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Series Introduction

Oxygen is a dangerous friend. Overwhelming evidence indicates that oxida-
tive stress can lead to cell and tissue injury. However, the same free radicals
that are generated during oxidative stress are produced during normal
metabolism and thus are involved in both human health and disease.

Free radicals are molecules with an odd number of electrons. The odd,
or unpaired, electron is highly reactive as it seeks to pair with another
free electron.

Free radicals are generated during oxidative metabolism and energy
production in the body.

Free radicals are involved in:
Enzyme-catalyzed reactions
Electron transport in mitochondria
Signal transduction and gene expression
Activation of nuclear transcription factors
Oxidative damage to molecules, cells, and tissues
Antimicrobial action of neutrophils and macrophages
Aging and disease
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Normal metabolism is dependent on oxygen, a free radical. Through
evolution, oxygen was chosen as the terminal electron acceptor for respira-
tion. The two unpaired electrons of oxygen spin in the same direction; thus,
oxygen is a biradical, but is not a very dangerous free radical. Other oxygen-
derived free radical species, such as superoxide or hydroxyl radicals, formed
during metabolism or by ionizing radiation are stronger oxidants and are
therefore more dangerous.

In addition to research on the biological effects of these reactive oxygen
species, research on reactive nitrogen species has been gathering momentum.
NO, or nitrogen monoxide (nitric oxide), is a free radical generated by NO
synthase (NOS). This enzyme modulates physiological responses such as
vasodilation or signaling in the brain. However, during inflammation,
synthesis of NOS (iNOS) is induced. This iNOS can result in the overpro-
duction of NO, causing damage. More worrisome, however, is the fact that
excess NO can react with superoxide to produce the very toxic product
peroxynitrite. Oxidation of lipids, proteins, and DNA can result, thereby
increasing the likelihood of tissue injury.

Both reactive oxygen and nitrogen species are involved in normal cell
regulation in which oxidants and redox status are important in signal
transduction. Oxidative stress is increasingly seen as a major upstream
component in the signaling cascade involved in inflammatory responses,
stimulating adhesion molecule and chemoattractant production. Hydrogen
peroxide, which breaks down to produce hydroxyl radicals, can also activate
NF-nB, a transcription factor involved in stimulating inflammatory
responses. Excess production of these reactive species is toxic, exerting
cytostatic effects, causing membrane damage, and activating pathways of
cell death (apoptosis and/or necrosis).

Virtually all diseases thus far examined involve free radicals. In most
cases, free radicals are secondary to the disease process, but in some instances
free radicals are causal. Thus, there is a delicate balance between oxidants and
antioxidants in health and disease. Their proper balance is essential for
ensuring healthy aging.

The term oxidative stress indicates that the antioxidant status of cells
and tissues is altered by exposure to oxidants. The redox status is thus
dependent on the degree to which a cell’s components are in the oxidized
state. In general, the reducing environment inside cells helps to prevent
oxidative damage. In this reducing environment, disulfide bonds (S—S) do
not spontaneously form because sulfhydryl groups kept in the reduced state
(SH) prevent protein misfolding or aggregation. This reducing environment is
maintained by oxidative metabolism and by the action of antioxidant
enzymes and substances, such as glutathione, thioredoxin, vitamins E and
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C, and enzymes such as superoxide dismutase (SOD), catalase, and the
selenium-dependent glutathione and thioredoxin hydroperoxidases, which
serve to remove reactive oxygen species.

Changes in the redox status and depletion of antioxidants occur during
oxidative stress. The thiol redox status is a useful index of oxidative stress
mainly because metabolism and NADPH-dependent enzymes maintain cell
glutathione (GSH) almost completely in its reduced state. Oxidized glutathi-
one (glutathione disulfide, GSSG) accumulates under conditions of oxidant
exposure, and this changes the ratio of oxidized to reduced glutathione; an
increased ratio indicates oxidative stress. Many tissues contain large amounts
of glutathione, 2–4 mM in erythrocytes or neural tissues and up to 8 mM in
hepatic tissues. Reactive oxygen and nitrogen species can directly react with
glutathione to lower the levels of this substance, the cell’s primary preventa-
tive antioxidant.

Current hypotheses favor the idea that lowering oxidative stress can
have a clinical benefit. Free radicals can be overproduced or the natural
antioxidant system defenses weakened, first resulting in oxidative stress, and
then leading to oxidative injury and disease. Examples of this process include
heart disease and cancer. Oxidation of human low-density lipoproteins is
considered the first step in the progression and eventual development of
atherosclerosis, leading to cardiovascular disease. Oxidative DNA damage
initiates carcinogenesis.

Compelling support for the involvement of free radicals in disease
development comes from epidemiological studies showing that an enhanced
antioxidant status is associated with reduced risk of several diseases. Vitamin
E and prevention of cardiovascular disease is a notable example. Elevated
antioxidant status is also associated with decreased incidence of cataracts and
cancer, and some recent reports have suggested an inverse correlation
between antioxidant status and occurrence of rheumatoid arthritis and
diabetes mellitus. Indeed, the number of indications in which antioxidants
may be useful in the prevention and/or the treatment of disease is increasing.

Oxidative stress, rather than being the primary cause of disease, is more
often a secondary complication in many disorders. Oxidative stress diseases
include inflammatory bowel diseases, retinal ischemia, cardiovascular disease
and restenosis, AIDS, ARDS, and neurodegenerative diseases such as stroke,
Parkinson’s disease, and Alzheimer’s disease. Such indications may prove
amenable to antioxidant treatment because there is a clear involvement of
oxidative injury in these disorders.

In this series of books, the importance of oxidative stress in diseases
associated with organ systems of the body is highlighted by exploring the
scientific evidence and the medical applications of this knowledge. The series
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also highlights the major natural antioxidant enzymes and antioxidant
substances such as vitamins E, A, and C, flavonoids, polyphenols, carote-
noids, lipoic acid, and other nutrients present in food and beverages.

Oxidative stress is an underlying factor in health and disease. More and
more evidence indicates that a proper balance between oxidants and anti-
oxidants is involved in maintaining health and longevity and that altering this
balance in favor of oxidants may result in pathological responses causing
functional disorders and disease. This series is intended for researchers in the
basic biomedical sciences and clinicians. The potential for healthy aging and
disease prevention necessitates gaining further knowledge about how oxi-
dants and antioxidants affect biological systems.

Lester Packer
Enrique Cadenas
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Preface

The concept for this book arose during a visit by Lester Packer to theNational
University of Singapore (NUS) as a distinguished visiting Professor in the
Medical School’s Department of Biochemistry during August/September
2001.

This volume seeks to highlight traditional and herbal medicines with
emphasis on both the molecular basis of their biological activity and their
health effects. It is timely because there is now unprecedented interest
throughout the world in bringing to light the molecular basis of the biological
activity of traditional remedies used for centuries and in some cases for
thousands of years. Many of these traditional medicines (TMs) are derived
from plants and herbs (phytomedicines) or from products that are often
readily available as herbal supplements. These herbal supplements are
experiencing enormous popularity in Western countries. They are adminis-
tered both orally and by topical application.

Recognition of the rise in interest in alternative and complementary
forms of medicine has been reflected by governmental and nongovernmental
changes. For example, theUnited States has established new programs within
theNational Institutes ofHealth by theOffice ofDietary Supplements and the
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National Center for Complementary and Alternative Medicine (NCCAM),
which seeks to support basic and clinical research programs to verify health
claims and to determine the molecular basis of the biological activity, an aim
closely aligned with the concept of this book. Western and traditional
medicine is now at a crossroads and the future holds great promise from
merging and appropriately coordinating medical research and practice,
bringing together the best of both biomedical worlds for management of
health and disease.

There have been literally thousands of traditional medicines described
with origins in the Chinese and Indian subcontinent, Singapore, Malaysia,
Japan, Korea, and tribal cultures in all continents throughout the world.
Indeed, knowledge about some of these remedies is being lost in developing
countries through urbanization. The list of herbal remedies is staggering, and
many books, pharmacopoeias, and an extensive literature have documented
their existence and reported on their beneficial effects toward health and well-
being, disease prevention, and treatment. However, for most TMs the active
principles and basic mechanisms of action are not well known.

Some herbal remedies are widely used by people or medical practi-
tioners throughout the world. We decided that it would be important to
review and critically evaluate the issues involved in the wider use of traditional
and herbal products for health maintenance and treatment of disease: the
drawbacks in their continuing and further use, issues regarding their chem-
istry and methods of preparation, the proper design to conduct clinical trials
to evaluate their efficacy, their potential adverse affects, the challenges that lie
ahead in combining traditional and western medicines, and their role in
national health care and public policy issues.

We attempted to select from some of the best-case scenarios and from
among the most widely used and known herbal remedies to report on their
alleged effects on health and disease in the light of the current knowledge
concerning their basic biological mechanisms of action and to point out
directions for future fundamental and clinical studies.

We would like to acknowledge the valuable technical assistance of Ma
Hnin Hnin Aung of the National Institute of Education, Nanyang Technol-
ogical University, Singapore, for her skills in communicating with the authors
and coeditors to help bring about the successful completion of this book.

Lester Packer
ChoonNamOng
Barry Halliwell
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Integrating Traditional
and Complementary Medicine
into National Health Care***
Learning from the International Experience

Gerard Bodeker

University of Oxford Medical School
Oxford, England

I. INTRODUCTION

As the global public’s use of traditional and complementary medicine in-
creases, governments are being challenged to develop sound policies, regu-
lations, and trade standards (Bodeker, 2001). Public access to their health care
system of choice and public safety are both important dimensions of the
policy challenge.
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In this chapter, an attempt is made to survey salient issues relevant to
policy, as so many countries are now grappling with the policy dimensions of
the ever-increasing demand from the public.

II. TRADITIONAL ORIGINS

In most developing countries, traditional health systems are grounded in
long-standing cultural and spiritual values and it is important that policy
reflect and support this rather than attempt to replace tradition with science
alone.

Traditional health knowledge extends to an appreciation of both the
material and nonmaterial properties of plants, animals, and minerals. Its
classificatory systems range in scope from the cosmological to the particular
in addressing the physiological makeup of individuals and the specific cat-
egories of materia medica—the materials used for therapeutic purposes in
traditional health systems—needed to enhance health and well-being. Mental,
social, spiritual, physical, and ecological factors are all taken into account.

A fundamental concept found in many systems is that of balance—the
balance between mind and body, between different dimensions of individual
bodily functioning and need, between individual and community, individual/
community and environment, and individual and the universe. The breaking
of this interconnectedness of life is a fundamental source of dis-ease, which
can progress to stages of illness and epidemic. Treatments, therefore, are de-
signed not only to address the locus of the disease but also to restore a state of
systemic balance to the individual and his or her inner and outer environment
(Bodeker, 2000).

The cosmologies of traditional health systems ascribe life, spiritual
value, and interconnectedness among all life forms to the aspects of the
natural world used in the process of promoting human health and well-being.

In establishing policy it is important that these fundamental theoretical
underpinnings of traditional health systems be respected and perpetuated to
ensure their continuity in an intact form.

III. WHO POLICY

The May 2002, WHO Traditional Medicines Strategy 2002–2005 focuses on
four areas identified as requiring action if the potential of traditional and
complementary medicine (T/CAM) to play a role in public health is to be
maximized. These areas are: policy; safety, efficacy, and quality; access; and
rational use. Within these areas, WHO 2002–2005 identifies respective chal-
lenges for action.
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A. National Policy and Regulation

Lack of official recognition of T/CAM and T/CAM providers
Lack of regulatory and legal mechanisms
T/CAM not integrated into national health care systems
Equitable distribution of benefits in indigenous knowledge and

products
Inadequate allocation of resources for T/CAM development and

capacity building

B. Safety, Efficacy, and Quality

Inadequate evidence-base for T/CAM therapies and products
Lack of international and national standards for ensuring safety,

efficacy, and quality control
Lack of adequate regulation of herbal medicines
Lack of registration of T/CAM providers
Inadequate support of research
Lack of research methodology

C. Access

Lack of data measuring access levels and affordability
Lack of official recognition of role of T/CAM providers
Need to identify safe and effective practices
Lack of cooperation between T/CAM providers and allopathic

practitioners
Unsustainable use of medicinal plant resources

D. Rational Use

Lack of training for T/CAM providers
Lack of training for allopathic practitioners on T/CAM
Lack of communication between T/CAM and allopathic practitioners

and between allopathic practitioners and consumers
Lack of information for the public on rational use of T/CAM

These are tasks that have been repeatedly identified by numerous groups
in recent years; it would be a significant advancement if the WHO is now able
to stimulate action by bringing attention, and more important, funding, to
address these lacunae (WHO, 2002).

5436-0_Packer_Ch01_R2_061804

MD: PACKER, JOB: 03277, PAGE: 3

Integrating Traditional and Complementary Medicine 3



IV. A POLICY FRAMEWORK

With respect to policy action, country experience can be organized into eight
broad areas of principle: (1) Equity. (2) Ethics. (3) Governance. (4) Financing.
(5) Knowledge production. (6) Knowledge management and utilization. (7)
Capacity development. (8) Research environment.

This framework draws on that developed by the Council on Health
Research for Development (COHRED) and it served for the policy recom-
mendations on traditional medicine made at the COHRED conference on
health research priorities for the coming decade, held in Bangkok in October
2000 (Bodeker et al., 2001).

A. Equity

Research into patterns of use of modern and traditional medicine has found
that the general public throughout the world use both systems according to
sets of priorities that may reflect the availability of each system, its afford-
ability, their belief in its efficacy at the symptomatic as well as etiological
levels, and the cultural familiarity of the various approaches.

Research in India has found that medical pluralism was flourishing as
people switched from one medical system to another depending on afford-
ability and time (Bandyopadhyay and MacPherson, 1998). Rural women in
Gujarat have been found more likely to use services that were closer to home,
other things being equal. The ‘‘travel’’ variable (including time and travel
costs) is a more important factor determining use of modern and traditional
services among women in the study area than the actual direct costs of the
service. In India, it has been found that the influence of family structure is
significant. The presence of the mother-in-law is associated with a greater use
of traditional healers (Vissandjee et al., 1997).

Inadequacies in and scarcity of modern medical services can contribute
to the use of traditional health services. Less than half (44%) of Chinese
immigrants studied in the United States had used Western health services in
the United States within the previous 12 months; 20% reported that they had
never used them. Chinese physicians stated that many Chinese patients are
not satisfied with American doctors because of the inflexibility of appoint-
ments, short visit, long waiting time, distrust, and miscommunication (Ma,
1999).

With respect to the use of traditional medicine by indigenous groups, of
Native American patients attending an urban Indian Health Service clinic in
Wisconsin, 38% of patients see a healer, and of those who do not, 86% would
consider seeing one in the future. Most patients report seeing a healer for
spiritual reasons, reinforcing the point made at the beginning of this paper
that traditional health systems are grounded in cultural and spiritual values
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that must be preserved if equity and access to high-quality traditional services
is to be ensured.

Clearly, in planning the development of traditional health services,
access of those who most rely on traditional medicine for their daily health
needs must be ensured—namely, rural people, women-headed households,
and indigenous and other ethnic communities.

India has succeeded in attracting World Bank funds to the development
of traditional medical services in rural areas in a manner that will ensure that
poorer sectors of society are equitably served.

Owing to the high cost and unavailability of modern medical services in
rural areas of India, the Indian government has undertaken to add 10 med-
icines from the Ayurvedic and Unani systems into its national family welfare
program. A pilot project is currently being implemented in seven Indian states
for Ayurveda while Unani medicines are being introduced in four cities. The
reproductive and child health project is cofunded by the World Bank and the
Indian government. The medicines, which are all traditional herbal formula-
tions, will be for anemia, edema during pregnancy, postpartum problems such
as pain, uterine, and abdominal complications, lactation-related problems,
nutritional deficiencies, and childhood diarrhea. Also included are massage
oils for babies and mothers that are already used routinely in Indian house-
holds. Concurrent evaluation is being done to oversee acceptance levels and
to ensure quality in drug administration and storage and to monitor the
sustainability of the program.

Political factors are again associated with the advancement of indige-
nous medicine in India. After decades of underfunding, the current protra-
dition BJP Government doubled the budget for ISM in the previous financial
year (Lancet, April 8, 2000).

B. Ethics

1. Clinical Research

A basic starting point in clinical research into traditional and complementary
medicines and therapies is that the Helsinki Declaration, which governs the
use of human subjects in research, is the definitive international agreement
against which clinical research standards are set. Informed consent is a key
element of these standards.

While humans subjects issues remain constant, certain ethical issues also
vary from the clinical evaluation of conventional drugs. For example, the
ethics of providing a plant with known safety but unknown clinical effects are
different in a prevention study as opposed to a treatment study. WHO guide-
lines for the evaluation of herbal medicines allow that in the case of traditional
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medicines with an established history of use, it is ethical to proceed from basic
animal toxicity studies directly to Phase 3 clinical trials.

Other ethical issues include the need to protect intellectual property (IP)
rights, obtaining informed consent from the community, and devising ways to
share benefits and return findings to the community (Bodeker, 2003).

2. Intellectual Property

Exploitation of traditional medical knowledge for drug development without
the consent of customary knowledge holders is not acceptable under inter-
national law, as set out in the International Convention on Biological
Diversity (CBD). Benefit-sharing agreements should be negotiated in advance
of R&D being commenced. Clinical trials on herbal medicines should be
conducted in full accord with the Helsinki Agreement.

3. The Convention on Biological Diversity

The CBD is the only major international convention that assigns ownership
of biodiversity to indigenous communities and individuals and asserts their
right to protect this knowledge.

Article 8 (j). State Parties are required to ‘‘respect, preserve and
maintain knowledge, innovations and practices of indigenous and local
communities embodying traditional lifestyles relevant for the conservation
and sustainable use of biological diversity and promote the wider application
with the approval and involvement of the holders of such knowledge,
innovations and practices and encourage the equitable sharing of the
benefits arising from the utilisation of such knowledge, innovations and
practices.’’

Article 18.4. Contracting Parties should ‘‘encourage and develop
models of cooperation for the development and use of technologies,
including traditional and indigenous technologies.’’

The CBD competes for influence with the far more powerful Trade
Related Aspects of Intellectual Property Systems (TRIPS) of the World Trade
Order.

TRIPS, the key international agreement promoting the harmonization
of national IPR regimes, covers four types of intellectual property rights:

1. Patents
2. Geographical indications
3. Undisclosed information (trade secrets)
4. Trademarks

Despite the CBD’s emphasis that any product that has been in custom-
ary use is de facto a holder of a patent for use, TRIPS makes no reference to
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the protection of traditional knowledge. Nor does TRIPS acknowledge or
distinguish between indigenous, community-based knowledge and that of
industry.

TRIPS instead makes provision ‘‘for the protection of plant varieties
either by patents or by an effective sui generis system or by any combination
thereof’’ (Art. 27(3)(b)). This, of course, applies to medicinal plants and
products based on these.

4. Social and Economic Costs of Changes in IP Legislation

By requiring patents to be applied to pharmaceuticals, it is argued by many
commentators that TRIPS will have the effect of pricing common drugs out of
the reach of most people in poor countries. If herbal medicines are patented—
either domestically or internationally—the medicines used as the first and last
resort for health care by the poor will also become unaffordable. Some
examples illustrate the point.

� There was a 200% increase in cost of medicines after the 1979 intro-
duction of pharmaceutical product patents in Italy.

� Welfare loss to Argentina, Brazil, India, Mexico, Korea, and Taiwan
would amount to a minimum of US$3.5 billion and a maximum of
US$10.8 billion. Income gains by foreign patent owners would be
between US$2.1 billion and US$14.4 billion (World Bank).

� ‘‘National health disaster’’ anticipated by the Indian Drug Manu-
facturers’ Association from implementation of TRIPs in India.

� Only 30% of Indian population can afford modern medicines.
� Comparisons of prices of drugs between India and countries where

patent protection exists show that drugs are up to 41 times costlier in
countries with patent protection.

� Drug prices in Malaysia, where patent protection exists, are between
20% and 760% higher than in India. Profit-maximizing behavior
is based on ‘‘what the market can bear’’ rather than on ensuring
affordability of drugs to those most in need.

5. Future

1. Debate over patenting will hinge greatly on what constitutes prior
informed consent. A central issues is how to determine who repre-
sents a community, what represents full consent.

2. In the case of dispute over state vs. community ownership of indige-
nous knowledge, there is a question as to whether states should
receive royalties from knowledge that originates from communities
within those states. Or whether royalties should go direct to the
traditional knowledge holders.
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3. Disputes over patents on herbal products—these may have an
impact on local herbal use and developing country exports of her-
bals. The context for these kinds of disputes is the burgeoning
market. The World Conservation Union estimated in 1997 that the
annual global market for herbal products was in the vicinity of
US$60 billion. The World Bank estimates that by 2050, the market
will be valued at US$5 trillion.

4. More examples similar to the case of South African AIDS drugs—
with herbals. ‘‘Patent rights vs. patients’ rights.’’

5. Restrictions on collaborative research (e.g., India’s Biodiversity
Research Approval Committee now requires central government
approval for all collaborative research will international partners).

6. Developing country alliances (e.g., ASEAN) working to combat
prejudicial aspects of TRIPS.

C. Governance

Self-regulation by traditional health practitioners is central to the establish-
ment and maintenance of standards of best practice. Regulation should be
designed to preserve and strengthen traditional knowledge systems and
practice rather than to constrict their expression and availability.

An important example is the case of New Zealand, which has allowed
the registration of more than 600 Maori traditional healers who provide ser-
vices within the wider health system. The government reimburses their ser-
vices under health insurance schemes.

In the United Kingdom, osteopaths and chiropractors have been reg-
istered as official health professions through an Act of Parliament and the
basis for maintenance of professional standards is that of self-regulation. The
same principle is being applied to medical herbalists and acupuncturists, both
of which professions are on track for registration in Britain.

Asia has seen the most progress in incorporating its traditional health
systems into national health policy. Most of this development began 30–40
years ago and has accelerated in the past 15 or more years. In some Asian
countries, e.g., China, the development has been a matter of official policy. In
others, e.g., India and South Korea, change has come about as a result of a
process of politicization of the traditional medicine agenda.

In China, the process of integrating traditional Chinese medicine
(TCM) into the national health care system began in the late 1950s and
was, in significant part, in response to national planning requirements to
provide comprehensive health care services. Prior to this, TCM had been
viewed of part of an imperial legacy to be replaced by a secular health care
system.
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The process of integration was guided by health officials trained in
modern medicine, and harmonization with modern medicine was the goal
of integration from the outset. This was accomplished by a science-based
approach to TCM education and an emphasis on research into TCM, both
supported by a substantial organizational infrastructure. Integration and
development of TCM was managed via a process of centralized national
planning.

More than 40 years on, the State Administration of Traditional Chinese
Medicine in China now comprises eight functional departments and invest-
ment in the sector has more than quadrupled over a 15-year period (State
Administration of Traditional Chinese Medicine, 1997).

However, elsewhere in the region, under Taiwan’s current health care
system, Chinese medicine is reported to have a subordinate role to Western
medicine (Chi, 1994). This is apparent in three ways: (1) limited participation
of Chinese medicine practitioners in any public health policy-making and
programs; (2) small proportion of government medical resources allocated to
the training, research, and practice of Chinese medicine; and (3) loose licen-
sure system for Chinese physicians.

One commentator has outlined six recommendations for effective in-
tegration that cover many of the major salient issues:

1. Promote communication and mutual understanding among differ-
ent medical systems that exist in a society.

2. Evaluate traditional medicine in its totality.
3. Integration at the theoretical level and the practical level.
4. Equitable distribution of resources between traditional and modern

Western medicine.
5. An integrated training and educational program for both tradi-

tional and modern Western medicine.
6. A national drug policy that includes traditional drugs (Chi, 1994).

D. Financing

A fundamental working principle of sectoral development here is that
dedicated government funding is needed to ensure that the traditional and
complementary health sector develops as needed.

In the industrialized countries, where almost half of the population
regularly uses complementary medicine, insurance coverage for this is still
relatively new. Americans and Australians typically pay out of pocket for CM
services. Americans spend more out of pocket on CM than on all U.S.
hospitalizations (Eisenberg, 1998; Astin, 1998). Australians spend more on
CM than on all prescription drugs (MacLennan et al., 1996). Major American
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medical insurers now routinely cover complementary medical services—a
trend that is emerging in Britain as well.

The effect of user fees on health care utilization and health outcomes has
been a subject of considerable debate in the 1990s. Much of this debate has
centered on the ability and willingness of households to pay larger out-of-
pocket payments for health care. Research indicates that the price elasticity
among the poor is substantial, which suggests that user fee schemes would
have a regressive distributional impact (Gertler and van der Gaag, 1990, cited
in Hotchkiss et al., 1998).

Households may persist in paying for care, but to mobilize resources
they may sacrifice other basic needs such as food and education, with serious
consequences for the household and individuals within it. The opportunity
costs of payment make the payment ‘‘unaffordable’’ because other basic
needs are sacrificed.

E. Potential Conflicts Arising from Allocation of Resources
to Traditional Health Care Services

Resentment can arise from underfunded sections of the modern medical
sector when resources are allocated to the development of traditional medi-
cine. A traditional birth attendant (TBA) training program in Nigeria at-
tracted resentment from underfunded rural midwives as resources were given
to birth attendants when maternity centers lacked equipment (Matthews
et al., 1995).

Another potential conflict is that if traditional health care services are
made available under medical insurance schemes, those who can afford to pay
for insurance will be the greatest beneficiaries of traditional medicine. The
poor may be relegated to purchasing unregulated drugs from unlicensed street
vendors, as already happens in so many poor countries. This would stand in
contrast to the customary role of traditional medicine serving as the first and
last resort for available health care for the poor.

A further risk is that primary health care services in traditional medi-
cine may remain marginal and underfunded owing to the tendency of
national health budgets to favor tertiary care. In Côte d’Ivoire, the rich re-
ceive more assistance than the poor, because the poorest patients rarely use
anything but primary care, whereas the Government provides generous
subsidies for the tertiary level, which in practice serves the richest patients
(Demery et al., 1995, cited in Brunet-Jailly, 1998). Average per capita spend-
ing on consultations differs by a ratio of 1:300 between the first and tenth
deciles. The spread is extreme (1:3000) in the case of expenditures on hos-
pitalization. It has been argued that there is injustice in the high allocation
of resources to tertiary care, when household expenditures on traditional
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medicine and modern medicine indicate the demand and need at the primary-
care level.

In Sri Lanka, Aluwihare (1997) has examined sets of figures on such
indicators as infant mortality and women in the labor force. His finding is
that national aggregate data do not help in the appropriate targeting of re-
sources. Rather, the best way would be to target the parts of the country where
the figures are the least satisfactory, as a dollar there would have produced a
better effect than 10 dollars in an area that had better parameters. The use of
data that are disaggregated by place and time is a more effective way of iden-
tifying ‘‘weak’’ points where specific action is needed. This would require that
traditional medicine utilization studies be incorporated into national health
service research as well as studies on the availability, quality, and cost of
traditional health services on a region-by-region basis.

Health insurance coverage can lead to a substantial increase in the use of
traditional medical services. In a Korean immigrant population in Los
Angeles, 24% of the uninsured used traditional healers, compared with
59% of persons with Medicaid only and 71% of those with other types of
insurance including Medicare and Medigap coverage.

In China, although traditional health services are covered by health
insurance, only about 12% of the population has comprehensive medical
insurance that covers the cost of hospitalisation and the proportion of un-
insured people may be as high as 50% (Xhu, 1992, cited in Phillips et al., 1994;
World Bank, 1997, cited in Lee, 1999). In hospital settings, insured patients
are more likely to receive TCM (Phillips et al., 1997). This is due to the fact
that one of the primary sources of a hospital ward’s profit, under the market
model of health care provision that is in place, is the 15–25% markup for
prescribed medications, so the changed incentive system has become associ-
ated with increased polypharmacy (World Bank, 1992, cited in Phillips et al.,
1997).

Under the market system, many TCM hospitals in China operate at a
deficit, as better-equipped Western hospitals attract more patients. As TCM is
largely an outpatient, low-technology specialty, most of the income of
traditional hospitals comes from the sale of drugs. Even with the 25% markup
allowed, it is hard to cover operational costs. Although government subsidies
currently ensure survival, there is no surplus for improving services and
further market reforms may threaten this subsidy system (Hesketh and Zhu,
1997).

The experience in Taiwan is that insurance coverage for traditional
medicine would more than double the use of TCM. Whereas 35.4% of
Taiwanese reported using TCM regularly, 86% of the public would support
the coverage of Chinese medicine by the new National Health Insurance and
79% would use Chinese medicine if it does (Chi, 1994).
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High profitability of traditional medicine can lead to its custodians
resisting moves to provide insurance coverage for their services and prod-
ucts. In Korea, where the profit margin of herbal medicines is variously
estimated to be 100–500% compared to their basic cost (Cho, 2000), the pop-
ulation utilize herbal medicines on a large scale (Han, 1997, cited in Cho,
2000). The amount of reimbursement for herbal medicine under the National
Medical Insurance (NMI) scheme was approximately 50 billion Korean won
in 1993. This was estimated to be only a small portion of total expenditure on
herbal medicines (Moon et al., 1997, cited in Cho, 2000). The high returns on
herbal medicine boosted the socioeconomic status of traditional medicine
doctors to the extent that about two-thirds (64%) of them did not want herbal
remedies to be included in the NMI scheme at all (Lee, 1993a, cited in Cho,
2000).

In New Zealand, which has a long tradition of universal insurance for
medical and hospital services, a number of Maori organizations, as noted
earlier, signed contracts with regional health authorities to provide primary
health care, resulting in an increased number of Maori-controlled services
throughout the country. New Zealand has allowed the registration of more
than 600 Maori traditional healers and the government reimburses their
services under health insurance schemes. It has been argued that the New
Zealand experience showcases the importance of a funder-purchaser-provider
separation and shows that this can be beneficial to indigenous health services
(Scrimgeour, 1996).

In Australia, Easthope et al. (1998) showed that since the introduction
of a Medicare rebate for acupuncture in 1984, use of acupuncture by medical
practitioners has increased greatly. By analyzing Health Insurance Commis-
sion data on claims by all nonspecialist medical practitioners for Medicare
Benefits Schedule items for an attendance where acupuncture was performed
by a medical practitioner, they showed that 15.1% (about one in seven) of
Australian GPs claimed for acupuncture in 1996. Claims rose from 655,000 in
the financial year 1984–1985 to 960,000 in 1996–97, and Medicare reimburse-
ments to doctors for acupuncture rose during this period from $7.7 million to
$17.7 million. Acupuncture was more likely to be performed by male prac-
titioners, by those aged 35–54 years, and by practitioners with an overseas
primary medical qualification. A survey of general practices in Hobart, Tas-
mania, showed that although only 15% of the GPs provided acupuncture, it
was available in 31% of practices.

Evaluating the health insurance records of TRM/CAM users can be
an effective way of estimating cost-savings of using traditional or comple-
mentary health care for certain sectors of society. A Canadian study provides
an example.
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A retrospective study of Quebec health insurance enrollees compared a
group of transcendental meditation (TM) practitioners with nonmeditating
controls (Herron and Hillis, 2000). Earlier research had highlighted positive
individual and group health effects of this practice, which derives from India’s
Vedic tradition. This study aimed to determine whether these health benefits
translated into savings to the government in terms of possible reductions in
payments to physicians for the meditating group.

The study involved a total of 2836 health insurance enrollees from
Quebec. Of these, 1418 were volunteers who had been practicing the TM
technique for an average of 6 years, and 1418 were controls of the same age,
sex, and region who were randomly selected. Using data provided by Régie
de l’Assurance-Maladie du Quebec (RAMQ), Herron and associates first
established a baseline by going back 14 years and gathering information on
the total amount of money paid to physicians for this group. Adjustments
for inflation were made using the medical cost component of the Canadian
government’s Consumer Price Index (CPI). The scientists were able to deter-
mine a typical subject’s rate of change in expenditure over the period using
robust statistics.

Researchers found that before starting meditation, the yearly rate of
increase in payments between the TM group and the control group was not
significant. However, after learning meditation, the TM group’s mean pay-
ments declined 1–2% each year, while the control group’s mean payments
increased up to 12% annually over 6 years. Thus, there was a mean annual
difference between the two groups of about 13%. The research team estimated
that this could translate into savings of as much as $300 million per year for
the province’s health insurance company, the Régie de l’Assurance-Maladie
du Quebec.

An example of comparative research of a traditionally used herbal
medicine and the main equivalent conventional medicine has cost-benefit
implications that are important. The study, on mild to moderate depression,
compared St. John’s wort (Hypericum perforatum), with the recommended
dose (150 mg) of imipramine, one of the most commonly used tricyclic
antidepressants. Hippocrates, Pliny, and Galen had all described the use of
Hypericum for the treatment of mental disorders. A randomized controlled
clinical trial (RCT) was conducted involving 324 outpatients with mild to
moderate depression. The study found that Hypericum extract is therapeuti-
cally equivalent to imipramine in treating mild to moderate depression, but
that patients tolerated Hypericum better (Woelk, 2000). Two years of
treatment with Prozac (20 mg/day) will cost US$1250 in China, about the
annual income of an urban worker (Lee, 1999). A TCM equivalent of
Hypericum would result in substantial cost savings and, if similar to Hyper-
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icum, may be better tolerated by patients. Cost savings could be calculated on
an annual, national basis, as could economic and social costs arising from
reductions in side effects. Cost-benefit analysis of this type would assist
countries in making informed choices about the selection of treatments to
be incorporated in integrated health care services.

1. Policy Implications

1. Cost of modern medical services can be a factor in people choosing
traditional medicine. Programs to develop and formalise traditional
health services should not overlook this point. The risk in doing so is
of depriving the poor of services that have historically been their
first and last resort for health care.

2. Policy should aim to keep any user fees affordable—including those
of THPs in the community.

3. Significant investment is a prerequisite for development of effective
traditional health care services. Underinvestment risks perpetuating
poor standards of practice and products and also contributes to
maintaining old stereotypes of inferior services and knowledge in
traditional medicine.

