffness may
remain throughout the day and is relieved by modest activity. Extra-
articular features include fatigue, weight loss, dry eyes and cardiovas-
cular symptoms.2

Conventional treatment

The two main aims in treating arthritis patients are management of the
symptoms, mainly pain and movement limitation, and slowing the
disease process. The American College of Rheumatology guidelines for
the management of OA5 propose that the foundation of treatment for
OA should be non-pharmacological, including patient education on
factors such as exercise, diet and weight loss, physiotherapy, occu-
pational therapy and special footwear. The treatment most commonly
offered to people with joint disease of any description is drug therapy,
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with the most widely used drugs being the non-steroidal anti-inflam-
matory drugs (NSAIDs), such as ibuprofen or diclofenac.1

The widespread use of NSAIDs is a concern as they are associated
with a high incidence of side-effects, particularly on the gastrointestinal
system. It is estimated that at least 10–20% of patients experience
dyspepsia while taking NSAIDs, with 16 500 NSAID-related deaths
occurring among patients with RA or OA every year and over 103 000
admissions to hospital each year in the USA alone.6 The incidence of
such effects may be reduced somewhat by the use of cyclooxygenase-2
(COX-2)-selective agents such as celecoxib, which are designed to
inhibit the inflammatory COX-2 enzyme without affecting the COX-1
isoform, which is responsible for maintaining normal renal function,
gastric mucosal integrity and haemostasis.7 However there has been
some concern over the cardiovascular safety of some of these agents,
leading to the withdrawal of rofecoxib from the market. NSAIDs may
also precipitate a deterioration in renal function, and they cause
asthmatic patients to develop wheezing.7 Research has also indicated
that NSAIDs may even worsen the disease process of OA, which has
been linked to their ability to inhibit prostaglandin synthesis.8

It would appear, therefore, that none of the existing pharmaco-
logical treatments for the most common joint diseases are ideal. In light
of this, it is perhaps not surprising that around a quarter of all patients
suffering from joint disease have used some form of complementary
medicine for their condition, including nutraceuticals.1

Glucosamine and chondroitin

Glucosamine is the principal component of the glycosaminoglycans
(GAGs), long-chain polymers of repeating disaccharide units, which
form the basis of the proteoglycan component of the matrix of all
connective tissues, including cartilage. Glucosamine is produced in the
body by the addition of an amino group to glucose.9 This ability declines
with age and predisposes the body to arthritis. In vitro experiments have
shown a dose-dependent increase in proteoglycan after administering
glucosamine, and increased synthesis of collagen.9 Glucosamine is
perhaps the most widely marketed supplement for degenerative joint
disease, and is available from most pharmacies and health food stores,
usually as the hydrochloride or sulfate salt. It is sometimes combined in
supplements with the compound chondroitin sulfate, a GAG derived
from bovine or calf cartilage. Both these compounds are reported to
improve cartilage metabolism and to have anti-inflammatory effects9
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and thus may slow the degenerative process of OA. This has caused them
to be referred to as structure-modifying, as well as slow-acting symptom-
atic drugs for the treatment of OA.10

One study investigated the effects of these agents, alone and in a
combination including manganese ascorbate, for their ability to retard
the progression of cartilage degeneration in a rabbit model of OA.10

Animals receiving the combined supplement developed no severe lesions
in their damaged joints, while 8 of the 11 control animals did. Animals
receiving one supplement alone showed a small decrease in the incidence
of severe lesions, but these results were not statistically significant.

In an in vitro experiment carried out during the above study,
glucosamine hydrochloride stimulated GAG synthesis in cultured
chondrocytes, but had little inhibitory activity on the collagenase
enzyme responsible for breaking down cartilage, while chondroitin
sulfate showed both effects. The combination showed a greater stimu-
latory effect on GAG synthesis than the additive effects of each
compound alone, leading the researchers to propose a synergistic effect
for glucosamine and chondroitin in stimulating cartilage synthesis.

In order for glucosamine and chondroitin to exert these effects on
cartilage in human patients, it is necessary for them first to be absorbed
into the body, and then taken up into the joints. However there is some
disagreement in the literature over the pharmacokinetics of these agents,
with different figures being quoted. Studies using radiolabelled
glucosamine sulfate to track the fate of this compound after oral
administration have reported that almost 90% of an administered dose
is absorbed through the gastrointestinal tract, with around half of this
being removed by first-pass metabolism. The absolute oral bioavailabil-
ity of glucosamine is therefore reported to be 44%, most of which is
incorporated into plasma proteins.11

The absorption of chondroitin would be expected to be less than
that of glucosamine, due to its high molecular weight. One study using
radiolabelled chondroitin12 reported that in rats and dogs more than
70% of the radioactivity orally administered was found in urine and
tissues. After 24 hours, radioactivity was higher in the intestines, liver,
kidneys, synovial fluid and cartilage than in other tissues, suggesting that
chondroitin shows a tropism for joint tissue. After administration of
0.8 g/day to human volunteers, either as a single dose or as two doses
of 0.4 g, a significant increase in the plasma concentration of chondroitin
was noted, which persisted over a 24-hour period. While the levels of
GAGs in the joints did not alter, a change in the size distribution of these
compounds was noticed, with a decrease in the number of high
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molecular mass components (markers of cartilage breakdown) and an
increase in the number of low molecular mass compounds. The
researchers suggest that part of this material is exogenous chondroitin
sulfate, which has been localised to the joint tissue. This study would
appear to demonstrate that chondroitin sulfate is both bioavailable and
preferentially targeted to the joint tissue.

A recent study examining the pharmacokinetics of glucosamine
hydrochloride following oral administration to horses13 reported a
bioavailability of only 5.9%, as determined by fluorophore-assisted
carbohydrate electrophoresis of recovered glucosamine from serum.
This method, however, would be unable to detect glucosamine bound
to plasma proteins, which may explain the discrepancy between this
study and those described above.

The same study also examined the levels of glucosamine in the
synovial fluid, and found these to be less than 10% of those found in
serum at the same time point, and 500 times less than those needed to
exert physiological effects on tissue metabolism. These researchers
therefore suggested that the beneficial effect of glucosamine on joint
health may stem from changes in levels of systemic mediators of disease,
rather than a local effect in the joint capsule.

This study used the hydrochloride salt of glucosamine, whereas the
previously mentioned studies used glucosamine sulfate. It has been
suggested13 that the sulfate content of these preparations may influence
the uptake of glucosamine by glucose transporters in the gut and its
utilisation by intestinal cells. This is interesting as it has previously been
suggested that the salt ion of glucosamine will make no difference once
the nutraceutical reaches the stomach, where the hydrochloric acid natur-
ally present will convert either form to glucosamine hydrochloride.14

However it has also been hypothesised15 that sulfate-containing neutra-
ceuticals may exert their chondroprotective effects by overcoming bodily
deficiencies of sulfur, in which case the sulfate component would be
crucial for therapeutic activity. This suggestion stems from the observa-
tion that GAGs require a source of inorganic sulfate for their synthesis.
This is supported by a study16 showing that the oral administration of
glucosamine and chondroitin sulfate only increased the urinary excretion
of sulfate in individuals following a low-protein diet, which suggests that
their sulfate component is retained by the body if a deficiency of sulfate
(possibly caused by a dietary lack of sulfur amino acids) exists. However
this study used healthy volunteers rather than arthritis patients, and
further studies are needed to determine if increasing dietary sulfur can
exert a beneficial effect on the symptoms of joint disease.
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Glucosamine and chondroitin have been shown in a number of
studies to improve various symptoms of OA, while some investigations
have also provided evidence for a structure-modifying effect. However,
a meta-analysis conducted in 2000 concluded that many studies are of
poor quality, are supported by manufacturers and may exaggerate the
benefits of these compounds.17 This analysis included 15 double-blind,
randomised, placebo-controlled trials of four or more weeks’ duration
testing glucosamine or chondroitin for symptomatic benefit in hip or
knee OA. To be eligible for analysis studies had to report results for at
least one of a number of outcomes validated for trials of OA drugs,18

including measures of pain on various activities, Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) or Lequesne
Index (LI) scores. The WOMAC and Lequesne Index are both algo
functional measures (they assess both pain and function) commonly used
in trials of OA drugs. The researchers calculated an effect size for the
treatment in each trial and categorised the effects as small (effect size
0.2), medium (effect size 0.5) or large (effect size 0.8). The aggregated
effect size for glucosamine was found to be 0.44, while that for chon-
droitin was 0.78, suggesting a moderate to large effect of these com-
pounds in OA. However when only high-quality studies were included
in the analysis the overall effect size decreased for both compounds.

Interestingly, when only four-week outcomes for those studies that
had reported them were analysed, effect sizes were also diminished,
suggesting that the full therapeutic response to glucosamine or chon-
droitin may take longer than a month to develop. The researchers
concluded that glucosamine and chondroitin are likely to have some
benefits in alleviating symptoms of OA and, given the low incidence of
side-effects reported in the trials studied, may have considerable
usefulness in the treatment of joint disease. However they recommend
that further high-quality studies should be conducted in order to assess
further their efficacy.

Glucosamine

A similar conclusion was reached by a Cochrane review of glucosamine
therapy for the treatment of OA.19 In this review, 12 out of 13
randomised controlled trials comparing glucosamine to placebo found
glucosamine to be superior. However most of the trials included only
evaluated a single preparation of glucosamine sulfate, and the reviewers
noted that preparations from different manufacturers may not be
equally effective.
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NSAIDs are widely used in the management of OA, and sometimes
their activity is compared with glucosamine in clinical trials.7 Of the four
trials of glucosamine versus NSAIDs included in the Cochrane review19

two found the treatments equally effective, and two found glucosamine
to be superior. A comparative study of glucosamine 1500 mg/day versus
ibuprofen 1200 mg/day in 200 patients with OA of the knee20 concluded
that the two treatments were equally effective in relieving symptoms,
assessed using the Lequesne Index, although the effect of glucosamine
was slower to develop than that of ibuprofen. Additionally, glucosamine
was much better tolerated than the NSAID, with 35% of patients on
ibuprofen reporting adverse events compared with 6% of the
glucosamine group.

It should be noted that this was only a short-term (four-week)
study, during which the full therapeutic effect of glucosamine may not
have developed. A three-month study21 compared the effects of
glucosamine 2000 mg/day with those of placebo in individuals experi-
encing regular knee pain. While both groups of patients improved in
various clinical and functional tests over the study period, no significant
differences were seen between groups. However, the glucosamine group
were found to have significantly better quality of life scores at weeks 8
and 12, and at the end of the study period 88% reported improvements
in their symptoms as opposed to only 17% of the placebo group.

These results suggest a beneficial effect of glucosamine in knee
pain, which becomes apparent after eight weeks of treatment. However,
the dose of glucosamine used in this trial was higher than that used in
most other trials and in practice (1500 mg). It should also be noted that
patients in this study did not have confirmed OA, and that relatively
small numbers were used (24 glucosamine, 22 placebo). These factors
may affect the validity of the results from this study and their general-
isability to the larger patient population. Additionally, patients in the
placebo group were found to have a longer history of knee pain than
those in the glucosamine group (15.9 and 10.3 years respectively) which
may have affected the results as it is possible that the longer an individual
has been suffering from knee pain, the less likely any form of treatment
is to have a beneficial effect.21

The claim that glucosamine is a structure-modifying as well as a
symptom-modifying agent in OA has been investigated by two 3-year
studies,22,23 both involving over 200 patients. These studies compared
daily doses of 1500 mg glucosamine sulfate to placebo in terms of
the ability to modify joint structure and symptom changes in patients
with knee OA. In both studies joint space width was measured using
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radiographic techniques and symptoms were evaluated using the
WOMAC index24 or a combination of WOMAC and the Lequesne
Index.23 After 3 years, the two groups of patients receiving placebo
experienced joint space narrowing of between 0.19 mm and 0.31 mm,
while glucosamine patients experienced no significant change. In both
studies, the differences between groups became more significant over the
3-year period, suggesting that glucosamine needs to be taken continu-
ously if it is to exert a beneficial effect on structural changes in OA.

In terms of the symptom changes in these two studies, both groups
of glucosamine patients experienced an improvement in symptoms,
measured by the WOMAC and Lequesne Index scores. Despite this,
symptomatic relief did not correlate with structural improvements in
either study, so a reduction in pain is unlikely to have biased the
measurements of joint space width23 (it is possible that patients experi-
encing less pain would have adopted a better posture during the joint
space width measurements and thus appeared to have a wider joint space
than those who were more symptomatic). This lack of correlation
suggests that the symptomatic effects of glucosamine may be indepen-
dent of its structural effects, with a possible explanation being that
symptomatic improvement is due to an anti-inflammatory action, while
the longer term structural improvements are due to an increase in the
synthesis of proteoglycans and decreases in degradative enzyme
activity.22,23

Importantly, both these studies included an intent-to-treat analysis,
whereby patients who did not complete the study are included in the
final analysis, reducing bias that may arise as a result of excluding
patients from the final analysis who may have had a poor final outcome.
Using this approach did not significantly change the results in either
study.

In a subgroup analysis from one of these studies22 the relationship
between the baseline severity of OA and long-term joint space narrowing
was investigated.24 This analysis found that patients in the lowest
quartile of baseline joint space with (i.e. those with the most severe OA)
actually experienced an increase in joint space width over the 3-year
study period, irrespective of whether they had received placebo or
glucosamine (although the increase in joint space width in the
glucosamine group was slightly larger). In patients with the greatest
baseline joint space width, both groups experienced joint space
narrowing. Glucosamine use was associated with a lesser degree of
narrowing, which did not quite reach statistical significance (P = 0.10),
which could have been due to the low numbers of patients included in
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the analysis. The researchers concluded that over a 3-year period,
patients with less severe OA will experience a greater degree of deterio-
ration than those with severe disease, and that the former group of
patients may derive the most benefit from agents such as glucosamine.

Despite these promising results, trials of glucosamine are not
uniformly positive. A six-month trial25 comparing glucosamine sulfate
1500 mg/day with placebo concluded that there was no difference
between groups in terms of the global assessment of pain in 80 patients
with knee OA. However the patients in this trial had more severe
arthritis than those in many other studies involving glucosamine, with
21% suffering from Kellgren and Lawrence grade 4 arthritis (classed as
severe disease according to radiographic assessment) which lends
support to the view that glucosamine is of more benefit to patients with
mild to moderate OA.24

Interestingly, this study reported a strong placebo response with
33% of patients classified as responders. This may indicate a selection
response, whereby patients who agreed to participate in the trial had a
strong affinity for complementary therapies and would thus be inherently
more likely to respond.25 This may have implications for the design of
all trials of complementary therapies, in order not to exaggerate effects.

A different approach to assess the efficacy of glucosamine involved
a six-month randomised double-blind discontinuation trial, evaluating
the effect of continuing or withdrawing glucosamine in 137 patients
with knee OA who had been using glucosamine for at least one month
and who had experienced at least moderate improvement in pain while
taking this supplement.26 The primary outcome was the proportion of
disease flares in the two groups using an intent-to-treat analysis. This
study found no difference in the proportion of disease flares between the
two groups, and time to and severity of flare, consumption of rescue
analgesia, change in pain, stiffness, function and quality of life were also
similar.

This trial involved a moderately severely affected patient popu-
lation, with the glucosamine group having more severe OA. This further
supports the view that glucosamine may be of more benefit in mild
disease. However after adjustment for radiographic severity, there was
still no difference in the risk of disease flare between the two groups in
this study, casting a shadow of doubt on this theory.

As this study was designed as a discontinuation trial, any initial
benefit derived from glucosamine therapy could not be evaluated,
particularly as patients were only enrolled if they had experienced
subjective improvement in symptoms while taking this supplement.
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However, as the researchers note, even if initial benefit was achieved,
their findings suggest that there is no evidence of benefit from continued
glucosamine use. They also noted that patients who had derived an
initial benefit from glucosamine would be more likely to flare when this
treatment was removed, making a trial such as theirs particularly
efficient at highlighting any difference between glucosamine and
placebo. Thus, their conclusion that there is no evidence of symptomatic
benefit from continued use of glucosamine sulfate is strengthened.26

In an Internet-based trial involving 205 patients who took either
1500 mg/day glucosamine or placebo for a 12-week period,27 no
difference in the primary outcome (pain subscale of the WOMAC index)
between the two groups was observed using either intent-to-treat
analysis or analysis only of those patients completing the trial. Con-
clusions were also the same when scores were stratified by disease
severity, casting further doubts on the theory that glucosamine is likely
to be of more benefit in less severely affected patients. However, it should
be noted that 82% of the patients in this trial suffered from severe
disease (as classified by radiography) and so this study may not have
had sufficient statistical power to detect a difference in outcome between
severely and less severely affected patients.

It is interesting that all of the trials with null findings discussed
above have been independently funded,27 while many previous trials
have been funded by industry. Possible bias in such trials cannot be
excluded and it is clear that more high-quality, independent clinical trials
are required to evaluate more clearly the efficacy of glucosamine as a
long-term therapy for OA.

Chondroitin sulfate

As far as chondroitin sulfate is concerned, the picture is even less clear.
A meta-analysis of seven clinical trials examining the efficacy of this
supplement in the treatment of OA has been reported.28 Trials had to
be conducted over at least three months and the Lequesne Index and
pain rating on visual analogue scale were the main outcome measures
of interest. Chondroitin was shown to be significantly superior to
placebo on both these measures, with relative improvement reaching
statistical significance at two months when assessed by the Lequesne
Index, and at four months when pain improvement was considered.
Pooled results showed at least 50% improvement in the study variables
in patients taking chondroitin compared with placebo. Doses of
chondroitin sulfate used in the studies range from 800 to 2000 mg daily,
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but did not correlate with improvements in the outcome measures,
indicating that an increase in dosage did not increase efficacy.

No investigation included in the analysis used an intent-to-treat
analysis, which may have biased results slightly; however since there
were few dropouts, and they were equally distributed between chon-
droitin and placebo patients, completer analyses may have been
sufficiently valid. It should also be noted that only a small number of
studies were included in the analysis, each of which only included a
relatively small number of patients (700 in total, 372 of whom took
chondroitin). Despite this, the included studies were uniformly positive
and the results provide some evidence for the efficacy of chondroitin in
ameliorating pain and improving function in patients with OA, possibly
in combination with analgesics or low-dose NSAIDs.

Interestingly, a later trial29 that did use an intent-to-treat analysis
showed only a non-significant improvement in the Lequesne Index for
chondroitin compared with placebo, which became significant when
only the completer population was considered. In this study, treatment
was continued for three months, followed by a three-month post-
treatment period. The benefits associated with chondroitin persisted to
one month post treatment, suggesting a sustained effect when this
supplement is discontinued. Clearly further long-term studies are
required to assess fully the efficacy of chondroitin sulfate in ameliorat-
ing symptoms and improving functional handicap in OA.

There is little available research evaluating the effect of chondroitin
sulfate on disease progression in OA. Researchers carried out a
randomised, double-blind, placebo-controlled trial in which 300
patients with knee OA received either 800 mg chondroitin or placebo
daily for 2 years.30 The primary outcome was joint space loss, with
secondary outcomes including assessments of pain and function using
the WOMAC index. This study found a significant joint space
narrowing (of 0.14 mm) in the placebo group over 2 years, compared
with no change in patients receiving chondroitin, representing a sig-
nificant difference between the groups. Joint space width at baseline was
not correlated with radiographic progression, in contrast to what has
been found in trials involving glucosamine.24 WOMAC scores did not
show significant improvements for either group, although slightly more
improvement was seen in patients taking chondroitin. This may have
been due to a relatively low mean pain score at study entry, which left
little room for improvement.30 The results of this study suggest that
long-term treatment with chondroitin sulfate may halt structural pro-
gression in OA; however further research is needed to confirm this.
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In combination

Many supplements containing combinations of glucosamine and
chondroitin are available; however it is not clear whether such products
offer any benefit over the individual compounds. Recently, the results of
the Glucosamine/chondroitin Arthritis Intervention Trial (GAIT),31 a
multicentre trial involving over 1500 patients with knee OA, have been
published. GAIT was designed to address the methodological flaws in
previous trials of glucosamine or chondroitin, such as failure to adhere
to an intent-to-treat analysis, use of small numbers of patients, and
possible bias due to sponsorship by manufacturers. Patients received
either 1500 mg glucosamine, 1200 mg chondroitin, a combination of the
two, 200 mg celecoxib or placebo daily for 24 weeks.

The primary outcome used was a 20% decrease in knee pain over
the study period, and neither glucosamine, chondroitin nor the combi-
nation was significantly better than placebo in achieving this. However
for patients with moderate to severe pain at baseline the rate of response
was significantly higher with the combined therapy. In fact, improve-
ments were seen with all treatments in this subgroup of patients,
although the relatively small number of patients in this group may have
limited the power of the study to detect clinical significance. The authors
also note that the high rate of response to placebo and the relatively
mild degree of pain among the participants, both of which have been
discussed previously, may have limited the ability to detect benefits.
Importantly, celecoxib was found to have a much shorter time to effect
than the other treatments, with substantial improvements at four weeks.
This tallies with the results of other studies indicating that nutraceuti-
cals have a slower onset of action than conventional therapies, and
patients considering using the supplements as alternatives to allopathic
medicine should be informed of this.

In all the studies reviewed, adverse effects of glucosamine and
chondroitin were mild, infrequently reported, and usually consisted of
transient effects on the gastrointestinal system. This obviously gives
them a huge advantage over the NSAIDs with their frequent and poten-
tially serious side-effects. Of note, there has been some concern among
researchers about reports that large concentrations of glucosamine can
affect insulin secretion and action in animal and in vitro models.32

However there is no evidence from clinical trials that glucosamine in
usual doses affects insulin sensitivity or plasma glucose concentrations,
even when administered to diabetic subjects.32

It seems, therefore, that these two widely used nutraceuticals are
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safe and may indeed provide benefit to some patients with OA, particu-
larly in the relief of symptoms and possibly over longer periods slowing
down the structural progression of the disease. However it should be
noted that higher quality trials have generally shown lower levels of
effect, and a substantial placebo response may be involved. Furthermore,
benefits in other forms of joint disease have not been demonstrated.

Methylsulfonylmethane

Methylsulfonylmethane (MSM) is the oxidised form of dimethyl
sulfoxide (DMSO), a natural organic form of sulfur.33 Both these
compounds have been used in the treatment of pain and inflammation,
and MSM is found in many formulated products, often in combination
with glucosamine and/or chondroitin.34 MSM has advantages over
DMSO as it is odourless and does not cause skin irritation.33

Exactly how MSM may be of benefit in joint disease is not certain,
but it may well function by providing a source of sulfur for the formation
of the cartilage matrix or the antioxidant systems N-acetylcysteine and
glutathione.33 This parallels the suggestion that compounds such as
glucosamine and chondroitin sulfate may function by overcoming
dietary deficiencies in sulfur amino acids.15

A study of the effect of MSM on a mouse model of RA35 found
that the arthritic score and levels of inflammatory markers were lower
in mice that had had MSM added to their drinking water for one week
before and eight weeks after immunisation with type II collagen. This
result suggests that MSM is able to modify the immune response in mice,
resulting in protection from the development of arthritis.

The effects of MSM in humans were evaluated in a study
comparing MSM, glucosamine and their combination to placebo on 118
patients with mild to moderate OA of the knee.33 A number of outcome
measures related to pain and function were used, and both MSM and
glucosamine were found to decrease significantly the mean pain and
swelling indices after 12 weeks of treatment at a dose of 500 mg three
times daily. The combination treatment was found to decrease these
indices even further, and also to produce a statistically significant
decrease in the Lequesne Index. Apart from mild gastrointestinal
discomfort (more commonly reported in the glucosamine group), no
significant adverse effects were reported.

A pilot scale clinical trial was recently carried out involving 50
subjects aged 40–76 years old with knee OA.36 Patients took 3 g MSM
twice daily for 12 weeks, and significant reductions in WOMAC pain
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and physical function impairment were reported. No effects were noted
on stiffness or total symptom scores.

These two timely trials go some way towards providing evidence
for the use of a widely used nutraceutical, previously only backed up
with anecdotal evidence.

While these results for MSM seem encouraging, long-term trials
involving larger groups of patients with different arthritic conditions are
obviously required to provide more evidence regarding its safety and
efficacy in the treatment of joint disease.

S-Adenosyl methionine

The potential of S-Adenosyl methionine (SAMe) for treatment of OA
was accidently discovered when patients involved in clinical trials of
SAMe for depression reported great improvements in OA symptoms!
The diet alone cannot provide adequate quantities of SAMe, so the body
relies on de novo synthesis to sustain required levels.37

The mechanism by which SAMe exerts an effect in OA is not clear,
but may involve an antagonistic effect on cytokine-induced cell damage,
an increase in proteoglycan synthesis, an increase in chondrocyte pro-
liferation rate or protection of the anionic proteoglycans of the cartridge
matrix by the cationic polyamine molecules synthesised in response to
SAMe.37

A meta-analysis of 11 randomised controlled trials38 compared
SAMe with NSAIDs or placebo in the treatment of OA. SAMe was
found to be effective in reducing functional limitation but not in
reducing pain compared with placebo; however these results were
calculated based on only two studies. Compared with NSAIDs, SAMe
showed similar efficacy in reducing pain and functional limitation, and
was associated with significantly fewer side-effects.

A range of doses from 400 mg/day intravenously to 1200 mg/day
orally were used in the studies, some of which exceeded the dose recom-
mendations for this supplement at that time (800 mg/day for two weeks
followed by 400 mg/day maintenance, or 200 mg/day increased to
1200 mg/day over a 19-day period followed by 400 mg/day there-
after).38 Despite this, dosage was not related to effect size in studies
comparing SAMe to NSAIDs. Additionally, most studies had short
follow-up periods (28–30 days) which may not have been long enough
for the full effect of SAMe to develop.38

The results of this meta-analysis were supported by a more recent
crossover study comparing SAMe at a dose of 1200 mg/day to celecoxib
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200 mg/day.39 This study was divided into two phases of two months
each, with a one-week washout period in between. The treatments were
compared based on a range of measures of pain, functional ability, mood
and in terms of their side-effects.

At the end of the first month of phase 1, celecoxib was shown to
be significantly more effective in reducing pain then SAMe, but pain
reduction with SAMe increased steadily over the treatment period and
by the end of the second month, no difference existed between the two
groups. At the beginning of phase 2, the group switching from celecoxib
to SAMe experienced an increase in pain, which was reversed during the
second part of this phase. In contrast, those patients switching from
SAMe to celecoxib continued to experience a decrease in pain over the
first month of phase 2, which then levelled off so that by the end of the
study the two groups were comparable. No differences between the two
treatments were detected in terms of the other outcome measures,
including side-effects.

These results, as well as providing further evidence for the
similarity in efficacy between SAMe and NSAIDs in OA, suggest two
things. First, the effect of SAMe takes some time to develop, and second,
its effects may be sustained after discontinuation of treatment, possibly
indicating an effect on the structural progression of the disease. This
highlights the need for long-term studies to assess the effectiveness and
safety of SAMe, to elucidate its mechanism of action and establish the
optimal dose.39 Finally, given the similar level of efficacy of SAMe to
NSAIDs, could a combination of the two treatments be more effective
than either alone in the management of OA?

Fish oils

Fish oils have been used to treat musculoskeletal conditions for over 200
years.14 Epidemiological evidence supports this use, with studies of the
Inuit Eskimo population revealing a relatively low incidence of musculo-
skeletal disease, which may be attributed to their high dietary intake of
fish. The basis for this beneficial effect is believed to be the high concen-
trations of n-3 polyunsaturated fatty acids (PUFAs) such as eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA) present in oily fish
such as mackerel, sardines and salmon.14

The typical Western diet is relatively poor in n-3 PUFAs and rich
in n-6 PUFAs such as linoleic acid, which is converted to arachidonic
acid, the precursor for the 2-series of prostaglandins and the 4-series of
leukotrienes, both have which have strong proinflammatory activity.14
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Since the metabolism of these two different types of fatty acids is
competitive,40 the balance of n-6 and n-3 PUFAs in the diet may be
crucial in the regulation of the levels of inflammatory compounds in the
body. Thus an increased intake of n-3 PUFAs leads to their incorpora-
tion into macrophage and neutrophil membranes in preference to arachi-
donic acid,40 possibly decreasing the production of inflammatory
mediators. Interestingly, n-9 PUFAs, such as those found in olive oil, are
able to replace n-6 PUFAs in several aspects of cell metabolism and in
doing so reduce the competition between the n-6 and n-3 PUFAs, leading
to increased use and incorporation of n-3 PUFAs into cell membranes.40

n-3 PUFAs have also been shown to increase the expression and
activity of both collagen-degrading enzymes such as metalloproteinases
and proinflammatory factors such as IL-1 and TNF-�,14 which may
provide another explanation for any beneficial effects in arthritic disease.

Studies investigating the benefits of fish oils on joint health have
concentrated on RA, the likely rationale being the strong inflammatory
component of this disease.4 A number of these studies were evaluated
in a meta-analysis of 10 randomised, double-blind, placebo-controlled
clinical trials investigating the benefits of fish oil in RA.41 Statistically
significant improvements in the studies were found after three months
for tender joint count and duration of morning stiffness in patients
receiving fish oil compared with those receiving placebo.

Following this analysis, the researchers gathered together primary
data from each study used in the meta-analysis (for a total of 395
patients), re-evaluated it and compared these results with the results of
the meta-analysis, a technique they termed ‘mega-analysis’. The aim of
this was to address the statistical issues of pooling data from studies
with slightly different designs or outcome measures, assess bias and vari-
ability between studies, and identify outlying studies. Using the complete
primary data set also allows researchers to adjust the data included in
analyses to make comparisons more valid, to vary the form of the
outcome measure used and to analyse subsets of the data, evaluating
whether factors such as age, sex, duration of disease and other medica-
tions taken could affect the results. Fortin et al. concluded that the mega-
analysis confirmed the results of their meta-analysis (i.e. that the use of
fish oils improved the number of tender joints and duration of morning
stiffness at three months in RA patients), and that the effects demon-
strated were unaffected when alternative forms of the outcome measure
were used (for example absolute change, proportional change or
fractional change) or when the analysis was changed to include patient
demographic factors.41
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An overview of the use of n-3 PUFAs in RA,42 which reviews many
of the same studies as the previous meta-analysis,41 makes particular
reference to the potential of n-3 PUFAs to allow a reduction in the long-
term requirements of NSAIDs in RA patients. In one study43 in which
patients were allowed to change their dose of NSAID, a significant
decrease in NSAID requirement was observed both at three months and
six months. The greater significance noticed at six months may indicate
that the effect of fish oils in RA is slow to develop, and questions the
validity of trials with short follow-ups.

In two further studies,44,45 both carried out over the course of 12
months, the use of n-3 PUFAs was similarly associated with reduction
in NSAID requirements, along with the significant improvements in
patients’ global assessments and pain score measured by the physician.
In one of these studies,45 the reduction in NSAID usage became signifi-
cant by the third month of the study and reached its maximum at 12
months. After an additional three-month period, during which all
patients received placebo, NSAID usage was still significantly reduced
in the fish oil group. This provides further evidence for the slow onset
of effect of fish oil supplementation, and also suggests that once estab-
lished, this effect is sustained for some time even if therapy is discon-
tinued.

In a further study,46 which recorded significant benefits in terms of
physician and patient global assessment, pain score, morning stiffness
and painful joint count in patients taking NSAIDs and n-3 PUFAs in
combination, deterioration was seen in a number of outcome measures
when NSAIDs were discontinued. Whether n-3 PUFAs constitute a real
alternative to NSAIDs in the treatment of RA is therefore open to
question.

A recent survey of patients with non-surgical neck or back pain
found that 78% were taking 1200 mg, and 22% taking 2400 mg of fish
oil daily. 59% had discontinued treatment with NSAIDs as a result of
overall pain reduction. This finding appears to demonstrate equivalent
effects of these n-3 fatty acids to standard NSAID treatment.47

One study48 attempted to evaluate whether using fish oils and olive
oil in combination could provide any additional benefit to patients with
RA over the use of fish oil alone. Forty-three patients were randomised
to one of three groups, with the first (G1) receiving placebo, the second
(G2) receiving fish oil n-3 PUFAs at a dose of 3 g/day and the third (G3)
receiving fish oil plus 9.6 mL of olive oil. Patients were evaluated after
12 and 24 weeks in terms of the number of measures of symptoms and
functional ability.

Fish oils 101

05 Chapter 5  2/3/07  19:07  Page 101



This study found that patients in G2 and G3 showed a statistically
significant improvement compared with G1 in pain intensity and grip
strength at 12 and 24 weeks, and in duration of morning stiffness, onset
of fatigue, Ritchie’s articular index and various functional aspects at 24
weeks only. This suggests that ingestion of n-3 PUFAs was able to
improve certain clinical parameters in RA, with the benefits experienced
increasing over time. Furthermore, patients in G3 experienced additional
benefits, including earlier improvements in duration of morning stiffness
and a significantly greater in improvement in patient global assessment
than those in G2. Patients in G3 also showed a significant reduction in
rheumatoid factor after 24 weeks compared with G1, while G2 did not.
The researchers therefore concluded that their findings favoured the
hypothesis that adding oleic acid (a major constituent of olive oil
thought to have anti-inflammatory properties) to the diet of RA patients
taking fish oils may lead to an additional improvement in their disease
status. They also note that, because of its intrinsic activity, some earlier
trials using olive oil as placebo may not be true evaluations of the
benefits of n-3 PUFAs in arthritis, thus accounting for the modest effect
sizes reported.

Contradicting these results, another trial, in which three groups of
patients received either n-3 PUFAs, olive oil or a combination daily,
benefits were seen only in the n-3 PUFAs group, suggesting that the
benefits of olive oil in the treatment of arthritis are by no means estab-
lished.44

Adverse effects to n-3 PUFAs reported in clinical trials are generally
mild and usually related to gastrointestinal disturbances such as nausea,
flatulence, diarrhoea, fishy taste and odour.42 This gives them a further
advantage over NSAIDs, with their frequently reported and often serious
side-effects.

It therefore appears that the use of fish oils containing n-3 PUFAs,
and possibly supplements containing different types of PUFAs may be
beneficial in improving certain parameters such as joint tenderness or
pain and early morning stiffness, and may also have the potential to
reduce the NSAID requirement of patients with RA. However these
effects are slow to develop, and at least three months of treatment may
be required before benefits are observed.

�-Linolenic acid

The potential of n-3 PUFAs to improve symptoms of arthritic disease
has led researchers to consider whether other types of fatty acids may
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also exhibit benefits in these conditions. �-Linolenic acid (GLA) is an
n-6 PUFA found in evening primrose oil and borage oil, which is
metabolised in the body to dihomo �-linolenic acid (DGLA).49 DGLA
is the precursor of the 1-series of prostaglandins, which, although they
are able to induce signs of inflammation, may actually decrease the
activity of inflammatory cells. Ingestion of GLA, and its subsequent
metabolism to DGLA, may also suppress inflammation through
competitive inhibition of the production of leukotrienes and the 2-series
prostaglandins49 and may therefore be of benefit to those with arthritic
conditions.

In order to assess the effects of GLA in RA patients, a study was
carried out in which 37 patients with RA were treated with either
1.4 g/day GLA in borage seed oil or a cotton seed oil placebo.50 Patients
were assessed in terms of physician and patient global assessment, joint
tenderness and swelling, morning stiffness, grip strength and ability to
do daily activities. When compared with placebo, the GLA treatment
was found to reduce significantly joint tenderness and swelling,
physician global assessment and pain score at the end of the 24-week
study period. Moreover, seven patients in the GLA group exhibited a
meaningful improvement (defined as a 25% improvement or improve-
ment of two levels in at least four measures) over the study period, in
contrast to only one in the control group. Adverse reactions were
restricted to mild gastrointestinal effects, and no GLA-treated patients
withdrew from the study because of adverse reactions.

A further study51 involved 56 patients who received either
2.8 g/day GLA or a sunflower seed oil placebo for six months in a
double-blind trial, followed by a six-month single blind trial where all
patients received GLA. During the first six months, significant reductions
were seen in signs and symptoms of disease activity in the GLA group,
and more patients in this group demonstrated overall meaningful
responses (according to criteria similar to those used in the previous
study) than in the control group. During the second six months both
groups showed improvements, indicating progressive improvement over
the entire 12-month period for those patients treated with GLA.

Both these studies involved doses of GLA much greater than those
found in over-the-counter supplements containing GLA (for example
evening primrose oil). Further studies involving large groups of patients
are therefore required in order to evaluate further the positive and
adverse effects of GLA, and to define an optimal dosage for use in RA
patients.
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Cetylated fatty acids

Another group of fatty acids currently undergoing evaluation of their
beneficial effects in joint disease are the cetylated, monounsaturated
fatty acids (CFA) such as cetyl myristoleate (CMO), which, although
their mechanism of action is uncertain, may act to reduce inflammation,
possibly due to the inhibition of 5-lipooxygenase.52

One study evaluated the benefits of the administration of an oral
preparation of a blend of CFA in 64 patients with chronic knee OA.52

Patients were evaluated after 30 and 68 days of treatment by means of
physician assessment, measurement of range of motion of the affected
joint, and completion of the Lequesne Index. This study found a signifi-
cant (P 0.001) improvement in knee flexion in the CFA group compared
with the control group at each time point. Minimal improvements were
also noted in this group compared with the controls in terms of the
physician assessment, but these did not reach statistical significance. In
terms of the Lequesne Index, a trend towards improvement in the CFA
group compared with the control group was reported, which reached
statistical significance when the data were analysed as ordinal.

Following this study, a series of investigations were carried out by
Kraemer et al.53–55 to assess the benefits of topical formulations of CFA
in OA. The first of these53 involved a total of 40 patients with OA of
the knee who received either a cream consisting of a blend of CFA or a
placebo cream which they were to apply twice a day for 30 days. Patients
were assessed at baseline, 30 minutes after the first application of cream
and at the end of the 30-day treatment period in terms of a variety of
functional parameters including knee range of motion, postural stability,
balance, and ability to rise from a chair (up and go test), walk and
ascend/descend stairs.

Patients receiving the CFA cream performed better in most of the
outcome measures at the follow-up assessments than the control group,
although it should be noted that the control group also improved their
performance in some of these measures. However, these improvements
were not as large as those in the CFA group, and were usually only
apparent at the second test (30 minutes after initial treatment). Addition-
ally, improvements were noticed in the CFA group after 30 minutes,
during which time it would have been unlikely that the CFAs in the
cream could have been absorbed across the skin. These results suggest
that some of the initial improvements seen may be attributed to the
acute, pain-relieving effects of massaging the cream into the knee, rather
than to the active ingredients. However, the fact that the CFA group
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improved more, and continued to improve over the 30-day treatment
period supports the researchers’ conclusion that the use of the CFA
topical cream is effective for improving some aspects of functional
performance in patients with OA.

A further study by these researchers54 evaluated the effects of a
cream similar to that used in the above study, but to which menthol had
been added, in a group of 28 patients with OA of the knee, or severe
pain of the elbow or wrist. Treatment was continued for one week, and
no control group was used since the researchers were only looking to
compare their results with those from the last trial.20 For patients with
knee OA, similar tests were used to those in the original study, with the
addition of the WOMAC index. For patients with upper extremity pain,
a range of tests were used to evaluate grip strength, range of motion and
muscular endurance, and a pain scale was completed.

This study found functional improvements in the OA patients
comparable to those demonstrated in the previous study and a signifi-
cant improvement in the pain and function subscales of the WOMAC
measure were also noticed. In those patients with elbow or wrist pain,
improvements were noticed in muscular endurance and in pain
perception, but not the other outcome measures. The researchers
concluded that the use of a CFA cream in patients with joint disease may
be useful for enhancing the potential for exercise training in this
population, and may thus be a useful adjunct to other treatments such
as physiotherapy. Further research is needed to determine the impact of
menthol in such a cream.

The positive outcomes of these studies suggest that CFAs may be
beneficial for patients with OA; however the use of short follow-up
periods, small groups of patients and, in most cases, failure to use
outcome measures validated for the assessment of potential OA drugs,18

means that further studies are required to assess their effects more fully.
In addition, little is known about the mechanism of action of CFAs,
which also merits further research. If CFAs work by decreasing inflam-
mation, they may be of more benefit to patients with RA, in whom the
disease process involves a larger inflammatory component.

Miscellaneous nutraceuticals

Soy protein has been investigated in vitro as an anti-inflammatory agent,
and found to be a powerful inhibitor of lipoxygenase and COX-2. A
recent clinical trial involving OA patients supplemented with 40 g of soy
protein per day over three months was carried out using the same dose
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of milk protein as placebo. Soy protein was found to improve OA
symptoms such as ease of motion and level of pain, and also cartilage
metabolism was found to decrease at the same time that growth factor
associated with cartilage synthesis was increased.56

Green tea has also been investigated in vitro, and tea polyphenols,
epicatechin gallate and epigallocatechin gallate, were found to be
effective in inhibiting proteoglycan and type-II collagen breakdown.57

Pycnogenol activity has also been reported following in vivo work
in human volunteers. Pycnogenol 300 mg was shown to produce a statis-
tically significant increase in inhibition of COX-1 and COX-2, which is
consistent with reports of clinical anti-inflammatory effects.58

Conclusions

A wide variety of nutraceuticals have been claimed to be of benefit in
joint disease, particularly OA and RA. Of these, the current evidence
base is perhaps best for the use of n-3 PUFAs in RA and glucosamine
(and possibly chondroitin) in OA. However, a number of more recently
investigated compounds, for example MSM and SAMe, have also shown
promise, particularly in OA.

The main attractions of these agents are their lack of side-effects
and the possibility that they may be able to affect beneficially the disease
course rather than just ameliorating symptoms. However, many of the
clinical trials conducted to date have been of low quality and possibly
biased by sponsorship from manufacturers, so that their results must be
interpreted with care. Furthermore, variations in the quality of
formulated products means that supplies must be sourced carefully.
Pharmacists advising on the use of nutraceuticals should warn patients
of their slow onset of action, and emphasise that as of yet they should
be viewed as complementary rather than alternative to conventional
therapies for joint disease.
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6
Cardiovascular health

Cardiovascular diseases (CVDs), which affect the heart and circulatory
system, are known to cause millions of deaths each year worldwide,
comprising the largest contribution to mortality in Europe and North
America.1 According to prevalence data from the National Health and
Nutrition Examination Survey III, 64.4 million Americans have one or
more types of CVD, of whom 25.3 million are aged 65 years or older,
and accounted for 38.5% of all deaths in the USA. The cost implications
of this, both direct and indirect, have been estimated to be US$368.4
million.2 Consequently much research has been aimed at developing new
treatments and new methods of prevention of CVD.3

Known high-risk factors include smoking, diabetes, hypertension
and hypercholesterolaemia; eating a diet high in saturated fats acceler-
ates this process. Individuals with a predisposition and those with estab-
lished CVD are increasingly given advice relating to their dietary habits,
particularly relating to their fat and cholesterol intake and the risk of
developing coronary heart disease (CHD), which has been linked by
both epidemiological studies and clinical trials.4 Further to this, the
National Cholesterol Education Program in the USA, has shown that
for every 10% reduction in cholesterol levels, CHD mortality is reduced
by 13% and total mortality by 10%.2

In CHD, atherosclerotic plaques form on the inner surface of
arteries, which narrows the lumen and consequently reduces the blood
flow. Low-density lipoprotein (LDL) then deposits at lesion sites in the
artery wall and is oxidised, which causes modifications in lipoproteins,
stimulates inflammatory reactions, and causes monocytes and
macrophages to accumulate, forming foam cells with high lipid levels
and atherosclerotic plaques.5

Studies of lipid metabolism have shown that it is not the high
cholesterol levels that cause atherosclerosis and CHD but rather the
oxidised low-density lipoprotein–cholesterol (LDL-C). The use of
antioxidants would therefore be expected to reduce the incidence of
CHD and this has been shown in epidemiological studies.6
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Lipids are transported as lipoproteins in the blood. These include
very low-density lipoprotein–cholesterol (VLDL-C), LDL-C and high-
density lipoprotein–cholesterol (HDL-C). LDL-C is removed from the
circulation by binding with both plasma membranes and HDL-C, and
is a less concentrated form of cholesterol. An increased level of LDL-C
can result from a deficiency in the binding mechanism and is known as
type II hypercholesterolaemia. This can be due to a genetic defect
(familial hypercholesterolaemia) or multifactorial due to genetics, diet
and lifestyle. As well as primary hypercholesterolaemia, increased
cholesterol levels may be secondary to diabetes mellitus, hypothy-
roidism, pregnancy, renal failure, obesity, a high alcohol intake, poor
diet and various drugs, such as beta-blockers, diuretics and oral contra-
ceptives. Hypercholesterolaemia is known to be an important risk factor
in the development of atherosclerosis and CHD, and studies have shown
that a 1% decrease in serum cholesterol can lead to a 2% reduction in
mortality. The aims of treatment are to increase HDL-C and decrease
total cholesterol and LDL-C.7,8

Although diet can be used to lower cholesterol levels, in many cases
this is insufficient and pharmacological intervention is required.
Although generally safe and well tolerated, some lipid-lowering drugs
cause side-effects. The statins, for example pravastatin and lovastatin,
which are widely prescribed, have been reported to (rarely) cause
hepatotoxicity, reflected by increases in serum transaminases, as well as
myopathy leading to renal failure, reflected by increases in creatine
phosphokinase.9 The importance of these side-effects is augmented by
the fact that statins are usually taken over a long period.

Myocardial infarctions (MIs) occur in patients who have estab-
lished CHD where there is severe and/or prolonged impaired supply of
oxygenated blood to the cardiac tissue. There are a wide range of risk
factors associated with the development of CHD, including family
history, hypertension, raised serum cholesterol, diabetes, smoking, poor
diet and lack of exercise.1

There is evidence that a number of nutraceuticals are beneficial in
the prevention or symptom reduction of CHD, including black and
green tea and their flavonoids, soy protein and isoflavones, essential fatty
acids, flax lignans, coenzyme Q10, lycopene, policosanol and Pycogenol,
melatonin, resveratrol, grape seed proanthocyanidin extract (GSPE),
lutein, carnitine, and dehydroepiandrosterone (DHEA). The aim of this
chapter is to determine what effects these nutraceuticals have on the
cardiovascular system and what evidence there is to support their use,
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both experimentally and clinically. This topic has been the subject of a
number of publications, and tea and soy constituents have been
researched to a much greater extent than other nutraceuticals.

Black and green tea

Tea is probably the most popular drink in the world, second only to
water in terms of average per capita consumption, and annual world-
wide per capita consumption of tea has been estimated at 40 L/year.10

A number of epidemiological surveys have been carried out, in particular
in high-consuming populations.

During the production of commercial green teas, varying propor-
tions of catechin derivatives are produced, dependent upon the origin of
the raw material and treatment conditions.11 The fermentation process-
ing used for black teas results in production of more complex polymeric
components in addition,12 and also produces products of widely varying
composition.13

Another interesting component of tea is the amino acid theanine
(see Chapter 21), which has been shown to significantly reduce blood
pressure in hypertensive rats.14

Epidemiological studies have been carried out in order to evaluate
the effect of tea consumption on the incidence of CVD, but the findings
are to some extent contradictory, with beneficial, adverse or no effects
being reported.11 Initially most research was on green tea, but recently
research has also included black and oolong teas.

Reduction of plasma lipid levels

One proposed mechanism by which tea may protect from CVD is via
its effects on lipid and lipoprotein levels, and a number of epidemio-
logical studies have studied the relationship between tea consumption
and a possible cholesterol-lowering potential.15

In a study on 1371 Japanese men, increased consumption of green
tea, from 3 to 10 cups per day, was associated with decreased serum
concentrations of total cholesterol and triglyceride and an increased
proportion of HDL-C together with a decreased proportion of LDL-C
and VLDL-C. The group of subjects consuming the highest level of tea,
ten cups daily, showed a significant decrease in the ratio of LDL-C to
HDL-C.16
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A further inverse relationship between green tea consumption and
serum cholesterol and triglyceride levels has been identified in another
epidemiological study, also conducted in Japan. While ingestion of ten
cups of green tea per day (estimated to contain 360–540 mg of epigallo-
catechin gallate) did not lower total plasma cholesterol levels of post-
menopausal women, male subjects were found to have decreased serum
levels of both total cholesterol and triglycerides.17

One study was conducted to determine the effects of black tea
consumption on the blood lipid profiles of a group of mildly hyper-
cholesterolaemic adults, and showed significant reduction in cholesterol
levels. Ingestion of five servings of black tea per day during the three
weeks of the trial reduced total cholesterol 6.5%, LDL-C 11.1%,
apolipoprotein B (apoB) 5% and lipoprotein(a) 16.4%, compared with
a caffeine-containing placebo, but less markedly compared with the
placebo without caffeine.18

In vivo studies with rats have shown that tea catechins reduced the
solubility of cholesterol in micelles, which could be linked to reduced
intestinal absorption of cholesterol.15 Also in rats it has been shown that
green tea catechins and black tea polyphenols may exert their hypo-
cholesterolaemic activity via a number of mechanisms, including
increased faecal excretion of fat and cholesterol, upregulated LDL
receptors in liver cells, and reduced hepatic cholesterol concentration.15

However, it is unknown whether this also occurs in humans.
A randomised controlled trial carried out in China investigated the

cholesterol-lowering effect of a theaflavin-enriched (375 mg) green tea
extract on adults with mild to moderate hypercholesterolaemia. Patients
taking the extract showed an 11.3% reduction in serum total choles-
terol and a 16.4% reduction in LDL-C, compared with placebo.15

However, a study carried out in the USA on patients ingesting 900 mL
black tea daily over four weeks found no significant alteration in total
cholesterol, LDL-C or HDL-C.19

Smoking is a major risk factor for atherosclerotic diseases, as it is
known to trigger vascular injury by platelet aggregation. P-selectin is
induced by platelet aggregation and is involved in the adhesion of white
blood cells to epithelial cells; also plasma concentrations are higher in
smokers. A recent study investigated the effects of green tea consump-
tion on atherosclerotic biological markers in smokers. Participants
drank 600 mL of green tea per day for four weeks, and there was a
significant decrease in P-selectin plasma concentrations, of the order of
55%, and 15% reduction in oxidised LDL.20
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Activity on endothelial function

As endothelial dysfunction is associated with a state of increased
oxidative stress, it follows that ingestion of antioxidants could reverse
the associated impaired vascular function.19 In addition to its im-
portance in the development and progression of atherosclerosis and
thrombogenesis, impaired vascular function is associated with CVD, and
antioxidant tea flavonoids may mediate improvements in vascular
function.21

Endothelial cells that line blood and lymphatic vessels and the heart
have an integral role in vascular homeostasis, mediating their effects via
the production and release of chemical agents such as nitric oxide. Nitric
oxide is integral to normal endothelial function, hence vasomotor tone,
platelet activity, leukocyte adhesion, and vascular smooth muscle cell
proliferation.11

If the normal functioning of endothelial cells is disrupted, a loss of
nitric oxide is often observed, impairing vasodilator function in conduit
arteries and resulting in an increased risk of developing CVD.22 This
situation occurs in atherosclerosis when the production of nitric oxide
in the endothelium is reduced, therefore providing antioxidant treatment
in response to endothelial dysfunction and atherosclerosis may be able
to decrease oxidative stress and improve endothelial health.11

Increased antioxidant defences in the body and decreased pro-
duction of reactive oxygen species may contribute to reduced break-
down and/or enhanced synthesis and release of endothelial-derived nitric
oxide, and hence improve vascular function. In studies looking at the
beneficial effect of tea flavonoids on endothelial function, brachial artery
flow-mediated dilation (FMD) has been used as a marker of vasodilator
function, which in turn reflects endothelial function.21

The effects of both 2-hour and four-week black tea ingestion on
endothelial dysfunction in patients with coronary artery disease have
been investigated. Plasma tea flavonoids increased after ingestion during
both regimens, and also improved endothelium-dependent FMD of the
brachial artery.19

Acute consumption of black tea showed a 65% improvement in
brachial artery FMD; regular ingestion of black tea over a four-week
period was found to improve FMD 56%, while a 77% acute improve-
ment was reported in those subjects who ingested black tea chronically.19

Five cups of black tea per day were taken by patients with mild
elevations in serum cholesterol or triglyceride concentrations over four
weeks. There were insignificant changes in total cholesterol, LDL-C and
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HDL-C, but endothelium-dependent FMD improved by approximately
41%.21

Effects of tea on atherogenesis

CHD results in the death of over 6.5 million people worldwide each year
and atherosclerosis of the coronary arteries is the cause of most
incidences.1 Epidemiological studies have shown that consumption of
approximately two cups of black tea per day correlates with a decreased
risk of developing CHD, and it is thought that this may be mediated by
reduced incidence and degree of progression of atherogenesis in tea-
drinking individuals.23

Black and green teas have been shown to be equally effective in
increasing the total plasma antioxidant status after a single dose,
however another study showed green tea to be more effective than
black. Epidemiological studies relating tea consumption with lipid levels
showed a negative correlation in black tea drinkers in Norway, and no
correlation in Japanese green tea drinkers.10 Animal work using ex-
perimentally induced atherosclerosis showed an inverse association
between both green and black tea consumption and atherogenesis. Low
dose teas, 0.0625%, caused a decrease in atherosclerosis by 26–46%,
while the high dose, 1.25% (the ‘typical’ human level of consumption),
caused a decrease of 48–63%. In normal animals, both teas produced
some improvement in LDL, LDL/HDL ratios and triglyceride levels.10

It is thought that the oxidation of both LDL-C and VLDL contributes
to the development of atherosclerosis.10 Consequently, by preventing
their oxidation a corresponding reduction in atherogenesis should be
seen.

Human trials with both black and green tea have shown a signifi-
cant increase in plasma antioxidant capacity approximately 1 hour after
consumption of 1–6 cups of tea daily.23 It is thought that this can protect
cells and tissues from oxidative damage caused by scavenging oxygen
free radicals, after they are absorbed from the gut after ingestion. Signifi-
cant decrease in foam cell formation, the early form of atherosclerosis,
has been reported in animals after consumption of both green and black
teas.10 This may explain how green and black teas have a protective
effect against CHD. One recent review of the literature on green tea
concluded that green tea possessed stronger cardioprotective activity
than black tea, or oolong, simply due to the greater antioxidant
capacity.24 The apparent significance of the antioxidant and other
biological activities of the flavonoid metabolites, as demonstrated by in

116 Cardiovascular health

06 Chapter 6  2/3/07  19:08  Page 116



vivo activity, shows the importance of investigation into the metabolites
themselves.

Effects of tea on hypertension

Hypertension is the most common form of CVD, affecting approxi-
mately 20% of the adult population in many countries.14 It is also one
of the major risk factors for cardiovascular mortality, which accounts
for 20–50% of all deaths. Some of the evidence was reviewed in 200414

and an association was suggested between tea drinking and a reduction
in blood pressure in a Chinese population.

An epidemiological study carried out in Norway found that subjects
experienced a fall in systolic blood pressure with increased consumption
of black tea, while a further study conducted in Japan showed no relation
between green tea intake and blood pressure.14 Clinical trials carried out
in both Australia and England failed to show a correlation between short-
term consumption of high quantities of green or black tea and a decrease
in blood pressure. Animal studies conducted in Japan concluded that a
substantial hypotensive effect was observed in rats following short-term
supplementation of their diet with green tea extracts.

These variable results have caused some confusion over the
possible antihypertensive effect of green and black teas. Further
epidemiological work was initiated in 1996, involving the participation
of Chinese adult habitual tea drinkers in Taiwan.14 The long-term effects
of tea drinking and various lifestyle and dietary factors were evaluated
for the risk of developing hypertension.14 An inverse relationship was
found between consumption of tea and mean blood pressure of indi-
viduals. Participants who had consumed at least 120 mL of tea per day
for one year had a 46% lower risk of being diagnosed with hypertension
than non-habitual tea drinkers. Increased consumption of 600 mL or
greater was shown to reduce the risk by 65%. It was suggested that the
threshold level of tea consumption likely to reduce the risk of developing
hypertension was 120 mL either green or oolong tea per day, for at least
one year, as nearly 40% of the 1507 subjects without a history of hyper-
tension consumed tea at this level.14

Increased peripheral vascular tone is a characteristic of hyper-
tension, and this could be a result of endothelial dysfunction; a state of
oxidative stress is also commonly observed. The presence of superoxide
radicals could result in impaired nitric oxide synthesis, or even increased
deactivation of nitric oxide, which could explain the increased
peripheral vascular resistance observed.14
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Tea polyphenols are known to act as potent antioxidants, acting
as free-radical scavengers and causing chelation of transition metals and
inhibition of enzymes.13,25

It is thought that green and oolong tea extracts demonstrate anti-
hypertensive effects due to their ability to reverse the endothelial
dysfunction associated with hypertension, both through their antioxi-
dant activity, and also their capacity to relax vascular smooth muscle.14

Effects of tea on myocardial infarction

In addition to the cardiac activities discussed, tea polyphenols are
believed to have antiplatelet, antithrombotic and anti-inflammatory
properties, and animal studies suggest that they may also improve
vascular function. This suggests that ingestion of tea could minimise the
risk of developing CHD and of having an MI.26

The association between tea consumption and MI has been the
subject of a number of epidemiological studies. Both inverse and
converse relationships have been found in studies ranging from Saudi to
Japan. The Boston Area Health Study reported that consumption at least
one cup of black tea per day reduced the risk of suffering an MI by about
a half, compared with that of habitual non tea-drinkers.13 The Zutphen
Elderly Study claimed an inverse association between age-adjusted tea
polyphenol intake and ischaemic heart disease, but not with MI
incidence.23 Another study on Dutch populations, this time in Rotter-
dam, found that tea drinkers consuming more than 375 mL/day had a
lower relative risk of MI than non tea-drinkers.26

A meta-analysis of 17 studies on tea consumption in relation to
MI, based on ten cohort studies and seven case–control studies, reported
that an increase in tea consumption of three cups per day was associated
with an 11% decrease in the incidence rate of MI. However, the authors
urged caution as preferential publication of smaller studies appeared to
suggest protective effects.27 A later study in the USA, involving acute MI
patients, concluded that post-MI mortality was lower among moderate
to heavy tea drinkers, consuming more than 14 cups of tea per week for
a year prior to MI, compared with non tea-drinkers.28

Unfortunately, not all studies showed that tea consumption
reduced the incidence of MI. Two studies conducted within the UK
actually identified a positive correlation between tea consumption and
CHD risk.27 Lifestyle factors could have had a profound effect on the
findings, and therefore further research needs to be carried out into the
effects of tea consumption.
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Soy

In 1999, the US Food and Drug Administration (FDA) approved
permission for manufacturers of soy foods to state that consumption of
at least 25 g of soy protein per day may be beneficial to a reduced risk
of developing CHD. It has been claimed that much of the support for
this decision was obtained from a meta-analysis published in 1999.29

The results of this analysis showed that consumption of soy protein
instead of animal protein reduced LDL-C levels by 7–24%, depending
upon initial cholesterol levels. However, it was not clear whether the
benefits reported were due to the soy protein or the constituent
isoflavones.30 This lack of specificity of composition of many of the soy
products used in research since that date still causes problems in inter-
preting the active fraction(s) of the soy tested.

Animal and clinical evidence relating to consumption of soy and
soy protein has been published in a number of areas of cardiac health.

Effects of soy consumption on plasma lipids

Over the last 30 years, numerous animal and human studies have
indicated that ingestion of isoflavone-rich soy protein is associated with
decreased LDL and unchanged or increased HDL-C plasma concentra-
tions,3 but the results from several clinical trials have been less
conclusive.29 In hypercholesterolaemic men and women, the relationship
is particularly evident, but in normocholesterolaemic men and women
there is less consistency in results.31

One trial involving hypercholesterolaemic postmenopausal women
showed increased HDL-C and reduced non-HDL-C in subjects receiving
40 g of soy protein per day for six months. The soy supplements
contained either 2.39 mg isoflavones/g protein, or 1.39 mg isoflavones/g
protein. Patients in the group taking the low concentration of isoflavones
had significantly improved blood lipid profiles before 24 weeks, while
the other group did not show improvement until later in the study.32

In one previous study by the same authors mildly hypercholes-
terolaemic men who consumed 50 g of soy protein daily experienced an
11–12% reduction in total and LDL-C concentrations, and in another
study subjects showed a 5–6% reduction in total cholesterol after
consumption of 25 g of soy protein per day.32

Other studies have also compared the effects of isoflavone-rich soy
protein and isoflavone-depleted soy protein on the plasma lipid profiles
of subjects.31 One study found that consumption of high isoflavone
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content soy protein significantly decreased total and LDL-C levels in
subjects with the highest baseline LDL-C concentrations.31 A study of
premenopausal women found that subjects taking high isoflavone soy
protein had lower LDL-C concentrations and lower ratios of total to
HDL-C and of LDL-C to HDL-C than those women taking the low
isoflavone soy protein.31 These studies support the view that the iso-
flavone content of soy protein is responsible for the cholesterol-lowering
capacity of soy products.28

In postmenopausal women oestrogen replacement therapy causes
a decrease in their plasma cholesterol concentrations.32 Consequently,
the oestrogenic activity of isoflavones, particularly genistein and
daidzein, has been hypothesised to cause a reduction of cholesterol levels
observed in mild hypercholesterolaemia.32

A number of mechanisms implicated in the cholesterol-lowering
activity of the isoflavones include altered thyroid status, enhanced bile
acid excretion, leading to reduced rates of cholesterol absorption,28 and
upregulation of LDL receptors.33

A number of trials have investigated the effects of soy isoflavones
on plasma lipid profiles. An eight-week study with healthy middle-aged
subjects supplemented with 55 mg of isoflavonoids showed that the
isoflavonoids had no significant influence on serum lipid or lipoprotein
concentrations.32 A trial involving healthy individuals taking soy milk
for four weeks showed significant increases in plasma genistein and
daidzein concentrations, but revealed no significant effect on plasma
cholesterol or triglyceride levels.34

A recent meta-analysis of 23 trials published between 1995 and
2002 of the effects of soy protein-containing isoflavones on the lipid
profile of subjects concluded that soy protein-containing isoflavones
significantly reduced serum total cholesterol, LDL-C and triacylglycerol,
and significantly increased HDL-C. However, these changes were related
to the level and duration of intake, and the gender and initial serum lipid
concentrations of the subjects.35 Compared with the earlier meta-
analysis, there was an LDL-C reduction of 5.25%, whereas 7–24% had
been found previously. The reductions in total and LDL-C were found
to be larger in men than in women, and trials using intakes of >80 mg
showed better results. Interestingly, three trials reviewed, in which tablet
formulations containing extracted soy isoflavones were investigated,
showed no significant effects on total cholesterol reduction.

The metabolism of daidzein results in formation of equol in a wide
range of animal species, but is not normally present in humans until soy
is ingested. It is not produced by germ-free animals or infants, but is a
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product of intestinal bacterial metabolism. Adult humans are split into
‘equol producers’ and ‘nonequol producers’, the latter making up
50–70% of the population. The perceived benefits of being an ‘equol
producer’ are that equol has enhanced oestrogenic activity in vivo,
compared with daidzein, and has the greatest antioxidant activity of all
the isoflavones when measured in vitro. This increased antioxidant
activity may provide greater inhibition of lipid peroxidation, and conse-
quently greater reduction in risk of CVD.36

In conclusion, further research is necessary to prove that replace-
ment of animal protein in the diet with soy protein could reduce plasma
lipid and lipoprotein concentrations, and also establish the relative
effects of the protein and isoflavonoid components.

Effects of soy consumption on vascular function

It is possible that phytoestrogens may have a beneficial effect on vascular
function by acting directly on vessel walls, perhaps via improved arterial
compliance and enhanced FMD.37 A number of studies have been
carried out to investigate the improvement in vascular function after
treatment with soy products and isoflavones.