F. Knowledge Production

Comparative research should be promoted, where modern and traditional
approaches to managing the same conditions are compared in terms of clin-
ical outcomes and cost. Clinical research should follow national and inter-
national health priorities—e.g., cancer, cardiovascular disease, diabetes,
TB, malaria, HIV/AIDS, etc.—and mainstream research funds should en-
courage a component of research into traditional means for treating specific
conditions.

To ensure a rational basis for the use of plant-based medicines, priority
is needed for infrastructure development in traditional medicine. This would
include:

Research oriented to the safe and effective production of herbal medi-
cines as a central feature of public health programs in nonindustrial-
ized as well as industrialized countries

Education and training for both traditional and orthodox medical
practitioners

Research policy that promotes observational and clinical studies

To justify necessary national, bilateral, and multilateral investment, a
new generation of micro- and macroeconomic analyses of the traditional
medicine sector is needed.

Bodeker14



5436-0_Packer_Ch01_R2_061804

MD: PACKER, JOB: 03277, PAGE: 15

Section 4.8, ‘‘Research Environment,’’ addresses research policy in
detail.

G. Knowledge Management and Utilization

To ensure sound standards of practice based on recognized levels of training
and the use of therapies that are safe and effective, information is needed on
best practice across a wide range of professional and industrial issues. A
coordinated development strategy with multiple national and international
partners will be required to develop such an information resource to inform
and support national policy development in natural health care.

Aware that other countries are also grappling with similar issues,
government officials are searching for policy-related information on natural
health care from the international community. To date there is no central
resource on policy, trade, training, safety, evidence-based treatment modal-
ities, sustainable use of medicinal plant biodiversity, intellectual property
rights, and models of benefit sharing with customary knowledge holders. Such
a resource is clearly needed.

There are many challenges. Material currently accessible online is
limited in scope. Much of it consists of commercial sites containing infor-
mation related to specific products being marketed. Only a small number of
databases (e.g., MEDLINE, AMED, etc.) allow free access to information
published in a limited number of scientific journals. Most other relevant
scientific databases are accessible only on a fee-paying basis. Much of the
material on policy and on trade in traditional and complementary medicine
does not exist in digital form or is currently not accessible online. Each data-
base is compiled in its own unique format and style. Data structure, indexing
methods and terminology used for data retrieval, is also widely different as
each database is compiled to suit specific user groups. Much of the material
on Asian traditional medicine is not available in English. Identifying
common strands between these data sources and devising data retrieval
methodology applicable to all will be the fundamental requirement of any
integrative exercise. There is also the question of financial arrangements
required to ensure access and continuous input of new material from these
sources.

A coordinated development strategy with multiple national and inter-
national partners will be required to develop such an information resource to
inform and support national policy development in natural health care. Such
a resource was called for by Commonwealth Health Ministers representing
the 54 countries of the Commonwealth when, in Barbados at their 12th
Commonwealth Health Ministers Meeting (Nelson, 1998) they established
the Commonwealth Working Group (CWG) on Traditional and Comple-
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mentary Health Systems and called for a mechanism for sharing policy
experience among Commonwealth countries (Bodeker, 1999).

1. British Library

In 1985, the British Library, owing to lack of coverage on Medline, com-
menced work on compiling the Allied and Alternative Medicine database
(AMED), which was later changed to the Allied and Complementary
Medicine Database. AMED was started to assist complementary medicine
practitioners and paramedical staff locate articles that were relevant to their
practice. At the time that the British Library started AMED in 1985, Medline
was particularly poor in the areas of complementary medicine and allied
health care. AMED now covers the areas of:

Complementary medicine
Physiotherapy
Occupational therapy
Rehabilitation medicine
Podiatry
Palliative care

Since 1985 AMED has expanded its coverage and now indexes around
500 journals; the database contains nearly 120,000 references. At the same
time that AMED was started, the British Library constructed a thesaurus for
the database based on the Medical Subject Headings (MeSH) as used by the
Medline database. The database is now available as print, through online
hosts, and on CD-ROM.

While AMED covers some of the traditional medical systems, there is
great need for a database that will provide accurate, relevant, and timely
quality information in contrast to material of questionable quality and
accuracy that is currently freely available on the Internet.

The Columbia University Project. In 1997, The Rosenthal Center for
Complementary and Alternative Medicine, Columbia University, New York,
brought together seven database producers, which included AMED and
NAPRALERT, as partners in the production of a comprehensive web
resource on complementary and alternative medicine. The purpose of this
partnership was to allow cross-searching of databases in addition to some full
text resources including directory information provided by the partners.

A cross-sectoral thesaurus, based on AMED, was proposed and
currently funding is being sought to undertake this project. All the partners
are still signed up to the project and will hope to contribute something to the
success of this venture.

A freely availableweb-based resourceoncomplementary and traditional
medicine would make standard safety and efficacy information easily accessi-
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ble and allow policy makers, consumers, and companies access to accurate
evidence-based information. It would also provide rapid global updating of
information on complementary and traditional medicine.

H. Capacity Development

Capacity of the traditional sector must be strengthened in the following areas:
safety, efficacy, standardization, current utilization, cost-effectiveness, cus-
tomer satisfaction, priority diseases (TB, malaria, AIDS, etc.), and preven-
tion of disease.

1. Safety

A primary concern regarding traditional and complementary therapies is
‘‘Are they safe?’’ Recent studies in England have found that there has been
adulteration with steroids of some traditional Chinese dermatological prep-
arations. In an analysis of Chinese herbal creams prescribed for dermatolog-
ical conditions, Keane et al. (1999) found that 8 of 11 creams analyzed
contained steroids. Clearly, policy gaps need to be plugged and effective
regulation of herbal medicines is needed, while ensuring that regulation is not
simply a means of limiting public access to these preparations. Limiting access
through professional controls and regulatory means can be seen as consti-
tuting monopolistic trade practice.

Safety must be the starting point for national drug development
strategies for herbal medicines. While most of the published research on
herbal medicine is pharmacological, WHO’s 1993Guidelines on the Evaluation
of Herbal Medicines consider that clinical evaluation is ethical where drugs
have long been in traditional use. Roy Chaudhury (1992) has offered a model
for the clinical evaluation of herbal medicines:

1. Toxicity testing of the plant in two species of animal for acute and
subacute toxicity.

2. A modified, shorter toxicity testing if the plant has already been
used in humans or is in such use now.

3. Administration of the total extract or combination of plants, if
used, in exactly the same way as it is prepared and used by the
population.

The differences between this approach and that of conventional drug
evaluation methodology are that:

Efficacy testing is carried out on humans rather than on animals;
human studies are undertaken subsequent to modified, shortened
toxicology studies having shown that the substance is not toxic in
animals.
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The duration of the toxicity studies is reduced to 6 weeks for plants that
are already in common use.

The plant or mixture of plants is administered to subjects in the same
manner in which it is used in traditional medicine (Roy Chaudhury,
1992).

Research should consider best evidence for safety, including evidence
for adverse effects from treatments (including magnitude, percent of people
so affected, etc.), as well as from inappropriate applications of traditional
therapies. Postmarket surveillance studies can provide information on ad-
verse effects of botanical herbal preparations. Pharmacognostic and phar-
macological research can provide information on the quality, efficacy, safety,
or toxicity of botanical/herbal medicinal preparations.

More broadly, a basic question in addressing safety in herbal medicines
is ‘‘Safe with respect to what?’’ Research has found that in the United States,
51% of FDA-approved drugs have serious adverse effects not detected prior
to their approval. One and one-half million people are sufficiently injured by
prescription drugs annually that they require hospitalization (Moore et al.,
1998). Once in hospital, the problem may be compounded. The incidence of
serious and fatal adverse drug reactions (ADRs) in U.S. hospitals is now
ranked as between the fourth and the sixth leading cause of death in the
United States, following after heart disease, cancer, pulmonary disease, and
accidents (Lazarou et al., 1998).

Clearly, the safety of and risks associated with medical interventions are
issues across all categories of health care.

In developing health systems for traditional medicine, safety and quality
control of herbal medicines go hand in hand. A case in point is the devel-
opment of new standards of safety and quality for herbal medicines produced
in India. New regulations were introduced in India in July 2000 to improve
the standard and quality of Indian herbal medicines. Regulations will estab-
lish standard manufacturing practices and quality control.

The new regulations outline requirements for infrastructure, manpow-
er, quality control, and raw material authenticity and absence of contamina-
tion. Of the 9000 licensed manufacturers of traditional medicines, those who
qualify can immediately seek GMP certification. The remainder have 2 years
to come into compliance with the regulations and to obtain certification.

The government also set up 10 new drug-testing laboratories in 2003
for ISM and upgraded existing ones to provide high-quality evidence to li-
censing authorities of the safety and quality of herbal medicines. This replaces
an ad hoc system of testing that was considered by the Department of ISM to
be unreliable.

Randomized controlled clinical trials of selected ISM prescriptions have
been initiated to document their safety and efficacy and to provide the basis
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for their international licensure as medicines rather than simply as food
supplement (Sanjay Kumar, Reuters, July 13, 2000).

The Australian model of risk management of herbal medicines con-
stitutes an important model of legislation and policy in this field.

The Office of Complementary Medicines of the Australian Therapeutic
Goods Authority has responsibility for the regulation of drugs and other
medicinal substances. The Office does not, however, regulate complementary
health professionals as this is done by the various state governments of
Australia.

Under the the Therapeutic Goods Act of 1989 the Therapeutic Goods
Authority (TGA) established a special office for the regulation of comple-
mentary medicines, covering:

Herbal medicines
Vitamins
Minerals
Nutritional supplements
Homeopathic medicines
Aromatherapy oils

Whereas most countries regulate complementary medicines as foods, in
Australia complementary medicines are regulated as medicines. The ap-
proach of the TGA in managing risks covers:

Licensing of manufactures
Premarket assessment of products
Postmarket regulatory activity.

The TGA position is that managing risk requires a balance between the
premarket evaluation and postmarket vigilance. If the premarket evaluation
is too little, postmarket vigilance is required. Conversely, extensive premarket
evaluation means less risk to manage and less postmarket vigilance.

Accordingly, the TGA follows two paths: licensing of manufactures and
premarket assessment of products.

In the case of registered products the following key steps are followed:

Quality based on good manufacturing practice
Safety through a product-by-product evaluation
Efficacy via a product-by-product evaluation

The TGA requires the following for listed medicines of lower risk:

Quality based on good manufacturing practice
Safety through a substance-by-substance evaluation
Efficacy via sponsors holding evidence to support claims and indica-

tions
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Postmarket regulatory activity covers the following steps:

Postmarket review of products
Monitoring and surveillance in the marketplace
Problem reports and recalls
Laboratory testing
Adverse reaction reporting

The risk assessment framework for complementary medicines covers
the following steps (F. Cumming, in Noller et al., 2001):

Characterization of substance
History and patterns of previous human use
What, if any, adverse reactions have arisen from use
Biological activity
Toxicology
Clinical trials
Conclusions and recommendations.

2. Emerging European Regulation on the Safety of
Herbal Medicines

The European Community definition of a medicinal product is:

‘‘Any substance or combination of substances presented for treating or
preventing disease in human beings or animals’’;

‘‘Any substance or combination of substances which may be adminis-
tered to human beings or animals with a view to making a medical
diagnosis or restoring, correcting or modifying physiological function
in human beings or in animals is likewise considered a medicinal
product’’; and

Any ‘‘medicinal product’’ requires a product license.

Directive 65/65 requires showing through toxicology and pharmacolo-
gy tests the potential toxicity of the product and any dangerous or undesirable
toxic effects under proposed conditions of use. Specifically, Directive 65/65
requires:

Single-dose toxicity
Repeat-dose toxicity
Reproductive toxicity
Teratogenicity/embryo/fetal toxicity
Mutagenicity
Carcinogenicity
Pharmacokinetics
Pharmacodynamics
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Local tolerance
Clinical trials:
Adverse events
Assessment of relative safety
Postmarketing experience

For products that have been in long-established use, the following is
required:

Ingredients used for 10 years in Europe.
Requirements as 65/65, but:
Can replace toxicity, pharmacology, and clinical trials by reference to

published reports.
Missing evidence requires additional tests.
Must show recognized efficacy and safety in normal use.

The EC’s Traditional Medicines Directive makes use of the following
information:

Used in Europe for 30 years (or combination Europe and another
country).

Bibliographic review of safety data.
Expert report.
Additional assessment/tests may be required.
Post-marketing surveillance required.
Monographs to be developed.
Committee to provide list of acceptable ingredients.

The EC recognizes the following sources of information:

Adverse reaction reporting schemes
Poison centers
Drug information units
Postmarketing surveillance
Clinical trials
Prescription event monitoring
Existing medical and scientific literature

In Britain, where only 20% of herbal medicines are licensed, there are
efforts to ensure the safety of traditional and herbal medicines via new in-
formation centers. These include:

The Chinese Herbal Database Brings Together Existing Data For:

Translation of reports of toxicity from Chinese and other literature
Production of monographs/safety reviews

5436-0_Packer_Ch01_R2_061804

MD: PACKER, JOB: 03277, PAGE: 21

Integrating Traditional and Complementary Medicine 21



Provision of information/training to medical professionals at Guy’s and
St Thomas’ Hospitals

To be extended to other traditions of medicine
A new project at the Medical Toxicology Unit, funded by Guy’s and

St Thomas’ Hospital Trust
Collaboration with Chinese Medicines Unit, UWS

Prescription Event Monitoring.

Pilot study to evaluate use of PEM in monitoring adverse events asso-
ciated with herbal medicines

Grant application submitted
Collaboration Drug Safety Research Unit, Southampton University,

National Institute of Medical Herbalists, Medical Toxicology Unit

3. Chinese Medicinal Plant Authentication Centre, Kew

Set up because of lack of quality control of Chinese medicinal herbs
used in England

Identification from authenticated voucher specimens collected in China
Drug material from plants from same collection as voucher specimens
Drug fingerprints—TLC, HPLC, LC-MS, DNA
Not looking for active compounds
Independent and confidential enquiry service for practitioners, aca-

demics, suppliers, regulatory authorities

Doctors and patients need to be aware of potential for toxicity in order
to identify and make reports (D. Shaw, in Noller et al, 2001).

4. Priority Diseases

There is a prevailing prejudice that traditional and complementary medicine
is useful for chronic low-level conditions, whereas mainstream medicine is
useful for acute and infectious disease. The development of multidrug-
resistant strains of malaria and TB has challenged such views of late and
there is a new search for benefits in ancient approaches.

Malaria. The two most effective drugs used in conventional medicine
to treat malaria originate from plants: quinine from bark of the Peruvian
cinchona tree, and artemisinin from the Chinese antipyretic Artemisia annua
L. Other plants are likely to contain as-yet-undiscovered antimalarial
substances. While much research has focused on trying to isolate and purify
these from plants, there is concern that conventional isolation and extraction
methods may miss synergistic mechanisms of action found in traditional
antimalarials.
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Currently, modern pharmaceuticals are not available in constant supply
in areas most affected by malaria, particularly sub-Saharan Africa and South
and Southeast Asia. With increasing drug resistance and the high cost of
drugs, the use of herbal antimalarials in these regions is popular. Despite
growing policy interest in traditional medicine, almost no research has been
conducted on the clinical effectiveness of herbal remedies as they are used in
real life.

At a December 1999 meeting in the Kilimanjaro region of Tanzania, a
Research Initiative on Traditional Antimalarial Methods (RITAM) was es-
tablished to develop a strategy for more effective, evidence-based use of tradi-
tional medicines for malaria. RITAM is a joint undertaking of the Global
Initiative for Traditional Systems of Health (GIFTS) at Oxford University
and WHO’s Tropical Disease Research Programme (TDR) (Bodeker and
Willcox, 2000).

RITAM members have developed four specialist groups to implement a
research strategy designed to make a significant contribution to malaria
control programs (Willcox et al., 2001; Willcox, Bodeker and Rasaonaive,
2004):

1. Policy, advocacy, and funding
2. Preclinical studies
3. Clinical development
4. Repellance and vector control

HIV/AIDS. In Africa and in much of Asia, the high cost and scarcity
of many essential drugs as well as antiretroviral drugs has led the major-
ity of people living with HIV/AIDS to use traditional herbal treatments
for a variety of HIV-related conditions including opportunistic infections
(OI). Indeed, in view of widespread use, traditional medicine is in a real
sense carrying the burden of clinical care for the AIDS epidemic in Africa,
a trend largely overlooked by health ministries, international agencies, and
donors.

At the 1998 Bangalore meeting, Medicinal Plants for Survival, Dr.
Donna Kabatesi cited clinical data on Ugandan herbal treatments effective
against herpes zoster and HIV-associated chronic diarrhea and weight loss.
Research being conducted by Prof. Charles Wambebe, then head of Nigeria’s
National Institute for Pharmaceutical Research and Development, is showing
preliminary evidence that a Nigerian herbal medicine has produced steep
increases in CD4 levels and improvement in HIV-related illness. Controlled
clinical trials are now being conducted. The Tanga AIDS Working Group is
conducting research into the efficacy of Tanzanian herbal treatments for HIV-
related fungal infections.
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In view of these trends, a regional Task Force on Traditional Medicine
and AIDS in East and Southern Africa was inaugurated in Kampala,
Uganda, on April 10, 2000. The Task Force coordinates activity related to
the widespread use of traditional medicine by people living with HIV/AIDS
(PLWHA) in Africa and the role of traditional healers in contributing to
AIDS prevention and support.

A network of researchers and institutions is building a research program
that will identify, evaluate, and develop safe and effective local treatments for
HIV-related illnesses. The program uses simplified but controlled clinical
protocols to conduct rapid evaluations of promising treatments. It builds
databases for information sharing on successes and failures of local treat-
ments. It is grounded in an intellectual property rights framework to protect
the rights of local knowledge holders, learning lessons from a few existing
programs in Africa. Recognizing the global, unsustainable pressure on wild
stocks of medicinal plants, sustainable horticulture will be promoted for
priority species (Bodeker et al., 2000).

In India, a conference on HIV/AIDS and Indian Systems of Medicine
was hosted by the Delhi Society for the Promotion of the Rational Use of
Drugs (DSPRUD) in November 2000. The Commonwealth Working Group
on Traditional and Complementary Health systems and GIFTS of Health
were international partners in this. This meeting brought together research-
ers, traditional practitioners, and policy makers to identify what work is being
done in this field in India and to chart a way forward. A research agenda has
been developed, a network established, and a clinical research protocol
published (Chaudhury, 2001; Chaudhury and Bodeker, 2003).

I. Research Environment

Research into traditional medicine is needed at both national and interna-
tional levels. If this need is to be met, dedicated funding will be required to be
allocated by international funders and governments.

1. Research Priorities

To ensure a rational basis for the use of plant-based medicines, priority is
needed for infrastructure development in traditional medicine. This will
include:

Research oriented to the safe and effective production of herbal medi-
cines as a central feature of public health programs in nonindustrial-
ized as well as industrialized countries

Education and training for both traditional and orthodox medical
practitioners

Research policy that promotes observational and clinical studies
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2. Efficacy and Beyond: Research Methodologies
for Traditional and Complementary and Medicine

Consumer satisfaction is of importance in evaluating health services. Satis-
faction with care is one component of well-being, which has in turn been
identified by WHO as a marker of good health. Our own research at Oxford
University suggests that a search for satisfaction in the treatment of chronic
disease is the primary reason why people in Britain—particularly women—
seek the services of complementary health care providers. Consumer satis-
faction studies merit a high place in national research into complementary
and traditional health care (Ong et al., 2002).

There is an international call for evidence of what constitutes best
treatments. The preferred method is through a formal approach to gathering
and synthesizing research data. Evidence-based medicine (EBM) has become
a worldwide movement in clinical medicine. Such high standards are now
being called for by established medicine in evaluating the claims of traditional
complementary health practitioners. The core of EBM is the randomized
controlled clinical trial (RCT), and EBM methodology is centered around
determining therapeutic effects of specific treatments via meta-analyses of
clusters of RCTs.

RCTs, the unit from which the meta-analyses of EBM are built, have
also been challenged as being limited in both principle and procedure (Black,
1996). RCTs are seen by some as an inadequate tool for measuring infrequent
adverse outcomes such as infrequent adverse effects of drugs. They are also,
owing to limitations in study size, unable to evaluate interventions designed to
prevent rare events, such as accident prevention schemes. And they are unable
to adequately evaluate the long-term consequences of therapies—e.g., oral
contraceptives, HRT to prevent femoral fractures, and the loosening of arti-
ficial hip joints for which a 10–15-year follow-up is needed.

To address areas not readily studied using RCT methodology, and also
to correctly design and interpret RCTs, observational, or cohort, studies
are receiving new attention. Observational studies are based on quantitative
epidemiological methods and quantitative sociological methods in which data
are collected through observation. In traditional medicine, it may be assumed
that a natural experiment is already taking place—practitioners are prescrib-
ing, patients are using. Observational research of existing practice allows for a
first line of data to be collected without the ethical difficulties of assigning
subjects to novel treatments. No one is assigned; data are gathered on what is
actually happening and what the outcomes are from these interventions.

While RCTs are clearly needed, it has been suggested by Arthur
Margolin of Yale University that the validity and ultimate value of RCTs
of complementary therapies would be diminished if they were conducted
without preliminary foundational studies. Foundational studies should in-
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vestigate such issues as the reputed efficacy of the active treatment or the
reputed nonefficacy of the control treatments (Margolin, 1999).

While evidence of mechanism of action is clearly not needed to promote
utilization or to achieve consumer satisfaction—this is happening of its own
accord—basic research into the physiological links and molecular bases of
therapeutic outcomes and mechanisms of action is needed in the longer term.
Where employed, basic research methodologies need to be generated to sen-
sitively capture aspects of CM practice and theory that may appear intangi-
ble, e.g., energy (prana, qi) etc.

The needs of interest groups in special situations—e.g., women, chil-
dren, the poor, the elderly, and those with special medical conditions—must
be recognized and given priority in the development of national research
agendas into CM and THC. Our own research indicates that older women
with chronic conditions are the most frequent users of CM providers (Ong
et al., 2002). And ethnic minority groups in Britain, for example, prefer to use
their own traditional forms of medicine, such as acupuncture and traditional
herbal medicine, to such Western CM systems as chiropractic and osteopathy.
The specific needs, health status, and utilization patterns of special interest
groups should be addressed. Also of interest are diseases for which current
treatment regimens are unsatisfactory, e.g., many cancers and chronic
debilitating conditions.

Prevention of disease is an area of fundamental importance in comple-
mentary health systems. Dietary and nutritional approaches to prevention
provide opportunities for the study of prevention, as does the use of herbs and
traditional forms of exercise (e.g., yoga) in promoting a balanced state of
health. Accordingly, systematic research should be conducted into effective
prevention practices.

In all therapeutic settings, Western and traditional, belief and attitude
have an influence on treatment outcomes. A ‘‘placebo,’’ or ‘‘meaning re-
sponse’’ effect is an important component of many therapies. The extent to
which therapeutic outcomes are based on expectancy is an important area of
study.

WHO’s Quality of Life Assessment includes spiritual dimensions in
assessing an individual’s quality of life. Here, ‘‘spiritual’’ relates to the sense
of meaning regarding the self or extending beyond the self. The spiritual
dimension of life and well-being is central to many traditional and comple-
mentary health systems. In Britain, 12% of those who use CM providers use
the services of ‘‘spiritual healers’’ (Ong et al., 2002). This trend, its origin, and
its outcomes are important areas of research.

A need exists for comparative evaluation of both CM and conventional
medical methods for treating the same condition to identify safe and effi-
cacious treatments that are locally available. This may also include the study
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of cross-cultural/cross-geographic healing practices to identify common
treatments and/or to combine evidence for a specific herb or treatment regi-
men. Comparative studies could assess feasibility, cost-effectiveness, and en-
vironmental impact as well as specific biomedical outcomes.

Combination therapy should also be studied. For example, traditional
and modern medicine are often used simultaneously in the treatment of cer-
tain chronic diseases in Asian medical systems, such as the Ayurvedic medical
system of India and TCM. In addition, patients often combine modern and
traditional treatments. Caution should be exercised to address cultural bias in
the assumptions, methodologies, and concepts employed in comparative
research.

A range of methodologies, then, can and should be employed in eval-
uating traditional and complementary therapies. These should be applied in a
manner that is sensitive to the theoretical and clinical assumptions of the
modality being evaluated to ensure that the research design adequately mea-
sures what is being studied.

A national research agenda on complementary and traditional medicine
should promote research on the individual, the family and community, the
wider population, and the ecosystem/environment.

Both political and scientific will are needed to support such an agenda.
Legislators in industrialized countries are coming to recognize that the
widespread use of complementary medicine (Eisenberg et al., 1998) is linked
to votes—votes of the wealthier and more educated sectors of society. In
poorer countries, the search for effective and affordable treatments for such
epidemics as malaria and opportunistic infections associated with AIDS is
driving renewed policy interest in traditional medicine.

In each case, substantial increases in research funding are needed. And
new directions in clinical evaluation must be forged by researchers who are
able to transcend limitations in research orthodoxy in the interests of pro-
viding sound information to the public on what constitutes good health-
care.

3. Policy Implications

1. Safety is the starting point in the evaluation of traditional medicines
and procedures. A model for rapid toxicity testing of herbal medi-
cines has been developed by WHO SEARO and should be examined
with a view to widespread application.

2. National testing centers are needed—appropriately funded.
3. There is a concurrent need for self-regulation by THP associations,

focusing on peer supervision and enforcement of standards of pro-
fessional practice and conduct.

5436-0_Packer_Ch01_R2_061804

MD: PACKER, JOB: 03277, PAGE: 27

Integrating Traditional and Complementary Medicine 27



4. RCTSs are a powerful and costly tool for evaluating therapeutic
efficacy. Other methods also exist for determining this. These should
be used as components of a repertoire of evaluative strategies in
determining what works, what works best, and what works best
over time.

5. Research should be attuned to cultural concepts and issues. This is
required both out of respect for the traditional medicine being
studied and in view of the possibility that traditional explanatory
models may provide new insights into diagnosis, disease progres-
sion, individual differences, and treatment strategies.

V. CONCLUSION

As governments grapple with the complexities of establishing regulatory and
policy frameworks that will ensure safety and quality of complementary and
traditional health services, it is proposed that an overarching framework for
addressing policy is a beneficial means of ensuring an adequate coverage of
key health policy dimensions.

In this chapter, the COHRED framework has been used, encompassing,
as it does, equity, ethics, governance, financing, knowledge production,
knowledge management and utilization, capacity development, and the re-
search environment.

All of these areas require attention to ensure that public demand for
access to safe and familiar complementary and traditional health services and
products is met within the context of national goals for health sector
development.

A vital requirement in ensuring that policies become reality is an
adequate level of sectoral investment. Recent World Bank investment in the
traditional health sector in China and India suggests that previous disinterest
by international funders in the traditional health sector is now slowly being
replaced by interest in an evidence-based approach to the development of this
sector in the context of universal health care coverage and health sector
reform.

This trend suggests that the way forward in policy development in this
field is via a combination of concerted local consultation with all relevant
interest groups, matched by an exchange of information and experience with
international partners who have developed some perspectives or have expe-
rience in one or more areas of policy relevance.

To ensure that this occurs in the best interests of traditional and
complementary medicine and use by a public that wants reliable access to
such services, it will be essential to establish canons of best practice within the
traditions, to build services around the principle of self-regulation, and for
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partnerships between professional bodies and regulatory agencies to be open
and equitable, free of power politics associated with dominance of the sector
by one or more medical interest groups.

Such a strategy has the potential to eventually lift traditional medicine
and policy related to this from marginal status to a strong and internationally
accepted component of comprehensive health sector development, as called
for in the WHO Traditional Medicine Strategy, 2002–2005.
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Can Traditional Medicine Coexist
with Modern Medicine in the Same
Health Care System?

Ping Chung Leung

Chinese University of Hong Kong
Shatin, Hong Kong, China

I. WHAT IS HEALTH?

Health is what everyone needs and everyone wants. To be able to live in well-
being while being bothered by ailments and illnesses from time to time is the
basic requirement for any age and race.

The biological behavior of any living organism is that the physiological
activities are constantly challenged with changing needs as a result of envi-
ronmental changes and aging. The biological well-being of any living orga-
nism depends on a smooth balance of physiological activities. This balance is
directly challenged by specific pathological processes and indirectly affected
by the environment and aging. People would love to enjoy the best constant
environment. However, environmental change is something that can never be
avoided. People would love to enjoy an evergreen, nonaging life. Neverthe-
less, the evergreen expectation has never been achieved.

Health and maintenance of health have always remained an unsettled
challenge to mankind (1).
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Ever since cultural activities have been recorded, endless attempts have
been made to improve health. There were those efforts trying to improve the
ability of the individual to resist pathological changes and to stay well. There
were those efforts trying to improve the environment, as people of all regions
and races realize, with more and more accumulated knowledge, that their
healthy well-being very much depends on a healthy environment. The
environment started with living conditions in the home, then extending
outside to the community. Personal hygiene and home health must have
developed together, as a consideration to keeping oneself well. Then the
causes of ailment and illnesses were better known and the understanding of
homeostasis revealed the existence of an internal environment that stayed in
harmonywith the external environment in a reasonable balance. Public health
concepts and practice developed only after a reasonable understanding of
both the internal and external environments.

People do want good health. They are able to understand, today, that
health requires a good, balanced internal environment, as well as a good
harmony between the biological self and the external environment.

The author spent some time discussing this basic concept because to
understand traditional medicine, it is important to grasp this concept of bal-
ance: balance of internal biological activities (forces) and balance between the
individual and his/her outside environment (2).

II. MODERN HEALTH SCIENCE

Modern science has been built on an empirical principle. There must be an
objective, measurable explanation to an observation. A subjective observa-
tion must be proven with objective means, otherwise the observation was not
taken as of value (3). Based on this simple concept, the successes of modern
science have been remarkable.

Medical science has moved along in the same pathway and in the past 60
years we have witnessed tremendous advances. Probably all systems of
healing, whether developing in the East or in the West, started in the same
way, i.e., a mixture between religious idol worship (close to superstition) and
reflections on observations of animal behavior. Thus religious rituals were
often enriched with special inserts that were installed for the maintenance of
human health. Animals possessed instincts for self-healing. Our ancesteral
hunters and farmers made intelligent observations on animals around them
and started applying the same ‘‘healing method.’’ Enthusiasts would move
from animal to human trials, usually self-administered trials of herbs and
minerals that were believed to be ‘‘probably’’ doing good for a certain ailment
or health problem. It was not coincidental that nearly identical legendary
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figures appeared historically in the history of medicine of many cultures, like
Greek, Egyptian, and Chinese, in the ancient days. All of them, in their
enthusiasm to knowmore about the property of the herbs and their effects on
healing, personally consumed the herbs to experience the effects (4,5). So
medical experts all started as observers of simple herbal trials. None of these
experts understood the mechanism of action of the herbs even though they
might be having remarkable effects on treatment. These experts would not be
able to understand the mechanism of action because they had no idea about
the basic structure of the organs and tissues; neither did they understand their
physiological function. The modern development of medicine, following the
footsteps of scientists, awaited for the knowledge of structure and function,
i.e., anatomy and physiology. With the great advances during the Renais-
sance in human anatomy and later in human physiology, scientists became
capable of exploring the abnormal processes, i.e., the pathologies. Given
answers to how pathological processes happened and why they happened,
healers became more capable in searching for means to counteract unwanted
pathological processes.

Science development carried along a new tradition of linkage and
interreliance on different specialties. Technological advances in physics and
chemistry were freely applied in the medical specialty, as diagnostic means
and as means to improve treatment.

The past 60 years marked the most impressive development of modern
medicine. Drug therapy applied the principle of antagonism against the
unwanted, supplement for the insufficient, and replacement for the deficient.
The understanding of complex chemical activities enabled the development of
drugs of more and more refined nature with more and more specific targets.
More specific targets meant less and less adverse effects. Sophisticated
diagnostic tools allowed accurate diagnosis of problems and detailed images
of diseased organs. Surgical procedures therefore underwent many break-
throughs: organ transplantations, microsurgery, implant replacement, and
noninvasive procedures.

When medical scientists investigated at the molecular level, more possi-
bilities were suggested. The recent completion of human genome mapping
opened up an incredible field of disease treatment in the future. The new
century has been labeled the century of biological advances so that people
would live to over 100 years of age, and diseases would be removed from their
roots of occurrence, rather than being dealt with when discovered. Palliative
means of treatment would stop being the major approach. Diseases would
preferably be uprooted when the responsible genes could be specifically
removed (6).

Such are the promises of modern medicine. The great strides have
surpassed the imagination of most, if not all, intellectuals. The assumption
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could be that the ability to live to over 100 years of age might mean more
satisfaction with health maintenance and more human happiness. We have to
look at some of the immediate results of medical advances.

Success of modern medicine is based on deductive empirical science.
The cause had to be well known in depth before the specific treatment
program was developed to counteract the pathology to be corrected. When
the cause of pathology was unknown, partially known, or complex, it would
be most difficult to work out the effective means of cure (7).

We are all aware that there are still disease conditions where the patho-
logy is either unknown, only partially known, or extremely complex. To cite
just a few: the allergic conditions, autoimmune diseases, cancers, chronic
illnesses, and viral infections. In these disease conditions, modern medicine
offers control and palliative treatment, but not cure (8).

One might be surprised at the obvious deficiencies of modern medicine
while the advances and future promises are so brilliant. One might be further
saddened by some other outcome of the successes of modern medicine. The
logic of success of modern medicine is based on identification of the specific
targets that will be directly dealt with. The requirement of diagnosis and
treatment implies specialization and concentration of resources in narrow
areas. The result of this development is: mechanical approaches, loss of
holistic care, overspecialization, decline of human care, and ever-rising costs.

While more specific problems are being solved with modern scientific
concepts and technology, some essential requirements for the healing art are
being lost. No wonder it is not surprising to see patients and people on the
recipient end of health care getting disappointed. They do not appreciate
being treated like machines and their spare parts; they are hurt by the in-
human touches; they hate being referred from one specialist to another
specialist (perhaps subspecialist); more uniformly, they cannot afford the
cost.

The dilemma between successful modern development on the side of the
health care providers and the parallel loss of trust on the recipient side is a
genuine phenomenon that might not be widely recognized by the medical
world. However, objective data support the observation. These data directly
affect the future of health care.

The survey done by the American Medical Association on the use of
alternative medicine toward the end of the twentieth century clearly indicated
that American people were shifting their expectation and trust to alternative
medicine because the annual medical expenditure on complementary and
alternative medicine was even greater than that spent on family medicine
(9,10). The most influential research institute in the United States, the
National Institutes of Health, first held a consensus conference on acupunc-
ture in which the efficacy of acupuncture as a means of pain control was
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endorsed and recommended; then a special section, the National Center for
Complementary Alternative Medicine (NCCAM), with a reasonable budget,
was established (11,12). There was political endorsement by theWhite House
Commission, followed by the establishment of different regional CAM
centers with given specific assignments such as aging problems, women’s
health, or arthritis.

There is sufficient evidence to indicate that the U.S. National Institutes
of Health are making a serious positive exploration of the value of CAM.
Indeed, the commitment of the health providers is further exemplified by the
situation in medical education. More than 90% of U.S. medical schools are
now providing some form of alternative medicine within their conventional
curriculum (13).

III. UNDERSTANDING CHINESE HERBAL MEDICINE

While herbal utilization as means of cure in communities in Europe and the
United States might involve single herbs, Chinese herbal medicine uses a
combination of different herbs. Although exceptional situations do occur
when only one or two herbs are used, the majority of ancient effective
formulae consist of multiple herbs.

The use of multiple herbs is based on two considerations: first, to
enhance efficacy and, second, to maintain safety. Herbs of similar effects are
expected to augment one another, while herbs of antagonistic effects harmo-
nize the overall action and prevent overaction of some aggressive modalities.
There is yet a more sophisticated philosophy of herbal arrangement. The
components of a complex formula could be classified into four categories of
function, which play four different roles: role of an emperor of an adviser

, of a minister , and of an ambassador . The philosophy clearly
demands a balanced system that includes effectiveness, efficiency, reinforce-
ment, moderation, and safety. By this arrangement, aggressive herbs could be
used when there is the need to forcibly bring about a treatment effect; over-
action is being checked with other herbs that might possess different effects;
under action, on the other hand is being prevented by adding, simultaneously,
supplementary varieties of herbs.

Chinese herbalists are particularly aware of the poisonous adverse
effects of some herbs. They caution the use of such herbs by adding other
herbs known to act as antidote. They may even try balancing off the adverse
effects by using another poisonous entity that may divert the adversity of the
former.

The major philosophy of treatment in Chinese herbal medicine is to
maintain an overall balance. The yin-yang theory is that every human being is
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under three different axes of balance. Balance between heat and cold, between
the ‘‘surface’’ and ‘‘depth,’’ between ‘‘emptiness’’ and ‘‘fullness.’’ Perhaps
heat and cold could be experienced and expressed by different individuals, not
‘‘surface’’ and ‘‘depth,’’ or ‘‘emptiness’’ and ‘‘fullness.’’ Master healers in
Chinese medicine did attempt to provide a solid description of the opposing
poles of the axes of harmony. However, the definitions remained subjective
and obscure tomodernman.When a treatment plan has to rely on an analysis
of the balance, the herbal practitioner has to develop his own system of
judgment, unique to his own practice. Scientific practitioners need not be
absolutely critical, because relying on diagnostic science and then giving
treatment is certainly a logical means of treatment. However, short of modern
diagnostic tools, one needs to initiate treatment according to logical guiding
principle, which for our herbalists is the yin-yang theory. Under the yin-yang
theory no one is in perfect balance. The two poles of the yin-yang axis
represent the two divergent ends of a spectrum. The diseased person occupies
a position somewhere along the spectrum, and the position occupied keeps
changing. That is why treatment is never universal. Instead, treatment varies
according to the herbal expert’s judgment: whether heat or cold is dominant,
whether the problem is superficial or deep, empty or solid. This changing
mode of treatment aimed at the individual’s specific need is contrary to the
principle of generalization in modern medicine. When there is lack of
generalization, research that searches for repetition of results based on
generalization of symptomatology is discouraged. Indeed the herbal expert
is proud of his ability to treat the same disease with different methodologies or
to treat different diseases with the same means.

Actually the ‘‘disease’’ of the herbal expert refersmore to symptoms or a
syndrome than a disease entity. The healer controls symptoms with different
means, but not for a specific disease. There is no knowledge about the exact
pathology and sequence of events in the illness. The herbal expert can
therefore, deal only with symptoms.

Symptoms reflect pathological changes. Symptoms, when controlled,
reflect control of pathological adversity. This may not signify the reestablish-
ment of balance. The reestablishment of balance depends on a holistic well-
being. The balance and holistic well-being depend on the undiseased, healthy
systems of function helping to cover or substitute for the deficient or patho-
logical system. Hence herbal treatment starts by controlling the symptoms,
while, either simultaneously or after the control, attempting to booster up the
system or organs that are not directly under the pathological forces. In
modern terminology, boostering the functional well-being of the healthy
organs might refer to an effective supplement of immunological ability. The
latter maneuver is achieved through herbal treatment or dietary supplement,
which is always considered important in Chinese medicine (14,15).
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IV. CAN THE TWO SYSTEMS OF HEALTH CARE COEXIST?

Acceptance of the value of science is universal. The reliance on science and
technology as essential requirements for normal daily activities is a fact of
modern life. Patients have the freedom to choose an appropriate format of
treatment they prefer. Their choice is subjective and personal while at the
same time they are influenced by obvious cultural, social, and economic
forces. We have good evidence to confirm that today’s patients have an
inclination toward accepting both scientific and alternative medicine. If
modern scientific practitioners take this inclination as something that arises
out of superstition or cultural stubbornness or assumes that the patients are
just the victims of advertising, they would not be keen to try to learn
something from the alternative stream, not to speak about utilizing the
alternative stream (13).

This might still be the mainline behavior among modern practitioners
who, since Hippocrates, have been told not to communicate with healers of a
different stream (16).

Nevertheless, with the increasing demand for alternative care among
patients, there coexists an increasing curiosity among the modern practi-
tioners who realize that, given the great advances and promises of modern
medicine, there are still areas of deficiencies. This small group of modern
practitioners would start exploring the pragmatic side of alternative medicine,
test for its efficacy, then decide on a practical policy of application in their
practice.

V. HOSPITAL SERVICE

Alternativemedicine could be integrated into hospital service according to the
planning of the administrator and the patients’ need. Thus in China, every
city, irrespective of its size, has integrated medicine or Chinese medicine
hospitals, which give patient care consisting of both the modern scientific
modality and traditional Chinese medicine. Even in other hospitals not
labeled as such, it would be very easy to call in herbalists’ support whenever
required. Every hospital has its own ChineseMedicine Division ready to offer
help.

China is offering a genuine integrated service whenever required. Of
course this is not coincidental, but it has sociopolitical background. In the
Constitution of China, it is written that both Chinese medicine and modern
medicine should be developed in China. Therefore, hospitals throughout
China should supply both services (17).

However, the integration is not real. In the report of a fact-finding
mission taken by the University Grant Council of Hong Kong, it was stated
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that 50–70% of the budget of so-called Chinese medicine hospitals was spent
on emergency modern medicine or diagnostics. The hidden message was that
clients had a greater need of modern medicine (18).

Hospital practice by itself ismodernmedicine. Itmight not be realistic to
artificially label certain hospitals ‘‘Chinese medicine hospital.’’ It is more
important to be able to supply the service to individual patients on demand.
Since the hospital is basically a modern establishment created according to
the concept of scientific medicine, keeping a hospital purely for the need of
Chinesemedicine practitioners is illogical and unnecessary. A practical means
to promote integrated medicine is to accept and value Chinese medicine as a
specialty that will be called on to support other treatment should the need
arise. This practice therefore requires a team of herbal experts in the hospital
and a specialist clinic for them. The model is being tried in some hospitals in
Hong Kong. Unique individual ‘‘Chinese medicine hospitals’’ would be
unnecessary.

VI. INTEGRATED CLINIC

An ideal arrangement might not be an integrated medicine hospital, but an
integrated clinic. The integrated clinic at the University of Maryland could
serve as a good example. Some other integrated clinics are being explored in
the United States. The orientation would best be rehabilitation-oriented. The
wide demand of chronic problems and pain related to rehabilitation would
find a lot of favorable subjects who are dissatisfied with conventional
medications and therapies, who would benefit from other alternatives such
as massage and acupuncture (19).

Once modern practitioners become more receptive to alternative med-
icine and once it is proven that Chinese herbal medicine is efficacious in
treating certain difficult problems, integrated clinics could be started, no
longer bearing only rehabilitation orientation but catered toward evidence-
based clinical trials and evidence-based clinical service. Clients do not come
for general care of all disease entities, but for specific problems that modern
practitioners face. Such integrated clinics deal with special problems in
allergy, viral infection, degenerative diseases, metabolic disorders, chronic
pain, cancers, and other pathologies. Such clinics are run for both research
and service. They cannot be solely research-oriented for obvious reasons of
the high demand for clinical research and the cost involved. They cannot be
solely service-oriented either because efficacy tests are still much desired. The
compromise needs to be careful data collection and observation for all clients
irrespective of whether they belong to a research protocol or not, so that
positive feedback as well as adverse effects can be recorded.
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The integrated clinic would serve well as an ice-breaking medium
between the uncompromising modern clinical scientists and herbal practi-
tioners while undergraduate students in both streams should also benefit
through exposures in the clinics.

VII. MEDICAL EDUCATION

We already noted that 90% of U.S. medical schools are providing various
courses on alternative medicine. These are not compulsory commitments.
Only some students, perhaps more mature or postgraduate students, would
be interested in those courses.

Recent information from Japan indicated that starting very soon, all
medical students in Japan would be required to go through 150 hr of
undergraduate study in a variety of Kampo medicine (which is Chinese
medicine) (20). This appears a genuinely positive commitment to herbal
medicine outside China, which is providing 150–400 hr of Chinese medicine
study for all modern medicine undergraduates.

Curriculum arrangements with substantial components of Chinese
medicine would probably produce graduates with more dynamic caliber.
However, these graduates are still rigid followers of modern science.

An advocate in Hong Kong once put forward the proposal that under-
graduates could finish their modern medicine course and then spend an
additional 2 years on Chinese medicine. This method of training would
produce genuinely integrated medical experts who would be able to lead
medicine into a new direction.

Appealing though it may appear, this view will not be supported. It
might appear that cost is the major obstacle. If adopted, this medical
curriculum would take 7 years to finish; i.e., 2 extra years. The extra 30%
cost involved will not be bearable by any government that provides subsidy
to medical education. Students might not like the idea of more prolonged
study.

In fact, themajor obstacle would be the concept of forciblymarrying the
two different streams of medical education. When the scientific approach has
long been the mainline, is it worthwhile confusing the students who enjoy the
deductive theories with old concepts? They might appreciate the old concepts
and adopt them selectively only later in their practice. Therefore, the
important thing is to accept and establish Chinese medicine as a full specialty.
Then graduates could acquire specialty knowledge after they graduate,
including Chinese medicine. After all, no undergraduate should be forced
to take up qualification studies in depth, on any one medical specialty.
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VIII. RESEARCH

A few advocates of alternative medicine might claim that whatever modern
medicine offers, the same could be achieved with alternative medicine (like
herbal medicine) provided research and resources could be pumped in. Given
the obvious successes of modern science, this approach of research with that
amplitude of ambition is probably unnecessary.

In China, where Chinesemedicine originated, political leaders called for
the ‘‘modernization’’ of Chinese medicine, which means accepting all the
concepts of traditional Chinese medicine while trying to use modern tools and
concepts to explain the phenomena and to develop further. In the full
enthusiasm of following this political outcry, quite a number of clinical
scientists actually devoted themselves to a fervent pursuit of modernization
of Chinese medicine and made themselves well known in some areas of
genuine integration (21). Outside China, it would not be easy to follow this
line of approach because clinical scientists, short of the sociopolitical envi-
ronment, find it difficult to totally accept and adopt the traditional concepts
that form the supporting pillar of their research. Neither could they make the
necessary training available to themselves.

IX. THE EFFICACY-DRIVEN APPROACH

Instead of following the scientific pathway already taken by pharmaceuticals,
which has had toomany difficulties rather than promises, amore practical line
has been endorsed. Since most, if not all, the herbs have been used for
hundreds of years, there should be sufficient reliability on the safety and
efficacy of the herbs. The safety and efficacy of the herbs are already well
documented, but their practical utilization in specific clinical circumstances
needs to be further established. The traditional use of the herbs had been
focused on symptomatic control. Today, the aim of clinical management is
directed toward curing a disease entity. We need to acquire an updated
understanding of the effectiveness of the herbal preparations on disease
entities. That is why we cannot be satisfied with records on efficacy alone
but should start a series of evidence-based clinical trials to further prove the
efficacy of the herbs (22).

The U.S. National Institutes of Health have openly endorsed the
approach of accepting traditional methods of healing as safe measures and
then putting them to proper clinical trials (12). The recognition of acupunc-
ture as a practical, effective means of pain control started in 1997 (11). The
subsequent formation of a special section devoted to research on comple-
mentary/alternative treatment followed. NCCAM was properly formed and
given a substantially large budget.
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X. PROBLEMS EXPECTED IN AN INTEGRATED SETTING

A. Adverse Effects of Herbal Preparations

While alternative medicine is finding more users and health food and related
preparations are gaining a bigger market, adverse effects occurring after their
consumption have been making headlines ever since. Thus antirheumatoid
herbal preparations were found to be nephrotoxic in the Netherlands, and
many mortalities have been reported in Japan, China, and Singapore after
ingestion of slimming preparations. Expectedly, disasters could be related to
the illegal, intentional mixing of dangerous drugs; or real, unintentional
contaminations. However, the lack of full awareness of adverse effects and a
deficiency of records of adverse effects with herbal consumptions are real
problems experienced by those who try to selectively use herbal preparations
or formulae to solve difficult problems in day-to-day practice.

Historically, great herbal masters in China in the ancient days did
produce records on adverse effects and toxic problems of some herbs. As early
as the Han dynasty (second century), documents were produced on herbs that
need to be utilized with care or extreme care (14). This tradition was followed
closely in the subsequent centuries (15).

More reports were available on methods and means by which toxicities
and adverse effects could be reduced (23).

With good past experience, the prevalent belief is that Chinesemedicinal
herbs are safe. On the other hand, more and more reports have appeared on
adverse effects and toxicities, and nonusers of herbs tend to exaggerate the
reports.

When new preparations come on the market, the innovative processes
of extraction and/or production might have produced or initiated new
possibilities of adverse effects or toxicity. This experience is already well
recorded in a number of modernized preparations, particularly those for
injection (24). Among the adverse effects, allergic reactions aremost common.

To date, standard instructions on clinical trials for Chinese medicine
define adverse drug reaction in exactly the same way as modern scientific
clinical trials, and explanations for the reactions have been identically
identified (25).

Categories of adverse reactions include the following:

1. Reactions to herbs. Reactions are defined as harmful and un-
expected effects when the standard dosages are used in certain drug
trials. It is especially pointed out that for Chinese medicine, the
harmful reactions could be due to the quality of the herb and poor
choice of indication. These reactions do not include allergic
responses.
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2. Dosage-related adverse effects. Using an unnecessarily high dose
could induce excessive effects, side effects, or even toxic effects.
Secondary effects such as electrolyte imbalance might also be
observed.

3. Dosage-unrelated adverse effects. These adverse effects could be the
result of unfavorable preparation, contaminants in the herbs,
sensitivity of the consumer, allergic reactions, or specific inductive
effects of the herb.

4. Drugs interactions. Classically, records are available in old Chinese
medicinal literature on combined effects of herbs, their facilitatory
and antagonistic effects. Today, not only drug interactions between
herbs are important, but possible interactions between herbs and
commonly used pharmaceutical preparations are becoming issues of
great concern since users of herbal preparations are greatly
increasing.

B. Interactions Between Modern and Chinese Medicinal Drugs

The interactions between Chinese herbs and modern drugs are a common
issue, yet reports on them are very rare. According to research on 1000 elderly
patients admitted through the accident and emergency department, 538 of
them have used over 1087 types of drugs, and 30 of them have been affected by
the side effects of these drugs (26). In fact either within the hospital or outside,
when patients self-prescribe, multidrug therapies are commonly practiced.
Prescribed drugs, proprietary drugs, vitamins, herbal medicines, food, etc.
may all interact and affect the treatment outcome.

Some drug interactions have been investigated by in vitro and in vivo
experiments, but results obtained have been inconsistent. St. John’s wort, an
herb commonly used inWestern societies, was shown to suppress monoamine
oxides in vitro, but such observations were absent in in vivo studies. Hence
there is insufficient evidence of the antioxidant activity of St. John’s wort
causing hypertensive crisis. However, recently it was reported in Switzerland
that St. John’s wort may interact with other drugs; e.g., the simultaneous
administration of St. John’s wort with digoxin, amitriptyline, or theophylline
may reduce the effectiveness of the three drugs. Two patients with heart
transplants were given St. John’s wort when they were receiving their cyclo-
sporin treatment. In 3 weeks’ time, both had severe rejections. When the
patients discontinued the herbal drug, the cyclosporin blood concentrations
increased (27).

Some medications from natural products, e.g., cornu cervi pentotri-
chum, fructus crataegi, radix polygoni multiflori, etc., possess monoamine
oxide inhibitory activity (28). If tyramine-containing food, e.g., cheese,
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pickled fish, chocolate, yeast, liver, beer, red wine, or yogurt, is taken when
the above natural products are used, hypertension, palpitation, headache,
nausea, etc. may result (29).

The Table 1 shows more examples.

C. Source of Herbs

Good clinical practice insists that the prescribed drug for the clinical trial
should be thoroughly known and uniform. However, using herbal prepara-
tions for clinical trials faces the difficulties of thorough technical knowledge
and uniformity.

Pharmaceutical tests demand that details be known about the chemis-
try, the mode of action, and metabolic pathways before clinical tests be
conducted. What is the chemistry of herbs like? What are the pathways of
action and metabolic degradations? Are there adverse effects in the process of
metabolism? A lot of work has been done in the past 50 years on these basic
questions and not much has been found out. Each and every herb contains so
much complicated chemistry that many years of research might not yield
much fruit. Actually at least 400 herbs are popular and have records of action
and impressive efficacy. To demand thorough knowledge on just these
popular herbs is just not practical, not to speak about the less commonly
used additional 1000–2000 varieties (50).

Uniformity is another difficult area. Strictly speaking, since herbs are
agricultural products, uniformity should start with the sites of agricultural
production. The sites of production have different weather conditions,
different soil contents, and different methods of plantation. At the moment,
maybe more than 50% of popular Chinese herbs are produced on special
farms in China. However, these farms are scattered over different provinces in
China, which have widely different climatic and soil environments. Good
agricultural practice demands that environmental and nurturing procedures
be uniformly ensured. Procedures include soil care, watering, fertilizers, pest
prevention, and harvests. When such procedures are not uniform and there
are no means to ensure a common practice, good agricultural practice is not
possible.

Not only is there lack of uniformity in the method of herb production,
but different species of the same herb are found or planted in different regions
and provinces. These different species may have different chemical contents.
Herbal experts have extensive experience and knowledge about some special
correlations between the effectiveness of particular herbs and their sites of
production. Some commonly used herbs are even labeled jointly with the best
sites of production.With the development of molecular biology, coupled with
modern means of assessment for active ingredient within a chemical product,
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species-specific criteria could be identified, using the ‘‘fingerprinting’’ tech-
nique. Uniformity today should include screening using ‘‘fingerprinting’’
techniques.

When we consider the other 50% of herbs that are only available from
the wilderness, i.e., around mountains, highlands, or swamps, and cannot be
grown from agricultural farms, the insistence on product uniformity becomes
even more difficult.

Putting together what we have discussed, to strictly insist on good
clinical practice in clinical trials for herbal medicine is largely impossible. We
have to accept a compromise.

Instead of following the scientific pathway already taken by pharma-
ceuticals, which has shown too many difficulties rather than promises, a more
practical line has been endorsed. Since most, if not all, the herbs have been
used for hundreds of years, there should be sufficient reliability on the safety
and efficacy of the herbs. The safety and efficacy of the herbs are already well
documented, but their practical utilization in specific clinical circumstances
needs to be further established. The traditional use of the herbs had been
focused on symptomatic control. Today, the aim of clinical management is
directed toward curing a disease entity. We need to acquire an updated
understanding of the effectiveness of the herbal preparations on disease
entities. That is why we cannot be satisfied with records on efficacy alone
but should start a series of clinical trials to further prove the efficacy of the
herbs (22).

The U.S. National Institutes of Health have openly endorsed the
approach of accepting traditional methods of healing as safe measures and
then putting them to proper clinical trials (12). The recognition of acupunc-
ture as a practical, effective means of pain control started in 1997 (11). The
subsequent formation of a special section devoted to research on comple-
mentary/alternative treatment followed. NCCAM was properly formed and
given a substantially large budget.

XI. CONCLUSION

The twenty-first century has been considered the century of biological
advancement. Breakthroughs are expected on cancer treatment, viral control,
and, of course, genome study. Great triumphant moments are expected in
medical science, which will further endorse and glorify the success of modern
science and the deductive approach. On the other hand, as we discussed
earlier, scientific advances have already brought overspecialization, rigid,
strict, and oversimplistic approaches that have yet failed to satisfy treatment
need. The cure of many problems is still unreached. The loss of humanistic
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touch in the day-to-day management when target problems are emphasized
much more than holistic care is going to further disappoint our patients.

Hence, as the successes and promises of medicine further demonstrate
the mightiness of science, those who do not benefit might not feel that way.
Scientists do feel that all problems could be solved with endless efforts of
deductive wisdom. That might be true eventually as is supported by philos-
ophers onmaterialism and dialectics. It might, however, takemore decades. If
clinical scientists, while approaching the day of mighty capability, retain their
awareness of the great need for humanistic attention and holistic care,
patients would enjoy more the fruits of science. Clinical scientists could
therefore keep their view that eventually the scientific approach would solve
all problems and there is no need to entertain alternative, unscientific
medicine, without ignoring their patients’ need.

Before that day though, alternative medicine, which is capable of
dealing with holistic care and preventive issues, might be able to supplement
deficient areas in modern medicine. We must not assume that Chinese
medicine offers only practical solutions specific to problems, and that the
practice could be integrated into modern medicine. In fact, the conceptual
side of Chinese medicine could serve the modern scientist on numerous
occasions, today and in the future. The holistic concept, the aim to maintain
balance, the emphasis on the individual’s responses, and the reliance on
prevention could all keep the modern scientist from being overenthusiastic
about deductive science, which tends to ignore the human individual. If all
clinical scientists could stick to the conventional concept while engaging in the
projects of their scientific frontiers, they would be able to avoid fragmented
care and negligence of human need and be more sensitive to comprehensive
service.

If clinical scientists fail to agree on the value of selective integration, let
them be reminded that in spite of that, the long-forgotten holistic care would
always help them in their treatment planning.
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I. INTRODUCTION

The use of herbal medications has soared over the last decade. In 1997, an
estimated 12% of the population used over-the-counter herbal products, re-
sulting in billions of dollars in sales for the herbal industry (1). Herbal therapy
has become popular for a number of reasons. First, herbs are relatively
inexpensive when compared to prescription medications. They may be viewed
by consumers as cost-effective alternatives to conventional therapies. Second,
they are ‘‘natural’’ substances that are assumed to be safe. They are free from
the negative stigma attached to many commonly prescribed medicines. Third,
they represent a quick fix for many patients. There is the potential for disease
prevention and treatment without the need for practitioner visits, prescrip-
tions, lifestyle changes, or unpleasant procedures. Finally, herbs are easily
accessible. As a result of the Dietary Supplements Health and Education Act
(DSHEA) of 1994, deregulation of the herbal industry occurred. Premarket
testing of products for safety or efficacy was no longer required. Supplements
were suddenly assumed to be safe unless proven otherwise by the Food and
Drug Administration (FDA). This has resulted in a plethora of herbal prod-
ucts flooding neighborhood supermarkets and drugstores.
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The lack of regulation of herbal supplements poses a number of prob-
lems. At present, no standards are in place to guarantee homogeneity among
different products. For example, a patient may wish to take echinacea to
prevent upper respiratory infections. At the store, she will choose from a
number of different echinacea products that will vary greatly in their com-
position. There is no assurance that the active ingredient from the plant is
even present. Variation will also exist between batches from the same
manufacturer due to differences in plant composition, handling, and prepa-
ration. In many instances the active ingredient(s) is unknown, thus making
standardization impossible.

In general, sound scientific evidence is lacking to support the use of
many of the herbs currently marketed. A number of herbal products rely on
anecdotal evidence to support their use. Many of the clinical trials in the
literature are of limited quality owing to small sample sizes, improper ran-
domization, and/or the lack of adequate controls. Large-scale, randomized,
controlled trials have not been undertaken by the herbal industry owing to the
fact that herbs are not patentable and the potential of economic gain from
positive study results is limited. A number of researchers and organizations
(e.g., Cochrane Collaboration) have attempted to critically evaluate available
study data through systematic reviews and meta-analyses. Many of the
analyses have been equivocal. This chapter will focus on 12 popular herbal
supplements used by Americans today, highlighting available clinical evi-
dence and the potential for harm.

II. BLACK COHOSH (CIMICIFUGA RACEMOSA)

Black cohosh is a plant native to North America that has traditionally been
used by Native Americans for a number of gynecological conditions. Its
modern use has been predominantly for treatment of menopausal symptoms
such as hot flashes. The active ingredients in black cohosh have yet to be
identified. The estrogenic isoflavone formononetin was thought to be par-
tially responsible for its actions; however, this isoflavone has recently been
shown to be entirely absent in some black cohosh products (2). The mecha-
nism of action of black cohosh also remains unknown. Although it was ini-
tially thought to activate estrogen receptors, recent studies regarding its
estrogenic properties have been conflicting (3,4).

A recent review of alternative therapies for menopausal symptoms
identified three randomized, controlled clinical trials in favor of black cohosh
(5). These studies contained small sample sizes and were of short duration (6
months or less). One trial of black cohosh on hot flashes in women with breast
cancer failed to reveal a positive response (6). This may represent the difficulty
in treating patients with medication-induced hot flashes, rather than an
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overall ineffectiveness of the herbal therapy. No data currently exist to sup-
port the use of black cohosh for the prevention of osteoporosis or cardiovas-
cular disease.

It should be noted that no published clinical trials to date have gone
beyond 6 months in duration. This is important since many women may turn
to using black cohosh as an alternative to long-term hormone replacement
therapy. Information regarding the effects of long-term use of this herb on
vaginal, endometrial, or breast tissue is not available. Short-term data on its
stimulatory effect on vaginal epithelium have been conflicting (4,7).

Black cohosh has been associated with mild gastrointestinal side effects
that may be self-limited (8). Overdose can lead to dizziness, tremors, head-
aches, nausea, and vomiting. One case report of nocturnal seizures occurring
in a woman who took black cohosh, primrose oil, and chaste tree exists (9).
One case of fulminant hepatic failure after 1 week of therapy with black co-
hosh alone has also been reported (10). No clinically significant drug inter-
actions are known.

III. CRANBERRY (VACCINIUM MACROCARPON)

Folklore has for years perpetuated the use of cranberry for the treatment and
prevention of urinary tract infections (UTIs). Cranberries can be consumed as
fresh fruit, concentrate, sauce, and juice. Cranberry juice cocktail, which is a
mixture of cranberry juice, sweetener, water, and vitamin C, has been used in a
number of studies since single-strength juice is unpalatable.

Basic science research has suggested that the cranberries may inhibit the
adherence of Escherichia coli to urinary tract epithelial cells (11). This effect
may also extend to other bacteria (12). It is still unclear as to exactly what
properties of cranberries account for such activity, although recent studies
have suggested that proanthocyanidins (also found in blueberries) are the
compounds probably responsible (13).

To date, no high-quality clinical trials have been done to suggest the
efficacy of cranberry juice or extract for the treatment of UTIs (14). In one
uncontrolled trial done in the 1960s, 73% (44 of 60) of patients had some
improvement in symptoms or reduction in culture growth after 21 days of
consuming 16 oz of cranberry juice. However, only four patients had com-
pletely negative cultures. Furthermore, most of the 44 patients who showed
some response had a recurrence within 6 weeks of stopping therapy, suggest-
ing that cranberry juice may be inadequate for eradication of actual infections
(15).

A number of studies have suggested that cranberry juice may be effective
as prophylaxis against UTIs [16–19]. One double-blind trial of 153 elderly
women randomized to consuming 300 mL of cranberry juice cocktail or pla-
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cebo juice showed a significant reduction in the frequency of bacteriuria with
pyuria (17). The quality of this trial has been questioned owing to baseline
differences between the two groups (20). Subsequent trials, however, have also
suggested such a benefit (18,19). A positive effect has not been seen in children
managed by intermittent bladder catheterization (21,22).

Ingestion of cranberry is generally considered quite safe. Some concern
over the potential for development of nephrolithiasis exists due to increases in
urinary oxalate with regular consumption (23). The clinical significance of this
finding is unclear. No significant drug interactions have been documented to
date.

IV. ECHINACEA (ECHINACEA ANGUSTIFOLIA; ECHINACEA
PALLIDA; ECHINACEA PURPUREA)

Echinacea has been used as an anti-inflammatory agent and for the treatment
of a number of infections caused by viruses and fungi. Traditionally, topical
echinacea has been used for a number of skin conditions including boils, ab-
scesses, skin wounds and ulcers, eczema, and psoriasis. Recently, focus has
centered around its oral use for the prevention and treatment of upper res-
piratory infections. Although the plant genus Echinacea consists of a number
of different species, medicinal use has predominantly centered around three of
them (E. purpurea, E. augustifolia, and E. pallida).

No clear active ingredient within Echinacea plants has yet been identi-
fied. This has resulted in great variability in content of marketed products.
Research has suggested that these plants may exert their activity through
stimulation of cytokine production (24,25) but a clear, specific mechanism of
action has yet to be defined. A number of clinical trials have been done on
different preparations of echinacea for the treatment and prevention of upper
respiratory infections. Some studies suggest that the duration of colds may be
reduced by up to 3 days (26,27) while others have shown no significant effect
(28). Conflicting results also exist for use of echinacea for the prevention of
respiratory infections (28,29). A recent Cochrane review analyzed 16 random-
ized clinical trials of echinacea for both treatment and prevention of the
common cold (30). Definitive conclusions regarding efficacy were unable to be
reached owing to study limitations and variation in species of plant studied,
parts of the plant used (root, leaf, flower, seed), and extraction methods. The
possibility of publication bias has been raised. Echinacea has also been touted
as a means for prevention of recurrent genital herpes but support for this
indication is lacking at present (31).

Echinacea is thought to be quite safe for short-term use. No serious
side effects have been reported although hypersensitivity reactions and
anaphylaxis can occur (32). Owing to its ability to stimulate the immune sys-
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tem, echinacea is not recommended for patients with autoimmune disease
or HIV for fear of worsening the disease. This concern remains a theoretical
risk rather than an established fact. No long-term data on the safety of
chronic use are available at present. No significant drug interactions have yet
been identified.

V. EPHEDRA (EPHEDRA SINICA)

Traditional Chinese medicine has for centuries touted the use of ephedra for
the treatment of asthma, congestion, and bronchitis. Also known as ma
huang, it predominantly consists of two alkaloids, ephedrine and pseudo-
ephedrine. Ephedrine is a sympathomimetic drug, structurally similar to
amphetamines. Its effects on the body include central nervous system stim-
ulation, cardiac stimulation (ionotropic and chronotropic), bronchodilation,
and elevation in blood pressure. Pseudoephedrine is an isomer of ephedrine
that has weaker stimulatory effects on the central nervous system and on
blood pressure (33). In the United States, ephedra has become a popular
ingredient in over-the-counter weight loss preparations. It is frequently com-
bined with herbal forms of caffeine such as guarana or kola nut.

No published studies to date exist supporting the use of either ephedra
or herbal caffeine individually for weight loss. One study of combination prod-
uct Metabolife-356 (containing ma huang and guarana) has shown significant
effects of a combination of these two herbs on body weight, with a loss of 4.0
kg in the treatment group vs. 0.8 kg in the placebo group ( p < 0.001) (34).
This study was limited owing to a small sample size, short-term outcomes, and
a high dropout rate, primarily secondary to cardiac side effects (e.g., palpi-
tations, hypertension, chest pain). Additionally, Metabolife-356 contans a
number of other ingredients (including chromium picolinate), whose effects
on weight loss are unclear. Another study by the same principal investigator
looked at the effects of a combination of ma huang and kola nut on obese
individuals. In this 6-month study, significant improvement in body weight
and lipid profiles was seen (35). Blood pressure changes, increased heart rate,
insomnia, dry mouth, and heartburn were seen more commonly in the
intervention group.

While few data are published regarding the use of herbal ephedra/
caffeine for weight loss, several studies exist that examine their proposed ac-
tive ingredients (ephedrine/caffeine) (36–45). When used in combination and
employed with intensive and monitored diet cointervention, ephedrine and
caffeine induced short-term weight loss on the order of 3 kg over placebo in
one study (40). It should be noted that no randomized, controlled, blinded
trials have been extended beyond 24 weeks to support long-term efficacy or
safety of either herbal or nonherbal forms of ephedrine/caffeine.
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Reported side effects have included hypertension, nephrolithiasis, hep-
atitis, insomnia, arrythmias, myocardial infarction, and stroke. Cases of
death and permanent disability have also been reported (46). Concomitant
use of ephedra and other stimulant medications should be avoided to protect
from potentiation of toxicity.

VI. FEVERFEW (TANACETUM PARTHENIUM)

Feverfew has been used for centuries for a variety of conditions including
fever, menstrual problems, arthritis, asthma, and allergies. At present it is
commonly used for the prevention of migraine headaches. Its active ingredi-
ent is thought to be the sesquiterpene lactone parthenolide; however, other
parts of the plant may be partially responsible for its activity. A clear
mechanism of action not yet been established but it is thought to be related
to feverfew’s ability to inhibit prostaglandin synthesis (47), histamine release
from mast cells (48), and serotonin release from platelets (49). Additionally, it
may have direct vasodilatory effects (50).