One trial found that dietary soy protein supplementation over three
months significantly improved distal pulse wave velocity in normo-
tensive male and postmenopausal female subjects, following reduction
in the extent of vasoconstriction in peripheral resistance vessels.
Although the trial showed that soy supplementation improved blood
pressure and lipid status, it did not improve vascular function, and
produced a decline in endothelial function in male subjects.38

When atherosclerotic female macaques were fed a diet rich in
isoflavones, it was found that administration of acetylcholine dilated their
arteries, whereas constriction was reported in those fed a low isoflavone
diet. Later intravenous administration of genistein to those animals
receiving the low isoflavone diet dilated previously constricted vessels.39

Infusion of genistein into the brachial artery of participants in one
trial resulted in an increase in blood flow within the microcirculation of
subjects’ forearms.33 Another trial reported on arterial compliance in
perimenopausal women following administration of 45 mg of genistein
(80 mg of total isoflavonoids) over a 5–10 week period and systemic
arterial compliance showed a 26% improvement.40

Consumption of soy products containing isoflavones may improve
vascular function via a variety of mechanisms. Due to their structural
similarities to oestrogen, it is thought that they may cause an effect by
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binding to oestrogen receptor (ER)� receptors present in the vascula-
ture, and protect against atherosclerosis.33

After oestrogen therapy postmenopausal women have improved
large artery function, enhanced brachial artery FMD and restoration of
normal vasomotion.38,41 Impaired brachial artery FMD is positively
associated with coronary artery endothelial dysfunction and with
cardiovascular risk factors.38 Dietary soy could improve vascular
function, hence reducing CVD risk, through oestrogenic mechanisms.38

Although some studies show beneficial results, others show un-
certainty concerning the effects of soy isoflavones on vascular function.
The effects of genistein on vascular reactivity show that it may affect
development of atherosclerosis, and have some effect on angina,
however further trials are necessary to confirm these findings and their
possible benefits.41

Effects of soy on atherogenesis

One of the major contributing factors implicated in the pathogenesis of
CHD is atherogenesis of the coronary arteries, and many experimental
studies have shown that diets rich in soy protein may have beneficial
effects in preventing the onset and development of atherosclerosis.41

After a trial involving male and female macaque monkeys it was
found that those fed a diet containing intact soy protein (143 mg/day
isoflavonoid human equivalent) had less atherosclerosis than those fed
protein from casein–lactalbumin, and those who consumed low isoflav-
one soy protein isolates (16 mg/day isoflavonoid human equivalent).41

It was concluded that consumption of soy containing high isoflavonoid
content could aid the prevention of atherosclerotic plaque development
in monkeys.41

A number of in vitro studies and human trials have been carried
out in order to identify mechanisms involved in the activity of iso-
flavones in atherogenesis.

LDL oxidation has a major role in the pathogenesis of athero-
sclerosis, as it acts as the trigger for a cascade of events including
accelerated platelet aggregation, injury to arterial endothelial cells, and
stimulation of foam cell and fatty streak development. It has been
suggested that prevention of this oxidation process could result in an
improvement in atherosclerosis, and soy isoflavones are known to have
antioxidant properties.42

In vitro experiments have indicated that both genistein and daidzein
cause inhibition of LDL oxidation in the vascular subendothelium.42 It

122 Cardiovascular health

06 Chapter 6  2/3/07  19:08  Page 122



is thought that this antioxidative activity of the isoflavones can be
attributed to their ability to scavenge free radicals, consequently
decreasing oxidative stress.29

These data substantiate a widely held view that soy isoflavones
exert an antiatherogenic effect in humans through inhibition of LDL
oxidation, because of their antioxidant activity. Alternative mechanisms
of activity include binding to oestrogen receptors; reduction in hyper-
lipidaemia; inhibition of the migration and proliferation of smooth
muscle cells by genistein; and inhibition of tyrosine kinase by
genistein.41

Effects of soy products on blood pressure

Hypertension is the most common form of CVD, and has been the
subject of several trials comparing the cardioprotective effects of
ingestion of soy protein. As can be seen, conflicting evidence has been
collated from these trials. Some of the data concerning the effects of soy
on blood pressure in hypertension have recently been reviewed.43 A trial
involving normotensive men and women concluded that soy protein
supplementation, involving 40 g protein and 118 mg isoflavonoids daily
for three months, resulted in a significant reduction in the systolic,
diastolic and mean blood pressures.38 In one study, consumption of a
soy-based diet was found to attenuate the development of hypertension
in spontaneously hypertensive rats. Trials in perimenopausal women
ingesting soy protein containing 34 mg isoflavonoids per day showed
that subjects’ diastolic blood pressure was significantly reduced.43

A trial involving men and women with mild-to-moderate hyper-
tension was carried out in which patients received 500 mL of soy milk
twice daily for a three-month period. At the end of the trial, consumers
of soy milk were found to have significantly lower systolic, diastolic and
mean blood pressures.43

This trial also revealed an inverse relationship between the
decreases in blood pressure and the daily urinary isoflavonoid
excretions, which consisted mainly of genistein, but also of equol, a
metabolite of daidzein. Urinary excretion of genistein was found to
correlate strongly with reductions in diastolic blood pressure, while
lower systolic blood pressures tended to be associated with increased
levels of urinary excretion of equol.43

The data from another clinical trial, in which patients with
essential hypertension received 55 mg of isoflavonoids from red clover
per day for eight weeks, showed no significant hypotensive effect. Red
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clover contained similar isoflavonoids, genistein, daidzein, plus their
methylated derivatives, so similar results may have been expected.43

A recent review of 22 randomised trials of soy protein and
isoflavones concluded that soy products should be beneficial to cardio-
vascular health because of their high content of polyunsaturated fatty
acids (PUFAs), fibre, vitamins and minerals and low content of saturated
fat, because studies on the effects of the isoflavones alone were found
to have negligible effects.44

n-3 and n-6 Essential fatty acids

A large amount of research has been carried out into the effects of the
so-called ‘Mediterranian diet’, centred mainly around the fatty acid
composition of the diet. The concomitant consumption of a wide range
of other constituents may, however, be part of the overall benefits.

A high dietary intake of saturated fat is thought to increase choles-
terol levels and increase the risk of atherosclerosis. n-3 and n-6 PUFAs
are believed to be beneficial in preventing or reversing high cholesterol
levels.45 Modern health advice is to reduce cholesterol, saturated fat and
trans fatty acid intake for reduction of serum cholesterol levels.46

The basis of ALA deficiency caused by consumption of a Western
diet47,48 has been dicussed in Chapter 2.

Levels of PUFA intake also need to be maintained to avoid clinical
deficiency.49

Linoleic acid is the major dietary n-6 PUFA, and it is found in
vegetable oils including safflower, sunflower and corn oils. It is
integrated into phospholipid membranes and lipoproteins and can be
elongated and desaturated in vivo to form other fatty acids such as
arachidonic acid.4

Eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and
ALA are all n-3 fatty acids. EPA and DHA are found primarily in fish
oils, ALA is found in vegetable oils, particularly flaxseed, but also
soybean and canola oil. EPA and DHA can be synthesised from ALA in
the liver, but this supplies only a small proportion of the total levels.
Eating one or two portions of oily fish per week is recommended to
obtain the required dietary amount of n-3 PUFAs, as only relatively low
doses of n-3 PUFAs of the order of 20 mg/kg per day are required.50

A large trial carried out in 1994 investigated the effect of an ALA-
rich, Mediterranean diet in the survivors of a first MI. The MI survivors
were randomly assigned to the experimental diet (n = 302), or continued
with their normal diets. The experimental diet included a high intake of
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ALA, and more bread, root vegetables, green vegetables and fruit.
Patients were also advised to eat more fish, less meat and replace butter
and cream with margarine supplied by the study, which was canola oil
(rapeseed oil)-based and provided about 5% ALA. A reduction of
coronary events and cardiac deaths of close to 70% was seen in the
experimental group over 5 years and there were significantly fewer
deaths in the group on the ALA-rich diet. In the experimental group
there were only eight deaths, three from cardiac causes and none were
sudden. The high intake of fruits and vegetables in the experimental
group led to a significantly higher concentration of antioxidants in the
plasma, measured over one year. Although these may well have increased
the positive effects of the experimental diet, it was concluded that the
increase in ALA in the diet also seemed to have significant consequences
for coronary health. However, the number of dietary variables allowed
in the diet make assessment of the affect of ALA difficult to judge.

Plant-provided polyunsaturated fatty acids

Low saturated fatty acid diets are thought to be associated with a lower
risk of CVD mortality but the majority of trials in this area have shown
there to be no beneficial effects. The critical dietary factor appears to be
dietary enrichment with PUFAs, which has been positively linked to a
decreased risk of CHD mortality.51

Linolenic acid is the major dietary fatty acid regulating LDL-C
metabolism, by downregulating LDL-C production and improving its
hepatic receptor-dependent clearance. One major trial investigated the
effect of inclusion of 11.7 g/day linolenic acid in the diet, and revealed
that this produced a 39% lower prevalence odds ratio for coronary
artery disease.52 Dietary intake must be above a certain critical
threshold, of the order of 12.6 g/day, in order to dictate the hyperlipi-
daemic effects of the other dietary fat components, including cholesterol,
for this action to take place. The corresponding levels of ALA and EPA
+ DHA are 1.7 g/day and 0.5 g/day respectively, and this level of dietary
supplementation results in a n-6:n-3 fatty acid ratio of approximately
6:1.45

Data from a number of human trials suggest that ALA may protect
against CHD. In one such study, the National Heart, Lung and Blood
Institute Family Heart Study, 1.1 g/day ALA correlated with a 40%
reduction in mortality from coronary artery diseases.52 The mechanism
of action of dietary ALA may be related to cardiac function, rather than
plasma lipids. ALA is not thought to be as effective as linolenic acid in
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modulating either LDL-C production and clearance, or in increasing
hepatic LDL receptor activity, but ALA has been found to reduce C-
reactive protein, interleukin-6 (IL-6) and serum amyloid A, which are
inflammatory markers associated with atherogenesis.45

It is clear that there are benefits derived from substituting n-6
PUFAs for saturated fats, which leads to a reduction in cardiovascular
deaths, via reduction in cholesterol levels. It is not known whether the
benefits associated with consumption of ALA are independent, or are
related to its biotransformation to EPA and DHA.

One study revealed a significant reduction in non-fatal MIs when
adipose tissue contained high levels of ALA and low levels of trans fatty
acids. This association was more marked for individuals with a low
dietary fish and hence low EPA and DHA consumption.53

Higher consumption of ALA has been found to result in lower
prevalence of carotid artery plaques and a reduced intima-media
thickness of the carotid arteries. It was thought that this could be caused
by the conversion of ALA to EPA and DHA, both of which have been
associated with cardioprotective effects.52 This conversion has been
monitored previously in subjects taking 40 g flaxseed oil for 23 days,
and the n-6:n-3 ratios in subjects dropped to 1:2, from a control value
of 30:1.54

A possible relationship between high intake or blood levels of ALA
and prostate cancer has been investigated, by carrying out a meta-
analysis of reports on the use of ALA in fatal coronary heart disease.
Epidemiological studies have previously shown an increased risk of
prostate cancer in men with high intakes of ALA. It was concluded that
ALA consumption might be associated with an increased risk of prostate
cancer. The dietary sources of the ALA, whether from meat or from
vegetables, may be related to the increased risk because of the concomi-
tant intake of many components that are prostate cancer risk factors in
high meat diets.55

Obesity is one of the main risk factors for CHD. Another risk
factor is aortic compliance, or elasticity, which is related to arterial
function. A decrease in aortic compliance occurs in advancing age,
hypertension, diabetes and atherosclerosis.56 Middle-aged, obese sub-
jects were supplemented with 20 g of flaxseed oil daily over a four-week
study, and improved aortic compliance with a resulting improvement in
arterial function was reported. This finding may have significant effects
in elderly, diabetic or obese patients, all of whom show a tendency
towards decreased aortic elasticity.
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The studies involving ALA suggest that it does impart important
protection from CVD, however, it is still not certain whether the benefits
of ALA are due to its inherent activity, or through its conversion to EPA
and DHA.45

In a crossover study,57 flaxseed oil capsules were taken three times
daily (20 g oil per day, containing 12 g ALA) and compared with 50 g
flaxseed flour per day, containing 12 g ALA. In healthy women the
bioavailability of ALA was similar in each case, resulting in lowered
blood lipids. Also, there was no weight gain in the subjects, indicating
that other energy sources had been displaced from the diet.

In another experiment,57 flaxseed flour sprinkled on foods was
compared with bread made from the flour, both providing 50 g/day of
flaxseed for four weeks. The fatty acid profiles of the subjects did not
differ significantly between the two groups, and no weight gain was
reported. It therefore appears that the form in which flaxseed is
consumed, whether flour, oil or in baked goods, does not seem to affect
the bioavailability of the ALA.

The optimum intake of ALA is about one or two teaspoons of the
oil daily (2–9 g).58 While still in the seed the oil can keep for years, but
once extracted it should be stored carefully and shelf-dated, as it is
sensitive to heat and light. Freezing is an alternative way of ensuring
that the oil is in prime condition while being stored. Moreover, plant
oils are often hydrogenated during processing, which destroys the ALA
found in the pure oil. It is therefore important to ensure that flaxseed
oil purchased for its therapeutic properties is not in this form.59

Polyunsaturated fatty acids from fish oils

The main dietary source of EPA and DHA is fish, and fish consumption
has been shown to decrease risk of sudden cardiac death. One investi-
gation into the consumption of fish and heart rate found lower heart
rates in men who consumed fish regularly.60

Another study found that supplementation with 3 g each of EPA
and DHA caused an increase in systemic arterial compliance, and a
reduction in pulse pressure and total vascular resistance. Both fatty acids
were also found to lower plasma total and VLDL triacylglycerol.61 The
effects of supplementation of 4 g/day of purified EPA or DHA were
studied in mildly hyperlipidaemic men over six weeks. Of the two, only
DHA, but not EPA, was shown to reduce ambulatory blood pressure
and heart rate. DHA supplementation led to a small increase in EPA
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levels, but EPA supplementation did not change DHA levels, thereby
demonstrating the metabolic pathway.62

There is growing evidence that EPA and DHA levels are respon-
sible for a decreased risk of ischaemic heart disease mortality. One study
revealed that increased plasma levels of combined DHA and EPA and
possibly ALA lowered the risk of fatal ischemic heart disease, but not
non-fatal heart attacks. A possible explanation for this is that n-3 PUFAs
have antiarrhythmic action.63 A meta-analysis of randomised controlled
trials on the effects of n-3 PUFAs in coronary heart disease suggested
that both dietary and non-dietary supplementation with n-3 PUFAs may
decrease mortality due to myocardial infarction, sudden death and
overall mortality in patients with coronary heart disease.64

EPA and DHA are antiarrhythmic agents due to their ability to
prevent calcium overload in cardiac myocytes during periods of stress,
where they have a membrane stabilising effect. The n-6 PUFAs, particu-
larly linolenic acid, are thought to be arrhythmogenic, due to their
metabolism to arachidonic acid, prostaglandin and thromboxane.65

The decreased blood pressure and vascular resistance are due to an
increased arterial compliance. It has also been shown that EPA and DHA
produce a dose-dependent reduction in tumour necrosis factor-alpha and
IL-6 and hence have an anti-inflammatory effects, which may slow
atherogenesis. In addition, EPA and DHA reduced atherosclerotic
plaque development through the reduction of vascular adhesion
molecules, such as vascular cell adhesion molecule-1 (VCAM-1). EPA
and DHA are thought to reduce coronary heart disease mortality
through a combination of these mechanisms.45

A study involving healthy individuals from three countries looked
at the effect of dietary supplementation with 2.4 g of both EPA and
DHA. An increase in LDL-C but decrease in VLDL was observed.
Triacylglycerol levels were reduced via inhibition of hepatic triglyceride
and VLDL apoB secretion. This suggests that other beneficial effects of
n-3 PUFAs, rather than just lipid metabolism, are responsible for the
decreased risk of coronary mortality.66 The is opposite to the proposed
action of the n-6 fatty acids.

EPA and DHA are also thought to have an antithrombotic effect
and to cause a reduction in pro-aggregatory eicosanoids, such as
thromboxane B2, which takes place as a result of EPA competing in the
arachidonic acid cascade. Reduced platelet aggregation and reduced
coagulation factors have been reported, which may reduce CVD.45
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Comparison of flaxseed and fish oils

Due to the health benefits of n-3 fattys acids compared with n-6 oils,
research has been carried out to see whether flaxseed has the same
advantages as fish oils on lipoprotein metabolism. In one review,67

evaluation of a number of human studies led to the conclusion that ALA
was equivalent to n-6 fish oils but not as beneficial as n-3 fish oils in its
effects on lowering serum cholesterol, unless ingested in very large
quantities (60 mL oil). This is because long-chain n-3 fatty acid pro-
duction from ALA depends on the amount of n-6 fatty acid already
present. Fish oils provide long-chain n-3 PUFAs – EPA (20:5n-3) and
DHA (22:6n-3) – whereas flaxseed provides an n-3 precursor, which must
be converted to these beneficial long-chain n-3 PUFAs. Since most people
have a vast excess of n-6 fatty acids, the n-6 pathways are preferred and
long-chain n-6 fatty acids are produced (18:2n-6 � 20:4n-6). The
conversion of the n-3 precursor to the long-chain fatty acids from ALA
is therefore more significant over a long time period of time or with very
large intakes.

In a controlled, randomised, double-blind, crossover study68 the
effect of low-dose flaxseed or fish oils on subjects consuming diets with
a high or low polyunsaturated/saturated fatty acid diet was investigated.
All subjects took olive oil capsules (consisting mostly of oleic acid,
18:1n-9) for three months as a placebo. They were then randomly
assigned to take flaxseed oil (35 mg of ALA daily) or fish oil (35 mg of
EPA) in capsules for three months, before crossing over to the other
supplement. Blood samples and diet records were taken every three
months. Neither flaxseed oil nor fish oil capsules significantly altered
plasma total, LDL-C or HDL-C. However, it was found that fish oil
reduced plasma triacylglycerides in the low polyunsaturated/saturated
group. This was not seen in the flaxseed oil subjects but this may have
been due to the small dose used.

There is a large body of evidence to suggest that n-3 PUFAs
contribute to reducing mortality from cardiac diseases via a range of
pathways, thereby decreasing the risk factors of raised blood pressure
and cholesterol, which are closely related to CVDs. Eating fish regularly
maintains a constant input of EPA and DHA, and in non-fish eaters it
is clear that taking these in supplement form could be beneficial.49.

Inexplicable conflicting evidence has been reported from some
studies, such as an association of ALA with an increased risk of prostate
cancer, but this link has not been investigated with fish oils, and it is
possible that these may protect against prostate cancer.55 In view of these
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findings supplementation with purified EPA and DHA could be the best
course of action.

One study making a direct comparison of the effects of tuna fish
oil, evening primrose oil, soy oil and sunflower oil concluded that the
fish oil containing 6% EPA and 27% DHA may have significant
beneficial effects on cardiovascular health, as it was the only oil tested
that produced significant changes in vascular response.69

In a number of studies into the effects of dietary fattys acids on
cardiac indicators, fatty acid intake is carefully controlled. However, this
is not always the case, and personal dietary choices may have conflicted
with the aims of the trials. Also, beneficial effects reported may have
been caused by either the fatty acid itself or its metabolic products. As
a high saturated fat intake is a specified risk factor for CVD, substitution
with alternative fatty acids, such as PUFAs, may lower this risk. In all
the trials the PUFAs have been well tolerated and no significant side-
effects have been reported.

A range of structurally unrelated compounds have also been
implicated in beneficial effects on CVD. These include the flax lignans,
coenzyme Q10, lycopene, policosanol, Pycnogenol, melatonin and
resveratrol, GPSE, lutein and carnitine.

Flax lignans

Flaxseed contains about 35–45% fixed oil, with ALA accounting for at
least 50% of the total. Data concerning the effects of ALA have been
discussed above in the section ‘n-3 and n-6 Essential fatty acids’. In
addition to this, flaxseed also contains the lignan secoisolariciresinol
diglucoside (SDG) at levels of 10–30 mg/g of defatted flaxseed and
fibre.70

Understanding of the causes of the beneficial cardiac effects of flax
was aided greatly by Canadian researchers who compared the effects of
high and low flaxseed diets in rabbits. They found that hypercholes-
terolaemic atherosclerosis was reduced by 46% in rabbits fed 7.5 g/kg
whole flaxseed. Later they showed that there was a 69% reduction in
atherosclerosis in subjects given flaxseed oil containing only 3% ALA
(to check whether the effects were cause by the lignans or the ALA),
with a non-significant decrease in serum total cholesterol and LDL-C.
Next they used 15 mg/kg SDG supplementation and found 73%
reduction in development of hypercholesterolaemic atherosclerosis.
This result clearly shows the involvement of the lignan SDG in the
outcome.70
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In a small human trial the effect of partially defatted flaxseed (low
ALA) was investigated in hyperlipidemic men and women.71 The
subjects ate four control muffins (no flaxseed) or four test muffins
(defatted flaxseed) daily, for two three-week periods in a randomised,
crossover design. There was a two-week washout period between each
test period. Serum samples were obtained and analysed for serum lipids.
The defatted flaxseed reduced the serum concentrations of total choles-
terol and LDL-C in similar amounts to those given full-fat flaxseed in
previous experiments, quoted by the authors. However, there was no
effect on serum lipoprotein. As well as the lignan effects there are also
beneficial effects from the seed coat gum of flaxseed, which may be
responsible for the hypolipidaemic action. Additional trials are required
in which all the components are isolated, to determine exactly which
part of the flaxseed is contributing to these effects.

Recently the outcomes of clinical trials using flaxseed or flaxseed
oil in a range of subjects have been compared. Five out of six trials
involved the use of flaxseed (38–50 g/day) and showed significant
reduction in total cholesterol and LDL-C, and three out of four trials
using flaxseed oil showed no reduction in cholesterol parameters.
However, one trial using a very high-dose, 60 g/day of flaxseed oil for
two weeks showed a decrease in triglyceride levels, and there were also
reductions in total cholesterol and LDL-C levels in specific patient
groups.72 Research directed towards the specific involvement of SDG
has shown that there is an inverse relationship between serum entero-
lactone (a major SDG metabolite) levels and risk of acute cardiac
events.73

The coat of flaxseed contains viscous soluble and insoluble fibre,
and the former is thought to be involved in cardiac protection. One
meta-analysis has shown that 2–10 g/day, approximately 26–130 g of
flaxseed, of viscous soluble fibre produces a small and significant
decrease in total cholesterol and LDL-C.72

Coenzyme Q10

Coenzyme Q10 (Co Q10) is a powerful antioxidant and free radical
scavenger, and is manufactured and used as a medicine in Japan.65 It
occurs naturally in the body and is mainly located in the mitochondria
of myocardium, liver and kidney cells. It is an electron carrier in the
mitochondrial synthesis of ATP, and has membrane-stabilising effects.74

It has been used for the treatment of CVDs including heart failure,
hypertension, angina and arrhythmias, but the evidence to support its
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use is contradictory. Significantly reduced levels of myocardium Co
Q10, of the order of 50% normal levels, have been reported in heart
failure in animals and humans.75 Contradictory results have been
reported in trials using Co Q10 supplementation in heart failure
patients, but a meta-analysis of eight clinical trials supported its use.76

However trials involving doses of less than 100 mg/day produced nega-
tive results, and it has been suggested that doses of 150–200 mg/day
should be used.75

Clinical studies indicate that Co Q10 may be useful as a treatment
for hypertension, as it causes a decrease in total peripheral resistance,
and is thought to act as an antagonist of vascular superoxide.77 A
number of clinical trials have shown that supplementation causes a fall
in blood pressure.77 A trial involving 109 patients showed when the Co
Q10 dose was adjusted to produce a blood concentration above
2 �g/mL, a marked reduction in blood pressure occurred from 159/94
to 147/85 and 51% of patients were able to discontinue their previous
antihypertensive medication.78 Co Q10 may act by decreasing peripheral
vascular resistance, or as a superoxide antagonist, and may decrease the
cytoplasmic redox potential of the endothelium.77 It is quite possible
that Co Q10 may act via a variety of mechanisms.

Conflicting evidence exists about the benefits for cardiac patients.
Other trials noted improvements, but concerns about experimental
procedures and small patient numbers has limited the usefulness of the
outcomes. Administration of Co Q10 was found to improve the ejection
fraction and functional status of the patient and it improved the patient’s
heart failure classification. In addition, clinical symptoms improved after
three months, including arrhythmias in 63% of the patients. However,
in another study using 200 mg/day, Co Q10 did not affect ejection
fraction, peak oxygen consumption or exercise duration in patients with
congestive heart.79

The administration of 120 mg/day of Co Q10 for 28 days has been
reported to reduce angina, improve ventricular function and reduce total
arrhythmias.80

A trial using patients with hypertrophic cardiomyopathy supple-
mented with 200 mg/day Co Q10 reported symptomatic relief of fatigue
and dyspnoea, and improvements in measurements of left ventricular
thickness and diastolic function. Successful outcomes required blood
levels greater than 2 �g/mL. This is thought to be due to an improve-
ment in myocardial bioenergetics and ATP production.81

It has been reported that Co Q10 supplementation at a level of
4 mg/kg prior to stress caused by surgery improves the recovery of rats
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after cardiac operations. Co Q10 apparently improves the efficiency of
mitochondrial energy production, therefore more energy is available for
contractile function. Reduced troponin I release suggests that Co Q10
reduces myocardial damage. Supplementation in humans may result in
increased cardiac recovery and hence reduced hospital stays.82

Overall, evidence is available concerning the benefits of Co Q10 in
many CVDs, and it has been suggested that supplementation should be
sufficient to raise serum blood levels to at least 2.5 �g/mL.83

Although Co Q10 is an endogenous compound, and no side-effects
or tolerability problems have been reported, beta-blockers may reduce
the efficacy of Co Q10 because they interfere with Co Q10-dependent
enzymes84 and statins have been reported to deplete Co Q10.85 It has
been claimed that concomitant Co Q10 supplementation with statins
could counteract this reduction in Co Q10 levels.85

Co Q10 could possibly be used prior to cardiac surgery to increase
cardiac recovery, decrease myocardial damage, prevent arrhythmias,
decrease angina, lower blood pressure and overall improve the clinical
outlook for the patient. As Co Q10 may reduce hypertension, it may
help to prevent more serious complications, such as MI.

Lycopene

High levels of lycopene are present in tomato juice, sauce and other
concentrated extracts, plus a number of red fruits and vegetables, for
example watermelons, pink grapefruit and pink guava.86 Lycopene is
closely related to beta-carotene and is thought to reduce the risks of
coronary heart disease. It is found in blood plasma and other body
tissues, and a low level is thought to be associated with many chronic
diseases. A recommended daily intake of 35 mg has been suggested,87

but a review of the lycopene content of tomatoes and tomato products
and their contribution to dietary lycopene reported that most people do
not obtain sufficient dietary amounts.88 In lieu of sufficient dietary intake
of lycopene, increased intake should be sought from foods or nutra-
ceutical supplements.

The most widely studied carotenoid is beta-carotene. A large,
multicentre study showed that a high level of beta-carotene intake from
a normal diet, based on adipose tissue concentrations, was associated
with a reduced risk of MI, particularly in smokers.89 However further
studies failed to show a reduction in cardiovascular symptoms in
smokers receiving beta-carotene supplements, and indeed suggested that
supplements of beta-carotene may be harmful in smokers, causing high
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mortality due to heart disease and lung cancer.90 It was suggested that
there might be other dietary conponents contributing to the antioxidant
effect from a diet high in fruits and vegetables, besides the effect of beta-
carotene.

One candidate micronutrient for this effect is lycopene, which is
often consumed with beta-carotene in the diet. In a large study carried
out in ten different countries, the effects of alpha-carotene, beta-carotene
and lycopene were studied in a population of men (average age 54 years)
from coronary care units, who had undergone a first acute MI.91 The
carotenoid concentration was measured from subcutaneous adipose
tissue, since the adipose tissue levels of carotenoids are derived mainly
from the diet and provide a better indication of dietary status than serum
levels. Lycopene showed the greatest protective effect of the three
carotenoids measured, after the results had been corrected for age,
obesity, smoking and other risk factors.

Another study was carried out to determine why Lithuanian men
have four times higher mortality from coronary heart disease than do
Swedish men.92 One hundred and one Swedish men aged 50, with no
serious acute or chronic diseases, were compared with a similar
population of 109 men from Lithuania. There were only small differ-
ences between the two groups in traditional risk factors (hypertension,
smoking, high cholesterol levels), but when the resistance of LDL to
oxidation was compared there was a lower resistance to oxidation in
the men from Lithuania. There were also lower plasma concentrations
of beta-carotene, lycopene and gamma-tocopherol in these men. These
lower concentrations of antioxidants are due to the different diets of the
two countries. It seems from this study that factors other than the usually
cited risk factors are responsible for differences in mortality between
Swedish and Lithuanian men. The antioxidant status may well account
for these differences and, as already described, lycopene is one of the
best dietary antioxidants and may therefore help to prevent CVS.

Oxidation of LDL is also associated with the formation of athero-
sclerotic plaques, leading to strokes. Diets containing fruits and
vegetables rich in antioxidants may therefore also offer protection
against strokes. In a study of 26 593 male smokers, aged 50–69, with
no history of stroke in Finland, the subjects were asked to complete a
detailed questionnaire about diet.93 During a 6.1-year follow-up, 736
cerebral infarctions, 83 subarachnoid haemorrhages and 95 intra-
cerebral haemorrhages occurred. The associations between these events
and dietary intake were found to be significant only for beta-carotene,
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but not for other nutrients, including flavonols, vitamin C, vitamin E,
lutein and lycopene.

Although these reports suggest a beneficial effect of carotenoids
and antioxidants on heart disease, and lycopene seems to be responsible
for these outcomes, there is not yet conclusive evidence that lycopene
itself contributes to the protective effects of fruit and vegetable consump-
tion. A diet rich in fruits and vegetables where many micronutrients are
available to act synergistically is therefore recommended at this stage,
rather than individual supplements.

Initial research focused on serum cholesterol levels, but more
recently oxidative stress induced by reactive oxygen species (ROS) has
been highlighted. Lycopene has been shown to significantly lower levels
of oxidation of LDL, but it has also been shown to reduce the levels of
breath pentane, another biomarker of oxidation.94 However, other
mechanisms of action, including modulation of intracellular gap
junction communication, hormonal, immune system and metabolic
pathways may also be involved.87

ROS and the oxidative damage they cause have been connected
with the pathogenesis of atherogenesis and carcinogenesis.87 Because of
its antioxidant and free radical scavenging activity, lycopene is thought
to slow the progression of atherosclerosis through the inhibition of the
oxidative processes which convert circulating LDL-C to oxidised LDL.
The oxidation of LDL is thought to be a key step in the atherogenic
process, as oxidised LDL is taken up by macrophages inside the arterial
wall which leads to the formation of foam cells and atherosclerotic
plaques.94

Other mechanisms of action that have been proposed include
inhibition of hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase
and thereby inhibition of cholesterol synthesis, LDL degradation, alter-
ations in the size and composition of LDL particles, plaque ruptures and
altered endothelial functions.94 More research is needed to determine
the exact mechanisms of action of lycopene.

Population-based evidence of the effects of lycopene have been
collated from ten European countries. It was found that lycopene levels
were most protective against MI when compared with other anti-
oxidants.91 Only limited research into the effects of lycopene in CVD
has been carried out. A clinical trial in Finland, which investigated the
relationships between lycopene, atherosclerosis and CHD, concluded
that middle-aged men with low levels of serum lycopene had an
increased intima-media thickness of the common carotid artery wall and
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an increased risk of acute coronary event or stroke, demonstrating that
lycopene had a significant hypocholesterolaemic effect in men.95

Another study looking at lycopene and MI risk concluded that low levels
of adipose tissue lycopene are associated with an increased risk of heart
attacks.92

A recent study of the effects of supplementation with 250 mg daily
of tomato extract (containing 15 mg of lycopene) demonstrated a
reduction in blood pressure in patients with type 1 hypertension over
the eight-week treatment period.96 Work in rats comparing the effects
of lycopene with those of tomato juice showed that both reduced the
extent of lipid peroxidation, but only tomato juice improved post-
ischaemic ventricular function, myocardial infarct size, and cardio-
mycete apoptosis. The researchers concluded that tomato juice, not
lycopene, is responsible for the cardioprotective effects.97

Overall, lycopene appears to aid in the prevention of CHD,
probably due to its antioxidant properties. More evidence is required
before clinical use is made of lycopene in the prevention of CHD.

Octacosanol/policosanol

Policosanol has been claimed to be as effective as the currently available
lipid-lowering drugs, such as the statins, in lowering lower plasma
cholesterol.98 Policosanol was first developed in Cuba and used as a
major cardiac medicine in the Caribbean region.99

It has been postulated that cholesterol levels in people consuming
mainly vegetarian diets is lower than in those eating commercially
prepared foods, possibly due to the presence of natural alkanols such as
octacosanol. To date, policosanol has been used in a number of clinical
trials in this area.100

During motor endurance experiments on mice, it was noted that
octacosanol caused altered hepatic and serum lipid concentrations. This
led researchers to investigate the possible role of octacosanol and
policosanol on serum lipids and its possible use as a cholesterol-lowering
agent. A number of studies have been carried out in a number of animal
species and policosanol was shown to reduce total cholesterol and LDL-
C in a dose-dependent way, while HDL-C was unchanged.101

There have been over 60 clinical trials published, mainly in Cuba,
since 1992 concerning the effectiveness of policosanol as a lipid-
lowering agent. One double-blind clinical trial investigating the effect
in patients with type II hypercholesterolaemia and additional coronary
risk factors showed that policosanol 5 mg/day (and 10 mg/day) after
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12 weeks of treatment significantly reduced serum LDL-C by 18.2%
(and 25.6%) and total cholesterol by 13.0% (17.4%). In addition there
was a significant increase in HDL-C by 15.5% (and 28.4%), and
triglyceride levels stayed constant up to 12 weeks, but significantly
decreased later.98 A range of other trials produced results with similar
benefits. Studies demonstrated that the ability to lower cholesterol was
maintained over two years of treatment, but greatest reduction was seen
after 6–8 weeks. Studies using higher doses above 20 mg per day have
not been undertaken, but may have greater effect. Importantly, no
rebound effects have been recorded after stopping the treatment.99

Details from a large number of clinical trials on patients with both
primary and type II hypercholesterolaemia appear to confirm that poli-
cosanol causes reduction in LDL-C and total cholesterol, while HDL-
C usually rises.101

In non-insulin-dependent diabetes mellitus (NIDDM), hypergly-
caemia may induce atherosclerosis, leading to CHD, which is a main
cause of death in these patients. It is therefore important to maintain
low cholesterol levels in NIDDM patients by using glycaemic control,
dietary measures and medication. In a double-blind study patients with
stable glycaemic control were given policosanol 5 mg twice a day for 12
weeks.102 Both total cholesterol and LDL-C were significantly reduced
in the test group. Side-effects were mild and at week 12 no side-effects
were reported in the policosanol group and the treatment did not affect
glycaemic control.

Conflicting evidence has been published, however, from a trial
using 20 mg daily of wheatgerm policosanol in patients with normal to
mildly elevated plasma cholesterol concentrations. Although the compo-
sition of this source of policosanol is very similar to that from sugarcane,
no beneficial effects were seen.103

A comparative study was carried out to compare 10 mg/day poli-
cosanol and 20 mg/day lovastatin in patients with hypercholestero-
laemia and NIDDM.104 Patients received either policosanol or lovastatin
daily for 12 weeks. Both treatments were effective in lowering LDL-C
and total cholesterol, without affecting glucose control. Policosanol was
found to be safe and well tolerated, whereas lovastatin caused increased
serum values of aspartate aminotransferase, creatine phosphokinase and
alkaline phosphatase as well as causing more frequent adverse effects
(including in five patients who withdrew from the study).

In an animal study, the effect of oral pretreatment with policosanol
2 hours before isoprenaline-induced MI was investigated. Policosanol
reduced the size of the myocardial injury and also decreased the number
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of polymorphonuclear neutrophils (PMNs) and mast cells in the
damaged areas. The clinical value of these findings is unclear.105

Policosanol is not thought to act like the statins in causing
inhibition of HMG-CoA reductase. It has been shown that policosanol
inhibits cholesterol biosynthesis, probably at a stage prior to mevalonate
formation, but direct inhibition of HMG-CoA reductase is considered
unlikely.99 Polycosanol is also possibly involved in increasing LDL-C
uptake in the liver by increasing the numbers of LDL receptors, and is
also thought to increase the rates of breakdown of serum LDL.98

Further effects of policosanol that may be indirectly beneficial to
cardiac health have been reported. Both animal experiments and human
studies have shown that it has an effect on platelets, brought about by
lowering thromboxane B2 and elevating serum prostacyclin levels.98

Anti-ischaemic effects reported in animal studies may be responsible for
this. It has been claimed that the antiplatelet effect of 20 mg is equal to
that of 100 mg aspirin, but it acts by an alternative route. Very few side-
effects have been reported in clinical trials.98,99 During long-term use
weight loss, polyuria and headaches have been described on rare
occasions. Healthy volunteers reported no adverse effects after single
doses of 1000 mg, and 500 mg/kg has been given orally to rats, with no
reports of adverse effects. No drug interactions have been reported with
other medicines in concomitant use during trials.99 Policosanol has
shown no adverse effects in NIDDM patients with hypercholesterol-
aemia,102 but it should not be used in pregnant or breastfeeding women,
or in children until the possibility of adverse effects has been investi-
gated.99

Overall, policosanol may have a use in a number of CVDs. The
search for safe lipid-lowering agents continues, and the low incidence of
side-effects makes it a promising choice. Safety needs further investi-
gation and possible long-term side-effects or serious drug interactions,
for example with the statins, need to be evaluated. A standardised
alkanol content of the product needs to be agreed, allowing precise
comparison of published work. It has been claimed that most clinical
trials have been carried out by only one group, in Cuba, and also that
the origin of most policosanol on sale in the USA is beeswax, not
sugarcane, which may account for the contradictory results.106

Pycnogenol

Pine bark has been used traditionally to treat inflammatory diseases,
which gives some credence to the use of the pine bark extract
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Pycnogenol. A range of cardiovascular effects have also been reported,
including vasorelaxant effects, inhibition of angiotensin-converting
enzyme (ACE) and increase in the microcirculation by increasing
capillary resistance.107

One clinical trial using Pycnogenol (150 mg/day for six weeks)
increased the plasma polyphenol levels and antioxidant activity in
subjects and also lowered LDL-C and increased HDL-C.108

Pycogenol has been investigated for its activity in hypertensive
patients and found to improve endothelial function. A dose of 100 mg
daily for 12 weeks allowed reduction of the dose of nifedipine, a calcium
channel antagonist, used for control of hypertension. This antihyper-
tensive effect may be caused by a number of factors. Endothelin 1, which
is a potent endogenous vasoconstrictor, levels decreased by 20% after
dosing with Pycnogenol. There was also a reduction in thromboxane B2
levels, and an increase in nitric oxide, which is an endothelial relaxing
factor. There was no evidence to suggest that Pycogenol acted as an ACE
inhibitor,109 as had been claimed in an earlier publication.107

Chronic venous insufficiency results in swelling, particularly of the
lower legs. It has a prevalence of 10–15% in men and 20–25% in
women, and is usually treated with compression therapy. Although not
life-threatening, if untreated it may progress to static oedema and ulcer-
ations. One study investigating the effect of Pycogenol at a dose of
360 mg/day over four weeks on chronic venous insufficiency showed a
significant reduction in the circumference of the lower limbs and
improvement of subjective symptoms such as pain, cramps and feelings
of heaviness. This activity is thought to be caused by stimulation of nitric
oxide synthesis and by Pycogenol acting as a free radical scavenger,
leading to the relaxation of constricted blood vessels. Pycogenol is
thought to counteract oedema by sealing leaky capillaries as a result of
its high affinity for proteins. In addition, it significantly decreased
cholesterol and LDL-C values in blood, and HDL levels remained
unaffected.110

Pycnogenol has recently been investigated for prophylaxis of deep
vein thrombosis in long-haul flights of 8 hours 15 minutes average
duration. One hundred and ninety-eight subjects were treated with
200 mg Pycnogenol 2–3 hours before the flight, followed by 200 mg
6 hours later, and 100 mg the following day. In the control group there
were five thrombotic events, one deep vein thrombosis (DVT) and four
superficial thromboses, while the treatment group showed only
symptoms of localised phlebitis.111 Later work on oedema reduction
during long-haul flights reported significant reduction in oedema by
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passengers receiving the same dosage regimen.112 A further trial by the
same group investigated the effects on 18 patients with venous ulcers
over six weeks. In this pilot study, using a combination of both oral and
topical Pycnogenol treatment, a faster reduction in the ulcerated area
was observed, than that seen using oral treatment alone.113

The possibility that Pycogenol may be useful in the inhibition of
platelet aggregation induced by cigarette smoking has been investigated.
The activity may be due to nitric oxide synthesis inhibiting thrombox-
ane A2 production. The adverse effect on bleeding time produced by
aspirin is not shared by Pycnogenol. It has been shown that 100 mg
Pycnogenol has the same activity as 500 mg aspirin.107

It can be seen that Pycogenol has a wide range of activities with
beneficial effects on many CVD risk factors, including DVT. As yet there
is no clear evidence as to dosage levels, and safety data, including drug
interactions, need to be studied.

Melatonin

In vivo research on animals has shown that melatonin overcomes cardiac
injury after arterial occlusion followed by reperfusion. It appears that
melatonin is more powerful than other antioxidants tested, in terms of
ameliorating hypoxia and reoxygenation damage.114 Intraperitoneal
doses of 150 �g/kg were found to be most effective.115 Humans dosed
with 3 mg oral melatonin showed dramatic increase in plasma melatonin
concentrations, at 1830 � 848 pg/mL, compared with 14 � 11 pg/mL
before ingestion, with maximal levels at 75 minutes after ingestion. This
shows that in humans melatonin attenuates the reflex sympathetic
increases that occur in response to orthostatic stress.116

Resveratrol

There is evidence to suggest that resveratrol acts as an antioxidant and
inhibits LDL oxidative susceptibility in vivo, by both chelating and free
radical scavenging mechanisms. Cardioprotection is thought to result
from its ability to inhibit platelet aggregation. At a physiological concen-
tration of 1.2 �g/L, resveratrol was shown to reduce platelet aggrega-
tion by ~41% in healthy subjects, and this was raised to 78.5% by
increasing the dose.117 Cardioprotective effects of resveratrol may also
be contributed to by inhibition of endogenous cholesterol biosynthesis,
by inhibition of squalene monooxygenase, which is the rate-limiting
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enzyme in cholesterol biosynthesis.118 This may explain the protective
effects on CVD.

Grape seed proanthocyanidin extract

Grape seed proanthocyanidin extract (GSPE) is often considered along-
side resveratrol as one of the main reasons for the apparent health of
the French population, who have a low mortality from cardiac diseases
despite being both high wine and fat consumers (the ‘French paradox’).
GSPE is a potent antioxidant, with activity levels above those of vitamins
C and E.101

Recent studies performed on isolated rat hearts treated with red
wine extract before ischaemic arrest have provided evidence that GSPEs
from red wine are effective cardioprotective agents.119 The red wine
extract reduced myocardial infarct size as well as improving post-
ischaemic ventricular functions. In another study by the same group,119

rats given oral GSPE for three weeks were resistant to subsequent
ischaemic injury to the isolated hearts.

Other research has shown that as well as acting as a cardiopro-
tective agent directly, GSPE also prevents atherosclerosis, which is a
major risk factor for heart disease. It has been shown that oxidation of
the polyunsaturated lipid components of LDL damages arteries and it is
only this oxidised form of cholesterol that leads to atherosclerosis.58 To
determine whether the ‘French paradox’ was due to the antioxidant
properties of red wine, an in vitro study was carried out.120 De-
alcoholised Californian red wine was used to prepare the proantho-
cyanidin extract, and LDL from the blood of normolipidaemic, non-
smoking volunteers was used for the investigation. The extract caused
an inhibition of 60% and 98% of the oxidation of LDL seen in the
controls at concentrations of 3.8 mmol/L and 10 mmol/L respectively.

A similar experiment was carried out in humans using samples of
de-alcoholised red and white wine which were tested for antioxidant
activity. The red wine samples were 20 times more active than the white
wine samples.121

However, not all red wines have the same protective effect. It has
been shown from research on more than 60 different red wines from 11
different countries that the GSPE content and therefore the antioxidant
properties vary greatly between different wines.122 Red wines from Chile
have a higher flavonol content than those from France, Italy, Australia
and California. It has been suggested that the climate in the grape-
growing regions, the thickness of the grape skins, the time of grape
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harvesting and the actual winemaking process could all affect the
flavonoid content.

It is interesting that many by-products of the wine industry are now
being used in the nutraceutical industry. The industry produces the grape
seeds and grape skins from winery waste and develops them as dietary
supplements.123

Although it has been presumed that GSPEs protect against CVD
by their antioxidant activity, most studies did not measure atheroscle-
rosis directly. One in vivo study, however, did determine the effect of a
GSPE extract from grape seeds directly on atherosclerosis.124 In this
study, an extract containing 73.4% GPSE was obtained by freeze-drying
an aqueous solution of grape seeds. The serum lipid profile did not
change dramatically in the GSPE-fed rabbits, but serum LDL-C and the
LDL/HDL ratio decreased at six weeks in the 1% GPSE group and HDL-
C decreased at eight weeks in the 0.1% GPSE group. There was a lower
amount of aortic plaque in the GPSE group. The activity of the GSPE
was thought to be related to prevention of LDL oxidation in the arterial
cell wall.

Another use for GSPE that has been widespread in Europe is in the
treatment of vascular disorders. These include varicose veins, venous
insufficiency and microvascular problems such as retinopathies. In
France GPSE is the active ingredient in a proprietary product used for
microcirculatory disorders, called Endotelon. The antioxidant proper-
ties of the GPSE are largely responsible for their vascular properties.125

A number of actions on the tissues of the arterial wall have been
reported for GPSE, including inhibition of histidine decarboxylase
involved in the atheromatous process, vascular relaxation by increasing
endothelial nitric oxide production, and inhibition of endothelin-1
formation.126 Recent research using the atherosclerotic hamster model
found approximately 49% and 63% reduction in foam cells, which is a
biomarker of the early stage of atherosclerosis, following administration
of 50 and 100 mg/kg GSPE, respectively. In a human trial, GSPE supple-
mentation of 100 mg twice daily significantly reduced oxidised LDL.127

One human study using GSPE supplementation in conjunction
with a novel niacin chromium was shown to yield favourable effects on
cholesterol and LDL. It was also shown to improve cardiac functional
assessment, including post-ischaemic left ventricular function, reduced
myocardial infarct size, reduced ventricular fibrillation and tachycardia,
and reduced the levels of ROS.127

Although research has shown that antioxidants are beneficial to
most people and prevent many different diseases, some trials have not
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produced the expected results. Some antioxidants act as pro-oxidants,
depending on the timing of administration during oxidation processes
and the individuals involved. It has been suggested that some individuals
have higher rates of lipid peroxidation and are therefore at higher risk
of diseases such as atherosclerosis and CVD, but in other individuals
very high levels of antioxidants may actually cause pro-oxidation,
worsening the damage. It may therefore be useful for populations to be
screened to determine which people are at high risk and would benefit
from antioxidants, rather than making a general recommendation for
everyone to increase their antioxidant intake.128 However, the trials
reviewed here indicate that in general antioxidants can be recommended,
as such cases are rare.

Lutein

There is increasing scientific evidence that the incidence of CHD is
inversely related to consumption of fruits and vegetables. A compara-
tive study of fruit and vegetable consumption and antioxidant status in
Belfast, Northern Ireland (low fruit and vegetable consumption, high
rate of heart disease) and Toulouse, France (high fruit and vegetable
consumption, low rate of heart disease), showed only one difference,
namely that the plasma concentrations of lutein and cryptoxanthin were
twice as high in the Toulouse population.129 Another epidemiological
study reported that individuals with the highest serum lutein plus
zeaxanthin had a significantly reduced risk of CHD, and a further study
showed a significant inverse relationship between lutein intake and the
risk of stroke.130 An in vivo study on middle-aged men and women
showed that in an in vitro artery cell wall system, lutein inhibited LDL-
induced migration of monocytes to human artery cell walls, and further
that this effect was more pronounced if the cells were pretreated with
lutein. There was also an inverse relationship between serum lutein levels
and the progression of intima-media thickness (IMT) in the carotid
arteries. Using an in vivo mouse model, progression of IMT was found
to decline with increasing levels of plasma lutein.131

Carnitine

Carnitine is found in high concentrations in heart muscle, where it has
important functions, including the prevention of lactic acid formation,
which is damaging to the myocardium. It has been shown that in the
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failing heart there is a reduction of up to 50% of both free and total
carnitine.132

During myocardial ischaemia, blood flow to the heart is reduced,
and carnitine levels in myocardial muscle decrease by as much as
40%.133 This results in an increase of free fatty acids and their metabo-
lites within the cell cytoplasm, and a reduction of the oxidative processes
necessary for energy production.134 Supplementation with carnitine may
be of use in patients with ischaemic heart disease.

In a study of patients suffering from exercise-induced stable angina
with classical onset and improvement with rest or after the use of
sublingual glyceryltrinitrate,134 the patients were treated with 2 g/day
carnitine orally for six months, added to their normal therapy. Medi-
cation being used by the patients included nitro-compounds, calcium
channel blockers, beta-blockers, antihypertensives, diuretics, cardiac
glycosides, antiarrhythmics, anticoagulants and hypolipidaemics.
Results showed significant and progressive improvements in cardiac
function and quality of life. Although there were no differences in
glycaemia or HDL-C, there was a small but significant decrease in total
cholesterol and triglycerides. There was also a significant reduction of
cardioactive drug consumption.

These results indicate that carnitine may be of importance in the
control of exercised-induced stable angina, either alone or in combi-
nation with other heart medication. In the year following an MI, patients
are prone to cardiac complications, which often result in death. Patients
who had had recent acute MI received 2 g carnitine twice daily, for one
year, in addition to the standard cardioactive medication. Positive results
were seen in terms of cardiac events and life expectancy, with significant
differences for nearly all the parameters studied. Particularly striking
were the differences in mortality of 1.2% in the carnitine group
compared with 12.5% in the control group receiving no carnitine. This
study clearly showed that the addition of carnitine had benefits for the
patients in the year following MI.135

In a similar study, patients with suspected acute MI were supple-
mented with 2 g carnitine daily, in three divided doses. After 28 days of
treatment, the mean infarct size was significantly reduced in the carnitine
group, as were cardiac events, including angina pectoris, left ventricu-
lar failure and arrhythmias. No side-effects were noted and the use of
other heart medication was reduced.133

Carnitine 50 mg/kg daily for 15 days has also been used to shorten
recovery time in children with heart failure. The children in the test
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group showed a marked improvement over the controls and decreased
recovery time.136

In conclusion, the role of carnitine in heart disease seems
promising. The reduction in mortality in post-MI patients is very encour-
aging, as are the many other significant improvements to cardiac
parameters seen with carnitine supplementation.

Some individuals may be genetically predisposed to carnitine
deficiency, and this is associated with cardiomyopathy and skeletal
muscle dysfunction, both of which can be treated with carnitine supple-
mentation. Carnitine deficiency may also be acquired and can result in
failing myocardium.132 One clinical trial has shown a significant
beneficial effect when treating MI patients with carnitine at a dose of
9 g/day for 5 days, followed by 6 g/day for the next 12 months.137

Carnitine supplementation has also used in patients with a range
of arrhythmias.65

Short-term administration of carnitine supplements to patients
with CHD did not increase cardiac ejection fraction, but did increase
skeletal muscle phosphocreatine and led to improvements in muscle
strength, endurance and metabolism.132

Dehydroepiandrosterone

Several epidemiological studies have found significant inverse relation-
ships between serum dehydroepiandrosterone sulfate (DHEAS) and
cardiovascular morbidity and mortality of men, suggesting that
dehydroepiandrosterone (DHEA) is a risk factor for CHD. However,
DHEAS level was not linked to cardiovascular risk in postmenopausal
women, and DHEA supplementation in women caused decreased HDL-
C levels.138 Another study found that plasma levels of DHEAS were
decreased in patients with congestive heart failure in proportion to its
severity, and that oxidative stress was associated with decreased levels
of DHEAS.139

Conclusions

The published data outlined from a wide variety studies and clinical
trials suggest that dietary supplementation with certain nutraceuticals
can improve cardiovascular health, both for healthy individuals and for
those with cardiac problems. High-quality evidence from studies
involving soy protein supplementation of subjects’ diets was sufficient
for the FDA to give their approval to manufacturers of soy foods to use

Conclusions 145

06 Chapter 6  2/3/07  19:08  Page 145



the health claim that ‘consumption of at least 25 g of soy protein per
day is related to a reduced risk of developing CHD’.30

Meta-analyses of trials on a number of nutraceuticals used in this
area have been carried out. Teas have been found to have produced
conflicting results to date,27 while those for soy variably show decrease
in total cholesterol and LDL-C, sometimes demonstrating significant
decrease,30,35 sometimes no benefits 140. Even analyses showing benefits
suggest that the effects may be caused by other factors.141 Fish oil and
EPA/DHA meta-analyses appear to confirm positive effects on blood
pressure,142,143 and also beneficial effects on levels of cardiac
morbidity.64,144 Co Q10 appears well established as a treatment for
congestive heart failure, and two analyses confirm this.76,145 Policosanol
appears to be more effective than plant sterols/stanols in reducing LDL-
C.146

There are many green tea and soy nutraceutical products for
consumers to purchase and now a number of formulated nutraceutical
supplements have become available. In addition, a number of other
nutraceuticals are also available, with claims for improvements in
cardiovascular health. A number of these entities are able to reduce
various risk factors associated with CVDs, such as cholesterol or hyper-
tension, others are antiarrhythmic and therefore can reduce CHD
mortality. However it is difficult to accurately define a recommended
dosage, due to the fact that many of these nutraceuticals may be
obtained as part of a healthy diet, resulting in some people having higher
levels in their body than others. For effective cardiovascular protection,
monitoring of plasma levels may be required before these products can
be safely and effectively used to reduce CVD.4
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7
Eye health

Eye health is an area in which nutraceutical supplements are increas-
ingly used, and they are now widely available at opticians. They are
taken to maintain healthy sight, to improve a condition or to delay
disease progression. Visual impairment and blindness are common in the
elderly. As we age, visual performance decreases. This usually occurs
slowly before the age of 50 years and accelerates after reaching 50. One
study, carried out to identify the causes of vision loss in a large sample
of visually impaired people aged 75 years or over in Britain in 2004,1

found that in 52.9% of people the main cause of visual loss was age-
related macular degeneration (AMD). Another study using pooled
findings from three continents found AMD to be present in 0.2% of the
combined population aged 55–64 and in 13% of those over 85 years.2

Numerous age-related disorders, including visual problems, have
been linked to the cumulative effects of oxidative stress. The retina is
particularly susceptible to cellular damage by reactive oxygen inter-
mediates.

Age-related macular degeneration

Currently, there is no effective treatment for AMD in most patients. In
1995, the Age- Related Maculopathy Study published an international
classification and grading system for AMD.3 The condition was
classified as early or late stage, termed age-related maculopathy (ARM)
and AMD, respectively. AMD is further divided into two late-stage
lesions: non-neovascular AMD (also termed geographic atrophy or dry
AMD) and neovascular (or wet) AMD. ARM can slowly progress to
AMD, which leads to rapid and significant loss of central vision and
registered blindness within 5–10 years.4

As well as increasing age, there is also likely to be a strong
hereditary component to AMD.2 Other proposed risk factors include:
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• White ethnicity
• Female gender
• A high dietary saturated fat intake
• Hypertension
• Low antioxidant levels4

• A low macular pigment density (see below).2,4,5

A review of the prevalence and potential risk factors for AMD in three
racially similar populations in North America, Europe and Australia
suggests there may be a threshold effect for sunlight exposure; exposure
throughout life might influence the likelihood of developing AMD.
Another environmental factor strongly associated with AMD is
exposure to tobacco smoke.5 At present, the main nutraceuticals for eye
health are lutein and its stereoisomer zeaxanthin.

Lutein and zeaxanthin

There is interest in the possible roles of lutein and zeaxanthin in
preventing onset or progression of AMD, improving vision and
benefiting some types of cataracts and other eye conditions.

Lutein and zeaxanthin are usually derived from the diet, particu-
larly dark green leafy vegetables such as kale and spinach.6 Foods that
are yellow, such as egg yolk, corn, orange juice, honeydew melon and
orange pepper, are also good sources.7,8 Lutein and zeaxanthin are
naturally found together, with lutein usually in much higher concentra-
tions.3

Lutein and zeaxanthin are unique compared with other dietary
carotenoids because they selectively accumulate in the retina of
mammals.4 They give the area of the retina that serves central vision, the
macula lutea, its yellow colour9 by making up a screening pigment
referred to as the macular pigment. This pigment may have both acute
and chronic effects on visual performance.5 Lutein and zeaxanthin are
carried in human serum, mainly by high-density lipoproteins. In contrast,
the carotenes are preferentially carried by low-density lipoprotein.3

Possible roles of lutein and zeaxanthin include antioxidant activity
and their ability to filter blue light.

Antioxidant activity

Lutein and zeaxanthin are able to quench singlet oxygen, a highly
reactive free radical that can damage deoxyribonucleic acid (DNA).10
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There is evidence that lutein and zeaxanthin are even more effective at
preventing lipid peroxidation, and are themselves better protected
against secondary oxidative breakdown when melatonin, glutathione,
alpha-tocopherol and ascorbate are also present, interacting in a
cascade.7 Direct oxidation products of both DNA and lipids have been
found in the human retina.11 Lutein and zeaxanthin are better antioxi-
dants than hydrocarbon carotenoids, such as beta-carotene. They
undergo a 2e-oxidation of hydroxyl groups as opposed to the 1e-
oxidation of hydrocarbon carotenoids.10

Ability to filter blue light

Ultraviolet light is filtered by the cornea and lens in the anterior aspect
of the eye but visible light reaches the retina. Visible light in the blue
spectrum is the most damaging – short wavelength light (400–500 nm)
has been shown to be 30 times more damaging than long wavelength
light (510–749 nm).7 Macular pigment absorbs blue light as it enters the
inner retinal layers, reducing the amount reaching the fovea. This
reduces the potential for photo-oxidation of reactive saturated lipids of
photoreceptors.10,11

In people with normal amounts of macular pigment, 20–40% of
light at 460 nm is absorbed. However, up to 90% can be absorbed in
those with higher than normal amounts of macular pigment.10 There is
a high degree of individual variability in concentration of lutein and
zeaxanthin in the fovea.12

Increasing numbers of people taking lutein and zeaxanthin supple-
ments for their proposed prophylactic benefits also report improvements
in vision, such as higher contrast sensitivity, less glare, and improved
colour perception.5 Within cells, lutein and zeaxanthin may selectively
bind to tubulin, a structural protein necessary in the formation of the
cytoskeleton within axons. This could improve structural integrity and
function of the cytoskeleton,5 thus helping maintain eye health and
quality of vision.

Epidemiological evidence

There is evidence that a diet high in carotenoids is associated with a
lower risk of AMD. One case–control study, after adjusting for other
risk factors, found a 43% lower risk of AMD in individuals consuming
the highest levels of carotenoids (especially lutein and zeaxanthin)
compared with those consuming the least. The study also evaluated
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individual foods and found a strong inverse association for spinach.13

This is supported by a further study, which found that for patients with
low lutein and antioxidant intake the prevalence of AMD was about
twice as high as patients with a high intake.14 However, not all studies
agree with this association. The Beaver Dam Eye Study reports only
slightly (and not significantly) lower lutein and zeaxanthin serum
concentrations in subjects with AMD compared with controls. This may
be because of a relatively low intake of these carotenoids by these
subjects.15

In the normal Western diet, there is a great deal of variation in the
dietary intakes of these carotenoids. A study of Canadian dietary intake
found the combined lutein and zeaxanthin intake to be 1.3–3 mg/day,
with a standard deviation of 2.45 mg/day.10 In 2001, the Institute of
Medicine in the USA reported the mean dietary intake of combined lutein
and zeaxanthin in Americans to be 1.71 mg/day. After further study,
consumption by the general population was considered to be 2 mg/day
less than a sensible intake based on recommended dietary guidelines.12

Macular pigment optical density and serum levels

Due to the invasive nature of the methods available to measure levels of
compounds in the lens there are, as yet, no studies relating dietary lutein
intakes to levels in the lens.6 Although the amount of lutein and
zeaxanthin in the retina cannot be measured directly in living subjects,
it is relative to the optical density of the macular pigment.16 A number
of studies have shown that serum levels can be influenced by dietary
supplementation or modification of the diet, as can the optical density
of macular pigment.7

The serum half-life of lutein and zeaxanthin is around one to two
weeks, so fasting before taking blood samples will not greatly affect the
results.9 A blood test will only reflect recent dietary intake and may not
represent an average intake. The normal range of concentrations of
lutein and zeaxanthin in serum is between 0.08 and 0.35 mg/mL.
Associated food frequency questionnaires allow the relationship
between diet and serum concentration to be assessed through calculat-
ing average daily consumption of these carotenoids.

Macular pigment optical density responds slowly to changes in
serum concentration. Studies show that it can take several weeks from
when a significant serum response is seen, before a change in macular
pigment optical density is observed. In addition, macular pigment
optical density falls slowly after stopping supplementation with lutein
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and zeaxanthin.9,11 The authors of one study comparing the effects of
supplementing with different doses of lutein (between 2.4 and
30 mg/day) and high-dose zeaxanthin (30 mg/day) suggest that con-
tinued high-dose supplementation of lutein and zeaxanthin may not be
necessary to maintain a high macular pigment density, and that a high
dose may only be needed initially to increase density followed by a lower
maintenance dose.15

Nutraceuticals

There are two forms of lutein available for use in supplements and
functional foods – purified crystalline lutein and lutein esters. The latter
are less prevalent in the diet. Both types have been shown to increase
serum levels and macular pigment optical density in intervention trials.6

The flower of Tagetes erecta (marigold) provides one possible
source of crystalline lutein, the extract containing 86% by weight of the
macular carotenoids.12 GRAS status has been established for crystalline
lutein from this source (confirmed by the US Food and Drug Adminis-
tration (FDA) in June 2003),17 allowing addition of lutein and
zeaxanthin to some foods and making it possible to supplement a
deficient diet through modified dietary intake.12 Many supplements are
already commercially available and lutein supplements have shown
substantial sales growth in the past 2–3 years.17

The largest prospective, randomised, placebo-controlled study
looking at the effect of taking supplements on eye disease is the Age-
Related Eye Disease Study (AREDS). Over 6 years, nearly 4000 patients
were given either a placebo or combination oral supplements. Lutein
was not included as it was not commercially available, but the study
showed that a high-dose antioxidant supplement slowed the progression
of AMD significantly.6 The Lutein Antioxidant Supplementation Trial
(LAST) was carried out as a follow-up. It was a double-blind, placebo-
controlled trial involving 90 patients with AMD who were given 10 mg
lutein, 10 mg lutein and a mixed antioxidant, or placebo daily for 12
months. Significant improvements were seen in several objective
measurements of visual function, such as glare recovery, contrast sensi-
tivity and visual acuity, as well as a 50% increase in macular pigment
optical density in the lutein-supplemented group compared with
placebo. In the group taking the combined supplement slightly better
results were seen.6

There are individual differences in absorption and metabolism of
lutein and zeaxanthin.11 Other components in the diet (particularly fat)

Lutein and zeaxanthin 159

07 Chapter 7  2/3/07  19:08  Page 159



influence carotenoid uptake into the blood.9,15 The bioavailability of
lutein esters, when consumed as part of a low fat meal (~3 g fat) has
been shown to be significantly lower compared with consumption as
part of a high fat meal (~36 g fat). Purified or synthetic beta-carotene
has been shown to diminish serum lutein concentrations,3 and this could
be important in combined supplements or recommendations regarding
dosage of supplements to maintain carotenoid balance in the body.

After reviewing toxicological and other data on the safe use of
lutein or zeaxanthin derived from Tagetes erecta, the Food and Agri-
culture Organization of the United Nations (FAO) and the World Health
Organization (WHO) set an acceptable intake of 2 mg/kg per day. This
equates to about 145 mg lutein or zeaxanthin a day for a 72.6 kg
person.18 As regards the optimum dosage or combination of antioxidant
vitamin and mineral supplements, there are few published data.3

High dietary intake of lutein and zeaxanthin from green leafy
vegetables and coloured fruits will also be combined with a high intake
of other phytochemicals. Lutein and zeaxanthin might work synergisti-
cally with other nutrients. If this is so, supplementation with lutein and
zeaxanthin alone would not be as beneficial as dietary changes. Higher
macular pigment levels might be a biomarker of better nutritional
status.5

Current supplements containing the macular carotenoids might not
contain them in sufficient quantities. For example, the manufacturer of
Centrum, a widely used multivitamin and multimineral supplement, has
started to add 250 mg lutein to its supplements. However, many studies
showing lutein to have benefits in the prevention of onset or progression
of AMD use 3–6 mg lutein per day.

Combination of acetyl-L-carnitine, n-3 fatty acids and
coenzyme Q10

One clinical trial involving 106 patients with diagnosis of early AMD
evaluated the benefits of supplementation with a proprietary formu-
lation containing 100 mg acetyl-L-carnitine, 530 mg of n-3 fatty acids
and 10 mg of coenzyme Q10 (Co Q10). Two capsules daily were taken
by the test group over 12 months, and changes recorded in visual field
mean effect, visual acuity, foveal sensitivity and fundus alterations. The
treated group of patients showed improvement in all four parameters
tested.19
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Other eye conditions

Although research has focused on the links between the macular
carotenoids and AMD, lutein and zeaxanthin have also been shown to
have beneficial effects in other eye diseases.

Retinitis pigmentosa

Retinitis pigmentosa has been described as ‘a genetically and clinically
heterogeneous group of incurable retinal degenerative diseases’.20 It has
no cure and symptom alleviation is limited. Retinitis pigmentosa is
characterised by progressive loss of rod photoreceptors, leading to night
blindness, followed by atrophy of the receptors, resulting in tunnel
vision and blindness. Macular pigment has been suggested to have a
protective role for central vision through antioxidant and filtering
effects. Short-term improvement in visual acuity and central field
diameter has been seen following supplementation with lutein
20 mg/day for four months.7 Another study looking at macular pigment
and lutein supplementation in retinitis pigmentosa found central vision
in patients to be unchanged after taking 20 mg/day of purified lutein for
six months. However, macular pigment optical density increased in
approximately half of the patients.6 The researchers also noted that
macular pigment optical density in their patient group did not differ
from the normal range, although disease expression tended to be more
severe in those with lower macular pigment levels.

Cataracts

Age-related cataract is the world’s leading cause of blindness. In the USA
it is prevalent in 40% of adults aged over 75 years and cataract
extraction is one of the most common types of surgery in the elderly.6

Development occurs when oxidatively damaged protein deposits form
on or in the lens, clouding vision.6

Lutein and zeaxanthin are the only carotenoids that have been
found in the human crystalline lens21 but concentrations here are much
lower than in the macular pigment and not high enough to absorb visible
light. They may have a role protecting against oxidative damage from
UV light and helping to prevent oxidation of epithelial lipids.8,15

Studies have indicated that people who eat more fruit and
vegetables are less likely to develop a cataract. A prospective study has
shown specifically that spinach consumption was inversely related to
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cataract development. This was followed by three prospective studies
showing intake of lutein and zeaxanthin to be inversely associated with
cataract development, with a 20–50% risk reduction.6 Two large
epidemiological studies looking at dietary intake of these carotenoids
and cataract development found people in the highest quintile of dietary
intake to have less chance of developing cataracts by 20% compared
with people in the lowest quintile of dietary intake.5

There are a number of other nutraceuticals that might have
beneficial effects regarding vision and the eye.

Astaxanthin

Astaxanthin is another carotenoid associated with eye health. It is
found in many types of seafood, including lobster, shrimp and salmon,
and is responsible for their pink colour when cooked. Microalgae,
specifically Haematococcus pluvialis, is the main source, however, for
companies producing astaxanthin for human consumption.22 Astaxan-
thin is a powerful antioxidant and is able to cross the blood–brain
barrier. Animal studies have shown it to accumulate in the retina and
reduce photobleaching of the retina from exposure to high-intensity
light.23

Pycnogenol

The results from five clinical trials carried out since 1960 support the
use of the pine bark extract Pycnogenol in the treatment and prevention
of diabetic retinopathy.24

It is estimated that about 5% of adults in developed countries have
diabetes (about 1.4 million people in the UK) and diabetic retinopathy
will be present in 10–50% of adults with diabetes.25 This is characterised
by vascular lesions, exudate deposits and haemorrhages, leading to loss
of vision. Early treatment can prevent 98% of vision loss but there are
no symptoms or warning signs during onset so the condition is often
not diagnosed until it is advanced. Regular screening of people with
diabetes is, therefore, needed, especially if blood glucose levels are not
well controlled.

Pycnogenol is a highly potent antioxidant with a high affinity for
collagen. Larger procyanidins, which are oligomers and polymers
composed of catechin or epicatechin subunits, bind to proteins of
damaged blood vessels to lower capillary permeability and reduce
basement membrane leakage. Pycnogenol increases production of nitric
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oxide, which may be impaired in diabetes, by stimulating endothelial
nitric oxide synthetase. Nitric oxide relaxes constricted blood vessels.
Pycnogenol has anti-inflammatory action, reducing leukocyte-mediated
degeneration of retinal capillaries, and has also been shown to prevent
increased platelet activity without increasing bleeding time.24

Pycnogenol has been shown to be well tolerated at doses of up to
150 mg a day in trials lasting up to eight months. Its mode of action
also suggests possible use in the prevention and treatment of a number
of venous disorders and in the prevention of complications after cataract
removal in people with diabetes.24

Docosahexaenoic acid

Fatty acids have been shown to influence function of the retina and to
play a role in many pathological eye conditions. The bilayer membranes
of the outer segments of the light-sensitive rod and cone photoreceptors
in the retina contain membrane phospholipids. These are primarily
esterified with high concentrations of docosahexaenoic acid (DHA), a
long-chain n-3 polyunsaturated fatty acid (PUFA).26 The essential n-3
fatty acid �-linolenic acid can be converted to DHA in the liver or retinal
epithelium.

Evidence for the role of DHA in the development of visual function
has been found from the study of premature babies.26 Accumulation of
DHA in retinal tissue is highest during the last three months of
pregnancy (when retinal membranes develop) and until six months after
birth. It has been shown that premature babies fed formula milk lacking
DHA have compromised visual acuity compared with those fed formula
milk enriched with fish oil containing DHA at levels approximating
those found in breast milk. This poor visual acuity was related to an
immaturity in rod cell function. For breastfed babies DHA intake will
depend on the mother’s diet.

The best dietary sources of DHA are coldwater fish, such as
mackerel and tuna. Supplementation of DHA may be suitable for
pregnant or breastfeeding women whose diets may be low in DHA, but
more research is needed.

The role of fatty acids in retinitis pigmentosa has also been
researched. Patients with this condition are consistently found to have
abnormal blood levels of fatty acids. In particular, DHA is reduced and
this might be due to an impairment in the final steps of DHA synthesis.26

There may be a role for DHA in maintaining optimal visual function,
and supplementation with DHA may be of value. People with high
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intakes of DHA have also been shown to be less likely to suffer from
dry eye syndrome (when not enough tears are produced), which can lead
to corneal scarring and vision loss.27

A further application of the n-3 PUFAs DHA and eicosapentaenoic
acid (EPA) is in the common eye condition called dry eye syndrome.28

Dry eye syndrome leads to lower visual acuity and difficulty in
reading/writing and night vision. Inflammation or blockage of the
lacrimal duct is frequently responsible, and artificial tears provide
incomplete symptomatic relief. A sample (1546 patients) out of 39 876
female health professionals who were affected by the syndrome had their
dietary fat intakes investigated using a food frequency questionnaire. A
high ratio of n-6 to n-3 fatty acid consumption was associated with an
increased risk of the syndrome, and tuna consumption was inversely
associated with risk.28

�-Lipoic acid

�-Lipoic acid has antioxidant properties. It is both water- and fat-soluble
and can cross cell membranes, helping to reduce free radical damage
inside and outside cells. �-Lipoic acid also helps to recycle other anti-
oxidants such as vitamins C and E, and glutathione, returning them to
their oxidative states.29 Dietary sources of �-lipoic acid include spinach,
beef, kidney and heart. Humans can also produce �-lipoic acid in small
amounts.

Doses of �-lipoic acid between 50 and 400 mg a day have been
suggested for general antioxidant purposes but they are far in excess of
normal physiological levels. Recently, pure R-lipoic acid has become
available as a supplement.

�-Lipoic acid can lower glucose and insulin levels in people with
diabetes, so care should be taken to monitor glucose levels in patients
taking these supplements. Prevention of the damaging effects of hyper-
glycaemia is the main therapeutic indication for �-lipoic acid.29

Conclusions

Lutein and zeaxanthin have not been proven conclusively to improve
eye health but there is compelling evidence to suggest this may be the
case, particularly in AMD. If controlled clinical trials show that lutein
and zeaxanthin reduce the progression and onset of AMD, retinitis
pigmentosa and other retinal degenerations they may fulfil criteria to be
considered essential nutrients.7
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There is a need to educate consumers about eye health and how
dietary habits and supplementation can help. As well as improving the
natural antioxidant and protective defences of the eye (such as through
increasing macular pigment optical density), reducing retinal oxidative
stress may also help. Preventive strategies include stopping smoking,
reducing the amount of blue light that reaches the eye through use of
narrow-band yellow filters in glasses or contact lenses, and reducing
intake of saturated fatty acids.6,13

Probably the best advice is to follow dietary guidelines and increase
consumption of fruit and vegetables, specifically those rich in these
carotenoids. In those who find it difficult to achieve the suggested fruit
and vegetable intake, addition of lutein and zeaxanthin in supplement
form might be of benefit. Advice could be to take supplements with food
containing some fat to increase absorption. However, there is a need to
carry out further research into the effectiveness and safety of such
supplements in disease prevention. Trials would have to be long-term
because diseases such as AMD are thought to be the result of many years
of oxidative stress and exposure to other contributory factors. Studies
are also needed to look at interactions of lutein and zeaxanthin with
other antioxidants (e.g. alpha-tocopherol, ascorbate and glutathione)
and deprivation studies looking at the effect of a lack of lutein and
zeaxanthin in the diet and the effects of high light exposure.7

Future supplements containing synergistic combinations of in-
gredients need established efficacious doses. Future research could also
be carried out to identify possible candidate genes that might predispose
people to AMD and allow them to take extra precautions that may
involve supplementation with lutein and zeaxanthin.
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8
Mental health

Two of the most important mental ailments are cognitive decline and
depression. The most commonly available nutraceuticals claimed to be
effective in age-related cognitive decline include acetyl-L-carnitine,
phosphatidylserine, n-3 fatty acids, particularly docosahexaenoic acid
(DHA), soy isoflavones, citicoline (cytidine diphosphate choline),
reduced form of nicotinamide adenine dinucleotide (NADH), green tea
and carnosine. Depression has been treated with n-3 fatty acids and S-
adenosyl methionine (SAMe).

Many people believe that their memory declines with age. Many
changes do occur in the ageing brain, including loss of myelin, accumu-
lation of lipofuscin and a reduction in the branching of dendrites,1 conse-
quently the brain makes fewer new connections. Other changes that may
occur during ageing are reduced availability of acetylcholine and
reduced cerebral blood flow. The central nervous system does not
generally divide or regenerate cells; it relies on a regular supply of
glucose to continuously repair the neurons. Memory loss is probably
related to the death of neurons. Increased glutamate and intracellular
calcium levels will lead to necrosis, which can cause inflammation of the
brain. Hydroxyl radicals and hydrogen peroxide can be produced as by-
products of respiration under given conditions, and these are extremely
reactive species and will attack DNA, enzymes and lipid membranes.
The body’s natural defences against these radicals are antioxidants:
superoxide dismutase, vitamin C and alpha-tocopherol (vitamin E).2

Normal memory loss is believed to be caused by a combination of these
factors taking place over many years in the brain.

Alzheimer’s disease is a form of dementia that has no specific
precipitating factors. It is diagnosed by patients scoring 27 or less on
the Mini-Mental State Examination (MMSE). The brain tissue shrinks
and there is a loss of neurons, particularly in the hippocampus. Other
specific aspects of the disease are the formation of amyloid plaques and
neurofibrillary tangles. These cause damage and are thought to subject
the brain to more oxidative stress and ischaemia.2 Another major feature

08 Chapter 8  2/3/07  19:08  Page 169



of Alzheimer’s disease is the loss of cholinergic neurons; all the drugs
used in the UK to treat mild to moderate Alzheimer’s are acetyl-
cholinesterase inhibitors. Donepezil, rivastigmine and galantamine have
a success rate of up to 50% in slowing the disease process.3 These
products are not without side-effects and there is great interest in
developing dietary and supplementary regimens to help the memory.

Another form of memory loss is that associated with cardiovascu-
lar disease. Arteriosclerosis in the cerebral arteries can lead to transient
ischaemic attacks, in which not enough blood reaches one part of the
brain for a short period of time, or in the worst case scenario, stroke
occurs.

Small memory lapses may be early symptoms of ischaemia, and the
degree of ischaemia and subsequent loss of respiration in the brain have
been linked to the severity of certain dementias.4

The current pharmacological treatments for dementia are only
partially effective. There is a great deal of interest in whether diet and/or
supplementation could slow down or reverse the ageing process in the
brain. The following nutraceuticals are marketed as enhancing ‘brain
power’.

Acetyl-L-carnitine

Acetyl-L-carnitine is a common nutraceutical sold to combat cognitive
decline or to enhance memory. The acetyl form of carnitine can easily
cross the blood–brain barrier and it appears to be well tolerated and safe
in humans.5 Acetyl-L-carnitine is a very promising agent for the
treatment of patients with mild Alzheimer’s disease. It is thought to have
many actions on brain cells and to increase the availability of acetyl-
choline to neurons, possibly by providing acetyl groups to conjugate
with choline. It is also believed to be a partial cholinergic agonist,
working in a similar way to the current pharmacological treatments for
Alzheimer’s disease.6 In addition, acetyl-L-carnitine assists the movement
of fatty acids from the cytoplasm into mitochondria, where they are
converted to ATP, and helps with the removal of toxic long-chain fatty
acids.6 This could lead to a synergism with long-chain fatty acids such
as the n-3 group; acetyl-L-carnitine is sometimes combined with �-
linolenic acid in supplements.

Acetyl-L-carnitine has also been shown to increase the levels of
nerve growth factor (NGF),7 one of a group of substances known as
neurotrophins. NGF is involved in the formation of neurons in the
developing brain, and has been recently discovered to be implicated in
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the repair and maintenance of neurons and the formation of new connec-
tions between them.1 The branching of dendrites and formation of new
connections is critical in the memory storage process. Acetyl-L-carnitine
may also boost the levels of phosphomonoesters, which are phospho-
lipid components that are reduced in Alzheimer’s disease patients.7,8 This
means that acetyl-L-carnitine might synergise with another nutraceuti-
cal called phosphatidylserine, which has beneficial effects on the neuron
membrane.9 Other reports state that it could increase protein kinase C
(PKC) activity and reverse an age-related decline in glutamate N-methyl
D-aspartate receptors,1 possibly reducing the risk of excitotoxicity (the
death of neurons stimulated by glutamate).

Acetyl-L-carnitine has been shown to cause a slowdown in the
decline of cognitive measures in a number of studies conducted on
subjects with mild Alzheimer’s disease or mild cognitive impairment.
However, one of the double-blind trials conducted on its use in
Alzheimer’s disease showed very little difference between acetyl-L-
carnitine and placebo.10 This trial used the Alzheimer’s Disease
Assessment Scale, cognitive section (ADAS-Cog) as the main endpoint
for analysis. The trial was then reanalysed by another group of
researchers11 who stated that the younger patients with Alzheimer’s
disease, who fully complied with the treatment, benefited significantly
more from acetyl-L-carnitine treatment than older patients. Trends
observed by the group included a slowdown of decline on the Clinical
Global Impression (CGI) scale, and concluded that acetyl-L-carnitine
benefits patients less than 61 years old. This conclusion was somewhat
contradicted by a study published in 2000,12 in which patients with
early-onset (age 45–65 years) Alzheimer’s disease were specifically
chosen for the trial. The results showed that there was no significant
difference between ADAS-Cog scores for the placebo and acetyl-L-
carnitine treatment groups after one year’s treatment.1 However, there
was a significantly reduced deterioration on one aspect of the MMSE
test in these patients, and the placebo group did not display a rapid
deterioration during the year as had been predicted earlier.

Both of the studies discussed above have been included in a recent
meta-analysis of all the double-blind, controlled clinical trials of acetyl-
L-carnitine.6 The study concentrated on patients treated with acetyl-L-
carnitine who had mild cognitive impairment or mild Alzheimer’s
disease, and found that of 21 studies conducted, 17 showed that acetyl-
L-carnitine had a positive effect on patients; this included some unpub-
lished trials. The meta-analysis used two endpoints for its results: the
CGI used in most studies and the Integrated Summary of Clinical Tests
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referred to as the ESall scales. The ESall scales was a statistical method used
to combine the results of the many different tests (e.g. ADAS-Cog,
MMSE, and word-list recall) that were used in the clinical trials into one
factor. This enabled the authors to compare all the trials and come to
their conclusion. It was believed that this was relevant, on the basis that
the psychometric tests all essentially measure the same thing. As many
different factors affect and cause Alzheimer’s disease, the CGI is a good
way of measuring overall and general change (e.g. it takes into account
memory, behaviour and the ability to look after oneself).

The ESall scales result was 0.201 when all 21 studies were combined,
with a positive score showing advantage for acetyl-L-carnitine over
placebo. A funnel plot was used to test the results for bias and only one
result fell outside this plot, suggesting that it could be biased in a positive
manner, as was later claimed.7 This was a small study including seven
patients with Alzheimer’s disease. Only patients who could cope with
magnetic resonance imaging (MRI) scanning were selected for treat-
ment, and because of this the trial could have been biased towards
favourable results with acetyl-L-carnitine.6 When this study was ex-
cluded, a significant benefit on clinical and psychometric tests was still
found with acetyl-L-carnitine (ESall scales = 0.191). The integrated
summary for CGI (ESCGI-CH) was 0.32, which also suggested that acetyl-
L-carnitine treatment benefits overall performance and behaviour. A
subsidiary examination showed that acetyl-L-carnitine provided most
benefit on intellectual and memory functions, which are more prevalent
in mild cognitive impairment.

Acetyl-L-carnitine appears to have been well tolerated at doses of
1.5–3 g/day in all studies. Side-effect profiles appear to have been similar
to placebo, with body odour, increased appetite, rash and restlessness
reported.5,6

Overall, acetyl-L-carnitine has great potential as a treatment for
people with early-stage Alzheimer’s disease or those with mild cognitive
impairment. Future large-scale trials may be required on patients with
these conditions to conclusively prove its value. Studies have shown that
younger people with these conditions may benefit more, and any future
trials should pay specific attention to the age of patients that seem to
experience the most benefit. Future trials could also attempt to determine
whether acetyl-L-carnitine has any effect on the memory of ‘normally
ageing’ subjects.
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Phosphatidylserine

Phosphatidylserine is a membrane phospholipid found in every cell in
the body and is part of a normal diet. It is particularly concentrated in
the central nervous system, and is usually found on the inside of the
neuron plasma membrane.9 It was originally derived from bovine brain
but with fears about Creutzfeldt–Jakob disease in recent years the
production source has been switched to soy.9 Like other nutraceuticals,
phosphatidylserine has many proposed mechanisms of action. Levels are
thought to decline with age, which has consequences for the communi-
cation and transmission between neurons. Phosphatidylserine supple-
mentation is thought to maintain the ability of the neurons to transmit
electrical potentials, which aids the communication between neurons
necessary for the formation of memory. It also activates PKC, a
substance that helps the release of neurotransmitters such as dopamine,
serotonin and acetylcholine, from synaptic vesicles. PKC also upregu-
lates genes that are believed to produce the long-term changes needed
to form memory. In addition to this it has been postulated that it could
reduce the age-related loss in the number of dendritic spines formed by
neurons.13

Clinical trials have shown that phosphatidylserine produces
minimally significant benefits in a number of clinical and psychometric
tests. However the trial with the best results for phosphatidylserine
appears to have used subjects who were significantly less mentally
impaired than in the rest of the clinical studies.14 Phosphatidylserine has
generally been tested in patients with mild to moderate dementia, or
those with mild cognitive impairment. A double-blind crossover study
later13 reported that the CGI of patients treated with phosphatidylserine
was significantly increased compared with the placebo group, and these
effects continued for weeks after phosphatidylserine had stopped being
administered. However, amongst a battery of psychometric tests admin-
istered to the subjects, only reaction times were significantly reduced (no
improvements were measured in tests such as logical memory and mental
arithmetic). CGI is the most sensitive of tests and only a modest improve-
ment was observed in this work.

Use of phosphatidylserine has been shown to result in a consistent
improvement in verbal memory tests13 (e.g. immediate word-list recall)
and was found to be better than placebo for face recognition in a trial
conducted on normally ageing adults.15 This trial found benefits for a
specific group of patients who had no diagnosis of dementia, but poor
memories compared with other people of a similar age. Significant
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benefits were observed in these patients for ‘primary memory measures’
such as name–face recognition and recall, and phone number recall.

Phosphatidylserine has also been reported to improve the cooper-
ation and friendliness of patients with advanced dementia.9 The latest
study conducted in this area states that soy phosphatidylserine at
300 mg/day or 600 mg/day had no effect on learning and memory tests.
This trial was carried out on 120 patients with age-associated memory
impairment, but no CGI scores were available.16

Overall, PS appears to provide very few benefits for patients with
mild cognitive impairment or Alzheimer’s disease. There is some debate
as to whether soy phosphatidylserine has the same effects as bovine
phosphatidylserine; the latest study with soy phosphatidylserine shows
no positive outcomes.16 The only promise appears to be in a specific
group of elderly people with no dementia or cognitive decline but poor
memory for their age.

Docosahexaenoic acid

Docosahexaenoic acid (DHA) is widely available from fish oils, and the
prevalence of Alzheimer’s disease correlates negatively with fish
consumption.17 There are high levels of DHA in the brain, and DHA
deficiency has been reported to cause a reduction in learning ability in
rats.18 A diet containing a high ratio of n-6 to n-3 fatty acids was shown
to have a negative effect on the maintenance of the cognitive functions
of the brain, whereas a low ratio was beneficial, using the MMSE
evaluation in men aged 69–89 years.17 A 4:1 ratio of n-6 to n-3 fatty
acids was shown to give the best results in learning tasks in rats, and
was later tested in 100 patients with Alzheimer’s disease. Overall
improvement was reported in 49 out of the 60 patients receiving the
preparation of fatty acids.19

A further study produced similar results, in which participants who
consumed fish once weekly or more had a 60% lower risk of Alzheimer’s
disease compared with those who rarely or never ate fish. Total n-3
polyunsaturated fatty acids (PUFAs) and DHA were associated with
reduced risk, but eicosapentaenoic acid (EPA) had no association with
Alzheimer’s disease.20

Lack of sufficient quantities of n-3 and n-6 fatty acids is known to
be a limiting factor in brain development,21 and an inverse association
between cognitive decline and the ratio of n-3 to n-6 fatty acids in
erythrocyte membranes has been revealed. This latter marker is also
implicated in an association with low DHA levels in depressive patients.22
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The increased interest of the public in n-3 fatty acids has recently
fuelled research into the effects on IQ, which has resulted in publication
of an article in the Economist magazine.23 It was shown that children
of mothers who ate food containing low levels of n-3 fatty acids during
pregnancy had a lower IQ, found social relations more demanding and
were less physically coordinated than those with higher maternal
consumption.

Soy isoflavones

Research into feeding a high soy isoflavone diet (0.6 mg/g isoflavones)
to rats investigated the neurobehavioural effects. It was found that soy
consumption resulted in very high plasma isoflavone levels, which
significantly altered dimorphic brain regions, anxiety, learning and
memory.24 Few trials have been carried out in humans, and most of these
concentrated on the effects in menopausal women. Evidence that post-
menopausal women suffer cognitive decline is possibly due to decreased
oestrogen levels, and soy has been considered to be an alternative to
hormone replacement therapy (HRT), after controversy over evidence
suggesting this leads to increase risk in breast cancer, and additionally
that the cognitive benefits of HRT may actually be reversed over long-
term usage.25 There is limited evidence to substantiate the benefits of
soy isoflavones, one trial on 53 postmenopausal women over six months
showed a significant improvement in one of five cognitive tests, insig-
nificant improvement in two tests and no improvement in the rest.26

Other work using low levels of isoflavone (60 mg) over short time
periods (12 weeks) has been reported to increase memory, pattern recog-
nition and mental flexibility.25 Another trial carried out with young
subjects over a ten-week period found that a dose of 100 mg per day of
total isoflavones caused significant cognitive improvements in both
young males and females, in both short- and long-term memory, but also
in mental flexibility.27 Soy phytoestrogens have been subjected to a
number of investigations in the area of cognitive function in both
menopausal and postmenopausal women (see Chapter 13).

Other nutraceuticals

Choline compounds, such as phosphatidylcholine, found in lecithin,
have been postulated as having beneficial effects on dementia by
increasing the brain levels of acetylcholine. They work in a similar way
to the current pharmaceutical treatments, cholinesterase inhibitors, and
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it is thought that increased acetylcholine levels help any remaining
neurons in a diseased brain to work more efficiently. Other forms of
choline include citicoline and choline alphoscerate. Citicoline is a combi-
nation of choline and cytidine, which may work synergistically to
promote dopamine levels, as well as acetylcholine levels.28

Only two out of 29 studies have reported a benefit for phos-
phatidylcholine over placebo in the treatment of Alzheimer’s disease,
suggesting that it is unlikely to be effective.1 The use of lecithin for the
treatment of dementia and cognitive impairment has been investigated
in a Cochrane Systematic Review of 12 clinical trials.29 The conclusions
were not positive, and evidence did not support its use. Citicoline is used
in Europe for cerebrovascular dementia, and the doses used in clinical
trials have been varied, and as a result inconsistencies have been found.
Trials suggest that it has a moderate benefit for patients with cerebro-
vascular disease, but that choline alphoscerate may be more safe and
efficacious.30 Citicoline appears to improve memory and learning capa-
bilities but has no effect on attention. CGI scores have been strongly
improved on treatment. It appears to be most beneficial in cerebro-
vascular disease and it also seems to improve recall in people with poor
memories but no dementia.31,32 The most effective dose of citicoline is
subject to some question: a recent double-blind trial on 30 subjects
revealed no beneficial effect of 1000 mg/day citicoline when compared
with placebo,33 but at 2000 mg/day citicoline produced many benefits
for normal patients with poor memory.32 Side-effects included stomach
upset, insomnia, headache and rash. Further studies are required to
identify a specific daily dose and to determine if choline compounds can
have a long-term benefit in mild cognitive impairment or dementia.

NADH has been proposed as a possible treatment for Alzheimer’s
disease, possibly because it stimulates dopamine release. Good results
were reported in an open label trial on 17 patients, whose average
improvement on the MMSE was 8.35 points,34 which was far more than
the average increase caused by currently available drugs. However a
similar trial was carried out and found no significant effects of NADH
supplementation; it was believed that exogenous NADH would not be
able to penetrate the blood–brain barrier.35 A double-blind placebo-
controlled trial is needed before any conclusions can be drawn about
the possible efficacy of NADH treatment.

The polyphenols from teas, particularly green tea, may possess
neuroprotective activity that may help to ameliorate diseases such as
cognitive decline. Epidemiological research in Japan has found that a
higher consumption of green tea is associated with lower prevalence of

176 Mental health

08 Chapter 8  2/3/07  19:08  Page 176



cognitive impairment in >70 year olds. Green tea was found to be
superior to either black or oolong, and consumption of up to two cups
daily was the highest effective level of consumption tested. A
dose–response relationship was evident.36

Carnosine, a naturally occurring dipeptide, has been postulated as
a future anti-ageing product. It is believed to act in three ways: as an
antioxidant, a metal binder and as an antiglycating agent. It disrupts the
binding of protein to advanced glycosylation end product receptors,
which can reduce the toxicity of amyloid plaques. It binds to carbonyl
groups present on glycated proteins,37 which inhibits the cross-linking
of proteins to other proteins (amyloid plaque aggregation) and the
formation of protein–DNA cross-linking, which will lead to cell death.
The presence of carbonyl groups on proteins is often used as a signal of
ageing, and these are especially abundant in diabetics. Carnosine has
been shown in vitro to increase the lifespan of human fibroblasts beyond
the normal length,7,38 and could theoretically be used as a future
treatment for Alzheimer’s disease.

The evidence for the application of a number of other plant-derived
constituents, including vinpocetine, in treating cognitive decline has
recently been reviewed.39

Treatments for depression

Mental depression is thought to affect 8–10% of people in Europe,
associated with psychological, environmental and hereditary factors.
Epidemiological research has shown that populations with low intakes
of seafood have a higher prevalence of severe depression.40 As with risk
factors associated with cognitive impairment, red blood cell DHA and
EPA levels are significantly lower in people with depression.41 Two
studies investigating the effect of supplementation with n-3 fatty acids
have shown significant improvements in depressive symptoms in
patients. Supplementation with 6.2 g EPA and 3.4 g DHA daily for four
months,42 and 2 g EPA for four weeks43 showed positive results, but
supplementation with 2 g DHA daily for six weeks was found to
produce no significant effect.44

S-Adenosyl methionine (SAMe) is the most widely investigated
nutraceutical for treatment of depression, and has been the subject of
clinical trials since 1973.45 SAMe is a methyl donor and is involved in
the synthesis of neurotransmitters in the brain. It is believed that it is as
effective as tricyclic antedepressants in alleviating depression, and may
even potentiate their activity.46 Most investigations involved either
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parenteral dosing at 45–400 mg per day or 200–1600 mg orally daily,
and meta-analyses appear to confirm the efficacy of SAMe. Two analyses
report significant improvement when compared with placebo,47,48 and
a third agrees a definite role for its use.49

Conclusions

Acetyl-L-carnitine and citicoline may be useful supplements for age-
related decline of varying causes. Further research, specifically large-
scale, placebo controlled, double-blind trials should be carried out into
their use before their efficacy is firmly established. Phosphatidylserine
appears to have a minimal effect, but it may be beneficial when used in
combination with other products.

The mechanisms that cause dementia and mild cognitive impair-
ment are not clearly understood. Loss of memory could be caused by a
number of factors including ischaemia, amyloid plaques, a decrease in
cholinergic neurons, loss of phospholipid components and oxidative
stress. It is likely that combinations of these pathologies are present in
any patient with memory loss. Diagnostic tests should improve in the
future and scans may be able to show what is really happening in the
brain to cause memory loss. Physicians may then be able to prescribe a
specific treatment(s) for a specific patient.
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9
Sleep enhancement

Melatonin is the most important nutraceutical used for the enhancement
of sleep, but limited use may also be made of carnitine.

Melatonin

Melatonin has been investigated for many different applications, based
on its physiological roles. As it has a role in the control of circadian
rhythms, it has been widely researched as an aid to shiftwork adaptation,
jet lag and for problems of insomnia. Endogenous levels occur as a result
of production by the pineal gland, normally starting as darkness falls,
with maximal production between 2 and 4 am. The ‘melatonin replace-
ment’ hypothesis states that age-related decline in melatonin production
contributes to insomnia, and replacement with physiological doses
improves sleep.1 Melatonin has also been found to be a powerful free-
radical scavenger and its use as an antioxidant in ageing and related
problems has been studied.

Shiftwork adaptation

An increasing proportion of the world’s workers are involved in
shiftwork; it is believed, for example, that 20% of the US workforce,
approximately 15 million workers, are required to work in shifts. A
range of symptoms are often experienced by these workers, including
sleep disturbance, increased risk of accidents and major chronic disease
states. The main causes of these problems are disruption and desyn-
chronisation of circadian rhythms. Because melatonin is known to be a
factor in the circadian organisation of both sleep and other biological
rhythms its effects in relation to sleep patterns have been studied. One
study investigated urinary 6-hydroxymelatonin sulfate (6-OHMS) levels
and variability in work–sleep patterns in shift workers. It was found that
melatonin levels are usually 5–10 times greater during sleep, than during
daytime or non-sleep periods, and workers sleeping during daytime
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showed up to 45% lower 6-OHMS levels. In addition, workers with
sleep–work ratios of <1 were found to be 3.5–8 times more liable to
experience symptoms than those with ratios >1.2

Jet lag

Jet lag can be an unfortunate consequence of air travel, and is particu-
larly evident when moving through a number of time zones, specifically
in an easterly direction. When the internal body clock (or circadian
rhythm) is not synchronised with the external ‘local’ time (light–dark
cycle) jet lag is experienced. The symptoms, which vary between
individuals, include tiredness, inability to sleep at the new bedtime,
inability to concentrate and disturbed sleep for several days after a long
flight, as well as headache and gastrointestinal problems. A study
involving 39 subjects travelling from the UK to either Sydney or Brisbane
questioned whether subjective symptoms could predict perception of jet
lag. It was concluded that the amount of perceived jet lag was predicted
by the level of fatigue at that time.3 It may also cause considerable
problems for training and performance in sports competitions and
should be taken into account when planning journey times. Symptoms
are also more marked in older travellers, and as more time zones are
crossed.4,5

Both endogenous and supplemented melatonin is chronobiotic and
can alter circadian rhythms. An early double-blind trial was carried out
in 1986, using 17 volunteers, between the ages of 29 and 68, who flew
from London to San Francisco (eight time zones west). After 14 days,
once the subjects had adapted to the local time, they were flown back
to London. For 3 days before the return flight, a dose of 5 mg melatonin
or placebo was taken at 6 pm local time and on return to the UK the
dose was continued for a further 4 days, between 10 pm and midnight
local time. On day 7 after arriving home, the subjects were asked to
assess the jet lag that they had experienced. None of the melatonin group
had suffered appreciable jet lag, but six out of nine placebo subjects
had.6 This small study reported the first results using melatonin for
prophylaxis of jet lag.

In a later similar double-blind study,7 20 volunteers (aged 28–68
years) flew eastwards from Auckland, New Zealand to London, through
12 time zones, and returned after three weeks. Subjects took either
placebo or 5 mg melatonin for the first journey and the other for the
second journey, in a double-blind test. Less jet lag was experienced in
the travellers taking melatonin than in the placebo group. The dose of
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5 mg melatonin was well tolerated with few side-effects reported (a mild
sedative effect in two subjects and a relaxed feeling in another). As in
the former study the results were favourable, but more research was
necessary to determine the optimum dose and dosing schedule. Also, the
symptoms of jet lag were not standardised in either study and were
subjective, making comparisons difficult. Baseline symptoms, such as
previous fatigue, stress due to travel preparations and the flight itself, or
inability to sleep in a new environment or due to other activities, were
not taken into account.

In a more recent study,4 these problems were addressed. The
number of passengers was large (n = 257) and a scale was used to assess
the severity of the jet lag experienced, including daytime symptoms,
when travelling from New York to Oslo (six time zones eastwards). A
randomised, double-blind procedure was used in which subjects received
either placebo or 5 mg melatonin at bedtime, 0.5 mg melatonin at
bedtime or 0.5 mg melatonin taken on a shifting schedule, starting at
bedtime and taken 1 hour earlier each day. The results were somewhat
surprising, with melatonin not showing significant improvement over
placebo. Symptoms of sleep disturbance, which are associated with jet
lag, were not investigated, but rather daytime disturbance and times of
sleep onset at night, and awakening in the morning. Also the subjects
stayed for only 4 days at their destination before flying back and may
not have fully adjusted to the local time. There may also have been a
large placebo effect, as the subjects knew that they had three out of four
chances of receiving melatonin, which could make the actual melatonin
effect even smaller. The authors concluded that more work was needed
to assess the use of melatonin in jet lag.

The latest study in 2004 compared the effects of controlled-release
caffeine (300 mg daily) and melatonin (5 mg daily) on symptoms of jet
lag when travelling from Texas to France. Melatonin and caffeine were
administered daily to the different groups on days 1–5, and the 27
participants had their activities controlled, including their sleeping time.
Sleep architecture was assessed by polysomnographic recordings such as
encephalography. It was concluded that both treatments had some
benefits for jet lag symptoms, however melatonin treatment showed
significant rebound of slow wave sleep on night 1, and sleepiness was
reported to be objectively increased.8

A Cochrane review of trials of melatonin use in jet lag was carried
out in 2002, and included ten trials. Eight of the ten trials showed that
daily doses of melatonin from 0.5 to 5.0 mg had similar effects when
taken close to the target bedtime at the destination, when traversing five
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or more time zones. Doses of 5 mg seemed to be no more effective.
A controlled-release 2 mg formulation was relatively ineffective, poss-
ibly because a short-lived higher peak concentration works better. The
benefit is also likely to be greater with more time zones crossed, but less
for travel in a westerly direction. Not surprisingly, dosing at times
different to the optimum time (10–12 pm) is liable to be detrimental to
good sleep and to cause sleepiness at the wrong time!9

Sleep disorders

Sleep disturbances are very common, especially in the elderly. These can
be primary, such as age-related disorders, or side-effects of medicines
such as beta-blockers, illness, anxiety or stress. Side-effects of medi-
cation may include increased urination, gastrointestinal effects and
nausea which can also interfere with sleep.10 As it is involved in the
circadian rhythm and the sleep–wake cycle, it is logical that melatonin
might be used in the treatment of primary sleeping problems. It is
important to try to eliminate secondary causes of sleep disorders when
recruiting volunteers for melatonin studies, to ensure that only the
primary cause is being studied.

Six healthy young men were used in a study to investigate the effect
of melatonin given at night.11 None of the subjects suffered from any
sleep disorders or took any medication, and they refrained from alcohol
and caffeine for 24 hours before each session. It was found that doses
of 0.3 mg and 1 mg melatonin given at 8 pm or 9 pm produced acute
hypnotic effects. These effects were assessed both subjectively and using
polysomnographs. The authors suggested that a critical plasma
melatonin level may be necessary for sleep induction. There was no
residual hypnotic effect in the morning following melatonin adminis-
tration, determined from mood and performance tests carried out by the
volunteers. This outcome may be helpful in insomniac patients.

In another study12 involving 20 subjects who met the criteria for
primary insomnia, plasma samples were taken every half-hour between
6.00 pm and 11.00 pm. It was found that between 6.00 pm and
11.00 pm there were significantly lower concentrations of melatonin in
the plasma of insomniacs than in 20 controls matched for sex and age.
This small study suggests that the lower plasma melatonin levels could
have affected sleep in these subjects.

Melatonin has a half-life of only 40–50 minutes, with serum
concentrations after oral dosing reaching peak levels after 20 minutes.
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To ensure high serum levels throughout the night, administration of
a controlled-release formulation of melatonin is needed. A 2 mg
melatonin controlled-release tablet was administered to 12 elderly
insomniacs who were taking various medications for chronic illnesses
(six had hypertension, five had ischaemic heart disease, four had
spondyloarthrosis, three had Parkinson’s disease and two had diabetes
mellitus).10 These elderly subjects were taking between one and six
drugs, nitrates, calcium-channel blockers, diuretics, aspirin, beta-
blockers and analgesics, for a range of illnesses, and also used sleep
medication. Before starting the study, subjects were woken every 3 hours
during one night, to measure urinary 6-OHMS. This was compared with
values from an earlier study by the authors using elderly people without
insomnia. In all subjects, the peak excretion of 6-OHMS was between
3 and 6 am, rather than beginning at midnight as in young adults and
elderly people without insomnia. This indicated that the sleep disorders
might well be due to a shift in plasma melatonin secretion.

Actigraphy recording wrist movements to assess sleep patterns was
then carried out for three nights. Subjects were given 2 mg controlled-
release melatonin, or placebo, 2 hours before bedtime, for three weeks.
Actigraphy was used again for three nights, at the end of the study.
Results showed an overall improvement in sleep quality in the test
subjects, despite chronic disease states and concomitant medication. It
was concluded that it is necessary to establish melatonin deficiency in
the trial subjects, and the controlled-release of melatonin may have
prevented desensitisation to large doses required for the same plasma
concentration. A minimum of three weeks treatment is also important,
as it has been shown in animal studies that melatonin receptors can be
reduced in the elderly and need to be resensitised by long-term exposure.
A further reason given is that the internal clock in the elderly is
sometimes not synchronised with the light–dark cycle and exogenous
melatonin will correct this over a few weeks.10

A systematic review of six double-blind trials of melatonin for
insomnia in the elderly has been published. Doses of melatonin ranged
from 0.5 to 6 mg, 30–120 minutes before bedtime, and the study
concluded that ‘melatonin was most effective in elderly people with
insomnia who chronically used benzodiazepines and/or with docu-
mented low melatonin levels during sleep’.1 Measures of sleep quality
were variable and found to improve; no early-morning sleepiness
occurred, but subjective sleep quality did not improve.
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Meta-analysis

A recent meta-analysis on evidence for the use of melatonin in managing
secondary sleep disorders and sleep disorders accompanying sleep
restriction such as shiftwork and jet lag has been published. Evidence
from six trials on secondary sleep disorders revealed there to have been
no effect on sleep onset latency, and evidence from a further nine trials
showed no effect on shiftwork and jet lag symptoms.13 The editorial
from the same issue of the British Medical Journal argued that meta-
analysis of trials concerning these two latter cases of sleep restriction –
shiftwork and jet lag – should not have been linked in the same analysis,
due to their inherent differences.14

Miscellaneous

Twenty-one female patients with Rett syndrome were given 100 mg/kg
carnitine daily in two divided doses for six months in an investigation
into its possible benefits on sleep patters. It was found that in patients
with less than 90% baseline sleep efficiency, the carnitine treatment led
to significant improvements in sleep pattern, as well as energy levels and
communication skills.15
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10
Cancer prevention

Approximately 10 million people worldwide are diagnosed with cancer
each year, and more than 6 million people a year die from the disease.
The most common cancers (excluding skin cancers other than
melanoma) are lung (12.3% of all cancers), breast (10.4%) and
colorectal cancer (9.4%). The chances of developing cancer of the lung,
large bowel, breast, prostate and bladder are greatest in developed
countries, and the rates of these cancers in northern Europe are about
three times greater than in sub-Saharan Africa, where large bowel, breast
and lung cancer are virtually unknown. Overall, there are major
variations in the incidence of certain cancers in different geographical
areas. For example, colon cancer is 20 times more prevalent in the USA
than in India. There is evidence that this variation is mainly due to
environmental factors and lifestyle, rather than genetic factors, as
immigrants from low-incidence countries to high-incidence areas acquire
the cancer pattern of the host country within a relatively short period
of time, for example within in a single generation, and genetic changes
would take longer than one generation to show an effect.

It has been estimated that 32–35% of cancers can be attributed to
nutrition, although the contribution of diet to specific types of cancer
varies from as little as 10% for lung cancer, to 80% for cancer of the
large bowel.1 Interestingly, data from countries with seemingly com-
parable socio-economic status, such as Mediterranean and non-Mediter-
ranean European states, show very different cancer rates for specific
forms of cancer. It has been suggested that this association is strongly
influenced by the traditional diet of such countries.

Cancer is the cause of 26% of all deaths in the UK (155 180 deaths
in 2002), which far outnumbers the deaths from heart disease. The
major cause of mortality is lung cancer, which is responsible for 22%
of deaths; large bowel, breast and prostate cancers account for 24%
collectively.2 The numbers of cancer cases are increasing annually and
cancer prevention has become a major international health issue. In an
attempt to address this problem many screening programmes were
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introduced in the UK and other countries in the late 1980s. However,
although screening was shown to identify cancer cases at an earlier stage
of the disease, it failed to reduce the total incidence of cancer. In
addition, concerns over the safety and efficacy of conventional cancer
therapies have stimulated the search for new alternatives.3 It is now
widely accepted that the best way to limit the incidence of cancer is by
prevention.

The complexity and diversity surrounding each type of cancer, and
the resulting morbidity and often mortality, has led researchers to
explore the use of a number of nutraceuticals. Soy, green tea, lycopene,
flaxseed, polyunsaturated fatty acids (PUFAs), coenzyme Q10 (Co Q10),
melatonin and conjugated linoleic acid (CLA) have all been proposed as
preventive treatment for a range of cancers, including leukaemia,
lymphoma, prostate, breast, lung and colon.

A wide range of research studies have demonstrated that soy or
soy phytoestrogens have the ability to inhibit the growth of various
cancer cell lines, including prostate, breast and lung cancer cells. They
have been shown to exert actions on a number of biochemical pathways
and molecular mechanisms essential to cell growth and survival. This
may be useful in delaying or even preventing the development of
clinically significant cancer.

Epidemiological evidence for soy

It has been estimated that more than two-thirds of human cancers could
be prevented through changes in lifestyle, and it has been reported that
10–70% of cancers are attributable to diet.4 Dietary constituents are
implicated in both cancer development and prevention, and epidemio-
logical studies have revealed great differences between cancer incidence
data taken from different countries.

Asian countries where soy products are regularly consumed, such
as Japan, China, Korea and Indonesia, have some of the lowest
incidences of breast, prostate, and colon cancer. However, the incidence
of such cancers is now rising in these countries due to changes in diet
and lifestyle. Soy may be a contributory factor in cancer prevention, but
a number of other dietary factors such as low saturated fat intake have
also been linked to low cancer risk.5

The death rate from prostate cancer in the Japan is about 25% the
level found in the USA,6 and in the Japanese men with prostate cancer,
many tumours are much smaller on average, suggesting that soy may
slow the growth of tumours and delay the onset of cancer. If this is the
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case then soy may not only prevent cancer developing, but also lessen
its impact on the individual where cancer is already present.

Epidemiological studies have shown an inverse relationship
between soy consumption and cancer risk and, in particular, the
mortality from clinically diagnosed prostate cancer has been shown to
be lower in countries with high soy consumption.7

Asian emigrants who move to the USA and change their dietary
habits show a marked increase in the risk of developing prostate or
breast cancer, reaching levels comparable to those found in indigenous
inhabitants.8 This is likely to be a result of the higher fat and much lower
soy isoflavone content of the diet, suggesting that the protective effect
found in inhabitants of Asian stock is not genetically determined. It has
been shown that women who had consumed tofu during adolescence
were less likely to develop both premenopausal and postmenopoausal
breast cancer as adults. This contrasts with inconclusive results found
in Western patients who did not consume soy before diagnosis.9

Genistein and daidzein have similar stereochemical structures to
the endogenous oestrogens such as oestradiol (see Chapter 2). Due to
their similar spatial conformation, they have the ability to bind weakly
to oestrogen receptors in mammalian tissue and to influence oestrogen-
regulated gene products.10,11 It was initially suggested that the anticancer
properties demonstrated by soy were due to this oestrogen receptor
binding. It should be noted, however, that this activity could either be
oestrogenic, if the binding stimulates a response, or anti-oestrogenic if
the isoflavones compete with endogenous hormones for the receptors.12

The oestrogen antagonist tamoxifen is widely used as treatment for
breast cancer. This activity may also be related to its structural similarity
to oestrogen.

Biological activities of soy phytoestrogens

Early studies on the biological activity of the isoflavones centred on their
oestrogenic activity, but recently, wide-ranging activities have been
investigated.

The in vivo antioxidant activity of soy isoflavones has been studied
in humans. Healthy 18- to 35-year-old women were given either low or
high soy isoflavone diets over a 13-week period, and antioxidant status
was assessed by measurement of endogenous lipophilic urinary metabo-
lites. Decreased levels of these metabolites appear in the urine as
products of lipid peroxidation in vivo, and indicate in vivo antioxidant
protection. The levels of individual isoflavones in commercial soy
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protein powders were 55% genistein, 37% daidzein and 8% glycetin,
and subjects were fed 0.15 (control), 1.01, and 2.01 mg total iso-
flavones/kg body weight daily. Levels of the six urinary metabolites, C-
4 to C-7 alkanals and alkanones, were significantly reduced with both
the low and high isoflavone supplementation.13

Antioxidant effects of have been studied and it is believed that
activity is related to structure. However, these studies investigated effects
at supraphysiological levels.14 Other reported activities include inhibi-
tion of enzymes such as topoisomerase II, protein kinase, aromatase,
thyroid peroxidase, as well as antiangiogenesis properties, induction of
cell differentiation, and weak oestrogenic and anti-oestrogenic activi-
ties.15 It has been suggested that the action of genistein and daidzein
may be tissue-selective, which could have great benefits if specific cells
such as cancerous tissue can be targeted without adverse effects on other
tissues.16

Oestrogenic activity

Cancers can be described as oestrogen-dependent or androgen-
dependent. Cancer of the breast and prostate are influenced by the levels
of circulating androgens in the body.8 The development and growth of
these types of cancers are strongly influenced by the sex hormones, and
it is known that postmenopausal women are at much higher risk of
developing breast cancer due to lower levels of circulating oestrogen.

Isoflavones have a range of binding affinities to the two oestrogen
receptors, ER� and ER�, as shown in Table 10.1. Genistein and daidzein
bind to the receptors to a lesser extent than to oestrogen itself, and it
has been postulated that their anticancer properties are associated with
this ability. They exert a weak oestrogen-like activity, comparable to that
of tamoxifen.17 Competition takes place between the isoflavones and
oestrogen for the oestrogen receptors. Genistein and daidzein compete
with androgens at their target site, thus affecting the clearance rates and
availability of the hormones. This difference suggests that genistein and
daidzein may have different biological activities in cancer cells, not
simply related to their binding affinities. Further complications in
activity may occur due to the metabolism of the isoflavones, and these
metabolites having further differing affinities for the receptors.18 This
mechanism has the potential to slow the growth of certain oestrogen-
dependent cancers and also possibly to prevent their development.
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Non-oestrogenic activity

Although the oestrogenic and antioxidant properties of genistein may
contribute to the anticancer effect demonstrated by soy, it is unlikely
that these are the only mechanisms by which the isoflavones act.
Although daidzein has exhibited anticancer effects both in vitro and
animal models, most research has concentrated on genistein. In human
stomach cancer cell lines genistein caused inhibition of growth
apparently by stimulation of a signal transduction pathway leading to
DNA fragmentation, indicating apoptosis. This effect was dose-
dependent.20 Genistein arrests cell cycle progression at the G2–M phase
in cells derived from human gastric cancer, oestrogen receptor positive
and negative human breast carcinoma, leukaemic cells and melanoma
cells.21 It has also been shown to inhibit the growth of cancer cells by
modulating genes related to homeostatic cell cycle controls and
apoptosis. It may do this by inhibiting the activation of the nuclear tran-
scription factor (NF�B) and Akt signalling pathways, both of which
maintain a balance between cell survival and apoptosis. It is also an
angiogenesis inhibitor, and also inhibits metastasis.22

Interestingly, genistein is able to interfere with cell processes by
inhibiting DNA topoisomerase and protein tyrosine kinase (PTK).23

Genistein is thought to target specific PTKs, particularly the epidermal
growth factor receptor, and blocks the EGF-mediated pathway by
preventing phosphorylation of tyrosine receptors, thereby causing cell
death.24 This may result in apoptosis of cancerous cells. Genistein also
interacts with metalloproteinase (ras-MAP) kinases and DNA topo-
isomerase II and S6 kinase.15,25,26 Genistein causes increased levels of
transforming growth factor beta (TGF-�), which has a major role in the
inhibition of growth of cancer cells by causing DNA strand breakage,
leading to cell death.27
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Table 10.1 Comparative binding affinities of phytoestrogens to oestrogen
receptors19

Compound ER� ER�

17�-Oestradiol 100 100
Genistein 4 87
Daidzein 0.1 0.5
Formononetin <0.01 <0.01
Biochanin A <0.01 <0.01
Ipriflavone <0.01 <0.01
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Genistein has also been shown to stimulate the ATPase activity of
membranes from GLC4/ADR cells, thus affecting multidrug resistance
protein (MRP) transport of anticancer drugs via direct interaction with
the MRP.28 MRPs are frequently expressed in human tumours, causing
cellular resistance to cytotoxic drugs.29,30 This means that genistein may
prevent the development of this cellular resistance by inhibiting the
efflux of drug molecules, thus enhancing the effectiveness of cancer drug
therapy.

In another study genistein was shown to inhibit angiogenesis,21

which could significantly restrict the growth of cancer by inhibiting the
tumour-stimulated growth of new blood vessels within the tumour. This
could be applied to all cancers, possibly enabling control of their
development and progression.

Unlike genistein, daidzein has not been shown to inhibit PTK
activity, but it does possess other actions similar to those of genistein.
Isoflavones, including daidzein, have demonstrated inhibitory effects on
aromatase enzymes,31,32 which are involved in the conversion of
androgen precursors to oestrogens. They can therefore have a direct
effect on the amount of circulating oestrogens. As oestrogens can
positively stimulate the growth of hormone-dependent cancers such as
breast and prostate cancer, a reduction in oestrogen could limit the
growth of cancer.

Pharmacokinetics and bioavailability

In order to demonstrate anticancer activity, genistein and daidzein have
to be bioavailable. Their bioavailability depends on the relative uptake
rates of the conjugated and free forms of genistein and daidzein,
hydrolysis of glycosides in the gut, further metabolism in the liver, and
their excretion rates. Bioavailability, absorption, plasma levels,
metabolism and excretion, and distribution is dealt with in Chapter 2.

Breast cancer

Genistein may induce early mammary gland differentiation, thus
suppressing the development of breast cancer.33 Evidence from many
studies has shown that early consumption of soy phytoestrogens is vital
for protection against breast cancer. Early genistein exposure promotes
cell differentiation in breast tissue, which suppresses the development of
mammary cancer in adulthood by decreasing the activity of the
epidermal growth signal pathway.34 Pregnancy early in a woman’s life
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is a predisposing factor that has been shown to protect against cancer.
Early exposure to oestrogen causes differentiation of mammary tissue,
thereby reducing susceptibility to chemically induced breast cancer.35

Genistein appears to stimulate cell proliferation and to enhance the
maturation of mammary glands. This has the effect of reducing the
number of terminal end buds, the least differentiated structures in
mammary tissue and the most susceptible to carcinogens.35 Less differ-
entiated terminal ducts of mammary tissue are more susceptible to
chemical carcinogens, therefore genistein may act by enhancing differ-
entiation in a mechanism similar to that of oestrogens during pregnancy.
This increase in cell proliferation during early life has been associated
with a less active EGF-signalling pathway in adulthood that in turn
suppresses the development of breast cancer 35. This may also suggest a
possible reason for the lower incidence of breast cancer where average
consumption of soy is high.

Sustained soy intake throughout life may have beneficial effects.5

One large case–control study in Shanghai showed that independent of
adult soy intake, women who consumed approximately 11 g soya
protein/day during adolescence (13–15 years), were almost 50% less
likely to develop breast cancer as adults than women who consumed

2 g soy protein/day during this period.34

Apart from the role of soy phytoestrogens in prevention of breast
cancer, there is also need for an oestrogen-replacement treatment for
women who have survived cancer. As they act as weak oestrogens,
particularly in a low-oestrogen environment, it has been suggested that
they show anti-oestrogenic activity in a high-oestrogen environment;
prior to menopause there is a high-oestrogen environment and phyto-
estrogens may protect against breast cancer, but after menopause the
reverse may occur, with consequent stimulation of breast cancer.36

Prostate cancer

Nearly 200 000 cases are diagnosed annually in the USA, and 1 in 32
die of the disease.37 One meta-analysis of relevant clinical trials showed
that high concentrations of oestrogen have been shown to affect the
growth of prostate cancer and benign prostatic hyperplasia, so it is
possible that the isoflavones will also show a similar effect. It has been
observed that the soy isoflavone genistein induces apoptosis and inhibits
growth of both androgen-sensitive and androgen-independent prostate
cancer cells in vitro. 7 Genistein and daidzein have been shown to bind
to receptors for endogenous androgens and stimulate the hepatic
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synthesis of sex hormone-binding globulin (SHBG).38 Regular soy
consumption causes increasing serum SHBG levels which result in
decreased bioavailability of testosterone.39 Soy isoflavones have been
reported to inhibit the steroid-metabolising enzymes 5�-reductase and
17�-hydroxysteroid dehydrogenase, which lowers the levels of free
androgens in the body.40 Men around the age of 50 show a decline in
testicular activity and an increase in SHBG and associated testosterone
levels, which is thought to be a predominant factor in the subsequent
development of prostate cancer.

One study using steroid hormone levels and total prostate-specific
antigen levels as surrogate markers of disease progression concluded that
the prolonged and consistent consumption of soy (60 mg/day for 12
weeks) might reduce the risk of developing prostate cancer and delay its
onset.37 The plasma concentration of isoflavonoids in Japanese men is
high, and higher still in prostatic fluid, and there appears to be a relation-
ship with prostate cancer incidence. Treatment of prostate cancer with
oestrogens results in inhibition of cancer growth, but these hormones
are also associated with development of benign prostatic hyperplasia
and prostate cancer, therefore dietary phytoestrogens may be both
benificial and detrimental to prostate disease.5

Colon cancer

There are no useful epidemiological data for the effects of soy consump-
tion on colon cancer incidence due to conflicting conclusions, and few
significant data from case–control studies. A few recent studies in rats
have shown that soy has either no effect on colon cancer or even mildly
procarcinogenic effects.5 Limited research on the effects of isoflavones
on colonic cancer cells has yielded results consistent with those for other
cancer cell lines.

Although not typically associated with endogenous hormones,
colon cancer can be hormonally influenced. It has been suggested that
genistein at normal physiological isoflavone concentrations in humans
may reduce colonic cancer risk by slowing the growth of normal cells
rather than by inhibiting their growth.3

Other cancer types

Genistein has been shown to inhibit cell growth in cancer of the stomach,
lung and blood. An in vitro study of human stomach cancer cells found
that genistein stimulates apoptosis via a signal transduction pathway.41

198 Cancer prevention

10 Chapter 10  2/3/07  19:09  Page 198



Genistein has also been shown to inhibit growth of leukaemia cells.24

From studies both in vitro and in vivo there seems to be evidence to
suggest that growth of bladder cancer cells are also inhibited by soy
isoflavones,42 although one study reported a high intake of soy foods to
cause elevated risk of bladder cancer.43 Soy isoflavones have been linked
to effects on endometrial cancer. Levels of isoflavones around
1.5 mg/day are typical of a US diet, and have been shown to be inversely
related to the risk of endometrial cancer.44

Colorectal cancer is one of the most common forms of cancer in
the UK, with 17 000 new cases being reported each year, but incidence
in other countries, such as Japan, is much lower. Conflicting results have
been shown from epidemiological data, but none of these studies have
studied the role of the phytoestrogens. Lung cancer is also one of the
most common cancer forms in the UK. In addition to evidence from in
vivo studies showing inhibition of experimentally induced tumours, one
study has reported a protective effect between non-smokers and high
intake of soy isoflavone.14

Conclusions

Available epidemiological data suggest that consumption of soy
isoflavones in a quantity equivalent to that found in a typical Chinese
or Japanese diet should potentially reduce the risk of developing cancer.
It would appear that a consumption of 30 mg (aglycone) per day appears
reasonable, based upon one study reporting the isoflavone intake of over
3000 Japanese adults to be around 30–40 mg daily.45 The quantity of
soy products that would need to be consumed to reach these levels of
intake varies considerably, depending on the dietary form of the soy.
Whole soybean contains many constituents, as well as protein and
isoflavonoids, so there is the possibility for synergistic effects to be seen.

It has also been proposed that as the half-life of genistein is
relatively short, around 6–9 hours, and that repeat exposure is required
to maintain claimed therapeutic levels.21 However, long-term regular
consumption of soy may not confer adequate protection against cancer,
because soy isoflavones are able to induce their own metabolism.8 This
explains why there is a relatively low plasma concentration of genistein
and daidzein in Japanese men who regularly consume soy as part of their
normal diet.

As genistein has a very large therapeutic index, concentrations in
the body would need to be much higher than typical therapeutic doses
before toxicity is experienced.
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It is evident from the body of research material published to date
that soy isoflavones may act as dietary or nutraceutical cancer pre-
vention agents. The wide range of activities shown is very promising.
However, not all studies on soy ingestion showed positive activity. One
study, for example, found that dietary genistein may stimulate the
growth of oestrogen-dependent tumours in humans with low estrogen
levels.46 In another study, women with breast tumours who were treated
with 45 mg isoflavones for two weeks prior to breast surgery showed
higher rates of breast cancer cell proliferation.47 There is a need for much
more research to identify and elucidate the specific action of soy, as much
of the research has been concentrated on the isoflavones.

Interest has recently been shown in a novel peptide called lunasin,
found at concentrations of 0.10–1.3% in soy flour.48 The anticancer
activity of this may be independent to that of the isoflavones, or there
may be complex interactions. From the body of published epidemio-
logical data, it is most likely that soy and the isoflavones have positive
health benefits when consumed as part of a healthy diet.

Tea

A number of chemical constituents are thought to be responsible for the
anticancer activity associated with tea, but the overall activity is
probably due to a combined or synergistic effect of all or some of the
components.49 (—)-Epigallocatechin gallate (EGCG) has been claimed
to be the most important active constituent. One study investigated the
activity of the four major tea catechins in inhibiting the growth of human
lung cancer cell lines. (—)-Epicatechin gallate (ECG) was found to be
most active, followed by EGCG, then (—)-epigallocatechin (EGC), but
(—)-epicatechin (EC) was innactive. The major catechin, EGCG, is
thought to be the major active constituent,50 although it is known to
have low bioavailability.51 It is possible that synergistic activity is
demonstrated as cancer growth inhibition by EGCG was increased when
EC was also present.50 Theaflavin-3,3�-digallate appears to have similar
activity to that of EGCG and therefore the inhibitory activity of black
tea against the development of cancer may be due to the combination
of catechins and theaflavins.51

The pharmacokinetics of tea polyphenols has been reviewed in
great detail,49 and is discussed in Chapter 2.
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Mode of action

Tea polyphenols have been proposed to act via a number of different
mechanisms to exert their cancer chemopreventive effects. Studies have
shown that EGCG acts specifically on certain cancer cells through
induction of apoptosis, cell cycle arrest and inhibition of cell growth,
but does not cause these effects in normal cells.52,53 The inhibition of
cell growth is thought to be caused by the involvement of tea poly-
phenols in the activation of genes, via signalling mechanisms.54

Inhibition of growth factor signalling, for example, by blocking the
binding of epidermal growth factor (EGF) to its receptor, can inhibit cell
growth and promote apoptosis. EGCG has been shown to inhibit the
activities of the EGF receptor and prevent binding of EGF to the
receptor,53 thereby preventing cell proliferation.