A few small clinical trials have suggested that feverfew may be effective
in migraine prophylaxis (51). However, when the quality of these trials is
examined, no specific conclusions regarding efficacy can be established (52).
One recent, multicenter trial of 147 migraine sufferers (the largest sample size
to date) failed to show improvement in migraine frequency, intensity, or
duration (53). There is at present no evidence to support the use of feverfew
for the treatment of acute migraine.

There are limited data regarding the long-term safety of oral feverfew.
Side effects reported in short-term clinical trials were usually mild and self-
limited. Hypersensitivity reactions may occur. Mouth ulceration may be seen
if the feverfew plant is directly chewed. Owing to its effects on platelets, a
theoretical concern about bleeding does exist although there have been no
reported cases to date. For this reason, caution is advised for patients taking
anticoagulants.

VII. GARLIC (ALLIUM SATIVUM)

Garlic is one of the most extensively studied herbal medications available. It
has been thought to possess antimicrobial, anti-inflammatory, antifungal,
antiprotozoal, antioxidant, antineoplastic, and antithrombotic properties
that make its use as a general tonic attractive. Recent research has primarily
focused on the use of garlic for the treatment of cardiovascular diseases and
risk factors. Although allicin has been proposed to be the active ingredient
within garlic (54,55), its poor bioavailability limits its direct effects (56). The
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overall effectiveness of garlic probably revolves around the synergistic effect
of various organosulfur compounds produced from the metabolism of g-
glutamylcysteines found within intact garlic bulbs (56). These compounds
may act to inhibit cholesterol synthesis (54,57), alter platelet function (58),
and cause smooth-muscle relaxation (59).

A number of clinical trials have been performed using a variety of garlic
compounds. These trials have generated conflicting results. A recent meta-
analysis has suggested that garlic supplementation may decrease total cho-
lesterol, triglycerides, and LDL levels modestly, but only in the short term
(60). Analysis of studies longer than 24 weeks failed to reveal significant
effects (60). High-density lipoprotein levels do not seem to be affected by
garlic administration (60). When used in the short term, garlic seems to
improve cholesterol levels by 4–6% (61). When compared to the 17–32%
sustained decrease in cholesterol levels seen with statin drugs (62,63), the use
of garlic cannot be endorsed as a viable alternative for the treatment of
hypercholesterolemia. Additionally, its use for the treatment of hypertension,
diabetes, or peripheral vascular disease is not supported (60,64).

Garlic toxicity is usually mild and consists of gastrointestinal upset and
breath and body odor. Given its potential effects on platelet function, an
increased risk of bleeding may be present. One case of a spontaneous spinal
epidural hematoma has been reported with excessive garlic consumption (65).
Caution should be taken with concomitant use of garlic with anticoagulants.
An increase in the International Normalized Ratio of a patient taking garlic
and warfarin has been reported (66). Recent concern over an interaction
between garlic and protease inhibitors used for the treatment of HIV has
emerged. Certain prepartations of garlic have been shown to decrease the
peak levels of saquinavir by 54% (67).

VIII. GINKGO (GINKGO BILOBA)

Ginkgo biloba is the top-selling herb in the United States. It has been used for
a variety of medical conditions including asthma, deafness, and male impo-
tence (68). It is predominantly used currently for the treatment of dementia,
memory impairment, symptomatic peripheral vascular disease, and tinnitus.
It is thought to have a number of biological effects including increasing blood
flow, inhibiting platelet-activating factor, altering neuronal metabolism, and
working as an antioxidant (69).

Its most promising use to date seems to be for the treatment of dementia.
Mild improvements in cognitive performance and social functioning in
patients with Alzheimer’s and multi-infarct dementia were seen in one highly
publicized trial that used the ginkgo extract Egb 761 (70). A systematic review
of nine randomized, double-blind, placebo-controlled trials of ginkgo for the
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treatment of dementia similarly showed a mild but clinically significant effect
in delaying cognitive decline (71).

The evidence for the use of ginkgo biloba for impaired memory (without
dementia) is also positive but limited owing to the paucity of methodologi-
cally sound studies. A systematic review of clinical trials done for this indi-
cation suggested a significant benefit over placebo. However, the authors of
this review were leery of making definitive conclusions owing to the possibility
of publication bias (72). There is currently no evidence that ginkgo biloba is
effective for the prevention of dementia or for memory enhancement in adults
without impairment (73).

Given its suspected ability to increase blood flow, ginkgo has used for
the treatment of intermittent claudication. A meta-analysis of eight random-
ized, double-blind, placebo-controlled clinical trials suggested that patients
taking ginkgo significantly increased their pain-free walking distance com-
pared to those taking placebo (74). This improvement seems to be similar to
that seen with pentoxifylline but less effective than seen with walking exercises
(75).

Owing to its effect on blood flow and fluidity, ginkgo has also been used
for the treatment of tinnitus. Current evidence does not support its use for
this indication (76). Limited preliminary evidence does exist for the use of
ginkgo for the prevention of acute mountain sickness (77) and sudden deaf-
ness (78).

Side effects are usually rare and usually consist of gastrointestinal
complaints or headaches. Cases of spontaneous bleeding (79) and seizures
(80) have been reported. Owing to the possible potentiation of anticoagulant
effects, ginkgo biloba use should be avoided in patients taking warfarin.

IX. GINSENG (PANAX SPECIES)

Ginseng is thought of by many as a virtual panacea. Asian ginseng (Panax
ginseng) has been used for centuries as a general tonic, stimulant, and stress
reliever. In Chinese medicine, American ginseng (Panax quinquefolius) has
been used, but is thought to possess less stimulant activity. Siberian ginseng
(Eleutherococcus senticosus) has also gained recent popularity but belongs to a
different plant species, which is often the caue of confusion. Most studies to
date concentrate on the use of Panax ginseng. The mechanism of action for
ginseng is unknown but thought to revolve around the concentration of
ginsenosides that are thought to be responsible for a number of its pharma-
cological properities, including stimulation of the central nervous system,
stimulation of the immune system, anxiolytic effects, antioxidant effects, and
vasodilatory effects (81). Additionally, ginseng may accelerate hepatic lipo-
genesis and increase glycogen storage (82).
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Numerous studies of varying quality have been published on the use of
ginseng for a multitude of different indications. A systematic review of 16
double-blind, placebo-controlled clinical trials failed to provide compelling
evidence for advocating ginseng use for improving physical performance,
psychomotor performance, cognitive function, or immunomodulation, treat-
ing diabetes, or treating herpetic infections (83).

A recent study on American ginseng did, however, suggest a role in
diabetes. In this study, diabetic and nondiabetic participants were random-
ized to ingesting 3 g of American ginseng or placebo before or during the
administration of a 25-g oral glucose challenge. Significant reductions in
capillary glucose levels were seen in both diabetic and nondiabetic subjects
after ingestion of ginseng (84). The potential treatment ramifications of this
finding for patients with type II diabetes has yet to be clarified.

Animal data have suggested a possible role for ginseng in cancer
prevention (85). In a large prospective epidemiological study done in Korea,
consumers of Panax ginseng had significantly lower risk of cancer compared
with those not consuming ginseng (86). A dose-response relationship between
ginseng and cancer was reported. Although exciting, these findings have yet to
be confirmed through clinical trials.

In general, ginseng is considered safe. Reports of hypertension, insom-
nia, vomiting, headache, vaginal bleeding, Stevens-Johnson syndrome, and
mastalgia have been cited (87). The possibility of an interaction with warfarin
(reduced INR) has also been raised (88). Care should be taken in patients on
anticoagulants.

X. KAVA KAVA (PIPER METHYSTICUM)

Kava has been used for thousands of years by inhabitants of the South Pacific.
It has usually been ingested as a mildly intoxicating beverage distinct from
alcohol. Current interest in kava has centered around its use as an anxiolytic
agent. Its active ingredients are located in the root/rhizome of the plant and
consist of compounds known as kavapyrones or kavalactones. These com-
pounds are thought to exert anxiolytic, sedative, analgesic, and anticonvul-
sant effects. Kava’s precise mechanism of action on the central nervous system
remains unclear. It does not seem to directly bind to benzodiazepine receptors
(89). It may, however, serve to indirectly enhance GABA binding in the
amygdala complex (90).

A recent systematic review of seven randomized, double-blind, placebo-
controlled clinical trials has suggested that kava extract is superior to placebo
for the treatment of anxiety (91). Three of these trials were appropriate for
meta-analysis since they used the Hamilton Rating Scale for Anxiety (HAM-
A) and the same dose of kava extract. The results revealed a weighted mean
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difference in HAM-A score of 9.7 points (CI, 3.5–15.8) in favor of kava. One
German study not included in the systematic review suggested that kava was
as efficacious as the benzodiazepine oxazepam for the short-term treatment of
anxiety (92).

A number of concerns have recently been raised about the safety of
kava. In most studies, the number of adverse effects were similar to that of
placebo (91). Undesired effects have usually consist of mild gastrointestinal
upset and allergic skin reactions. Eye irritation and a yellow, scaly dry rash
(kawaism) has been described with heavy, chronic use (87). Reports of extra-
pyramidal effects and exacerbation of Parkinson’s disease do exist in the
literature (93). The greatest concern regarding adverse effects has been over
liver toxicity. Although rare, 25 cases of liver toxicity including hepatitis,
cirrhosis, and fulminant hepatic failure have been reported in Europe (94).
This has prompted the government of Switzerland to ban the sale of kava. The
Food and Drug Administration is currently considering such actions in the
United States.

Concomitant use of kava with other sedatives, anxiolytics, antipsy-
chotics, or alcohol should be avoided to protect against excess sedation. No
conclusive data exist to suggest that routine use of kava results in tolerance,
addiction, or withdrawal. However, long-term use should probably be
avoided owing to the potential for abuse.

XI. SAW PALMETTO (SERENOA REPENS)

Benign prostatic hyperplasia (BPH) is a common clinical condition among
elderly men. Despite numerous conventional treatment options, many men
choose against therapy owing to the potential for adverse effects. This has led
to the popularity of saw palmetto as an agent to treat symptoms associated
with an enlarged prostate. Saw palmetto seems to act by inducing contraction
of prostatic epithelial tissue and by decreasing levels of tissue dihydrotestos-
terone, possibly through inhibition of the enzyme 5-alpha-reductase (95,96).

A recent systematic review of 21 trials that included over 3000 men with
symptomatic benign prostatic hyperplasia (BPH) suggested that saw palmet-
to was effective in improving urological symptoms and urinary flow measures
(97). The duration of the trials analyzed ranged from 4 to 48 weeks. In one
head-to-head trial, saw palmetto was shown to be equivalent to finasteride (a
prescribed 5-alpha-reductase inhibitor) in improving symptoms associated
with BPH. Fewer sexual side effects and no change in PSA levels were seen in
the group receiving the herbal treatment (98). The long-term effectiveness of
saw palmetto and its ability to prevent complications from BPH such as
urinary retention are not known. Additionally, there is currently no clinical
evidence to support its use for the prevention of BPH or prostate cancer.
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Side effects reported with the use of saw palmetto have been mild and
rare. Gastrointestinal symptoms seem to be the most commonly reported
complaint, occurring in less than 2% of patients (97). A case of hepatitis has
been reported with the use of an herbal blend containing saw palmetto (99). A
concern over bleeding and the potential for interactions with anticoagulants
has also been raised owing to a single case report of intraoperative hemor-
rhage and animal data that suggest its role as a cyclooxygenase inhibitor
(100).

XII. ST. JOHN’S WORT (HYPERICUM PERFORATUM)

St. John’s wort has been used extensively by Americans for self-diagnosed
depression and dysphoria. In Germany, it is the most widely prescribed
antidepressant medication. It is now suggested that the active ingredient in
St. John’s wort that is responsible for its antidepressant effect is hyperforin
and not hypericin, as previously suggested (101). Other similar compounds
may also exert some effect (102). Through these active ingredients, St. John’s
wort is thought to selectively inhibit monamine oxidase activity as well as
synaptic neurotransmitter reuptake (103). This results in elevated levels of
serotonin, dopamine, and norepinephrine in specific areas of the brain.

A number of comprehensive reviews of clinical trials regarding St.
John’s wort have been completed. The largest meta-analysis included data
from 27 trials on 2291 patients with predominantly mild-moderate depression
(104). Most trials were less than 6 weeks in duration. The authors concluded
that Hypericum preparations were significantly superior to placebo for the
short-term treatment of mild to moderate depression. Effectiveness was found
to be similar to tricyclic antidepressant medications (104). Additional reviews
concurred with these conclusions (105,106). Head-to-head data comparing
St. John’s wort to selected serotonin reuptake inhibitors are limited. In one
recent three-arm study, neitherHypericum nor sertraline showed significantly
greater reduction on the Hamilton Depression Scale (HAM-D) compared
with placebo (107).

In general, side effects of St. John’s wort are mild and infrequent when
compared to those of commonly prescribed antidepressants (108). The most
commonly reported reactions include gastrointestinal irritations, allergic
reactions, fatigue, dizziness, dry mouth, and headache. Reports of photosen-
sitization and induction of mania in susceptible patients have also been
documented (109,110).

Recent concerns have been raised over herb-drug interactions with use
of St. John’s wort. Rare cases of serotonin syndrome have been reported with
the combination of St. John’s wort and selective serotonin reuptake inhibitors
(66). Additionally, St. John’s wort has been found to induce enzymatic
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breakdown of a number of drugs through its activation of the cytochrome
P450 system (111). Clinically significant interactions have been documented
(Table 1).

XIII. VALERIAN (VALERIANA OFFICINALIS)

Insomnia is a common sleep problem throughout the world. Many available
prescription medications for insomnia are associated with significant side
effects including daytime somnolence and dependence. The search for a more
natural and safer hypnotic has stimulated many patients to turn to herbal
products such as valerian root. Although it has been used for centuries, its
mechanism of action, as well as the constituents of the plant responsible for its
activity, is not well defined.

As with a number of other herbs, comparison of clinical studies is dif-
ficult owing to differences in product content, preparations, and sample size.
One randomized, double-blind, study of 4-week duration suggested signifi-
cant improvements in sleep efficacy in patients with insomnia (112). Similar
beneficial effects were found in another small study using a different com-
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TABLE 1 Potential Herb-Drug Interactions Due to St. John’s Wort

Drug Effect
Reported clinical
complication

Cyclosporin Decreased
drug levels

Transplant graft rejection

Digoxin Decreased
drug levels

None to date

Indinavir Decreased
drug levels

Increase in HIV viral load

Oral contraceptives Decreased drug
effectiveness

Unplanned pregnancies

Theophylline Decreased drug
levels

None to date

Selective serotonin
reuptake inhibitors
(SSRIs)

Serotonin excess Serotonin syndrome—
confusion, agitation,
diaphoresis, tremor,
rhabdomyolysis

Warfarin Decreased drug
effectiveness

Reduced INR value

Source: Adapted from Henderson L, Yue QY, Bergquist C, Gerden B, Arlett P. St. John’s
wort (Hypericum perforatum): drug interactions and clinical outcomes. Br J Clin Phar-
macol 2002; 54:349–356.
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pound. Sleep latency and quality were noted to be significantly improved with
valerian compared to placebo (113). A more recent study suggested that va-
lerian is equivalent to oxazepam for the treatment of insomnia (114).
Definitive conclusions regarding the use of valerian for insomnia are difficult
to make, however, owing to study limitations (115).

Side effects of valerian are usually mild and include headaches, nausea,
nervousness, palpitations, and drowsiness. Case reports of idiosyncratic
hepatotoxicity have also been reported (116). Concomitant use of valerian
with alcohol or other hypnotics should be avoided to guard against excessive
sedation.

XIV. CONCLUSION

In contrast to many other fields of traditional medicine (e.g., acupuncture),
the use of herbal supplements fits nicely into the Western paradigm of
scientific study. Public use of such supplements has uncovered the need for
the design, funding, and performance of methodologically sound clinical
trials. Through initiatives from the National Center for Complementary and
Alternative Medicine many popular herbs are being investigated. Clinical
trials examining black cohosh for the treatment of menopausal symptoms,
echinacea for the prevention and treatment of the common cold, and ginkgo
biloba for the prevention of dementia are a few of the studies currently
underway. Hopefully, results from such trials will help guide patients and
clinicians toward judicious use of herbal supplements.
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Criteria for Use in Health and Disease
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I. INTRODUCTION

Herbal, botanical, or phytomedicines are medicinal products containing
active ingredients of exclusively plant origin. These medicines may be
consumed as comminuted powders or as decoctions. Their production may
involve concentration or purification processes resulting in extracts, tinctures,
fatty or essential oils, or expressed plant juices. This review of herbal
medicines excludes products that consist primarily of chemically defined
constituents. The demand for herbal remedies is rising in many countries.
This resurgence in the use of medicinal herbs may be due to various reasons.
First, there is much disillusionment of the public with conventional medicine
and its cost and inherent nonholistic approach (1–3). More important, there
exists a perception among consumers that ‘‘natural’’ alternatives are safer
than conventional medicine (2). In the United States, passage of the 1994
Dietary Supplementary Health and Education Act left the Food and Drug
Administration (FDA) with limited jurisdiction over herbal products, result-
ing in a surge in the availability of herbal remedies to consumers. This may
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easily satisfy the consumers’ increasing desire for convenience and personal
control over their own health (2). Also, the mass media, by providing reports
of the ‘‘miraculous’’ healing effects of herbs, are fueling this trend, increasing
the awareness of the consumer of the availability of various herbal remedy
options (1). Since 1990, the U.S. market for herbal supplements has grown
exponentially, to more than $2 billion a year in 1997, with no signs of leveling
off (2,4–6). The U.S. herbal industry, now numbering more than 1300
companies, is expected to grow at a double-digit rate annually. In 1993 it
was estimated that the Australians, too, were spending almost twice as much
on complementary medicines (more than $600 million per year) as on
pharmaceuticals (7). This trend is seen too not only in Europe but also in
Asian countries (8). Singapore’s health care services are based mainly on
Western medical science. However, with the development of traditional
chinese medicine (TCM) particularly in China over the past two to three
decades, and increasing interest in complementary medicine, Singapore’s
public expenditure in TCM has also risen (8). TCM practice in Singapore is
confined mainly to outpatient care. More than 10% of daily outpatient
attendance is estimated to be seen by TCM practitioners, the majority of
whom are trained locally by TCM schools (8).

The use of herbal medicines presents unique clinical and pharmacolog-
ical challenges not encountered with conventional single-compound medi-
cines. These medicines are usually complex mixtures of many bioactive
compounds and conventional ‘‘indications and uses’’ criteria devised for
single-compound entities may not be applicable in a significant number of
ways. Compared to single-agent pharmaceuticals, phytomedicines may differ
in the different mechanisms of action of bioactive constituents, in their dose-
response relationships, and in the synergistic/combinatorial effects of the
many bioactive compounds in herbal extracts.

II. DIFFERENT MECHANISMS OF ACTION OF BIOACTIVE
CONSTITUENTS

Observed effects may be the sum total of different classes of compounds
having diversemechanisms of action. Themost widely used herbalmedicine in
Germany and Western countries is Gingko biloba (see Chapter 7). It is
prescribed for ‘‘brain dysfunction’’ and to improve memory and cognition.
In randomized placebo-controlled trials, the herb has been shown to improve
memory impairment, cognitive performance, dementia, tinnitus, and inter-
mittent claudication (9–11). The bioactive components of gingko are believed
to include flavonoids and unique diterpenes called ginkolides.Gingkolides are
potent inhibitors of the actions of platelet-activating factors, which are
important for platelet activation and clotting (12). In addition, gingko
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extracts also exhibit antioxidation effects that are probably mediated through
nitric oxide pathways (13). Thus platelet-activating and antioxidation effects
could combine to reduce inflammation and increase microcirculatory blood
flow and presumably improve brain function. This effect may also be
augmented by the biflavone ginkgetin, which can downregulate COX-2 in-
duction in vivo and this downregulating potential is associated with an anti-
inflammatory activity (13,14). These inflammatory effects are further aug-
mented through the activation of other pathways by the ginkolides. For
example, oral administration of the ginkolide bilobalide can protect against
ischemia-induced neuron death (15) by promoting expression of glial-cell-
line-derived neurotrophic factor and vascular endothelial growth factor in rat
astrocytes (16). Other contributing effects are membrane-stabilizing, spasmo-
lytic, and smooth-muscle-relaxation properties exerted through alpha-adre-
nergic receptors and the sympathetic nervous system. Thus many pathways
may converge to give the total vasodilator and microvascular effects of
gingko.

Flavonoids are common compounds in plants with a role in the
inhibition of interactions between plants and microbes. Soya products that
contain flavonoids are thought to have potential health benefits in terms of
cardiovascular health and postmenopausal symptoms and to prevent breast
and prostate cancer. Genistein, one of the principal isoflavones in soy, has
activity against the estrogen receptor and inhibits the tyrosine kinase receptor
andDNA topoisomerase. It is also an antioxidant and affects the pathways of
apoptosis (17). Ipriflavone, a synthetic isoflavone, was also shown to prevent
bone loss through mechanisms that were different from the physiological
estrogen (estradiol) in that it stimulated bone formation rather than sup-
pressed bone resorption. Thus, whereas estradiol suppressed bone rate
formation in ovariectomized rats, ipriflavone did not (18). Phytoestrogens
also selectively activate the ER-beta more than the ER-alpha whereas the
reverse is true for estradiol. Flavonoids are common in many herbal medi-
cines including gingko and their myriad actions make analysis of outcome
variables complicated.

III. SYNERGISMS AND OTHER COMBINATORIAL EFFECTS

Synergistic interactions are thought to be of importance in phytomedicines, to
understand the efficacy of apparently low doses of active constituents in a
herbal product. This concept, that a whole or partially purified extract of a
plant offers advantages over a single isolated ingredient, also underpins the
philosophy of herbal medicine. Clinical evidence to support the occurrence of
synergy in phytomedicines is, however, scanty. Typically herbal medicines
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consist of hundreds of compounds that may vary slightly in their chemical
groups but are still based on a common backbone. Thus dozens of flavanoids
and flavanol glycosides have been described in epimedium including epime-
dokoreanoside I, icariside I, icaritin, epimedoside A, epimedins A, B, and C,
anydroicaritin, tricin, korepimedoside A and B, sagittatosides A, B, and C,
sagittatins A and B, diphylloside A and B, baohuosides I–VII, and baohuosu
(see Chapter 10). The major components of another common herb, ligusti-
cum, were identified to be phthalides and their hydroxylated, oxygenated
derivatives, including ligustilide, butylidenephthalide, cnidilide, neocnidilide,
butylphthalide, cindium lactone, sedamonic acid and sedanolide, and the
dihydroxylated derivatives (senkyunolide B–L) (see Chapter on 11). The
activity of the leading psychotherapeutic herb Hypericum perfortum, or St.
John’s wort, for the treatment of depression is now believed to be attributable
to at least three classes of compounds: hypericins, hyperflorin, and flavonoids.
Analysis of the pharmacological actions of these compounds using 42
biogenic amine receptors and transporters indicates that several pure sub-
stances in St. John’s wort are potential central nervous system psychoactive
agents and may contribute to the antidepressant efficacy of the plant in a
complex manner (19). The biflavonoid amentoflavone significantly inhibited
binding at serotonin [5-HT(1D), 5-HT(2C)], D(3)-dopamine, delta-opiate,
and benzodiazepine receptors. The naphthodianthrone hypericin had signif-
icant activity at D(3)- and D(4)-dopamine receptors and beta-adrenergic
receptors. Hyperflorin acted mainly on the D(1)-dopamine receptor. These
data revealed unexpected interactions of pure compounds with a number of
neuronal receptors, transporters, and ion channels. Similar interactions and
synergistic effects have been suggested for the common psychotrophic drugs
kava-kava (Piper methysticum) and valerian (Valeriana officinalis). Synergis-
tic mechanisms have also been suggested forGinkgo biloba,Piper methysticum
(kava-kava), Glycyrrhiza glabra, Cannabis sativa, and Salix alba (20,21).

IV. DOSE-RESPONSE RELATIONSHIPS

Sometimes dose-dependent reversal of effects is encountered in efficacy
studies, wherein higher or lower dosages can produce different effects. There
are suggestions that these findings should not be interpreted to mean that
phytomedicines are not efficacious. For example, extracts of goldenrod
(Solidago virgaurea) in low doses have no diuretic effect, whereas in thera-
peutic doses (6–12 g dried herb per dose) diuretic effects can be demonstrated
(22). Still higher doses in animals again result in antidiuretic effects. The soy
phytoestrogen genistein can activate estrogen receptors (ER) at low doses but
at higher doses it exhibits ER antagonistic effects. Genistein dosages that
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produce uterine hypertrophy in rats were 10-fold higher than that exhibiting
bone protective activity (23).

V. PROBLEMS ASSOCIATED WITH THE USE OF HERBAL
MEDICINES

Despite the popularity of botanical supplements, many herbal products on
the market are of low quality and dubious efficacy. Scientists, clinicians, and
consumers are often concerned about safety, effectiveness, and consistency of
herbal preparations. Their apprehension about these qualities is due to a
plurality of unknowns. These include a variety of poorly controlled factors
such as raw herb quality, processing methods used to make the preparations,
the complex biochemical heterogeneity of herbs, potential adulteration,
unpredictable consequences when herbs are combined, unpredictable con-
sequences when herbal remedies are combined with conventional medica-
tions, and an apparent lack of scientific validation (24–27). It is not surprising
that TCM, a medical paradigm that relies mainly on anecdotal data and
tradition of use, frequently cannot withstand the scrutiny of evidence-based
medicine.

A. Identification, Harvesting, and Manufacturing

Herbal products can have very similar appearances, especially between
subspecies or even varieties within a same family. These can be more difficult
to discern if the herb is in the dried form. This poses a great problem as
different species, even if they are within the same genus, can have very
different chemical constituents (28,29). Misidentification of herbs leading to
inappropriate usage of a herb is a cause of morbidity and mortality among
consumers. An outbreak of rapidly progressive renal failure was observed in
Belgium in 1992–1993 and was related to a slimming regimen involving
Chinese herbs, namely Stephania tetrandra and Magnolia officinalis (30,31).
Seventy-one cases were reported in 1month in 1994, 35 of whomwere on renal
replacement therapy. Renal failure has been progressive in most of the cases
despite withdrawal of exposure to the Chinese herbs. Renal biopsies showed
an extensive interstitial fibrosis with loss of tubes, predominantly in the outer
cortex. Chemical analyses of the Chinese herbs powdered extracts delivered in
Belgium demonstrated a misidentification between Stephania tetrandra and
another potentially nephrotoxic chinese herb, Aristolochia fangchi. Manu-
facturers of herbal products are not required to have good manufacturing
practices (GMP) under the current regulations in the United States, Singa-
pore, andmany other countries. Often, consumers can choose frommore than
one manufacturing processes or formulations for a given herb. Each method
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may result in a different constituent in the final product, or a different
percentage of the active compound (32,33). It is not surprising that incon-
sistencies in similar herbal remedies, or even between different batches of a
specific herbal remedy, are a problem (33–36).

B. Adulteration

Herbal products are subjected to possible adulteration or contamination
because regulations for herbal products are never as stringent as for conven-
tional medicines. Adulteration may be intentional, as in the case of an herbal
remedy manufactured in China and marketed in Singapore. The product,
Slim 10, which is a slimming pill claimed to be totally natural, contained an
adulterant, fenfluramine. It has since led to more than 10 cases of drug-
induced hepatitis and thyroid disorders. One death related to acute hepatic
failure has since occurred, while another consumer escaped certain mortality
with a liver transplant. PC-SPES, a drug thought to be useful in prostate
cancer, had to be withdrawn because of problems with contamination.

C. Lack of Scientific Evidence for Clinical Efficacy and Safety

Except for the handful of phytomedicines known in theWest, the risk-benefit
profile of many herbal therapies is not known. Randomized control trials are
the gold standard for clinical efficacy and they have been performed only for a
handful of commonly used drugs such as gingko, St. John’s wort, ginseng,
echinacea, saw palmetto, and kava (10). Little is known about the vast
majority of the huge body of herbal extracts and formulae registered in the
Chinese pharmacopoeia. The importance of well-organized, long-term clin-
ical trials cannot be better illustrated than in the recent issue of hormone
replacement therapy and its risks and benefits. Despite the long duration of
clinical use of hormone replacement in postmenopausal women, it is only in
recent years that certain significant risks have been well recognized and better
understood.

D. Drug-herb Herb-Herb Interactions

Little more than anecdotal evidence exists regarding interactions between
pharmaceutical and herbal medicines. Despite the widespread use of herbal
medicines, documented herb-drug interactions are sparse. However, studies
on the common herbs indicate that significant herb-drug interactions exists.
Thus St. John’s wort (Hypericum perforatum) lowers blood concentrations of
cyclosporin, amitriptyline, digoxin, indinavir, warfarin, phenprocoumon,
and theophylline; furthermore, it causes intermenstrual bleeding, delirium,
or mild serotonin syndrome, respectively, when used concomitantly with oral
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contraceptives (ethinylestradiol/desogestrel), loperamide, or selective seroto-
nin-reuptake inhibitors (sertaline, paroxetine, nefazodone). Ginkgo (Ginkgo
biloba) interactions include bleeding when combined with warfarin, raised
blood pressure when combined with a thiazide diuretic, and coma when
combined with trazodone. Ginseng (Panax ginseng) lowers blood concen-
trations of alcohol and warfarin, and induces mania if used concomitantly
with phenelzine (37). Garlic (Allium sativum) changes pharmacokinetic
variables of paracetamol, decreases blood concentrations of warfarin, and
produces hypoglycemia when taken with chlorpropamide. Kava (Piper
methysticum) increases ‘‘off’’ periods in Parkinson patients taking levodopa
and can cause a semicomatose state when given concomitantly with alprazo-
lam. No interactions were found for echinacea (Echinacea angustifolia, E.
purpurea, E. pallida) and saw palmetto (Serenoa repens). Thus, interactions
between herbal medicines and synthetic drugs exist and can have serious
clinical consequences (38).

E. Inadequate Regulation

Since 1994 and the passage of the Dietary Supplement Health and Education
Act (DSHEA), herbal remedies in the United States are classified as dietary
supplements and not as drugs or food, and are regulated far less stringently
than conventional pharmaceuticals. Under the DSHEA regulations, herbal
remedies are commodities sold for ‘‘stimulating, maintaining, supporting,
regulating, and promoting’’ health rather than for treating disease. Dietary
supplements may carry a statement that ‘‘describes the role of a nutrient or
dietary ingredient intended to affect the structure or function in humans’’ or
that ‘‘characterizes the documentedmechanism bywhich a nutrient or dietary
ingredient acts to maintain such structure or function.’’ DSHEA allows
general health or ‘‘structure/function’’ claims but does not permit therapeutic
claims. Although dietary supplements are sold to affect physiological func-
tioning, they can be removed from the market only if the FDA can prove they
are not safe. For botanicals, the DSHEA regulations do not require equiv-
alent product standardization for uniformity between production batches
because herbal products, as dietary supplements, are considered more similar
to foods than to drugs. The regulations also do not require the process that
obtains the active component to be identified. Given the different processing
methods of a particular herb, inconsistencies in chemical constituents are
inevitable.

F. Insufficient Consumer Education

If a patient’s perception of herbal therapies is that they are ‘‘safe and natural,’’
like eating fruits to obtain fiber for constipation, the patient may not
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recognize the importance of safety issues associated with some herbal
products. Use of herbal remedies can thus be less discerning and more
indiscriminate as compared to use of conventional medicine. It is important
for consumers to appreciate the fact that though herbal medicines have been
in use for a long time, they still bring with them risks of side effects. A good
example is ma huang (ephedra), commonly marketed as a natural weight loss
product.Ma huang is a Chinese healing herb that has been used for thousands
of years. The ephedra plant is a short, bushy shrub. Its stems contain the
active constituent fromwhich the stimulant ephedrine is now synthesized. The
ephedra plant also produces ephedrine’s stereoisomer, pseudoephedrine.
Pseudoephedrine is the favored active ingredient in nondrowsy cold and
sinus decongestants (2,39,40). Ephedrine was used traditionally to treat a
variety of conditions, including asthma, hypotension, and depression. More
effective medications have largely replaced it for treatment of serious disor-
ders, but it is still available as an over-the-counter bronchodilator and an
energy-enhancer. This is not to be assumed that ma huang is thus a safe herbal
remedy. It can have side effects too. These include tremors, nervousness,
insomnia, headache, gastrointestinal distress, high blood pressure, irregular
heartbeat, hyperglycemia, and kidney stones, as reported (2,41). The Ephedra
plant has also been linked to substance abuse. This is so because ephedrine
and pseudoephedrine are used to produce the popular illicit stimulant
methamphetamine (42,43).

VI. GERMAN MODEL FOR REGULATION, USE, AND
SCIENTIFIC EVALUATION OF HERBAL PRODUCTS

Despite the inherent difficulties of performing clinical trials on herbal
products because of their myriad constituents, different mechanisms of action
of bioactive constituents, unusual dose-response relationships, and the
synergistic/combinatorial effects of the many bioactive compounds, proper
scientific evaluation and safe regulated use is possible. This is best exemplified
by the herbal industry in Germany where herbal medicines have been
regulated by imperial decree since 1901 (44). In 1976, the second medicines
act was passed and sections of this act specifically addresses phytomedicines.
This requires that the entire range of medicinal plants and phytomedicines be
reviewed by scientific committees. In 1978, the German Minister of Health
established an expert committee, Commission E, for herbal drugs and
preparations. Commission E has 24 members including physicians, pharma-
cists, pharmacologists, toxicologists, biostatisticians, and representatives
from the pharmaceutical industry. Using the grandfather principle, prepara-
tions that were already in the market were allowed to continue to be sold. The
regulations were designed so that manufacturers had to provide proof of
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quality according to pharmaceutical standards for traditional herbal medi-
cines. This includes statutory declarations for herbal ingredients dosage form
and intended use. On the other hand, questions of safety and effectiveness
were relegated to monographs published by Commission E. However, all
herbal products that came into the market after 1978 had to be evaluated
according to procedures for new drug approvals. Proof of quality by the
manufacturer was always required, but bibliographic evidence of safety and
effectiveness was acceptable for herbal drugs. By the end of 1995, 360 herbs
had been evaluated by Commission E (44). Approved herbs totaling 191
include the popular herbs like gingko, St. John’s wort, ginseng, soy lecithin,
kava-kava, saw palmetto, echinecea, black cohosh root, primrose, and
wormwood. These approved herbs have nonprescription drug status but
are available only from licensed pharmacists.