Tea polyphenols such as EGCG and theaflavins are known to be
antioxidant.51,56,57 Their antioxidant activities include scavenging of free
radicals57 and inhibition of reactive oxygen species (ROS).54 Tea poly-
phenols may also prevent the formation of ROS by inhibiting activity
of the enzyme xanthine oxidase, which is involved in their formation.58

Other studies have suggested that tea polyphenols act through their
pro-oxidant activity in the induction of apoptosis. One investigation
using human lung cancer H661 cells demonstrated that EGCG induced
apoptosis and was inhibited by the enzyme catalase, but found that
catalase did not inhibit the growth inhibition activity of EGCG.51,55

Tea polyphenols may cause induced apoptosis, cell growth
inhibition and antioxidant activity through increasing levels of p53,
which regulates cell cycle arrest and apoptosis and therefore has a funda-
mental role in protecting cells from tumorigenesis. Antioxidants increase
levels of p53 by promoting biosynthesis and also alter the redox
potential, which results in the activation of p53.53

The activities of transcription factors such as AP-1 are induced by
tumour promoters.57 AP-1 is involved in the regulation of transforming
growth factors, apoptosis and also in direct repression of p53.53 EGCG
and theaflavins have been shown to inhibit the activation of AP-1.57 This
inhibition may be caused by decreased activation of mitogen-activated
protein kinase pathways, in particular jun N-terminal kinase, which thus
prevents successful AP-1 binding.51 Tea polyphenols have been shown
to prevent cell transformation and cell growth by inhibiting the activity
of AP-1.56

Administration of both green and black tea to rats was shown to
induce the phase II enzymes cytochrome P450 1A1, 1A2 and 2B1.54,58
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Levels of UDP-glucuronosyl transferase, a phase II enzyme, were
increased significantly after drinking tea. This enzyme system detoxifies
environmental chemicals such as heterocyclic amines, which are known
to be mutagenic. Animals consuming tea produced detoxified metabo-
lites of heterocyclic amines together with increased UDP-glucuronosyl
transferase enzymes.54

Urokinase is a u-plasminogen activator involved in metastasis that
is regularly expressed in human cancers. EGCG has been proposed to
inhibit urokinase and hence to have a chemopreventive effect.50,52,57

Using molecular modelling, EGCG was shown to block various amino
acids needed for the catalytic activity of urokinase.57

EGCG has also been found to inhibit the activity of the enzyme
topoisomerase I, which is involved in the relaxation of DNA, but not
topoisomerase II in colon cancer. The concentration of EGCG needed
to inhibit the activity of topoisomerase I was less than that required to
inhibit cell growth.55

Inhibition of tumour necrosis factor alpha (TNF-�) could be the
mechanism of action of tea polyphenols.50,51,55 One investigation has
supported this mechanism and shown the importance of TNF-� in
cancer. It also indicated that ECG, EGCG and EGC all inhibited TNF-
� release from human stomach cancer cells in the cell line KATO-III.50

Angiogenesis involves the formation of new blood vessels; these
provide oxygen and nutrients to a tumour, which are essential for
tumour growth and mestastasis. Polyphenols in green tea have been
shown through in vivo and in vitro studies to be antiangiogenic. Tea
polyphenols have been shown to inhibit the expression of vascular
endothelial growth factor and matrix metalloproteinase-2, which are
both important proangiogenic factors. Tea polyphenols have also been
shown to inhibit the growth of endothelial cells, which are required for
angiogenesis to occur.59

The therapeutic effects of tea

Early research into the chemopreventive effects of tea reported that
application of EGCG to mouse skin inhibited tumour promotion.60,61

Later studies have involved both green and black tea, decaffeinated tea
and also fractionated tea, specifically individual components such as
EGCG.

202 Cancer prevention

10 Chapter 10  2/3/07  19:09  Page 202



Epidemiological studies

Apparently contradictory results from Japan have been published. In an
epidemiological study 8552 individuals over 40 years of age were
surveyed over a period of 11 years. The age of cancer onset in women
was increased from 65.7 years in those who drank fewer than three cups
of green tea a day, to 74.4 years in those consuming over ten cups a day.
The age of cancer onset in men was shown to increase from 63.3 years
to 68.3 years. The smaller delay in age seen in men was thought to be
attributable to the higher number of male smokers.65 However, the
incidence of cancer increased in individuals consuming over ten cups of
tea a day, once the age of 80 years was reached. The increase in incidence
was higher than in those who drank fewer cups of green tea.61

One case–control study in Shanghai showed a negative correlation
between tea consumption and the risk of gastric cancer,62 but contra-
dictory evidence from Japan found no correlation between gastric cancer
and tea consumption.63

Further studies have been reviewed. One in the USA studying post-
menopausal women showed a lower risk of digestive tract and urinary
tract cancers in tea drinkers. Most subjects in this study drank black tea,
however, in another study observing the effects of black tea ingestion,
no reduction in risk was observed. A cohort study in the Netherlands
showed that drinking black tea had no effect on stomach, colorectal,
lung or breast cancers.56

Studies in China using green tea and in the UK using black tea have
shown a negative correlation between tea consumption and the risk of
colon cancer,64,65 but a study in Finland has shown a positive correla-
tion between black tea consumption and the risk of colon cancer in
males.66

One epidemiological study in Taiwan examined the effects
primarily of oolong tea consumption on incidence of bladder cancer, and
revealed that oolong tea was associated with an increased risk of bladder
cancer. Drinking tea before the age of 40 and continuous consumption
of tea for over 30 years showed an increased risk of cancer.67

Combination therapy with chemotherapeutic anticancer medication

Concomitant treatment of cancer with a chemotherapeutic agent plus
tea has been proposed. The combination of EGCG with the non-
steroidal anti-inflammatory drug sulindac has been evaluated in vivo,
and apoptosis was induced 20 times more strongly than when either of
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the agents were given alone. This combination was also shown to inhibit
tumour formation in multiple intestinal neoplasia in mice to a greater
extent than the individual components. This synergistic effect is thought
to be caused by new modulation of gene expression.68

Activity against cancers caused by smoking

Lung, oral and oesophageal cancers in particular are caused by cigarette
smoking. Cigarette smoke contains compounds that can generate ROS,
which can cause damage to DNA and lead to development of cancer.69

The incidence of lung cancer in men in the USA is twice that in Japan,
even though the prevalence of smokers in Japan is nearly twice that of
the USA. This could be due to a number of other factors, including
genetic and environmental factors. Green tea is consumed far more in
Japan than in the USA,53 which suggests possible chemopreventive
effects of tea against smoking-induced cancers.

The effects of both green and black tea on lung cancer in mice
and rats have been observed. The mice and rats were both treated with
the carcinogen 4-(methylnitrosamine)-1-(3-pyridyl)-1-butanone (NNK),
which is present in cigarette smoke.53,58 Green and black teas were
shown to inhibit the NNK-induced tumours in mice by 45% and 28%
respectively compared with controls. Animals treated with black tea had
a 19% incidence of tumours compared with 47% in the control.53

It has been reported that drinking ten Japanese-size cups (10 	

120 mL) of green tea a day, providing approximately 3000–4000 mg of
EGCG, produces a chemopreventive effect.68 Another study concluded
that 6–10 cups of tea a day would result in chemopreventive effects, but
there was insufficient evidence to show that drinking fewer than four
cups a day provided any chemopreventive effect.58 This, however,
contradicts the findings of a separate study that showed a dose–response
relationship between consumption of tea and cancer prevention.69 In
general, data suggest that a large daily consumption of tea (e.g. ten cups)
is more beneficial than having just one cup a day.

One clinical trial used a biomarker of oxidative DNA damage, 8-
hydroxydeoxyguanosine (8-OHdG), to investigate the effects of tea. The
study showed that the levels of urinary 8-OHdG were significantly
reduced by 31% after drinking four cups of decaffeinated green tea per
day for four months, but decaffeinated black tea was shown to have no
effect on urinary 8-OHdG in smokers. Higher levels of 8-OHdG are
present in cancerous tissues and smokers are also associated with higher
levels of this compound.70 This reduction in biomarker levels supports
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the antioxidant mechanism of action, but does not necessarily translate
into a definitive reduction in the level of cancer. Another trial involving
smokers has observed enhanced apoptosis of oral cells and induced p53
expression following green tea consumption.53

Effect of the caffeine content

Caffeine has been shown to inhibit tumour growth and to strengthen
the effect of tea in a trial involving NNK-induced lung tumours in mice.
Whole tea had an even greater inhibitory action than ECGC and caffeine
used alone.53 Further studies comparing tea with and without caffeine
have shown an increased inhibitory effect for regular tea against a
carcinogen, compared with decaffeinated tea.58

Synergistic effects of caffeine and tea polyphenols are supported by
the fact that these effects are not seen with coffee, which contains more
caffeine than tea. Caffeine may exert its effects through the induction of
specific cytochromes and inhibition of cell growth.58

Adverse effects

In a survey of 100 people, drinking ten Japanese-size cups of tea a day
was tolerated by 90% of the participants and no biochemical abnor-
malities were observed. The side-effects experienced at this dose
included: abdominal bloating, heartburn, nausea and insomnia; which
were largely attributable to the caffeine content.68

The first clinical phase I trials, in humans in the USA, were started
in 1997 to determine the maximum tolerated dose and to observe any
side-effects of tea. These trials were conducted using green tea extract
containing both catechins and caffeine formulated in a tablet, in cancer
patients. The maximum tolerated dose was found to be 1.6–2.2 g of
green tea extract, three times a day. This is equivalent to 7–8 Japanese
size cups of green tea, three times a day. Drinking tea three times a day
was better tolerated than once a day, and the side-effects were similar
to those observed following ten cups of tea a day, and were dose-limited.
Again the caffeine content was thought to be the cause of the side-
effects.71

Conclusions

It is difficult to conclude whether tea has chemopreventive effects,
partially because of the variety of tea products used in tests, and the
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inconsistency in results.69 The mechanism of action is still unclear and
results surrounding bioavailability are inconclusive.

Cancer is a complex disease with many factors, including age, sex,
diet, lifestyle and environment, contributing to its development.
Hereditary cancer incidence, socio-economic status and body mass index
may all contribute to development. Unfortunately, the use of a range of
tea varieties and variability in the constituents and their levels make
overall conclusions from published clinical trials difficult. In addition,
there is no clear correlation with the measurement of biological markers
of cancer (e.g. 8-OHdG) as these are not directly related to cancer
development.

New trends in tea drinking, such as the consumption of iced black
tea, have not been investigated in detail. One report has suggested that
the chemopreventive effects of tea are lost when the beverage is cold!
Therefore, the number of consumers of the active constituents of tea
may be an overestimation. It has also been suggested that the beneficial
effects of tea may actually be due to the effects of not drinking coffee!
Few studies conducted have considered coffee consumption as a cause
of cancer.69 Little research has been carried out on the effect of adding
milk to tea. Green tea is always consumed without milk, but an investi-
gation into the effects of adding milk to black tea showed no effect on
the inhibitory effects of tea or on the absorption of tea polyphenols.54

The effect of temperature of tea has rarely been considered. One study
found that drinking tea at a high temperature increased the risk of
bladder cancer.67 This highlights the difficulty in assessing studies that
are affected by a large number of variables.

In conclusion it can be said that tea consumption has few side-
effects. Animal and in vivo studies look promising with a negative correl-
ation between tea consumption and the risk of cancer. However, the
effects of tea in humans, and the mechanism of action, are not yet clear.

Lycopene

Tomatoes and tomato-based products, which are the major source of
many of the dietary carotenoids, especially lycopene, have shown
promise for the prevention of some cancers.72

The ability of lycopene to act as an antioxidant and free radical
scavenger is considered by the majority of researchers to be the most
likely mechanism that could account for its beneficial effects in cancers.73

ROS are the main source of oxidative damage that can generate
structural alterations in DNA and decrease DNA repair by damaging
essential proteins, and ultimately cause cancer.74
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Animal studies have shown that a large proportion of ingested
lycopene is excreted in the faeces and that 1000-fold more lycopene is
absorbed and stored in the liver than accumulates in other target
organs.75 However, physiologically significant levels of lycopene have
also been measured in other key organs such as breast, prostate, lung
and colon, and there is an approximate dose–response relationship
between lycopene intake and blood levels.76 Research has also revealed
that the general diet of the individual can affect the uptake and distri-
bution of lycopene, and has provided evidence that lycopene in tomatoes
is absorbed more efficiently than lycopene alone, making the raw
material the more effective form.75

Lycopene and cancers of the digestive tract

A series of clinical experiments have shown a consistent inverse relation-
ship between tomato consumption and the risk of cancers of the
digestive tract. Preliminary case–control studies carried out in Italy
during the early 1990s found that a high frequency of tomato intake
reduced the risk of developing cancers of the oral cavity, pharynx and
oesophagus, and also of the stomach and colon. A later, much larger
study, also carried out in Italy, used patients below the age of 80 with
incident, histologically confirmed cancer of the oral cavity and pharynx,
oesophagus, colorectum, breast and ovary who had been admitted into
hospital. The comparison group, in total, included approximately 5000
patients, also below the age of 80, with acute, non-neoplastic, non-
hormone-related diseases, unrelated to long-term diet modifications.
Information regarding each patient’s diet was collected. The trials
provided supportive evidence that tomato consumption is inversely
related to the risk of upper digestive neoplasms. Levels of cancer of the
oral cavity, pharynx and oesophagus decreased with increasing levels of
lycopene intake. A similar relationship was also found in colorectal
cancers. The association with lycopene, however, was less consistent in
cancers of the ovary and breast.77

Researchers have also attempted to assess whether elevated levels
of lycopene and other carotenoids in the lung provide a greater degree
of protection against oxidative and ozone-induced damage.

Lung cancer

A randomized clinical trial looked at the effects of supplementation of
carotenoid-rich vegetable juice (V-8) on lung macrophage levels of
carotenoids and in moderating ozone-induced lung damage. Lycopene
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was the predominant carotenoid in the vegetable juice, representing
88% of total carotenoids. The dose of lycopene that the subjects received
was 23 mg/day. Healthy young adults were exposed to 0.4 ppm ozone
for 2 hours after either two weeks of antioxidant supplementation (one
can of V-8 juice daily) or placebo. Mean lung concentrations of lycopene
increased by 12% in supplemented subjects. The decreases in forced
expiratory volume in 1 second (FEV1) and forced vital capacity (FVC)
were 30% and 24% smaller respectively, in the supplemented subjects
compared with the placebo subjects. However, there was no difference
in markers of inflammation in the lung between both sets of subjects.
This may be because antioxidants only have a role in protecting the lung
from damaging ozone and maintaining lung function, and play no part
in mediating the inflammatory response. Although the study showed no
significant change in peripheral blood lymphocyte DNA damage in
either supplemented or placebo subjects, the lung epithelial cell DNA
damage as measured by the Comet Assay was 20% lower in supple-
mented subjects. This provided evidence that these carotenoids protect
the lung from DNA damage caused by oxidative stresses, in particular
that associated with ozone exposure.78

This study demonstrated the presence of lycopene in the human
lung following supplementation, and provided preliminary evidence that
an increased intake of lycopene might provide an additional level of
protection against oxidative damage. It is supported by epidemiological
literature showing that diets rich in tomatoes are associated with low
lung cancer rates.75,77,78

Prostate cancer

Prostate cancer is the most common of all male cancers,4 yet preventable
measures for this malignancy are not well established.3 Recent epidemio-
logical studies have shown that a high intake of lycopene in the diet
lowers the risk of developing prostate cancer.79 Three mechanisms have
been put forward to explain how lycopene may help to prevent prostate
cancer: inhibition of growth and induction of differentiation in prostate
cancer cells; upregulation of the tumour suppressor protein Cx43
alongside improved intercellular communication; and prevention of
oxidative DNA damage.80

One of the studies providing the strongest evidence concerning
tomatoes and prostate cancer prevention was published in 1995. The
dietary habits of over 47 000 men enrolled in the Health Professionals
Follow-Up Study were examined. This is the only dietary study that
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showed estimated concurrent plasma lycopene levels in a sample of
participants.81 During the follow-up period 773 of the participants were
diagnosed with prostate cancer. The only fruits or vegetables or products
containing them found to be associated with a reduced risk of prostate
cancer were: raw tomatoes, tomato sauce and pizza. In men who had
more advanced prostate cancer, consuming ten servings of tomato
products per week compared with less than 1.5 servings per week,
lycopene was found to be significantly protective. The study identified
a correlation between plasma and dietary lycopene. In addition, a high
intake of tomatoes and tomato products, which accounted for 82% of
lycopene, was associated with a 35% lower risk of total prostate cancer,
and a 53% lowered risk of advanced prostate cancer. Tomato sauce had
the strongest inverse association with prostate cancer; a slightly weaker
inverse association was found with tomatoes and pizzas. This decline in
protective effect from tomato sauce to tomatoes and pizza corresponded
with a mirrored decline in plasma lycopene levels.73 This study showed
an association between intake of tomato products and a lower risk of
prostate cancer.

A pilot study was conducted to investigate the biological and
clinical effects of lycopene supplementation in patients with localised
prostate cancer. Newly diagnosed prostate cancer patients were given
either tomato extract containing 30 mg of lycopene, or no supplemen-
tation, for three weeks before radical prostatectomy. Prostatic tissue
lycopene levels were 47% higher in the intervention group; however,
plasma lycopene levels were not significantly different between the
groups nor did they change significantly within each group. Mean
plasma prostate-specific antigen (PSA) levels (a clinical parameter of
prostate cancer burden) decreased by 18% in the supplemented patients
and increased by 14% in the control group. Seventy-three per cent of
patients in the intervention group had involvement of surgical margins
and/or extraprostatic tissues with cancer, compared to 18% of patients
in the control group. In addition, the intervention group was found to
have smaller tumours. Eighty per cent in the lycopene group had
tumours that measured 4 mL or less compared with only 45% in the
control group.80

Intake of tomato products, equating to 30 mg lycopene/day, over
a three-week period was shown to cause a decrease in lipid peroxides,
a reduction in DNA strand breaks in circulating lymphocyte DNA, and
a decline in nucleoside damage in the form of 8-hydroxydeoxyguano-
sine/deoxyguanosine (8-OHdG/dG) in circulating leukocytes, indicating
antioxidant activity.82 It is probable that the prostate, because of greater
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chronic inflammation of prostate epithelial cells and faster cell turnover
together with reduced levels of DNA repair enzymes compared with
other tissues, may be more susceptible to oxidative damage. After the
three-week intervention, the patients’ serum and prostate lycopene
concentrations had increased 1.97- and 2.92-fold respectively. There was
a positive correlation between leukocyte and prostate 8-OHdG/dG,
which may allow leukocyte 8-OHdG/dG measurement to be used as a
prognostic biomarker of oxidative stress in clinical practice. However,
there was no inverse linear correlation between plasma or prostate
lycopene concentrations and 8OHdG/dG in leukocytes or prostate
tissue.82

Staining of the biopsy and resected tissue samples showed that
there had been a decrease in DNA damage in cancer cells after tomato
sauce consumption; mean cancer cell nuclear density had decreased by
40% and by 36% in mean area. Mean serum PSA concentrations
decreased by 17.5% and apoptotic index was higher in hyperplastic and
neoplastic cells in the resected tissue following supplementation. It is
probable that the decreased DNA damage in these neoplastic cells leads
to the induction of apoptosis (and therefore fewer viable cancer cells),
thus producing an elevated apoptotic index.82

Meta-analysis

A meta-analysis of observational studies on the role of tomato products
and lycopene in the prevention of prostate cancer also supported the
protective effect of lycopene. Again data suggested that the protective
effect of lycopene is somewhat better when tomatoes are consumed
rather than lycopene alone.79 This combination may comprise an
efficient system that keeps lycopene in an antioxidant state in cell
membranes.82 In addition, the protective effect is slightly stronger for
high intakes of cooked tomato products than for high intakes of raw
tomatoes. This may be due to either higher concentrations of lycopene
in tomato-based products or differences in lycopene bioavailability in
processed tomato products compared with raw tomatoes.79

Conclusions

These preliminary studies have provided us with evidence to suggest that
tomato consumption, lycopene intake and serum lycopene levels are
associated with a reduced risk of developing cancer, most notably
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prostate and lung cancer. The beneficial effects of lycopene, owing to its
ability to act as an antioxidant, may allow it to be used as an adjunct
therapy in the treatment of some cancers. Due to the lack of information
we have on its mechanism of action and safety in homogeneous patient
populations, larger clinical trials are needed to warrant the use of
lycopene in the prevention of cancer. A problem arises in ascertaining
the most suitable tomato-based product, as lycopene content varies
immensely between formulations and brands. The lycopene content of
the tomatoes themselves can vary significantly with variety and ripening
stage of tomatoes.73 Lycopene concentrations in the red strains approach
50 mg/kg, compared with only 5 mg/kg in yellow varieties. High-quality
supplements are one alternative. Also the form in which lycopene should
be delivered to patients poses the greatest subject for deliberation, since
this appears to have a profound impact on its effectiveness.79,82

Flaxseed

Flaxseed contains two possibly beneficial substances: the lignans and �-
linolenic acid (ALA). Flaxseed has several plant lignans, including
matairesinol, pinoresinol, isolariciresinol and the major lignan secoiso-
lariciresinol diglucoside (SDG).

Anticancer activity

Studies have shown that flaxseed has anticancer properties. These have
largely been attributed to the lignan component, but a recent study has
demonstrated the contribution of both the lignans and the flaxseed oil
to activity against metastasis.83 In this experiment, different groups of
mice with oestrogen receptor (ER)-negative breast cancer were given
either flaxseed, flaxseed oil, or both SDG and flaxseed oil; tumour
growth and metastasis was reduced in all cases but the groups did not
differ in their effects, suggesting that both the SDG and flaxseed oil
contribute to the anticancer activity. Furthermore, the lung and total
metastasis incidences were significantly lowest in the group given SDG
and flaxseed oil, indicating that SDG and flaxseed oil complement each
other against metastasis.83

In a study from eastern Finland in humans it was found that there
was a significant inverse relationship between the metabolite entero-
lactone serum level and breast cancer incidence.84
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Mode of action

The lignan metabolites enterodiol and enterolactone are structurally
very similar to the natural oestrogen, 17�-oestradiol, and are thought
to be weakly oestrogenic and/or anti-oestrogenic.85 This suggests that
they may be of use against hormone-dependent cancers.

There is some evidence that lignans may stimulate liver production
of SHBG and thus reduce the free sex hormone concentration and
prolong the menstrual cycle, leading to reduced breast cancer risk; this
evidence is controversial though, as SHBG only appears to be increased
by lignans in women who have low SHBG in the first place.5

In general, therefore, lignans may reduce oestrogen exposure by
being anti-oestrogenic, by decreasing 17�-oestradiol in cancer cells or
by provoking the production of less oestrogenic metabolites; in effect
the bioavailability of 17�-oestradiol to cancer cells is reduced. Further-
more, lignans have been shown to inhibit tumour growth of ER-positive
MCF-7 cells with already low oestrogen concentration and also to
inhibit growth of ER-negative tumour cells, showing that flaxseed has
non-hormonal anticancer roles too.86

There are many more sites of action that also appear to be targets,
including reduction in growth factors, inhibition of membrane ATPase,
ornithine decarboxylase, tyrosine protein kinase and DNA topoiso-
merases, leading to inhibition of growth and proliferation. Lignans may
inhibit the enzyme that produces primary bile acids from cholesterol;
this means there are fewer primary bile acids to be converted in the colon
to secondary bile acids, which correlate with colon cancer. Antioxidant
properties have also been linked to lignans.87

Conclusions

The experimentally observed anticancer effects of flaxseed are mainly
due to the lignan fraction.88 Flaxseed oil is less likely to be the major
active anticancer agent although it probably has some contribution.

Lignans have so far been well tolerated in animal studies but safety
data are still lacking. Enterodiol and enterolactone have not been found
to be mutagenic in bacteria, animals or humans,89 but more rigorous
long-term studies are required.

n-3 Polyunsaturated fatty acids

The amount and type of fat that we consume in our daily diet may affect
our risk of developing cancer. Several influential organisations, such as
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the World Cancer Research Fund, have advised that we limit our intake
of fat, particularly animal fat, in an attempt to decrease the incidence
of cancer. Dietary fat is known to be able to affect changes in genetic
structure and genetic expression, both of which have been linked to the
causes of cancer.

High dietary fat intake has been identified as a causative factor in
the development of colon, breast, prostate and pancreatic cancer,
particularly when there is evidence of a high intake of meat and mono-
unsaturated fat in the diet. Saturated fat has been found to be a risk
factor for ovarian cancer, and polyunsaturated fats for hepatic cancer.
A meta-analysis of experimental animal studies found n-6 fatty acids to
significantly enhance carcinogenesis, saturated fatty acids to slightly
enhance carcinogenesis, monosaturated fatty acids to have no effect, and
n-3 fatty acids to inhibit carcinogenesis.90

Nutritionists have long accepted the association between a high
dietary intake of very long-chain n-3 fatty acids found in fish and a
reduced risk of death from coronary heart disease. However, it has only
more recently come to light that consumption of ALA, the parent
compound of all n-3 fatty acids may be linked to an increased risk of
prostate cancer. The highest proportion of our daily ALA intake is from
plants and vegetable oils; its intake in wealthy countries is 5–10 times
higher than that of n-3 fatty acids from fish.91

Clinical evidence

A meta-analysis was carried out to quantitatively estimate the associ-
ation between ALA intake, mortality from heart disease, and occurrence
of prostate cancer in observational studies. Data from nine observational
studies investigating the relationship between prostate cancer incidence
and intake or blood levels of ALA were identified and reviewed. These
studies all suggested that a high intake or blood level of ALA increased
the incidence of prostate cancer.91

The question is, should we consume high levels of ALA for its
protective effect on coronary heart disease or avoid it because of its
association with an increased risk of prostate cancer? For men with a
predisposed, increased risk of developing heart disease the benefits of
ALA probably outweigh the risks.

The n-3 PUFAs found mainly in fish oils are promising molecules
in both cancer prevention and possibly cancer treatment.92

It has been reported that certain types of fish (oil) might protect
against colorectal cancer because n-3 PUFA is able to inhibit some steps
in colon carcinogenesis. In addition, diets containing n-3 PUFA as fish
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oil have been found to reduce both mammary and lung tumour
metastasis.92

A number of clinical trials have reported effects of n-3 fatty acids
in many types of cancers, with varying success. One large meta-analysis
of clinical trials investigating the incidence of cancers after supplemen-
tation with n-3 fatty acids has been published. Overall, 20 cohorts from
seven countries have been studied for incidence of 11 different types of
cancers. No significant benefits were detected for supplementation for
aerodigestive, bladder, ovarian, pancreatic or stomach cancer, or
lymphomas. Statistically significant associations were found with four
studies on breast cancer, one study on colorectal cancer, two for lung
cancer, and two for prostate cancer. Unfortunately there were found to
be both increased and decreased risks for breast, lung and prostate
cancers, and there was an increased risk with skin cancer.93

Coenzyme Q10

The reduced form of Co Q10 is a powerful antioxidant and, as oxidative
damage to DNA, proteins and lipids is associated with carcinogenesis,94

there is great interest in Co Q10 as a potential chemopreventive or
chemotherapeutic agent in cancer. In addition, deficiency in Co Q10 has
been shown to be significantly higher in cancer patients than in healthy
people.95

Antioxidant activity

The relationship between Co Q10 and cancer can be shown by
measuring Co Q10 levels in cancer tissue. Normal blood levels of
Co Q10 are 0.9 � 0.2 �g/mL. Two studies in the USA and Sweden
showed that about 20% of breast cancer patients in those studies had
Co Q10 levels of 0.5 �g/mL or lower.96

A clinical trial of 200 breast cancer patients showed that plasma
Co Q10 levels were reduced both in cancer and non-malignant lesions
compared with the control. Large-volume tumours and patients with
poor prognosis exhibited more dramatic reduction in Co Q10 levels.97

Breast cancer may, in part, be attributed to the lack of Co Q10 anti-
oxidant defence activity.

In another study, a patient with high-risk breast cancer who
showed partial tumour regression on treatment with antioxidants, fatty
acids and 90 mg of Co Q10 daily, was stepped up from 90 mg to 390 mg
of Co Q10 and within two months mammography showed no signs of
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tumour. The investigators were so encouraged by this that they treated
another patient who had residual tumour post surgery with 300 mg of
Co Q10 daily; after three month no tumour tissue remained.96 Unfor-
tunately clinical trials are lacking in the area.

Melatonin

The lifestyles of people in industrialised countries tend not to follow the
day/night cycle as closely as in the past; shiftwork results in exposure to
light at night, thus suppressing melatonin secretion, and this has been
blamed for a contribution to increased cancer risk. Melatonin has been
shown to be anti-oestrogenic in vitro and in vivo and many studies have
linked a lack of melatonin to increased cancer risk/growth. To further
the link between melatonin and oestrogen levels, another study has
shown that oestrogen receptor (ER)-positive tumours have much lower
melatonin peaks at night than ER-negative tumours. The higher the
tumour ER concentration, the lower the melatonin peak is, indicating
that a low/no nocturnal melatonin peak may predict increased risk of
hormone-dependent cancer.98

Observational studies have shown that light pollution at night
increases the risk of breast cancer; the longer women work night shifts,
the greater the breast cancer risk.99 A meta-analysis looking at the
relationship between shiftwork and breast cancer concluded that night
shiftwork, including the work of flight attendants, increased breast
cancer risk by 48%. This figure is strikingly significant and attenuates
the idea that female flight attendants are at increased risk of breast
cancer because of increased exposure to radiation, however melatonin
deficiency may well be involved in tumour development.100 The reduced
risk of breast cancer in blind women, who cannot perceive light and
therefore do not have reduced melatonin levels, also strengthens the
argument for the anticancer effects of melatonin.99

The increased cancer risk associated with reduced melatonin levels
may be explained by associated increased oestrogen levels, but
melatonin does not appear to act entirely by that mechanism since light
at night seems to increase the risk of other non-hormonally dependent
cancers too. For example, women doing night shiftwork for more than
15 years have been shown to be at increased risk of colorectal cancer.99

In 2005, the first meta-analysis looking at the impact of melatonin
therapy on various cancers, either on its own or along with conventional
chemotherapy, was published. It considered ten randomised controlled
trials between 1992 and 2003 and entailed 643 patients. Taking
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melatonin was found to reduce the death risk at 1 year, with similar
effects in different cancers. No severe side-effects were reported, and
this, combined with melatonin’s apparent anticancer efficacy and low
cost, indicates that melatonin may have good potential as a cancer
treatment.101

Melatonin is a potent antioxidant and acts as a direct free radical
scavenger. It is also involved in oxidative defence by stimulating enzymes
that metabolise and inactivate free radicals.102

Melatonin is both proapoptotic and appears to inhibit apoptosis
in immune cells and neurons. Therefore, while melatonin may be
considered for cancer therapy, its activity in relation to apoptosis may
depend on both the type of the cell and the functional state of the cell.103

Melatonin and the immune system

An in vivo study has shown that optimal immune function in mammals
relies on an evening ‘dose’ of melatonin. Melatonin helps to develop
haematopoietic and lymphoid cells in the bone marrow, thymus, spleen
and lymph node and also enhances lymphocyte- and phagocyte-
mediated immunity.104

Not only can melatonin reverse metabolic changes and enhance
lymphocyte and macrophage response to tumours, but also, by acting
at G protein-coupled membrane receptors, it can stimulate cytokine
release and thus help to mount an immune response. For example,
melatonin administered with the cytokine interleukin 2 might act syner-
gistically to prolong survival of a cancer patient.105

Melatonin as an adjunct in chemotherapy

It has been shown that melatonin exhibits anticancer properties but, in
clinical practice, it is more realistic that it will be used as an adjunct to
conventional chemotherapy.

Various studies have shown that melatonin may enhance
chemotherapy efficacy and reduce the toxic side-effects experienced by
cancer patients. One such study looked at 1-year survival status in
advanced cancer patients with poor clinical status. When chemotherapy
was combined with 20 mg/day of melatonin the number of patients
surviving at 1 year was significantly increased (63/124 compared with
29/126 for chemotherapy without melatonin). Also, the tumour
regression rate was significantly increased. This is probably both because
of the powerful antioxidant properties of melatonin, which had been

216 Cancer prevention

10 Chapter 10  2/3/07  19:09  Page 216



shown to enhance the cytotoxicity of chemotherapeutic agents, and
because of its proapoptotic nature. The increased survival rate may also
be due to the ability of melatonin to reduce the immunosuppression
induced by chemotherapy. Melatonin reduced the incidence of thrombo-
cytopenia, cardiotoxicity, neurotoxicity and other adverse effects
induced by chemotherapy. Chemotherapy often entails generating free
radicals, and melatonin, being the most active natural antioxidant, can
help counteract the toxicity from such therapy. No side-effects from
melatonin itself were noticed. It appears that in patients with advanced
cancer, the efficacy and toxicity of chemotherapy may be increased and
decreased respectively by melatonin.106

To further these findings, another longer term study was carried
out that investigated the 5-year survival in 100 patients with metastatic
non-small cell lung cancer. The results here further the evidence that
melatonin should be used in cancer treatment. Chemotherapy alone
(cisplatin and etoposide) left no patients alive after 2 years, whereas the
same chemotherapy combined with 20 mg/day melatonin resulted in 6%
of patients living after 5 years. Not only does melatonin prolong survival
but it increases the quality of the patient life during that extended
survival period,107 probably due to the anticachetic effects.

Cachexia is a wasting away of the human body with noticeable
weight loss. This is not just due to malnutrition, but also partly due to
increased release of TNF-�, which has antitumour effects but also
metabolic side-effects causing cachexia. Melatonin and TNF-� secretion
are possibly related by a feedback mechanism and a study has shown
that when given along with supportive care melatonin significantly
decreases TNF-� levels compared with supportive care alone. Corre-
sponding to this, weight loss in the group of patients receiving melatonin
was 10% less than in the group receiving only supportive care. The study
thus provides evidence that melatonin may treat neoplastic cachexia by
its effect on TNF-� levels. Furthermore, possibly by virtue of this
inhibition of TNF-� secretion, respiratory problems due to cancer
appear to be attenuated in this study.108

Conclusions

The characteristic melatonin peak at night in healthy people is widely
seen to be disrupted in cancer patients.109 What is not known is infor-
mation about the time of day that melatonin might have its greatest
benefit. The circadian nature of melatonin means it may have different
effects at different times of the day, and this has been demonstrated in
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mice.104 Linoleic acid, an n-6 PUFA, is known to stimulate tumour
growth, particularly at night, when melatonin levels are lowest, and
melatonin supplementation has been shown to cause a dose-dependent
reduction in linoleic acid uptake and tumour growth. Melatonin may
also have an optimum time of day at which it inhibits fatty acid uptake,
which itself exhibits circadian rhythm.110 It is known that cancers
coordinate their cell cycles and vary in their susceptibility to chemo-
therapy throughout the day.109

The clinical evidence for melatonin has shown increased survival
times and amelioration of the toxicities of conventional chemo-
therapy.109 The safety of melatonin has been largely confirmed, with
doses of 1–300 mg or 1 g melatonin daily for 30 days exhibiting no side-
effects, although bone marrow toxicity has been shown to be worsened
with melatonin use.105 Also, the chief melatonin metabolite 6-hydroxy-
melatonin has been found to be carcinogenic.111 Not only has melatonin
exhibited anticancer activity, an ability to reduce the side-effects of
conventional anticancer drugs and an antioxidant ability to minimise
radiation therapy damage, but it has also been shown to reduce levels
of anxiety in patients and improved their overall quality of life.112

Conjugated linoleic acid

The anticancer activity of this mixture of linoleic acid isomers has been
widely investigated at the molecular level. In addition, a study of women
from Finland showed that CLA levels were significantly lower in breast
cancer cases than in control healthy people.55

Mode of action

There is a 40–50% reduction in colorectal cancer relative risk in those
who use non-steroidal anti-inflammatory drugs (NSAIDs) continuously;
this has led to the suggestion that inhibition of eicosanoid synthesis
(NSAIDs block production of prostaglandins (PG) – eicosanoids) may
have anticancer effects.113 Arachidonic acid leads to eicosanoid pro-
duction; it has been shown that eicosanoid products such as prosta-
glandin E2 (PGE2) are involved in carcinogenesis and that they can
influence cell proliferation and tissue differentiation.114 Enzymes
involved in eicosanoid manufacture include cyclooxygenase (COX) and
lipoxygenase (LOX).115

It is known that CLA is incorporated into phospholipids and
competes with arachidonic acid, possibly thus displacing it from cell
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membranes. This would alter subsequent eicosanoid production.116 For
example, CLA has been shown to reduce arachidonic acid-derived PGE2,
and this correlates with a reduction in tumorigenesis.57 Colon cancer is
associated with increased expression of COX-2 enzyme and enhanced
synthesis of eicosanoids, especially prostaglandins. In a colon cancer
study in rats, 1% CLA reduced arachidonic acid levels in phospholipids
and led to a significant reduction in PGE2 and thromboxane, eicosanoid
products of arachidonic acid. The researchers concluded that eicosanoid
levels were reduced by modulation of arachidonic acid availability rather
than involvement with COX-2 expression, as levels of this enzyme were
unchanged throughout the experiment. The reduced eicosanoid levels
could contribute to increased apoptosis and reduced cell proliferation.113

CLA may oppose the tumour-inducing effects of linoleic acid
because of their structural similarity.117 CLA is metabolised by desatura-
tion and elongation and it has been proposed that the enzymes involved
may also be used by linoleic acid. Addition of 1% CLA significantly
reduced levels of arichidonic acid and other linoleic acid metabolites in
rat mammary tissue, indicating that there is competition for enzymes
between CLA and linoleic acid and that this can lead to reduced
eicosanoid synthesis from arachidonic acid.118

CLA may also interfere with the LOX pathway, thus modulating
cell proliferation and apoptosis. A study looking at this pathway found
that the trans10, cis12 CLA isomer significantly reduced 5-HETE (5-
hydroxyeicosatetraenoic acid) levels (the normal 5-LOX metabolite) and
tumour cell growth. This occurred by CLA competing with arachidonic
acid (5-LOX substrate) and by altering expression of a protein that
enables 5-LOX to form 5-HETE. As malignant tissue shows increased
expression of 5-LOX, treatment with trans10, cis12 CLA may be useful
in anticancer therapy.115

CLA may modulate eicosanoid production and therefore have
anticancer activity by competing with the normal substrates in the
pathway, by altering expression of enzymes and also by inhibiting COX
and LOX enzymes.119

Conclusions

The CLA isomers differ in their mechanism of action and they may also
differ in their benefit against different tissues. For example, the trans10,
cis12 isomer works better against colorectal cancer proliferation.120

trans10, cis12 CLA appears to be the best isomer for use in androgen-
dependent prostate cancer121 and is better than cis9, trans11 CLA in
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ER+ breast cancer cell inhibition.122 Another isomer, cis-9, cis-11 CLA
has proven to be the best radiosensitiser and this could justify its use in
radiotherapy for breast cancer.123 CLA should now be investigated more
closely in its constituent isomers rather than as a mixture.

CLA has established anticancer properties and they manifest
themselves at levels as low as 0.1% by weight in the diet.119 However,
most studies have been carried out in vitro or on animals; data on
humans are rare.116

Overall conclusions

Cancer patients are increasingly turning to the use of preventive
medication or nutraceuticals alongside their conventional chemothera-
peutic drugs, either to enhance the anticancer effects, ameliorate the
negative effects of conventional drugs or to improve their quality of life.
Over the years, research has been devoted to unravelling the relation-
ship between nutraceuticals and cancer, but there is still much work to
be carried out before we may see compounds such as these nutraceuti-
cals used regularly in therapy and side-by-side with cancer drugs.

Much of the available evidence for nutraceuticals is based on in
vitro and in vivo studies in animals. To date there are few epidemio-
logical and clinical data for these nutraceuticals, but it is becoming
evident that we can decrease the incidence of cancer through dietary
selection.

Encouraging information from these nutraceuticals indicates that
they have good safety profiles and are generally well-tolerated; however,
conflicting data on the anticancer efficacy of these nutraceuticals are
available.
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11
Nutraceuticals and bone health

Our skeletons provide us with a strong yet light protective framework,
due to a unique structure comparable to reinforced concrete. It is not
merely an inert material, however, but a highly dynamic metabolic
reservoir of calcium ions containing 99% of the total body calcium
content.1

There are two main types of bone in the skeleton based on their
microscopic architecture. Cortical bone is hard and dense, and forms
the shafts of the long bones which bear most of the body’s weight.
Cancellous or trabecular bone is found at the ends of the long bones
and in the vertebrae and pelvis. This has a honeycomb-like structure,
with plates known as trabeculae arranged in such a way as to provide
resistance to forces. There is also a larger internal surface area and more
blood supply than for cortical bone, which means it has a greater
involvement in calcium homeostasis.

Bone consists of an organic phase (matrix) and an inorganic
mineral phase together with a highly diverse population of cells respon-
sible for its development and maintenance. The matrix is composed of
structural proteins, collagen and mucopolysaccharides, which provide
resistance and flexibility. The main mineral present is hydroxyapatite
(crystalline calcium phosphate) which is responsible for the rigidity and
compressibility of bone.

Bone growth (modelling) begins in fetal development and continues
to the age of 25–40 years when peak bone mass is said to be attained.2

During puberty there is an accelerated period of growth where most of
this mass is laid down. The timing and nature of this process is initially
dictated by genetic factors, followed by environmental factors in
adulthood which are described below.

After modelling there follows a process of consolidation known as
remodelling, which is necessary to allow the skeleton to respond to
external forces and maintain body mineral levels. There is continued
restructuring at up to 10% of existing bone per year3 at sites known as
bone multicellular units (BMUs). BMUs consist of teams of osteoblasts
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and osteoclasts acting in a coordinated fashion under the influence of
numerous cellular factors. The resorption process follows a clear series
of stages lasting approximately 100 days.2 First, osteoclasts initiate
remodelling through specific activation of their membrane receptors.
They attach to internal bone surfaces and secrete protons and enzymes
which degrade and release minerals from the tissue. Second, osteoblasts
replace the resorbed material with immature matrix protein (osteoid)
which later becomes mineralised.

The factors necessary to coordinate the activities of osteoblasts and
osteoclasts include calcium availability, mechanical forces experienced
by the skeleton, and autocrine, paracrine and endocrine factors. The last
category is of particular significance once peak bone mass is attained.

Endocrine factors are released into the systemic circulation and
have a generalised effect on the skeleton. Parathyroid hormone (PTH)
is a peptide hormone secreted in response to low concentrations of serum
calcium and directly enhances osteoclast activation via interaction with
a membrane receptor. This stimulates resorption and release of free
calcium ions to restore the imbalance. Vitamin D is obtained from the
diet and is synthesised in the skin by the action of ultraviolet light; it
acts by increasing intestinal calcium absorption and promoting
osteoclast resorption. Calcitonin is a peptide hormone that inhibits the
action of osteoclasts in response to elevated serum calcium levels.
Growth hormone (GH) promotes the synthesis of collagen and other
bone proteins by osteoblasts. Oestrogens such as oestradiol are thought
to be important in maintaining bone mass in women, and are thought
to act by inhibiting paracrine factors that promote bone resorption (see
below). Androgens such as testosterone have a similar role to oestrogens
in men, and also contribute to the sudden growth spurt at puberty.1

Autocrine and paracrine factors are secreted by cells present within
bone tissue and have more localised targets of action. Prostaglandins
derive from membrane lipid precursors and are thought to be the main
local mediators of bone metabolism. Prostaglandins E1 and E2 (PGE1,
PGE2) both act through their binding to various membrane receptors,
and their effects are also mediated through cytokines known as insulin-
like growth factors (IGF). PGE1 is made constitutively through the action
of the enzyme cyclooxygenase-1 (COX-1) in many tissues and is thought
to increase bone formation, inhibit osteoclasts and promote calcium
uptake.

PGE2 is synthesised by the COX-2 isoenzyme in response to factors
released during inflammation, and can inhibit bone formation and
promote osteoclast activity. This may be through promoting expression
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of IGF. Cytokines and growth factors are peptides secreted by
osteoblasts and other cells, and have both inhibitory and stimulatory
effects on bone remodelling. Examples of these cytokines include inter-
leukin-1 (IL-1) and tumour necrosis factor alpha (TNF-�).4

The effects of both local and systemic molecules are ultimately
mediated by transcription factors. Osteoblasts are thought to initially
secrete an osteoclast-differentiation factor following stimulation by
vitamin D or PTH. This factor (known as ‘receptor activator of nuclear
factor-kappa’ or the RANK ligand) is a transmembrane protein which
specifically binds to a RANK receptor on the immature osteoclast
membrane and promotes its maturation. Opposing this action is a
second protein known as osteoprotegerin (OPG), also secreted by the
osteoblast, which inhibits the differentiation of osteoclasts through
binding and blocking of the RANK ligand.

In addition to the RANK/OPG system, another potential tran-
scription factor mechanism has been identified, known as core binding
factor alpha-1 which promotes expression of genes in osteoblasts
necessary for their development from marrow precursor cells. This factor
is thought to be more active during fetal and childhood development.5

BMUs are thus tightly regulated to prevent overall changes in bone
mass, but this can be lost with ageing or disease. Up to peak mass
formation 100% of the BMUs are active, followed by a gradual decline
in bone strength and increasing porosity due to reduced activity at each
BMU, resulting in reduction with age by 30% in men and 50% in
women.3 This can lead to the most prevalent disease affecting bone,
osteoporosis.

Osteoporosis

Osteoporosis literally means ‘porous bones’ and is defined as a progress-
ive, systemic skeletal disease that leads to loss of bone and its micro-
scopic structure.1 The consequences of this are reduced strength and an
increased risk of low-impact fracture. This can lead to associated compli-
cations of mortality, morbidity and reduced quality of life. The three
most common sites of fracture are due to their having the greatest
proportion of cancellous bone, namely the hip (femoral neck), lumbar
vertebrae and the forearm/wrist. Hip fractures are clinically the most
serious and require very long stays in hospital.3 Osteoporosis is a
clinically silent condition whose prevalence increases with age (seen in
up to 70% of people over 803), and which often evades diagnosis until
a fracture occurs.
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With increasing life expectancy in the West, osteoporosis looks set
to become increasingly prevalent. The World Health Organization
(WHO) has estimated that over 75 million osteoporotic fractures will
occur per year by 2025 in Europe, Japan and the USA.3 The disease
therefore represents a significant financial burden to healthcare systems
in terms of secondary care for fractures and long-term primary and
social care, with current estimated costs to the National Health Service
in the UK estimated at £5 million per day.6

Aetiology

Besides advancing age, with a corresponding decline in osteoblast
activity and reduced calcium absorption and retention, there are a
number of other risk factors for osteoporosis. Women have a lower peak
bone mass than men and generally live longer, and so have a longer
period of bone loss. Combined with the effects of the menopause
described below, this results in primary osteoporosis being three times
more common in women than in men.3 During the menopause, which
occurs in women between the ages of 45 and 55, there is a period of
accelerated bone loss (2–3% per year) before it returns to the same rate
as men (0.25–1% per year).2 This is due to a decline in oestrogen levels,
favouring bone resorption over formation. There can be a difference in
bone mass of up to 5% between men and women over the age of 60.1

Diets low in calcium, vitamin D or high in animal protein can
increase the risk of osteoporosis. Though protein is necessary in the diet,
a large intake of animal-derived protein containing large quantities of
acidic/sulfurous amino acids will interfere with renal calcium reabsorp-
tion. Smoking is also a significant risk factor for osteoporosis. Toxic free
radicals in cigarette smoke interfere with the blood supply to bone and
directly damage osteoblasts. In women, smoking can reduce active
oestrogen levels and promote an earlier onset of menopause.

Alcohol has both direct and indirect toxic effects on bone
formation by directly inhibiting osteoblast activity and interfering with
the balance of cytokine activity. Excessive alcohol consumption is
becoming an increasingly prevalent problem in the form of binge
drinking, particularly in young women, and increases the risk of osteo-
porosis later in life.

There are a number of drug-related risk factors for osteoporosis:
corticosteroids are strongly associated with osteoporosis and increased
fracture risk, particularly at vertebrae.6 They mediate their effects via
osteoblast receptors, and can reduce their activity and bone mineral
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content within months of their initiation.3 They can also cause adrenal
suppression which reduces oestrogen and androgen synthesis, and conse-
quently exacerbate the situation.

Prevention and treatment

Due to its slow onset over many years, much of the focus on osteo-
porosis therapy is concerned with prevention from a young age rather
than active treatment. Prevention aims to promote a larger peak bone
mass in youth and slow the rate of bone loss with age, unlike treatment
to prevent fractures or further fracture after diagnosis. These measures
ideally need to be adopted from childhood and include a balanced diet
and adequate exercise. A balanced diet, including adequate levels of
calcium, vitamin D and protein is essential. A diet generally lacking in
any essential requirements can lead to malnutrition, oestrogen
deficiencies in women and direct loss of bone mass in both sexes.
Adequate exercise is required, including regular weight-bearing exercise
at least three times a week from a young age. Mechanical forces on the
bones stimulate bone formation and help build up a greater peak bone
mass. In older people exercise can help reduce the rate of bone loss,
although the level of activity should be realistically tailored to capacity
with increasing age.

A number of nutraceuticals have been used to improve bone health,
including melatonin, carnitine, polyunsaturated fattys acids (PUFAs),
conjugated linoleic acid (CLA) and phytoestrogens from soy and flax.

Melatonin

Melatonin is synthesised by the pineal gland in a cyclical fashion over
24 hours, with most released during the hours of darkness (5–25 �g
secreted daily7). One of the main roles of this hormone is to regulate the
sleep–wake cycle (see Chapter 10) in response to changes in daylight
detected by the retina.

There is also variation in the total amount of melatonin found in
the body over the lifespan, the greatest quantities being found around
ages 1–3 years followed by a rapid decline by old age.7 It is for this
reason that melatonin has been implicated as a protective nutraceutical
against degenerative conditions associated with old age, including osteo-
porosis. Bone formation/resorption cycles are also thought to follow a
circadian pattern which might in part be modulated by the cyclical
secretion of melatonin.
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Melatonin occurs naturally in various fruits and vegetables,
although only in very small quantities compared with those in the human
body As a consequence, impractically large quantities of melatonin-
containing foods would have to be eaten in order to obtain significant
physiological concentrations.

In vitro research has suggested that the primary modes of action
of melatonin is as an antioxidant that neutralises the action of toxic free
radicals which cause cellular damage.8 As it is a highly lipophilic
molecule it is able to readily penetrate lipid membranes of cells and exert
its effects on intracellular enzymes, such as through inhibition of
oxidases. The relevance of this to bone health is that osteoclasts utilise
oxygen radicals including superoxide, hydroxyl and peroxyl to initiate
the resorption of bone matrix, and so melatonin may halt this activity.1

Another mechanism of melatonin may be its binding to various
intracellular receptors relevant to bone cell regulation and physiology.
A number of in vitro and animal studies have been carried out that
support this function. Melatonin may itself have a local hormone action
on bone, as there is evidence for its synthesis by both rat and human
bone marrow cells.9,10 High concentrations of both melatonin and
enzymes involved in its synthesis have been found in cultures of rat
osteoblast precursors.11

Application of exogenous melatonin to these types of cell lines led
to their differentiation into fully mature osteoblasts which secreted
measurable amounts of bone formation markers such as osteocalcin.
A similar action was observed in vitro in human osteoblast cultures in
a dose-related manner, together with increased secretion of bone
collagen precursors. Melatonin may therefore act in a paracrine manner
through modulation of the RANK ligand/OPG receptor–ligand
signalling pathways that link osteoblast and osteoclast activities
described above.

There have also been studies investigating the effects of melatonin
in whole animals. Providing four-week-old mice with exogenous
melatonin led to significant increases in bone mineral density (36%) and
thickness of trabeculae (19%), together with reduction in serum markers
of bone resorption compared with a control group.13 Therefore
melatonin may act by inhibiting resorption rather than promoting
formation.

The effects of melatonin on bone may also be mediated through
the presence or absence of oestrogens, particularly as there is a decline
in melatonin levels following the menopause. A number of studies
have investigated this effect further by measuring melatonin effects in
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ovariectomised (OVX) rodents, which serve as a model of the human
postmenopausal state.

A detailed study then examined how melatonin influenced bone
metabolism markers and bone mineral density in OVX mice in the
presence or absence of oestrogen supplementation.15 In some cases
melatonin augmented the effects of oestrogen in OVX mice with regard
to lowering of urine deoxypyrolidine, serum phosphate and serum
alkaline phosphatase. Oestradiol and melatonin together also reduced
the loss of bone mineral density seen after OVX to a greater extent than
either given alone. It therefore appears from this study that melatonin
may require a certain quantity of oestrogens in order to maximise its
bone-protecting action.15

GH is implicated in bone formation, particularly in longitudinal
growth during childhood and adolescence through promotion of
cartilage synthesis and bone cell precursor differentiation. In one study
eight young male volunteers were administered doses of 0.05, 0.5 and
5 mg of melatonin, and serum GH levels were measured at regular
intervals for up to 150 minutes afterwards. Compared with a group
receiving placebo, GH levels were found to increase for doses of 0.5 mg
melatonin and greater.16

As yet, the mode of action of melatonin is unclear. It may be
through a direct paracrine effect on bone cells as a free radical scavenger
or via receptors. Alternatively it may be via indirect effects through
modulating the action of systemic hormones with known roles in bone
metabolism, including oestrogens and GH.

Melatonin appears to have minimal toxicity at standard doses of
0.3–15 mg daily.7 Its potential as a nutraceutical for bone health
warrants further study, particularly in clinical trials.

L-Carnitine

L-Carnitine acts as a cofactor in the oxidative metabolism of fatty acids.
It is synthesised in the kidney and liver, and is found in the greatest
quantities in skeletal and cardiac muscle. It can also be obtained from
the diet from meat and dairy produce, with typical intakes being
100–200 �mol daily.7

With ageing there is gradual decline in the ability to efficiently
generate energy necessary for anabolic processes, including the protein-
synthesising activity of osteoblasts. L-Carnitine is necessary as a carrier
molecule for the transport of acyl and acetyl groups from fatty acids
across the mitochondrial membrane. There is evidence of a decline in
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both the total levels of this molecule in muscle tissue and also its carrier
activity with advancing age, which suggests its link with senile reduction
in bone synthesis.17

Endogenous dehydroepiandrosterone (DHEA) is thought to affect
levels of L-carnitine through promoting the expression of carnitine-
synthesising enzymes.18

An in vitro study on cultured pig osteoblast-like cells examined the
action of L-carnitine and DHEA on fatty acid oxidation and osteoblast
activation.18 Cells treated with high concentrations of L-carnitine (with
or without DHEA) were found to have evidence of increased oxidative
respiration and markers of bone formation, namely collagen and
alkaline phosphatase. However, the concentrations of L-carnitine
necessary to induce these changes were considerably greater than those
known to occur naturally in tissues, which suggest that there may be
additional factors in vivo that are needed for its efficient use.

In vitro studies of human osteoblast cell cultures have investigated
a second mechanism for L-carnitine involvement in bone metabolism,
based on the expression of insulin-like growth factor-I (IGF-I).17 IGF is
one of the paracrine factors which mediates osteoblast differentiation
and proliferation. Its effects are further fine-tuned via its binding to
IGF-binding proteins (IGFBPs). So far, up to six of these proteins have
been identified as being expressed in bone tissue, each having different
effects on IGF and suggesting a highly sophisticated mechanism of
regulation. For example binding to IGFBP-2 inactivates IGFs and leads
to decreased osteoblast function, whereas IGFBP-3 binding enhances
IGF actions.

Administration of L-carnitine or an isovalyl fumarate derivative to
the osteoblasts may have influenced function through altering IGFBP
expression, measured as an increase in mRNA levels. The main changes
were found to be an increase in IGFBP-3 mRNA (an activator of IGF
action) and decrease in IGFBP-5 expression (an inhibitor of IGF action).
L-Carnitine and its derivative were therefore both able to stimulate
osteoblast proliferation (measured as an increase in markers of bone
formation, including collagen), although the isovalyl form was found to
be more efficient, showing a maximal effect at concentrations ten-fold
less than those of carnitine.

The studies described have only investigated in vitro models and
so their findings are of limited value in terms of the use of L-carnitine
and DHEA as supplements for bone health. L-Carnitine is used
medically, however, at doses of up to 400 mg/kg daily in cases of
carnitine deficiency with few serious side-effects.7
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Polyunsaturated fatty acids

Dietary fat intake, predominantly from saturated fatty acid sources
commonly found in animal fats, is thought to be detrimental to bone
mineral density, leading to a greater risk of fracture. A recent epidemio-
logical study of almost 15 000 people (the NHANES III trial19) found
an inverse relationship between bone mineral density and fat intake in
postmenopausal women, and a further study found a similar relation-
ship with fracture risk.20

There is evidence from intervention studies that providing supple-
ments of unsaturated fatty acids can prevent loss in bone mineral density.
Elderly women with established osteoporosis were provided with a �-
linolenic acid (GLA), eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) supplement. When compared with a control group receiving
coconut oil (containing saturated fatty acids) there was reduced bone
loss at the spine and hip.

Animal models have also suggested that n-3 and n-6 PUFAs may
have a beneficial effect on bone strength, although if given in excess were
found to lead to bone marrow damage through oxidation (DHA supple-
ments)21 and loss of bone strength in ageing rats (GLA supplements).19

This suggests that optimal concentrations of PUFAs may differ with
stages of the life cycle.

There are a number of postulated mechanisms as to how PUFA
supplements may promote bone health. PUFAs constitute part of the
structures of lipid bilayers of cell membranes and can be enzymatically
converted into important mediators of inflammation and bone metabol-
ism, notably the prostanoids.

As components of lipid bilayers, certain PUFAs may influence the
structure and function of intestinal brush borders and membranes of
kidney tubules. As a consequence this may have an impact on calcium
absorption from the gut and renal reabsorption from the urine. One
study found that providing fish oil supplements altered intestinal
membrane structure such that calcium absorption was enhanced.22 An
increase in n-6:n-3 PUFA intake ratio may have a negative effect on bone
formation due to an increase in PGE2 over PGE1 formation, resulting in
increased bone resorption through the mechanisms described above. In
recent times there has been a gradual substitution of saturated animal
fats for polyunsaturated plant oils in foods, although many of these
substitutes are of the n-6 rather than n-3 type. This means that many
diets at present have an n-6:n-3 imbalance by up to 30 times in favour
of n-6, which may also be detrimental to health. As a result there is a
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suggestion that eating PUFA-rich oils (found in large quantities in fish
oils and flaxseed) may help to re-address this imbalance and promote
bone formation.

PUFAs, in particular DHA and EPA, can block the formation of
PGE2 through competition with arachidonic acid for their synthetic
enzyme COX-2. Studies of their direct effects on in vitro cultures of bone
cells showed evidence of reduced osteoclast differentiation and bone
resorption. In addition, EPA-treated osteoblasts were found to promote
alkaline phosphatase enzyme expression.5 Studies in intact animal
models have further supported this role, with evidence of increased bone
formation markers seen in rats26 and piglets25 fed n-3 PUFAs.

Studies have been carried out in vitro to examine the effects of
PUFAs and their derivatives on Cbfa-1 expression, which is involved in
fetal bone development.23 Cultured osteoblast-like cells from rat fetuses
when treated with arachidonic acid and EPA demonstrated an increase
in expression probably mediated through prostaglandins.

As in the case of melatonin there have also been studies on OVX-
treated rats, where it was found that an EPA supplement administered
for 35 days arrested the decline in bone strength due to lack of
oestrogens, even at minimal calcium levels.27 These results also suggest
there may be a synergistic interaction of n-3 PUFAs with oestrogen in
preventing bone loss, possibly via the transcription factor mechanism
described above. This suggests that n-3 PUFAs may be of value as post-
menopausal supplements.

It is also thought that n-6 GLA supplementation may be of benefit
for elderly people by favouring formation of PGE1 in favour of PGE2.
The reason for this is that the higher levels of GLA shift fatty acid
metabolism toward PGE1 formation in favour of arachidonic acid and
PGE2, since the synthetic desaturase enzyme of the latter step has a low
activity. There is also evidence from rat studies that a second enzyme
involved in conversion of linoleic acid to GLA shows reduced activity
with age and therefore can lead to less PGE1 formation.28

Certain fatty acids may also exert their effects via GH. In addition
to acting as a promoter of bone formation, GH can also stimulate the
breakdown of body fat stores, leading to a raised serum free fatty acid
concentration. A diet rich in fats may have a negative feedback effect on
GH secretion, which was found experimentally in humans given high
fat meals over 28 weeks,29 and so may in turn lead to reduction in bone
formation, especially as its levels are already low in the elderly.

PUFAs may promote bone health, either directly through influenc-
ing the metabolism of prostanoid precursors involved in bone home-
ostasis, or indirectly via GH action.
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However the situation is further complicated by the fact that
different types of PUFA have differential effects, and that their effects
may relate to age and development of the subject. Therefore more
research is necessary to determine which fatty acids and what n-3 to n-
6 ratio would provide maximal benefit as a nutraceutical supplement.

Conjugated linoleic acid

In vivo rat studies have investigated dietary supplements of CLA on bone
mineralisation and markers of bone turnover. Overall, results showed
an increase in overall bone mineral content measured as body ash
content.30

It has been proposed that as with the case of n-3 PUFAs, CLA may
affect the synthesis of prostaglandins through competition with n-6
PUFA substrates for COX-2, with reduction in formation of detrimen-
tal PGE2. A study on human in vitro osteoblast-like cell lines confirmed
significantly reduced PGE2 and raised osteocalcin secretion,31 although
this effect depended on which specific isomeric form of CLA was admin-
istered. Reasons for differences in response to different isomers may
relate to how they are metabolised and transported in the blood,
therefore influencing how readily they can be taken up by bone tissue.

In a study in which rats were fed with CLA, it was shown to
enhance calcium absorption by bone and this effect was enhanced if it
was co-administered with n-3 PUFAs.32 It therefore appears that age,
dietary PUFA ratios and isomeric forms of CLA may be important
factors in its effectiveness and therefore in its use as a nutraceutical.

In a randomised double-blind intervention trial of CLA versus a
placebo in 60 healthy adult males (aged between 39 and 64 years),
results showed no significant effect on a wide range of serum and urinary
markers of bone metabolism. The lack of any meaningful findings was
suggested as being due to use of a less active isomeric form of CLA, or
that the doses used were much lower than those used in the above animal
studies.

A double-blind study of adult type 2 diabetics using either CLA or
n-6 PUFAs (derived from safflower) after eight weeks found a decrease
in serum concentrations of the hormone leptin.33 This is a CNS-secreted
neuroendocrine factor with a central role in appetite and lipid metabol-
ism, and is proposed as a local regulatory factor in bone-promoting
osteoblast activity.

More studies are necessary to determine whether CLA has any
potential effect on osteoblast or osteoclast functioning and whether it is
of any value in bone health.
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Soy isoflavones

The use of soy phytoestrogens to treat menopausal symptoms, including
osteoporosis, has been recently reviewed,34 and several large-scale
epidemiological studies and clinical trials have been carried out in the
area of bone health. The major dietary sources are soybean, which
contains isoflavones, and flaxseed, which contains lignans.35

Soy isoflavones are thought to be most promising in their role as
supplements in preventing and treating postmenopausal osteoporosis,
because of their similarity in structure to oestradiol and therefore as
potential replacements for oestrogen deficiency. As a result, most studies
with phytoestrogens have restricted themselves to female subjects during
or after the menopause.