For ‘‘traditionally used’’ herbal products that could not meet Commis-
sion E standards, a traditional medicine statute (under Commission 109a
AMG76) was introduced in 1992 that permitted their registration without the
need for rigorous trials and scientific study on a specific product. Provided no
serious adverse effects have been associated with their use over the years and
manufacturing quality is proven, the criterion for efficacy can bemet by citing
‘‘that the drug has been proven useful for many years.’’ Their medicinal
claims are limited to minor conditions and preventive statements and the
phrase ‘‘traditionally used in’’ must be on the label. They cannot be used to
cure or treat a disease and such products do not qualify for reimbursement
from medical health plans.

Phytotherapeutics as a subject has been legislated into medical and
pharmacy school curricula since 1993 (44). It is estimated that 80% of
German physicians routinely prescribe phtomedicines as part of clinical
therapy. These approved phytomedicines are reimbursable by the National
Health Insurance System.

VII. COMMISSION E: EVALUATION METHODS
AND CRITERIA

Unlike the FDA drug reviews in which data are passively submitted for
evaluation by the manufacturer, members of Commission E actively collect
and review data, both published and unpublished, from various sources,
including from:

Traditional sources
Experimental, pharmacological, and toxicological studies
Clinical studies
Field and epidemiological studies
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Patient case records from physicians’ files
Unpublished proprietary data submitted by manufacturers

Clinical data are reviewed to ensure that the herbal medicines are
reasonably safe when used according to the dosage, contraindications, and
other warnings provided in the monographs. With regard to efficacy, the
Commission is guided by ‘‘the doctrine of reasonable certainty. The Com-
mission will grant a positive review if the scientific data provided reasonable
verification of a particular historical use.’’ Thus some of the older herbs were
given positive reviews despite the absence of a significant body of clinical
studies. Since 1990, the Commission began to focus on good clinical practice
studies to document the uses and have amended usage to a more restricted
indication. An example is the Hawthorn (Cratageus) monograph of 1984,
which initially contained indications for use in Stages I and II of the New
YorkHeart Association (NYHA). This indicationwas limited in July 1994 for
Stage II NYHA and only for hawthorn leaf with flower. Clinical studies using
other parts of the hawthorn plant made individually from berry, leaf, or
flower failed to show sufficient efficacy. These individual parts are, however,
still sold as ‘‘traditionally used herbal products.’’

Unapproved herbs with negative evaluations are those where no
plausible evidence of efficacy was available or where safety concerns outweigh
the potential benefits. Even products with minor risks were eliminated if they
are not balanced by an acceptable benefit. Negative monographs were also
given to herbs with no traditional usage or for which there are no clinical or
pharmacological studies. Herbs that pose a risk were withdrawn immediately
and those unapproved drugs that do not pose a health risk can be sold in the
German market only until 2004. Unapproved drugs with specified risks
include angelica seed (photosensitivity caused by coumarins), ergot (wide
spectrum of activity), hound’s-tongue (hepatotoxic pyrrolizidine alkaloids),
nutmeg (psychoactive and abortifacient effect in large doses), lemongrass
(toxic alveolitis), and yohimbine (anxiety hypertension and tachycardia).

VIII. TRADITIONAL CHINESE HERBS

The pharmacopoeia of traditional Chinese herbs includes the richest and
oldest sources of medicinal plants. Herbal medicines have been used for
millennia in China and one of the earliest texts is the ShenNong Ben Cao Jing
published in 101 B.C. Each subsequent emperor and dynasty has continued to
commission written pharmacopoeia on medicinal herbs. One of the most
prominent texts, BenCaoGangMu, first published in theMing dynasty in the
late 1500s, is still a reference source for current TCM practitioners. This text
contains 52 volumes and includes 1160 drugs from plants and 11,096
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prescription formulae. This detailed pharmacopoeia, written by Li Shih
Chen, has botanical drawings of plants drawn by his son. In 1596, it was
translated into Latin and later into English, French, German, Russian, and
Japanese. Sadly, since then the Chinese materia medica has not been
improved for hundreds of years and current TCM practices do not differ
much from that of the sixteenth century. Very little modern safety and efficacy
data are known for the vast majority of TCM products. What exists are in the
Chinese language, and archaic nonphysiological concepts like yin, yang,
coolness, dampness, ‘‘heatness,’’ wind, and qi are used. The description of
organs like lung, spleen, and kidney does not correlate with their modern
anatomical meanings. These factors coupled, with the general problems in
herbal medicines outlined earlier, prevent the acceptance of TCM into
mainstream medical practice, despite their popularity as food supplements.

A. The Way Forward for TCM

Nevertheless it cannot be denied that this ancient Chinese materia medica
harbors many potentially lifesaving bioactive compounds. The isolation of
the important antimalarial drug artemesinin from the Chinese herb Qing hao
su (Artemesia annua) is a case in point. The modernization of the TCM
industry and its acceptance into mainstream medical practice will depend on
how the industry addresses the problems of

Unauthenicated botanical raw material
Unknown mechanisms of action
Unknown bioactive compounds
Nonstandardization of herbal products with respect to active ingre-

dients
Poor manufacturing practices
Lack of toxicology and safety data
Lack of randomized controlled trials to demonstrate efficacy

One way forward could be the adoption of the modified German
Commission E system. Here the emphasis is first on the use of authenticated
raw materials, and the standardization of agricultural, processing, and
storage practices. The chemical components of many herbs are increasingly
being elucidated. What is important is that their mechanisms of action be
clarified using modern cell and molecular biology techniques. In this regard,
the advent of microarray technology and the ability to examine many protein
targets and signaling systems simultaneously are ideally suited for herbal
research as herbs contain multiple compounds with potentially many modes
of action. The introduction of good manufacturing practices will result in
herbs with standardized bioactive components. The pharmacodynamics,
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pharmacokinetics, safety, and efficacy of bioactive compounds can be exam-
ined scientifically in animal models. Finally, these herbal products can be
tested in human studies where the outcome parameter can be refined accord-
ing to the mechanisms of action defined in vitro and in animal models. The
complete process will take many years and will be expensive. Here an
enlightened and practical attitude on the part of legislators and regulators
will help the industry move forward. Funds for research will have to be set
aside from industry. Exclusive marketing rights for products that have been
certified will help manufacturers recoup the costs of research and product
standardization. Such a system has already been suggested by theU.S. FDA’s
guidance document for industry on botanical drug products (45). As in the
German system, the first emphasis should be on manufacturing quality and
standardization of bioactive components. Safety has to be assured in the
recommended doses. Efficacy can be based partly on traditional usage,
especially of herbs that are commonly consumed. In this way over the years
herbal medicines will achieve the same recognition as pharmaceutical drugs.
Their promise of safety and efficacy can then be fulfilled.
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I. INTRODUCTION

China has an extensive history of understanding the links between food and
well-being. The Chinese have long believed that foodstuffs and drugs come
from the same source, and the importance of balanced food was discussed in
The Yellow Emperor’s Classic of Internal Medicine (West Han dynasty, 206–
208 B.C.). That food could be used instead of drugs to treat diseases was
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discussed in a book entitled Effective Emergency Treatments (Tang dynasty,
A.D. 618–907). For the Chinese, food was not only to be enjoyed for the taste,
but also to be appreciated for its medicinal values. The most comprehensive
work describing basic information about the functionality of foodwas carried
out by Li in 1578. He devoted 27 years to study materia medica, and collected
information on 1,892 different kinds of medicinal materials in a book of 25
volumes.

In Chinese medicine, foodstuffs having highly active healing effects are
categorized as drugs, and those having milder effects are categorized as foods.
The Chinese health authorities have listed those food materials in a special
category called ‘‘Items with both food and drug properties.’’ These would be
called functional food materials in Western semantics. The Chinese health
authorities have regulated the use of drugs in food since 1987, and established
a list of traditional Chinese foods with medicinal effects that can be treated as
food and not regulated by drug standards. This list has been updated four
times to date (1988, 1991, 1998, and 2002) and consists currently of more than
87 materials, mostly of plant origin (flowers, fruits, peels, seeds, leaves, whole
plant, roots). We refer to these foods as Chinese functional ingredients (CFI)
because many of them are fromChina itself, or have been used by the Chinese
in foods for a long period of time. Some of these CFI are used in China for
treating digestive disorders such as diarrhea, constipation, and colitis, or to
promote digestion.

In this chapter, we will discuss only the CFI that have been approved by
the Chinese authorities and are food grade. We will not discuss green tea as
there are alreadymany reviews on this subject. The areas of gut health that we
have considered are carcinogenesis, indigestion, constipation, vomiting,
diarrhea, appetite, and promotion of digestion and bile secretion. The quality
and quantity of data vary widely on each of these topics, and whereas
anticarcinogenesis has been extensively studied in the scientific literature for
some individual compounds, other areas of ‘‘gut comfort’’ have generally
been studied on the unfractionated CFI itself. The information in this review
is not complete and the area is changing fast, but we have tried to present an
overview of CFI on gut function, and then have considered the biological
activities of selected components of the CFI that may be responsible for the
observed activity. Table 1 summarizes the effects of CFI on gut disorders and
digestion, and some of the CFI for which scientific evidence exists for the ac-
tivities are discussed below. CFI that appear in Table 1 but are not listed
below are considered in China to have an effect, but we have been unable to
find suitable scientific corroboration of these activities. The structures of com-
ponents discussed in Section 4 are shown in Figure 1.

It should be appreciated that the dosage and frequency of CFI are part
of Chinese culture and that these benefits may not directly and readily
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TABLE 1 List of CFI Used in Traditional Chinese Medicine to Treat Gut
Disorders and to Promote Digestion

TFI Gut disorder

Agastache (Agastache rugosa) Diarrhea
Aloe (Aloe vera) Laxative
Amomum fruit (Amomum xanthiodes) Diarrhea, promote digestion,

excite smooth muscle
Apricot seed (Prunus armeniaca) Constipation
Bamboo leaf (Lophatherum gracile) Relieve vomiting
Bitter orange flower (Citrus aurantium) Diarrhea, against poor appetite,

bile secretion, constipation
Cassia tora seed (Cassia tora) Constipation, laxative
Chinese angelica (Angelica anomala) Constipation
Chinese yam (Dioscorea opposita) Diarrhea, chronic enteritis
Cinnamon (Cinnamomum cassia) Diarrhea, promote digestion,

control smooth muscle
Clove (Eugenia caryophyllata) Promote digestion, relieve vomiting,

excite smooth muscle
Euryale seed (Euryale ferox) Diarrhea
Fennel seed (Foeniculum vulgare) Promote digestion, control smooth

muscle
Ginger (Zingiber officinale) Diarrhea
Hawthorn (Crataegus cuneata) Diarrhea, promote digestion
Hemp seed (Cannabis sativa) Constipation
Honeysuckle (Lonicera japonica) Diarrhea
Job’s tears (Coix lachryma-jobi) Diarrhea
Kudzu root (Pueraria lobota) Diarrhea, enhance appetite
Lesser galangal (Alpinia officinarum) Diarrhea, promote digestion,

control smooth muscle
Licorice (Glycyrrhiza uralensis) Diarrhea, smooth muscle

control, mucosa protection
Lotus seed (Nelumbo nucifera) Diarrhea
Mandarine orange peel (Citrus reticulata) Diarrhea, promote digestion
Nutmeg (Myristica fragrans) Chronic diarrhea, promote

digestion, control smooth muscle
Pepper (Piper nigrum) Diarrhea, promote digestion
Perilla leaf (Perilla frutescens) Diarrhea, excite smooth muscle
Purslane (Portulaca oleracea) Diarrhea, bile secretion
Safflower (Carthamus tinctorius) Enhance appetite
Smoked plum (Prunus mume) Chronic diarrhea, enhance appetite,

control smooth muscle, bile secretion
Star anise (Illiicum verum) Bile secretion
Sword bean (Canavalia gladiata) Relieve vomiting
Winter radish seed (Raphanus sativus) Diarrhea, excite smooth muscle,

constipation

Source: Ref. 142.
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translate into Western-style administration. This chapter makes no claims
about safety of usage of any of these ingredients, sincemaximumdoses are not
always known. Furthermore, doses have been derived from traditional
practices and ‘‘trial and error.’’ There is also the possibility of contamination
and variability within extracts and plant sources, and these factors need to be
fully clarified before adoption into regular consumption in the West. Quality
control and specification are key issues in potential systemic use of CFI to
limit risk and ensure maximum benefits.

II. CHINESE FUNCTIONAL INGREDIENTS (CFI) THAT HAVE
AN EFFECT ON THE GASTROINTESTINAL TRACT

A. Agastache (Agastache rugosa)

The aerial part of A. rugosa (also called Korean mint) is used in traditional
medicine to treat cholera, vomiting, and miasma, and exhibits antimicrobial
activity (1). Sugar, amino acid, mineral, and polyphenol composition have
been described (2), and extracts contain rosmarinic acid, agastinol, and
agastenol. A new diterpenoid quinone, agastaquinone, was isolated from the
roots and showed nonspecific cytotoxicity against several human cancer cell
lines in vitro (3). Rosmarinic acid appears to be primarily responsible for the
antioxidant activity (4).

B. Aloe (Aloe vera)

Aloe latex or aloe juice is obtained from the yellow latex of pericyclic cells
found beneath the epidermis in the leaves of Aloe vera and other Aloe species
(5). It is dried to yield a solid material called ‘‘aloe’’ that contains anthraqui-
nones including barbaloin, which is metabolized to the laxative aloe-emodin,
iso-barbaloin, chrysophanic acid, and aloin (6,7). Because of its extremely
bitter taste and its laxative effect, aloe latex or aloe juice cannot be used readily
or safely in food products. The physiological effects of aloe latex and/or aloin
have been widely investigated. Some of the most recent works include studies
on the effect of aloe-emodin on hepatic cells (8), the protective effect of aloe
extract on hepatotoxicity (9), the gastroprotective properties of aloe extract
(10), the bacterial conversion of barbaloin in vivo into aloe-emodin, a genuine
purgative component (11), the absorption of radio-labeled aloe-emodin (12),
and many others.

C. Amomum Fruit (Amomum xanthioides)

AmomumFruit is commonly decocted for use as a drink and is also called bas-
tard ‘‘cardamon.’’ It has an inhibitory effect on gastric acid secretion, affects
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gastrointestinal kinetics rather than propulsion, and is used in Chinese med-
icine for the treatment of gastrointestinal dyspepsia, which includes hyper-
chlorhydria, stomach ache, abdominal distention, anorexia, etc. (13). Oral
administration of either water or methanol extracts to rabbits caused a sig-
nificant decrease in gastric secretion (14). Very little information about its
composition and functionality have been reported. Flavor components of the
seed were determined, including a-pinene, a-phellandrene, linalool, a-terpin-
eol, and nerolidol (15). Aqueous extracts of the relatedA. villosumwere shown
to have anti-gram-positive bacterium activities (16).

D. Apricot Seed (Prunus armeniaca)

The high amygdalin (cyanogenic glucoside, up to 8%) content of apricot seed
raises safety concerns. Intensive research is being carried out on the econom-
ically important and related almond (Prunus amygdalus), but this is beyond
the scope of this review.

E. Bamboo Leaf (Lophatherum gracile)

Bamboo leaf is the young stem and leaf ofL. gracileBrongn., which have been
used for bringing down fevers and diuresis.Melanosis coli has been associated
with ingestion of bamboo leaf extract (17), a potential safety hazard. The his-
tological changes in the colonic mucosa were compared with those in patients
who had melanosis coli as a result of anthraquinone ingestion (aloe, etc.).
Because bamboo leaf extract was not ordinarily ingested by humans, the pos-
sibility of its deposition in the intestinal mucosa has not been considered.
There have been no reports on the safety of its long-term administration, and
the question of safety remains open.

F. Bitter Orange (Citrus aurantium)

The flower of C. aurantium daidai is in the food-grade herb list. The dry,
unripe fruits of C. aurantium L. and its cultivated variants are not food-grade
herbs, but effectivemedicine, and are collected when the pericarp of the fruit is
still green. The fruits are used as a digestant and expectorant and in the treat-
ment of anal prolapse. Related citrus species are known to produce coumar-
ins, flavanones, flavones, flavonols (which occur in the free form and/or as
glycosides), and limonoids (18). The inhibitory effect of some traditional
herbal medicines on the infectivity of rotavirus, which predominantly occurs
in sporadic diarrhea in infants and young children, was investigated. Among
the 34 kinds of herbal medicines tested, the fruit ofC. aurantium had the most
potent inhibitory activity on rotavirus infection. The active components were
neohesperidin and hesperidin, 2% w/w on average (19–21). In another study,
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100% of 32 patients—19 with duodenal ulcer and 19 with gastroduodenitis
(including 6 with both) all of them with concomitant obstipation syndrome—
were successfully treated with Rhamus frangula, C. aurantium, and Carum
carvi. A daily defecation was attained in 91% of the patients. There was no
effect on gastric mucosa or on the clinical effect of the main disease or on the
percentage of the ulcer niche healing (22).

The effects of Seville orange juice on dextromethorphan pharmacoki-
netics were studied in 11 volunteers. Results suggest that dextromethorphan
could provide some useful information on P-glycoprotein or related mem-
brane efflux protein activity in the human gastrointestinal tract. Bioavailabil-
ity of dextromethorphan increased significantly with Seville orange juice, but
only returned to half the baseline value after 3 days of washout. This confirms
that Seville orange juice is a long-lasting and perhaps irreversible inhibitor of
gut CYP3A/Pp–glycoprotein (23). Also common in citrus are the polymeth-
oxyflavones, tangeretin and nobiletin (24), which have some antimutagenic
activity (25). Bitter orange extract plus ascorbate strongly inhibited athero-
sclerosis (26). We have found no recent scientific reports on C. aurantium
flowers, except for a compositional analysis of flavonoids (27). Fruit extracts
were found to be safe to use in combination with caffeine and St. John’s wort
for body weight loss of healthy adults (28). Use of peel is safe, although there
are indications of cardiovascular toxic effects of fruit extracts in the rat (29).
Bitter orange oil is widely used in perfumery and for flavoring candies, soft
drinks, and baked goods (30). The polymethoxyflavonoid nobiletin specifi-
cally occurs in citrus fruits, and is a promising anti-inflammatory and anti-
tumor-promoting agent.

G. Cassia Tora Seed (C. tora or C. obtusifolia)

An extract of C. tora leaves contracted smooth muscles of guinea pig ileum
and rabbit jejunum in a concentration-dependent manner, and increased in-
testinal transit in mice dose-dependently. The studies were used to suggest
that the use of C. tora, traditionally as a purgative and in the treatment of
other ailments, is justifiable (31). Major active components are anthraqui-
nones (chrysophanol, emodin, rhein, and others). Emodin is known for its
laxative effect, and has antioxidant activity (32). A detailed composition of
different varieties was recently reported (33). The relatedC. obtusifolia and its
seeds, common contaminants of agricultural commodities, are toxic to cattle
and poultry. Toxicity has been attributed to anthraquinones, which are major
constituents of C. obtusifolia. Subchronic toxicity of cassia seed was investi-
gated, and intermittent mild diarrhea was found in high-dose animals. There-
fore, a dietary ‘‘no-observable-effect level’’ for subchronic ingestion of C.
obtusifolia seed in rats was less than 0.15% (34).
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H. Chicory

Recent research in experimental animal models revealed that inulin has
possible anticarcinogenic properties since it reduced the incidence of azoxy-
methane (AOM)-induced aberrant cyrpt foci and tumors in the colon (35). In
perfused rats, chicory extract significantly decreased cholesterol absorption
by 30% in the jejunum and by 41% in the ileum, compared to the control
(36,37). Recently a new type of chicory inulin with higher average chain length
(DP = 25) has become commercially available. A placebo-controlled study
investigated the effect of this high-performance inulin on bowel function in
healthy volunteers with low stool frequency (one stool every 2–3 days). There
was a significant increase in stool frequency with the high-performance inulin
(38). In dogs, chicory intake resulted in increased fecal Bifidobacterium
concentrations and some decrease in pathogenic bacteria. An increase in
short-chain fatty acids was also observed, which can modulate the gut
environment, facilitate absorption of nutrients, and reduce the incidence of
diarrhea (39).

I. Chinese Yam (Dioscorea opposita)

Major constituents of chinese yam are saponins, mannan, phytic acid, and
starch (40) and some varieties are rich in essential amino acids (36%) and
minerals (Se, Fe, Zn,Mn) (41). The relatedD. opposita,D. fordii,D. persimilis,
and D. alata are similar in content of polysaccharides, allatonin, and amino
acids but differ in the ratio ofmonosaccharides. Pharmacological experiments
with mice showed that they strengthen physique, help digestion, and increase
immunity. It was suggested that these three kinds of Huai San Yao could be
exploited as new sources of crude drugs in China (42).

J. Chrysanthemum morifolium Flower

The flower of C. morifolium Ramat is a commonly used medical herb with
mild action and a popular beverage with an aromatic odor in China. It is used
for treating colds and eyes with redness and pain (43). It is potentially
anticarcinogenic, since the flowers contain chlorogenic acid, flavonoids, and
pentacyclic triterpenes. The flavonoids fromC.morifolium have been found to
exhibit anti-HIV activity (44). Several active anti-HIV compounds, including
acacetin-7-O-h-D-galactopyranoside and chrysin, have been isolated from
C. morifolium and found to be promising compounds for the inhibition of
HIV growth (45).

K. Cinnamon (Cinnamomum cassia)

The bark ofC. cassia is used in traditional medicine to treat hypertension and
indigestion. The growth-inhibiting activity of C. cassia–bark-derived materi-
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als toward five intestinal bacteria was examined (46) and the active compo-
nent characterized as cinnamaldehyde. Extracts have choleretic effects in
anesthetized rats, and are also analgesic (47). 2V-Hydroxycinnaldehyde was
also isolated from the bark ofC. cassia. 2V-Hydroxycinnamaldehyde inhibited
the activity of farnesyl-protein transferase, an enzyme involved in the ini-
tiation of tumor formation (48).

L. Clove (Eugenia caryophyllata)

Bioassay-directed fractionation of clove terpenes from the plant E. caryo-
phyllata has led to the isolation of the following five active known com-
pounds: h-caryophyllene, h-caryophyllene oxide, a-humulene, a-humulene
epoxide, and eugenol. These compounds showed significant activity as
inducers of the detoxifying enzyme glutathione S-transferase in the mouse
liver and small intestine (49). Eugenol, an active principle of clove, is an
effective secretagogue in rats, causing dose-dependent augmentation of
secretion. Thus, stimulation of gastric secretion at a low concentration of
eugenol, i.e., 100 Ag/kg body weight and below. could facilitate digestion (50).
The clove ellagitannins and their related polygalloyl-glucoses inhibited
maltase activity of rat intestinal a-glucosidases (51,52). Aqueous extracts of
clove and cinnamon also significantly lowered the absorption of alanine from
the rat intestine, and the active principle(s) in clove and cinnamon can
permeate the membrane of enterocytes and inhibit the Na+-K+-ATPase
that provides the driving force for many transport processes (53).

M. Fennel Seed (Foeniculum vulgare)

The fruits of F. vulgareMill. are commonly employed to improve digestion in
traditional systems of medicine. Rats given fennel (0.5%) and mint (1%) for
8 weeks exhibited a higher rate of secretion of bile acids and a significant
enhancement of secreted intestinal enzymes, particularly lipase and amylase
(54,55).

N. Ginger (Zingiber officinale)

Water extracts andmethanol extracts of eight herbs of the Zingiberaceae were
examined in intact unanesthetized rabbits for their effects on gastric secretion.
Oral administration of either water or methanol extracts caused a significant
decrease in gastric secretion. Since one possible cause of gastric ulcers is high
acid output, water extracts of Zingiberaceae should be a rational therapy (14).
Ginger extract was shown to improve gastroduodenal motility (56). Ginger
contains pungent ingredients such as 6-gingerol and 6-paradol, which also
have tumor antipromotion and antiproliferative effects (57).
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O. Hawthorn (Crataegus cuneata)

The ripe fruits of hawthorn (Crataegus sp.) are considered to provide one of
the best tonic remedies for the heart and circulatory system. In China, they are
considered to act in a normalizing way upon the heart, depending on the need,
stimulating or depressing its activity, but this is not scientifically validated.
However, hawthorn is a rich source of the flavan-3-ol (-)-epicatechin and of
proanthocyanidins (58).

P. Sea Buckthorn (Hippophae rhamnoides)

The fruit of H. rhamnoides L. is a traditional herbal medicine mainly used in
Tibet and Inner Mongolia Autonomous Regions to regulate the function of
stomach and intestines, and treat syndromes such as indigestion, abdominal
pains, etc. (43). It has been well documented to have antioxidant, immuno-
stimulative, regenerative, and antiulcerogenic properties (59), a protective
effect against injuries in mice (60), and effects on hyperlipidemic serum
cultured smooth-muscle cells in vitro (61). The alcoholic extracts of leaves
and fruits of the plant at a concentration of 0.5 mg/mL were found to inhibit
chromium-induced free radical production, apoptosis, and DNA fragmenta-
tion. In addition, these extracts were able to arrest the chromium-induced
inhibition of lymphocyte proliferation. This suggests the alcoholic extracts
have marked cytoprotective properties (62). An alcoholic extract of the
berries of the plants protected against radiation-induced DNA strand breaks
(63) and inhibited radiation and tertiary butyl hydroperoxide–induced DNA
strand breaks at concentrations off0.1mg/mL. The protection againstDNA
damage could mainly be attributed to direct modulation of chromatin
organization (64). These studies suggest that fruit of H. rhamnoides can be
a potential protective agent against DNA damage in chemotherapy and
radiotherapy.

Q. Licorice (Glycyrrhiza uralensis, G. glabra)

Licorice (Gancao) is one of the most frequently used ingredients in many
traditional Chinese prescriptions. It is used primarily as a demulcent, ex-
pectorant, and mild laxative. Licorice is known to exhibit many pharmaco-
logical actions, including anti-inflammatory, antiallergic, antibacterial,
antiviral, antihepatotoxic, anticonvulsive, and anticancer. Licorice has been
shown to possess antimutagenic activity in the Ames test using Salmonella ty-
phimurium (65). Glycyrrhizic acid, an active component of licorice, was found
to protect DNA damage induced by benzo[a]pyrene and ear edema induced
by croton oil in mice (66,67). The extract of G. uralensis was also found to
induce apoptosis by a p53-independent pathway in human gastric cancer cell

5436-0_Packer_Ch05_R2_061804

MD: PACKER, JOB: 03277, PAGE: 98

Williamson et al.98



MGC-803; isoliquiritigenin is the main active component responsible for this
action (68,69). Whe licorice was used together with other herbs such as
Chrysanthemum morifolium and Panax notoginseng in a clinical study on 200
precancerous patients, precancerous lesions were reduced from 95.5% in the
control group to 57% (70). These studies suggested that licorice possesses
anti-initiating and antipromoting activities and could be a potential chemo-
preventive agent. The activities of licorice on cancer have been reviewed and
include inhibition of cyclooxygenase and protein kinase C activities, and in-
duction of apoptosis (71).

R. Perilla (Perilla frutescens)

The modulatory effect of dietary perilla oil, which is rich in the n-3 polyun-
saturated fatty acid a-linolenic acid, on the development of azomethane-
induced colonic aberrant crypt foci was investigated in rats.Marked increases
in n-3 polyunsaturated fatty acids in membrane phospholipid fractions and
decreased prostaglandin E2 levels were observed in colonic mucosa of perilla
oil–fed rats. These results suggest that perilla oil, even in small amounts,
suppresses the development of aberrant crypt foci, and is therefore a possible
preventive agent in the early stage of colon carcinogenesis (72). Epidemio-
logical and experimental studies suggest that dietary fish oil and vegetable oil
high in N-3 polyunsaturated fatty acids suppress the risk of colon cancer (73).
In rats the ratios of N-2 PUFA to N-6 PUFA in the serum and the colonic
mucosa were increased parallel to the increased intake of perilla oil. The
results suggested that a relatively small fraction of perilla oil, 25% of total
dietary fat, may provide an appreciable beneficial effect in lowering the risk of
colon cancer. Earlier results suggest that the antitumor-promoting effect of
dietary perilla oil was the result of a decreased sensitivity of colonic mucosa to
tumor promotors arising from the altered fatty acid composition in mem-
brane phospholipid of colonic epithelial cells, and was not a consequence of a
decrease of promotors such as bile acids (74).

S. Orange Oil (Phyllanthus emblica)

The fruit of P. emblica L. is a traditional herbal medicine mainly used in Tibet
to regulate and promote the function of stomach and intestines, and treat
syndromes such as indigestion, abdominal distension, etc. (43). Various parts
of themedicinal plant have been used by 17 countries and nations of the world
in their medical treatment. The medicinal plant is thought to have an anti-
hepatitis, anticancer, and antitumor action and is regarded as a traditional
immunomodulator and a natural adaptogen (75). The aqueous extract of the
fruits can protect against nickel-induced mutagenesis and carcinogenesis (76)
and N-nitrosodiethylamine-induced hepatocarcinogenesis in animals (77).
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P. emblica, when administered orally, has been found to enhance natural
killer cell activity and antibody-dependent cellular cytotoxicity on tumor-
bearing animals (78).

T. Poria (Poria cocos)

The sclerotium of P. cocos has long been used as a sedative and diuretic in
traditional Chinese herbal medicine. There are two reported active anticancer
components in poria, triterpenes and polysacchrides. Triterpene poricoic
acids G and H have antitumor-promoting activity (79). Poricoic acid B
showed a strong inhibitory activity against 12-O-tetradecanoylphorbol-13-
acetate-induced inflammation in mice (80). Poria extract has been shown to
enhance the secretion of immune stimulators (IL-1-h, IL-6, and TNF-a) but
suppressed the secretion of an immune suppressor (TGF-h), and it was
suggested as an agent that can improve the immune response (81). The
polysaccharides from P. cocos have been shown to have antitumor effects in
mice (82).

III. CHINESE MEDICINE PREPARATIONS OF MIXTURES

A. Shi-Quan-Da-Bu-Tang (Ten Significant Tonic Decoction)

Food-grade herbs have been used in a famous recipe, ‘‘Shi-Quan-Da-Bu-
Tang,’’ which was formulated in the Chinese Song dynasty in A.D. 1200. It is
prepared by extracting a mixture of 10 medical herbs: Rehmannia glutinosa
(root, steamed); Paeonia lactiflora (root); Ligusticum chuanxiong (rhizome);
Angelica sinensis (root); Glycyrrhiza uralensis (rhizome and root, honey-
fried); Poria cocos (sclerotium); Atractylodes macrocephala (rhizome); Panax
ginseng (root); Astragalus membranaceus (root, honey-fried); Cinnamomum
cassia (bark). This potent and popular prescription has traditionally been
used against anemia, anorexia, extreme exhaustion, fatigue, kidney and
spleen insufficiency, and general weakness, particularly after illness. In animal
studies, Shi-Quan-Da-Bu-Tang prevented body weight loss and protected
against 1,2-dimethylhydrazine-induced colon cancer (83), with significant
differences in mortality, fatigue, cold temperature endurance, and immune-
function-related organ weight change, compared to the control animals (84).
Several studies demonstrate that Shi-Quan-Da-Bu-Tang is very effective in
restoring immunity in cancer patients. There is potential therapeutic activity
in chemotherapy and radiotherapy because it ameliorates and/or prevents
adverse toxicities (gastrointestinal disturbances such as anorexia, nausea, vo-
miting, hematotoxicity, immunosuppression, leukopenia, thrombocytopenia,
anemia, nephropathy, etc.) of many anticancer drugs (85).
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B. Jeong Dan Whan

Jeong Dan Whan is a Chinese patent medicine that is used in Korea for the
treatment of acute and chronic indigestion, dyspepsia, and vomiting. This
medicine consists of 14 kinds of powdered crude drugs. For the identification
of the individual ingredients in such powderymixtures, a microscopic method
is often used as it requires only a small amount of material. The CFI are
Raphanus sativus, Brassica juncea, Prunus persica, Gardenia jasminoides,
Alpinia oxyphylla, and Citrus reticulata (86).

C. Combination of Chinese Herbs to Control Early-Weaning
Diarrhea

A combination of Chinese herbs was used to control piglet early-weaning di-
arrhea. Chinese angelica, hawthorn fruit, licorice, and purslane were mixed
with four other herbs, and decoctions (2%) made that were used to wean
piglets for 4 weeks. The results showed that compared to the control, the 2%
decoction reduced piglet early-weaning diarrhea by 32% (87).

D. Chungpesagan-tang

The possibility of Chungpesagan-tang, which has been recommended for
stroke patients with constipation inKorean traditional clinics, as a novel anti-
thrombotic agent was evaluated. It was found that the antithromboembolic
activity of Chungpesagan-tang was activated by intestinal bacteria (88).

E. Xiao Cheng Qi Tang

Xiao cheng qi tang (minor rhubarb combination) is a Chinese herbal formula
comprising Rhei rhizoma, Aurantii fructus immaturus, andMagnoliae cortex;
it is used to treat patients with bloating, constipation, moist fever, and sinking
pulse. Active components are naringin, honokiol, magnolol, sennoside B, em-
odin, and sennoside A (89).