These compounds are able to act as weak agonists at oestrogen
receptors, specifically the beta type located on osteoblast membranes.
As they are lipophilic molecules they can readily traverse cell membranes
and bind to cytoplasmic ERs which go on to act as transcription factors.
This leads to increased gene expression of alkaline phosphatases and
osteocalcin (bone formation factors), OPG (an inhibitor of osteoclast
activity) and IGF (a promoter of osteoblast activity), resulting in reduced
bone resorption and increased bone formation. Their particular attrac-
tiveness over other forms of oestrogen replacement is that they have no
activity at the alpha form of oestrogen receptors located in the breast
and uterus, so have none of the adverse effects on these tissues associated
with standard hormone replacement therapy (HRT).36

Experiments with cultures of osteoblast-like cells have found
evidence of direct responses to administered isoflavones, although at
levels much greater than would be obtained in a normal diet. Examples
of the effects noted include increased alkaline phosphatase and collagen
synthesis activity in mouse osteoblasts administered genestein or
daidzein.37 The positive effects of soy isoflavones in reducing the loss of
bone mineral density (BMD) as well as in promoting bone formation
over resorption have been reviewed.38 Similar studies with female rats
have shown that providing flax lignans in the diet was able to promote
bone strength early in development.39

Epidemiological studies have shown strong evidence that soy
isoflavones have a positive effect on BMD. These were borne out by the
fact that far lower rates of osteoporosis and fractures have been
observed in East Asian women compared with their Western counter-
parts even when corrected for height and weight. Soy has been part of
the East Asian diet far longer than in the West, with daily soy protein

240 Nutraceuticals and bone health

11 Chapter 11  2/3/07  19:10  Page 240



consumption being significantly greater (55 g daily noted in Japanese
women).35

A prospective cohort study of over 24 000 postmenopausal
Chinese women aged 40–70 years used evidence of clinical fracture as
the main measure of comparison with soy consumption, because it is
considered more appropriate than markers of bone formation.40 The
main findings after a 4-year follow-up were that high soy intakes
correlated with a significantly reduced risk of postmenopausal fractures,
particularly in the first few postmenopausal years. This is of interest as
this is where bone loss rates are thought to be greatest and suggests this
to be the optimal time to use soy supplements.

Clinical intervention trials have also been carried out using
isoflavone extracts and have demonstrated varying levels of significance.
Reduction in loss of bone marrow density and changes in biochemical
markers were variably reported.34

Most intervention studies focused on soy isoflavones, but one study
attempted to compare soy isoflavones with flaxseed lignan supplemen-
tation in a group of 46 postmenopausal women over 16 weeks. They
were randomly assigned a soy, flax or wheat placebo muffin daily.41

Results found that only flax appeared to have significant effects on serum
alkaline phosphatase concentrations. This may be explained by the fact
that flaxseed oil is also a rich source of �-linolenic acid (ALA), one of
the beneficial n-3 PUFAs associated with bone health described above.

Studies have attempted to determine which isoflavones in par-
ticular are likely to have the greatest effect in preventing bone loss, with
many proposing genistein. However, an in vivo rat study has shown
evidence that daidzein may be the most active.42 This may, however, be
mediated through its metabolism by the body. Following ingestion there
is initial hydrolysis of their sugar moiety by enzymes of the intestinal
brush border, enabling their ready absorption in to the bloodstream.
Within peripheral tissues daidzein is enzymatically converted to equol,
which has been demonstrated in rats to have twice the oestrogenic
actions of its parent molecule.43

In addition to isoflavone content there may also be additional
beneficial actions of soy protein in that it can replace animal sources in
the diet. As described above, animal proteins interfere with the process
of calcium reabsorption by the kidneys, and thus indirectly lead to
reduced bone formation.

Further studies are therefore needed to determine beneficial doses
of phytoestrogens, with current recommendations being 40–100 mg of
isoflavones daily,35 based on a standard East Asian dietary intake. It has
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been suggested that phytoestrogens may have adverse effects on the
uterus and fertility in animals due to their oestrogen-like actions,
although at the doses suggested they are thought to be safe.44 Overall,
phytoestrogens appear to show the most promise of all the nutraceuti-
cals so far described, although they have only been investigated in pre-
and postmenopausal osteoporosis.

Conclusions

Due to the shortcomings of current treatments for osteoporosis, there is
a strong argument for patients taking a more active role either in
preventing the onset of osteoporosis through healthy diet and exercise
from a young age, or use of individualised nutraceutical therapies for
prevention and treatment.

Although there is some promise being generated about the
compounds considered in this chapter, prevention of osteoporosis still
appears likely to be a better option than cure.45
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12
Respiratory health

There are many diseases that affect the pulmonary system. The main
disorders of respiratory function are asthma, chronic obstructive
pulmonary disease (COPD), allergic rhinitis and cough. These disorders
can result from a number of different factors, including changes to the
airway smooth muscle tone, vascular congestion of the upper respira-
tory tract and/or mucus plugging. Airway smooth muscle tone affects
the airway resistance and depends on the balance of various neuro-
humoral efferent pathways.1 In respiratory disorders the condition of
the mucosa and the activity of the glands contribute towards increased
airway resistance, with other mediators playing crucial roles.2

Complementary and alternative medicine (CAM) can be used alone
or in conjunction with conventional treatment to treat a whole range of
symptoms. A survey of practitioners in the USA that specifically
addressed CAM and its use in asthma showed diet and nutritional
approaches to be the most prevalent CAM therapies prescribed by both
conventional physicians and CAM practitioners to asthmatic patients.3

In recent years, many medical professionals have been approached by
their patients, especially asthmatics, with claims of improvement in
health due to these unorthodox practices. In a UK survey of CAM use
by patients with asthma the majority of patients (59%) had tried at least
one type of CAM treatment. Most patients, in particular those with
severe asthma, perceived CAM treatments to be helpful and thought they
could form an integral part of their therapy.4 CAM is also used by 33%
of children with asthma in the UK.5 The major applications for nutra-
ceuticals in this area are in asthma and COPD.

Asthma

A recent health review based on reports from the European Community
Respiratory Health Survey of Asthma Prevalence in Adults and the
International Study of Asthma and Allergies in Childhood6 shows that
the prevalence of asthma and other allergic disorders is increasing
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worldwide. Since 1980, asthma prevalence has increased dramatically,
especially in children. Overall, asthma prevalence among people aged
0–17 years increased by approximately 5% each year from 1980 to
1995. Asthma affects ~4–5% of the population of developed countries.
Among children, asthma is the most common chronic disease and
leading cause of disability in the developed world, rseulting in frequent
need for medical intervention.7 There are many reasons underlying this
current trend, including increased exposure to allergens and pollution,
a predisposition to respiratory viral infections and a lack of exposure to
microbial antigens during childhood.8

Polyunsaturated fatty acids

Polyunsaturated fatty acids (PUFAs) have a potential role in asthma
because they are substrates for inflammatory mediators. n-3 and n-6
Fatty acids are metabolised through a common pathway and compete
for acylation sites in cellular phospholipids. n-6 Fatty acids are
converted to linoleic acid, which undergoes desaturation to become �-
linolenic acid (GLA). GLA is elongated to dihomo �-linolenic acid
(DGLA), which is desaturated to arachidonic acid. n-3 Fatty acids, on
the other hand, are converted to �-linolenic acid (ALA), which then
becomes stearidonic acid. This is converted into n-3 arachidonic acid
and finally eicosapentaenoic acid (EPA), which is the precursor of
docosahexaenoic acid (DHA).9 Fatty acids need to be obtained from the
diet because humans do not generally have the enzymatic capability to
synthesise these essential nutrients directly.

There is growing evidence that an increase in n-6 and a decrease
in n-3 fatty acids in the diet may have led to an increase in allergic sensi-
tisation, which may in turn account for changes in the prevalence of
asthma. The anti-inflammatory properties of n-3 and the proinflamma-
tory properties of n-6 fatty acids suggest that dietary trends have predis-
posed some individuals to inflammatory disorders.10 It may be that the
ratio of n-6:n-3, rather than the absolute amount, is the most important
factor.

Epidemiological studies of various populations have shown that a
high dietary intake of marine fatty acids or fish is associated with lower
incidence of inflammatory diseases such as rheumatoid arthritis and
asthma.11,12 Inuit populations have a very high dietary intake of fish and
a low incidence of inflammatory conditions. In the modern Western
world diets are deficient in fish, which may have contributed to the
increased prevalence of asthma. The active PUFA components of fish are
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thought to be n-3 fatty acids, EPA and DHA. An association between
diet (consumption of fish more than once a week) and airway disease in
children (reduced risk of developing airway hyperresponsiveness (AHR))
was explored in the light of these epidemiological studies. Diet was
assessed using a food frequency questionnaire, which asked about the
child’s eating habits over that past year and if the child took any supple-
ments. The extent of airway disease was assessed by respiratory symp-
toms and response to exercise. After adjusting for confounders such as
sex, atopy and smoking in the household it was concluded that children
who ate fresh, oily fish were at a significantly reduced risk of current
asthma. Fish consumption may also prevent against developing asthma.13

A study of 1601 young adults was performed to find out whether
people with and without asthma consumed different quantities of
PUFAs. A number of methods, including respiratory and food frequency
questionnaires (indirect markers of fat intake), skin prick testing, lung
function tests and plasma fatty acid levels (direct markers) were used in
this study. DGLA, an immediate precursor to arachidonic acid, was
positively associated with current asthma. It is biologically plausible that
the increased precursor pool is a risk factor for the promotion of
asthmatic airway inflammation through the generation of proinflam-
matory mediators. It warrants further research, including intervention
studies to determine a cause–effect relationship and to verify the role of
fatty acids in asthma. This study found no association between n-3
intake and asthma, which has been suggested in other studies.14

In several countries there are regional differences in the prevalence
of allergic disease. This can be associated with varied consumption of
fatty acids. In Germany following reunification there was a lower
incidence of atopic disease in the east and a higher lifetime prevalence
of asthma in the west.15 These findings suggest differences may be due
to disparity in allergic sensitisation. In one study, the prevalence of the
specific immunoglobulin E (IgE) to house dust mite was fivefold higher
in Leuna in the west compared with Duisburg in the east.16 These asthma
prevalence studies need to be compared with those concerning food
intake to determine if differences are due to diet. There are few studies
of food intake in Germany prior to unification, but one project in
relation to cardiovascular disease involved middle-aged men keeping a
3-day record of their food intake. It found that there was a much lower
intake (35% compared with 67%) of PUFAs in the east because
margarine was not readily available. The higher intake of linoleic acid
in margarine may possibly be linked to a higher incidence of asthma in
the west at the time of reunification.17

Asthma 249
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A study carried out in children that combined dietary manipulation
and n-3 supplementation demonstrated a significant improvement in
peak expiratory flow rate (PEFR) and asthma medication use.18 It
remains to be seen if these results can be replicated using different popu-
lations. The nutrients in our food interact with each other and thus
provide better benefits when consumed in food rather than as isolated
ingredients in supplements. Intervention studies have been carried out
to determine the role of supplementation but the results are conflicting:
some demonstrate the beneficial effects these supplements can have on
the disease but others show no clinical improvement, despite known
changes in inflammatory cell functions.18 There are also difficulties in
selecting the nature and duration of the intervention. Much of the
interest surrounding n-3 supplements and their use in asthma began
when the neutrophil was considered to have an important role in the
pathogenesis of asthma. The most profound anti-inflammatory effects
of these fatty acids are on neutrophil function and mediator generation.
Currently, eosinophilis and mast cells are thought to be more important
and n-3 PUFAs do not show evidence of having a significant effect on
these.19

A Cochrane Review was carried out on several randomised
controlled trials that used an n-3 PUFA supplement.19 The beneficial
effects of supplementation are controversial because data from these
studies are conflicting. No overall consistent effect was found on any of
the analysable outcomes: forced expiration volume per second (FEV1),
peak expiratory flow (PEF), asthma symptoms, medication use or
bronchial hyperactivity. Nine different studies were analysed in this
review: seven parallel design and two crossover studies. Four of the
parallel studies and both crossover studies used PEF as a marker. When
the parallel studies were combined, significant improvement in PEF was
suggested, but it may have been the significant heterogeneity between
the studies that caused this change. The two crossover studies also used
asthma symptoms to monitor change in the condition. Both used an
n-3 supplement and an olive oil placebo but only one study reported an
improvement in symptoms, the other reported no change. Four of the
parallel studies considered asthma medication use. When data from all
the studies were pooled, no overall change occurred but one of these
studies did demonstrate a significant decline in medication use.18

Another study used a supplement containing both EPA and GLA.
This was a double-blind, randomised, controlled trial of 29 children
with bronchial asthma in a long-term treatment hospital. This strictly
controlled environment minimised the effects of environmental allergens
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and diet. This study also ran for a longer period than most trials,
covering a 10-month period. Many beneficial effects were seen during
this time, demonstrating that supplementation can be beneficial. Patients
used less medication, their asthma scores were lower, they had a greater
acetylcholine threshold and they had significantly higher EPA plasma
levels.20

The role of oxidants and antioxidants in asthma

Oxidant generation is part of the normal metabolism of many types of
cells and is critical for cell homeostasis. To protect itself against exposure
to these noxious oxidants, the lung has a well-developed antioxidant
system.21 There is a significant amount of evidence for the presence of
increased oxidative stress in asthma, indicating the potential role of
oxidants in the pathogenesis of asthma, particularly during exacerba-
tions. Asthmatic patients represent a classical case study where the
cellular level of free radicals is basically high and increased further
during an exacerbation.

Antioxidant nutraceuticals

If reactive oxygen species (ROS) participate in airway disease, then
modulation of antioxidant defence by supplementation could protect
against oxidant damage and be a useful adjuvant in the complex
management of the disease. The use of antioxidant supplements has led
to inconsistent results but has been shown to be beneficial in combating
oxidative stress.22 Some recent studies found that supplementation
reduces oxidant-related decrement in lung function in asthmatic
subjects, especially in those with a genetically determined increased
susceptibility to oxidant stress.23

Coenzyme Q10

Coenzyme Q10 (Co Q10) scavenges free radicals and is an important
marker of antioxidant potential. A recent study investigated levels of
Co Q10, �-tocopherol and �-carotene in plasma and whole blood, as
well as the levels of malandialdehyde, a marker of end-stage lipid peroxi-
dation, and eosinophil cationic protein (ECP), a marker of inflamma-
tion, in people with asthma. The study found no correlation between
concentrations of ECP, levels of the compounds and pulmonary function
tests, but the concentration of Co Q10 was considerably reduced in
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subjects with asthma compared with the healthy population, whereas
the level of ECP was significantly increased. This suboptimal concen-
tration of Co Q10 in people with asthma may highlight the need for
supplementation.24 Protective effects on pulmonary function have been
demonstrated in animal experiments but there is limited information
regarding humans.25 Controlled studies are required to determine
whether this supplement is clinically relevant.

Lycopene

Lycopene also has the ability to destroy free radicals that form when the
body metabolises oxygen. It appears to suppress the attack of cellular
oxygen and ROS, slow down the formation of more radicals and
therefore prevent destruction of the lipophilic parts of the cell.26 A study
assessing the acute effects of lycopene on AHR was carried out in
patients with exercise-induced asthma (EIA). Patients taking the
lycopene supplement (30 mg/day) showed an elevated serum lycopene
level. Pulmonary function was measured at rest and following physical
exercise. Those on the placebo experienced a significant reduction in
their post-exercise FEV1 of more than 15%. Fifty-five per cent of those
taking lycopene were significantly protected against EIA and did not
experience this FEV1 reduction.27

�-Lipoic acid

�-Lipoic acid is a naturally occurring antioxidant has been used clinically
for the treatment of oxidant-induced diseases because it has many
beneficial characteristics. It directly scavenges free radicals, has metal
chelating activity, recycles antioxidants, accelerates glutathione synthesis
and modulates the activity of transportation factors such as nuclear factor
kappa B (NF�B).28 The mechanism of action may be related to anti-
oxidant suppressed activity of NF�B in lung tissues but the amount of
ROS in alveolar macrophages was not significantly different in treated
and untreated patients. Another possible mechanism is direct intervention
with intracellular inflammatory signalling pathways. The therapeutic
activity of this supplement has not been determined in humans but it has
been tested in a mouse model of asthma. It was found that asthmatic
mice receiving this supplement had a significantly reduced AHR, a lower
proportion of the inflammatory eosinophilis in bronchoalveolar lavage,
appreciably improved pathologic lesion scores, significantly reduced
ovalbumin-specific immunoglobulin E, interleukin 4 (IL-4) and IL-5 and
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intracellular ROS concentration and reduced NF�B DNA-binding
activity. This supplement effectively suppressed allergic inflammation in
the mouse model, which supports the hypothesis that oxidative stress
plays an important role in asthmatic airway inflammation.28

Pycnogenol

Pycnogenol, a bioflavonoid mixture extracted from pine bark, is anti-
allergic, antiviral and anti-inflammatory. It also has a potent antioxidant
effect, scavenging free radicals as well as enhancing endogenous anti-
oxidant systems.29 Clinical trials have been carried out using this
supplement with positive results. A randomised, double-blind, placebo-
controlled, crossover study involving 26 patients with varying asthma
severity was conducted. Adults taking this supplement responded
favourably, in contrast to those using the placebo, and had significantly
reduced serum leukotrienes.30 Another study was conducted in children.
This randomised, placebo-controlled, double-blind study involved 60
subjects (6–18 years) with mild to moderate asthma using the
supplement for three months. Those who took Pycnogenol had signifi-
cantly more improvement in pulmonary functions and asthma
symptoms and found that they could reduce their use of inhaler
medication. These beneficial changes may be due to the significant
reduction in leukotrienes, analysed in urine.31

Other respiratory conditions

COPD is another pathological state that increases airway resistance, but
unlike asthma, COPD is chronic and progressive, usually being caused
by cigarette smoking. COPD consists of two conditions: chronic
bronchitis and emphysema. Chronic bronchitis is characterised by
inflammation and thickening of the airway lining which reduces airway
diameter and can lead to destruction of the normal tissue. Along with
inflammation there is a high rate of mucus secretion, which exacerbates
airway obstruction and often promotes secondary infection. Symptoms
include coughing, wheezing and breathlessness. Emphysema is dis-
tension and damage of lung tissue beyond the respiratory bronchioles.
There are no definitive conventional therapies for COPD, which leads
many patients to explore adjunctive complementary approaches.32 As in
asthma, a diet rich in fruit and vegetables may be beneficial because
higher levels of antioxidants, measured by dietary assessment and serum
biomarkers, are associated with improved lung function.33 A study of
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2349 smokers and ex-smokers concluded that the level of DHA in
plasma is inversely related to the odds of having COPD.34

Another respiratory condition, allergic rhinitis, is also on the rise
in the Western world. In the USA it affects 40% of children under 6
years and 20% of the adult population and is another trigger of
asthma.35 Allergic rhinitis is characterised by continuous or periodic
nasal congestion, sneezing, pruitis of the conjunctiva, nasal mucosa and
oropharynx, dark circles under the eyes and fatigue. Epidemiological
data, which are so abundant for asthma, are lacking for this condition
but theoretically they will benefit from the same nutritional consider-
ations.

Two unexpected applications for nutraceuticals in respiratory
disorders have been reported. The efficacy of methylsulfonylmethane
(MSM) in the treatment of seasonal allergic rhinitis (SAR) has been
assessed in one open-label trial involving 50 subjects with either
medically diagnosed SAR or minimum 2 years history of suffering from
SAR. MSM 2600 mg was taken orally for 30 days, and responses to
treatment were measured by a seasonal allergy symptom questionnaire.
By day 7, upper and total respiratory symptoms were significantly
reduced, and by day 14 energy levels of subjects were increased, and all
improvements were maintained until the day 30 completion.36

Other effects of nutraceuticals on respiratory conditions

A pilot study on the effects of chondroitin sulfate on snoring have also
been published. Seven subjects were given 8 mg (from a 3% solution)
via nasal instillation, resulting in a decrease in snoring compared with
placebo.37

Soy sauce (shoyu) is a fermented soy product, containing both
isoflavones and polysaccharides. The polysaccharide fraction has been
shown to exert antiallergenic activity both in vivo and in vitro and has
been evaluated as a treatment for seasonal allergic rhinitis. In a
randomised double-blind trial patients were treated with 600 mg of
polysaccharides daily, over four weeks, and symptom scores for
sneezing, nasal stuffiness and impact on everyday life was found to be
significantly improved compared with the placebo group.38

Conclusion

Despite the theoretical basis for the use of these supplements in respi-
ratory conditions, the complex and sometimes contradictory nature of
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evidence from both epidemiological and intervention studies prevents
any clear conclusions being drawn at this stage. To date, there are no
reliable, prospective, multifaceted, dietary intervention clinical trials that
test data derived from epidemiologic, cross-sectional and case–control
studies. There is a need for further studies to be carried out before we
can reach a definite outcome. These studies need to be longer, use larger
and more diverse subject populations and measure more outcomes such
as exacerbation frequency, hospital admissions and quality of life.

It has been suggested that susceptible populations should increase
their fruit, vegetable and n-3 fatty acid intake, and limit their n-6 intake
as well as their exposure to allergens and tobacco smoke. This primary
prevention strategy may achieve a 50% reduction in the prevalence of
asthma.39 Patients who already have asthma and other respiratory
conditions may also benefit from these changes. Diet modification may
become one of the initial steps in the management of asthma. If people
with respiratory disorders want to incorporate nutraceuticals such as
lycopene and n-3 into their diet they do have a very safe profile. The
main importance in the treatment of respiratory conditions is that
patients are well educated about the proper management of their
condition. Improved dietary education has been shown to reduce asthma
morbidity and mortality. The use of certain nutraceuticals such as those
discussed may be beneficial in supplementing nutritionally poor diets,
or in patients excessively challenged with allergens.
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13
Women’s health

In addition to a number of specific menstrual problems that affect
women, there are various other health-related problems. The menopause
is signalled by a woman’s last menstrual period and is defined as the
permanent cessation of menstruation resulting from loss of ovarian
follicular activity.1

Menopausal symptoms

Following the menopause many women experience a decrease in the
quality of life. The major symptoms associated with the postmenopausal
period are:

• Vasomotor symptoms
• Vaginal symptoms
• Cognitive problems
• Breast cancer
• Cardiovascular disease
• Osteoporosis.

The most common vasomotor symptoms displayed by women during
the menopause are hot flushes, night sweats and palpitations. Psycho-
logical problems experienced include sleep deprivation, forgetfulness,
difficulty concentrating and depression. Many women also suffer from
vaginal dryness, leading to loss of libido. These symptoms are all linked
to the declining and erratic production of oestrogen by the ovaries.2

Menopausal symptoms, especially hot flushes, have been reported
to vary in incidence levels between women in different countries. In East
Asia (e.g. Japan and China), only 10–20% of women experience hot
flushes in the perimenopausal period, compared with 70–80% of
women in Western countries such as the UK and Denmark.3 This may
possibly be a result of the high proportion of soy isoflavones consumed
in the traditional East Asian diet, which may have an influence on the
body’s response to the changing hormone levels at menopause. It has
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been estimated that Japanese women consume 50–200 mg of isoflavones
daily, whereas the typical Western diet contains <1 mg/daily. These
findings have encouraged research on the potential benefits of soy
isoflavones on menopausal symptoms. A survey carried out in the USA
into the use of nutraceuticals found that 7.4% of women questioned
used soy products for perimenopausal symptoms.4

Conventional treatment

Hormone replacement therapy (HRT) is commonly prescribed for the
relief of menopausal symptoms and for protection against bone loss and
ischaemic heart disease. However, reports in the media on the long-term
effects of HRT have deterred women from using it due to the associated
risks with breast cancer, myocardial infarctions and strokes. Studies have
suggested that the risk of breast cancer in patients using HRT increases
over time, and the relative risk has been stated as 1.3–2.4 times after
5 years of therapy.5 As a result, increasing numbers of women have
turned to complementary and alternative medicines for relief from their
menopausal symptoms.

The major goup of nutraceuticals used for women’s problems
include phytoestrogens such as soy isoflavones and flax lignans. In
addition, there is limited evidence for the use of resveratrol and other
nutraceuticals.

Soy isoflavones

The main isoflavones in soybeans are genistein and daidzein and their
respective �-glycosides, genistin and daidzin. Genistein occurs at higher
levels than daidzein in soybeans and soy products. There are also small
amounts of glycitein and its glycoside glycitin.6

The isoflavones are present in the bound form as glycosides in
plants, but when the sugar residue is removed, for example during
metabolism, these compounds become activated.7 Both the metabolite
and parent compound are liable to absorption.

Ingestion of the isoflavonoid glycoside results in rapid hydrolysis
in the oral cavity to yield the aglycone, but it has been reported that there
is a greater than 20-fold interindividual variation in this hydrolysis.8

Ingestion of 50 mg of isoflavone leads to levels of 50–800 ng/mL in the
plasma, and peak concentration has been found to occur 6–8 hours after
a dose of 100 mg.9 The effect of the food matrix consumed alongside
the isoflavonoid is likely to be important in determining the distribution.
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Since the chemical structure of isoflavones is similar to that of
oestrogen it is not surprising that they bind and interact with the
oestrogen receptor (ER), predominantly the ER� form of the receptor,
and thereby exert a weak oestrogenic effect. However, the isoflavones
generally have much lower binding affinities to oestrogen receptors than
oestradiol. The ER-binding abilities of a number of phytoestrogens have
been evaluated.11 The comparable levels are shown in Table 10.1.

The soy metabolite equol has been found to have the same order
of affinities for ER� and ER� as genistein, as opposed to daidzein from
which it is derived.12 The flax lignan metabolites enterolactone and
enterodiol and resveratrol have been reported to possess the same affini-
ties for ER as the red clover isoflavones, <0.01% that of oestradiol.12,13

In addition, phytoestrogens have been shown to have lower
potential to stimulate alkaline phosphatase production in bone cells than
oestradiol.14

The structural differences between oestrogens and isoflavones may
explain why isoflavones have more selective effects in different
oestrogen-responsive tissues. Bone contains only ER�, but ER� and ER�

are both located in the vascular system, the placenta, the uterus and in
breast tissue.15 Isoflavones (particularly genistein) have greater affinity
for ER� as opposed to ER� and this may explain why they have positive
effects on the central nervous system, blood vessels and bone, whilst
having little or no effect on breast and endometrial tissue. The different
affinities of isoflavones to ER� and ER�, and the different tissue distri-
bution of these two oestrogen receptors, could possibly offer an expla-
nation as to the inconsistent effects of isoflavones that have been
reported on menopausal symptoms and osteoporosis.

Mechanisms of action

Soy isoflavones have been shown to reduce menopausal symptoms, but
the exact mechanism of action is yet to be determined. Several studies
have hypothesised possible mechanisms.

Oestrogen receptors bind to endogenous oestrogens and iso-
flavones, as well as to other environmental oestrogen-like molecules.
When isoflavones reach the target tissue, they cross the cell membrane
by passive diffusion, bind to ERs in the cytosol and form an iso-
flavone–ER complex. This complex then translocates into the nucleus
for activation of the oestrogen response element (ERE), which is
involved in the regulation of DNA-directed mRNA synthesis and the
production of new proteins.16 Therefore, by this mechanism isoflavones
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may bind to ERs and so directly affect transcription of oestrogen-
regulated gene products. In order to act as phytoestrogens isoflavones
require 2–4 hydroxyl groups in fixed positions, and methylation of these
reduces oestrogenic activity. The 2-position of the benzyl ring in the
isoflavonoids gives them greater activity than other flavonoids.17

Another explanation is that isoflavones act through their antioxi-
dant effects. The antioxidant properties of isoflavones are associated
with the presence of hydroxyl groups at positions 4� and 5� on the
aromatic ring.18 Furthermore, there appears to be a positive synergy
between phytoestrogens and other antioxidants.19 This may be
important in disease processes that involve oxidative stress, for example,
in reducing low-density lipoprotein (LDL) oxidation in atherosclerosis.
Apart from protecting lipid-carrying proteins, phytoestrogens may also
prevent the oxidation of critical enzymes in the signal transduction
pathways through protection of cysteine groups. This property is not,
however, governed by their oestrogen-like structures, but rather their
antioxidant properties, suggesting that the overall effect of isoflavones
may appear to be like that of an oestrogen or an anti-oestrogen.16

Some isoflavones, such as genistein, can also bind with membrane
receptors and function as tyrosine kinase inhibitors,16 which are
involved in protein phosphorylation during cell proliferation. In this
way, isoflavones can influence the cell cycle and metabolism through
second messengers in the cytoplasm.16 In addition, genistein inhibits
DNA topoisomerase II and ribosomal S6 kinase, both of which may lead
to protein-linked DNA strand breaks in cancerous cells.7

Studies have shown an increase in the amount 17�-oestradiol in
the presence of isoflavones, which suggests that isoflavone supplemen-
tation increases oestrogen levels. They may have an indirect effect due
to isoflavones acting on sex hormone-binding globulin.20 Isoflavones
might compete with oestrogens for this protein.

Importance of the metabolite equol

Equol (see Figure 2.25) is not found in soy but is a product of intestinal
bacterial metabolism of diadzein,21 one of the main isoflavones in
soyfoods. It is not, however, a metabolite of either genistein or glycitein.
Equol possesses oestrogenic activity, having affinity for both oestrogen
receptors.

Equol is not produced in adults who lack the intestinal bacteria
required to metabolise diadzein in soy products, and it has been
estimated that only 30–50% of the population are able to produce
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equol. Infants and germ-free animals are unable to produce equol, and
antibiotic therapy inhibits its production. It has been proposed that the
ability to make equol may be important to the effectiveness of soy
protein diets when employed in the treatment or prevention of hormone-
dependent conditions. The failure to distinguish those subjects who are
‘equol-producers’ from ‘non-equol producers’ in previous clinical studies
could possibly explain the variance in reported data on the health
benefits associated with soy.21

A recent investigation into the stereochemistry of equol has shown
that the S-enantiomer is the exclusive product of human intestinal
bacterial synthesis from soy isoflavones. The S-form has high affinity for
ER�, whereas R-equol is relatively inactive.22

Evidence for activity

One double-blind, placebo-controlled trial of four months’ duration
suggested that soy isoflavone (100 mg per day) treatment may be a safe
and effective alternative therapy for many menopausal symptoms.23 In
that particular study it was noted that genistein and daidzein plasma
concentrations peak 6–8 hours after ingestion, so it was suggested that
33.3 mg should be administered every 8 hours.

Four large-scale critical analyses of many of the published clinical
trials on the use of soy products for treatment of menopausal symptoms
have been published. Clearly, a number of studies have failed to
demonstrate a reduction of menopausal symptoms.24–27 The data are
summarised in Table 13.1.

It has been reported that the placebo effect has appeared at levels
of 50–60% in these trials.26 The variability seen in the table is caused
by a number of factors: different products and foods contain varying
levels of isoflavones, the optimum dose of isoflavones is not known,
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Table 13.1 Summary of clinical trials using soy products for treatment of meno-
pausal symptoms

Trials included Number showing Number showing 
positive effects negative effects

1024 4 6
8 on soy foods25 1 7
5 on soy extract25 2 2
826 3 5
1327 Overall benefit
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formulated products may not contain stated levels, and variability and
deficiencies in reporting of outcomes exist in the original data.25 To put
some of the claimed benefits into context, a 15% reduction in hot flushes
may only represent one less flush per day in patients experiencing 10–12
incidents daily.5

No beneficial effects on genital atrophy can be expected, and have
not been reported, but vaginal dryness variably improved.25

Even though many clinical trials have been conducted, the under-
standing of the potential health benefits of soy isoflavones is far from
complete. The lack of clarity in determining any potential benefit of soy
is most significantly due to methodological variation in trials. The most
important factors include the menopausal status of the participating
women, dosage of soy (i.e. isoflavone content) and the outcome
measures that have been used to test the efficacy.

Trials carried out have ranged from 6 to 24 weeks’ duration,24

making it difficult to compare the findings directly. The vast majority of
the trials do not state specific compositions of their soy treatment, and
therefore it is not possible to make conclusions on specific isoflavone
quantities. Equally, the quality of the soy product used or the bioavail-
ability of the isoflavone content may not have been assessed. Further-
more, as mentioned earlier, there is great variability in the ability to
metabolise daidzein to its metabolite equol21 between individuals. The
isoflavone content of trials materials needs to be used at standardised
levels to determine the most effective dose.

Plant sources that are rich in isoflavones, such as soy, flax and grape
products, also contain other compounds that may have the potential to
interact with phytoestrogens, interfering with their activity and bioavail-
ability. Consideration must therefore be given to these compounds as
well. In addition, some phytoestrogens may act as oestrogen agonists or
oestrogen antagonists depending on their structure and concentration.
Isoflavones have been shown to have oestrogen agonist effects in low
endogenous oestrogen concentrations and oestrogen antagonist effects
in a more oestrogenic environment.28 Thus you would expect isoflavones
to have oestrogenic effects after the onset of menopause due to the low
endogenous oestrogen concentration, and oestrogen antagonist effects
before the onset of menopause when the endogenous oestrogen concen-
tration is high. The oestrogen antagonist activity of phytoestrogens may
be partially explained by their competition with endogenous 17�-
oestradiol for the oestrogen receptors.7

Overall, there appears to be some evidence to substantiate the use
of soy to alleviate menopausal symptoms. In addition there appear to
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be no safety concerns with soy products in short-term use.29,30 The main
adverse effects of soy products reported are gastrointestinal disturbances
such as nausea. However, allergy to soy has been noted29 and several
randomised controlled trials suffered from unpalatability of the
treatment, especially in studies that involved soy drinks. In one study 10
out of 263 woman volunteers dropped out for this reason.31 This is
important because if patients are not able to tolerate soy they are less
likely to be compliant.

Use of soy foods

There is now a wide range of soy foods readily available for those who
wish to increase the phytoestrogens in their diet, specifically to alleviate
menopausal symptoms. In addition to this, isoflavones are now directly
extracted from soya and red clover for use as an additive to non-soya
foods.

It is yet to be determined whether split doses of isoflavones over
24 hours would be more effective than a single daily dose of isoflavones.

The published studies on menopausal symptoms and osteoporosis
have examined different quantities of soy or isoflavones, making it
difficult to make direct comparisons and hence dose recommendations.
Reports on the efficacy of soy isoflavones in reduction of menopausal
symptoms suggest that an average dose is approximately 50 mg of
isoflavones per day. There are few data on suitable dose levels for other
known phytoestrogens. Much of the justification regarding the selection
of a dose of 50 mg isoflavones/day (0.5–1.0 mg/kg body weight per day)
is based on the presumed average intake of isoflavones in adults in
China, Japan and Taiwan. Toxicity studies of human subjects suggest
that purified isoflavones are safe at doses at least twice as high as used
in reported studies.16

Traditional soyfoods have an isoflavone-to-protein ratio of approx-
imately 1:300; therefore, consuming 15 g soy protein will result in
consuming approximately 50 mg isoflavones. These amounts of soy
protein and isoflavones are provided by approximately two servings of
traditional soyfoods and are likely to be efficacious for those diseases
for which soy is proven to be beneficial.6

Cardiovascular disease

Epidemiological evidence suggests that women with high consumption
of phytoestrogens, particularly soy isoflavones, have less cardiovascu-
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lar disease. Although there is much published research on the cardiac
benefits of soy isoflavones, little of it relates specifically to menopausal
women. Soy protein is the subject of the US Food and Drug Adminis-
tration (FDA) approved model health claim that ‘25 grams of soy
protein a day, as part of a diet low in saturated fat and cholesterol, may
reduce the risk of heart disease’, but it is not clear what role the
constituent isoflavones play. A large meta-analysis on the effects of soy
protein is understood to be the stimulus for the FDA claim. In this work,
the significant mean decreases in total cholesterol (9%), LDL–choles-
terol (13%) and triglycerides (11%) and a small non-significant
reduction in high-density lipoprotein–cholesterol (HDL-C) were
reported.32 Studies involving isoflavone supplements containing little or
no soy protein for menopausal women have tended to yield only
negative findings.33 Studies involving combinations of isoflavones and
soy protein in pre- and postmenopausal women showed modest but
consistent effects on lipoprotein profiles.34,35 The situation regarding
direct cardiovascular effects is confused due to a number of trials
showing no effect.33

A recent longitudinal study investigated the effects of soy consump-
tion in nearly 46 000 middle-aged and elderly women in Shanghai, over
a period of 2–3 years. Researchers found that there was an inverse
association between consumption of soy foods and both systolic and
diastolic blood pressure.36

Cognitive function

Evidence that postmenopausal women suffer cognitive decline is thought
to be associated with decreased oestrogen levels, and soy has been
suggested as an alternative to HRT after controversial evidence that
HRT leads to increased risk of breast cancer, and that the cognitive
benefits of HRT may actually be reversed over long-term usage.37 There
is limited evidence, however, to substantiate the benefits of soy
isoflavones. One trial involving 53 postmenopausal women over six
months showed a significant improvement in one of five cognitive tests,
insignificant improvement in two tests and no improvement in the rest.38

Other work using low levels of isoflavone (60 mg) over short time
periods (12 weeks) has been reported to increase memory, pattern recog-
nition and mental flexibility.37 Another trial carried out with young
subjects over a ten-week period found that a dose of 100 mg per day of
total isoflavones caused significant cognitive improvements in both
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young men and women, in both short- and long-term memory, but also
in mental flexibility.39

Osteoporosis

The continual loss of bone in the elderly is a natural process associated
with ageing. Women have a higher incidence of osteoporotic fractures
than men due to their lower peak bone mass, but in addition, the abrupt
decrease in oestrogen secretion in postmenopausal women accelerates
bone loss.7 Soyfoods and isoflavones have received considerable
attention for their potential in preventing and treating osteoporosis.

Conventional pharmaceutical treatment of osteoporosis involves
medicines that either inhibit bone resorption, such as oestrogens,
calcitonin or bisphosphonates, or stimulate bone formation, such as
fluorides, parathyroid fragments and anabolic steroids.40

The role of soy-containing phytoestrogens in bone health is an area
of growing interest and is based on observational studies among Asian
women showing that a higher consumption of phytoestrogens is
associated with higher values of bone mineral density and consequently
a lower incidence of osteoporotic fractures.

Human investigations

Large-scale epidemiological evidence has recently been published. A
large prospective cohort study of soy food consumption and risk of bone
fracture in postmenopausal women has been carried out involving
24 403 women in Shanghai. Over 4.5 years the level of consumption of
soy protein and isoflavones was found to be possibly associated with a
reduction in bone fracture, particularly in the early years following
menopause.41 Data from human studies are limited, and have shown
contradicting results. Clinical trials in postmenopausal and peri-
menopausal women that have analysed bone mass change and bone
mineral density have demonstrated that isoflavones can significantly
increase bone mineral density at the lumbar spine.42,43 The studies of up
to 24 weeks’ duration are of only limited relevance, because bone
remodelling cycle can take as long as 80 weeks.44 It would therefore be
premature to assume that soy with isoflavones has a significant long-
term bone-sparing effect or that soy reduces bone fractures of the
spine. Longer studies of 2–3 years’ duration are required for realistic
evidence.
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Some studies have suggested that isolated soy protein may have a
protective role in bone maintenance45 and that daily supplementation of
soybean isoflavones (61.8 mg) for four weeks is associated with a signifi-
cant reduction in the excretion of bone resorption markers (pyridino-
line and deoxypyridinoline).46 In postmenopausal women diets rich in
soyfoods have resulted in significant increases in serum osteocalcin
concentrations.43

However, other researchers have reported that soy supplementa-
tion over a three-month period did not produce any significant changes
in two markers of bone resorption and that soy protein isolate
containing high concentrations of isoflavones was not protective against
bone loss in early menopausal women.47

Trials have shown a greater response to oestrogen treatments in
the spine than in the hip due to the higher content of trabecular bone
in the spine.48 Trabecular bone is known to have a higher turnover rate
than cortical bone that is found in the hip. Thus the lumbar spine, which
is relatively high in trabecular bone, should be more sensitive to
compounds that are thought to affect remodelling, such as oestrogens
and phytoestrogens.48

In a recent study, daily administration of 54 mg genistein reduced
postmenopausal bone mineral loss at the femoral neck and lumbar spine
as effectively as HRT with 1 mg per day of oestrogen.49 These findings
add to the existing evidence that soy intake may be beneficial for bone
conservation in postmenopausal women. However, further longer term
randomised control trials are needed to find the optimal dosages most
effective in maintaining bone mass.

Mechanism of action on bone cells

Researchers have reviewed several studies on isoflavones that include
possible mechanisms of action to explain the beneficial effect of phyto-
estrogens on bone loss.20 These mechanisms include prevention of
calcium loss, beneficial effects on osteoblasts, and influences on the
secretion of calcitonin that suppress bone resorption. Both genistein and
daidzein suppress osteoclast activity by a number of possible mechan-
isms, including induction of apoptosis, activation of protein tyrosine
phosphatase, inhibition of cytokines, changes in intracellular calcium and
membrane depolarisation, all of which are involved in bone turnover.50

Oestrogen receptors (only ER�) have been found in osteoblasts.
The phytoestrogen–ER complex may bind to EREs and may thus cause
alteration in the production of certain proteins.
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Bone remodelling is the function of the activity of both osteoblasts
and osteoclasts. Osteoblasts respond to changes in the activity of osteo-
clasts, the bone-resorbing cells.50 Osteoblasts are responsible for
secreting bone formation-related proteins, such as alkaline phosphatase
and osteocalcin. Besides this osteoblasts are also capable of synthesising
many other cytokines such as IL-6 and osteoprotegerin. These cytokines
have been demonstrated to have critical roles in the regulation of
osteoclast differentiation and activities.51 Isoflavones may, therefore,
have indirect effects on osteoclasts by mediating cytokine production in
osteoblasts.

Additional components in soy

There are additional components in soy products that may also be
responsible for the prevention of bone loss or stimulating bone
formation. The main ones are calcium and vitamin K2 (menatetrenone).
Vitamin K2 is present in fermented soybeans (also known as tofu) and
is known to both stimulate bone formation and prevent bone loss.52 A
significant correlation has been found between bone mineral density, the
number of years since the onset of menopause and consumption of
fermented soybeans. This suggests that the effects of calcium, vitamin
K2 and isoflavones might be synergistic.53 Fermented soybeans are
consumed in higher quantities in eastern than in western Japan, corre-
lating with epidemiologic data that show a lower incidence of osteo-
porotic bone fractures in eastern rather than in western Japan.53 This
might indicate that consumption of fermented soybeans is required to
achieve the synergistic effects of calcium, vitamin K2 and isoflavone,
rather than consuming isolated isoflavone extracts from soy.

Ipriflavone

Ipriflavone is a synthetic isoflavonoid that has been studied in numerous
clinical trials. It is non-oestrogenic and is mainly used in treating osteo-
porosis. Approximately 10% of ipriflavone is metabolised first to
daidzein, consequently acting as a prodrug, and then to five other
products (Figure 13.1).5

Ipriflavone, 200 mg three times daily, has been shown to produce
statistically significant increases in bone mineral density and markers of
bone metabolism.54 It also causes increased calcium uptake in the duo-
denum, which may explain its activity, but some trials have shown no
benefits from therapy. In one trial 13% of subjects developed subclinical
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lymphocytopenia.55 Although its mechanism of action is still not fully
understood, both in vivo and in vitro studies indicate that the drug
inhibits osteoclast-mediated bone resorption, and stimulates bone
formation in some systems.56

Red clover and other isoflavones

Red clover has lower isoflavone levels than soy but is widely available,
with more than eight preparations are available in Austria. It has been
claimed to have similar benefits to soy in osteoporosis17 and 80 mg
isoflavone/day has been reported to produce a 44% reduction in hot
flushes.17,57 However, one study investigating 82 and 57 mg of
isoflavones per day, found no significant difference between red clover
and placebo on both hot flushes and other menopausal symptoms.58 It
has been claimed that obese women benefit more with this therapy, as
they tend to have higher levels of endogenous oestrogens.58 Reduced
breast cancer, prostate cancer and ovarian cancer risks have been
reported,17 but insignificant effects have been shown on lipoprotein
levels.59

Formononetin and biochanin A are efficiently demethylated to
daidzein and genistein respectively (Figure 13.2).60 This may explain
their similarity in action to the soy isoflavones.

Safety issues concerning isoflavones

The long-term safety of isoflavones, either mixed with soy protein or as
purified supplements, remains to be examined in human subjects. Risks
of long-term effects of therapeutic soy use are largely unknown although
epidemiological data do not seem to indicate that serious problems
exist.3

Human studies with isoflavones suggest that doses ranging from 1
to 16 mg/kg body weight are reasonably safe.16 At the higher doses being
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recommended for prevention of bone loss in postmenopausal women,
little concern has been raised about adverse effects. Genistein at high
doses such as 600 mg per day has been shown in vitro to inhibit cell
growth and induce apoptosis.61 In addition, some reproductive dis-
turbances, such as uterotropic effects, have been reported in animals fed
a diet rich in isoflavones or other phytoestrogens.62

The amounts of isoflavones consumed in standard food products
such as tofu is generally regarded as safe but the higher quantities in
supplements used over long periods is a concern to many researchers.
There has been one report that high level male tofu users have actually
suffered cognitive impairment and brain atrophy in late life.63

Flax lignans

Flaxseed contains a number of lignans that are phytoestrogenic. The
major one is seicoislariciresinol, which occurs as the diglucoside. Both
seicoislariciresinol and matairesinol may be converted to enterodiol and
enterolactone by intestinal microflora. The importance of the metabo-
lites enterolactone and enterodiol has yet to be elucidated.

In one study into menopausal symptoms, supplementation of
women’s diets with 40 g/day of flaxseed was shown to produce a
decrease in the number of hot flushes, and attenuated menopausal
symptoms.64 The effect of flaxseed on bone metabolism has been
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studied, and a number of biochemical markers of osteoclastic activity
measured, such as bone mass change,64 but no effects have been
observed.65 A number of researchers have investigated the effects of flax
on menopausal symptoms. One randomised controlled trial reported
that eating flaxseed for two months had the same effect as using HRT
on mild menopausal symptoms, but was unable to improve the choles-
terol profile in hypercholesterolaemic women.66 A number of trials not
comparing effects to HRT have produced variable results, sometimes
confounded by the concomitant presence of soy isoflavones in the diet.
Some have confirmed the positive benefits of flax on hot flushes and
vaginal dryness, and it is likely that consumption of 40 g/day or more
of flaxseed is required to elicit beneficial effects, whereas 25 g is
insufficient.65

The relationships between bone mineral density and urinary
excretion of lignan metabolites, particularly enterolactone, have been
studied, but conflicting results have been obtained, showing both
beneficial effects and negative effects on bone mineral density.65 Flaxseed
supplementation (25 g) has been shown to modify oestrogen metabolite
excretion in urine by more than 25 g of soy, and this outcome appears
with a concomitant increase in urinary lignan excretion, but no negative
effect on bone cell metabolism was detected.67

In a study of postmenopausal women in the Netherlands, a high
intake of flax phytoestrogens, of the order of 0.5 mg/day, was associated
with a higher probability of intact cognitive function, particularly in
women with longer postmenopausal timespans, from 20 to 30 years. It
was thought that these may act via a number of routes, by increasing
vascular compliance, interference with tyrosine kinase-dependent
mechanisms and induction of synaptogenesis in the hippocampus.68

Flax has been shown to cause a reduction in LDL/HDL-C levels,
but n-3 PUFAs, particularly �-linolenic acid, in flax may be responsible
for this activity.

Resveratrol

Physiological levels of resveratrol are obtained from wine, up to
15 mg/L, and have been shown to have antioxidant, anticancer activity
and to be cardioprotective.13 Dosage forms of 10–200 mg are available,
but no specified dosage has been established.

Resveratrol is oestrogenic, and binds to ER� and ER� with 1:7000
the activity of oestradiol.13 Increases in bone density in ovariectomised
rats69 and postmenopausal women have been reported.70 The effects of
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a resveratrol-containing grape extract have been shown to reduce
LDL-C in pre- and postmenopausal women.71

Other nutraceuticals

There is limited evidence that evening primrose oil, tea and the pine bark
extract Pycnogenol may also exert beneficial effects on menopausal
symptoms. One randomised, double-blind, placebo-controlled study
investigated the effects of a 4 g daily dose of evening primrose oil
(360 mg GLA) on menopausal hot flushing, and concluded that there
was no benefit over placebo.72 The effect of tea drinking on bone mineral
density was surveyed in 1256 women in the UK, and it was found that
drinkers of English tea had higher bone mineral density levels than those
who did not. It was concluded that tea drinking may protect against
osteoporosis in older women.73 The use of Pycnogenol, 30–60 mg daily,
has been claimed to help patients with endometriosis, premenstrual
cramps and abdominal pain after supplementation for 2–4 weeks.74

Although black cohosh has been investigated for its effects on
menopausal symptoms and statistically significant improvement of
symptoms has been reported compared with placebo, it does not act as
a phytoestrogen.75

Conclusions

There is a growing body of literature on the subject of phytoestrogens
that suggests that they may provide substantial health benefits for
treating menopausal symptoms. Phytoestrogens of dietary origin can be
a significant contributor of oestrogens that may have health effects that
are especially relevant to women’s health due to hormone-associated
diseases. The plant isoflavones share structural similarities with
endogenous oestrogens and in vitro studies have shown that the iso-
flavones can bind to oestrogen receptors. Functionally, it appears that
the phytoestrogens may exert both oestrogenic and anti-oestrogenic
effects, depending on circulating levels of endogenous sex hormones.

Although the purity, potency and effectiveness of the soy extracts
are not well established, they are popularly believed to be safe and
effective for the treatment of menopausal symptoms. It is clear, however,
that much research is required to clearly define the pharmacological
effect of dietary isoflavones and that future studies need to be of longer
duration and carried out using standardised quantities and structurally
characterised mixtures of compounds, or with isolated phytoestrogens.
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14
Weight management

Obesity

In the UK, as in many other developed countries, there is an increasing
obesity epidemic. Between 1993 and 2003 the number of clinically obese
individuals almost doubled. Numbers of clinically obese men rose from
13% to 23%, and women from 16% to 23%.1 A further 44% of men
and 33% of women in the UK are classed as clinically overweight.1

Childhood obesity has also become a major issue, prompting the UK
government to aim new policies at curbing the increase of unhealthy
children2 following a recent TV series highlighting the role of
convenience food in the growing childhood obesity epidemic.3

Obesity is not only a major health problem, it also causes concern
for individuals for cosmetic reasons, and the enormous variety of dieting
supplements and popularity of weight loss clubs show how weight loss
has become a multimillion pound industry. In the USA, the number one
health issue (as reported by 40% of the population) is the need to lose
weight for reasons of appearance.4 Two-thirds of Americans (represent-
ing 138 million adults) also report that they have used some method to
maintain or manage their weight during 2004.4

Strategies for weight loss

Low carbohydrate diets are just one example from the long list of diets
on offer for those wanting to lose weight. The popularity of the Atkins
diet, the Glycaemic Index (GI) diet and meal replacement diets such as
Slimfast, are examples of the many routes people are willing to try in
order to achieve weight loss.

Clubs and organisations where group support and encouragement
are available alongside a diet regime are also popular. Weight Watchers,
an international slimming organisation that has 6000 classes weekly in
the UK and claims to have helped around 30 million dieters to lose
weight,5 and Slimming World, which has recently joined forces with
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NHS Primary Care Trusts to aid dieters,6 are examples of such organisa-
tions.

Supplements for weight loss are numerous. People generally prefer
to seek a shortcut to weight loss, so the demand for such supplements,
which often claim to give fast results, is huge. Coupled with the fact that
many of these products can be marketed as food supplements with
relatively little regulatory controls, the market is rapidly expanding.7

The universally acknowledged way to lose weight is a calorie
controlled diet with increased physical activity, as most healthcare
professionals advise.8 Diet alone is useful, but for long-term mainten-
ance of body weight, exercise is critical, helping prevent the cyclical
effect of rapid weight gain after a period of dieting.9 Self-monitoring and
other behavioural interventions can also enhance weight loss.8

Conventional pharmaceutical treatments such as the lipase
inhibitor orlistat are also available for weight loss, but only on prescrip-
tion. Orlistat works by blocking fat absorption but has unpleasant and
common side-effects of faecal incontinence and flatulence.10

Nutraceuticals

Nutraceuticals are a growing sector of the supplements market for
weight loss, and there are a wide variety of products, formulated into
capsules or tablets, or even incorporated into foods or convenience style
foods such as snack bars. Several nutraceuticals currently being
marketed as aids to weight loss have been the subject of scientific and
medical research. The major examples include L-carnitine and acetyl-L-
carnitine, dehydroepiandrosterone (DHEA), green tea and conjugated
linoleic acid (CLA).

L-Carnitine and acetyl-L-carnitine

L-Carnitine is an endogenous product found in the kidneys and liver that
can also be obtained by intake of dairy products and red meat in the
diet. It is a co-factor in the process of fat oxidation for cellular energy
production.11 Fat oxidation in muscle tissue is reduced in obesity due to
a reduction of L-carnitine-mediated enzyme activity.12 It is for this reason
that carnitine is purported to be of benefit in obese people by increasing
fat oxidation,13 and explains why it is often promoted as a ‘fat burner’.
However, it has not been tested for its effectiveness or safety over
prolonged periods of time.

One study found that rats fed L-carnitine supplementation in
combination with an energy-restricted diet had the same weight loss and
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body composition as rats fed an energy-restricted diet alone.14 Results
showed both groups lost considerable amounts of weight and had a
marked reduction in body fat, but there were no significant differences
between the control group and the treated group.

L-Carnitine was shown to drastically reduce body fat in a study of
basketball players, although it did not cause a significant fall in overall
body mass.15 The study was investigating L-carnitine as an ergogenic aid
for reducing body fat in already lean athletes. A cohort of 12 basketball
players were supplemented with L-carnitine for eight weeks and
compared with a control group. In the supplemented group there were
significant improvements in speed, jumping ability and VO2 max
(maximal oxygen uptake), and an average 21% fall in body fat.
However, there was no significant difference in overall reduction of body
mass between the two groups.

A review of common dietary supplements for weight loss
concluded that there was insufficient or conflicting evidence for L-
carnitine, and that despite no evidence of adverse effects, no trials
demonstrated L-carnitine’s effectiveness as a supplement for weight loss.
The review suggested that doctors should caution patients that L-
carnitine has so far not been proven useful for weight loss, but if a
patient wanted to use the supplement, then doctors should monitor them
for any positive or negative effects.16

Acetyl-L-carnitine has similar roles to L-carnitine, and is used by
athletes as a metabolic source of L-carnitine. It is synthesised by mito-
chondria and found in the brain, kidney and liver. Claims have been
made that supplementation with acetyl-L-cartinine can increase energy
and help weight loss.17 Acetyl-L-carnitine is capable of restoring mito-
chondrial energy production, so it is believed to increase general
metabolic activity as well. It is for these reasons that acetyl-L-carnitine
is purported to increase ambulatory activity and increase metabolism,
although animal studies show mixed results, with one study showing an
improvement in metabolic function of rats supplemented with acetyl-L-
carnitine,17 and another study showing that acetyl-L-carnitine prevented
weight loss in rats.18 There is no scientific evidence for weight loss in
humans with acetyl-L-carnitine.

Dehydroepiandrosterone

DHEA is an adrenal hormone found naturally in the body. Blood levels
of DHEA in humans peak at around the age of 20, and decrease rapidly
after 25 years of age. DHEA plays a role in receptor and enzyme adap-
tations that are thought to favour increased fat oxidation and decreased
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fat deposition.19 Administration of DHEA to rats has led to a decrease
in their visceral fat accumulation, and also resulted in a lower increase
of body fat with advancing age.19 For human consumption DHEA is
only available on prescription in the UK, but is widely available for sale
on the Internet. It is marketed as a ‘thermogenic’ compound with the
ability to burn fat and also to help maintain fat loss.18

One study concluded that inefficient energy utilisation and obesity
in rats was corrected with DHEA treatment.20 DHEA was administered
to obese prediabetic OLETF rats for a 17-day period, during which the
rats sustained significant weight loss. This loss was partly attributed to
enhanced utilisation of energy ingested. It was suggested that DHEA
corrected deficient expression levels of uncoupling protein 1 (UCP-1) in
brown adipose tissue in these rats, which contributed to more efficient
energy utilisation and hence weight loss.

A study of the effects of DHEA in humans concluded that
compared with a placebo, DHEA induced significant decreases in
abdominal fat in elderly men and women.19 In a randomised, double-
blind, placebo-controlled six-month trial of men and women over 65
years, a daily dose of 50 mg DHEA reduced visceral and subcutaneous
fat significantly. The volunteers in this study were included if their
weight had been stable for the previous year. During the study volunteers
were asked not to alter their usual diet or activity levels. No significant
adverse effects were reported with the DHEA supplements. It was
suggested that DHEA acts as a peroxisome proliferator-activated
receptor � (PPAR�) agonist, which have been shown to reduce fat stores
in muscle and reduce obesity. DHEA also increased the concentration of
circulating insulin-like growth factor I (IGF-I) within the body, which
has been shown in previous studies to reduce abdominal fat.

More research is needed to assess the side-effect profile of DHEA,
and there are inherent dangers involved in unsupervised use of these
steroids. Long-term studies are also needed with DHEA to assess the
effects of increased IGF-I levels, and the effect of changes in oestradiol
and testosterone levels on the body, as this supplement could be taken
for long periods of time if found to be effective.

Green tea

The claimed benefits of drinking green tea and taking green tea supple-
ments are becoming more widely discussed, with the lay media and
articles on the Internet extolling their claimed health benefits. Green tea
contains catechin polyphenols, which have been shown to inhibit
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catechol-O-methyltransferase (COMT), an enzyme responsible for the
degradation of noradrenaline, which itself has an important role in the
control of thermogenesis and fat metabolism.21

Tea catechins have been shown to cause loss of appetite, which
might involve neuropeptides other than leptins, since (—)-epigallocate-
chin gallate (EGCG) is effective in reducing the body weight of both lean
and obese (leptin receptor-negative) rats. However, the body weight loss
has been found to be reversible, and the animals regain body weight when
EGCG administration is stopped. The in vitro thermogenic effect of green
tea extract on adipose tissue can be mimicked by EGCG, giving credence
to the belief that EGCG is the important component of green tea.22

It has been recommended that the use of green tea for weight loss
should be cautioned and closely monitored in patients that choose to
take it, as product quality and efficacy is uncertain, although adverse
effects are not likely if the equivalent of five cups daily is not exceeded.16

A small study of ten male adults indicated that green tea extract
significantly increased 24-hour energy expenditure, measured by indirect
calorimetry while in a respiratory chamber.21 This was a crossover study
in which the ten volunteers were assigned one of three treatments (a
placebo, green tea extract or the equivalent amount of caffeine to that
in the green tea extract) on three occasions. Treatment with the placebo
or the caffeine did not have any significant effects on energy expendi-
ture. These results rule out the hypothesis that caffeine alone is respon-
sible for the increased energy expenditure. The major limitation of this
study, aside from its small sample size, is that it did not actually measure
body weight as a parameter, as it was only carried out for a period of
24 hours at any one time. However, the authors do suggest that green
tea extract has good potential to influence body weight and body compo-
sition due to its promotion of fat oxidation and thermogenic properties.
An important observation of the study was that there was no increase
in heart rate, as is seen with other substances that increase energy expen-
diture such as ephedrine and other sympathomimetic drugs. This means
that the risk of adverse cardiovascular effects is greatly reduced.

Another study on the effects of green tea for weight maintenance
after weight loss showed that weight maintenance over a 13-week
period, after a 7.5% body weight loss, was not affected by green tea
consumption.23 This randomised, parallel and placebo-controlled trial
included 104 participants and was undertaken over a four-week weight
loss period, followed by a 13-week weight maintenance period.
Overweight and moderately obese men and women volunteers were
recruited. The study attempted to try to find a solution to the common
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problem of cyclical weight loss and regain, and the issue of long-term
weight maintenance that is obviously required if patients are to maintain
the benefits of their initial weight loss. Overall results showed that the
body weight regained (as a percentage of body weight lost) by the green
tea and placebo groups was not significantly different. Hunger and
satiety were also the same in the two groups, and there were no
metabolic differences. The same study23 showed that the high habitual
caffeine consumers had higher weight gain in the 13 weeks than low
habitual caffeine consumers. Habitual caffeine consumption did not
differ between the green tea and the placebo group. This result could
indicate that the green tea supplement was only effective when habitual
caffeine intake was low (or that a much increased dose was needed if
caffeine intake was high). The authors suggested that saturation of the
ability of green tea to further stimulate noradrenaline-related mechan-
isms of weight loss may be important, as caffeine and green tea both
produce some of their effects through this mechanism. This seems to
contradict the previous study21 that claimed it was the catechins exerting
the effect on fat metabolism and thermogenesis, not the caffeine.
However, caffeine may be exerting its effect via a different mechanism.

No side-effects were reported in any of the studies. As green tea is
consumed by a large number of people worldwide with few reported
adverse effects, it would appear to be relatively safe. Green tea could be
incorporated into an everyday Western lifestyle without necessitating the
trouble of buying and taking tablets and capsules. However, some people
may be unable to palate the astringent taste of green tea, in which case
supplements may be preferred.

Conjugated linoleic acid

CLA is a collective term used to describe a mixture of positional and
geometric dienoic linoleic acid isomers with conjugated double bonds.
In dietary supplements, various combinations of the different isomers
are found. CLA isomers can be obtained from normal dietary com-
ponents such as dairy and meat products.

A review of 13 randomised, placebo-controlled trials in humans
concluded that there was little evidence to support the proposition that
CLA reduced body weight or promoted repartitioning of body fat in
humans.24 It only reviewed trials that had lasted for longer than four
weeks, and concluded that the CLA isomer trans-10, cis-12 may produce
liver hypertrophy and insulin resistance. The authors recommended that
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CLA supplementation should be cautioned before studies with further
data to clarify this situation were published.

Studies in rodents have shown that adminstration of CLA can
significantly reduce body fat and lower body weight.24–27 However, in
human studies, results have been mixed. One review article found that
of all the 13 studies reviewed, none showed any evidence for significant
reduction in body weight and only two showed significant fat-lowering
effects.25 It has been noted that the body fat-lowering effect of CLA is
due to the trans-10, cis-12 isomer25,26 (but that over 90% of human
CLA intake from food is from the cis-9, trans-11 isomer25).

A further review concluded that although CLA reduced weight gain
and fat deposition in rodents, the effects in humans are less significant
and often inconsistent.26 The different mechanisms thought to be
responsible for the activity of CLA are increasing energy expenditure,
reduced fat cell size, increasing apoptosis of fat cells, and the inhibition
of lipogenesis in the liver or increasing fat oxidation. Side-effects of CLA
that have been found are the negative effect on insulin sensitivity and
glycaemic control, and the development of fatty liver and spleen.
However, these side-effects have so far only been shown in rodents.27

This indicates that further reliable data are required before a clear
judgement can be made on the use of CLA for weight management in
humans. The safety of CLA was investigated in a trial on rats in which
the equivalent of 30 times the human dose was used, and no adverse
effects were observed.27 Several human trials have been reported in
which no adverse effects occurred when high-quality CLA was taken at
doses of 3–6 g per day.

One year-long study into the effects of CLA on body fat mass
concluded that long-term supplementation of CLA in healthy over-
weight adults significantly reduced body fat mass.28 This randomised,
double-blind, placebo-controlled study, with no diet or lifestyle restric-
tions placed on the volunteers, showed a slight reduction in body mass
index and body weight in the CLA group, whereas there was no change
in the placebo group. Adverse effects were mainly mild or moderate
gastrointestinal symptoms. A high compliance and low dropout rate of
volunteers also showed CLA was well tolerated. A later trial by the same
team assessed the effect of CLA supplementation at 3.4 g/day over 12
months, and found a 6–8% reduction in body fat mass.29

A further review found that there were insufficient data to support
the use of CLA for weight loss in humans, and that overall quality, safety
and efficacy of CLA is uncertain.16 It recommended that doctors should

Nutraceuticals 285

14 Chapter 14  2/3/07  19:12  Page 285



caution patients about the use of CLA, and closely monitor those who
took the supplement, as efficacy and safety have not been proven.

A further recent study concluded that the metabolic effects of CLA
are complex and still not well understood.30 This is partly due to the
lack of knowledge regarding the mechanisms of CLA at a molecular
level, and the lack of controlled studies on the different isomers of CLA.
Another study found that there was no effect on body weight and body
mass index in volunteers taking CLA for a 12-week period, but that
CLA in a dose of 3.4 g per day was safe.31 The most recent trial involving
122 obese subjects and the same daily dose over a period of one year
concluded that CLA did not prevent weight or fat mass regain.32 Further
studies are required in order to make a clear judgement on the efficacy
of CLA as a weight loss aid.