IV. SELECTION OF THE ACTIVE INGREDIENTS AND THEIR
MECHANISM OF ACTION

TheCFI discussed above consist of a complexmixture of phytochemicals, and
for most, only partial analysis has been performed. However, often (one of)
the active ingredients have been identified for some of the extracts. These ac-
tive ingredients are often flavonoids and hydroxycinnamates, but also
terpenes, other phenolics, steroids, etc. Most flavonoids and hydroxycinnam-
ates are found in the plant and in extracts from the plant attached to a sugar
or organic acid, and consequently have a very low biological activity. For
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significant biological activity, the sugar or organic acid must be cleaved by
glycosidases, esterases, or other hydrolytic enzymes, into the aglycone form.
The site of this hydrolysis is either the small intestine (enterocyte-derived
enzymes or secreted enzymes) or the colonic microflora. Fermentation of the
extract also produces the same effect.

Most of the biological activities of individual compounds are associated
with inhibition of carcinogenesis, since a large number of in vitro tests for
anticarcinogenicity have been reported. Few assays in vitro can be used to
screen for other effects on the gut, and very few clinical studies have been car-
ried out. The activities of some examples are discussed below.

A. Acacetin

Acacetin is a flavonoid that occurs in plants as a glycoside with attached
glucose, rhamnose, or glucuronic acid moieties. In the aglycone form, it is an
antioxidant in vitro although this is a common property ofmost flavonoids. It
induces UGT defense mechanisms in cells in vitro (90), inhibits cytochrome
P450s CYP1A and CYP1B1 (91), induces terminal differentiation of HL-60
cells (92), inhibits topoisomerase l–catalyzed DNA ligation (93), and inhibits
B(a)P-induced mutagenesis in hamster embryo-cell-mediated V79 cell muta-
tion assay (94). All of these activities are associated with a decreased risk of
carcinogenesis, incuding colon carcinogenesis.

B. Agastinol, Agastenol

These are recently reported novel lignans that inhibit etoposide-induced
apoptosis of U937 cells (95). Very few data are available on effects on the gas-
trointestinal tract.

C. Anethole

Anethole has a broad range of biological activities related to possible action
on the gastrointestinal tract. It exhibits local anesthetic activity in vivo in rats
(96), is antimicrobial (97), and may possibly have antispasmodic, digestive,
and secretolytic activities, although the mechanisms of these activities are not
reported. At relatively high doses, anethole shows dose-related antigenotoxic
effect against procarbazine and urethane in mice (98), and inhibits TNF-
induced cellular responses such as NF-kB activation, TNF-induced lipid
peroxidation, and reactive oxygen species, and suppresses TNF-activation of
AP-1, c.jun N-terminal kinase, andMAPK-kinase (99). Possible anticarcino-
genic action is suggested since rats fed anethole show induction of hepatic
phase II but not phase I enzymes in the liver (100).
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D. hhhhhhhhhhhhh-Caryophyllene

h-Caryophyllene shows some antibacterial activity (101), and has cytopro-
tective and anti-inflammataory effects in the stomach against necrotizing
agents such as ethanol and acetic acid, but does not affect secretion of gastric
acid and pepsin (102). Some anticarcinogenic activity is suggested since it is
toxic to tumor cell lines (103), and induces small-intestinal glutathione
transferase (49).

E. Chlorogenic Acid, Caffeic Acid

Chlorogenic acid is caffeic acid linked to quinic acid. Chlorogenic acid exhi-
bits some relatively weak anticarcinogenic effects and reduces the incidence of
aberrant crypt foci in rats (104). However, derivatives such as rosmarinic acid
(see below) and caffeic acid phenethyl ester (from honey bee hive propiolis)
have greatly enhanced biological activities.

F. Chrysophanol

Chrysophanol is antifungal (105), inhibits cytochromeP450 (106), andhas po-
tential antiallergic activity via inhibition of hyalonuridase and histamine re-
lease from mast cells (107).

G. Cinnamaldehyde, 2V-Hydroxycinnamaldehyde

Cinnamaldehyde has antimicrobial activity against some pathogens (108), in-
hibits rat jejunal Na+-K+-ATPase (53), inhibits lymphoproliferation, and
induces a T-cell differentiation through the blockade of early steps in signaling
pathway leading to cell growth (109).

H. Emodin

Emodin is anti-inflammatory against carageenan-induced edema in rats (110)
and emodin and its metabolites have a long half-life in the plasma of rats
(f50 hr) (111). Emodin exhibits a range of anticarcinogenic activities in vitro,
including inhibition of formation of DNA adducts induced by 1-nitropyrene
(112), modulation of cellular transformation and proliferation (113), inhibi-
tion of NF-kB activation and expression of adhesion molecules (114),
inhibition of casein kinase II (114a), and induction of apoptosis (115), but
emodin induces cytochromes P450 1A1 and 1B1 in human lung cell lines
(116). Emodin also induced muscle contractions due to Ca2+ release in skel-
etal muscle, as a result of influx of extracellular Ca2+ through voltage-
dependent Ca2+ channels of the plasma membrane (117).
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I. Glycyrrhizic Acid, Glycyrrhizin

The triterpenoid glycyrrhizin is anti-inflammatory and is metabolised to the
aglycone glycyrrhizic acid, which inhibits 11-h-hydroxysteroid dehydroge-
nase, involved in corticosteroid metabolism. The aglycone inhibited N-
acetyltransferase activity in human colon tumor cell lines, and inhibited the
formation of DNA adducts (118). Although glycyrrhizin did not directly
induce apoptosis, it enhanced Fas-mediated apoptotic body formation and
DNA fragmentation in T-cell lines (119). The action of licorice root, the main
source of glycyrrhizin, on cancer has been reviewed (71).

J. Hesperidin, Hesperetin

Hesperetin is a flavonoid that exhibits a number of biological activities; hes-
peridin is the glycosylated form. Mandarin juice rich in hesperidin and h-
cryptoxanthin reduced azoxymethane-induced colon carcinogenesis in rats
(120); hesperidin reduced phorbol-ester induced inflammation in mouse skin
(121); hesperidin was anti-inflammatory against rat colitis induced by trini-
trobenzenesulfonic acid and protected against urinary bladder carcinogenesis
in mice (122); and hesperidin protected against rat esophageal carcinogenesis
(123). Hesperidin methylchalcone is a drug used against chronic venous
insufficiency since it reduces activation of phospholipase and ameliorates
the decrease in ATP in hypoxia-treated endothelial cells (124).

K. Linalool

Linalool is a monoterpene and an anticonvulsive agent (125), and is also
hypnotic and hypothermic (126), via inhibition of acetylcholine release in the
mouse neuromuscular junction. It is a sedative in humans (127).

L. Nobiletin

Nobiletin is a flavonoid that occurs exclusively in citrus fruits. It is antimeta-
static in mice and inhibited peritoneal dissemination of gastric cancer, at least
partly through inhibition of metalloproteinases (128). Nobiletin protected
against the appearance of gastric hemorrhagic lesions induced by ethanol but
not aspirin in the guinea pig, and alone had no effect on the potential
difference. Nobiletin also relaxed the contractions induced by acetylcholine,
electrical stimulation, and histamine in isolated guinea pig ileum. The anti-
ulcer effects of nobiletin were ascribed to maintenance of the mucosal barrier
and inhibition of gastric motor activity (129). It also suppressed azoxy-
methane-induced colonic aberrant crypt foci in rats (130).
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M. Proanthocyanidins

Procyanidins or proanthocyanidins are oligomeric flavan-3-ol flavonoids,
which occur in high amounts in someWestern diets owing to their presence in
cocoa/chocolate, red wine, and also in some supplements such as grape seed
extract. Because they are oligomers, a number of different compounds are
found naturally, consisting of either eipcatechin or catechin monomers linked
in different ways with a degree of polymerization of 2–6 and more. Analytical
limitations make it difficult to obtain pure oligomers above 6. Although
procyanidins are only poorly bioavailable, they exert a number of effects in
vivo although not specifically on the gut.

N. Rhein

Rhein is a highly biologically active anthraquinone that is a component of
senna. It has a number of effects on the gastrointestinal tract, including in-
duction of ion secretion, chemotaxis, and apoptosis in the intestinal Caco2
cell line via nitric oxide generation (131), inhibits the growth of Helicobacter
pylori (132), modifies the peristaltic reflex of the inverted guinea pig ileum
(133), inhibits glucose uptake (134), and decreases transit time in rats with a
prostaglandin-dependent mechanism (135). Some anticarcinogenic activity
has also been claimed, since rhein modulates topoisomerase II, and inter-
calates DNA (136).

O. Rosmarinic Acid

Rosmarinic acid is one of themost effective antioxidants, and it induced phase
II detoxifying enzymes in rat liver but not cytochrome P450 (phase I) enzymes
(137). It also inhibited cell proliferation (138), reduced lipopolysaccharide-
induced liver injury in mice (138a), and may have some undefined antide-
pressive effects (139).

P. Tangeretin

Tangeretin is a flavonoid that affects cell-cell adhesion and downregulates the
IL-2 receptor on T lymphocytes and natural killer cells (140), and may cross
the blood-brain barrier in rats (141), although no specific effects on the gut
have been reported.

V. SUMMARY AND POTENTIAL

Many of the effects reported have not been measured over a range of doses,
there are only a few clinical studies, very little is known about the bioavail-
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ability ofmost of the compounds and extracts, and the reported effects in vitro
may or may not be at relevant doses (i.e., similar to those found in vivo).
Nevertheless, Chinese medicine clearly works in many cases, although the
scientific basis of the action and the individual compounds responsible are
often not known. In addition, there are a huge range of in vitro tests for
anticarcinogenic activity, and it is unlikely that a single one of these tests can
predict anticarcinogenicity in vivo, certainly not in humans. It is also possible
that separating the active components of CFI may dilute or lose the activity,
since synergy and interactions are lost. Another factor is acceptance by the
Western medical community and the general public. Clearly CFI are well
accepted by many Chinese, and have been used centuries. Perhaps the way
forward is to consider howWestern and Chinese medicines may complement
each other, with conventional drugs for treatment of disease and Chinese
medicines for relieving symptoms and treatment of milder complaints where
Western medicine is often lacking (with the exception of painkillers).
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6

Tea and Health

John H. Weisburger

American Health Foundation
Valhalla, New York, U.S.A.

I. MAIN CAUSES OF CHRONIC DISEASES

A. Reactive Oxygen Species

Living cells require oxygen to generate energy and to develop fully. However,
under some circumstances cells generate from oxygen reactive oxygen species
(ROS) in the form of reactive entities such as hydrogen peroxide and
especially hazardous oxygen radicals (1–3).

B. Mechanisms in Cancer

Reliable and easy methods are available to determine the effect of ROS and
reactive nitrogen compounds by HPLS-MS/MS analysis, especially as
regards attacks on macromolecules such as DNA (4). In cancer research,
we distinguish between agents that modify theDNA and generate amutation.
Such materials or synthetic chemicals are called mutagenic and genotoxic.
There are chemicals or situations that enhance the development and growth
of cells exposed to genotoxins. It is important to discriminate between these
two classes of chemicals based on the permanence of their effect, and the doses
and chronicity of exposure (5).
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C. Heterocyclic Aromatic Amines

About 25 years ago, Sugimura, at the National Cancer Center, after frying or
broiling of meat and fish showed that the surface of brown meat contained
powerful mutagens (6). Such cooking-derived mutagens were shown to
belong to a new class of carcinogens, the heterocyclic aromatic amines
(HCA). When they were ingested, such chemicals also generated ROS, and
damaged cells through a classic reaction of metabolically formed reactive
compounds, such an acetoxy-HCA or a sulfonoxy-HCA, that modify cellular
DNA in target organs. Hence, these metabolites and simultaneously formed
ROS are involved in adverse effects in the development of early neoplastic
cells, and also through a cellular toxic reaction, in which the cells respond by
attempts to repair, leading to cell regeneration and duplication, and thus,
leading to abnormal cells with an altered DNA, typical of an early cancer cell.
A recent international conference updated the latest facts in the field (7).

D. Salt

Salt does not damage DNA and is not genotoxic. However, importantly, it
severely impinges on the stability of cell, and cells exposed to high levels of salt
undergo rapid cell duplication. Therefore, there is severe damage to the
stomach with possible alteration, especially in the tissue also generating ROS
and carrying a bacterium discovered in 1984,Helicobacter pylori (reviewed in
ref. 8). Eventually, stomach cancer and possibly ulcers stem from excessive
salt intake in infected cells (9). Through tradition in Japan and parts of China,
people used as much as 30 g of salt per day. The Japanese have instituted a
plan to progressively lower salt intake and currently, the amount consumed is
about 12 g. However, only about 3 g are needed to meet physiological sodium
needs.

II. TEA AS A HEALTH-PROMOTING BEVERAGE

Tea is a frequently used beverage worldwide. Tea is a hot-water extract of the
leaves of the plant Camellia sinensis. Upon harvest, the best teas are obtained
by collecting the top two leaves and the bud of the tea bush (10,11). The leaves
contain the polyphenol epigallocatechin gallate and an enzyme, polyphenol
oxidase. When the leaves are withered and steamed, the polyphenol oxidase is
inactivated, yielding green tea upon drying. If the withering step is omitted,
and the leaves are steamed, the ground product is white tea, commercially
available but not used frequently. Upon more elaborate processing, crushing
the leaves and incubating for about 60 min, the polyphenol oxidase converts
the polyphenol to other polyphenols, such as theaflavin and thearubigin,
typical of black tea (Fig. 1) (Table 1).With a lesser time of incubation, such as
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FIGURE 1 The main polyphenol in green tea is (—)-epigallocatechin gallate
(EgCg) (right), which accounts usually for about 30% of the dry weight of the
tea leaf. The tea leaf contains an enzyme, polyphenol oxidase, that is de-
activated when the withered, macerated tea leaves are heated by steam or in a
pan, yielding a product containing mainly EgCg. However, when the cut,
macerated, or ‘‘rolled’’ leaves are transported in a moving band surrounded by
warm 40jC air, the enzyme-mediated oxidation (wrongly called fermentation)
occurs. One popular method of production is ‘‘crushing, tearing, curling, named
CTC.’’ Partial oxidation for about 30 min yields oolong tea. Full biochemical oxi-
dation, which requires 90–120 min, yields black tea, containing some theaflavin
(left), more complex thearubigins, and also theanine, which account, in part, for
the flavor of black tea. Since the original tea leaf contains caffeine, green,
oolong, and black teas contain caffeine in the amount of 40–50 mg in a 125–
150-mL tea cup, made with a 2.25-g tea bag.

TABLE 1 Composition of Catechins in Polyphenols

Percent by weight

Polyphenon
60

Polyphenon
100

Polyphenon
B

(+)-Gallocatechin (+ GC) — 1.4
(�)-Epigallocatechin (EGC) 19.5 17.6
(�)-Epicatechin (EC) 7.0 6.0
(�)-Epigallocatechin gallate (EGCg) 29.0 54.0
(�)-Epicatechin gallate (EGCg) 8.5 12.5
Total catechins 64 91.5 2.8
Caffeine 12.0 0.5 0.6
Theaflavin 0.3
Thearubigins 96.3

Source: Refs. 10, 64.
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about 25–35 min, an intermediate product, oolong tea, popular in southern
China and in Taiwan, is obtained.

We have described the history of tea and its use worldwide, including the
original discovery of tea in China some 4000 years ago, in the form of green
tea, and later of black tea in northern India. Currently, green tea is used
mainly in China, Japan, and North Africa (11).

A. Tea and Heart Disease Prevention

Epidemiological studies in Europe revealed that black tea drinkers had a
lower incidence of heart disease (12–14). The underlying reason rests on the
fact the tea polyphenols act as effective antioxidants that inhibit the oxidation
of LDL cholesterol caused by reactive oxygen species, and lead to athero-
genesis (15–19). In has been shown that the mechanism can be reproduced
using a copper-catalyzed oxidation of LDL cholesterol, inhibited by tea
polyphenols (Table 2) (20). Other investigations confirmed a lower risk of
heart disease as a function of tea intake, both green and black tea (21). A
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TABLE 2 Prevention of Oxidation of LDL-C by
P60 and ML-1a

Group (n = 10) Mean F SE

1. Blank 0.0002 F 0.0001
2. Control 0.3759 F 0.0133
3. Low-dose P60Ab 0.0154 F 0.0026
4. High-dose P60Ac 0.0127 F 0.0018
5. Low-dose ML-1 0.0211 F 0.0025
6. High-dose ML-1 0.0308 F 0.0306

a MitoLife(ML)wasacommercialproductcontainingfruit
juices, including green tea, the effect ofwhichwas com-
pared to a positive control, polyphenon 60A, a poly-
phenolfromgreentea,providedbyDr.Hara,Tokyo(Table
3). Data represent absorbance at 532 nm. All groups (1,
3, 4, 5, and 6) compared to the control (LDL and cupric
sulfate in buffer) were significant at p<0.0001.
b Low-doseP60A(group3)versus low-doseML-1(group
5) was significant. The low dose of P60Awas 20 AM, or
1mg, and the high dosewas 40 AM, or 2mg;withML-1,
the low dose was 1 AL, and the high dose 2 AL of a
saturated solution of commercial MitoLife product.
c High-dose P60A (group 4) versus high-dose ML-1
(group 6)was significant at p< 0.001.
Source: Ref. 20.
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meta-analysis of stroke and coronary heart disease ‘‘cardiovascular disease’’
evaluated the results of many studies and found that heart disease decreased
11% by intake of 3 cups (about 700 mL) of tea per day (22). In Japan, it was
noted that the relative risk of cardiovascular disease and cancers was
significantly lower with 10 cups of tea per day (23). Different approaches
suggest that tea beneficially affects platelet aggregation and angiogenesis, a
possible cause of heart attacks (23–29). The relevant mechanisms are com-
plex, but may involve cell signaling that is involved in cell adhesion,
migration, and clot formation in macrophages mediated by damaged LDL
lipoprotein (25,26). Black and green tea were equally effective antioxidants
(30). Tea had amore powerful effect, expressed as vitamin C equivalents, than
the vegetables and fruits tested (31).

B. Tea and Cancer Prevention

Mutations of the cellular DNA are a key step leading to cancer (5).
Mutational events can be used as markers for environmental genotoxic
products that might be possible cancer risks (32). This approach is effective
in research on products that might have antimutagenic and, thus, likely
anticarcinogenic effects.

Thismethod has been applied to study the effect of tea polyphenols from
black tea and from green tea. It was found that both types of polyphenols
decreased in a dose-related fashion the mutagenicity of different types of
carcinogens (Table 3). In another series of bioassays, similar results were
obtained, demonstrating the stability and reliability of these rapid tests in
forecasting the chemopreventive potential of inhibitors such as tea extracts
(Table 4) (33–35). Selenium potentiated the effect of green tea on the
mutagenicity of 2-amino-3-methylimidazo-[4,5-f ]quinoline (36). Parallel to
the effects on DNA-reactive carcinogens, tea inhibited the formation of
cancer of the colon and the mammary gland in rats (37–39). Even a low dose
of tea was effective (Table 5) (37).

Cancer of the esophagus is decreased in animal models by tea (40), just
as a lower risk is noted in parts of China of cancer of the esophagus in people
who drink tea (41,42, reviewed also in Refs. 43,44). Similar results hold for
oral cancer (45). There aremore cigarette smokers in Japan than in theUnited
States but the incidence of lung cancer in Japan is lower than in the United
States, possibly because there are more tea drinkers in Japan, accounting for
this protection. In parallel, mice and rats exposed to the tobacco-specific
nitrosamines displayed a lower incidence of lung tumors when the animals
were drinking tea (46). Even ‘‘spontaneous’’ lung tumors in mice were
decreased by intake of black or green tea (47). The mechanism may depend
on a reduction of oxidative stress (48). This inhibition by tea was due to lower
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oxidation of DNA, through the tobacco-carcinogen-associated formation of
ROS, yielding as marker 8-OH-dG (46). In a model of colon cancer, black tea
lowered oxidative damage to the colon (49) and epigallocatechin gallate had a
synergistic effect with sulindac (50). Similar interactions were observed in
genetically modified mice and the heterocyclic amine 2-amino-1-methyl-6-
phenylimidazo(4,5-b)pyridine (PhIP) (51). Inhibition was also demonstrated
in APC (min) mice by this combination (52). Prostate cancer induction was
decreased in TRAMP mice by green tea (53), and the molecular events were
elucidated (54). The gene expression in human prostate LNCaP cells was
altered (55).

We described above the formation of powerful mutagens during the
cooking, frying, or broiling of meat, as heterocyclic aromatic amines. Epide-
miological findings show that regular consumers of well-done cooked meat
have a higher risk of cancer of the colon and breast (56–58). These are the
target organs in rats, where cancer of the prostate and of the pancreas is also
seen (59–62). The reason meats generate these kinds of compounds was
discovered by a Swedish researcher, Jägerstad: namely, meats contain creat-
inine, which forms the 2-aminomethylimidazo part of the heterocyclic amines.
Jägerstad’s group developed an in vitro approach to model cooking, namely
to heat glucose, creatinine, and an amino acid, such as glycine, or phenylal-
anine (63). We have found that addition of black tea or green tea polyphenols
and caffeine to meat inhibits the mutagenicity of heterocyclic amines (64).
Also, based on that experiment, we and others have shown that addition of
green tea or black tea polyphenols during the frying of ground meat prevents

5436-0_Packer_Ch06_R2_061804

MD: PACKER, JOB: 03277, PAGE: 124

TABLE 5 MNU-induced Colon Tumors in F344 Rats Ingesting Green Tea
Extract (GTE)

Groupsa
No. of

rats examined
No. of rats
with tumors

No. of tumors
per rat

No. of tumors
per tumor-bearing rat

Control 39 26 (67%) 1.2 F 0.2b 1.8 F 0.2b

HGTE 30 13 (43%)c 0.8 F 0.2 1.8 F 0.3
MGTE 30 12 (40%)c 0.5 F 0.1c 1.2 F 0.1c

LGTE 30 10 (33%)c 0.5 F 0.2c 1.5 F 0.4

a All rats were given an intrarectal dose of 2 mg of MNU 3 times a week for 2 weeks, and
received either 0%(control group), 0.05%(hGTEgroup), 0.01%(mGTEgroup), or 0.002%
(1GTE group) water solution of GTE as drinking water throughout the experiment. The
experimentwas terminated at week 35.
b Mean=SEM.
c Significantly different from the control group: p<0.05 or less.
Source: Ref. 37.
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the formation of mutagenic heterocyclic amines, which seems to be a practical
way to cook ‘‘safe’’ hamburgers (65,66).

C. Tea Induces Detoxification Enzymes

In our laboratory, Sohn discovered that the administration of 2% solutions of
black tea or green tea to rats for 6 weeksmodifies themetabolic enzymes in the
liver; namely, such rats display higher levels of cytochrome P450 1A1, 1A2,
and 2B1, but of no other cytochromes (Table 6) (67). Note that green and
black teas had similar effects. Also of great relevance, the phase II enzyme
UDP-glucuronosyl transferase, which detoxifies many environmental chem-
icals, was significantly increased (Table 7) (68,69). On the other hand,
sulfotransferase and glutathione transferases were virtually unchanged.
Heterocyclic amines, described above, are subject to the biochemical activa-
tion through N-hydroxylation, and these N-hydroxy compounds are con-
verted to the N-hydroxy glucuronides, a detoxified metabolite (Table 8) (69).
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TABLE 6 Effects of Green or Black Tea Drinking on Phase I and II Enzymes of Male
F344 Rat Livera

Parameter
Predominant P450
isozymes monitored Water Green tea Black tea

Phase I 1A1 4.35F 0.83 7.12F 0.31f 8.01F 0.42f

Ethoxyresorufin 1A2
dealkylaseb

1A2 1.87F 0.39 10.10F 0.86f 11.66F 2.13f

Methoxyresorufin
dealkylaseb

2B1 2.17F 0.49 3.20F 0.15f 3.36F 0.25f

N-nitrosodimethylamine
demethylasec

2E1 0.40F 0.06 0.49F 0.15 0.43F 0.11

Erythromycin
demethylasec

3A4 0.49F 0.10 0.46F 0.11 0.54F 0.10

Phase II enzymes
UDP-glucuronyltransferased 12.00F 1.22 15.61F 1.12f 17.74F 0.84f

Glutathione
S-transferasee

0.21F 0.02 0.23F 0.03 0.24F 0.02

a Data represent meanF SD of four determinations, each derived from four different animals in each
treatment group.
b Resorufin (pmol) produced/min/mg protein.
c Formaldehyde (nmol) consumed/min/mg protein.
d p-Nitrophenol (nmol) consumed/min/mg protein.
e CDNB-GSH (Amol) formed/min/mg cytosolic protein.
f p<0.01with respect to the control water group.
Source: Ref. 67.
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TABLE 8 Effect of Green Tea on Percent of the Total Urinary Radioactivity as
Metabolites of 2-Amino-3-methylimidazo[4,5-f]quinoline (IQ) in Male and Female
F344 Rats

Percent of metabolites recovered

Males Females

Metabolites Control Tea Control Tea

1. IQ-N-glucuronide 6.7 F 0.1 7.0 F 0.2 3.2 F 0.2 2.8 F 0.3
2. 5-OH-IQ sulfate 13.5 F 16.0 F 0.3a 10.7 F 0.2 14.1 F 0.2a

3. N-OH-IQ-N-glucuronide 21.8 F 0.3 24.0 F 0.4a 15.4 F 0.3 20.3 F 0.4a

4. IQ sulfamate 31.0 F 3.0 20.2 F 0.2a 50.2 F 1.1 35.3 F 0.4a

5. 5-OH-IQ-glucuronide 24.0 F 1.0 30.0 F 3.0a 18.0 F 0.2 25.1 F 0.2a

6. IQ 3.0 F 0.2 2.8 F 0.1 2.5 F 0.3 2.4 F 0.4

a Student’s t-test, p < 0.05, tea versus control. The data are the mean F SD for the groups of 10
rats for each of the four series, in which rats were prefed 2% solutions of green tea for 6 weeks,
then given a single oral dose of 40 mg/kg 14C-IQ and the urines collected for 24 hr. The metabolites
were separated by HPLC. The glucuronides and sulfate esters were increased, and the sulfamate
was decreased in the rats on tea.
Source: Ref. 69.

TABLE 7 UDP-GT Activity in Liver Microsomes
from Water- and Tea-Drinking Ratsa

p-NP consumed/min/mg protein

Sample Controls Tea-drinking animals

1 10.8 21.8
2 11.7 16.3
3 12.1 16.9
4 9.4 16
5 11.8 13.5
6 10.5 13.3
7 10.9 19.1
Mean 11 F 0.9 16.7 F 3

a Mean F standard deviation; p < 0.05 for rats on tea
compared to controls.
Source: Ref. 68.
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Since green and black tea increased the available UDP-glucuronosyl trans-
ferase, it was observed that tea-drinking animals excrete metabolites of
heterocyclic amines (69). Similar findings were made with white tea, a form
of tea that is obtained by steaming of the tea leaves, without withering as is
done for green tea. It is the least-processed type of tea from Camellia sinensis,
which yielded lower levels of DNA adducts of heterocyclic amines, and fewer
colonic aberrant crypts (70). Tea polyphenols also increased the liver micro-
somal conversion of estradiol and estrone to glucuronides (71). Earlier, we
found that decaffeinated tea was less effective than regular tea in carrying out
these reactions. Thus, caffeine may have a role, most likely together with the
tea polyphenols as discussed in more detail below (64). Along these lines,
kahweol and cafestol (found in coffee) also induced UDP-glucuronosyl
transferase and GSH-transferase (72).

D. Growth Control and Apoptosis by Tea

Tea and tea polyphenols decrease the rate of growth of tumor cells through
mechanisms involving alterations in gene expression (73–83). Tea even in-
hibited the formation of spontaneous lung tumors in A/J mice (47), which we
reported in 1966 to have a stable incidence (84). Thus, the growth control
effect of the polyphenols is remarkable. In addition, tea polyphenols increase
the rate of apoptosis (cell death) of tumor cells and lead to their elimination
(Table 9) (85–89). In cell lines derived from human head and neck squamous
carcinoma it was found that EgCg decreased cyclinD1 protein, increased p21,
p27 Bcl-2, and Bcl-x proteins, raised Bax protein, and activated caspase 9,
suggesting an involvement of a mitochondrial pathway. Several other mech-
anisms are described, involving tea polyphenols and caffeine (90–102).
Inhibition of angiogenesis may play a role (by blocking cell-to-cell commu-
nication) (29,103). These mechanisms may hold during tumor development
by tea. Fujiki et al. (104) noted that epigallocatechin gallate affected cellular
membrane tumor necrosis factor gene expression and release from cells. Also,
nitric oxide (NO) synthetase gene expression and enzyme activity was
inhibited, in turn affecting the associated activation and binding of nuclear
factor nB to the inducible NO synthetase promoter, accounting for the
inhibition of this key cellular process. Furthermore, the polyphenol epigallo-
catechin gallate affected the action of tumor promoters on transcription
factors such as AP-1 and NF-nB, in turn controlling the activity of trans-
forming growth factor TGF-g. The induction of induced mammary gland
cancer was inhibited by decreased promotion and progression stages with tea
(38,56–58). Rectal cancer was lower in tea drinkers (105). A procedure to test
the chemopreventive effect of tea with an effect on xenobiotic response ele-
ments was described (106). Reactive oxygen damage to protein was decreased
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by tea (107). A clinical trial with a polyphenol from green tea (polyphenon E) is

underway (108,109).

E. Intestinal Microflora and Immune Defenses Are Improved
in Tea Drinkers

Tea polyphenols affect viruses and bacteria (110). Enterobacteriaceae in the
intestinal tract have mostly unpleasant properties since they generate smelly
chemicals of the type of skatole and related indoles. The tea polyphenols
suppress the growth of these bacteria but have no adverse effects on beneficial
bacteria such as lactobacilli and biofidobacteria. Also, the consequence is a
lower pH of the intestinal contents since there is increased formation of
organic acids. In particular, butyric acid contributes to the chemopreventive
effect. Therefore, regular tea drinkers have a healthier intestinal bacterial
flora. Tea polyphenols have antiviral actions, as described in detail in the
monograph of Hara (111). Studies on the human immunodeficiency virus,
associated with AIDS, may provide an important application of the tea
polyphenols (Z. Apostolides, personal communication and Ref. 112).

Intake of 4–5 cups of black tea for 4 weeks led to an increase of g-y lym-
phocytes and in turn of g-interferon, reflecting a raised immune response (113).

F. Effect of Tea Polyphenols on ROS and Aging

Premature agingmay also be a result of cellular ROS (114–116). The green tea
polyphenol epigallocatechin gallate inhibited the markers for ROS and
nitrogen species (116–118). It can be concluded that regular intake of 6 or
more cups of tea per day facilitates healthy aging, which has been demon-
strated on cellular systems, in animal models, and also, through studies of
humans where regular tea intake is part of a health-promoting lifestyle, as in
Japan and India (119). In that part of the world, one does find populations at
advanced ages in good health, and a lower incidence of Alzheimer’s disease in
the aged (120–124).

G. Absorption and Metabolism of Tea Polyphenols

The results described above suggest that the active components in tea, namely
the antioxidant polyphenols, are absorbed to generate the effects noted. This
has been measured directly through a number of distinct analytical methods,
such as HPLC and other chromatographic procedures, that were used to
determine circulating levels in humans by several different groups. Other
effects measured were the effect of intake of polyphenols from tea on
biochemical parameters, such as the in vivo antioxidant effects in humans
(125–127). The direct measurement of metabolites of epigallocatechin gallate
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utilized the tritiated chemical (128–132), through which it was discovered that
therewasmethylationof the catecholic structure in the epigallocatechin gallate
(132). Also, conjugates such as glucuronides have been found (133,134).
Clearly, the effects on inhibition of carcinogenesis in various models demon-
strate that the active components are absorbed and metabolized, and they are
available in many tissues and organs (135).

The metabolism of dietary polyphenols, not necessarily from tea,
suggests similar reacting, methylation and glucuronide formation, and open-
ing of rings, mostly from catechol parts of the polyphenol under the influence
of intestinal bacterial enzymes.

It has been suggested that the tea polyphenols might prevent the
absorption of essential minerals. However, this speculation is not correct. It
was found, for example, that iron is fully available (136).

H. Role of Caffeine

We have described the slightly improved antimutagenicity of regular tea
containing caffeine compared to the decaffeinated version of the same tea (64)
(Table 10). The tea polyphenols are active antioxidant and antimutagenic
components of green or black tea but the finding that regular tea seems more
active called attention to the fact that caffeine may also play a role. Thus,
independent study of caffeine has described an antimutagenic effect of caffeine
against heterocyclic amines and on enzyme induction in a dose-related
fashion (Table 11) (64,137–141). Also, in mice exposed to ultraviolet (UV)
light, a similar finding wasmade, namely that decaffeinated tea was somewhat
less active than regular tea and that caffeine itself displayed an inhibiting effect
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TABLE 10 Inhibition by Black and Decaffeinated Black Tea of the
Mutagenicity Caused by PhIP in the Salmonella typhimurium TA98
Assay with S9 Activation

Black tea (mg/pl) Regular tea (rev/pl) Decaffeinated tea (rev/pl)

1 275 F 22 424 F 35
0.5 609 F 22 726 F 76
0.25 775 F 143 845 F 53
0.125 697 F 258 798 F 59

All values are for black or decaffeinated black tea with 2.5 Ag PhIP. PhIP only gave 1113
F 12 rev/pl. With 1 mg tea, the difference between regular and decaffeinated tea was
significant at 0.05, but at other concentrations, the differences were not significant. The
ID50 for black tea was 0.57 mg, and for decaffeinated tea 0.76. Each set of data is the
mean F SD from three plates. The background of 35 F 2.3 rev/pl was subtracted from
the gross data.
Source: Ref. 64.
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(139). Tea has induced several Phase I and Phase II enzymes. In this instance
as well, regular tea showed increased action compared to decaffeinated tea,
and a test of caffeine could induce specific cytochromes, in particular
cytochrome p450 1A2 (67,137–139). In vitro, both teas and caffeine inhibited
the growth of several human cancer cell lines (140). Serum concentrations of
hormones and the hormone-binding globulin in women were also altered by
caffeine (141). Tumor induction by tea in rodents and humans displayed
improved effects with regular tea compared to decaffeinated tea, also leading
to the conclusion that caffeine affects the overall effect observed (64,137–142).
For example, in a lung cancer model, caffeine was noted to have an
appreciable role (143).

It can be concluded that the relatively small amounts of caffeine, about
50 mg/150 mL cup of tea, made with 2.25 g of dry tea leaves, exerts an
important interactive effect with the polyphenols. This potentiated action
suggest that there is a joint effect between caffeine and tea polyphenols, since
there is three times as much caffeine per cup of coffee, but the various effects
described have not been observedwith coffee. Admittedly, there have not been
the detailed research results described for the amount of caffeine in coffee or
coffee itself. Recently, cafestol and kahweol, diterpenes with anticarcinogenic
activity, have been noted in coffee (72,144). Nonetheless, caffeine displayed a
dose-response relationship when studied by itself in the various parameters
examined so far. Caffeine is a stimulant and the amount present in a few cups
of tea is adequate to exert a desirable effect. Clearly, additional investigations
in this interesting field on the possible interaction between caffeine and the tea
polyphenols in the various physiological and biochemical parameters would
be of great relevance. A monograph on caffeine has appeared. It provides
information on caffeine consumption, disposition andmode of action, and on
development in childhood, on human behavior onwithdrawal, action on bone

TABLE 11 Inhibition of the Mutagenicity of PhIP by
Caffeine (C)

Ag Revertants per plate

PhIP +C 65 850 F 166
PhIP +C 125 639 F 47
PhIP +C 250 651 F 21
PhIP +C 500 473 F 17

With 2.25 Ag PhIP, there were 1570 F 126 rev/pl with S.
typhimurium TA98 with S9, using three plates per point. The
data indicated a linear dose-response. The ID50 for caffeine
was 126 Ag. The background was 40 F 0.8 rev/pl.
Source: Ref. 64.
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and calcium metabolism and effect on women in relation to reproductive
hazards (144). As noted, the amount of caffeine per cup of tea is limited, in
comparison to other beverages. Also, there are excellent decaffeinated teas
that might be suggested as a health-promoting beverage, as discussed herein,
for children under age 15.

I. Tea, Weight Control, and Thermogenesis

Black, green, and oolong teas, perhaps because of their limited caffeine
content, have been found to increase thermogenesis, to inhibit lipases, and
to control body weight and body fat (Table 12; see also Table 9) (87,145–151).
The relevant mechanism may be an effect on fat cell synthesis and the
endocrine system, modulated by leptin. Green tea and caffeine increased
physical activity and lowered body fat in mice. Also, tea, especially epigallo-
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TABLE 12 Effect of Oral Administration of Caffeinated Beverages on the
Thickness of the Dermal Fat Layer Under Tumors of Different Sizes in
SKH-1 Mice Previously Treated with UV (High-Risk Mice)

Thickness of dermal fat layer under tumors (Am)

Tumor
diameter
(mm)

Noncaffeinated
plus caffeinated

beveragesa
Noncaffeinated
beveragesb

Caffeinated
beveragesb

Percent
decrease

V0.5 58 F 3 (202) 70 F 4 (100) 45 F 2 (102) 36
0.5–1 49 F 3 (204) 63 F 3 (125) 27 F 2 (79) 57
1–2 43 F 3 (177) 54 F 3 (125) 16 F 2 (52) 70
2–3 31 F 5 (56) 39 F 5 (42) 4 F 1 (14) 90
>3 24 F 5 (50) 34 F 6 (35) 1 F 1 (15) 97
Mean value 47 F 1 (689) 58 F 2 (427) 29 F 2 (262) 50

UV-pretreated high-risk SKH-1 mice were treated orally with noncaffeinated beverages
(water, dGT, dBT) or caffeinated beverages (GT, BT, CF, dGT+CF, and dBT+CF) for 23
weeks as described in Table 1. The thickness of the dermal fat layer under tumors of
different sizes was measured in all 152 tumors-bearing mice (67 mice from the
noncaffeinated beverage groups and 85 mice from the caffeinated beverage groups). The
values in parentheses indicate the number of tumors studied. The mean value for the
thickness of the dermal fat layer under tumors F Se is given for tumors of different sizes.
a There was a significant negative linear association between tumor diameter and the log
thickness of the dermal fat layer under tumors ( p=0.0001) using the random coefficient
(hierarchical linear) model.
b The rate of decrease in thickness of the dermal fat layer under tumors of increasing size
in mice treated with caffeinated beverages was significantly greater than that for mice
treated with the noncaffeinated beverages ( p = 0.0001) using the random coefficient
(hierarchical linear) model.
Source: Ref. 87 (see Table 9).
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catechin gallate, but not caffeine, raised insulin activity (152,153). Concep-
tually, those findings may be important in light of the fact that obesity is
increasing, and general adoption of a health-promoting beverage, tea, may be
a relatively simplemeans of assisting control of bodyweight with an otherwise
healthy nutritional tradition.

III. CONCLUSION

Green tea and black tea, beverages second only to water as regards their
worldwide usage, contain interesting phytochemicals, the polyphenols. A
commentary on tea and health recently appeared (154). Green and black tea

TABLE 13 Multiple Mechanisms of Action of Tea (from Camillia sinensis)

1. In most cases black, oolong, and green tea display similar effects.
Those are beverages consumed worldwide as infusions in hot water.
Iced tea is prepared by adding ice to a concentrated infusion. Effects
are similar at equal concentration, using a tea bag with 2.25 g tea, in
150 mL water (1.5% solution). The active principles in tea are specific
polyphenols, epigallocatechin gallate (EgCg) in green tea, and
theaflavins plus thearubigins in black tea.

2. Tea acts as antioxidant, decreasing the effect of ROS on cholesterol,
LDL cholesterol (heart diseases), or DNA (neoplasms).

3. Tea induces several specific cytochrome P450 enzyme complexes,
and UDP-glucuronosyl transferases, the latter serving to detoxify
many types of carcinogens and other toxic chemicals.

4. Tea inhibits systems associated with growth of tumor cells and
facilitates apoptotic cell death of neoplasms.

5. Tea modifies intestinal bacterial flora, favoring the outgrowth of
beneficial bacteria and inhibiting development of bacteria with
unfavorable actions.

6. Tea decreases leptins concerned with food energy utilization and
fat cell growth and thus favors body weight loss and helps avoid
obesity, but a leptin-receptor-independent action may account for
the effects of tea.

7. Tea decreases the effect of ROS associated with cell, tissue, and
body aging and hence is a means to slow the aging process and
the associated diseases.

8. A number of the favorable actions of tea are mediated by its
relatively low caffeine content. Seemingly the caffeine operates
together with the tea polyphenols.

9. Tea can stimulate immunity through specific mechanisms, leading
to improved resistance to microbial infections and possibly inhibiting
tumor development.
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modify host enzyme systems serving to detoxify endogenous or exogenous
chemicals. They increase the level of cellular antioxidant defenses, and thus
lower the risk of diseases involving adverse oxidative reactions such as heart
disease and a number of types of cancer. Green and black tea have similar
protective actions inmost of the tests conducted. Caffeine in tea plays a role in
the effects observed, since regular tea usually is slightly better than decaffein-
ated tea. Yet, the purified tea polyphenols available commercially are active as
such at the concentrations studied. We suggest intake of 6–10 cups/day may
be a useful dietary habit to assist in lowering the risk of a number of chronic
diseases, especially as part of a health-promoting nutritional tradition, low in
total fat (emphasis on monounsaturated and N-3-polyunsaturated oils) and
low in salt, with adequate vegetables and fruits, bran cereal, insoluble fiber,
and also sources of soluble fiber (155). Total fluid intake in adults might be
about 2.5 L, of which tea can be 0.7–1.4 L. It will be important to refine the
mechanistic knowledge whereby tea polyphenols operate to change host
physiology and biochemistry, and prevent a number of chronic diseases
affecting humans (Table 13). Tea should be the beverage of choice in
hospitals, which might facilitate recovery of the patients. Prevention is the
definitive ‘‘cure’’ of chronic diseases, including most types of cancer, for
which current therapy is difficult and expensive.
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Ginkgo biloba
From Traditional Medicine to Molecular Biology

Yves Christen

Ipsen
Paris, France

I. INTRODUCTION

A botanical curiosity, Ginkgo biloba is also extremely original in its bio-
chemical composition. This probably explains the multiplicity of effects
observed with Ginkgo biloba extract—EGb 761. Studied at all levels of the
organization of life (molecular, cellular, tissular, the entire organism, and
behavior, including in humans), EGb 761 has shown particularly interesting
effects in four domains: protection of the nervous system, protection of the
circulatory system, protection against various diseases of the retina, and
protection against some otorhinolaryngeal (ORL) diseases. Several of these
effects are explained by its antioxidant action and by its effects on gene
expression. As far as physiology and therapy are concerned, one remarkable
aspect of EGb 761 is that it does not have a single unidirectional effect
(activator or inhibitor) but rather is regulatory, promoting the adaptation of
the organism to the situation at hand. This result may be due to the fact that it
is a natural extract, that is, a set of molecules made by the process of natural
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selection, a mechanism specialized in the making of adaptive biological
systems.

Before any of its potential therapeutic uses were known, Ginkgo biloba
was the object of study by botanists because it is an extremely original tree.
For more than 30 years, an extract from the tree has also been a very popular
drug, first in Europe (especially in France and Germany) and, more recently,
in the United States. While several extracts of Ginkgo biloba exist, the
reference extract, the extract that exists in standardized forms and has been
the object of most of the published studies, is that known as EGb 761 (extrait
de Ginkgo biloba nj761).

In recent years, the number of publications about Ginkgo biloba has
multiplied impressively. I have described the universe of ‘‘ginkgology’’
elsewhere as an expanding universe (1). The concept of ginkgology is justified
by the existence of a significant collection of data in very different domains but
all concerning Ginkgo biloba: botany, evolution, ethnology and the study of
traditional cultures, cultural anthropology, Asian civilizations and Far
Eastern mythology, chemistry, pharmacology, medicine, etc. From this point
of view, Ginkgo biloba is singular, perhaps unequaled in the medical world.

The increase in the number of scientific publications related to ginkgo
confirms the reality of this expansion, as the analyses contained in the ginkgo
database (Fig. 1) show. Although some of these studies concern nonmedical
aspects of ginkgology, most examine EGb 761 and its interest to medicine.
This situation is a rather paradoxical phenomenon in the history of the med-
ical and pharmaceutical sciences: in most cases, drugs are studied primarily
before their sale is approved and immediately afterward. The demands of
marketing have led pharmaceutical laboratories to neglect them later, because
they think they have said all that there is to be said about them and because
they have found and are focusing on the next generation of drugs. Histori-
cally, the singularity of this difference is even greater than would appear from
a simple reading of the statistics about the number of publications. Today, the
important drugs arrive on the market with their history already established.
The sponsors must argue convincingly that the research that led to their
development was perfectly planned and rational and led to the specific target
defined at the outset (e.g., inhibition of an enzyme or binding to a specific
receptor). We might say that these drugs, conceptually, are represented in a
finished universe (even though it is always possible to add new indications).
EGb 761, on the other hand, exists in an open universe, into which totally new
and even unforeseen data can arrive.

II. WHAT IS GINKGO BILOBA?

Ginkgo biloba is a tall, long-lived tree originating from China (2). Ginkgo
means ‘‘silver apricot’’ and biloba refers to the shape of the two distinct lobes
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of the leaves. This species, which was classified in 1771 by Linné, is the only
representative of the class of Ginkgoatae and even of its entire phylum, that of
Ginkgophyta, distinct from all other trees, notably Coniferophyta and
Cycadophyta. To this taxonomic singularity is added its unique status as a
living fossil. Ginkgo trees already flourished 180 million years ago, when
several species existed. Over the past million years, Ginkgos have progres-
sively disappeared from most of the earth, finally surviving only in China.
They have in fact nearly disappeared there, except for several rare areas, the
best known of which are in Zhejiang province on the west peak of Tianmu
Mountain (3). Fortunately, this disappearance in the wild has been compen-
sated for by the cultivation of numerous specimens in China, Japan, other
countries in the Far East, and even throughout the rest of the world. Many of
these protected trees are very old. There are reports of more than 100
specimens in China that are more than 1000 years old (4). Ginkgo biloba
was first introduced in Europe in 1690 by the botanist Engelbert Kaempfer,
who described it as a ‘‘tree with duck feet’’ owing to the shape of its leaves (5).
It is also an extremely hardy tree, as proved by its ability to survive the atomic
bomb on Hiroshima. Today it adjusts well to pollution and is resistant to
parasites; both reasons account for its success in our cities.

III. WHAT IS GINKGO BILOBA EXTRACT?

Ginkgo biloba extract, EGb 761, is a standardized extract of Ginkgo biloba. It
contains 24% flavonoids and 6% terpene lactones. The flavonoids are nearly
exclusively flavonol-O-glycosides (combination of the phenolic aglycones—
quercetin, kaempferol, or isorhamnetin—with glucose or rhamnose or both in
different positions of the flavonol moiety). The terpenoids are ginkgolides
(3.1% of the extract) and bilobalide (2.9%), both found exclusively in the
Ginkgo biloba tree. Ginkgolides are diterpenes, five of which have been
identified (gingkolides A, B, C, M, and J). Bilobalide is a sesquiterpene.
EGb 761 also contains proanthocyanidins (prodelphinidins) and organic
acids (6). The combined activity of all the components of EGb 761 is required
for its optimal therapeutic action (6). Several other extracts exist, especially in
United States, where this herbal drug is not strictly regulated as in Europe.
These extracts can vary in content, purity, and potency.

IV. CLINICAL INDICATIONS

The use of the ginkgo tree in traditional Chinese medicine is very ancient. The
seeds have been used since at least the thirteenth century and the leaves since
at least the sixteenth century. Modern Chinese pharmacopoeias mention the
use of the leaves in the treatment of cardiac and pulmonary diseases but also
against dysentery and filariasis (2,7). ModernWestern usage ofGinkgo biloba
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extract is much more recent and results from research inspired not by
traditional medicine but linked instead to the development of pharmacology.
A first extract was marketed in 1965 in Germany by Dr. Willmar Schwabe
Company. EGb 761 was first registered in France in 1974 and sold in 1975 by
Institut Ipsen (now Ipsen Pharma) under the trademark Tanakan and in
Germany as Rokan by Intersan in 1978 and as Tebonin forte by Dr. Willmar
Schwabe Company in 1982. Its first therapeutic indications involved circula-
tory disturbances. More recently, the therapeutic effects that have been
studied most are those affecting the psychobehavioral disorders associated
with aging. These include cognitive disturbances, such as age-related memory
disorders (grouped together today as mild cognitive impairment, MCI), or
dementia, such as Alzheimer’s disease. Whether these various indications
(Alzheimer’s disease, in particular), are included in the approved indications
varies from country to country. EGb 761 is also prescribed against several
diseases of the sensory organs that are often associated with aging, such as
presbyacusis, tinnitus, age-related macular degeneration, glaucoma, etc.

In Europe (principally in France and Germany) these indications are
officially approved, and patients are reimbursed for these health expenses. In
the United States, on the other hand, Ginkgo biloba extract is mostly con-
sidered an herbal drug and is marketed as a health food.

In addition to the indications cited, EGb 761 has been the subject of
numerous investigations that have reached definitive conclusions about its
action in extremely diverse areas. Some of these indications are justified by
serious studies—placebo-controlled and double-blinded—while others rest
on much more fragile or uncontrolled foundations. Among the former, we
note cognitive impairments associated with multiple sclerosis (8); mood
disorders, particularly depression (9); sexual dysfunctions (10); and radia-
tion-related disorders (11).

V. BIOLOGICAL PROOFS OF EFFICACY

Numerous studies have reported the principal effects of EGb 761: against
neurodegenerative disorders, visual or ORL diseases, the ischemic process,
and the vascular diseases associated with it (Table 1). These studies concern
all levels of the organization of life: molecular, cellular, tissular, the entire
organism (especially when aged or diseased), behavioral, and finally human.
It is this multiplicity of findings that in its entirety constitutes the best proof of
the extract therapeutic effect (12).

Many of these effects are ubiquitous. Thus, EGb 761 protects the
cellular organelles, mitochondria in particular (13), the membranes, DNA,
etc., and the cell as a whole against stress of diverse origins (radiation, toxic
agents, etc.) and against aging. This protective effect involves diverse diseases
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of aging and not only neurodegenerative diseases. This explains the diversity
of the indications for EGb 761.

To these ubiquitous effects we can add some that aremuchmore specific,
revealed by numerous studies, especially in vivo, in various pathophysiolog-
ical models. For example, EGb 761 acts in vivo in models of various nervous
system diseases: Alzheimer’s disease (transgenic mice overexpressing a histo-
pathological mutation of amyloid precursor protein), amyotrophic lateral
sclerosis (transgenic mice expressing a harmful mutation to the superoxide
dismutase gene, SOD1), Parkinson’s disease (animals exposed to MPTP),
stroke, head trauma, etc. EGb 761 also acts against cardiovascular disease,
affecting various models of arrhythmia, myocardial ischemia and hypoxia,
cerebral edema, etc. (12,14,15).

Finally, several clinical studies have confirmed its effect in the
corresponding human diseases. These studies, as well as experimental re-
search, justify expansive, large-scale prospective studies to determine whether
EGb 761, which is associated with a lower prevalence of Alzheimer’s disease
in the Epidos epidemiological study (16), can prevent or delay the onset of this
disease. The ginkgo evaluation of memory (GEM) study in United States (17)
and the GuidAge study in France (18) are currently among the largest
preventive studies in this field.

The clearest demonstration of the effects of EGb 761 does not concern a
disease in the strict sense of the term but rather involves the duration of life.
EGb 761 is the only substance that has been shown to be able to increasemean
and especiallymaximum longevity in rats (19), whichmeans a species ofmam-
mals. This longevity effect has also been found in the worm Caenorhabditis
elegans (20). Although this effect does not actually involve protection against
a disease, its medical importance is beyond dispute: it unambiguously
demonstrates the reality of the biological action and proves how well this
substance is tolerated.

VI. MECHANISMS OF ACTION

All of the various effects of EGb 761 cannot be attributed to a single mech-
anism of action or to a single molecule in the extract. The free-radical scav-
enging effect, for example, is due to flavonoids (21) but also to ginkgolides
(22), the PAF-inhibiting effect (23) as well as the inhibition of peripheral
benzodiazepine receptors (24) to ginkgolides, the protection against apoptosis
and beta-amyloid toxicity to flavonoids (25), the increased longevity, at least
in the worm C. elegans, to flavonoid action (20), and the upregulation of the
cytochrome c oxidase gene to the biobalide (26).

Reduction to a single mechanism is certainly not necessary. Nonetheless
we can explain many of EGb 761’s effects by its antioxidant action and its
action on gene expression, two related but distinct phenomena. Extensive
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experimental data have confirmed that it acts as a free-radical scavenger
(21,27), including in vivo in humans (22). This finding tends to explain its
protective role—of the nervous system in particular—in the harmful processes
associated with aging and with traumatic, ischemic, or toxic injuries: most of
the neurodegenerative disorders seems to be linked to a similar mechanism,
i.e., the aggregation of toxic proteins and the effect of free radicals (28,29).
More recently, effects have been observed on gene expression: EGb 761 in-
hibits AP-1 transcription factor (30) and increases or decreases the expression
of many genes in vitro (31). Studies have also shown that EGb 761 affects in
vivo gene expression in animals (32). In several cases, the gene effect involves
not onlymRNA expression but also production of the corresponding protein,
including proteins with a clear-cut protective role, especially against neuro-
degenerative diseases, such as heme oxygenase 1 (33).

The free-radical-scavenging action is linked to the effect on gene ex-
pression, in that many genes, including those for transcription factors such as
AP-1 and NF-kappaB, are sensitive to the free-radical concentration in cells.
Nonetheless, from a biological and treatment point of view, these two
mechanisms must be distinguished. Antioxidant action, in the strict sense of
the term, explains the protection against degenerative mechanisms and thus
the prevention or slowing down of decay. EGb 761 also exerts—for example,
on attention mechanisms—effects that occur immediately or at least rapidly
and cannot be explained simply by protection against cell death. Some of
these effects may be due to changes in gene expression, which is a fast process.
This particular mechanism can bring into play a multitude of targets within
the cell, since proteins are often expressed in clusters within cells. The idea of a
single target is thus illusory. The multiplicity of effects is particularly expected
here because the extract contains numerous distinct molecules. The tools of
molecular biology now offer newmeans of approaching this complexity, since
DNAarraysmake it possible to see, in a single experiment, an effect on several
thousand genes. These are thus particularly important methods for testing the
effect of such complex treatments as plant extracts, especially EGb 761 (34).

Another protective mechanism involved in many physiological and
pathological situations is protection against cell death, especially apoptosis
(25,35,36). Such an effect is potentially beneficial in many neurodegenerative
diseases. Interestingly, EGb 761 protects cells from apoptosis in aged animals
but it also exerts a cytostatic effect on tumor cells, thus showing an interesting
adaptive effect (see latter on).

VII. AN ADAPTIVE EFFECT

One of the most remarkable aspects of EGb 761 is that, unlike many modern
drugs, its pharmacological effects do not simply inhibit or activate a given
target. On the contrary, its effect is instead regulatory, sometimes agonistic,
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sometimes antagonistic. Thus, at the vascular level, it does not simply exert
effects on arteries, veins, and capillaries: these effects can be dilatational or
constrictive, depending on the target or condition (6,37).

We know other examples of EGb 761’s regulatory effects, in particular
its action on apoptosis.Many experiments have shown that it protects against
apoptotic phenomena, in particular in the framework of neurodegenerative
processes (25), where this type of cell death plays a harmful role (38). In the
presence of tumor development, however, EGb 761 acts in the opposite
direction; that is, it has cytostatic properties that promote the elimination of
cancers (39).

The effect of EGb 761 on the cerebral metabolism exemplifies another of
these adaptive mechanisms. EGb 761 promotes oxygen and glucose con-
sumption in the brains of animals in ischemic situations (40), but, inversely,
facilitates metabolic economy in healthy subjects (41). PET imaging studies in
humans have shown that themost gifted subjects tend to expend only a limited
amount of brain energy for a given task compared with other individuals (42),
and, inversely, that individuals with dementia use more energy than normal
subjects (43). Economical energy metabolism is thus essential for optimal
brain operations.

From a behavioral and neurochemical point of view, the effect of EGb
761 is similarly regulatory, promoting appropriate decision-making and
neurotransmitter concentrations that help restore normality (44).

This drug thus seems to exert an adaptive effect; that is, it is sensitive to
the physiological or pathological situation in which the organism finds itself
(45). This may explain why it increases longevity. We note in this regard that
the effects of EGb 761, which seem to differ from those of other drugs, resem-
ble to some extent those of calorie restriction. The latter also extend life span
and protect neurons against cerebral aging (46), undoubtedly by general ho-
meostatic adaptation of the organism. By regulating energy expenditures (and
modifying gene expression), calorie restriction preserves metabolic potential
and limits free-radical production, itself associated with oxygen metabolism.
The comparison is nonetheless incomplete, since EGb 761 intake is not
accompanied by a reduction in the size of the organism, but it looks prom-
ising, especially because calorie restriction could be not very well adapted to
human condition. Recent data suggest that biomarkers of calorie restriction
may predict longevity in humans even in people who were not really on a diet
(47). Thatmeans that it could be physiologically possible tomimic the effect of
calorie restriction. EGb 761 could influence the metabolism in this way.

VIII. BOTTOM-UP VERSUS TOP-DOWN EFFECT

Modern therapeutic research is essentially based on the study of mechanisms
of action: treatment targets can thus be defined and drugs developed spe-
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cifically against them. The efficacy of the products thus developed should be
guaranteed by the logic of this approach: they should work because they act
directly on one of the steps involved in pathogenesis. This is whatwemight call
a bottom-up strategy, which involves starting from an elementary target,
located downstream, to exert a systemic effect upstream. The efficacy of this
strategy requires no further proof We nonetheless note two aspects that raise
questions about this type of approach. The first is that, in reality, it is
impossible to define any single target in a cell that is independent from all
other elementary targets. Developments in cellular and molecular biology
show that cell proteins function in clusters. They have a social life: by touching
one, we affect many others. Along the same line, we note that all cell signaling
systems constitute cascades that involve many more or less ubiquitous
enzymes. The concept of a single, well-defined target is thus less simple than
we imagine, and a product ‘‘designed’’ to affect only one enzyme or receptor
will, by a sort of domino effect, affect a multitude. To this rather theoretical
comment we must add another, more bothersome in practice: the highly
targeted strategies often present side effects that are the logical consequence of
damage to a natural physiological system that has a rationale. In some way,
disease is always a steady state or a state of compensation, in which the
organism is readapting to copewith a situation—very imperfectly, of course—
which is why the organism is sick. The dislocation of one of the cogs of this
system is thus also a disturbance, the disruption of a compensation.

This bottom-up strategy can conceptually be opposed by another,
which we can describe as top-down. Rather than aiming at a simple target,
we focus on a physiological whole, hoping to modify specific molecular
targets by a cascade effect. Psychotherapy is an example of this approach.
It does not target a particular receptor or neuromediator (as psychoactive
drugs do) but the subjects themselves. When it works, this strategy must also
necessarily affect molecular targets but without focusing on them. Other
examples of top-down strategies include more technologically sophisticated
practices of modern science, such as transcranial magnetic stimulation or the
more invasive stimulation used in the treatment of Parkinson’s disease: a
global target is aimed at, and the effect descends in a cascade to the molecular
level.

Both strategies—bottom-up and top-down—have been used in EGb
761 studies.While many investigations have been based on a highly molecular
strategy (for example, studies of the expression of some well-defined genes),
others are more comprehensive (for example, its antistress effect or its effect
on the duration of life, which is probably the most global parameter imag-
inable). The pursuit of this twofold line of research is incontestably original.
The hope is that the two approaches may, as often as possible, meet at some
level. This is apparently the case in neurodegenerative diseases, where we
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observe a comprehensive protective effect that may be explained by the data
available from the study of elementary mechanisms. Other situations seem
less clear; for example, some nearly immediate cognitive effects are difficult to
explain by neuroprotection, as is the regulatory action of EGb 761 (that is, it
works so often in the direction of adaptation to circumstances). We might
simply postulate that this particularly beneficial aspect is related to the fact
that EGb 761 is a natural extract, shaped by natural selection for millions of
years to interact with physiological targets and to adapt to cellular complex-
ity. There is hardly any reason for a manufactured synthetic molecule
essentially designed to interact with a single target to have such a charac-
teristics. From this point of view, it is hardly surprising that, by acting on its
target, this molecule disturbs the rest of the physiological system. A natural
extract (i.e., shaped by natural selection) has a greater chance of being less
disruptive.
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diabétique débutante traitée par extrait de Ginkgo biloba. J Fr Ophthalmol 1988;
11:671–674.

75. Schumer RA, Podos SM. The nerve of glaucoma! Arch Ophthalmol 1994;

112:37–44.
76. Head KA. Natural therapies for ocular disorders. Part two. Cataracts and

glaucoma. Altern Med Rev 2001; 6:141–166.
77. Chung H, Harris A, Kristinsson JK, Ciulla TA, Kagemann C, Ritch R. Ginkgo

biloba extract increases ocular blood flow velocity. J Ocular Pharmacol Ther
1999; 15:233–240.

78. Lacour M, Ez-Zaher L, Raymond J. Plasticity mechanisms in vestibular com-

pensation in the cat are improved by an extract of Ginkgo biloba EGb 761.
Pharmacol Biochem Behav 1991; 40:367–379.

79. Denise P, Bustany P. The effect of an extract of Ginkgo biloba (EGB 761) on

central compensation of a total unilateral peripheral vestibular deficit in the rat.
In: Lacour M, Toupet M, Denise P, Christen Y, eds. Vestibular Compensation:
Fact, Theories and Clinical Perspectives. Paris: Elsevier, 1989:201–208.

80. Yabe T, Chat M, Malherbe E, Vidal PP. Effects of Ginkgo biloba Extract (EGb

761) on the guinea vestibular system. Pharmacol Biochem Behav 1992; 42:595–
604.

81. Haguenauer JP, Cantenot F, Koskas H, Pierat H. Traitement des troubles de

l’équilibre par l’extrait de Ginkgo biloba: etude multicetrique à double insu face
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thermiques défavorables: méthodologie et résultat de l’étude de l’extrait de
Ginkgo biloba. Act Angiol 1982; 7:3–8.

92. Tamborini A, Taurelle R. Intérêt de l’extrait standardisé de Ginkgo biloba (EGb
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I. INTRODUCTION

The use of ‘‘natural’’ or alternativemedicines for treating a variety of ailments
has increased significantly in the past few years. More and more older adults
are using complementary and alternative medicine dietary supplements and
herbal remedies without advice from a physician (1). Unfortunately much of
the information regarding the effectiveness and safety of these remedies has
been gleaned from anecdotal or historical accounts, which seem to be readily
available from a variety of sources. For example, advice offered to pregnant
women by ‘‘medical herbalists’’ is readily available over the Internet, and gen-
erally the advice offered is misleading and may even be dangerous (2). Plants
of the ginger (Zingiber officinaleRoscoe, Zingiberaceae) family are among the
most heavily consumed dietary substances in the world (3). Although ginger
has been suggested, by results of both experimental and clinical data, to be safe
for therapeutic use (4),many clinicians and researchers advise caution because
of the lack of a complete understanding of its mechanisms of action (5–7). The
acquisition of sound scientific research data has only just become a priority for
determining the mechanism of action of many dietary compounds, including
ginger. A recent review emphasizes the importance of scientific appraisal to
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establish the safety and efficacy of potential therapeutic plant remedies (8),
and the risks and benefits of herbal medicine have also been reviewed (9,10).
Ginger has been purported to have a variety of powerful therapeutic effects
and has been used for thousands of years for treatment of numerous ailments,
including colds, nausea, arthritis, migraines, and hypertension. The medici-
nal, chemical, and pharmacological properties of ginger have been recently
extensively reviewed (11–13). The purpose of this chapter is to critically
evaluate the available scientific evidence supporting the effective and safe
use of ginger and some of its various components.

II. METABOLISM OF GINGER

Although ginger is one of the most commonly consumed spices worldwide,
very little is known about its metabolism or metabolites. An evaluation of the
bioactivity of crude dietary compounds, including ginger, is necessary for a
complete understanding of themechanism of action and potential therapeutic
effects. Although many food-derived supplements are consumed with little
knowledge of their activity or safety, more attention is beginning to be given
to addressing these issues.
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The oleoresin from the root of ginger contains [6]-gingerol (1-[4V-
hydroxy-3V-methoxyphenyl]-5-hydroxy-3-decanone), the major pharmaco-
logically active component (Fig. 1a) (3), and lesser amounts of a structurally
related vanilloid, [6]-paradol (1-[4V-hydroxy-3V-methyoxyphenyl]-3-decanone
(Fig. 1b). An earlier study indicated that [6]-gingerol is very rapidly cleared
from rat plasma following intravenous administration (3 mg/kg) (14]. In a
later study, 6-gingerol was reported to be metabolized enzymatically in a ste-
reospecific reduction to gingerdiol (15]. The careful isolation of several
metabolites of [6]-gingerol after oral administration (50 mg/kg) to rats has
recently been reported (16). A main metabolite, (S)-[6]-gingerol-4V-O-h-glu-
curonide, was detected in the bile and several minormetabolites were found in
h-glucuronidase-treated urine, indicating that orally administered [6]-gin-
gerol undergoes conjugation and oxidation of a phenolic side chain (16). This
study maymark the beginning of the type of in vivo information that needs to
be obtained, but more work is obviously needed to determine the biological
activities and mechanism of action of these metabolites.

III. ANTIOXIDANT PROPERTIES OF GINGER

A common mechanism offered to explain the actions and health benefits of
ginger and other herbs and spices is related to their antioxidant properties
(17,18). A systematic analysis (19) of several hundred dietary plants revealed
that ginger root contained a very high concentration (3.85 mmol/100 g) of
total antioxidants. Only pomegranate and several types of wild berries (e.g.,
dog rose, blueberry, strawberry, blackberry) had a higher total antioxidant
concentration (19). In addition, Zancan et al. (20) recently presented a de-
tailed report on the development of a process to produce ginger extracts with a
high content of antioxidants, suggesting that antioxidant activity is widely
accepted to be important in the effectiveness of ginger.

Tumor promoters, including 12-O-tetradecanoylphorbol-13-acetate
(TPA), are believed to act by promoting oxidative stress through the acti-
vation of the NADPH oxidase system and/or the xanthine oxidase system.
Many edible Japanese plants, includingmioga ginger, were reported to be very
effective in suppressing TPA-induced superoxide generation from NADPH
oxidase and xanthine oxidase in HL-60 cells and AS52 cells, respectively (21).
Several additional studies suggest the effectiveness of ginger as an antioxidant
in vitro. Ginger compounds were shown to inhibit lipid peroxidation (22,23),
to inhibit superoxide production (21,24), and to decrease oxidative stress
markers associated with aging (25). Recent studies suggest that ginger was
effective in lowering experimentally induced lipid peroxidation and maintain-
ing glutathione levels (26,27). Although, evidence suggests that ginger and
some of its components are effective antioxidants in vitro, the physiological
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activity in vivo is not clear andmore work using isolated, purified components
of ginger is needed.

IV. ANTICARCINOGENIC EFFECTS OF GINGER

Several aspects of the chemopreventive effects of various phytochemical
dietary and medicinal substances, including ginger, have been reviewed
(3,28,29). Possibly because of our general failure to find a ‘‘magic cure’’ for
cancer, the identification of plant-derived compounds or phytochemicals
having the capacity to interfere with carcinogenic processes has been receiving
increased interest. Many herbs and spices are known to possess an array of
biochemical and pharmacological activities including antioxidant and anti-
inflammatory properties that are believed to contribute to their anticarcino-
genic and antimutagenic activities.

Earlier studies suggested that gingerol was an effective inhibitor of az-
oxymethane-induced intestinal carcinogenesis in rats (30). Several ginger
components were shown to have effective antitumor-promoter activity based
on their ability to inhibit TPA-induced Epstein-Barr virus early antigen
(EBV-EA) in Raji cells (31,32).