Conclusions

Of all the nutraceuticals reviewed, DHEA seems the most likely
candidate for producing actual weight loss, as opposed to alteration of
body composition. It has shown weight loss effects in both animal and
human studies. In some countries, however, supply is restricted as is the
case in the UK, and consequently it is not legally available for self-
medication. L-Carnitine has demonstrated potential as an ergogenic aid,
but there is little firm evidence to support its use for weight loss. Green
tea has also shown little evidence for ability to cause weight loss,
although studies have shown it can increase energy expenditure, so
further long-term trials are needed to assess whether it can have effects
on body weight over an extended period of time. Green tea also seems
to have a better safety profile than the other nutraceuticals reviewed.
CLA has been shown to have variable ability to reduce body fat in
humans. Although it has shown weight loss effects in rodents, it has not
yet been demonstrated to cause weight loss in humans.

So far, the studies that have been published do not go far enough
in establishing the long-term safety and efficacy of these nutraceuticals.
It is critically important in supplements that are likely to be taken long
term that safety is established. It is also important that the efficacy of
these nutraceuticals is established in large human studies with actual
body weight loss as a parameter, as opposed to energy expenditure or
body fat loss with no overall weight loss.

Despite the promise and lure of nutraceutical supplements and
crash diets, consumers can never expect dramatic weight loss and long-
term maintenance of a lower body weight unless they reduce their calorie
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intake and take some form of exercise. For those individuals with a body
mass index indicative of clinical obesity (30 kg/m2 and above), medical
intervention for weight loss must be considered to reduce the risk of
weight-related health problems such as type 2 diabetes and cardio-
vascular disease.

Even if nutraceutical supplementation is only a psychological prop
or placebo to aid weight loss, alongside diet or lifestyle changes, it may
be helpful because if there is an overall weight loss then that will be
beneficial to the patient’s health. One argument frequently claimed for
the use of supplements is that when patients have tried and failed on
other weight-loss programmes and various diets, their weight may have
become a serious health threat, so that any possible aid to weight loss
becomes worth trying. The risks of any dieting aids must obviously be
balanced against the benefits of weight loss and the reduction of the
health risks of remaining overweight.

With the huge range of products available, pharmacists and nutri-
tionists are at the forefront when it comes to explaining and justifying
the relative merits of the various weight loss supplements available,
alongside offering basic diet and lifestyle advice to customers, and
knowing when to direct them to their GP if medical intervention is
required. Such professional advice is necessary to weigh up and evaluate
the clinical evidence of different products, as opposed to the possibility
of inaccurate and often unreliable information supplied by the media
and on the Internet. However, a lack of quality data obviously impacts
on the ability of the pharmacist to offer good quality advice. Further
trials are needed for these nutraceuticals to establish a greater degree of
knowledge on their potential contribution to weight loss.
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15
Skin health

The skin is the largest organ in the human body, and its primary function
is to act as a barrier to protect the body from damage caused by outside
forces, contaminants, microorganisms and radiation exposure. Ex-
posure of the skin to UV light has the potential to induce the formation
of reactive oxygen species (ROS) and free radicals which can damage
organelles and modify the structures of important molecules such as
proteins, lipids and genetic material. Sunlight, particularly UVB
(wavelength 290–320 nm), is responsible for sunburn, but also causes
cellular damage. UVA light (wavelength 320–400 nm) burns less than
UVB, but is able to penetrate deep into the dermis unlike UVB, which
is capable of penetrating only as far as the boundary between the
epidermis and the dermis. UVA light makes up the majority of sunlight,
and is absorbed by a wide range of molecules, which can become photo-
sensitisers, and can do more damage to the skin due to its greater ability
to penetrate. Environmental pollutants such as ozone and oxides of
nitrogen and sulfur are also able to produce free radicals in the skin,
thereby also risking skin damage.1 Although formed in the outer layers
of the epidermis, these radicals induce damage in deeper layers in a
manner similar to UV light.

A number of nutraceuticals have been claimed to exhibit useful
activities in the area of skin health, including proanthocyanidins and the
pine bark extract Pycnogenol, carotenoids, polyunsaturated fatty acids
(PUFAs), tea, soy, glucosamine and melatonin.

Grape seed proanthocyanidin extract

The protective effect of grape seed proanthocyanidin extract (GSPE)
against UVB-promoted photo-oxidation of PUFAs has been studied in
micelles. As a result it was suggested that GSPE could be used as an
adjuvant in skin protection from sunlight damage.2 One per cent GSPE
formulated into a skin cream and applied 30 minutes prior to UVA/UVB
radiation, has been reported to produce a 9% increase in sun protection
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factor, which was suggested to result from the scavenging of oxygen free
radicals.3 GSPE was found to be effective in reducing the hyperpigmen-
tation of women with chloasma, and was maximally effective after six
months, but no further improvements were reported after this period.4

The proprietary product Pycnogenol has also been researched in this
role: UV radiation-induced erythema in human volunteers was reduced
after oral supplementation with 1.10 mg/kg body weight.5 Further
research on the effects of UV radiation from sunlight exposure in women
found that supplementation with 25 mg Pycnogenol three times daily
for 30 days resulted in approximately 38% decrease in skin area affected
by melasma (cutaneous hyperpigmentation).6

Carotenoids

Lutein has been widely marketed as a filter for high-energy blue light
with particular benefits for human eyes (see Chapter 7), but this
perceived property may also benefit skin, and it is available in a range
of topical and oral formulations. Epidemiological evidence has found a
link between diets rich in lutein and other carotenoids, and reduction of
incidence of melanoma in humans, and animal work has been used to
investigate a number of UV-induced effects.1 It has been claimed that it
can also reduce UVA- and UVB-induced erythema caused by reactive
oxygen species. Supplementation with lutein has been shown to result
in its deposition in the skin, and carotenoid supplementation (containing
mainly carotene plus 0.12 mg lutein) has been shown to result in less
erythema in human subjects in response to UV irradiation. Work with
mice showed that those supplemented with lutein had significantly fewer
tumours of smaller size after irradiation with UVB light.7 Long-term
supplementation with a carotenoid mixture (�-carotene, lutein, lyco-
pene, 8 mg each) over 12 weeks was reported to ameliorate UV-induced
erythema in humans.8

Polyunsaturated fatty acids

The topical use of PUFAs in cosmetics and topical skin formulations is
restricted due to the formation of malodorous secondary oxidation
products. Research into the topical application of fish oil has shown a
statistically significant improvement in erythema and scaling, and
marked improvement in plaque thickness. A fish oil concentrate has been
shown to benefit patients suffering from atopic dermatitis.9 Atopic
eczma has been treated with evening primrose oil, due to the 9% content
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of �-linolenic acid (GLA). Although this had a product licence as a
medicine until November 2002, this has now been withdrawn. Early
meta-analysis of placebo-controlled studies found insignificant effects
compared with controls,10 but a later analysis revealed an improvement
in atopic eczma.11 One further trial evaluated skin parameters in healthy
elderly people after supplementation with 360–720 mg GLA (from
borage oil) daily, over two months. Cutaneous layer function was
improved by 11%, and dry skin reduced by 14–42%.12

Tea

Since tea catechins inhibit UV-induced skin cancers in experimental
animal models, it is thought that they may have application as
treatments for skin ailments.13 A number of formulated skin prepara-
tions, including sunscreens, contain tea extracts as they are believed to
have a soothing effect on the skin as well as acting as antioxidants.14

Black tea polyphenols have been shown to protect against UVB-induced
erythema, an inflammation response in mouse and human skin, and
(—)-epigallocatechin gallate (EGCG) and (—)-epicatechin gallate (ECG)
inhibit 5�-reductase present in skin, which is associated with androgen-
dependent dermatological disorders such as acne.15 Sebum production
from the male human forehead is also inhibited by topical application
of EGCG, suggesting its possible use for acne treatment.13

Reports concerning protection from UV radiation may allow for
improved formulations of sunscreens. Photocarcinogenesis treatment
with EGCG has been investigated in mice. Significant reduction in
tumours has been reported after topical, but not oral application. EGCG
is believed to act through a mechanism other than inhibition of photo-
immunosuppression.16

Soy isoflavones

Many cosmetic products contain hyaluronic acid, a natural glycoamino-
glycan normally present in skin, which is known to hydrate the skin,
allowing it to appear smoother. A number of in vitro studies have shown
that genistein and daidzein can stimulate hyaluronic acid production in
the skin.17 Genistein has been reported to inhibit skin cancer and
cutaneous ageing induced by UV light in mice, and also photodamage
and associated discomfort in humans. It is thought that the mechanism
of action involves protection of oxidative and photodynamically
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damaged DNA, downregulation of UVB-activated signal transduction
cascades, and antioxidant activity.18

Coenzyme Q10

Ageing and photoageing are associated with an increase in cellular
oxidation, possibly caused by declining levels of coenzyme Q10
(Co Q10). Topical application of Co Q10 has been shown to penetrate
into viable layers of the epidermis and to reduce the level of oxidation,
resulting in a reduction in wrinkle depth. It has also been found to be
effective against UVA-mediated oxidative stress in human keratinocytes,
and to prevent oxidative DNA damage.19

Glucosamine

Although the major use of glucosamine in the Western world is in the
area of joint health, numerous patents and publications have appeared
in Japan and Korea on its application for skin problems. Oral
glucosamine has been shown to improve skin dryness and smoothness,20

and a significant reduction in wrinkles and fine lines was reported in one
group of women.21

Another nutraceutical used to treat osteoarthritis, methylsulfonyl-
methane (MSM), is also widely used for improvement of skin, nails and
hair, but there is only anecdotal and no published evidence to substan-
tiate these uses.

Melatonin

Topical application of melatonin either alone or in combination with
vitamins C and E has been shown to reduce UV-induced skin erythema
after topical application 30 minutes before exposure.22

Activity of nutraceuticals on hair growth

Stimulation of hair growth is the ‘holy grail’ for cosmetic scientists, but
as yet there is little clear evidence for the use of nutraceuticals in this
area. Many plant extracts have been investigated for possible use. One
report surveyed 1000 plant extracts in an in vitro test system. GSPE was
the most successful product, causing growth of hair follicle cells in mice
at a level of 230% compared with controls. The most active fraction of
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GSPE was the catechin and epicatechin polymers of 3.5 average poly-
merisation.23

The possibility of soy has been considered, based on the premise
that its antiandrogenic effects may reverse androgen-mediated disorders
such as hair loss. Men with male pattern baldness have been shown to
have higher levels of circulating 5�-dihydrotestosterone (DHT), which
binds to androgen receptors in hair follicles. Hair loss treatments have
been produced to block DHT, but no evidence has yet been published
for the effects of soy on this.24 The possibility of soy having an effect
are based upon its effect in prostate cancer, which is controlled by
androgens, thus fuelling speculation that flax lignans may also have an
effect.

Spermidine has recently been investigated, particularly for telogen
effluvium, a common form of alopecia, which is often caused by
prescription medicines and stress. A clinical trial using 0.5 mg oral
supplementation for two months was shown to reduce the symptoms
compared with controls.25
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16
Oral health

Dental caries is a common chronic disease involving the interation
between teeth, food and bacteria. The major bacteria are believed to be
Streptococcus mutans and S. sobrinus, although several other types are
also involved. Three stages have been outlined in caries: adherence of
bacteria to the teeth, formation of glycocalyx due to synthesis of a sticky
branched glucan by the action of the bacterial enzyme glucosyl trans-
ferase (GTase) on sucrose, and accumulation of plaque, which is a
biofilm. In the dental plaque there is continuing acid production by the
bacteria, which are able to metabolise carbohydrates in acid medium,
and the acid demineralises the enamel of the teeth.1

In a number of countries fluoride is added to drinking water to
reduce the incidence of caries, and to add confusion to the arguments
relating to the dental benefits of tea drinking, tea leaves are rich in
fluoride.

Tea

Epidemiological evidence from tea plantation areas in Japan shows that
schoolchildren from these areas have a lower incidence of caries than
those from other areas.2 The relevance of this finding is debatable.

The major constituents of teas are polyphenolic catechins and
theaflavins, which exist as either monomers or polymers in green and
black teas respectively, and are both well known to be inhibitory and
bactericidal against Streptococcus spp. The minimum inhibitory concen-
tration of tea polyphenols against cariogenic bacteria was reported to
be 0.25–1.0 mg/mL and a green tea extract (20 mg/mL) has been shown
to reduce the number of S. mutans from 107 to 102 after 3 minutes.
(—)-Epigallocatechin gallate (EGCG) and (—)-epicatechin gallate (ECG)
(monomeric catechins present in both green and black tea) were found
to inhibit adherence of streptococci to teeth at 50 �g/mL or less.2 They
bind to bacterial surface proteins of the bacteria, induce aggregation,
and inhibit the enzymic activity of glucosyl transferase. Both teas inhibit
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salivary and streptococcal amylase, overall producing reduction in
plaque.1 Green tea, EGCG and ECG were shown to inhibit the growth
of cariogenic bacteria by inhibiting the adherence and growth of bacteria
on the tooth surface, as well as glucan synthesis by streptococci. In
addition, tea flavour components, indole and delta-cadinene, have been
reported to have a synergistic effect on the inhibition of S. mutans, and
EGCG also inhibits the growth and adherence of Porphyromonas
gingivalis, which is responsible for periodontal disease.3

Extract of oolong tea has been shown to retard growth and reduce
the rate of acid production by S. mutans. Extracts were also found to
decrease cell surface hydophobicity and adherence of S. mutans to
saliva-coated hydroxyapatite.4 Recently, a specific polyphenol from
oolong tea was shown to demonstrate strong anti-GTase activity and
to inhibit experimental caries.4 Results showed that this polyphenol
may inhibit bacterial adherence to dental surfaces by reducing the
hydrophobicity of S. mutans. The total tea extract itself may inhibit the
caries-inducing activity of S. mutans by reducing the rate of acid
production.5

Studies in animals have shown that tea consumption reduces caries,
and it has been associated with lower caries levels in humans. Adults
rinsing their mouth with black tea ten times daily for 7 days were
reported to have a significantly less pronounced pH reduction, lower
plaque index and fewer colonies of S. mutans and total oral streptococci
in plaque, but not saliva.6 Further trials have been carried out in children
and volunteers, using a variety of teas and control treatments. Compari-
sons between the trials are difficult, but generally there appears to be an
increase in caries inhibition.6

Tea extracts have been added to chewing gum and sweets in order
to reduce caries, as well as deodorise the breath,7 and it has been
suggested that both black and green tea leaves can be used as a slow
release source of polyphenols in the mouth for reducing caries.8 Halitosis
is mainly caused by food and bacterial proteins in the mouth, which are
degraded by enzymes to produce volatile odorous sulfides, particularly
methylmercaptan. The deodorising effect of tea catechins, particularly
EGCG, is brought about by a chemical reaction, effectively neutralising
the methylthio group of the methylmercapten.9

Proanthocyanidins such as the tea catechins are present in a
number of other plant sources and have been tested for anti-GTase
activity, but catechin and epicatechin were found to have the highest
activity. Importantly, enzymic metabolites of these two, with lower
molecular weights, showed high GTase inhibitory activity, suggesting
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that the activity of tea may be due to human metabolites, as opposed to
the endogenous plant constituents.10

Pycnogenol

Chewing gum containing 5 mg Pycnogenol produced a 50% reduction
in bleeding in patients with gingival inflammation after use of six
chewing gums/day for 14 days. The trial showed that Pycnogenol was
capable of reducing gingival bleeding and no increase in plaque
formation was evident compared with control patients who did not
brush their teeth.11

Coenzyme Q10

A deficiency in coenzyme Q10 (Co Q10) in gingival biopsy tissue from
patients with advanced periodontal disease suggested possible benefits
from Co Q10 supplementation. A double-blind trial involving 18
patients, eight of whom took 25 mg Co Q10 twice daily, showed
improvement in a number of parameters associated with periodontal
disease, such as calculus and plaque levels.12
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17
Enhancement of sporting performance

Nutraceutical supplementation is thought to enhance athletic perform-
ance, and this is widely perceived to give athletes a competitive edge
without compromising their health. Although scientific evidence of their
effectiveness is variable, the popularity of ergogenic nutraceuticals is
rising. By 1999, expenditure on sports nutritional products was
estimated to be US$927 million per annum in the USA, and 9% of this
figure was accounted for by dietary supplements. The largest companies
involved in this market are now subsidiaries of pharmaceutical
companies.1

Nutraceuticals are believed to increase performance either by
renewing or increasing energy stores in the body or by modifying the
biochemical changes contributing to fatigue. One of the major reasons
for use of nutraceuticals by athletes is to avoid the disadvantages of using
drugs, particularly the anabolic steroids, namely the risk of detection
and suspension and the often serious side-effects associated with their
use. Four of the most popular supplements currently used by athletes to
directly enhance their performance are creatine, carnitine, acetyl-L-
carnitine and octacosanol, and there are many others for which less
positive evidence is available, for example conjugated linoleic acid
(CLA), dehydroepiandrosterone (DHEA), ornithine �-ketoglutarate,
melatonin and antioxidants such as coenzyme Q10 (Co Q10).

Creatine

The use of creatine is widespread among athletes and body builders. It
is currently legal to market it, it does not contravene current doping
regulations and it is readily available over the counter in healthfood
shops.2 The popularity of creatine is such that 86% of high school
athletes in the USA have been reported to purchase supplies.3

Creatine is synthesised endogenously in the kidneys and to a small
extent in the pancreas and liver, and it is distributed throughout the body
via the bloodstream. Exogenous creatine is most probably actively
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absorbed from the gastrointestinal tract. The mechanisms of action of
creatine in human energy production, via phosphocreatine and ATP
regeneration, have been reviewed.4 Creatine facilitates an increase in
anaerobic work capacity and muscle mass when taken in conjunction
with resistance training and improvements in the rate of phospho-
creatine resynthesis are mainly responsible for improvements in acute
work capacity, although the effects on muscle protein synthesis are less
clear.5 The effects of creatine supplementation on performance and
training adaptations have been extensively reviewed.6

Reviewing a trial on sprinting performance after supplementation
with 5 g/day for 5 days, it was concluded that despite elevated free
creatine, total creatine and phosphocreatine levels in the muscle for up
to four weeks after supplementation, this had no effect on intermittent
sprinting performance. Creatine was shown to produce variable results
in repeated 6- to 30-second bouts of maximal stationary cycling sprints,
but data regarding its ergogenic effect on mass-dependent activities such
as running and swimming were unreliable. It was shown that ingestion
of 20 g of creatine over 5 days led to an increase in both total muscle
creatine and phosphocreatine regeneration in five of the eight subjects
during the 2nd minute of recovery from intense muscle contraction.
Short-duration, high-intensity exercise activities showed improvements
with both 21-day low-dose supplementation (7.7 g/day) and high
loading dose (25 g/7 days) followed by 5 g/day.6

In a study on the effect of creatine supplementation (6 g/day) in
endurance sports, it was concluded that creatine improves performance
in endurance athletes but only if they are required to sprint during an
aerobic bout. Studies involving high-intensity exercise are more
promising. In a study of nine subjects carrying out two bouts of 30-
second maximal isokinetic cycling before and after ingestion of 20 g of
creatine monohydrate per day for 5 days, a total increase in work
production (by approximately 4%) and a reduction in ATP loss after
supplementation was recorded.7

Three meta-analyses on the use of creatine in sporting activity have
been carried out. In one investigation in which 16 studies were included
it was concluded that oral creatine supplementation combined with
resistance training increased the maximal weight that young men could
lift. There was insufficient evidence to substantiate claims for other
measures of strength, such as cycle ergometry, sprint peak power, or
isokinetic dynamometer peak torque, or that creatine improved strength
in women or older individuals.8 In the other investigation of 18 studies,
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it was concluded that creatine augmented lean body mass (0.36% per
week), and produced strength gains with resistance training (1.09% per
week). 9 In the last investigation, 100 studies were included, and the
major conclusions reported were: body composition changes were
greater with loading-only regimens as opposed to maintenance regimens,
effect sizes were greater for laboratory-based tasks than for field-based
tasks, and there were no differences in effect sizes between males and
females, or trained and untrained subjects. The overall conclusion was
that effect sizes were greater for lean body mass following short-term
creatine supplementation, repetitive laboratory-based exercises and
upper body exercise, and creatine does not appear to be effective in
improving running and swimming performances. Another important
conclusion was that the efficacy of creatine was not consistent for all
variables and populations studied.10

Over 300 research studies have evaluated the effects of creatine
supplementation on exercise capacity and muscle indicators. Approxi-
mately 70% of the studies report significant results: compared with
placebo results show up to 5–15% improvement in maximal power and
strength, work performed during sets of maximal effort muscle contrac-
tions and during repetitive sprinting, and 1–5% improvement during
single-effort sprinting.6 Results regarding effectiveness also vary
according to athletic ability (amateur or professional), creatine dosage
regimen (loading or non-loading) and type of exercise (high intensity or
endurance). Lastly, one report of the effectiveness of creatine supple-
mentation at 8 g/day for 5 days in reducing mental fatigue caused by
mathematical calculations has appeared.4

Relatively minor side-effects have been reported following creatine
supplementation, such as diarrhoea, cramps and loss of appetite,3 weight
gain, headaches, tendon injury and occasional gastrointestinal distur-
bances,11 but it may also cause electrolyte imbalance, which can lead to
dehydration. A far more serious problem has recently been reported
concerning unregulated creatine supplements which were found to
contain substances banned by the International Olympic Committee,
effectively negating any claim to legality normally associated with
nutraceuticals.12

One of a number of studies to report increased intramuscular phos-
phocreatine levels after supplementation showed that concomitant
intake of caffeine at a level of 0.5 mg/kg completely inhibited the
beneficial effect.13
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Carnitine

Carnitine is used as an ergogenic aid predominantly by body builders
due to the perception that it boosts their stamina and energy, and helps
them to lose weight, as a result of increased fat oxidation.14

Carnitine is synthesised in the kidneys, liver and brain. It can also
be obtained from exogenous sources such as meats and other foods from
animal sources. It is an essential component of cells and carnitine
deficiency, although rare, can require supplementation. L-Carnitine is the
naturally occurring isomer and 98% of the body’s supply is found in
skeletal muscle.14

L-Carnitine has an essential role in the metabolism of fatty acids
to produce energy.4 A deficiency could impair the oxidation of fatty acids
and lead to muscle fatigue, and it is possible that L-carnitine supple-
mentation could improve the oxidation of fatty acids and increase energy
levels. One report concerning 110 top athletes showed that L-carnitine
increased endurance and enhanced performance in strength sports
(rowing, kayaking, weightlifting, etc.). The subjects carried out six trials
using either single-dose supplementation or supplementation over three
weeks. The authors claimed that increased free L-carnitine permitted a
larger quantity of free fatty acids to enter mitochondria and hence be
more extensively used as an energy source.15 Another study looked at
the effects of oral L-carnitine supplementation on physical performance
and metabolism of endurance-trained athletes. Although levels of all L-
carnitine fractions increased, there was no change in plasma concentra-
tions of carbohydrate or fat metabolites. Also, there was no change in
marathon running time. Acute L-carnitine supplementation does not
improve the performance of endurance-trained athletes, nor their
recovery.16 Similarly, a study on L-carnitine supplementation of 2 g/day
for two and four weeks showed negligible enhancement of performance
in untrained men and women when cycling to exhaustion.17

These studies would suggest that neither acute nor chronic supple-
mentation over a period of weeks leads to enhanced performance.
However, in another study of ten moderately trained males cycling to
exhaustion after acute administration of 2 g of L-carnitine 1 hour before
exercise, it was reported that L-carnitine supplementation increased time
to exhaustion, resulting in improved endurance.18 One investigation on
the effects of 200 mg carnitine daily for eight weeks on the performance
of male basketball players reported significant reduction in body fat,
allowing for improvement in maximal oxygen uptake, speed and power.19

Studies with positive results are few. One report showed an increase
in maximal oxygen uptake in national class walkers following L-carnitine

304 Enhancement of sporting performance

17 Chapter 17  2/3/07  19:14  Page 304



supplementation of 4 g/day for two weeks, but only six subjects were
used in the study.20 Improved performance in other sports, such as
football and ice-hockey, have been reported. A review of the literature
available on L-carnitine as an ergogenic aid concluded that available data
did not support the use of L-carnitine administration to improve exercise
performance in healthy persons.21 An increase in plasma carnitine levels
has been recorded after supplementation, but increases in skeletal muscle
carnitine have not been shown to increase. Seven further published
papers on the effects of carnitine on athletic performance have revealed
no positive outcomes.22

Other applications for carnitine supplementation in aerobic sport
include prevention of muscle damage during strenuous exercise, particu-
larly in untrained athletes, and also in enhancement of performance in
athletes suffering from chronic renal failure and peripheral vascular
disease.1,14

Few side-effects have been reported with normal dosing with
carnitine. Those that have been mentioned are mainly gastrointestinal
disturbances.

Acetyl-L-carnitine

Acetyl-L-carnitine is currently marketed as an ergogenic aid in the UK
and the USA. Its ergogenic properties are claimed to include increasing
energy, aiding weight loss, boosting immune function and lowering
cholesterol. Acetyl-L-carnitine is available from dietary sources such as
meat and dairy products but is also found throughout the central
nervous system, where it is involved in synthesis of the neurotransmitter
acetylcholine and in the liver and kidneys.23

As is the case with L-carnitine, acetyl-L-carnitine is involved in
energy production via fatty acid metabolism. Although there is less
evidence that acetyl-L-carnitine is an effective ergogenic aid,23 some
manufacturers of acetyl-L-carnitine claim that it is more effective than
L-carnitine due to its increased bioavailability. This has not yet been
confirmed. Although there is little biochemical evidence to support the
manufacturers’ claims that acetyl-L-carnitine is an ergogenic aid, it is still
widely used by athletes to supplement their diet.

Octacosanol

Octacosanol is not a major endogenous body component and is rarely
found in dietary materials, but it is thought to improve cardiac function,
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stamina, strength and reaction time and is thus used by athletes as an
ergogenic aid. It has also been reported to have cholesterol-lowering
properties when in combination with other fatty alcohols in poli-
cosanol.14

It has been suggested that an action on nerve tissue could be
responsible for the role of octacosanol in the development of muscle and
strength, as an increase in the efficiency of the nervous system would
facilitate speed and strength production as well as activation of more
muscle fibres during contraction.4

One study on the effect of octacosanol (1 mg daily for eight weeks)
on reaction time, chest strength and grip strength, showed an increased
reaction time to visual stimuli and increased grip strength. Chest
strength, endurance, and reaction time to auditory stimulus were
unaffected.24 More investigation into the effects of octacosanol needs to
be carried out before claims of its ergogenicity can be confirmed.
Octacosanol appears to be safe, as no side-effects were reported even
after long-term supplementation at levels of 20 mg/day.4

Conjugated linoleic acid

CLA is often used to aid in weight loss, and therefore it is of no surprise
that some athletes have shown interest in using it as an adjunct to their
normal physical and dietary programmes. Studies involving athletes
have been carried out on resistance-trained males and novice body
builders. Supplementation with 3.6 g/day CLA produced no benefits for
the resistance-trained males in body mass, percentage fat or lean mass,
but there was a small improvement in strength performance in exercise
tests. However, in the body builders supplemented with 7.2 g/day CLA
there was enhanced strength and body mass without increase in body
fat.25 A more recent trial carried out with both male and female
resistance-trained athletes failed to show any benefit with supplementa-
tion (54% CLA, 7 g/day). 26

Other nutraceuticals

Acute administration of 50 mg DHEA and chronic administration of
150 mg/day did not increase serum testosterone levels in young men, but
strength and lean body mass were found to improve significantly with
resistance training, as reported in one study.27

Although ornithine �-ketoglutarate (OKG) is widely promoted as
a supplement for athletes and bodybuilders, there is little scientific and
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medical literature available on its benefits. OKG is a salt formed from
one molecule of �-ketoglutarate and two molecules of ornithine, and is
a precursor of many metabolites involved in cell propagation and tissue
repair.14 It is involved in a number of metabolic pathways, and synthesis
of amino acids in muscle, liver and lung tissue, and is used for treatment
of burns and post-surgery trauma.14 The literature concerning the effects
of ornithine on athletes has been reviewed.28 It appears to have variable
effects on serum growth hormone levels, beneficial effects being
observed at dosage levels of 170 mg/kg, but unacceptable levels of
diarrhoea and stomach cramps, and no effect seen at lower doses. OKG
supplementation did not increase training volume or intensity, or muscle
mass, or levels of growth hormone.

Melatonin has been suggested to be beneficial to athletic perform-
ance. The claimed hypothermic effects in hot environments and athletic
performance variables had not until recently been substantiated by
research data.29 A significant reduction in rectal temperature of 0.25C
has been reported after supplementing athletes with 2.5 mg melatonin
prior to 66 minutes of exercise under moderate heat stress.30 The demon-
strable beneficial effects in sleep adjustment may indirectly help affected
athletes, for example overcoming the effects of jet lag and other sleeping
disorders, but there are no data on the role melatonin plays in exercise
training problems such as amenorrhoea and over-training syndrome.

Co Q10 is an example of a nutraceutical for which there is little
direct evidence in the area of improvement of sporting performance. It
is known to be antioxidant due to its free radical scavenging activity,
and it stimulates oxygen uptake and exercise performance in cardiac
patients. One report on the effects of supplementation with 60 mg twice
daily during intense exercise revealed increased cell damage due to
increased plasma creatine kinase.30

There is no doubt that nutraceutical ergogenic aids are safer than
the more traditional drugs abused in sports, but they may not be as
effective. Of the four major compounds described, creatine appears to
have the most potential in terms of performance enhancement. It is also
freely available for legitimate use by athletes, and this is reflected by
its popularity. Claims of the potential ergogenicity of carnitine and its
acetyl ester, however, seem to be based on their known biochemical
mechanisms and not on clinical research. In contrast, claims about the
ergogenicity of octacosanol are based on relatively few clinical studies
and its mechanism of action has not been identified. Limited evidence
exists for the direct effects of CLA, DHEA, OKG, melatonin and
Co Q10.
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Although most nutraceticals supplemented in sport are used specifi-
cally to improve strength, energy levels and lean body mass, others are
used for protection of the immune system during the trauma of
exercising. For example, coenzyme Q10 and Pycnogenol and the major
joint health products, glucosamine, chondroitin, methylsulfonylmethane
(MSM) and S-adenosyl methionine (SAMe), are widely used either for
recovery from injury or as a preventive measure.

Conclusion

Undoubtedly, properly manufactured nutraceuticals will be safer than
poorly manufactured illegal drugs, but there is as yet no large body of
evidence substantiating their unequivocal benefits. A recent systematic
and critical evaluation of their benefits concluded that the majority of
studies supported the use of carnitine for ‘maintenance of or improve-
ments in physical performance’, creatine for ‘maintenance of or
improvements in muscle mass, strength, protein synthesis or anaerobic
exercise performance’ and CLA for ‘improvements in body fat loss or
leanness’.32
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18
Animal health

Nutraceuticals are a section of the supplements market that is becoming
increasingly popular within the veterinary profession. They have been
described by the North American Veterinary Nutraceutical Council as
a ‘non-drug substance that is produced in a purified or extracted form
and administered orally to provide agents required for normal body
structure and function with the intent of improving the health and well-
being of animals’.1 These products are widely available and can be
purchased in many forms, including capsules, tablets, powders and are
often included in animal feeds. A number of nutraceuticals are currently
being used in the prevention and treatment of common diseases in
animals, including cardiovascular disease, osteoarthritis, periodontal
disease, cognitive dysfunction and cancer, with clinical trials providing
evidence of their efficacy in a variety of animal species.

Cardiovascular disease

Polyunsaturated fatty acids

Although mammals are able to synthesise saturated fatty acids
themselves, they are unable to produce n-6 and n-3 polyunsaturated
fatty acids (PUFAs)2 so need to obtain them from their diet. Both n-6
and n-3 fatty acids are required for cell membrane phospholipids and
to act as substrates for various enzymes, which make them important
for skin and hair texture, joint, cardiovascular, eye and mental health.
The most commonly ingested n-6 PUFA is linoleic acid, which is found
in seeds, nuts and vegetable oils. The n-3 PUFA �-linolenic acid (ALA)
is also readily available in animal meat and vegetable oils. These
essential fatty acids are also precursors for longer chain polyunsatu-
rated fatty acids: linoleic acid is converted to arachidonic acid by the
action of a desaturase enzyme,2 and ALA is converted to eicosapen-
taenoic acid (EPA) and docosahexaenoic acid (DHA) by the same
enzyme.3 As a result, any cardioprotective benefit seen from the
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supplementation of ALA is believed to be due to the formation of EPA
within the body .

Fish oils are known to be rich in both DHA and EPA, with both
DHA and arichidonic acid also found in high concentrations in the many
mammalian organs, including the brain, where it is vital for normal
functioning.4

Arachidonic acid and DHA are synthesised in the liver, where
desaturation of the dietary components takes place. In most mammals
arachidonic acid is produced in sufficient quantities to support normal
functioning of tissues and reproduction. However, in some animals, such
as cats, the production of both arachidonic acid and ALA is insufficient
and they may require supplementation.5 Studies have shown that some
animals are in a state of DHA deficiency, with low levels seen in early
life. Rats show decreased memory skills and learning ability when
deficient in DHA, which can be reversed if the diet is supplemented. This
phenomenon is also apparent in puppies.3 The effects of supplementing
the feline diet with 0.12 g/day of EPA and 0.19 g/day DHA have been
investigated. A shift in the n-6:n-3 ratio of long-chain PUFAs was
observed, which was reflected in total fatty acids and phospholipids.3

This is especially useful for animals such as the cat, where deficiencies
are regularly observed during the neuronal development stages of life.3

DHA and EPA are vital to a number of other physiological processes in
the body, where they are often incorporated into phospholipid
membranes and play a role in signal transduction from cell membranes.

Free DHA can be found throughout the body and has been shown
to bind to cytoplasmic receptors and regulate gene expression. It is
important that sufficient n-3 PUFAs are obtained from the diet. This can
be a problem when animal feeds are low in n-3 fatty acids, and even
when it is present, the animal cannot desaturate ALA efficiently. In
humans it has been demonstrated that ingesting n-3 fatty acids regularly
can decrease very low-density lipoprotein (VLDL), cholesterol and
triglyceride levels in the blood,6 which may also decrease the risk of
cardiovascular disease.4 There is also some evidence to support a drop
in blood pressure in cats when their diet was supplemented with fish
oils.7

Sudden cardiac death and polyunsaturated fatty acids

n-3 PUFAs prevent fatal cardiac ventricular ischaemia-induced arrhyth-
mias in dogs, rats and primates. In one study, the effect of giving dogs
1–5 mL of concentrated, free n-3 fatty acids from fish oils before an
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exercise-ischaemia-stress test was investigated, and any ventricular fibril-
lations recorded.8 An antiarrhythmic property was observed in 77% of
the test animals. In order to identify the component of the fish oil that
was responsible for preventing fatal arrhythmias, further investigations
were performed on DHA, EPA and ALA (found in many vegetable oils).
All components were found to be equally as efficient at preventing fatal
cardiac death in dogs.8 These fatty acids prevent arrhythmias by
partitioning into phospholipids of the membranes of the myocytes in the
heart, and making them resistant to arrhythmias by modifying ion
channels. Supplementation with n-3 PUFAs builds up stored fatty acids
within cells, making them readily available for use when required,
providing protection against exercise-induced ischaemia and sudden
death in rodents, canines and primates.8 As the prevalence of ventricu-
lar fibrillations increases as the animal ages, supplementation may be of
particular benefit to elderly animals.9

Coenzyme Q10

Coenzyme Q10 (Co Q10) has attracted much interest in the veterinary
world. It has been extensively studied for its antioxidant properties, and
its ability to boost the immune response to bacteria and viruses.10 Co
Q10 is a naturally occurring lipid-soluble benzoquinine that can be
synthesised by cells de novo, and is found in both humans and animals
at high concentrations, particularly in the young.11 Its levels decrease
with age and seem to correspond to the decreasing immune response
seen in old age.12 A large number of Co Q-dependent enzymes exist in
the mitochondria of most mammals. These include succinate dehydro-
genase-CoQ reductase, succinic-cytochrome c reductase and NADH-
cytochrome c reductase, which all use Co Q10 in the production of ATP,
which is vital for energy production within eukaryotic cells.13

Protection of ischaemic myocardium with Co Q10

A myocardial infarction occurs when cardiac demand for oxygen
exceeds supply. This is often caused by thrombus formation in one of
the coronary vessels, which stops oxygenated blood reaching the
myocardium in sufficient quantities. As a result there may be myocardial
necrosis and thus irreversible damage to the heart muscle.14 There is
evidence to support the use of Co Q10 in dogs as a supplement to protect
the heart against necrosis caused by a myocardial infarction. A study
carried out in dogs has shown that the protective effect on the
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myocardium of Co Q10 is not caused by a haemodynamic change.15

The dose was given as an intravenous infusion containing 20 mg/kg of
Co Q10 in a polyethylene hydrogenated castor oil, and myocardial tissue
ATP levels were used as a marker for the degree of myocardial ischaemia
observed. The study showed that the preservation of myocardial ATP
was directly linked to maintaining myocardial contraction during
ischaemia. Furthermore, Co Q10 was observed to minimise the distur-
bance in ATP production and mitochondrial deformity occurring as a
result of ischaemia.15 Although the evidence is minimal, Co Q10 would
appear to protect against the high level of necrosis seen in the heart
muscle following a myocardial infarction in dogs. This evidence may
also be applicable to other small vertebrates.

Coenzyme Q10 and the treatment of hypertension

Long-term oral administration of Co Q10 was found to produce an anti-
hypertensive effect in dogs.16 Significantly, it had a pathological effect
on some of the changes observed in animals suffering from hypertension.
A detailed study on the effect of chronic administration in both rats and
dogs was seen to produce a raised blood pressure. Oral doses of 1 or
10 mg/kg for four weeks produced no change in blood pressure after
one week of dosing. The drop in systolic blood pressure was observed
after two weeks of dosing and there appeared to be a significant
decrease. From the evidence it was concluded that the antihypertensive
effect of Co Q10 appeared after repeated dosing and that the effect was
to prevent the onset of hypertension or to reduce advancing hyper-
tension in long-term sufferers. The effect was long lasting and present
in both dogs and rats. The mechanism of action in hypertension is not
fully understood, although it is thought to be as a result of increased
levels of Co Q10 present within the body having an influence on
aldosterone production and secretion.16

Other uses for Co Q10 in veterinary medicine include periodontal
disease, decreased physical performance and immune dysfunction.12 The
use of Co Q10 as a nutraceutical is particularly significant in elderly
animals, where intrinsic levels are decreased. There is also a potential
for greater exercise tolerance in older horses where symptoms of
increased lactic acid production and increased muscle enzymes such as
creatine phosphokinase are reduced after supplementation.

There are a number of other situations where using Co Q10 as a
nutraceutical may be useful, including sprains and strains, wounds, long-
haul shipping, infections and exercise. Co Q10 can be beneficial to any
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animal in all stages of life. General supplementation in horses should be
given at doses of 180–300+ mg/day.10

L-Carnitine

L-Carnitine is found mainly in the heart and the skeletal muscles. A high
proportion of is secreted in the bile and can undergo enterohepatic
recirculation. Acyl-carnitine can help with removal of fatty acids from
the liver and these complexes are then eliminated from the body by
glomerular filtration.11 If the concentration of L-carnitine in the body
decreases, an animal can become deficient and susceptible to raised levels
of triglycerides in the blood, decreased tolerance of exercise and
myocardial disease.12

Carnitine can also be obtained from the diet. Meat and dairy
products provide the best sources, although the concentrations of
carnitine can vary greatly after processing.11 Oral bioavailability can be
influenced by the quantity present and the metabolic status of the animal
ingesting it. This has led to difficulties in determining optimal dosing
requirements, and no cross-species doses have been identified.

Carnitine plays a vital role in the metabolism of fatty acids, acting
as a cofactor for the transport of long-chain fatty acids across the mito-
chondrial membrane. It also has an effect on mitochondrial enzymes and
assists in the transport of shortened long-chain fatty acids from perox-
isomes to mitochondria.11 L-Carnitine is vital to the conversion of fatty
acids into energy via both the citric acid cycle and beta-oxidation.12

The heart obtains much of its energy from the breakdown of fatty
acids. This makes L-carnitine essential as a transporter of long-chain
fatty acids into the myocardial mitochondria in order for enough energy
to be produced. Supplementation of animals with L-carnitine has been
shown to be beneficial in cardiovascular disease.12 A decreased level of
L-carnitine in the myocardium of Labrador dogs suffering from dilated
cardiomyopathy was observed.17 One dog was fed 50 mg/kg three times
a day for two months and showed a substantial clinical improvement.
Confirmatory evidence may be obtained from studies on larger subject
numbers. The study also produced evidence of increased exercise
tolerance and appetite. This may have applications in the treatment of
endocardiosis, ischaemic heart disease and congestive heart failure.
Increased energy production from fatty acids has also been observed in
cats.11 This has led to interest in its potential to help cats recover from
hepatic lipidosis (a condition in which fat is deposited in the liver).
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Joint disease

Glycoaminoglycans

The use of supplements to treat chronic diseases such as osteoarthritis
(OA) can be beneficial in areas frequently not addressed by conventional
therapy such as the slowing of joint degeneration, the improvement of
joint health and the general improvement of an animal’s quality of life.18

Most animals are affected by OA at some point in their lives, with 20%
of canines over one year of age affected.19 This fact highlights the
importance of reducing the symptoms and degeneration of the condition
in the long term.

Initial symptoms of OA in an animal, which may be minimal,
include behavioural changes, stiffness, difficulty getting up and unwill-
ingness to exercise.20 Secondary OA is commonly seen in pets and is
brought on by other joint damage such as anterior cruciate ligament
rupture, osteochondritis dissecans, fragmented coronoid process and hip
displasia.19

The aim of treatment is to improve pain relief and decrease inflam-
mation, improve mobility, and increase cartilage repair. Oral nutra-
ceuticals act as chondroprotectants and have maximal effects when used
in conjunction with exercise and conventional therapies.20

Glycoaminoglycans (GAGs) are essential for the production of
cartilage in the joints of most animals. They are large sugar–protein
complexes, which are negatively charged. As a result they can attract
water molecules, to help improve bone cushioning and act as shock
absorbers.18 Nutraceutical supplementation with GAGs can increase
their availability in the joint where they are required and hence help to
decrease inflammation and pain, and to increase cartilage repair by the
chondrocytes in OA. GAGs may also decrease the activity of proteolytic
enzymes in the joint and delay disease progression.21

Glucosamine

A large number of clinical trials have been carried out on the effects of
glucosamine in humans, and the results may well be applicable to
animals. A number of trials in animals have also shown strong evidence
for the beneficial effects of glucosamine supplementation. A study in
rats to investigate the antiarthritic effects of glucosamine sulfate at a
dose of 50–800 mg/kg showed antireactive activity in subacute and
chronic inflammation and arthritis.22 Similar results were found in
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rabbits dosed with 100 mg glucosamine hydrochloride, producing a
partial disease-modifying effect in OA. However, there was no effect
seen on the erosion of cellular cartilage in any of the animals studied,
and no effects were detected in joint compartments.23

The recommended dose of glucosamine in horses is 9 g daily until
a benefit is seen. This can then be titrated down to 1–2 g daily as a main-
tenance dose. Oral bioavailability has been shown to be between 90 and
98%.10

Glucosamine sulfate is also useful in the treatment of canine hip
displasias, osteochondritis, spondylitis and disc-degeneration con-
ditions. N-Acetylglucosamine has been shown to possess qualities that
suggest it could be useful in other inflammatory diseases such as Crohn’s
disease and colitis.12 This promising new area of development comes
from the ability of N-acetylglucosamine to increase synthesis of glyco-
proteins that are essential in the mucous membranes of the gastro-
intestinal, respiratory and genitourinary tracts. These membranes
protect the tracts from damage by bacteria and digestive enzymes and
it is important that they are maintained efficiently. Previous work on
cells from human subjects with inflammatory bowel disease (IBD)
reported an increase in the synthesis of glycoproteins when 1–2 nmol of
N-acetylglucosamine, but not 14C-glucosamine, was incubated with
mucosal cells. This would suggest that the N-acetylation step necessary
to produce N-acetylglucosamine is lacking in patients affected by IBD.
As a result it was concluded that animals affected with IBD would also
benefit from supplementation with N-acetylglucosamine.12 It may also
help to prevent ‘leaky-gut’ syndrome, which can lead to allergies,
malabsorption and infection.12

Chondroitin sulfate

Chondroitin sulfate occurs naturally in the extracellular matrix of
animal connective tissue/articular cartilage.20 It is a large molecular
weight GAG with a similar action to that of glucosamine. Chondroitin
is useful in the treatment of arthritis, tendon and ligament problems,
and many disorders associated with old age.10 It is of particular benefit
in horses and larger dogs, where joint degeneration is most marked. It
has been found that chondroitin decreases interleukin 1 production,
blocks complement activation, inhibits histamine-mediated inflamma-
tion, inhibits metalloproteinases and stimulates glycosaminoglycan and
collagen synthesis.24
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Supplementation with chondroitin allows the body to synthesise
GAGs, which are used in the building of new cartilage.25 After joint
damage has occurred, chondrocytes use this material to synthesise new
cartilage. A vast reservoir of chondroitin is therefore needed in order for
complete repair to occur. The body may not naturally contain adequate
levels of the necessary material and, as a result, supplementation is often
required.

Chondroitin also neutralises destructive enzymes present in joints.
It binds the enzyme and thus inactivates it.25 After joint injury occurs,
the level of these enzymes increases and a higher rate of cartilage
breakdown occurs. Neutralising these proteins can therefore decrease,
or even halt, joint damage when it is most likely to occur. The presence
of chondroitin in the body also stimulates production of hyaluronic acid,
which increases the viscosity of the synovial fluid, providing extra joint
protection.10

A placebo-controlled double-blind study on the effect of chon-
droitin sulfate supplementation in dogs (as perceived by their owners)
has been carried out. A dose of 22 mg/kg body weight per day of
chondroitin sulfate was administered to dogs for 12 weeks. The results
showed a slight improvement in the perceived pain and lameness
observed in the animals.26

Studies to investigate the bioavailability and pharmacokinetics of
chondroitin sulfate have been reported. A number of doses have been
tested in horses and it was found that the oral bioavailability is 32% for
a low molecular weight chondroitin sulfate (LMWCS).27 The same
experiment was performed in dogs with a dose of 400–1600 mg
LMWCS. Accumulation of the drug was observed and this was hypoth-
esised to account for the continued anti-inflammatory effect seen in
animals after dosing has ceased.10

The recommended dose of chondroitin sulfate in horses is 7.5 g/day
until symptoms start to improve.12 The dose can then be slowly reduced
to 3.5 g/day.

Fish oils

The large number of contraindications for veterinary medicines
routinely used to treat OA means that owners are shifting their search
for new treatments to alternative therapies such as fish oils. Many
investigations have been performed on the use of fish oils to treat OA
in humans, but little is known about their effect in animals.
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Methylsulfonylmethane

Methylsulfonylmethane (MSM) is a sulfur-containing compound and so
is essential for normal functioning of animal cells. In horses, high levels
of sulfur are found in the joints, skin and hooves and they require large
amounts of sulfur in their diet, which they may not obtain from
processed food.25 It has been suggested that MSM may have the
potential to decrease inflammation and pain, and to act as an anti-
oxidant, making it useful in the treatment of arthritis.25 The rationale
behind its use in disease is that it can replenish sulfur stores within
arthritic joints, allowing collagen molecules to form cross-links and
increase the strength and stability of tendons, ligaments and joint tissues.
Some evidence also suggests an increase in glucosamine efficacy when
co-administered with MSM.10 Very few clinical trials have been
completed on this nutraceutical and the recommendation for its use
comes primarily from a manufacturer. MSM is sold as a supplement for
humans and is readily available. It is also formulated into tablets and
capsules for horses and small animals.20 The dose recommended in
horses is said to be 10 g/day, which can be added to the animal’s feed.
The toxic dose in rats has also been determined as 20 g/kg, equivalent
to 10 kg for a 500 kg horse.10

Cetyl myristoleate

One cohort investigation has been carried out by a manufacturer of cetyl
myristoleate into the effect of supplementing a dog’s regular diet with
chews containing a mixture of acetylated fatty acids, at a dose of two
chews per day. A benefit was observed in the treatment of musculo-
skeletal conditions. Although no clinical changes were observed, the pet
owners reported increased mobility and less stiffness in their animals.28

Very high doses of cetyl myristoleate have been shown to have
antiarthritic properties in the rat.29 It is commonly available as a
nutraceutical supplement for the management of pain and inflammation
in animals.

A study using pure cetyl myristoleate in mice found evidence that
doses of 450 and 900 mg/kg when injected intraperitoneally decreased
the incidence and severity of arthritis. Oral dosage of 20 mg/kg was also
tested, and modest but statistically significant reductions in clinical
symptoms of arthritis were seen.29 The mechanism of action of this fatty
acid ester may be through hydrolysis to form the 14-carbon fatty acid
myristoleic acid. This fatty acid may work in a similar manner to n-6
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and n-3 fatty acids, which are already known to be effective against
arthritis. Further investigation is required on this product in order to
discover the minimum effective dose and investigate its pharmaco-
kinetics.

Periodontal disease

According to the American Veterinary Dental Society, 80% of dogs and
70% of cats above the age of three are affected by oral disease. Other
animals, including ferrets, rabbits, other small pets and frequently older
horses, can also be affected.10 Periodontal disease is caused by a build-
up of bacteria and food around the gum line in the mouth, which causes
plaque and can lead to inflammation if not removed. Tartar forms if the
plaque combines with saliva and this adheres strongly to the tooth,
making it harder to remove. Gingivitis can occur if tartar starts to irritate
the gums surrounding the tooth and the gum may become separated
from the tooth, causing ‘pockets’ to form and encouraging the growth
of harmful bacteria. This irreversible damage is called periodontal
disease, which can cause an animal to lose teeth and may lead to frequent
infections and pain. Periodontal disease commonly affects cats and dogs
although the wide range in risk factors means that they are not all
affected. Age, diet, environment and breed all play key roles in the
development of the disease. The common signs and symptoms include
persistent bad breath, bleeding and inflamed gums, loose or missing
teeth, drooling and difficulty chewing.20

Coenzyme Q10

Supplementation with Co Q10 has been shown to suppress advanced
gingival disease in cats and dogs and is therefore beneficial in these
animals. It is vital to the production of energy by most cells in the
mammalian body and is essential to the bioenergetics of the gingiva.
Both gingival and leukocytic deficiencies in Co Q10 occur in humans,13

which implies that a diet deficient in Co Q10 could lead to the develop-
ment of gingival disease, and therefore that supplementation may restore
the balance and decrease inflammation.

Co Q10 has been shown to decrease the gingival inflammation and
‘pocket’ depth in dogs with periodontal disease when administered
orally to dogs for four weeks. This investigation used a dose of
1.5 mg/kg daily and confirms that Co Q10 can decrease inflammation
in advanced periodontal disease.13 It should be noted, however, that
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there does not appear to be any benefit when Co Q10 is administered
to dogs with healthy gingiva.

Cognitive dysfunction

Many studies have been performed on canine species to investigate the
effects of certain nutraceuticals on cognitive decline associated with
ageing. Older dogs commonly experience behavioural and cognitive
defects, and early prevention with dietary interventions may reduce the
occurrence. Signs of this advancing cognitive decline, associated with
cognitive dysfunction syndrome (CDS), include decreased social inter-
action, sleep disturbances, disorientation, loss of prior housetraining and
reduced activity.30 CDS is a degenerative disease and ageing may increase
the number of symptoms evident to the owner.

The biology of cognitive dysfunction is analogous to the decline
seen in humans. Cortical atrophy, ventricular widening and protein
deposition occur in both the human and canine brain.30 These effects
can be toxic to neurons and result in cognitive decline. The generation
of free radicals in the body becomes a particular problem in the ageing
nervous system as there is a large decrease in oxidative defences and high
oxidative metabolism as the brain becomes older.31 Radicals are
produced by the body in processes such as energy production, especially
in the mitochondria, and the immune response, and their concentrations
increase in older canines. As a result, neurons can become irreversibly
damaged when radicals try to regain neutral charge and stabilise. They
attack proteins, lipids and nucleotides, which leads to irreversible
damage to neurons. In young animals there are a number of systems in
place to protect cells from free radical damage (e.g. superoxide dimutase,
which converts superoxide ions to hydrogen peroxide and hence
detoxifies it). However, as the animal ages it has been shown that these
systems can fail, allowing free radical damage to prevail and oxidative
damage to accumulate.30 Antioxidants can be supplemented into an
animal’s diet to ‘mop up’ these excess charges and protect cells.30

Supplements containing L-carnitine and lipoic acid (mitochondrial
cofactors) can improve mitrochondrial function and decrease the
production of free radicals during respiration. This will prevent damage
to the RNA in brain cells and may decrease cognitive decline.30 In a study
using aged rats it was found that a combination of both L-carnitine and
lipoic acid was the most beneficial in reducing the extent of RNA oxidi-
sation.30 An improvement in cognitive functioning was seen when aged
dogs were fed lipoic acid, L-carnitine, DHA and EPA along with their
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regular diet. The effect on sleep and housetraining was rapid, and it was
concluded that supplementation could offer an improvement or simply
decrease the rate of age-related cognitive decline in many species.30

Antioxidants and mitochondrial cofactors have been shown to
work in synergy to produce a slight improvement in cognitive func-
tioning or a delay in the progression of age-related cognitive decline.32

The effect was observed when using a pre-prepared diet containing L-
carnitine, �-lipoic acid and vitamin C, fed to Beagle dogs over a period
of six months. (R)-�-Lipoic acid is found naturally in mitochondria
throughout the mammalian body and acts as a coenzyme for pyruvate
dehydrogenase and �-ketoglutarate dehydrogenase, which is a mito-
chondrial cofactor. It is also reduced by lipoamide dehydrogenase to
form dihydrolipoic acid (DHLA), which is a potent antioxidant. Lipoic
acid therefore combines both antioxidant properties and acts as a mito-
chondrial cofactor. It can improve energy metabolism and reduce
oxidative damage. Mitochondrial function and metabolic rate were
studied in aged rats and it was concluded that the reduction in oxidative
stress might be due to a direct increase in the concentration of unbound
DHLA within the rat.33 Therefore supplementing the diet with vitamin
C and E along with L-carnitine or D,L-alpha-lipoic acid may be beneficial
as an animal ages.

Cancer

The diagnosis of cancer in a pet can be distressing to the owner, but it
may be appropriate to educate people about the use of alternative
therapies with functional foods that can decrease the disease progression
and maybe even reverse the process of tumour growth. Research has
been completed on dogs with cancer in order to develop the optimal
nutritional diet for their treatment. These findings may also be relevant
for cats.34 Major nutritional components have been identified as helpful
in this context, including fibre, insoluble carbohydrates, arginine, fat and
n-3 fatty acids.2 Tea polyphenols may also be useful and green tea
extracts are present in a number of commercially prepared pet foods.
Although their use has not been verified in clinical trials in animals, there
is a body of clinical evidence in humans.30

Fats and polyunsaturated fatty acids

Although lipids are oxidised by normal cells in the body to produce
energy, some tumour cells find it hard to utilise this process. This has
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led to the proposal that a diet relatively high in fats may provide a benefit
to cancer sufferers when compared with a high carbohydrate diet.34 As
most pet foods contain a large percentage of carbohydrate (25–60%)
and a low percentage of fat (7–25%), they are not very suitable for
animals suffering from cancer.

Fish oils containing the n-3 fatty acids DHA and EPA are important
dietary supplements for animals with cancer. Evidence for their use in
animals comes from in vitro cell culture, rodent, human and canine
studies. Supplementation with EPA helps to reverse some of the catabolic
changes associated with cancer. It limits muscle protein degradation34

and tumour-induced lipolysis in rodents.1 This can significantly reverse
cachexia (wasting away of lean mass), which is often characteristic of
advanced disease, especially pancreatic cancer. Catabolic changes have
also been linked to decreased response to therapy and increased
mortality, so it is essential to reverse these changes in order to give an
animal the best chance of recovery. Other studies on the use of DHA/EPA
in cancer therapy have been shown to have an effect on tumour growth,
metastasis and tumorigenesis in animals.34

The mechanism of action by which n-3 fatty acids are effective in
cancer treatment is complex. A number of possible mechanisms have
been proposed, but it is likely that the efficacy does not come from a
single action on tumour cells, but from a combination of many
processes. One known mechanism is the ability of n-3 fatty acids to stop
angiogenesis in solid tumour. They produce this effect mainly by altering
prostaglandin production and inhibiting protein kinase C, processes
which have been observed in the mouse during trials.2

A number of studies have been completed on the use of a low-
carbohydrate, medium fat and high n-3 fatty acid-supplemented diet in
canines. In all cases, elevated levels of DHA and EPA were observed in
plasma samples taken from the animals within one week, and levels
continued to be raised for several weeks after stopping the supple-
ments.35 Cats have shown increased bleeding times and decreased
platelet aggregation when fed a diet high in n-3 fatty acids.36 Their
dietary intake should therefore be reduced.

Conclusions

Nutraceuticals may provide a number of new leads on possible new drug
therapies for future use in veterinary medicine.

The use of nutraceuticals in animals is still in its infancy, with very
few clinical trials showing conclusive evidence for their efficacy.
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However, an increasing range of nutraceutical formulations, often
combination products, are now available for domestic pets, particularly
dogs and cats, with applications promoted for joint health, coat and skin
wellbeing, and even obesity.

Before using any of the products outlined in this paper, a veterin-
arian should be consulted so that the animal can be assessed and the
evidence for use of available nutraceuticals evaluated.
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19
Meta-analyses and systematic reviews
of nutraceutical clinical trials

Researchers are increasingly carrying out meta-analyses of published
clinical trials of nutraceuticals in order to generate data involving larger
patient numbers, and over 70 have been published to date. Such analyses
have been carried out on many of the major nutraceuticals, and
sometimes for more than one application. Table 19.1 outlines the results
found to date. The numbers of analyses of nutraceuticals for particular
applications are summarised in Table 19.2.

The results from meta-analyses appear to show possible improve-
ment in symptoms by glucosamine, chondroitin and S-adenosyl
methionine (SAMe) treatment of arthritis, coenzyme Q10 treatment of
congestive heart failure, acetyl-L-carnitine in cognitive impairment,
SAMe as an antidepressant, melatonin for jet lag, evening primrose oil
for atopic eczema, fish oil (docosahexaenoic acid) for reduction in blood
pressure, creatine in lean mass interventions, and soy products for
reduced low-density lipoprotein–cholesterol (LDL-C), but contradictory
evidence for melatonin in sleep improvement, and soy and phytoestro-
gens in treatment of menopausal symptoms. However, the Cochrane
Library of systematic reviews of research on effectiveness of a number
of nutraceuticals are less optimistic. This is due to the quality of data
analysed by the Cochrane Library, which only takes into account
randomised, blinded trials, noting dropouts, and the use of intention-
to-treat trials. Bias is also removed by their sponsoring neither the trials
nor the meta-analyses of specific manufacturers’ products.

Although meta-analyses have been carried out on the use of
dehydroepiandrosterone (DHEA) and green tea, no positive associations
between these nutraceutical supplementations and disease states has
been shown. There is also a noticeable absence of meta-analyses on
carnitine, conjugated linoleic acid (CLA), flaxseed and its lignans,
Pycnogenol, resveratrol, grape seed proanthocyanidin extract (GSPE)
and lipoic acid. To date, there are limited data of any type on methyl-
sulfonylmethane (MSM).
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Table 19.1 Published outcomes from a number of meta-analyses of nutraceuticals

Nutraceutical Outcome

Glucosamine1 Moderate to large effects on osteoarthritis
Glucosamine2 Significant efficacy in knee osteoarthritis
Glucosamine3 Moderate help in arthritis joint pain
Glucosamine4 Safe and effective, further research for treatment of

osteoarthritis requireda

Glucosamine5 May be effective in delaying progression and
improving symptoms of knee osteoarthritis

Chondroitin1 Moderate to large effects on osteoarthritis
Chondroitin6 May be useful in osteoarthritis
Chondroitin2 Effective in knee osteoarthritis
Glucosamine/chondroitin7 Significant improvement of symptoms in patients

with moderate to severe pain
Coenzyme Q108 Useful adjunctive treatment for congestive heart

failure
Coenzyme Q109 Significant improvement in cardiac parameters in

congestive heart failure
Coenzyme Q1010 Variable benefit in physical exercise, reduction in

hypertension, insufficient patient numbers for
conclusions in heart failure

Coenzyme Q1011 Inconclusive results on efficacy of coenzyme Q10 for
improved tolerability of cancer treatments

Acetyl-L-carnitine12 Significant advantage over placebo in cognitive
impairment and Alzheimer’s disease

Acetyl-L-carnitine13 Further research required for use in dementiaa

Lipoic acid14 Improves diabetic polyneuropathy
Lipoic acid15 No evidence for improvement in dementia until

randomised controlled trials availablea

S-Adenosyl methionine16 Symptomatic improvement in intrahepatic
cholestasis

S-Adenosyl methionine17 Significant advantage compared with placebo in
depression

S-Adenosyl methionine18 Significant improvement in depression, pain in
osteoarthritis and pruritus, compared with placebo,
but not conventional treatment.

S-Adenosyl methionine19 As effective as NSAIDs in reducing pain and
improving functional limitations on osteoarthritis

S-Adenosyl methionine20 Role in the treatment of major depression in adults
Melatonin21 0.5–6 mg melatonin improves initial sleep quality in

selected elderly insomniacs
Melatonin22 Insufficient data for resetting of circadian acrophase
Melatonin23 8 out of 10 trials show reduction in jet lag

symptomsa

continued
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Table 19.1 Continued

Nutraceutical Outcome

Melatonin24 Marked efficacy in animal models of focal cerebral
ischaemia

Melatonin25 Little evidence to suggest that melatonin is effective
in primary insomnia

Melatonin26 Reduction in sleep onset latency, increased sleep
efficiency, and increased total sleep duration

Melatonin27 Reduction in risk of death at one year, irrespective of
cancer type

Melatonin28 Some evidence for efficacy in treating delayed sleep
phase syndrome

Melatonin29 No evidence for efficacy in treating sleep disorders
Lycopene/tomato products30 May prevent prostate cancer
�-Cryptoxanthin31 May modestly reduce risk of lung cancer in smokers
�-Linolenic acid32 Reduced risk of congestive heart failure, but

increased risk of prostate cancer
�-Linolenic acid33 Most cardiovascular risk markers unaffected
�-Linolenic acid34 Potential anti-inflammatory benefits
�-Linolenic acid35 Potential benefits in rheumatoid arthritisa

Evening primrose oil36 Marked improvement in symptoms of atopic eczma,
changes correlated to plasma levels of dihomo
gamma-linolenic and arachidonic acids

Evening primrose oil37 Marked improvement in symptoms of atopic eczma
Evening primrose oil38 Little benefit for premenstrual syndrome
Docosahexaenoic acid39 Higher performance in visual resolution acuity tasks

at two, and possibly four months of age
Eicosapentaenoic Further research needed before use in schizophreniaa

acid/docosahexaenoic acid
(EPA/DHA)40

Fish oil41 Restenosis after coronary angioplasty is reduced by
fish oil supplementation, in a dose-dependent
manner

Fish oil42 Fish oil causes a dose-dependent reduction in blood
pressure

Fish oil43 3 g/day reduces blood pressure in untreated
hypertension

Fish oil44 Number of tender joints and duration of morning
stiffness at three months, reduced

Fish oil45 Reduction in overall mortality, mortality due to
myocardial infarction, and sudden death in coronary
heart disease patients

Fish oil46 Ratio of total cholesterol to HDL-C decreased

continued
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Table 19.1 Continued

Nutraceutical Outcome

Fish oil47 Daily intake over 37 months decreased all causes of
mortality by 16% and incidence of death due to MI
by 24%. However, suboptimal quality of studies in
meta-analysis do not justify use!

Fish oil48 Reduction in heart rate
Fish oil49 Fish oil (eicosapentaenoic acid/docosahexaenoic

acid) has demonstrated a significant reduction in
total mortality, coronary heart disease death, and
sudden death

n-3 Fatty acids50 No significant association between n-3 fatty acids
and cancer

n-3 Fatty acids51 Possible association between n-3 fatty acids and
reduced risk of dementia

n-3 Fatty acids52 No clear effect on total mortality, combined
cardiovascular events, or cancer

Dehydroepiandrosterone53 No lean mass or strength gains
Dehydroepiandrosterone54 No support for increased cognitive functiona

Tea55 Increased risk of cornoary heart disease in UK, and
stroke in Australia. Reduction in continental Europe

Green tea56 No evidence it helps prevent stomach/intestinal
cancer

Green tea57 Non-significant effect on breast cancer development
Creatine58 Combined with resistance training, increased

maximal weight lifted in young men, not older
individuals/women

Creatine53 Increased lean mass, minimal increase in strength
Creatine59 Increased lean body mass, lab-based exercise and

upper body exercise
Soy isoflavones60 Reduced plasma cholesterol levels
Soy isoflavones61 Consumption not related to changes in LDL-C or

HDL–C
Phytoestrogens62 Shows promise of treatment of menopausal

symptoms
Phytoestrogens63 High concentrations associated with reduction in

breast cancer
Phytoestrogens64 Hot flush frequency decreased by 5%
Phytoestrogens65 Some evidence for efficacy in menopausal symptoms
Phytoestrogens66 No improvement in hot flushes or other menopausal

symptoms
Soy protein/isoflavones67 Reduced total and LDL-C may be due to other

factors
Soy protein/isoflavones68 Use of products containing up to 150 mg

isoflavones/day show no benefits on serum lipids

continued
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In many meta-analyses the conclusion is that ‘Further investi-
gations in larger cohorts for longer time periods are needed to prove
usefulness’.6 Sometimes meta-analyses include confirmation of a good
safety profile, such as that reported for glucosamine and chondroitin,
although limited data may be available on ‘structural efficacy for an
accurate disease-modifying characterisation’.2

In a number of instances there are still questions to be resolved
relating to the mechanism of action, bioavailability and absorption of
nutraceuticals, for instance in the case of SAMe.20 Other studies have
reported dose-dependent effects, for example with soy supplementation,
in which beneficial effects in total cholesterol, LDL-C and HDL-C were
noted.70 In some instances the causes and effects are not clearly
understood, as, for example, in the case of �-linolenic acid (ALA) and
coronary heart disease,32 and sometimes incomplete treatment has been
reported, such as functional limitations to the disease state without any
pain relief, as noted with the use of SAMe in osteoarthritis.19

A recent large-scale analysis of data using nearly 37 000 pooled
participants in a survey of the data on n-3 fatty acid use in cardio-
vascular disease and cancer has provided no positive evidence to
substantiate its use.52 Similar lack of evidence for the use of melatonin
in a number of sleep disorders has also recently been published. Inter-
estingly, this latter analysis was also the subject of a forceful accompany-
ing editorial extolling the virtues of melatonin in jet lag, and also
questioning the methods used in the analysis.77
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Table 19.1 Continued

Nutraceutical Outcome

Soy protein/isoflavones69 Significant decrease in LDL-C
Soy protein/isoflavones70 Significant reduction in total cholesterol, LDL-C and

increased HDL-C
Soy isoflavones71 Contradictory results for hot flushes
Soy protein72 Significant reduction in total and LDL-C
Soy food73 Reduced risk of prostate cancer in men
Soy food74 Intake may be associated with a small reduction in

breast cancer risk
Stanols/sterols75 Lowered LDL-C
Policosanol76 Reduction of LDL-C, more effective than plant

sterols and stanols

aCochrane review.
NSAIDs, non-steroidal anti-inflammatory drugs; LDL-C, low-density lipoprotein–cholesterol;
HDL-C, high-density lipoprotein–cholesterol; MI, myocardial infarction.
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Many meta-analyses and critical reviews of published clinical trials
of a number of nutraceuticals have now been published, and more
original data and reviews are still being published. In general, data from
meta-analyses is more meaningful, but the overall conclusions often do
not provide clear corroboration of particular trials claiming beneficial
effects.
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20
Synergism, beneficial interactions and
combination products

As more and more combination products becoming available, some
involving more than one nutraceutical, some including other entities
with claimed biological activity, the identification and study of syner-
gistic and additive effects becomes more important. Synergy is the inter-
action between two or more constituents, resulting in potentiation of
the therapeutic effects and a quantitative increase in the particular effect,
above and beyond that expected simply by adding the effects seen by
the individual constituents. Synergistic interactions may result from
events taking place at many possible loci: absorption, distribution,
metabolism, site of action or excretion. Any or all of these can vary with
route of administration, age, gender, health, nutritional status etc.
Additive effects, on the other hand, require independent mechanisms
and that any rate- or effect-limiting steps in the process are not saturated
by any of the individual components acting alone.1

Synergism has been reported to occur between conventional
medicines, herbal medicines and biologically active food constituents.
The major benefits of synergistic reactions between two or more active
constituents include reduced dosing levels required to obtain the same
response, concomitant reduction of adverse effects, and avoidance of use
of potentially toxic medicines. Consumption of plant foods such as fruit
and vegetables, as well as grains, has been strongly associated with
reduced risk of many disease states, including cardiovascular disease,
cancer, diabetes, Alzheimer’s disease and age-related disorders. Plant
foods contain a wide range of pharmacologically and physiologically
active constituents, including antioxidants. It is now thought that a
number of these constituents may act synergistically, and increasingly
those examples are being used as nutraceutical supplementation to our
diets.

Data are emerging concerning a number of both additive and
synergistic interactions between nutraceuticals and other biologically
active constituents. A number of patents have been filed concerning these
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synergistic interactions with nutraceuticals. Some examples are listed in
Table 20.1.

The synergistic effects claimed in patents are usually not corrobo-
rated by parallel publications in the medical/scientific literature concern-
ing their in vitro activity, whole animal in vivo results, or randomised
clinical trials in either patients or human volunteers. An increasing
number of research papers are now being published in the area of syner-
gistic and beneficial interactions of the nutraceuticals.

Glycoaminoglycan supplementation in arthritis,
liver injury and pain

The glycoaminoglycans (GAGs) are arguably the most widely used
nutraceuticals, mainly being taken for symptom reduction and
correction of the underlying pathophysiology in osteoarthritis and
rheumatic arthritis. In a review of the use of GAGs for preservation of
cartilage in arthritic pain, it was argued that supplementation with
GAGs, particularly glucosamine, caused an increase in synovial
hyaluronic acid synthesis, whilst certain sulfated GAGs such as
chondroitin actually stimulated synovial hyaluronic acid synthesis,
apparently due to a hormone-like effect triggered by its binding to
membrane proteins of synovial cells.8 One synergistic effect has been
reported from an in vitro study on the incorporation of 35S into GAGs,
in which a combination of glucosamine and chondroitin demonstrated
an effect of the order of 50% greater than the combined effects of the
individual entities.9 The feeding of a glucosamine/chondroitin dietary
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Table 20.1 Examples of claimed synergistic effects between nutraceuticals and
medicines, other nutraceuticals and biologically active natural products in filed
patents

Medical application Nutraceutical Nutraceutical/medicine

Analgesic2 Glucosamine NSAID/opioid
Articular cartilage repair3 Chondroitin/MSM Four glucosamine derivatives
Anti-inflammatory4 Glucosamine Green-lipped mussel extract
Growth hormone release5 Acetyl-L-carnitine L-Ornithine
Antioxidant effect6 Astaxanthin Mixed tocotrienols

Carotenoid Tocotrienol
Melatonin Astaxanthin

Treatment of vascular disease7 Propionyl carnitine Chitosan plus derivatives

NSAID, non-steroidal anti-inflammatory drug.
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bar to rats has been shown to produce a more pronounced effect on
arthritic disease than chondroitin alone.10

It has been suggested that a combination of glucosamine, methyl-
sulfonylmethane (MSM), carnitine, coenzyme Q10 (Co Q10) and
Pycnogenol, plus vitamins C and K and silica may be a useful treatment
for Ehlers–Danlos syndrome, which is characterised by a combination
of symptoms including musculoskeletal problems plus a susceptibility to
arthritis. This proposal is based upon evidence of the individual entities
being used for the treatment of separate symptoms of the disease.11

More recently, Japanese workers claimed a synergistic effect
between water-soluble collagen and glucosamine in rabbit cartilage.
Enzymically degraded collagen (10 000 Da) was rapidly absorbed from
the digestive tract and induced cartilage repair with an acceleration of
cartilage matrix synthesis. Simultaneous supplementation with glucos-
amine and collagen showed a synergistic effect on regeneration of
hyaline cartilage.12 The same group later investigated co-supplementa-
tion with glucosamine and collagen after surgical removal of cartilage,
and reported cartilage to have been rebuilt by proliferating chondro-
blasts after only 2–3 weeks. In addition, cartilage proteoglycan and
GAG content of cartilage was increased.13 Green-lipped mussel extract
has been claimed to amplify the potency of salicylates, prednisone and
mefenamic acid for treating chronic inflammation in arthritis, and was
shown to have abolished non-steroidal anti-inflammatory drug (NSAID)
gastropathy in some combinations.14

The antioxidant activities of chondroitin sulfate and hyaluronic
acid were investigated in carbon tetrachloride-induced injury in the liver
of rats. Supplementation with 12.5 mg/kg of each reversed all the
enzymatic indicators associated with liver injury, whilst supplementa-
tion with 25 mg/kg failed to exert any beneficial effect. It was postulated
that the beneficial effects were due to the different modes of antioxidant
activity of the two GAGs.15

The combination of glucosamine and NSAIDs for the treatment of
pain in mice was investigated, and significant antinociceptive synergism
was elicited by fixed combinations of glucosamine with either ibuprofen
or ketoprofen. Glucosamine/ibuprofen in ratios of 2/1 to 19/1 showed
synergistic effect on pain levels in the mouse abdominal irritant test.16

Effects with antioxidants

Many nutraceuticals have free radical or antioxidant activity, which may
contribute to a wide range of biological activities, including anti-inflam-
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matory effects. The carotenoids are probably the most widely investi-
gated antioxidants in the area of synergism. The synergistic antioxidant
effects of �-carotene and quercetrin (quercetin rhamnoside) on lipid
radical chain reactions were investigated, and the inhibitory effect of
150 �mol/L of both was found to be stronger than 300 �mol/L of either
during peroxidation of the methyl ester of linoleic acid. A further
peroxidation experiment using rabbit red cell ghosts with 150 �mol/L
of both showed greater inhibitory effect than 600 �mol/L of either
alone.17 Both in vivo and in vitro cellular protection against the nitric
oxide metabolites NO2

. and OONO– was demonstrated for �-carotene
in the presence of vitamins E and C. Synergistic protection was observed,
and it was postulated that depleted �-carotene radical was repaired by
vitamin C.18 Synergistic involvement of �-carotene with the cytotoxic
activity of mitomycin was reported, and again an electron transfer
process was postulated to be involved.19

In healthy human subjects the antioxidant lycopene was shown to
synergistically inhibit low-density lipoprotein (LDL) oxidation when in
combination with vitamin E, rosmarinic acid or carnosine. The 30 mg
dose of lycopene from tomato oleoresin decreased LDL oxidation by
21%, 5 hours after dosing.20 Ferulic acid, also claimed to work as an
antioxidant, was investigated in its role of inhibiting lipid oxidation.
Although it was more powerful than �-tocopherol, �-carotene or
vitamin C, combination with either of these was still more powerful.21

Recent research into the beneficial effects of supplementation with
cranberry extract highlighted the possible actions of antioxidants
present. It was found that both additive and synergistic antiproliferative
activities against human tumour cell lines were evident, presumably
caused by the anthocyanins proanthocyanin and flavonol glycoside.22

To date, many carotenoids have been shown to protect the skin
against photo-oxidative damage, and mixtures have been shown to be
more effective than single compounds. Recently it has been postulated
that carotenoids are active due to their ability to filter blue light, as most
have an absorption maximum at about 450 nm.23

Melatonin synergism in miscellaneous therapeutic areas

Melatonin (12.5 mg/kg) has been shown to act synergistically with
monoamine oxidase (MAO)-A inhibitors (clorgyline, 2.5 mg/kg, and
moclobemide, 50 mg/kg) but not MAO-B inhibitors (e.g. selegiline,
25 mg/kg) in suppression of the frog righting reflex, which none of these
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individual compounds affected on their own.24 Antioxidants are widely
used in topical products for reducing the signs of ageing in the skin, and
work combining glycolic acid with �-tocopherol and melatonin demon-
strated high levels of synergy in vitro either in a biomimetic liposomal
system or in human skin homogenates. Combinations of �-tocopherol
or melatonin with glycolic acid in a 1:5 to 1:200 molar ratio resulted in
a clear synergistic protection of liposomes at levels of 250% for �-
tocopherol and 80% for melatonin. The rate of breakdown of �-
tocopherol during liposome peroxidation in the absence or presence of
glycolic acid suggested that �-tocopherol regeneration may be partly
responsible for the observed effect. Synergistic antioxidant activity
between �-tocopherol and glycolic acid was also demonstrated in skin
homogenates, whereas only additive activity was seen with melatonin
and glycolic acid.25

Investigation into the potential of melatonin to synergise with the
antitumour activity of 9-cis-retinoic acid in a model for mammary
carcinogenesis demonstrated both additive and synergistic effects. In
fact, a single low dose of 9-cis-retinoic acid had no effect on the breast
cancer cell cultures used, unless in combination with melatonin. The
consequence of this is that significantly lowered doses of 9-cis-retinoic
acid are required, greatly reducing the risks of toxicity.26

Miscellaneous nutraceutical interactions

Two synergistic interactions of lipoic acid have been reported. In one,
lipoic acid and �-linolenic acid improved NO-mediated neurogenic and
endothelium-dependent relaxation of corpus cavernosum in experimen-
tal diabetes,27 and in another, lipoic acid (16 mg/kg) and doxorubicin
(5 mg/kg ) were reported to be synergistic in cytotoxic and antitumor
effects on L1210 mouse leukaemia cells. Its mechanism of action was
considered to be improved scavenging of free radicals and metal ions.
The usual most serious side-effects of doxorubicin are associated with
its cardiotoxicity, but lipoic acid shows a cardioprotective effect.28

Docosahexaenoic acid (DHA) and tea catechin have been reported
to show synergistic activity on blood plasma and liver lipids in mice.
Total plasma cholesterol was the lowest when a combination of DHA
ethyl ester (1%) and catechin (0.3%) was included in the diet.29 Two
further interactions have been reported with DHA: First, when used in
combination with eicosapentaenoic acid (EPA) in the ratio in which the
two are present in fish oils, DHA showed a synergistic inhibition of
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proliferation of smooth muscle cells, used as an indicator of the risk of
developing cardiovascular disease.30 Second, a synergistic interaction
between DHA and two neutrophil agonists, methionine-leucine-pheny-
lalanine and a phorbol ester, was reported when their ability to stimulate
an oxygen-dependent respiratory burst was investigated.31

In a study involving phytoestrogens, the antioxidant activities of
genistein, daidzein and equol were measured in terms of LDL oxidative
susceptibility. Increasing levels inhibited the oxidation, and this effect
was further enhanced with ascorbic acid. This particular synergistic
effect is of clinical importance as the phytoestrogen antioxidant activity
is evident at concentrations well within the range found in plasma of
individuals consuming soy products.32 Another interaction observed
with soy and a tea constituent, epigallocatechin gallate, was the syner-
gistic suppression of superoxide and nitric oxide generation from inflam-
matory cells.33 A synergistic antioxidative effect of green tea extract
containing epigallocatechin gallate and either butylated hydroxytoluene
(0.5 mg) or �-tocopherol (2 mg) has been reported. Butylated hydroxy-
toluene was more potent, and it was postulated that the synergistic
antioxidant activity was due to inhibition of peroxidation, free radical
scavenging and binding action of ferric ions, mainly by tea polyphenol
constituents.34 Another tea constituent, this time caffeine (1.67 and
16.7 mg/kg), has been reported to exhibit an enhanced analgesic effect
in combination with clomipramine (3 mg/kg).35

Policosanol (25 mg/kg), whose major component is octacosanol,
and aspirin (30 mg/kg) are individually ineffective in protecting Mon-
golian gerbils against cerebral ischaemia induced by unilateral ligation
of their common carotid artery. In combination, however, protection
was observed.36

The synergistic interactions of a large number of natural products
with anticancer activity have recently been reviewed. Polyphenols from
tea and soy have been reported to be involved in synergistic activities
both with nutraceuticals and with conventional pharmaceuticals. The
antitumour activity of (—)-epigallocatechin gallate (EGCG) was found
to be synergistically increased by the NSAID sulindac in two animal
cancers, and thearubigins were found to inhibit the growth of tumour
cells when in combination with genistein, but not when alone. Genistein
has also been shown to act synergistically with EPA in the inhibition of
human breast carcinoma cells, and showed significant synergy with
tamoxifen in breast cancer cells.37
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Beneficial interactions between nutraceuticals
and medicines

A similar number of filed patents claim beneficial interactions between
nutraceuticals, and medicines, again mainly in the areas of GAG supple-
mentation for use in arthritis, and also in antioxidant combinations.
Table 20.2 summarises a number of examples of documented beneficial
interactions reported with nutraceuticals.

A wide range of published scientific and medical papers have
detailed the extent to which research has been conducted in this area.
The overwhelming activity is seen in the area of interactions with
conventional medicines (Table 20.3).

One clinical trial was carried out on athletes undergoing progress-
ive training, in which creatine (20 g/day for 7 days, 10 g/day for 14 days)
and hydroxymethylbutyrate (3 g/day) were taken. This combination was
shown to produce additive increases in lean body mass and muscle
strength.64

Novel actions and interactions of piperine

The alkaloid piperine, responsible for much of the smell and taste of
black pepper, Piper longum, displays a range of interesting effects. In
mice with experimentally induced diarrhoea it showed antidiarrhoeal
activity when given orally at doses of 8 and 32 mg/kg.67 It also inhibited
gastric emptying and gastrointestinal transit in rats and mice at levels
of 1 mg/kg and 1.3 mg/kg.68 Piperine has also been found to exhibit
novel interactions, and is in fact a long-standing synergist for insecti-
cides.69 Two of the first publications in the area of drug potentiation
showed a potentiating action for piperine on hexobarbital hypnosis70

and pentobarbital-induced hypnosis in rats.71 Later, rats treated with
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Table 20.2 Examples of claimed beneficial interactions between nutraceuticals and
other biologically active natural products in filed patents

Medical application Nutraceutical Nutraceutical/medicine

Vascular disease treatment38 Coenzyme Q10 Propionyl-L-carnitine
Anti-inflammatory39 Glucosamine Capsaicinoids
Arthritis treatment40 Glucosamine Chinese herbs
CNS injuries41 Lipoic acid Lipoic acid derivatives
Ophthalmic antimicrobial42 Grape seed extract, Resveratrol and Pycnogenol

pine bark extract
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Table 20.3 Beneficial interactions reported between a range of nutraceuticals, medicines and other natural products

Medical application Nutraceutical Nutraceutical/medicine

Body fat reduction43 Hydroxycitrate/carnitine Metformin
Prevention of migraine44 Fish oil Magnesium taurate
Increased antibacterial effect45 Epicatechin gallate Oxacillin/other �-lactam antibiotics
Enhanced antitumour activity46 Theanine Doxorubicin
Increased antifungal activity47 Green tea catechin Amphotericin B
Microcirculatory function in diabetes48 Coenzyme Q10 Fenofibrate
Treat left ventricular disfunction49 Carnitine/coenzyme Q10/taurine, 

‘MyoVive’
Hypotensive effect50 Coenzyme Q10 Enalapril/nitrendipine
Repairs gastric lesions51 Policosanol Cimetidine
Antioxidant combination52 Lipoic acid Ascorbic acid, tocopherol
Lipid-lowering diet53 Soy Oats
Lipid-lowering54 Carnitine Simvastatin
Thrombosis prevention55 Carnitine Prostacycline
Tuberculosis and leprosy treatment56 Piperine Isoniazid, rifampicin
Hepatic fatty acid oxidation57 Carnitine Propionate
Breast cancer cell inhibition58 Melatonin Vitamin D3
Cytoprotective59 Melatonin Chalcones
Cytotoxic60 Melatonin Tamoxifen
Ischaemic stroke protection61 Melatonin Meloxicam
Anxiolytic activity62 Melatonin Diazepam
Alzheimer’s disease63 Lipoic acid Acety-L-carnitine
Improvement in muscle mass and lean body mass64 Creatine Hydroxymethylbutyrate
Topical penetration enhancement of NSAIDs65 DHA/EPA Ibuprofen/ketoprofen
Topical penetration enhancement of tamoxifen66 GLA Tamoxifen

NSAID, non-steroidal anti-inflammatory drug; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; GLA, �-linolenic acid.
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radiolabelled vascine and sparteine at the same time as Piper longum,
the major source of piperine, were shown to exhibit an increase in blood
levels of vascine by nearly 233% and sparteine by more than 100%. It
was proposed that piperine increased bioavailability either by promot-
ing rapid absorption from the gastrointestinal tract, or by protecting the
drugs from being metabolised or oxidised in the first passage through
the liver after being absorbed, or by a combination of these two
mechanisms.72

In 1993 a patent was filed claiming enhanced activity of anti-
tuberculosis or antileprosy drugs when administered in combination
with 20 mg of piperine. Pharmacokinetics were compared in humans
with those of the formulations containing no piperine.56

Perhaps the most interesting activity of piperine involves inhibition
of hepatic and intestinal glucuronidation of certain medicinal agents.
Work carried out on both animals and humans showed a significant
decrease in the metabolism of curcumin 2 g/kg when given in combi-
nation with 20 mg piperine.73 Work using mice showed piperine
10 mg/kg significantly increased the analgesic activity of nimesulide
administered at the submaximal dose of 10 mg/kg. Plasma concentra-
tions of nimesulide increased 15% in this combination.74

One clinical trial evaluated piperine for its ability to improve the
serum response of beta-carotene during oral supplementation in a
double-blind crossover study. Subjects ingested 15 mg of beta-carotene
with 5 mg of piperine daily for 14 days, and this resulted in 60% higher
beta-carotene serum levels compared with beta-carotene plus placebo.
The authors suggested that this was caused by a non-specific thermogenic
property of piperine, although similar thermogenic effects of capsaicin
did not have the same ability.75 A further clinical trial using 90 and
120 mg of Co Q10 in combination with 5 mg piperine daily for 21 days
produced 30% greater plasma levels than in the absence of piperine.76

Later research in 2002 suggested that piperine’s bioavailability-
enhancing properties may be attributed to increased absorption, which
be due to an alteration in membrane lipid dynamics and a change in the
conformation of enzymes in the intestine. It was further thought that
piperine was able to modify permeation characteristics along with
induction of the synthesis of proteins associated with cytoskeletal
function, resulting in an increase in the small intestinal absorptive
surface, thus increasing permeation of xenobiotics through the epithelial
barrier.77

As stated earlier, piperine is an example of a methylenedioxyphenyl
insecticide synergist, and these compounds are known to act as both
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inhibitors and inducers of CYP 450 monoxygenase activity. In fact their
activity is biphasic, since following a single dose, the time courses for
inhibition and induction differ: initially there is a decrease in activity,
followed by an increase, with levels ultimately returning to those of the
control.1

In addition to potentiation of the effect of medicines and nutra-
ceuticals, piperine has been reported to potentiate the toxicity of both
benzopyrene78 and carbon tetrachloride.79 Its use should therefore be
considered carefully due to the possibility of potentiation of side-effects.

Combination products

Increasingly, combination nutraceutical formulations are becoming
available. Some of these are based upon scientific and medical evidence,
others perhaps are designed to aid patient compliance or possibly to give
a marketing edge over competitors. Most fall within the area of treat-
ments for joint pain and include glucosamine amongst their component
nutraceuticals, but there is also a wide range of antioxidant combina-
tions available.

Combination products for joint pain

In addition to single-entity glucosamine products, there are two other
nutraceuticals that are widely sold in combination with glucosamine.
The most common of these is the GAG chondroitin. One trial using a
combination of glucosamine and chondroitin showed significant
improvement of knee symptoms, but not low back symptoms in navy
personnel.80 In another trial, only those with mild to moderate
osteoarthritis showed significant improvement.81 The other common
nutraceutical offered in combination with glucosamine is MSM. This
has recently been subjected to clinical trials both on its own and in
combination. When 500 mg of both glucosamine and MSM in combi-
nation was administered three times daily to patients with osteoarthri-
tis, a statistically significant reduction in mean pain index at the knee
joint was seen, compared with the individual entities. In addition, there
was a reduction in the swelling index and significant decrease in the
Lequesne Index. There was no suggestion that these improvements were
synergistic.82

Recently, a range of combination products containing mainly
herbal ingredients (e.g. turmeric, bromelain, boswellia, yucca and even
aromatherapy oils) have appeared on the market, probably adding to
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the confusion of patients. Some of these adjuncts may have anti-inflam-
matory activity, but no clinical trials of these combinations have been
carried out.

Combination of �-lipoic acid and acetyl-L-carnitine

In a study designed to investigate the effect of acetyl-L-carnitine and �-
lipoic acid on memory loss, tasks testing spatial and temporal memory
in rats were undertaken83 and these were shown to improve during
combination supplementation. Oxidative damage to nucleic acids is also
reduced and mitochondrial structural decay is reversed. The rats
involved in another study were reported to show increased energy.84 The
two compounds act synergistically to improve both fatty acid and
glucose catabolism and also to improve energy production. These
reactions occur along with the amelioration of oxidative stress, loss of
metabolic function and mild cognitive impairment.84

Oxidative damage is associated with cognitive deficits in both
spatial and temporal memory. Both types of memory rely on the
hippocampus, but temporal memory also relies on the striatum and
cerebellum. Spatial memory decreases with age but this study on rats83

showed that supplementation with the combination of acetyl-L-carnitine
and �-lipoic acid restored some of this function. Each compound on its
own was found to restore this function to a small extent, but the combi-
nation use was significantly more effective. The combination product
can also reduce mitochondrial dysfunction in peripheral systems such as
the sensory systems. The removal of these effects may be linked with a
reverse in the age-related decline in nervous, cardiovascular, visual and
auditory systems, as well as effects on motivation and physical
strength.83

Temporal memory affects learning processes, attention and
exploratory behaviour. Peak rate is the measurement used to monitor
the decline in this function, and it reflects the change in a response
learning mechanism. The older rats involved in the study described
above showed lower peak rates, suggesting difficulty in learning the
relevant response. Use of the combination product showed an improve-
ment in the peak rates.83

The use of �-lipoic acid and acetyl-L-carnitine in combination is of
primary interest to those engaged in the development of anti-ageing
therapies, attempting to prevent the symptoms associated with growing
old. However, widely circulated claims are only partially justified, as the
majority of the studies performed on this combination of supplements
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have been carried out on rats. Although combination acetyl-L-carnitine
and alpha-lipoic acid appear to improve memory loss, decrease oxidative
stress, improve metabolic function and decrease mitochondrial decay in
rats, further study is required to be able to be more specific on the precise
benefits and long-term side-effects.63

Combinations of plant sterols and sterolins

The possibility of lowering LDL–cholesterol levels through consumption
of products enriched with plant sterols and stanols may be beneficial for
mildly and hypercholesteraemic patients, and is now a widely accepted
approach.85 �-Sitosterol, the most widely occurring plant sterol, is one
of the most widely used sterols in this role, but is increasingly available
in combination with its glycoside, �-sitosterolin. Naturally occurring
mixtures of these two exist in many plants, and as such may be
responsible for some of the activity elicited by a number of plant
medicines.

Interest has been shown in the anti-inflammatory activity of a
combination product consisting of �-sitosterol and �-sitosterolin in a
ratio of 100:1 capable of reducing the secretion of proinflammatory
cytokines and tumour necrosis factor-alpha.86 Clinical studies have also
been carried out to investigate its use as an adjuvant in the treatment of
pulmonary tuberculosis; it resulted in faster recovery from infection, less
inflammation and improved weight gain of patients. It has also been
shown to inhibit immune stress in marathon runners, and was used in
the management of HIV-infected patients, where it demonstrated viral
control and inhibition of CD4+ cell loss in the absence of antiretroviral
drugs. The combination formulation has also shown promise in treating
rheumatoid arthritis, where the response to treatment was twice that of
the placebo-treated patients, and in another inflammatory disease,
allergic rhinitis.86

Combination products of ornithine and arginine

Products containing ornithine and arginine have become popular
recently, although there is no reported scientific or medical evidence of
disease prevention or treatment to support their combined use. About
half of ingested arginine is rapidly converted to ornithine in the body,
and ornithine is metabolised to putrescine and polyamines.87 It is in the
area of exercise enhancement that this combination (1–2 g of each) is
used, based on one report of higher gains in strength and enhancement
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of lean body mass when compared with placebo. Subjects involved in
this trial also had significantly lower urinary hydroxyproline, a marker
of tissue breakdown.88

Combinations for cognitive enhancements

This is an area where there is little published work to date, but it is
thought that different nutraceuticals may affect different memory
processes, and therefore combinations may be beneficial. It is possible,
for example, that agents thought to have effects on the structural
integrity of neurons, such as phosphatidylserine, may have greater
effects on storage processes, whereas compounds that boost the energy
production of neurons, such as acetyl-L-carnitine, may have greater
effects on more laborious memory processes such as tasks requiring deep
processing or self-initiated retrieval.89

Commercially available combinations

The commercial availability of a few combination products such as
lipoic acid and acetyl-L-carnitine have been discussed, but a number of
proprietary products are also available, with little if any published
evidence to substantiate their applications. Phototrop, containing acetyl-
L-carnitine, n-3 fatty acids and Co Q10, has been proposed for use in
macular degeneration. One trial has been reported in a conference
proceeding, showing its effect in restoring mitochondrial and retinal
functions in age-related macular degeneration (AMD) patients.90

LifePak is a much more complex supplement, containing around 30
components such as vitamins, carotenoids, grape seed proanthocyani-
din extract (GSPE), soy isoflavones, lipoic acid, lycopene and lutein. This
product claims to have anti-ageing properties.91

Examples of other combination products becoming available for
treatment of joint problems include combinations of polyunsaturated
fatty acids (PUFAs) and GAGs plus MSM. A few of the combinations
used are listed in Table 20.4.

A number of possible synergistic effects of components in complex
components have been cited in this text, such as green tea and soy.
Commercial samples of soy in particular are more complex than
previously believed, and a range of soy products have been found to
contain levels of plant lignans normally associated with flaxseed.
Although these levels are lower than those in flax, their presence may
be responsible for modified or improved activity.92
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Miscellaneous combinations

A number of other combinations for which there is no documentary
evidence have been suggested as possible treatments for particular ail-
ments. Combinations of chitosan with chromium picolinate or chitosan
with carnitine, for example, are claimed to aid weight loss.93 Two further
examples available for sale are acetyl-L-carnitine and resveratrol for
ageing and cerebral disorders, and soy protein with grape seed extract
for skin health; possibly these combinations appeal to users with exotic
tastes.

Conclusions

Common synergistic effects appear between antioxidant and anti-
inflammatory nutraceuticals, but many others have been patented and
often published. There also appears to be a wide range of other thera-
peutic synergies reported between nutraceuticals and conventional
medicines. Recently a review on the potential for synergistic activity
between tea and soy entities and prescription medicines used in cancer
treatment has been published; this is evidence of the increased interest
in this area.94 It is also becoming better understood that the health
benefits of a wide range of fruits and vegetables containing nutraceuti-
cals are often due to additive and synergistic interactions.95
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21
Minor nutraceuticals and their
therapeutic applications

This chapter is included to allow coverage of nutraceuticals about which
there is, as yet, little published scientific data although they are widely
available in the form of commercial products. Examples of human
metabolites such as superoxide dismutase (SOD) and ribonucleic acid
(RNA) are being touted as treatments for a number of ailments with
virtually no therapeutic evidence, while others such as theanine, cetyl
myristoleate (CMO), the reduced form of nicotinamide adenine
dinucleotide (NADH), polyamines and caprylic acid have very limited
published evidence to substantiate their use. Table 21.1 lists a number
of these entities. The data on theanine, CMO, NADH, SOD,
polyamines, plant sterols and stanols and RNA are discussed below.
Evidence on phosphatidylserine, phosphatidylcholine and carnosine has
been discussed previously in the chapter on mental health (Chapter 8).

Theanine

Theanine is a non-protein amino acid present in tea and in the leaves of
other species of the genus Camellia. It is the major amino acid in tea,
and constitutes 1–2% of the dry weight of tea.1 Theanine has been
shown to possess three potentially useful activities: as a relaxant, an
ability to lower blood pressure and an ability to improve learning ability.

An oral dose of 50–200 mg theanine once weekly, in water, was
reported to cause generation of �-brain waves, which is considered to
be an index of relaxation. The incidence of �-waves (30–60 minutes
after theanine ingestion) in the occipital and parietal regions of the
brains of volunteers was dose-dependent and did not apparently cause
drowsiness, presumably because �-waves, which are known to promote
drowsiness, were not increased.

It has been demonstrated that after administration theanine was
absorbed and reduced levels of serotonin were recorded. A reduction in
blood pressure was noted after 60 minutes, which again appeared to be
dose-related. It has been postulated that the reduction in blood pressure
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Nutraceutical Structure Source Applications
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Nutraceutical Structure Source Applications
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is responsible for mental calming.1 The reduction in serotonin, and also
dopamine, may have an effect on memory and learning ability. Adminis-
tration of 180 mg/day of theanine to rats showed increased ability in the
Operant Test, and long-term administration of 1 g/100 mL in drinking
water showed improvement in learning ability, as demonstrated by
laboratory tests.1

Long-term social tea drinking appears to have no side-effects apart
from the effects of the caffeine content, therefore it may be assumed that
realistic levels of theanine consumption comparable with those obtained
from tea drinking should be safe.

In vitro research on the neuroprotective effects of theanine has
shown that destruction of rat cortical neurons by glutamic acid was
suppressed, and that the mechanism of action was related not only to
the glutamate receptor, but also to other mechanisms such as the
glutamate transporter.2 Theanine and other glutamate transporter
inhibitors have been shown to enhance the antitumour activity of
doxorubicin in mice, partially by increasing the doxorubicin concentra-
tion in the tumours.3 Theanine has been shown to be a precursor of the
non-peptide antigen ethylamine, and it has been suggested that this may
prime human ��T cells, which may then provide natural resistance to
microbial infections and even tumours.4

In addition to being available in tablets and capsule formulations,
theanine is increasingly being formulated into foods such as confec-
tionery, chewing gum and chocolates. Confectionery containing 72 mg
was reported to cause relaxation, as indicated by increased generation
of �-waves. Theanine is also used as a flavour enhancer, and concen-
trations of 0.002–0.2% have been shown to suppress bitterness in
products such as grapefruit juice and beer.5

Cetyl myristoleate

CMO was first isolated from an NIH Swiss albino mouse strain that was
resistant to adjuvant-induced arthritis.6 It was first shown to give
protection against adjuvant-induced arthritis states in rats at doses of
about 400 mg/kg;7 later on, both oral (20 mg/kg) and intraperitoneal
(450–900 mg/kg) doses were shown to reduce the incidence and severity
of arthritis in mice.6 One clinical trial investigated a proprietary product
(Celadrin) containing lecithin in combination with CMO and other
cetylated fatty acids and claimed improvement in knee range of motion
and overall function in osteoarthritis patients (see Chapter 5).8

Cetyl myristoleate 363

21 Chapter 21  2/3/07  19:16  Page 363



No guidance on human dosage is available for CMO, but it has
been used at levels of 400–500 mg daily for 30 days.

Reduced form of nicotinamide adenine
dinucleotide

NADH is a coenzyme found in mitochondria and cellular cytosol, and
is synthesised in the body. It triggers energy production through ATP
generation, which has been postulated as the rationale for NADH
supplementation in chronic fatigue syndrome (CFS), allowing replen-
ishment of depleted cellular stores of ATP. One pilot study on the use
of NADH in CFS has been carried out involving 26 patients taking
10 mg daily. The results showed a mild benefit to patients.9 NADH has
also been used to treat a number of neurological diseases, such as
depression, Alzheimer’s disease and Parkinson’s disease, as it affects the
metabolism of neurotransmitters. In one study patients with dementia
associated with Alzheimer’s disease were treated with intramuscular
NADH for 8–12 weeks and improvement in their condition was
reported.10 The rationale for use in Parkinson’s disease is that NADH
may boost dopamine production, since it has been shown to increase
tyrosinase hydroxylase and dopamine biosynthesis.11 A number of trials
with both oral and intravenous NADH have been published, one
comparing two different routes of administration (5 mg capsules on
alternate days for 14 days versus 12.5 mg by intravenous adminis-
tration), and have reported similar outcomes. In 80% of the patients a
beneficial clinical effect was seen, 19% showed a very good improve-
ment of disability and 22% showed no response to treatment. Most
improvement was seen in younger patients and those in the early stages
of the disease.12

An investigation into the effect of NADH on cardiovascular disease
showed that oral supplementation in animals resulted in a reduced
systolic blood pressure after the first month of treatment. In addition,
total cholesterol and low-density lipoprotein–cholesterol (LDL-C) levels
were reduced, but no effect was noted in high-density lipoprotein–
cholesterol (HDL-C) or triglyceride levels.13

Superoxide dismutase

The rationale for the use of SOD, which scavenges free radicals, in
inflammatory joint disease is that this is frequently caused by reactive
oxygen species (ROS) which aggravate and perpetuate inflammation and
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contribute to the degeneration of connective tissue. Intrarticular
injection of SOD has been shown to be effective in symptom reduction
in arthritis, and is approved for medical treatment in a number of
countries.14 The main problem with the use of intrarticular SOD is the
non-human source of the enzyme, which has been found to cause
immunological problems. The development of low molecular weight
SOD mimetics may overcome these problems.15

Polyamines

Polyamines such as spermine and spermidine are ubiquitous in living
cells. Spermine occurs particularly in blood, saliva, milk, sperm and
urine, and is involved in cellular growth, including hair growth.
Spermidine 0.5 mg daily was found to significantly reduce the clinical
symptoms of telogen effluvium, demonstrating the possibility of an effect
against hair loss.16 Another study showed that spermidine partially
overcame growth depression in hair follicles, suggesting a role in hair
growth.17

Other candidates

Plant sterols/stanols have been the subject of animal and human research
into their ability to reduce total cholesterol and LDL-C for over 40
years.18 Most work has focused on plant sterol/stanol enrichment of the
diet and has shown a positive association. Typical research has studied
a plant sterol-enriched reduced fat spread, such as that used in the
National Cholesterol Education Program Step 1 diet in the USA. This
study investigated the effects of both 1.1 and 2.2 g daily of sterol and a
40% reduced fat spread, and subjects were monitored over five weeks.
Total cholesterol and LDL-C values were reduced by 5.2% and 6.6%,
and 7.6% and 8.1% respectively for the two dosage level groups.18

A later comparison of trials using a range of foods containing
sterols and stanols found that effective doses ranged from 1.5 to 3.0 g
daily, and LDL-C reductions were between 8% and 15%. The principle
mechanism of action was considered to interference with the solubilisa-
tion of cholesterol in intestinal micelles, consequently reducing choles-
terol absorption.19 Formulated nutraceuticals in tablet and capsule form
are widely available, but no evidence exists for their efficacy, the majority
of published work having been carried out using fat spreads.

RNA is a crucial component of ‘life on earth’, having both a passive
role as an information store and an active role as an enzyme that
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propagates the information. It has also been investigated for its potential
as an anticlotting agent that avoids the possibility of excess bleeding due
to production of its own aptamer antidote.20 Despite the fact that there
is no evidence to substantiate the theory that supranormal supplemen-
tation with RNA improves any health state, the molecule is widely
commercially available as a nutraceutical.

Applications of phosphatidylserine, phosphatidylcholine and
carnosine have been previously discussed in Chapter 8.
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22
Safety, adverse effects and interactions
of nutraceuticals

Although many of the nutraceuticals discussed in this book are natural
components of body tissues and dietary constituents, evidence is starting
to appear concerning adverse effects and interactions. This chapter will
discuss examples of published safety data on nutraceuticals, general
adverse effects and drug interactions, examining in particular, carnitine,
acetyl-L-carnitine, soy isoflavones, tea catechins and wine polyphenols,
melatonin and glucosamine, and studies of specific adverse effects and
toxicity of these products. Compared with pharmaceuticals there is still
little evidence available, although information is slowly increasing, due
partly to increasing usage, but also due to interest from clinicians and
nutraceutical manufacturers.

Safety data

Safety data derived from animal studies after single-dose treatment with
a number of nutraceuticals has been collated.1 LD50 values and safe
doses are available for glucosamine,2 chondroitin,3 carnitine,4 mela-
tonin,5 Pycnogenol,6 grape seed proanthocyanidin extract (GSPE),7

methylsulfonylmethane (MSM),8 lutein,9 policosanol,10 lycopene11 and
daidzein.12 These examples of nutraceuticals would appear to be very
safe at therapeutic levels, but long-term usage may show further adverse
effects than these data shown for single-dose treatment.

General adverse effects

Since 1999, the Natural Standard Research Collaboration has graded
complementary medicines, including nutraceuticals, according to their
efficacy. Importantly, they also collate data on adverse effects and inter-
actions with medicines, which until recently were only sporadically
reported. A number of their data-retrieval protocols have uncovered
possibly serious associations, a few of which are documented in this
chapter.13 US Poison Control Centers have also reported problems with
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the increasing use of nutraceuticals. The most commonly cited adverse
effects were drowsiness, lethargy and headaches. Symptoms from
moderate to severe were seen in a number of entities and the authors
warned that it was difficult to identify the cause in multicomponent
formulations or if the product was incompletely labelled. Table 22.1
summarises the incidence of life-threatening or potentially serious
adverse effects of nutraceuticals found in the survey.14 Melatonin
accounted for 4% of the total adverse effects reported (also included
were herbal remedies). These results were perhaps unexpected, but may
be a reflection of the popularity of supplementing with melatonin and
creatine in the population surveyed.

Nutraceuticals are frequently involved in basic metabolic pathways
in the body, and the presence and levels of a particular nutrient may
impair or enhance the action of another. This interaction has been
reported for nutrients such as dietary fatty acids and vitamin A,15 other
examples being depression of glucose levels by coenzyme Q10 (Co Q10)
and levels of thyroid hormone depressed by carnitine or soy products.16

Nine oral prescription medicines have been shown to have reduced
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Table 22.1 Incidence of adverse effects of a number of nutraceuticals

Symptom Nutraceutical Incidence cases
(single ingredients)

Drowsiness/lethargy Melatonin 26 (22)
Headache Creatine 35 (16)
Peripheral numbness or Glucosamine/chondroitin 1

weakness, possible 
neuropathy or ischaemia

Coma Melatonin 1 (1)
Ataxia Melatonin 1 (1)
Tachycardia Melatonin 2 (2)
Hypertension Melatonin 1 (1)
Conduction disturbances and DHEA 1

dysrhythmias
Anaemia Glucosamine/chondroitin 1
Anaemia with bleeding Melatonin 1
Anaemia with hepatotoxicity Melatonin 1
Electrolyte abnormalities Creatine 1
Dyspnoea/shortness of breath Melatonin 1 (1)
Urinary retention Creatine 1 (1)

Data collated from Palmer M E, Haller C, McKinney P E et al. Adverse events associated with
dietary supplements: an observational study. Lancet 2003; 361: 101–106, with permission of
Elsevier.
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absorption after administration with flaxseed products.17 However,
most adverse effects are mild and experienced by a small proportion of
consumers.

Some patients have experienced mild gastrointestinal effects after
taking Pycnogenol,6 S-adenosyl methionine (SAMe),18 carnitine,4 chon-
droitin19 or glucosamine.20 In addition, it has been claimed that there is
a possible risk of significant psychiatric and cardiovascular adverse
effects with SAMe; this is unsurprising with such an important
endogenous metabolite.18 The incidence of hypomania caused by SAMe
in a number of studies has been reviewed.21 �-Lipoic acid has been found
to cause allergic skin reactions and possible hypoglycaemia in diabetic
patients as a consequence of improved glucose utilisation.21

Daily intakes of carotenoids greater than 30 mg per day have been
found to cause hypercarotenaemia (yellowing skin).19 Slightly more
serious effects have been reported with creatine, and include weight gain,
typically 1–2 kg, muscle cramps, and isolated cases of renal dysfunction,
and also the possibility of cytotoxicity.23 Chronic creatine supplemen-
tation has been reported to increase the bodily production of potentially
dangerous formaldehyde, which is known to cross-link proteins and
DNAs.24 There is also now mounting evidence that both creatine and
creatinine are precursors of mutagenic amino-imidazoazaarenes. This is
of significance in the light of the increasing prevalence of diet supple-
mentation with several hundred times the levels of creatine naturally
present in food.25

Dehydroepiandrosterone (DHEA) has been postulated to have a
number of potential side-effects including hair loss and menstrual irregu-
larities in women, and increased risk of prostate cancer in men.19 As
DHEA is a hormone, masculinisation may occur in women, and
gynaecomastia and breast tenderness in men may become evident.13

DHEA may also be responsible for causing an increase in blood sugar
levels.13 An increased risk of prostate cancer is reported in individuals
being treated with �-linolenic acid to reduce the risk of heart disease,26

and increased cell damage during intense exercise has been reported after
use of Co Q10.27

Potential adverse effects of conjugated linoleic acid (CLA) have
been reported, based mainly on evidence obtained from animals. Rats
given 1% CLA in their diets showed decreased mineral apposition rate
and bone formation in the tibia. The authors also questioned the wisdom
of using CLA isomers that do not exist in foods in commercial prepara-
tions.28 There is increasing evidence from both animal and human work
that the CLA isomer trans-10, cis-12 may produce liver hypertrophy and
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insulin resistance, using a mechanism resembling lipodystrophy that
redistributes fat.29 Both black and green teas contain caffeine, from
which multiple adverse effects have been reported, mainly due to its
activity as a CNS stimulant.13

Drug interactions

A number of interactions have been reported both between nutraceuti-
cals and with prescribed medicines.

Work in rats has shown policosanol to increase the anti-ulcer
effects of cimetidine.30 Interactions between the two antidepressants
SAMe and clomipramine have been reported,31 and it is possible that
there are interactions between SAMe and tyramine and other centrally
acting pharmaceuticals. Prostaglandin excretion has been shown to be
lowered after supplementation with n-3 fatty acids and �-linolenic acid,
in combination with indometacin.32 The anticoagulant activity of
warfarin is decreased after Co Q10 administration,33 but raised when
taken in conjunction with policosanol.16 Increased anticoagulant effects
have been reported with nicoumalone taken in combination with
carnitine, and gastrointestinal bleeding was also noted.34

Many of the effects of CLA in the hepatic activity of lipogenic
enzymes and gene expression have been reported to be reversed by fish
oil containing docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA).35 �-linolenic acid (GLA) is known to inhibit in vitro the activity
of a number of CYP enzymes, suggesting a clinical interaction with
phenothiazines, and theoretical considerations suggest a possible inter-
action with tamoxifen.36 There have been multiple reports of seizures
occurring in patients taking evening primrose oil in combination with
phenothiazine neuroleptics such as chlorpromazine, trifluoperazine and
thioridazine. n-3 Fatty acids may reduce blood pressure and enhance the
effects of medications used for this purpose, and flaxseed, but not the
oil, may reduce the absorption of oral medication. To prevent this latter
problem, medication should be taken 2 hours after flaxseed con-
sumption. The use of creatine with diuretics such as furosemide should
be avoided due to the risks of dehydration, and kidney damage may be
greater when creatine is used with medicines that may damage kidneys,
such as anti-inflammatories (e.g. ibuprofen) or cimetidine. Finally, the
caffeine content of teas has been documented as causing severe cardio-
vascular events when used in conjunction with ephedrine, and it is also
thought to be synergistic in combination with other stimulants.13

A number of reports have highlighted the possibility of prescrip-
tion medicines depressing levels of nutraceuticals. Acetohexamide,
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propranolol, phenothiazine and tricyclic antidepressants have lowered
levels of Co Q10, and valproic acid has been shown to lower levels of
carnitine and acetyl-L-carnitine. It has been recommended that increased
Co Q10 supplementation is required when taking statins.1 This advice
is particularly important as statins are available without prescriptions
in the UK, and consequently require pharmaceutical intervention for safe
use. Although Co Q10 depletion may be tolerated by young patients in
the short term, higher doses over longer periods of time and to elderly
patients with chronic conditions may be dangerous.37

Carnitine and acetyl-L-carnitine

Carnitine and acetylcarnitine are endogenous constituents in human
metabolism, but only the L-carnitine and acetyl-L-carnitine occur
naturally; the synthetic D-isomers show more serious adverse effects.

Drug interactions

Sodium valproate, pivampicillin and isotretinoin have been reported to
induce carnitine deficiency.38 Sodium valproate interferes with carnitine
uptake by forming valproyl-CoA and valproyl carnitine, which results
in direct competitive inhibition of carnitine uptake at the transport site,
and reduction in efficiency of carnitine transporters.1 Valproate-induced
hepatotoxicity, overdose and other acute metabolic crises linked with
carnitine deficiency require intravenous supplementation, while non-
emergency situations (e.g. infants and young children taking valproate)
may need oral supplementation.39

Pivampicillin has been found to lower carnitine levels, suggesting
the need for carnitine supplementation, and zidovudine has been
reported to be less effective when administered with carnitine.38

A positive effect has been reported in cystic acne patients on iso-
tretinoin therapy concurrently taking L-carnitine. Isotretinoin elicits
some of the adverse effects associated with carnitine deficiency, but
patients taking L-carnitine along with isotretinoin found that the adverse
effects disappeared without the need to discontinue or reduce the
isotretinoin.40

Adverse effects and toxicity

Both L-carnitine and acetyl-L-carnitine have been shown to have very
low toxicity with rare and generally minor side-effects.1
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The adverse effects have recently been reviewed. They include
sporadic reports with the use of carnitine, such as pungent skin odour
and a fishy body or urine odour following administration. Nausea and
vomiting, as well as diarrhoea and muscle cramping have been reported
with both carnitine and acetyl-L-carnitine supplementation. Aggression
and agitation have been reported in some patients following adminis-
tration of acetyl-L-carnitine.1

D-Carnitine

Most dietary supplements contain L-carnitine or a DL-carnitine mixture,
which is a result of chemical synthesis. D-Carnitine is a competitive
inhibitor of L-carnitine uptake, and this delays mitochondrial fatty acid
oxidation and energy formation. D-Carnitine administration results in a
depletion in L-carnitine in cardiac and skeletal muscle, which can cause
cardiac arrhythmias and muscle weakness. Toxicity has been seen
following administration of DL-carnitine, and D-carnitine has been
classed as not safe for human consumption in the USA.41

Soy isoflavones

A few isolated adverse effects have been reported with soy isoflavones.
An epidemiological study revealed a relationship between soy intake and
an increased risk of bladder cancer.42 Work carried out in animals has
demonstrated the possibility of reproductive problems, but no human
data have been published. Healthy postmenopausal women were admin-
istered 150 mg soy isoflavones daily for 5 years, and they exhibited an
increased occurrence of endometrial hyperplasia.43 One report has
found that low-dose genistein stimulates proliferation of breast cancer
cells in vitro, and high tofu consumption in men has been claimed to be
responsible for lower brain weights and reduced scores on cognitive
tests.44 Asthma has been reported in young adults after drinking soy
beverages.45

Toxicity

Studies in animals have revealed potentially mutagenic, carcinogenic and
teratogenic properties of phytoestrogens,46 and an influence on repro-
ductive physiology has been associated with production of equol from
daidzein. Equol is thought to be responsible for permanent histological
damage to the reproductive organs of the ewe.47
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Possible toxic effects of genistein related to its ability to inhibit
tyrosine kinase and topoisomerase have been reported in animal
studies.1 The relevance of these findings has yet to be reported in
humans. Genistein and daidzein have been investigated to examine their
ability to induce chromosomal aberrations in cultured human peripheral
blood lymphocytes, and chromatid aberrations have been observed, but
in vivo data have not been reported.1

Adverse effects

A study into the effects of individual soy isoflavones in women found
cases of loss of appetite, pedal oedema, nausea and breast tenderness,
possibly caused by the isoflavones. Reductions of blood pressure and
neutrophil count have also been reported.48 Genistein administration
causes hypophosphataemia, and may affect phosphorous deposition in
the bone, leading to inhibition of bone formation over an extended
period of time.49

Caution should be taken with excessive consumption of the
isoflavones. At present although there is little evidence on the effects of
chronic or high dosage on toxicity in humans, high mid-life tofu
consumption has been linked to cognitive impairment and brain atrophy
in late life.50 Soy allergy has also been documented from skin tests, and
is reported to occur in up to 6% of all children.13

Catechins

Catechins, which are a class of proanthocyanidins, are present in many
plant food products, particularly wine and tea, and are generally thought
to be safe.1

Toxicity and adverse effects

High levels of antioxidants such as catechins may cause pro-oxidation
in some individuals, potentially worsening cardiovascular damage and
atherosclerosis.38

A range of adverse effects have been reported with teas, and some
with specified tea constituents. The first rather unexpected effect is the
erosive effect of black tea on dental enamel, even though the effect is
only 20% of that recorded for a number of herbal teas.51 One case
report detailed the inhibition of efficacy of oral iron treatment in iron-
deficiency anaemia with excessive tea consumption, and it has been
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recommended that oral iron medications should not be taken with tea.52

However, work carried out on the inhibitory action of (—)-epigallocat-
echin gallate (EGCG) at doses up to 300 mg on non-haem iron
absorption was found to be much lower than that for black tea itself.53

The possible pro-oxidant effects of tea catechins have been considered,
and it is known that they can be both pro- and antioxidant, being
capable of causing damage to biological molecules and tissues.54

Allergies have also been reported with teas, for example the widely
quoted induction of asthma in workers in a green tea factory, probably
caused by airborne inhalation,55 which is probably irrelevant to tea
drinkers. Another symptom is activation of hypoxia-inducible factor 1,
which can be a serious effect in cases of consumption of high doses of
tea catechins.56

A recent review discussed adverse effects of catechin derivatives,
and reported them to inhibit most digestive enzymes, including
pectinase, amylase, lipase and proteolytic enzymes. They are said to
interfere with the digestion and absorption of carbohydrates, and also
to interfere with iron metabolism. Despite being investigated for anti-
carcinogenic effects, catechins have also been suspected to cause cancers,
although it is thought that this carcinogenic activity may be due to the
irritation and cellular damage that they cause rather than direct
mutation of DNA. In vitro, epicatechin-(4�-8)-catechin and catechin
have been shown to possess a strong inhibitory effect on sperm motility,
showing a dose–response relationship. However, it is not known
whether these effects are exerted in vivo.1

Melatonin

During the chemical synthesis of melatonin L-kynurenine is produced,
which has been reported to have a convulsant effect. Another side-
product, quinolinic acid, has been reported to be neurotoxic.57

Adverse effects

Side-effects of melatonin that have been demonstrated include inhibition
of reproductive function, delayed timing of puberty and influence (when
taken during pregnancy and lactation) on the circadian status of the fetus
and neonate and on future development.58

Melatonin administration has been reported to cause residual
drowsiness the following morning, sleep disturbance and excitement
after wakening and before going to sleep.59 It has also been reported
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that asynchronous supplementation disrupts sleep and alters the cir-
cadian rhythm.60

A large number of wide-ranging adverse effects have been noted,
and it is obviously safer to take the minimum effective dose on the
minimum of occasions.1 One report of the formation of secondary
oxidation products, such as the endoperoxides, has been published,
which may explain the pro-oxidant property of melatonin.61

Few studies have been carried out to determine the effect of
melatonin on the human reproductive system, although in one interest-
ing experiment in young women a large dose of 300 mg daily for four
months was found to suppress the midcycle surge in luteinising hormone
and to partially inhibit ovulation. This effect was increased by the
addition of a progestin mini-pill. Side-effects with this contraceptive use
of melatonin included abnormal bleeding and headaches, but interest-
ingly, no effect on sleep was reported.62,63 Most studies on reproduction
and melatonin have been carried out in animals, as many animals have
a seasonal reproduction cycle, which may be affected by melatonin
levels. The role of melatonin in non-seasonal breeders, such as humans,
has not been defined but should be considered when starting melatonin
therapy.64

Toxic effects and drug interactions

Melatonin has been reported to interact with a number of prescription
drugs, for example, serum melatonin levels have been shown to increase
after taking fluvoxamine due to fluvoxamine reducing the metabolism
of melatonin by inhibiting P450CYP enzymes. Certain sedative medica-
tions may have a similar effect, which could lead to exaggerated
enhancement of their sedative effects.65 Melatonin interacts with
nifedipine, increasing the blood pressure and heart rate of patients
taking the two products concurrently.66 It should not be given to
children or pregnant or lactating women, as it crosses the placenta and
has been responsible for rhythmic variations in milk in both humans and
goats. Furthermore, it has been shown that melatonin interferes with
glucose metabolism.67

Glucosamine

Glucosamine is generally safe, but gastrointestinal side-effects occur in
up to 12% of consumers. These effects included upset stomach, nausea,
heartburn and diarrhoea.20
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Adverse effects

Glucosamine has been reported to produce an immediate-hypersensitiv-
ity reaction (urticaria) in one case study,68 and asthma exacerbation69

and renal toxicity70 have been reported when used in combination with
chondroitin. Animal studies have shown that high levels of glucosamine
administration can raise plasma glucose levels, and this may also happen
in humans.71 This is of particular significance in elderly populations
where there is an high risk of both type 2 diabetes and rheumatoid
arthritis occurring, the latter often being treated with glucosamine. It
has been claimed that glucosamine affects insulin secretion and/or action
in humans due to its involvement in the hexosamine pathway.72

However, in a recent study it was reported that oral glucosamine did not
cause significant alterations in glucose metabolism in patients with type
2 diabetes.71

One report has suggested that a number of glycosaminoglycans,
including chondroitin (but glucosamine has not been investigated)
provoke autoimmune dysfunction, thereby promoting inflammation.
These data were obtained both in a murine model and in patients with
rheumatoid arthritis.73 A recent publication by the Committee on Safety
of Medicines (CSM) and the Medicines and Healthcare products
Regulatory Agency (MHRA) in the UK has highlighted an interaction
with warfarin. Seven incidences of increased prothrombin times in
patients with previously stable levels have been reported.74

Conclusions

Carnitine, soy isoflavones, teas and proanthocyanidins are safely
consumed routinely by many populations in their habitual diets,
however, as they are increasingly being used as nutraceuticals, further
investigations must be made concerning their possible toxicity, as supra-
normal levels may be consumed. Melatonin and glucosamine are normal
components of human metabolism, but in unusual dosages and with
chronic administration they may show side-effects.

Nutraceuticals show fewer adverse effects and interactions with
medicines than prescription medicines and herbal remedies; however, the
absence of documented effects does not indicate that these products are
necessarily safe. In the interests of patient safety all use of nutraceuti-
cals should be made available to healthcare prescribers to ensure that
precautions are explained and acted upon.

Although many nutraceuticals are present as components of food
or as molecules in human metabolism, a number of adverse effects and
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toxicities have been reported. Increasing use of these compounds by
consumers at higher doses and chronic administration may reveal
further adverse effects in the future.1
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23
Quality of nutraceuticals

The quality of biologically active materials, of whatever genre, is an
integral part of their overall effects. Rigorous quality control and quality
assurance of pharmaceuticals ensures that they are fit for their purpose,
that they contain the stated dose of active constituents and that they
have suitable disintegration characteristics, allowing for absorption in
the gastrointestinal tract. Complementary medicines are increasingly
being evaluated for quality by independent experts and some of them
found to be substandard.

Herbal medicines are a case in point, and we have seen many herbal
products banned by regulatory authorities because they have misleading
label information (inaccurate component description), they contain
totally unsuitable components and contaminants, or they have in-
accurate statements on the levels of active constituents. Regulatory
authorities are addressing these concerns worldwide and a range of
quality control monographs are being introduced at the same time as
dangerous products are being removed from the marketplace. This type
of control is now being seen with food supplements as well, in instances
where their use and possible abuse is not in the interest of the general
public. In May 2003, the UK Food Standards Agency (FSA) effectively
banned a range of chromium picolinate products and issued a warning
concerning products containing high levels of beta-carotene and other
vitamins.1

Monographs are being published describing analytical standards
for active constituents, and the US Food and Drug Administration (FDA)
and the Office of Dietary Supplements of the National Institutes of
Health in the US have plans to publish monographs on up to 20
nutraceuticals.2 The following text outlines examples of the levels of
quality seen in a number of nutraceuticals that have been evaluated to
date.
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Glucosamine and chondroitin products

Products for joint health, particularly glucosamine and chondroitin, are
of particular interest to the general public, independent researchers and
consumer organisations. These two products are arguably the most
widely used and available in a wide variety of nutraceutical formula-
tions. Specifications for pharmaceuticals normally require 95–105%
content of claimed active constituent,3 and nutraceuticals are now
widely assessed to this standard, notably by consumer organisations.

Glucosamine exists in a number of different forms, and it is usually
the sulfate, hydrochloride or N-acetyl forms that are available. Because
the proportion of the whole molecule that is glucosamine varies
depending on the form used, different products will have wide variations
in the levels of the glucosamine base. This information may not necess-
arily be stated clearly on the label. In addition to this complication,
either potassium or sodium chloride may be added as a stabilising agent.
Again, the presence of this may not be stated on the label, and if the
weight of total glucosamine salt plus stabilising agent is quoted on the
label, the actual glucosamine content is even further reduced.4

A number of values determined for levels of active constituents in
samples of formulated glucosamine products have been reported. Wide
variations are seen, particularly from one report, where only 1 out of
the 15 products tested passed the criteria used. One product with no
indication as to the weight of active constituent contained no
glucosamine at all!4 Other analyses have reported that most products
have unsatisfactory levels of active constituent.5,6 However, three out of
four products passed in another survey,7 and there were no failures in
the ConsumerLab tests.8

A study carried out for the American Nutraceutical Association
investigated the glucosamine contents of 14 glucosamine or combination
glucosamine and chondroitin products; 12 were found to contain at least
90%, one contained less than 40%, one contained about 70%, and
overall they had levels ranging from 25% to 115% of the content stated
on the label.9

In one report, four samples of glucosamine raw material were
assayed and found to contain 99% and 102% of the stated content.
Intra-batch levels of glucosamine in one capsule product were found to
be between 93% and 104% of stated content, with only one individual
falling below 95%.10

Commercially available chondroitin raw materials often vary in
size, with molecular weights ranging widely from 50 000 to below
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1000 Da,11 but this variation has not been confirmed in formulated
products.

An additional concern regarding chondroitin is whether the
products could be contaminated with the causative agent of “mad cow
disease” (bovine spongiform encephalitis, BSE) because they are derived
from bovine cartilage. The risk appears to be extremely small, however,
because the prion thought to be the causative agent of BSE exists only
in very low levels in cartilage; it is most abundant in nervous and
glandular tissues, which are not used for extraction of chondroitin. In
addition, some manufacturers have stated that the process used to make
chondroitin supplements should inactivate the prion – although this has
not been shown conclusively. There is no simple way to test for BSE
prion contamination in supplements, and no reports of testing have been
published.

Levels of active constituents in samples of formulated chondroitin
products have been reported. Data in the public domain published on
the Internet by ConsumerLab12 listed one product containing less than
85%, two pet products containing 18%, and one product containing no
chondroitin at all. Products containing the correct level of constituent
were not listed. The report published in Consumer Reports7 failed all
three products tested, while another report5 showed that two products
out of seven passed. More recently, a survey found that six out of 15
products passed.13 Chondroitin is comparatively expensive because it
typically comes from cow cartilage, and it has been suggested that cost
may have influenced the amount used in formulations.12

The American Nutraceutical Association surveyed 32 chondroitin
products. Five were found to contain more than 90%, 17 less than 40%,
and overall levels were between 0 and 110%. They also recorded high
variability between levels in capsules made by one particular manu-
facturer, reflecting quality control problems.9

The range of values determined for levels of active constituents in
samples of formulated combination glucosamine and chondroitin
products have also shown great variability. ConsumerLab found that all
13 combination products tested contained between 95 and 105% of the
stated glucosamine content, but 7 out of 13 did contain sufficient
chondroitin.8 Two of the four products tested passed,5 and 3 out of the
12 tested by Consumer Reports passed on levels of both components,
chondroitin levels being most frequently less than 95% of the stated
level.7
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Other nutraceuticals

Although only few researchers have investigated the quality of
glucosamine and chondroitin, a number of reports have been published
concerning the quality of other nutraceuticals. The chemical entities of
nearly 40 nutraceuticals have now been evaluated by a range of
consumer organisations and researchers.

Some nutraceuticals are classed as medicines in certain countries,
and as such will be subject to strict regulation. A survey of ten Japanese
pharmaceutical-grade coenzyme Q10 (Co Q10) products showed that
all passed, as they complied with their labelled contents,14 but consider-
able variability has been reported for other nutraceuticals.

Table 23.1 shows constituent levels and passing rates for other
nutraceuticals.

Overall, random and realistic numbers of most formulated
nutraceutical products have been tested in representative categories,
although no examples of acetyl-L-carnitine, lipoic acid, Pycnogenol or
resveratrol have been reported. Relatively high-quality products were
found for Co Q10, melatonin and methylsulfonylmethane (MSM), but
poor quality was found with soy isoflavones, proanthocyanidins and �-
tocopherol. Other reports on the quality of nutraceuticals recorded data
on lycopene,30 S-adenosyl methionine (SAMe)32,33 and dehydro-
epiandrosterone (DHEA) products,34,35 but they show a similar picture
of low-quality products available for sale.

Product identity is obviously of help to informed readers wanting
to select brands, but a comparatively small proportion of scientific publi-
cations identify levels of nutraceuticals in named products; Consumer-
lab.com specify levels for all products analysed.

Problems relating to the precise chemical form of the named
nutraceutical used in a product exist for some materials, namely
glycosides, salts and glucosamine. The isoflavones, for example, exist in
nature in the form of glycosides, and because the sugar content of the
molecule may constitute up to 40–50% of the total, the isoflavone
aglycone levels will be much lower than those claimed for the glycoside.
ConsumerLab12 reported varying levels of individual isoflavones in both
soy and clover preparations (see above), and Nurmi et al.36 also found
wide variations in 15 products examined. Levels of three individual
isoflavonoids – daidzein, genistein and glycitein – ranged from 9.7% to
zero, and total isoflavone levels from 20.1% to trace level. Tosylate or
butanedisulfonate salt forms, required for stability of SAMe, dramati-
cally reduce the actual level of SAMe.8

386 Quality of nutraceuticals

23 Chapter 23  2/3/07  19:15  Page 386



Other nutraceuticals 387

Table 23.1 Constituent levels and passing rates for a range of nutraceuticals

Nutraceutical Origin No. No. No. >90% Comments
tested passed label claim

MSM8 USA 17 15 15 Levels of 85 and 88% (2)
Co Q1012 USA 29 28 28 Level of 17% (1)
Co Q1015 USA X X X All passed
Co Q1016 New Zealand 7b 1 7 All 100% and over
Melatonin12 USA 18 16 16 Level of 83% (1)
Carnitine17 3 Czech 3b 1 2

1 USA 1 0 0
Policosanol12 USA 7 3 3 Levels of 23–78% (6)
Flaxseed oil12 USA 9 5 5 Levels of 70–83% linoleic

acid (4)
SAMe12 USA 11 10 10 Level of 30% (1)
SAMe12 USA 13 7 7 Level of 5% (1)
DHA/EPA12 USA 20 14 14 Levels of 50–83% (6)
DHA18 USA 8b 1 4
EPA18 USA 8b 0 1
GLA19 Germany 19b 5 6
Proanthocyanidins20 Japan health 4 0 2 Levels of 70–125%

food
Proanthocyanidins20 Japan grape 2 0 0 ND

seed oil
Lutein21 USA 3 0 3
Lutein/zeaxanthin12 USA 19 18 18
Lutein/zeaxanthin22 7 German 7 0 3 16–136%

7 USA 7 2 5 11–122%
DHEA12 USA 17 14 14 Levels of 19%, 79%, 84%
Soy isoflavones23 Australia 10b 2 3 One < 1%
Soy isoflavones24 a Finland 14 2 3
Soy isoflavones25 a USA 13 2 3 None above 99%
Phytoestrogens26 31 USA 32c 4 11 1 at 0%, 1 at 383%

1 UK
Green tea extracts27 USA 4 0 0 9–48% catechin content

stated on labels
Creatine12 USA 1 0 0 Level of >1%
Creatine12 USA X X/2 X/2 Half no. tested, failed
Creatine28 USA 6b 4 6 Level of 100% in 4
Creatine29 USA 3b 1 2 ‘Serum’ formulation,

1.7% of claimed level
�-Tocopherol30 Canada 7 0 5 Levels of 59–149%
Branched-chain Italy 3 3 3 All passed

amino acids31

Sterol12 USA 4 3 3 Level of 77% (1)

aProducts specifying levels of particular isoflavones, genistein and daidzein all failed to meet claims.
bDisclosure of product identity.
cPredominantly soy-based formulations. Nine products contained formononetin and/or biochanin A, usually
associated with red clover.
NS, not stated; ND, none detected.
MSM, methylsulfonylmethane; Co Q10, coenzyme Q10; SAMe, S-adenosyl methionine; DHA, docosa-
hexaenoic acid; EPA, eicosapentaenoic acid; GLA, �-linolenic acid; DHEA, dehydroepiandrosterone.
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Four commercial conjugated linoleic acid (CLA) products have
been analysed, and total CLA contents found to range from 65.1 to
77.9 mg/100 mg, while specific isomers such as the cis-9, trans-11 CLA
isomer were present at levels of 24.3–37.7 mg/100 mg.37

Non-formulated products

The problem relating to the precise chemical form of the nutraceutical
present also arises with flax, teas and soy.

Flaxseed

The effect of three flaxseed cultivars with differing contents of �-linoleic
acid and lignans have been shown to have marked differences in a
number of biomarkers for atherosclerosis and mental stress, thus
demonstrating the importance of nutraceutical composition on biologi-
cal activity.38 Popularisation of the health benefits of flax lignans has
stimulated the development of a large number of proprietary breads and
breakfast cereals containing flax. In one survey of breads available in
Canada, 13 flaxseed-containing breads were stated to contain from 0 to
10.1% flaxseed, and analysis of lignan aglycones resulting from fermen-
tation of the constitutent glycosides revealed a wide range of levels of
the metabolites secoisolariciresinol, enterolactone and enterodiol. Total
levels ranged from 1 to 32 �mol/100 g of bread, with the metabolite
enterolactone appearing as the major product in all samples. Similar
investigation of six breakfast cereals revealed a metabolite level ranging
from 2 to 48 �mol/100 g, with enterolactone usually present as the
predominant metabolite.39 This report disclosed the identity of the
samples, allowing consumers to choose products to purchase, as stated
flax contents did not necessarily correspond to levels of lignan metabo-
lites.

Teas

More complex sources of nutraceuticals such as green teas are increas-
ingly popular as a source of antioxidants, but the levels of claimed active
compounds are very variable and will depend upon method of prep-
aration of the infusion, as well as choice of tea type. One survey of three
teas with two methods of preparation showed differences in theanine
levels, and wide variations in catechin derivatives.40 Another survey of
three tea products showed similar wide variations in both catechin
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constituents and theanine.41 One hundred and ninety-one specific types
of green teas were investigated in one study, and Longjing teas were
found to have the highest levels of theanine, gallic acid and certain
catechin derivatives.42 Comparison of a range of tea bags containing
green tea also revealed a wide variation in both individual and total
catechin contents, the latter ranging from 6.9 to 48.3 mg/g.27

Similar wide variations were reported in a survey of 12 named
black teas, with total catechin contents varying from 5.6 to 47.5 mg/g,43

and further evidence of high variability of commercial products found
total catechins in canned green tea drinks to vary between 7.5 and
346.1 �g/mL, with extreme differences in levels of the individual
catechins (—)-epicatechin (EC), (—)-epicatechin gallate (ECG), (—)-
epigallocatechin (EGC) and (—)-epigallocatechin gallate (EGCG).44

Further variability has been reported in 18 teas and one green tea
supplement, with levels of catechins varying from 21.2 to 103.2 mg/g
for regular teas, and 4.6–39.0 mg/g for decaffeinated teas. This publi-
cation showed further evidence for the importance of the catechin levels
by finding a positive correlation between levels and antioxidant activity
as measured by oxygen radical absorbance capacity (ORAC) assay.45

One final publication on teas reported a variation in catechin levels
between 11 different teas and 14 commercial tea drinks ranging from
2.4 to 144.4 mg/g and 2.6 to 341.7 mg/g, respectively. In addition, they
investigated the effect of degradation of the catechins under various
processing conditions. Although the catechins were stable in water at
room temperature, brewing Longjing tea at 98C for 7 hours caused
20% loss of catechins. Autoclaving at 120C for 20 minutes was found
to cause epimerisation of EGCG to (—)-gallocatechin gallate (GCG),
which was found in a number of commercial tea drinks, probably caused
by high-temperature treatment. GCG itself is liable to further degrada-
tion dependent upon the medium in which it is present, irrespective of
a low pH.46

Resveratrol

The resveratrol content of grape products have been investigated, and
again showed a wide range of levels. Juices from white grapes were
found to contain a mean of 0.5 mg/L, while those from red grapes had
a mean of 3.1 mg/L, with a maximum level of 15.3 mg/L.47 The
resveratrol levels of grapes were shown to depend on the variety of the
plant, and hence different types of wines contained a wide range of
levels, from 98 to 1803 �g /100 mL.48
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Soy-based infant formulas and foods

One of the first reported investigations into the isoflavone content of six
commercial soy products revealed that there was variability in the levels
in soy-based infant formulas available in the USA. The range of
isoflavones found in dry products was 214–285 �g/g, and 25–30 �g/mL
in reconstituted products, and it was postulated that this was caused by
the use of different amounts of soy isolate used in product formulation.
Individual isoflavone contents within particular products showed even
greater variability, with genistin levels ranging from 75 to 134 �g/g and
daidzin levels from 31 to 76 �g/g.49 Later work by the same team on
the isoflavone levels in 65 commercially available soy-based foods and
those available in certain US institutions showed further variations both
between different and within the product types.

Levels of glycosides and aglycones were estimated for seven
soymilk products, 12 tofu products, six fermented soy food products,
including soy sauce, miso and tempeh, and 13 meat analogue/hamburger
products, and variations in individual isoflavone levels were found to
vary by factors up to 150%.50 More recent work has also shown wide
variation in total isoflavone content in particular commercial products
over a 3-year period, with up to 200% variation between products and
up to 150% variation in values in one specific brand. Large variations
are evident in both isoflavone content and individual isoflavones in near
identical food sources, using similar processing conditions, as was found
from the analysis of 85 soymilks.51

Another interesting finding reported in one analysis of formulated
soy products was that in addition to the variability of isoflavone
constituents in the 14 formulations, there was also up to six lignans
present, including secoisolariciresinol, albeit at much lower levels.24 This
concomitant occurrence of two nutraceuticals in the raw material and
in the formulated products suggests the possibility of similar ‘contami-
nation’ in grape products with the presence of both resveratrol and grape
seed proanthocyanidin extract (GSPE).

Possible contaminants in nutraceuticals

A range of breakdown products, synthetic intermediates and co-
occurring related constituents in nutraceuticals are possible contami-
nants. A number of evaluations of the levels of some of these possible
contaminants have been published. Table 23.2 lists examples found in
the literature.
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Overall, levels of contaminants reported in isolated formulations
are low. These figures show single examples of failed products, and many
ranges contain no contaminants. The possible presence of dioxins and
polychlorinated biphenyls (PCBs) in fish oil supplements available in the
UK was investigated by the FSA, and 2 out of 33 named branded liquid
and capsule products were withdrawn from sale due to levels which
could lead to ingestion of twice the tolerable daily intake.54

Often there is no information concerning the identity and quantity
of the contaminant, as it is simply not investigated. Contaminants have
been quantified in one report, in which up to 40% contaminant levels
were recorded in a range of soy isoflavone formulations.25

Creatinine, a metabolite of creatine, also appears in impure
creatine supplements as a result of improper manufacturing or break-
down of the creatine, as could another manufacturing by-product,
dicyandiamide. It has been speculated that creatine sold in liquid forms,
particularly products for sporting enhancement, is more liable to
breakdown within the product into creatinine. Although creatinine and
dicyandiamide in small amounts may not pose a safety risk, they are not
useful, and should not be present. Purity has become an issue with
creatine because dosages are relatively large – often as much as
20 g/day.12

Three commercial melatonin preparations have been analysed
using high-performance liqiud chromatography/UV and liquid chroma-
tography electrospray ionisation tandem mass spectrometry (LC/ESI-
MS) and a number of contaminants have been found at levels up to
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Table 23.2 Investigation of contaminants in a range of individual products

Nutraceutical Contaminant Level

Glucosamine8 Manganese > 11 mg/daya

Policosanol52 Alkanol esters None quantified
MSM12 DMSO None
MSM12 DMSO 0.05%
Creatine12 Creatinine > Creatine
Creatine53 Creatinine 9 	 Creatine level
DHA/EPA12 Magnesium None
Melatonin8 Lead (1 in 18 products) 0.5 �g/daily dosea

DHEA12 Other steroids None

aWhen taken at recommended dose.
MSM, methylsulfonylmethane; DMSO, dimethyl sulfoxide; DHA, docosahexaenoic acid; EPA,
eicosapentaenoic acid.
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0.5%. Six of these contaminants were related to impurities which had
been previously discovered in a sample of L-tryptophan,55 associated
with an eosinophilia-myalgia syndrome.56

A recent survey by the Cologne doping laboratory of nutraceuti-
cal supplements used by athletes found a risk of 25% contamination
with prohibited substances, including contamination of carnitine.57

The events of 11 September 2001 have stimulated wide ranging
interest into safety of medicines, foods and nutraceuticals, not only in
the areas of quality control and assurance, but also in the covert intro-
duction of chemical and microbiological toxins as agents of terrorism
or counterfeiting.58 Traceability is now being considered using a combi-
nation of global positioning and bar/chip coding, and hazard analysis
critical control point management, coupled with nanotechnology
marker assays.

Analytical issues

One important requirement to ensure quality control of raw and
formulated products is the provision of detailed monographs about the
routine analysis of nutraceuticals. This is particularly important if the
material can be analysed by a range of methods, giving different results,
hence making comparison between workers and products impossible.
One example of this situation is in the analysis of carnitine, for which
four different electrophoretic methods are available. Levels of carnitine
in various products have been shown to be 19.3–25.3 g/100 g
dependent on method, demonstrating the importance of establishing
and using standard analytical techniques.17 A range of melatonin tablets
has been tested against the USP General Tests and Assays for Nutritional
Supplements, which outlines standard quantitative test parameters,
including disintegration, dissolution, weight variation, friability and
hardness, for tablet formulations. Eleven products available in the
Baltimore-Washington area were tested, and the results are outlined in
Table 23.3.

Individual samples of one of the products revealed a threefold
difference in hardness; one controlled-release product released 90% of
the melatonin in 4 hours in the dissolution test, while another released
90% of its content in 12 hours. This example of poor quality control
should be of concern to both consumers and healthcare providers.

Overall, the data give evidence of poor formulation, and the intra-
batch variation of hardness in one product demonstrates lack of
attention to quality control. One benefit of this report is that the brands
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of melatonin were identified, allowing consumers to select the best-
performing products, but unfortunately the results did not include the
content of active ingredient!59

Similar parameters for one policosanol tablet product have been
investigated, revealing minimum variability between batches and
uniform content of active ingredient. Stability at elevated temperatures
and humidity allowed realistic expiry dates of 3–9 years to be claimed.52

Other quality issues

As with pharmaceuticals and other alternative medicines, it is essential
that tablets and capsules disintegrate after ingestion and that other
formulations release their components to make the active constituents
bioavailable. The vast majority of products tested have been found to
have satisfactory disintegration rates.8,12 Ten Japanese coenzyme Q10
products were all found to be satisfactory,14 but one in four sterol
products was found to be unsatisfactory.12 To date very few publications
have appeared which contain disintegration values for nutraceuticals.

The stability of active constituents and microbiological control
have also rarely been reported. Policosanol tablets have been tested for
stability at climatic conditions of both zones 2 (25 � 2C, relative
humidity 60 � 5%) and 4 (30 � 2C, relative humidity 70 � 5%), and
USP standard microbiological assays carried out. Excellent stability was
reported from these tests.60

One further problem which has been reported is that some manu-
facturers use instruction labels advising the use of doses below those
used in clinical trials. For example, 5 out of 12 combination glucosamine
and chondroitin products, 2 out of 4 glucosamine products, and 3 out
of 3 chondroitin products were labelled with low recommended doses.7

Suggested daily doses of lutein have been reported to range from 0.25
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Table 23.3 Comparison of melatonin products with USP standards

Parameter Results

Disintegration 4/9 immediate-release products failed
Dissolution 4/9 immediate-release products failed
Weight variation All passed
Friability 2/11 products had excessive friability due to capping
Hardness Range from 55.6–154.0 Na

aStandard deviation of 30.2% in one product.
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to 22.5 mg, a 90-fold difference.12 Manufacturers have not yet followed
the route of pharmaceutical companies who usually include detailed
patient information leaflets with their products, enabling patients to
look out for side-effects and possible interactions with prescription
medicines.

The range of formulations in use for delivery of nutraceuticals is
increasing. For example, glucosamine is now available as a gel rub, gel
patch, effervescent and new liquid, as well as tablets. Other formula-
tions of nutraceuticals now available include caplets, capsules, con-
trolled-release preparations and softgels. No investigation into the levels
of active constituents has yet studied liquid formulations, which would
be expected to be affected by stability problems to a greater extent than
solid formulations.

ConsumerLab.com testing

ConsumerLab.com is an independent consumer association concerned
with evaluating the quality of vitamins and supplements. They have a
detailed website supplying, on a subscription basis, analytical results on
a large number of commercially available examples of 13 supplements
and herbal remedies available in the USA. Limited analytical data are
available for free concerning the general levels of constituents, and
sometimes pertinent contaminants present in the ranges of products.
General data has also been made available in a published book,61 the
main feature of which is the lists of named products passing their testing
procedures. Confusingly, ConsumerLab apply different levels of nutra-
ceutical contents for different products to rate a ‘passing’ score.

Table 23.4 outlines the levels of active components and contami-
nant limits required in particular products for a pass score for different
nutraceuticals, and the proportion of products that pass.

These published data are particularly useful to consumers in the
USA because all products are sourced there, but also to consumers
outside, because a number of the branded products are available outside
the USA and also on the Internet. However, it is difficult to see how
products are selected for testing, and we do not know whether products
of manufacturers with wide product ranges have had their individual
products tested or failed! Reading the data, it is not possible to detect
any trends in successful manufacturers, and therefore individual
products have to be selected on the basis of whether or not they ‘pass’
in that particular category.
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Cost comparisons of different products

A quick look at any range of commercial nutraceuticals will show that
there is a marked difference in prices (Table 23.5).

The price variations for these nutraceuticals are particularly wide
for formulated soy isoflavones, which vary by a factor of nearly 22
times! This difference may possibly be explained in marketing terms: the
product is priced differently for different markets, but there is no
evidence that quality is responsible for these variations.

Conclusions

Surveys about the quality of nutraceuticals are increasingly being reported
by both individual researchers and consumer organisations, and it is
hoped that the stigma of published information concerning unsatisfactory
product quality will stimulate manufacturers to improve standards of
quality control. Interested consumers are able to view detailed results for
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Table 23.4 Active constituent levels, contaminant limits, and pass levels for the
seven nutraceuticals evaluated

Nutraceutical Active
constituent level
required for
passing (%)

Other criteria Proportion
passing

Coenzyme Q10 100–150 28/29
Creatine Minimum 99.9 Maximum 0.1%

dicyanamide
11/13

n-3 Fatty acids 100–150 Maximum
10 meq/kg
peroxide

14/20

Glucosamine 95–105 10/10
Chondroitin 95–105 0/2
Glucosamine/chondroitin
combination products

95–105 7/13

MSM 100–125 Maximum
100 ppb Mg

15/17

SAMe 100–110 7/13
Soy and red clover
isoflavones

100 100% of claimed
individual
isoflavones

13/18

MSM, methylsulfonylmethane; SAMe, S-adenosyl methionine.
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named US nutraceuticals for a subscription at ConsumerLab.com, and
recently another website, www.supplementchoice.com also offer infor-
mation on independent product evaluations for a subscription fee.
Official monographs outlining analytical standards will surely help to
improve the situation.63
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24
Conclusions

Over the last 20 years there has been rapid growth in the availability
and usage of nutraceuticals. This has been caused in part by the mass
of information that has become available in the lay media and via the
Internet sources, but also because of increased awareness of health issues
among the general public. The perception that conventional medicines
cannot successfully treat all diseases and that many modern pharma-
ceuticals are ineffective in certain disease states and have marked side-
effects has led many people to look to the nutraceuticals for alternative
therapies. Nutraceuticals are arguably the first complementary
medicines whose use has been justified in biochemical terms, on the basis
that because many illnesses are exacerbated or caused by simple
deficiency states, it follows that disease states may be treated by high
doses of essential nutrients. There is also clear evidence that supple-
mentation with nutraceuticals may generally improve health, particu-
larly in the prevention of diseases.

Future trends influencing consumers

Increasing awareness of health issues by the public, coupled with an
ageing population increasingly affected by disease states associated with
ageing, has seen a growth in the demand for nutraceuticals. Even before
old age, many health-conscious consumers are using nutraceuticals,
often in the form of ‘lifestyle’ self-improvement treatments. Although
consumption of nutraceuticals is increasing, as is consumption of a wide
range of complementary medicines, it is not strictly a holistic form of
treatment because treatment does not involve diagnosis by a trained
complementary practitioner. However, unlike the use of other comple-
mentary therapies, use of a number of nutraceuticals, particularly those
with antioxidant activity, can be expected to have beneficial effects on
the ‘whole body’, not just the symptoms of a particular disease state.
Some nutraceuticals, such as the glycoaminoglycans (GAGs), have been
claimed to be disease modifying, as they change the constitution of the
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cartilage by reducing degradation and stimulating biosynthesis of new
material. Nutraceuticals allow consumers to take ‘control’ of their
health by choosing medication with which they feel comfortable,
without necessarily asking a physician.

Long-term self-medication with nutraceuticals has cost impli-
cations to consumers; if they qualify for health service or health
insurance scheme reimbursement of conventional medicines, nutraceuti-
cals may appear expensive by comparison. However, some nutra-
ceuticals are now being supplied and subsidised by this route. An
example of this is glucosamine in the UK, which has been made available
on the National Health Service (NHS), meaning free supplies for elderly
patients.

Consumers purchasing nutraceuticals are heavily targeted by
manufacturers within the main social groups of users. Both advertising
and wide-ranging media coverage of nutraceuticals is widely used to
extol their benefits, and also to establish the products as a ‘lifestyle
choice’. In a move that will surely help consumers and lead to the appro-
priate use of safe products, GPs, pharmacists, nutritionists and nurses
are all increasingly becoming aware of nutraceuticals via articles in their
professional journals.

However, many indications discussed in this text are for serious
disease states for which self-medication is inappropriate, whereas long-
term use of nutraceuticals for disease prevention can be safe and
beneficial. Examples where nutraceuticals may be used for serious
diseases include flaxseed oil and carnitine for cardiovascular disease, and
a wide range of antioxidants for the prevention of cancer. At present,
consumers may try dietary supplements for many indications believing
them to be safer than synthetic substances, but this presumption of safety
may be erroneous, and most importantly, proper medical diagnosis is
essential to enable prescribing of effective conventional medicines for
serious diseases. Worryingly, it has recently been reported that an
increasing number of diabetic patients are self-medicating with comple-
mentary medicines.1

Lastly, different chemical forms of nutraceuticals (e.g. in the case
of glucosamine) and different formulations may be available on the open
market compared with those used in scientific research and clinical trials,
and consequently expected benefits may not be seen. Consumer-friendly
terms must be used on or with formulated nutraceuticals to relay scien-
tifically correct, proven information, and to instruct patients to consult
a physician if there is any doubt of serious ailment.
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The general public is increasingly bombarded with dietary health
advice and slogans, such as:

• ‘The French paradox’
• ‘The Mediterranean diet’
• ‘Five a day (fruits)’
• ‘Consume oily fish’
• ‘Consume 25 g of soy per day’,

which inveitably leads to confusion. In addition, health product manu-
facturers portray their products as being an easy way to satisfy these
guidelines. What actually is the overall evidence for following these
exhortations and other advice to take nutraceuticals?

This text has attempted to explain the evidence for these claims.
By far the most detailed scientific and medical evidence for beneficial
dietary supplementation is available for soy and teas. These have been
the inspiration for thousands of publications on their health benefits to
date, as evidenced by their extensive conclusions in the previous
chapters. The great body of literature on these two is evidence of the
scientific community’s desire to find ‘new’ medicinal agents to alleviate
or cure the increasingly common disease states afflicting an ageing
population, particularly that of the developed world. Much of the
epidemiological data for these two are firmly based on historical and
modern use.

The majority of the nutraceuticals discussed in the preceding
chapters have often been consumed in traditional diets without any
knowledge of their benefits, but these also have often recently become
the focus of epidemiological studies.

Naturally, there is often confusion to resolve when trying to
evaluate the active component of a specific diet, for example in a
Mediterranean diet, which contains many purported beneficial sub-
stances, many of which are referred to in the previous chapters. Similarly,
the benefits of wine may be explained either on the basis of its grape
seed proanthocyanidin extract (GSPE) content or its resveratrol, or a
substance yet to be identified and researched. Only now is detailed
clinical evidence becoming available as to the effects of individual
components.

Overall, the general public has a huge interest in complementary
medicines, and wants straightforward answers. The preceding chapters
will by now have answered most of the questions posed in the Intro-
duction:
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• Nutraceuticals have been defined and described
• Clinical evidence has been outlined to explain how well they work
• Medical advice should be requested from qualified practitioners
• Adverse effects and interactions with medicines have been outlined
• Quality has been discussed in detail
• Diet modification is possible with a number of nutraceuticals

occurring in realistic levels in common foods, but it is extremely
difficult to obtain therapeutic levels of a number of nutraceuticals
from diet alone

• Detailed information has been laid out explaining the evidence for
use of nutraceuticals in prevention and treatment of diseases.

Future trends facing manufacturers

Always aware of production costs and profits, manufacturers are being
forced in two directions to become successful. On the one hand, they
are purchasing more raw and formulated nutraceuticals from developing
countries, particularly from East Asia, allowing them to sell at lower
prices while increasing profit. This is due to lower production costs in
these countries, and also because of less strict compliance with safety
regulations pertaining to Western countries. On the other hand, they are
investing capital in high-tech plant using novel biotechnology to make
products of consistently higher purity.

In an obviously expanding industry, manufacturers are frequently
bringing new products onto the market, associated with media hype and
new claims that are not necessarily substantiated. Increasingly, a number
of combination products and novel formulations are being marketed.
Nutraceutical supplementation for the treatment and prevention of a
range of long-term disease states is being encouraged, for example the
use of soy and green tea products for cancer prevention, which other
schemes of complementary medicine cannot offer because of the lack of
research data.

Because new medicines are harder to find and more expensive and
riskier to develop than ever before, many companies that have produced
conventional pharmaceuticals in the past are now merging to survive or
are turning to nutraceuticals. For example Du Pont, Abbott Laboratories
and Warner Lambert. Novartis Consumer Health, the nutrition division
of the Swiss drugs group Novartis, announced a joint venture with the
Quaker Oats Company in February 2000, forming the Altus Food
Company to sell functional foods in the USA. This venture was the first
union between a drugs company and a food company. Novartis
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Consumer Health has also launched the Aviva range of functional foods
that are available in supermarkets and pharmacies. Mergers of this kind
offer the companies involved a very large market and more alliances are
likely, as joint ventures help to share knowledge, risk, flexibility,
expertise and cost.

Some nutraceuticals are available as functional foods, which are
foods that have been altered by their addition to increase health. One
example is Columbus Healthier eggs, introduced in October 1998 by
Dean Farms, Tring, Hertfordshire. These eggs are rich in n-3 fatty acids
as a result of the hens being fed a diet rich in n-3 fats. All major British
supermarkets now stock these eggs. Similarly, OmegaTech has launched
DHA Gold eggs, rich in both n-3 fatty acids and docosahexaenoic acid
(DHA). Another example was the introduction of Burgen bread in
September 1997 by Allied Bakeries, the largest bread manufacturer in
the UK. This bread is a wholegrain loaf with soya and flaxseed, which
has been very successful commercially in Australia. The pack claims that
the bread is ‘high in natural plant oestrogens, believed to help
menopausal symptoms’, which clearly relates to the scientific research
on soy and flaxseed in these therapeutic areas.

The agritech business is increasingly interested in producing new
plant sources of nutraceutical ingredients. Monsanto has recently
announced plans to develop genetically modified soy containing genes
from fish, in order to produce a combination of soy isoflavones incorpor-
ating the n-3 fatty acids DHA and eicosapentaenoic acid (EPA).2

Scientific community, regulatory authorities and
consumer organisations

The scientific community is increasingly interested in therapeutic appli-
cations of nutraceuticals, and levels of research are increasing. A survey
of scientific publications in journals over the period 1993–2003 for four
therapeutic applications of nutraceuticals, using MEDLINE via
Cambridge Scientific Abstracts, shows a rise in the number of publi-
cations over the period (Figure 24.1). Particularly high levels of interest
in soy for the prevention of cancer are shown.

At the same time government sponsorship of clinical trials has
grown, such as the GAIT trial for GAGs, and increased research funding
is available for nutraceutical research. Regulatory authorities are taking
more control of the supply of nutraceuticals and regulating the health
claims, and sponsoring writing of analytical monographs which are
invaluable for their routine quality assurance. AOAC monographs have
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now been published for glucosamine in both raw materials and
supplement formulations, and monographs are expected soon for
coenzyme Q10, n-3 polyunsaturated fatty acids and chondroitin
sulfate.3 Consumer organisations now routinely publish detailed ana-
lytical profiles of ranges of products, which enables consumers to choose
the best quality. The body of evidence for a number of nutraceuticals is
increasing rapidly, and the future for consumers improves with each new
development.

Although data are now available to show that a number of
nutraceuticals may help protect against a number of life-threatening
diseases, there is still insufficient evidence to substantiate the use of
certain nutraceuticals in a range of disease states for which they are being
sold. Government support is required for increased research in these
areas, and in the long term, reduced health costs would justify the money
spent.
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New horizons

Progress in treating diseases is being accelerated by the availability of
genomic information, and pharmaceutical companies are using
genotyping in their clinical trials to predict efficacy, drug safety and
toxicity. This development in pharmacogenomics is being used to study
a patient’s response to medication, and the parallel science of ‘nutri-
genomics’ has been developed to study the effect of nutraceuticals and
dietary components on health. Nutrigenomics may allow the use of a
particular individual’s genetic information to predict specific person-
alised nutraceutical supplementation to prevent diseases or maintain
health.

Overall

We are currently seeing unprecedented availability of nutraceuticals and
a continuing range of new entities, new therapeutic applications, new
formulations to improve compliance and increased awareness of health-
care professionals. Sensible use of scientifically and medically validated
nutraceuticals will undoubtedly improve the health of sections of the
population who take advantage of these developments.

There are a number of nutraceuticals with applications in a range
of therapeutic areas. Some of them show comparable efficacy to conven-
tionally prescribed pharmaceuticals. Many more nutraceuticals are also
available, with an increasing range of therapeutic applications, adding
to further consumption. Compared with both conventional pharma-
ceuticals and complementary medicines, nutraceuticals generally have
lower incidences of adverse effects and drug interactions, but as global
consumption rises, so does the incidence of side-effects and drug inter-
actions. Overall however, the risk–benefit use of these products is not
nearly as well documented as for conventional pharmaceuticals, and the
absence of a wide range of documented adverse effects and drug inter-
actions does not mean that these products are devoid of these properties.
From details reported on drug interactions it would obviously be in the
interests of patient safety if all use of dietary supplementation was made
available to healthcare prescribers. Most of the disease states for which
nutraceuticals are used are increasingly prevalent in ageing populations,
which are increasingly affected by more than one disease, and we are
likely to see more interactions and complications.4

With the introduction of government campaigns such as the ‘Five-
A-Day’ programme, designed to increase public awareness of the need
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for a healthy lifestyle and diet, combined with ever-increasing knowledge
of the potential health benefits attributable to certain dietary factors and
the publication of new dietary recommendations, it is possible that such
nutraceutical products will become commonplace adjuvants to many
individuals’ healthy lifestyles in the near future.
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formulations, 14, 74

quality, 383–99
Foundation for Innovation in Medicine

(USA), 5
fractures, osteoporosis, 231
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‘French paradox’, 141
functional foods, 2, 3, 13, 405

GAGs (glycosaminoglycans), 19–20,
87–97, 316, 340–1, 378, 401–2

GAIT (Glucosamine/chondroitin Arthritis
Intervention Trial), 96

galantamine, 170
gallic acids, 48f, 49, 78
�-linolenic acid (GLA), 29, 31–2, 332t

arthritis, 102–3, 329t
bioavailability, 75
diabetes mellitus, 343
interactions, 372
levels and metabolites, 70t
lipoic acid with, 343
osteoporosis, 237
pharmacokinetics, 76t
production and analysis, 61t
quality of products, 387t

gas chromatography, 63
general practitioners, consultation rates, 6
Generally Recognized As Safe (GRAS)

status, 59–63
genetically modified soy food, 405
genistein, 44f, 45, 46–7, 262

adverse effects, 374, 375
bioavailability, 79
on blood pressure, 123
on cancer, 194–200, 344
on cell cycle, 195
pharmacokinetics, 77t
skin, 293–4
see also soy, isoflavones

genomics, 407
Germany, asthma, 249
GH see growth hormone
gingival disease, 299

animals, 320–1
GLA see �-linolenic acid
glucosamine, 19–20, 87–97, 327, 328t,

332t
adverse effects, 370t, 377–8
animals, 316–17
bioavailability, 73t, 75, 88, 89
levels and metabolites, 70t
National Health Service, 402
pharmacokinetics, 76t, 88
production and analysis, 60t
quality of products, 384–5
skin, 294
in synergistic combinations, 340–1,

348

Glucosamine/chondroitin Arthritis
Intervention Trial (GAIT), 96

glucuronidation, piperine on, 347
glycitein, 44f, 45, 79
glycolic acid, 343
glycosaminoglycans (GAGs), 19–20,

87–97, 316, 340–1, 378, 401–2
glycosides, isoflavones as, 260, 390
grape products, resveratrol, 37, 389
grape seed proanthocyanidin extract

cardiovascular disease, 141–3
hair growth, 294–5
levels and metabolites, 71t
production and analysis, 61t
skin protection, 291–2

grape seed proanthocyanidin extract
(GSPE), 38–9

GRAS (Generally Recognized As Safe)
status, 59–63

green-lipped mussel extract, in synergistic
combinations, 341

green tea, 47–8, 330t
atherosclerosis and, 116–17
bioavailability of extracts, 73t
brain function, 176–7
cancer prevention, 204–5
coronary heart disease and, 113–14,

118
on hypertension, 117, 118
joint disease, 106
on lipid profiles, 116
pharmacokinetics of extracts, 77t
production and analysis of extracts, 62t
quality of products, 387t, 388–9
weight loss, 282–4
see also catechins

growth (bone), 229–30
growth factors, on bone, 231
growth hormone

on bone, 230, 235, 238
synergistic combinations on release,

340
growth rates, 229–30

markets, 12–13
GSPE see grape seed proanthocyanidin

extract
gum disease see gingival disease

Haematococcus pluvialis, 162
hair growth, 294–5, 365
half-lives, 78

lutein and zeaxanthin, 158
melatonin, 186
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halitosis, tea on, 298
hardness, product analysis, 392
hay fever see seasonal allergic rhinitis
HDL see high-density lipoprotein
health advice, 403
heart failure

carnitine, 144–5
coenzyme Q10, 132

heart surgery, rats, coenzyme Q10, 133
hepatic lipidosis, cats, 315
herbal remedies, 2, 348–9

quality issues, 383
5-HETE (5-hydroxyeicosatetraenoic acid),

CLA on, 219
heterocyclic amines, tea on, 202
high-density lipoprotein, 112

Pycnogenol on, 139
high-pressure liquid chromatography

(HPLC), 63
high-risk subjects, epidemiology, 11
HIV infection, �-sitosterol and

�-sitosterolin on, 350
HMG-CoA reductase, policosanol

investigations, 138
Holland, demographic survey, 9
hormone replacement therapy (HRT), 260

cognitive decline and, 175, 266
lignans vs, 272
phytoestrogens vs, 240, 268

horses
coenzyme Q10, 314, 315
glucosamine, 317
methylsulfonylmethane, 319

hot flushes, 259–60, 264
HRT see hormone replacement therapy
hyaluronic acid, 293, 318, 340

chondroitin with, for liver damage, 341
5-hydroxyeicosatetraenoic acid, CLA on,

219
8-hydroxyguanosine (8-OHdG), 204–5,

209–10
6-hydroxymelatonin sulfate (6-OHMS)

carcinogenicity, 218
urinary excretion, 183, 187

hydroxymethylbutyrate, creatine with,
athletes, 345

hydroxyphenyl valerolactone analogues,
51

hypercholesterolaemia, 112
policosanol on, 136–7
soy on, 119

hypertension
coenzyme Q10, 132

animals, 314
Pycnogenol, 139
soy on, 123–4
tea on, 117–18

hypertrophic cardiomyopathy, coenzyme
Q10, 132

hypoxia-inducible factor 1, tea and, 376

iced tea, cancer and, 206
IGF-1 (insulin-like growth factor-1),

L-carnitine on, 236
IGFBP (insulin-like growth factor binding

proteins), 236
IL see interleukin-1; interleukin-2
immune system

melatonin, 216, 217
nutraceuticals in sports, 308
theanine on, 363

indomethacin, interactions, 372
industry see manufacturers
inflammatory bowel disease,

N-acetylglucosamine, 317
inflammatory diseases

n-3/n-6 PUFA ratio, 248
see also anti-inflammatory preparations

insomnia, melatonin, 186–8
insulin, glucosamine/chondroitin and, 96
insulin-like growth factor-1, L-carnitine

on, 236
insulin-like growth factor binding

proteins, 236
Integrated Summary of Clinical Tests,

cognitive decline, 171–2
intent-to-treat analysis

chondroitin, 95
glucosamine, 92

interactions
adverse effects from, 372–3
synergistic, 339–58

interleukin-1, 85, 86
interleukin-2, melatonin with, 216
Internet, 396

ConsumerLab, 385, 394–5
trial of glucosamine, 94

intestinal mucosa, proanthocyanidins on,
78

Inuit Eskimos, joint disease and, 99
ipriflavone, 269–70
iron therapy, tea and, 375–6
ischaemic heart disease, 111–54
isoflavones

red clover, 123–4, 261, 270, 386
soy see soy, isoflavones
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isoflavonoids, on hypertension, 123–4,
261, 270, 386

isotretinoin, carnitine and, 373

Japan
coenzyme Q10 quality, 386
functional foods, 3
isoflavone consumption, 260
prostate carcinoma, 192–3, 198
tea on cancer, 203

jet lag, melatonin, 184–6, 327, 328t,
329t, 331

JHCI (Joint Health Claims Initiative), 3
joint disease, 1, 85–110

animals, 316–20
chondroitin, 87–90, 94–7, 317–18,

327, 328t, 332, 340–1, 348
�-linolenic acid, 102–3, 329t
glucosamine, 87–97, 327, 328t, 332
nutraceutical use rates, 8–9
S-adenosyl methionine, 98–9, 327
sterols, 350
synergistic combinations on, 340–1,

345, 348
Joint Health Claims Initiative (JHCI), 3
joint space narrowing

chondroitin on, 95
glucosamine on, 91–3

kidney damage, drug interactions, 372
knee pain, glucosamine, 91

L-carnitine, 25–6
animals, 315, 321–2
bone, 235–6
isotretinoin and, 373
sports, 304–5, 307
weight loss, 280–1, 286
see also acetyl-l-carnitine; carnitine

LA (linoleic acid), 29, 99, 124, 218
see also conjugated linoleic acid

labelling
dosage, 393–4
regulations, 3, 5

Labrador dogs, cardiomyopathy, 315
LDL see low-density lipoprotein
‘leaky-gut’ syndrome (veterinary),

N-acetylglucosamine, 317
lean body mass

conjugated linoleic acid, 306
creatine, 302–3, 345

lecithin, 175–6
see also phosphatidylcholine

legislation (UK), 5
see also regulations

leptin, 239
Lequesne Index (LI), 90
leukaemia cells, genistein on, 199
LifePak, 351
light

blue, 157, 342
pollution, breast carcinoma, 215
ultraviolet, 291

lignans
in soy products, 390
soy with, 351
see also flaxseed, lignans

linoleic acid, 29, 99, 124, 218
see also conjugated linoleic acid

linolenic acid
on hyperlipidaemia, 125
see also �-linolenic acid; �-linolenic

acid
linseed see flaxseed
lipid-lowering drugs, 112

policosanol as, 136–7, 138
lipids, 114, 115–16, 125

�-carotene and quercetin on, 342
lutein and, 75
lycopene and, 40, 342
melatonin storage in, 24

lipoic acid, 42–3, 328t
bioavailability, 73t, 75
cognitive function in dogs, 321–2
levels and metabolites, 71t, 72t
pharmacokinetics, 76t
production and analysis, 62t
synergistic combinations, 343, 345
see also �-lipoic acid

literature retrieval, 12
Lithuania, coronary heart disease, 134
liver damage, chondroitin with hyaluronic

acid for, 341
LMWCS (low molecular weight

chondroitin sulfate), 318
lovastatin, 4

hypercholesterolaemia and NIDDM,
137

low-density lipoprotein, 111, 112
fish oil PUFAs on, 128
grape seed proanthocyanidin extract

on, 142
oxidation

antioxidants, 134–5
grape seed proanthocyanidin extract

on, 141
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lycopene on, 135
phytoestrogen combinations, 344
soy on, 122–3, 344
Sweden vs Lithuania, 134

Pycnogenol on, 139
soy on, 119–21, 266
sterols with sterolins, 350

low molecular weight chondroitin sulfate
(LMWCS), 318

LOX pathway, conjugated linoleic acid
on, 219

lunasin, 200
lungs, 247–57

carcinoma, 199, 208, 217
lutein, 41

Belfast vs Toulouse, 143
bioavailability, 73t
coronary heart disease, 143
diet on absorption, 75
eye health, 156–62, 164
levels and metabolites, 71t
production and analysis, 62t
quality of products, 387t
skin protection, 292

Lutein Antioxidant Supplementation Trial
(LAST), 159

lycopene, 39–41, 329t
asthma, 252
bioavailability, 73t
cancer prevention and, 206–11, 332t
cardiovascular disease, 133–6
combinations, 74–5
levels and metabolites, 71t
lipids and, 40, 342
pharmacokinetics, 76t, 207
production and analysis, 61t

macula
pigment, 156, 157, 158–9, 161
see also age-related macular

degeneration
malandialdehyde, asthma, 251
manganese ascorbate, with glucosamine,

88
manufacturers, 404–5

claims, 3–4, 6
trial funding, glucosamine, 94

manufacturing processes, nutraceuticals,
60–2t

MAOIs (monoamine oxidase inhibitors),
melatonin and, 342

margarine, Germany, asthma, 249
marigold, 159

market trends, 12–14
see also demographic trends

marketing, 3–4
see also demographic trends

mass spectroscopy, 63
matairesinol, 34–5, 271
matrix, bone, 229
medical foods, 5–6
medicines

foods vs, 4
legislation (UK), 5
sleep disorders from, 187

Medicines and Health Care Products
Regulatory Agency (MHRA), 4

classification of melatonin, 24
‘Mediterranean diet’, 124–5
‘mega-analysis’, n-3 PUFAs, 100
melasma, Pycnogenol on, 292
melatonin, 2, 23–4, 328–9t

adverse effects, 370, 376–7
analysis, 60t, 392–3
bioavailability, 73t, 75
bone, 233–5
cancer prevention and, 215–16
cardiovascular disease, 140
chemotherapy with, 216–17, 218
contaminants, 391–2
jet lag, 184–6, 327, 328t, 329t, 331
levels and metabolites, 70t
pharmacokinetics, 76t
production, 60t
quality of products, 387t
replacement hypothesis, 183
skin, 294, 343
sleep, 183–8, 332t
sport, 307
synergism, 342–3
urine levels in shiftworkers, 183–4

memory loss
�-lipoic acid with acetyl-l-carnitine,

349–50
see also cognitive decline

menatetrenone (vitamin K2), 269
menopause, 259–78

cognitive decline, 175, 266–7
melatonin on bone, 234–5
osteoporosis, 232
phytoestrogens after, 197

mental fatigue, creatine, 303
menthol, in CFA creams, 105
mergers, 404–5
meta-analyses, 12, 327–37
metabolism
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fatty acids, carnitine on, 304
nutraceuticals, 69
soy isoflavones, 199

metalloproteinases, 85
methylsulfonylmethane, 21–2, 59, 97–8

for animals, 319
glucosamine with, 348
levels and metabolites, 70t
production and analysis, 60t
quality of products, 387t
seasonal allergic rhinitis, 254
skin, 22, 294

MI see myocardial infarction
microflora, colon, on catechins, 52
microvascular disorders, GSPE, 142
milk

conjugated linoleic acid, 33
in tea, cancer and, 206

Mintel Market Research, surveys, 6–7
mitochondria

carnitine and, 25
cognitive function in dogs, 322

mitomycin, �-carotene with, 342
molecular weights, chondroitins, 20–1
monoamine oxidase inhibitors, melatonin

and, 342
monographs, 405–6
mortality, cancer, 191
MRHA see Medicines and Health Care

Products Regulatory Agency
MRP (multidrug resistance proteins),

genistein on, 196
MS (mass spectroscopy), 63
MSM see methylsulfonylmethane
multidrug resistance proteins, genistein

on, 196
muscle, creatine on, 303, 345
myocardial infarction

�-linolenic acid on risk, 124–5
animals, coenzyme Q10, 313–14
carnitine, 144
grape seed proanthocyanidin extract,

141
melatonin on, 140
policosanol, animal model, 137–8
tea on, 118–19

myocardium
carnitine on, 145
coenzyme Q10 on, 132–3

n-3 PUFAs, 29, 32–3, 59, 330t, 332t
age-related macular degeneration, 160
asthma, 248, 249–50, 255

bioavailability, 75–8
bone, 238
brain function, 170, 174–5
cancer, 212–14, 323
on cardiovascular disease, 124–30,

311–13, 331
deficiency, 32, 33
depression, 177
drug interactions, 372
eggs fortified with, 405
eye health, 163–4
from fish oils, 30–1

arthritis, 99–102
indomethacin with, 372
levels and metabolites, 70t
n-6 PUFAs vs, 129–30
ratios with n-6 PUFAs, 125, 237–8

n-6 PUFAs, 29, 32–3, 99
asthma, 248
bone, 238
brain function and, 174
cancer and, 213
on cardiovascular disease, 124–30,

311–12
n-9 PUFAs, 100
N-acetylglucosamine, 317
NADH (nicotinamide adenine

dinucleotide), 364
Alzheimer’s disease, 176, 364

National Health Service, glucosamine,
402

nerve growth factor (NGF), 170–1
nervous system, octacosanol, 306
NFkB see nuclear factor kB
NGF (nerve growth factor), 170–1
NHS (National Health Service),

glucosamine, 402
niacin, chromium bound to, GSPE, 142
nicotinamide adenine dinucleotide see

NADH
nicoumalone, carnitine with, 372
NIDDM (non-insulin-dependent diabetes

mellitus), policosanol, 137
nifedipine, melatonin and, 377
nitric oxide (NO), 115, 162–3
non-insulin-dependent diabetes mellitus,

policosanol, 137
non-small-cell carcinoma, melatonin and

chemotherapy, 217
non-steroidal anti-inflammatory drugs

(NSAIDs), 87
S-adenosyl methionine vs, 98–9
colon carcinoma and, 218
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glucosamine vs, 91, 96
glucosamine with, 341
green-lipped mussel extract and, 341
n-3 PUFAs on requirements, 101
sulindac, 203–4, 344

Novartis Consumer Health, 404–5
Novasoy products, 14
NREA (Nutraceutical Research and

Education Act), 5
NSAID see non-steroidal anti-

inflammatory drugs
nuclear factor �B

�-lipoic acid on, asthma, 252–3
genistein on pathway, 195
see also receptor activator of nuclear

factor-kappa
Nutraceutical Research and Education

Act (USA), 5
nutraceuticals, definitions, 1, 2–3, 4–5,

311
nutrigenomics, 407
nutritional support statements, 5

OA see osteoarthritis
obesity, 279, 287

flaxseed oil on aortic compliance, 126
octacosanol, 27–8

aspirin with, 344
bioavailability, 73t
cardiovascular disease, 136–8
levels and metabolites, 70t
production and analysis, 60t
sport, 306, 308

odour
methylsulfonylmethane, 21, 22
tea on halitosis, 298

oedema, Pycnogenol on, 139–40
oestradiol, 45f, 46

lignans on, 212
oestrogen(s)

antagonism, phytoestrogens, 264–5
on bone, 230, 234–5
isoflavones on levels, 262
on soy isoflavone vascular effects, 122

oestrogen receptors
binding to phytoestrogens, 193, 194,

195t, 240, 261–2
melatonin and, 215

oestrogen response elements, 261
8-OHdG (8-hydroxyguanosine), 204–5,

209–10
6-OHMS see 6-hydroxymelatonin sulfate
oil suspensions, coenzyme Q10, 74

OKG (ornithine �-ketoglutarate), 307
oleic acid, 102
olive oil, fish oils with, 101–2
omega see entries beginning n-. . . e.g. n-3

PUFAs
oolong tea, 49, 118, 203, 298
OPG (osteoprotegerin), 231
optical density, macular pigment, 158–9,

161
oral mucosa, catechin absorption, 50
orlistat, 280
ornithine, arginine with, 350–1
ornithine �-ketoglutarate (OKG), 307
osteoarthritis, 85–6

animals, 316–17, 318
chondroitin for, 90, 96–7
combination products on, 348
glucosamine for, 90–4, 96–7
methylsulfonylmethane on, 97
NSAIDs on, 87
S-adenosyl methionine on, 98–9, 327
treatment guidelines, 86

osteoblasts, 230, 234, 236, 269
osteoclasts, 230–1, 234, 268
osteoporosis, 229–45, 267–9, 270, 273
osteoprotegerin (OPG), 231
ovariectomy (OVX, animal model),

234–5, 238
oxidation

fat, 280
synergistic combination remedies,

342
lipoproteins, 111, 116, 122

grape seed proanthocyanidin extract
on, 141

lycopene, 135
Sweden vs Lithuania, 134
see also under low-density

lipoprotein
oxidative stress, hypertension, 117
ozone, lycopene experiment, 208

P-selectin, green tea on, 114
p53, tea polyphenols on, 201
pannus, 86
parathyroid hormone, 230
Parkinson’s disease, NADH, 364
periodontal disease

animals, 320–1
coenzyme Q10, 299

peroxidation see oxidation
PG (prostaglandins), 29, 218–19, 230–1,

237, 238, 239
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pharmacists, consultation rates, 6
pharmacogenomics, 407
pharmacokinetics, 75–9

chondroitin, 76t, 88
creatine, 74, 77t
glucosamine, 76t, 88
isoflavones, 260
lycopene, 76t, 207

phenolic acids, 36–7
phenothiazines, interactions with

nutraceuticals, 372
phoods (functional foods), 2, 3, 13, 405
phosphatidylcholine, 175–6, 362t
phosphatidylserine, 173–4, 178, 361t
phosphocreatine, 52
phosphomonoesters, 171
Phototrop, AMD, 351
phytoestrogens

hormone replacement therapy vs, 240,
268

low-density lipoprotein oxidation,
344

menopause, 197
meta-analyses of trials, 330t
oestrogen antagonism, 264–5
oestrogen receptor binding, 193, 194,

195t, 240, 261–2
see also lignans; soy, isoflavones

pine bark extract see Pycnogenol
piperine, 345–8
pivampicillin, carnitine and, 373
PKC, phosphatidylserine on, 173
placebo groups, 12
placebo response, 93, 287
plant-provided PUFAs, cardiovascular

disease and, 125–6
platelet aggregation, 114, 138, 140–1
policosanol, 27–8

aspirin with, 344
bioavailability, 73t
cardiovascular disease, 136–8, 146
cimetidine and, 372
levels and metabolites, 70t
meta-analyses of trials, 331t
product stability, 393
production and analysis, 60t
quality of products, 387t
warfarin and, 372

polyamines, 295, 360t, 365
polyphenols, 35–7, 47, 48–52

as antioxidants, 118, 201
bioavailability, 78
cancer prevention, 200–6

joint disease, 106
on lipid profiles, 114

polyunsaturated fatty acids, 29–34
asthma, 248–51
bone, 237–9
cancer and, 213, 322–3
cardiovascular disease, 124–30, 311–13
topical, 292–3
see also entries beginning ‘n-. . .’ e.g.

n-3 PUFAs
pregnancy, melatonin, 377
premature babies, docosahexaenoic acid,

163
premenstrual syndrome, �-linolenic acid,

31
prices, product comparison, 395, 396t
pro-oxidant activity

antioxidants, 143
melatonin, 377
tea, 376

proanthocyanidins, 38–9
absorption, 78
quality of products, 387t
see also grape seed proanthocyanidin

extract
procyanidins, 36–7, 162
propranolol, interactions, 373
prostaglandins, 29, 218–19, 230–1, 237,

238, 239
prostate carcinoma, 126, 129–30, 192–3,

197–8, 208–10, 213, 219
protein, dietary, osteoporosis, 232
protein tyrosine kinases, genistein on, 195
PS (phosphatidylserine), 173–4, 178, 361t
PTH (parathyroid hormone), 230
PTK (protein tyrosine kinases), genistein

on, 195
PUFAs see polyunsaturated fatty acids
pulmonary system see lungs
Pycnogenol, 35–7

arthritis, 106
asthma, 253
cardiovascular disease, 138–40
eye health, 162–3
gingival disease, 299
levels and metabolites, 71t
production and analysis, 61t
skin protection, 292
women’s illnesses, 273

Quaker Oats Company, 404
quality of nutraceuticals, 383–99
quercetin, �-carotene and, 342
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RA (rheumatoid arthritis), 86, 97, 100–2,
350

radioimmunoassay, 64
RANK ligand, 231
receptor activator of nuclear factor-kappa,

231
red clover isoflavonoids, 123–4, 261, 270,

386
red wines, 141–2
red yeast rice, 4
regulations, 4–6

see also legislation (UK)
remodelling, bone, 229–30
reperfusion injury, cardiac, melatonin on,

140
research, 10–12, 405, 406

for marketing, 3–4
pharmacokinetics, 79

respiratory system, 247–57
resveratrol, 37–8

bioavailability, 73t
cardiovascular disease, 140–1
levels and metabolites, 71t
menopause, 272–3
oestrogen receptor binding, 261
production and analysis, 61t
quality of products, 389

retinitis pigmentosa, 161
docosahexaenoic acid, 163

retinopathy, diabetic, 162–3
Rett syndrome, carnitine, 188
rheumatoid arthritis, 86, 97, 100–2, 350
ribosomal S6 kinase, genistein on, 262
rivastigmine, 170
RNA, 361t, 365–6
rofecoxib, 87

S-adenosyl methionine, 28–9, 59, 328t,
332t

adverse effects, 371
bioavailability, 73t
clomipramine and, 372
depression, 177–8, 327
levels and metabolites, 70t
osteoarthritis, 98–9, 327
pharmacokinetics, 76t
production and analysis, 60t
quality of products, 386, 387t

S-equol, 263
safety, 9–10, 369–82, 402
saliva, catechin excretion, 50
SAMe see S-adenosyl methionine
SAR see seasonal allergic rhinitis

saturated fats, cancer and, 213
scientific evidence see research
screening, cancer, 191–2
SDG see secoisolariciresinol diglucoside
seasonal allergic rhinitis

methylsulfonylmethane, 254
soy sauce, 254

sebum, epigallocatechin gallate on
production, 293

secoisolariciresinol diglucoside (SDG),
34–5

cancer prevention and, 211–12
cardiovascular disease, 130–1
menopause, 271

selection response, glucosamine study, 93
self-medication, 402
serum levels, 73t

melatonin, 186
sex hormone-binding globulin (SHBG),

198, 212
shiftwork, 183–4, 215
sitostanol, 361t
skin, 291–6

carotenoids, 342
melatonin, 294, 343
methylsulfonylmethane, 22, 294

sleep, 183–9
Slimming World, 279–80
slogans, 403, 407–8
smoking

�-carotene, 133–4
cancer prevention by tea, 204–5
green tea and atherosclerosis, 114
osteoporosis, 232
Pycnogenol on platelet aggregation,

140
use of nutraceuticals and, 7, 9

6-SMT (6-sulfatoxymelatonin), 24
snoring, chondroitin, 254
SOD (superoxide dismutase), 360t, 364–5
soldiers, use of nutraceuticals, 8
sources of nutraceuticals, 60–2t
soy

cardiovascular system, 119–23, 266,
344

foods, 403
cancer prevention, 331t
genetically modified, 405
menopause, 265
tofu, 193, 269, 271, 374

isoflavones, 44–7, 59, 330–1t
adverse effects, 374–5
bioavailability, 78–9
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brain function, 175, 266–7
cancer prevention, 192–200
on coronary heart disease, 119–21
for hair loss, 295
levels and metabolites, 72t, 193–4
menopause, 259–69, 273
osteoporosis, 240–2
phytoestrogen chemistry, 262
prices, 395
production and analysis, 62t
quality of products, 386, 387t, 390
ratio to soy proteins, 265
safety, 270–1
skin, 293–4

lignans with, 351
lunasin, 200
market trends, 13
Novasoy products, 14
oil, cardiovascular disease, 130
phosphatidylserine, 173, 174
protein

for arthritis, 105–6
on bone, 241
on cardiovascular disease, 119, 124,

145–6, 266
meta-analyses of trials, 330–1t

sauce, seasonal allergic rhinitis, 254
spermatozoa, catechins on, 376
spermidine, 295, 360t, 365
spermine, 365
spinach, 75

age-related macular degeneration and,
158

cataract, 161–2
sports see athletes
sprinting, creatine, 302
squalene monooxygenase, resveratrol on,

140–1
stability of products, 393
stanols, 365

meta-analyses of trials, 331t
statins, 112

coenzyme Q10 and, 133, 373
red yeast rice, 4

sterols, 331t, 350, 361t, 365, 387t
stomach carcinoma, 198, 203
Streptococcus mutans, tea on, 297–8
strokes, �-carotene, 134–5
structure-modifying agents

glucosamine as, 88, 91–2
S-adenosyl methionine as, 99

sudden cardiac death, animals, 312–13
sugar cane, policosanol from, 137, 138

sulfate moiety, glucosamine formulations,
89

6-sulfatoxymelatonin, 24
sulfur, organic see

methylsulfonylmethane
sulindac, epigallocatechin gallate with,

203–4, 344
sunflower oil, cardiovascular disease,

130
sunscreens, tea extracts, 293
supercritical fluid extraction, 63
superoxide dismutase, 360t, 364–5
supplements, 4

diet vs, asthma, 250
regulations, 5
for weight loss, 280

Sweden, Lithuania vs, coronary heart
disease, 134

synergy, 339–58
synovial fluid, glucosamine levels, 89
synovial membrane, rheumatoid arthritis,

86

t1-2 see half-lives
Tagetes erecta (marigold), 159
tamoxifen, 45f, 46

genistein with, 344
tea, 47–52, 330t, 403

adverse effects, 375–6
cancer prevention, 200–6
coronary heart disease and, 113–19,

146
dental caries, 297–9
osteoporosis, 273
quality of products, 388–9
skin preparations, 293
synergisms, 344
theanine, 113, 359–63
see also catechins; green tea

telogen effluvium, 295
temperature, tea, cancer and, 206
temperature (body), melatonin on, 307
terrorism, 392
testosterone, 198, 230
theaflavins, 49, 52, 114, 200–6
theanine, 113, 359–63
thearubigins, 49, 344
thrombosis

fish oil PUFAs on, 128
Pycnogenol on, 139–40

TNFa (tumour necrosis factor alpha), 86,
202, 217, 350

tofu, 193, 269, 271, 374
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tomato products, 40, 136, 207, 209–11,
329t

see also lycopene
topical formulations

cetylated fatty acids, 104–5
polyunsaturated fatty acids, 292–3

topoisomerases, 195, 202, 262
Toulouse, lutein and cryptoxanthin, 143
trabecular bone see cancellous bone
traceability of nutraceuticals, 392
trans-cis isomers, CLA, 219–20, 284–5,

371–2
transcription factors, bone and, 231
transforming growth factor beta, genistein

on, 195
trends, demographic, 6–9

see also market trends
triacylglycerol, 128, 129, 266
trials, clinical, 10–12, 94, 129, 330–1t,

405
tricyclic antidepressants, nutraceutical

interactions, 373
tuberculosis, �-sitosterol and

�-sitosterolin on, 350
tubulin, 157
tumour necrosis factor alpha, 86, 202,

217, 350
tuna, eye health, 163, 164
tyrosine kinase inhibitors, isoflavones as,

262

ubidecarone see coenzyme Q10
ubiquinone see coenzyme Q10
UDP-glucuronosyl transferase, tea on, 202
ultraviolet light, 291
United Kingdom, legislation, 5
United States of America, legislation, 5
unpalatability, soy extracts, 265
urinary excretion

glucosamine, 20
melatonin, 187

urokinase, tea on, 202
UV (ultraviolet light), 291

vaginal dryness, soy isoflavones, 264
valerolactone metabolites

catechins, 78
see also hydroxyphenyl valerolactone

analogues
valproic acid, 373
varicose veins, grape seed

proanthocyanidin extract, 142

vascular endothelium see endothelium
vascular function, 121–2, 340t, 345

aortic compliance, 126
microvascular disorders, GSPE, 142

vegetable oils, cardiovascular disease and,
125–6

vegetarians, carnitine, 26
venous insufficiency

grape seed proanthocyanidin extract,
142

Pycnogenol on, 139
ventricular arrhythmias, 312–13
very low-density lipoproteins, fish oil

PUFAs on, 128
vinpocetine, 177
vitamin(s), 2, 160
vitamin C

cognitive function in dogs, 322
synergism with �-carotene, 342

vitamin D, 230
vitamin E, fish oil and, 33
vitamin K2, 269
VLDL (very low-density lipoproteins), fish

oil PUFAs on, 128

warfarin
glucosamine and, 378
interactions, 372

weight management, 279–89
green tea, 283–4
see also lean body mass

Weight Watchers, 279
wheat germ, policosanol from, 137
wheat germ oil extract, octacosanol, 27–8
wines, 37, 141–2, 272
WOMAC index, 90
women, 232, 259–78

see also menopause

xanthine oxidase, inhibition, 201

Yellow Card Scheme, 9–10

zeaxanthin, 41–2
bioavailability, 73t
eye health, 156–62, 164
levels and metabolites, 71t
pharmacokinetics, 76t
production and analysis, 62t
quality of products, 387t

zidovudine, carnitine and, 373
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