The most common model used to study the effectiveness of ginger as an
antitumor agent in vivo seems to be the two-stage initiation-promotionmouse
skin model. In this paradigm, tumors are initiated by one application of 7, 12-
dimethylbenz[a]anthracene (DMBA) followed by repeated topical applica-
tions of TPA beginning a few days later. Ginger and its constituents have been
shown to inhibit tumor promotion in mouse skin (33). Another study in-
dicated that topical application of (6)-gingerol onto the shaven backs of
female ICR mice reduced the incidence of DMBA-initiated/TPA-promoted
skin papilloma formation and also suppressed TPA-induced epidermal
ornithine decarboxylase activity and inflammation (34). In a similar more
recent study, Chung et al. (35) reported that in the DMBA/TPA skin tumor
model, topical application of [6]-paradol and [6]-dehydroparadol prior to
the application of TPA significantly reduced both the number of tumors per
mouse and the fraction of mice with tumors (35). They suggested that the
antitumor-promoting effect may be related to the ability of these compounds
to suppress TPA-induced oxidative stress.

On the other hand, evidence also suggests that ginger and other related
compounds may act as chemopreventive agents by inducing programmed cell
death or apoptosis (36). At least two recent studies suggest that these com-
pounds suppress proliferation of human cancer cells through the induction of
apoptosis (37,38). However, very little is known regarding the molecular
mechanisms by which they may exert their antitumorigenic effects. Previ-
ously, through the comparison of promotion-sensitive (P+) and promotion-
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resistant (P�) derivatives of the mouse epidermal JB6 cell lines, AP-1 was
shown to have a critical role in tumor promotion (39–41). In addition,
blocking the tumor-promoter-induced activation ofAP-1 inhibited neoplastic
transformation (40,41). Epidermal growth factor (EGF) is known to induce a
relatively high level of AP-1 activity and cell transformation (39). We recently
investigated the effect of two structurally related compounds of the ginger
family, [6]-gingerol and [6]-paradol, on EGF-induced cell transformation and
AP-1 activation (42). Our results provide the first evidence that both com-
pounds block EGF-induced cell transformation but act by different mecha-
nisms. [6]-Gingerol appeared to act by directly inhibiting AP-1 DNA-binding
activity and transactivation, whereas [6]-paradol appeared to act by inducing
apoptosis (42). Another recent study showed that [6]-paradol and other
structurally related derivatives, [10]-paradol, [3]-dehydroparadol, [6]-dehy-
droparadol, and [10]-dehydroparadol, inhibited proliferation of KB oral
squamous carcinoma cells in a time- and dose-dependent manner (43). [6]-
Dehydroparadol (75 AM) was more potent than the other compounds tested
and induced apoptosis through a caspase-3-dependent mechanism (43).

V. ANTI-INFLAMMATORY EFFECTS OF GINGER

Ginger and other natural compounds have been suggested to be effective
against inflammation, osteoarthritis, and rheumatism (44). But because of
inconsistencies in clinical studies, the effectiveness and safety of ginger for
treatment of arthritis have been debated (45). Early animal studies suggested
that [6]-gingerol perfused into rat hindlimb possessed thermogenic activity,
characterized by increased oxygen consumption and lactate efflux (46). The
thermogenesis was at least partly associated with vasoconstriction indepen-
dent of adrenergic receptors or secondary catecholamine release. Large doses
of ginger components also inhibited oxygen consumption, which was attrib-
uted to disruption of mitochondrial function (46). Another early study
showed that ginger oil (33 mg/kg), administered orally to rats for 26 days,
caused a significant repression of paw and joint swelling associated with
severe chronic adjuvant arthritis (47).

In humans, one recent study showed no difference between placebo and
ginger in patients with osteoarthritis of the hip or knee (48). On the other
hand, patients suffering from osteoarthritis of the knee showed a consistently
greater response to treatment with ginger extract compared with the control
group (49). In addition, relief from pain and swelling was reported in patients
suffering from rheumatoid arthritis, osteoarthritis, general muscular discom-
fort when they used powdered ginger as a dietary supplement for 3 months–2
years. Investigators suggested that the effectiveness of ginger may be related
to its ability to inhibit prostaglandin and leukotriene biosynthesis (50). Others
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showed that gingerol actively inhibits arachidonate 5-lipoxygenase, an en-
zyme of leukotriene biosynthesis (51). [8]-Gingerol but not [6]-gingerol was
shown to inhibit COX-2 expression, which is induced during inflammation to
increase formation of prostaglandins (52). This suggests that the structure of
ginger influences its effectiveness.

VI. GINGER AS AN ANTINAUSEA AGENT

The most common use of ginger throughout history has probably been its
utilization in alleviating symptoms of nausea and vomiting. The benefits and
dangers of herbal treatment in liver and gastrointestinal distress have been
reviewed recently (53) and several controlled studies have shown that ginger is
generally effective as an antiemetic (54). Ginger root is commonly recom-
mended for preventing seasickness (55), but in contrast, patients receiving
ginger extract for treating osteoarthritis experienced more, albeit mild,
gastrointestinal adverse events than did the placebo group (49). Even though
these effects of ginger have been the most well studied and reviewed
extensively, the effectiveness and safety of ginger for treating nausea and
vomiting is still questioned because of the often contradictory findings (5,6
and reviewed in Ref. 7). This is especially relevant for its use by pregnant
women.

Nausea and vomiting during pregnancy affects the majority of pregnant
women and over the years various treatments have been used to try to al-
leviate the condition (reviewed in Ref. 56). Unsupervised herbal or alternative
therapies are often pursued and ginger is a commonly used remedy (57).
Although perhaps not as potent as some treatments (58), ginger has been
shown to be effective for nausea and vomiting in early pregnancy (59–61). At
least one survey indicated that although overall use of dietary supplements in
pregnant women appeared to be low, ginger was commonly recommended
and used to prevent nausea (62). Randomized trials suggest that ginger con-
sumption for nausea and/or vomiting in early pregnancy has very few or no
adverse side effects andmay be effective (60,63,64). A recent survey of a group
of obstetricians and gynecologists revealed that most of them would recom-
mend taking an antiemetic (71.3%), specifically ginger (51.8%), to patients
suffering from moderate to severe nausea (65).

Animal studies indicate that oral administration of a standardized gin-
ger extract (EV.EXT 33; 1000 mg/kg) was well tolerated by pregnant rats and
had no adverse effects on the mother or development of the fetuses (66). This
is somewhat in contrast to an earlier study, in which ginger tea administration
to pregnant rats resulted in embryonic loss twice that of controls (5).
However, surviving fetuses were significantly heavier than control. Intraperi-
toneal injection of ginger rhizome extract (0.5–10 g/kg) to mice was reported
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to have no clastogenic effects compared to ginger oil, which produced some
chromosomal irregularities (67).

Ginger has been suggested to be an effective postoperative prophylactic
antiemetic (68) that was not associated with an effect on gastric emptying (69).
However, the effectiveness of ginger in preventing postoperative nausea and
vomiting has also been debated (70). A recent study has indicated that
pretreatment with ginger extracts reversed experimentally induced delay in
gastric emptying in rats (71). This supports previous indications that ginger
may be effective in alleviating symptoms associated with gastrointestinal
illnesses, including abdominal discomfort and bloating (71). In further sup-
port of ginger increasing gastric emptying, ginger was shown to reduce food
transit time in experimental rats, which was suggested to have implications for
prevention of colon cancer and constipation (72). The digestive stimulatory
effects of ginger and other spices have been suggested to be related to positive
effects on trypsin and pancreatic lipase (73) and ginger’s ability to increase
gastric motility (74).

Ginger has also been recommended to combat nausea associated with
chemotherapy (12,75) and 6-gingesulfonic acid, isolated from ginger root,
was shown to be effective against HC1/ethanol-induced gastric lesions in rats
(76). This compound showed weaker pungency and more potent antiulcer
activity than 6-gingerol or 6-shogaol (77).

VII. CARDIOVASCULAR-ASSOCIATED EFFECTS OF GINGER

Caution in taking ginger and other herbal extracts has been suggested because
of an apparent association with reported incidences of increased risk of bleed-
ing following surgery (78,79) or if taken with anticoagulant drugs such as
warfarin (80). However, the data are not conclusive (81). At least one study
indicates that ginger has no effect on blood pressure, heart rate, or coagula-
tion parameters and does not interact with anticoagulant drugs such as war-
farin (82).

Antiplatelet therapy is an effective approach for prevention of coronary
heart disease. Ginger components were suggested as a potential new class of
platelet activation inhibitors without the potential side effects of aspirin,
which is most commonly used in this approach. Koo et al. (83) recently
compared the ability of several synthetic gingerols and analogs with aspirin in
capacity to inhibit human platelet activation. The ginger compounds were less
potent compared to aspirin in inhibiting arachidonic-acid-induced platelet
release and aggregation and COX activity (83). However, several analogs had
a significant inhibitory effect, which suggests that further development of
more potent gingerol analogs has potential value as an alternative to aspirin
therapy in preventing ischemic heart disease. Consumption of ginger (5 g)
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inhibited platelet aggregation induced in men consuming 100 g of butter daily
for 7 days (84) and a later study showed that ginger enhanced fibrinolytic
activity (85). Another compound isolated from ginger, (E)-8 beta, 17-epoxy-
labd-12-ene-15,16-dial, has been reported to inhibit cholesterol biosynthesis
(86).

At least one group found that administration or consumption of stan-
dardized ginger extract reduced aortic atherosclerotic lesion areas, plasma
triglycerides and cholesterol, LDL-associated lipid peroxides, and LDL
aggregation inmice (87). In rabbits fed a high-cholesterol diet, administration
of ginger extract resulted in a significant antihyperlipidemic effect and a lower
degree of atherosclerosis compared to the group fed cholesterol alone (88).

Ginger compounds have been shown to directly stimulate myocardial
sarcoplasmic reticulum (SR) calcium uptake (89,90) but the therapeutic use of
ginger in treating heart failure has not been advocated (90).

VIII. SUMMARY AND CONCLUSIONS

Ginger is recognized by the Food andDrugAdministration as a food additive
that is ‘‘generally recognized as safe.’’ Ginger has been shown to possess
diverse pharmacological properties but its specific biological effects are
largely unknown and remain to be determined. Very few mechanistic studies
exist, and as indicated in this chapter, the data regarding the effectiveness
and safety of ginger administration are often contradictory. Thus as with
any food or drug compound, moderate consumption is probably the best
recommendation.
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I. INTRODUCTION

Mushrooms are considered a special kind of food, items of ‘‘food delicacy’’
because of their characteristic texture and flavor. However, it was not until the
1900s, when antibiotics were obtained from the mold Penicillium, that the
potential medicinal value of fungi attracted worldwide attention. The chem-
ical, biological, and biochemical properties of mushroom fruiting bodies are
numerous, and higher Basidiomycetes mushrooms have been used in folk
medicine throughout the world since ancient times (1–5).
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Ganoderma lucidum, an Oriental fungus, has been widely used for
promoting health and longevity in China, Japan, and other Asian countries
(6–11). In China, G. lucidum is called ‘‘Lingzhi,’’ while in Japan the name for
the Ganoderma family is ‘‘Reishi’’ or ‘‘Mannentake.’’ In Chinese, the name
Lingzhi represents a combination of spiritual potency and essence of immor-
tality. Thus, it is regarded as the ‘‘herb of spiritual potency’’ (9–10,12).
G. lucidum is a large, dark mushroom with a glossy exterior, and its texture
is similar to that of wood (Fig. 1). The Latin word ‘‘lucidus’’ means ‘‘shiny’’
or ‘‘brilliant’’ and refers to the varnished appearance of the surface of the
mushroom. Among cultivated mushrooms, G. lucidum is unique in that the
pharmaceutical rather than the nutritional value is paramount. A variety of
commercial G. lucidum products are available in various forms, such as
powders, dietary supplements, and tea, and these are produced from different
parts of the mushroom, including mycelia, fruit bodies, and spores (10,13).
The ‘‘love affair’’ of Asian people with the Lingzhi mushroom can be traced
back several thousand years. More recent reports on its usage, mostly from
Asia but also fromNorth America and Europe, give credibility to some of the
ancient claims of its biomedical benefits. G. lucidum is reputed to extend life

5436-0_Packer_Ch09_R2_061804

MD: PACKER, JOB: 03277, PAGE: 180

FIGURE 1 The Lingzhi mushroom (Ganoderma lucidum). (Courtesy of North
American Reishi/Nammex.)

Wachtel-Galor et al.180



span and to restore youthful vigour and vitality. Specific biomedical appli-
cations and reported effects include control of hypertension, lowering of
blood lipids, modulation of the immune system, and bacteriostasis (7–
9,11,12). However, the beliefs regarding the health benefits of G. lucidum
are based largely on anecdotal evidence, traditional use, and cultural mores.
Most of the published reports on this mushroom are in Chinese, Korean, or
Japanese and, as such, data are not readily accessible to non-Asian research-
ers. Furthermore, it should be noted that, in traditional Oriental medicine, the
approach is holistic. Treatment is often a combination of herbs, and is aimed
at the person rather than the disease. This is quite different from the
reductionist perspective of Western medicine in which purified, active phar-
macological agents are prescribed, each targeted toward the causes or
manifestations of a specific disease. It is not easy to reconcile these very
different approaches in terms of symptoms, signs, and treatment strategies.
However, the desired outcome of each is the restoration and maintenance of
human health, and the promotion of functional longevity. The long history
and well-regarded reputation of Chinese medicines, such as G. lucidum,
demand the respect and attention of Western scientists. The aim of this
review, therefore, is to present the current evidence regarding the health
effects of G. lucidum (Lingzhi, Reishi), and to provide an objective and
scientific view of the health claims and research needs in relation to this
popular Chinese herb.

II. TAXONOMY OF G. LUCIDUM

The family Ganodermataceae describes polypore basidiomycetous fungi
having a double-walled basidiospore (14). In all, 219 species within the family
have been assigned to the genusGanoderma ofwhichG. lucidum (W.Curt.:Fr.)
P. Karsten is the species type (15). Basidiocarps of this genus have a laccate
(shiny) surface that is associated with the presence of thick-walled pilocystidia
embedded in an extracellularmelaninmatrix (15).Ganoderma species is found
worldwide, and different characters, such as the shape and color (red, black,
blue/green, white, yellow, and purple) of the fruit body (11,16,17), host
specificity, and geographical origin, have been used to identify individual
members of the species (18–21). The use of macroscopic characteristics has
resulted in a large number of synonyms and in a confused, overlapping, and
unclear taxonomy of this mushroom, and some taxonomists now consider
macromorphological features to be of limited value in the identification of
Ganoderma species owing to its high phenotypic plasticity (19,22). More
reliable morphological characters for Ganoderma systematics are thought to
include spore shape and size, context color and consistency, and the micro-
anatomy of the pilear crust. Chlamydospore production and shape, enzymic
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studies, and, to a lesser extent, the range and optima of growth temperatures
have also been used for differentiating morphologically similar species
(15,20,23). Biochemical (triterpene constituents), genetic (mating studies),
and molecular approaches (rDNA polymorphisms) have also been used in
Ganoderma taxonomy (7,24–27). In the latter case, appropriate nucleotide
sequence variation has been found in the internal transcribed spacers (ITS) of
the nuclear rDNA gene (28–30).

III. HISTORY OF G. LUCIDUM AS A MEDICINAL MUSHROOM

The first book wholly devoted to the description of herbs and their medicinal
value is called Shen Nong Ben Cao Jing, written in the Eastern Han dynasty of
China (A.D. 25–220). This book is also known asClassic of theMateriaMedica
or Shen-nong’s Herbal Classic and describes botanical, zoological, and min-
eral substances. It was composed in the second century under the pseudonym
of Shen-nong, the Holy Farmer (31). The book, which has been continually
updated and extended, describes the beneficial effects of several mushrooms
and there is reference to the medicinal mushroom G. lucidum (4,11,31). In the
book Shen Nong Ben Cao Jing (‘‘Supplement to Classic of Materia Medica,’’
A.D. 502–536) and in the Ben Cao Gang Mu by Li Shin-Zhen, which is
considered to be the first pharmacopoeia in China (A.D. 1590, Ming dynasty),
the mushroom was attributed with certain medicinal effects, including
tonifying effects, enhancing vital energy and strengthening cardiac function,
increasing memory, and having antiaging effects (17,32). However, its repu-
tation as a panacea may have been earned more by virtue of its irregular
distribution, rarity, and usage by the rich and privileged members of Chinese
society than by its actual effects. According to the Pharmacopoeia of the
People’s Republic of China (33), G. lucidum acts to replenish Qi and ease the
mind, to relieve cough and asthma, and it is recommended for dizziness,
insomnia, palpitation, and shortness of breath.

IV. CULTIVATION OF G. LUCIDUM AND GLOBAL USAGE

Different members of the Ganoderma genus need different conditions for
growth and cultivation (34).Moreover, different types are favored in different
geographical regions. For example, in South China, black G. lucidum is
popular, white red G. lucidum is preferred in Japan. Owing to its irregular
distribution in the wild and to an increasing demand for G. lucidum as a
medicinal ‘‘herb,’’ attempts were made to cultivate the mushroom.G. lucidum
thrives under hot and humid conditions, and many wild varieties are found in

5436-0_Packer_Ch09_R2_061804

MD: PACKER, JOB: 03277, PAGE: 182

Wachtel-Galor et al.182



the subtropical regions of the Orient. Artificial cultivation of G. lucidum has
been achieved using substrates such as grain, sawdust, or wood logs (10,34).
Riu et al. (35) showed that the mushroom could be cultivated successfully on
cork residues. Since the early 1970s, cultivation of G. lucidum has become a
major source of the mushroom; consumption is now estimated at several
thousand tons worldwide, and the market is growing rapidly. In 1995, the
total estimated annual market value given by different commercial sources
was US$1628 million (10).

It takes several months to culture the fruiting body of G. lucidum and
there is a growing interest in developing fermenter-based processes for
producing fungal mycelia and desirable cellular products. Such processes
allow for more careful control of different growth parameters such as tem-
perature, pH, and humidity, and should thereby facilitate improved quality
control. The different growing conditions, such as the medium used, have also
been reported to strongly influence mycelial growth and the production
of biopolymers (e.g., polysaccharides) that are extruded from the cell
(10,34,36–43). For example, Yang and Liau (38) and Yang et al. (41) reported
that polysaccharide production by fermenter-grown mycelia of G. lucidum
was optimum at 30–35jC and pH 4–4.5, and addition of supplements such as
fatty acids was found to accelerate mycelial growth and the production of
bioactive components.

V. DOSAGE

Even though traditional Chinese medicines (TCM) are used for their putative
medicinal value, TCM is considered as a nutriceutical, and is categorized as a
nutritional or dietary supplement in the United States, as defined by the
Dietary Supplement Health and Education Act (DSHEA) (44). Nonetheless,
a central question for any therapy is the dose that produces a desired
therapeutic action without harmful side effects. Ganoderma as a medicinal
fungus has been recommended and consumed as a tonic and panacea for over
2000 years. Although no significant toxicity has been reported, there are no
standard formulations or agreed guidelines pertaining to its dosage and
formulation (e.g., syrup, tablet, capsule, tea, and even aqueous extract for
injection). Various species and strains of Ganoderma are used in the prepa-
rations, and different parts of the mushroom, i.e., the fruit body, mycelium,
and/or spores, are used in treatments (13,45).

According to Teow (13,46), the effective dosage required to afford a cure
or to alleviate certain symptoms ranged between 1.5 and 9 g/day of a dried
commercial extract of G. lucidum fruit body. Chang (45) suggested a Gano-
derma dried fruiting body (DFB) dose of 0.5–1 g/day for health maintenance,
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2–5 g DFB for chronic health conditions, and up to 15 g DFB for serious
illness. However, doses of up to 30 g have been used. In the American Herbal
Pharmacopoeia’smonograph (11), the recommended G. lucidum dosage of 6–
12 g daily was adopted from the Pharmacopoeia of the People’s Republic of
China (33).

Generally, the therapeutic dose of any drug or herb is selected on the
basis of toxic dose (TD), lethal dose (LD), and effective dose (ED). The LD in
animals ofG. lucidum is very high, and ranges (depending on extraction, route
of administration, and duration) from 5 g/kg given to mice for 1 month to 38
g/kg given to rodents in a single intraperitoneal dose (12,45,47,48). No side
effects in humans taking G. lucidum have been reported in the literature.
However, clinicians have reported occasional mild digestive upset and skin
rashes in sensitive individuals (11,12). Since the TD and LD values are high
relative to human dosages of other materials, they do not pose significant
limitations for the clinical usage of G. lucidum. Of more importance is the
provision of sound scientific data confirming the putative health benefits of
G. lucidum, and the determination and validation of the ED. However, it
must be noted that data are lacking regarding possible toxic interactions with
other medications, effects in pregnancy, and possible contraindications of G.
lucidum treatment under particular conditions.

VI. MAJOR BIOACTIVE COMPONENTS OF G. LUCIDUM

Most mushrooms are composed of around 90% water by weight. The
remaining 10% consists of 10–40% protein, 2–8% fat, 3–28% carbohydrate,
3–32% fiber, 8–10% ash, and some vitamins, with potassium, calcium,
phosphorus, magnesium, iron, zinc, and copper accounting for most of the
mineral content (3). In addition to these nutrients, the mushroom contains a
wide variety of bioactive molecules, such as terpenoids, steroids, phenols,
nucleotides and their derivatives, glycoproteins, and polysaccharides. Mush-
room proteins contain all the essential amino acids and are especially rich in
lysine and leucine. The low total fat content, and the high proportion of
polyunsaturated fatty acids relative to total fatty acids, is considered a
significant contributor to the health value of mushroom (1,3).

In a study of the nonvolatile components of G. lucidum, it was found
that the mushroom contains 1.8% ash, 26–28% carbohydrate, 3–5% crude
fat, 59% crude fiber, and 7–8% crude protein (49). One of the characteristics
of the fruit body of G. lucidum is its bitterness, which varies in degree de-
pending on the strain, method of cultivation, age, and other factors, The
components that confer this bitterness (triterpenes) can serve as a marker for
pharmacological evaluation (7,16). Polysaccharides and triterpenes are the
two major physiologically active constituents of G. lucidum.
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A. Polysaccharides

Plant polysaccharides are reported to confer anti-inflammatory, hypoglyce-
mic, antiulcer, and anticancer effects (7,16,50). Fungi are remarkable for the
variety of high-molecular-weight polysaccharide structures that they pro-
duce, and bioactive polyglycans are found in all parts of the mushroom.
Polysaccharides from theG. lucidummushroom have been extracted from the
fruit body, mycelia, and spores, and exopolysaccharides are produced by
mycelia cultured in fermenters. Analysis of the polysaccharides from G.
lucidum indicates that glucose is the major sugar (50–55). However, G.
lucidum polysaccharides are heteropolymers and also contain xylose, man-
nose, galactose, and fucose in different confirmations, including 1–3, 1–4, 1–6-
linked h, and a-D (or L)-polysaccharides (16,39,51–59). Mannitol has also
been found as a free sugar (49). In addition to its high concentration of high-
molecular-weight polysaccharides, the mushroom consists of a matrix of the
polysaccharide chitin, which is largely indigestible by the human body and is
partly responsible for the physical hardness of the mushroom (11).

Polysaccharides are normally obtained by extraction with hot water
followed by precipitation with ethanol or methanol, but can also be extracted
with water and alkali. Various polysaccharides, including extracellular poly-
saccharides, can be extracted from the fruit body, spores, andmycelia (49,51–
53,56,57,60). Further purification steps result in purified polysaccharides such
as the glucose polymer GL-1 (98% glucose) (52). Polysaccharides isolated
from Ganoderma species include the Ganoderans A, B, and C, which differ in
their sugar and peptide composition and molecular weight (57,61). Several
other polysaccharides have been isolated over the years, and some have been
reported to possess significant antitumorigenic and immunostimulating
effects (51–54,58,62). Branching conformation and solubility characteristics
are said to affect the antitumorigenic properties of these polysaccharides
(54,58,62).

B. Triterpenes

Terpenes are a class of naturally occurring compounds whose carbon
skeletons are composed of isoprene C5 units. Examples of terpenes are
menthol and vitamin A.Many are alkenes, but some contain other functional
groups, and many are cyclical. These compounds are widely distributed
throughout the plant world and are found in prokaryotes as well as eukary-
otes (63,64). Terpenes have also been found to possess other properties such
as anti-inflammatory, antitumorigenic, and hypolipidemic activity (65–68).
For example, terpenes in Ginko biloba and rosemary (Rosemarinus officinalis)
and ginseng (Panax ginseng) are reported to contribute to the health-
promoting effects of these herbs (69–71).
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Triterpenes are a subclass of terpenes and have a basic skeleton of C30.
A variety of triterpenes from different plants are reviewed in Refs. 65 and 66.
Many different plant species synthesize triterpenes as part as their normal
program of growth and development. Some plants contain large quantities of
triterpenes in their latex and resins and these are believed to contribute to
disease resistance. Even though hundreds of triterpenes have been isolated
from various plants, and terpenes as a class have been shown to have many
potentially beneficial effects, the application of triterpenes as successful
therapeutic agents is limited thus far. In general, very little is known about
the enzymes and biochemical pathways involved in their biosynthesis. The
genetic machinery required for the elaboration of this family of plant
secondary metabolites is as yet largely uncharacterized, despite the consider-
able commercial interest in this important group of natural products (66,71).

In G. lucidum, the chemical structure of the triterpenes is based on
lanostane, which is ametabolite of lanosterol (72), the biosynthesis of which is
based on cyclization of squalene (71,73). Extraction of triterpenes is usually
by means of methanol, ethanol, acetone, chloroform, ether, or a mixture of
these solvents. The extracts can be further purified by various separation
methods including normal and reverse-phase HPLC (6,7,25,27,65). The first
triterpenes isolated from G. lucidum were the ganoderic acids A and B, which
were identified in 1982 by Kubota et al. (74). Since then, more than 100 tri-
terpenes with known chemical composition andmolecular configuration have
been reported to occur in G. lucidum. Among them, more than 50 were found
to be new and unique to this fungus. The vast majority are ganoderic and
lucidenic acids, but other triterpenes, such as ganoderals, ganoderiols, and
ganodermic acids, have also been identified (6,27,75–90).

G. lucidum is clearly rich in triterpenes, and it is this class of compounds
that gives the herb its bitter taste and, it is believed, various health benefits
such as lipid-lowering and antioxidant effects. However, the triterpene
content is different in the different parts and growing stages of the mushroom.
The profile of the different triterpenes inG. lucidum can be used to distinguish
this medicinal fungus from other taxonomically related species, and can serve
as supporting evidence for classification. The triterpene content can also be
used as a measure of quality of different Ganoderma samples (6,7,25,27). (See
Fig. 2.)

C. Minerals, Metals, and Microbial Content

Elemental analysis of log-cultivated fruit bodies of G. lucidum revealed phos-
phorus, silica, sulfur, potassium, calcium, and magnesium to be the main
mineral components. Iron, sodium, zinc, copper, manganese, and strontium
were also detected in lower amounts, as were the heavymetals lead, cadmium,
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and mercury (91). Freeze-dried fruit bodies of unidentified Ganoderma spp
collected from the wild were reported to have amineral content of 10.2%with
potassium, calcium, and magnesium the major components (48). Signifi-
cantly, no cadmium, mercury, or selenium was detected in these samples.
There are several reports of heavy metal accumulation in mushroom fruit
bodies (92–96). However, the evidence for greater accumulation in mush-
rooms collected in urban areas compared with domains considered to be
‘‘pollution-free’’ is conflicting (94,97).

Regardless of the site of cultivation, there is a risk of contamination by
heavy metals (e.g., Hg, Cd) from the environment, and of contamination by
toxins from spoilage microbes and by pathogenic microbes (48,98). Natural
products are not necessarily safe, and while the toxic dose of G. lucidum
appears to be very high, the issue of contamination by heavy metals and
microbial toxins must not be neglected (99). Food toxicology is a growing
discipline, and this reflects a growing awareness of this possibility. Commer-
cial preparations, therefore, must be tested, and a certificate of analysis
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FIGURE 2 Chemical structure of lanosterol and three of the many triterpenes
isolated from Ganoderma lucidum. (Modified from Refs. 72,74,75,81.)
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containing information on heavy-metal and microbial content in relation to
specified limits is needed.

Particular attention has been given to the germanium content of
Ganoderma spp. Germanium was fifth highest in terms of concentration
(489 Ag/g) among minerals detected in Ganoderma fruit bodies collected from
nature (48). This mineral is also present in the order of parts per billion in
many plant-based foods including ginseng, aloes, and garlic (100). Germa-
nium is not an essential element but, at low doses, has been ascribed immuno-
potentiating, antitumor, antioxidant, and antimutagenic activities (32,101–
103). However, although the germanium content ofG. lucidum has often been
used to promote G. lucidum–based products, there is no firm evidence linking
this element with specific health benefits associated with the mushroom.

D. Other Components of G. lucidum

G. lucidum contains some other compounds that may contribute to its
medicinal effect, such as proteins and lectins. The protein content of dried
G. lucidum was found to be around 7–8% (49), which is lower than that of
many other mushrooms (1). Bioactive proteins are reported to contribute to
the medicinal properties of G. lucidum. For example, a protein purified from
themycelium (LZ-8) was found to have immunosuppressive effects (104–106).
The content of carbohydrate and crude fiber of the dried mushroom was
examined and found to be 26–28%and 59%, respectively, showingG. lucidum
is a good source of fiber (49). Lectins were also isolated from the fruit body
and mycelium of the mushroom. ‘‘Lectins’’ (from the latin word ‘‘legere,’’ to
pick up, choose) are nonenzymatic proteins or glycoproteins that bind
carbohydrate. Many species of animals, plants, and microorganisms produce
lectins and these exhibit a wide range of functions. In animals, for example,
lectins are involved in variety of cellular processes and the immune system
(16,107,108). Other compounds that have been isolated from G. lucidum
include enzymes such a metalloprotease that delays clotting time, ergosterol
(provitamin D2), nucleosides, and nucleotides such as adenosine and guano-
sine (13,16,32,49,85,109,110).

VII. THERAPEUTIC APPLICATIONS OF G. LUCIDUM

The combination of benefit without toxicity represents the desired end
product in the development of effective therapeutic intervention. G. lucidum
has been used for hundreds of years as a health promotor and treatment
strategy, but it is only in recent years that objective and scientific studies of
G. lucidum have been performed. There are now many published studies
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based on animal and cell culture models and on in vitro assessment of the
health effects of G. lucidum, and there are some reports of human trials.
However, there is no cohesive body of research in the Western scientific
literature, and the objective evaluation of this traditional therapy in terms of
human health remains to be clearly established. In the following section,
studies of possible beneficial properties of G. lucidum, in relation to viral and
bacterial infection, cancer, inflammation, immune status, cardiovascular
disease, inflammatory disorders, allergy, antioxidants, and liver injury, are
presented and discussed.

A. Viral Infection

The goal of research in antiviral chemotherapy is the discovery of agents that
are specific for the inhibition of viral multiplication without affecting normal
cells. Undesired side effects and the appearance of resistant strains make the
development of new antiviral agents an urgent requirement (111). G. lucidum
has reported potential as an antiviral agent. Isolation of various water- and
methanol-soluble, high-molecular-weight, protein-bound polysaccharides
(PBP) from the carpophores ofG. lucidum showed inhibitory effects on herpes
simplex virus type 1 (HSV-1), type 2 (HSV-2), and vesicular stomatitis virus
New Jersey strain (VSV) in a tissue culture system.With the plaque reduction
method, a significant inhibitory effect was seen at doses that showed no
cytotoxicity (60,112–114). In addition, there was a marked syngergistic effect
when PBP from G. lucidum was used in tissue culture in conjunction with the
antiherpetic agents acyclovir or vidarabine and with interferon alpha
(113,114). This might imply that combination therapy may be much more
safe and cost-effective, as lower amounts of these cytotoxic antiviral drugs
could be used, with a concomitant decrease in the risk of side effects. How-
ever, this needs further investigation by clinical trials.

Mizushina et al. (86) reported that triterpenes from the fruiting body
inhibited human immunodeficiency virus type 1 (HIV-1) reverse transcriptase
in vitro as measured by enzyme activity, with a 50% inhibitory concentration
(IC50) of <70 AM. Triterpenes from G. lucidum have also been reported to
have an inhibitory effect against HIV-1 protease activity. Different tripter-
penes demonstrated different levels of inhibition, and IC50 values ranged
from 20 AM to >1000 AM (84,115). No synergistic effects with standard
antiviral drugs were investigated in these studies. Furthermore, not all of the
examined triterpenes showed any anti-HIV activity (115).

Few human trials have been reported in the English language scientific
literature on the effect of G. lucidum in patients. In an open, uncontrolled
clinical study of four elderly patients, a dried hot-water extract of G. lucidum
(taken orally, and equivalent to 36 or 72 g dried mushroom per day) was used
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as the sole treatment for postherpetic (varicella zoster virus) neuralgia.
Treatment was reported to dramatically decrease the pain and promote
healing of lesions, and no toxicity was reported, even at the very high doses
used (116).

A randomized, placebo-controlled trial examined the effect of mixture
ofG. lucidumwith 34 other Chinese herbs onHIV-1-infected individuals (n=
68) with CD4 cell count <0.5 � 109/L. No improvement in clinical manifes-
tation, plasma viral load, CD4 cell count, or quality of life was seen (117). In
another small, uncontrolled clinical trial (46), four patients with hepatitis B
were given 6 g/day ofG. lucidum commercial extract for 3 months, after which
the patients were HbsAg-negative and their liver enzymes (AST, ALT, ALP)
had returned to normal. This is the usual course of recovery following acute
hepatitis B, however, and whetherG. lucidum contributed to the recovery was
not demonstrated.

B. Bacterial Infection

In the last decade, the acceptance of traditional medicine as an alternative
form of health care and the development of microbial resistance to antibiotics
have led researchers to investigate the antimicrobial activity of medicinal
plants and fungi (4,5,118–120), and in vitro and in vivo animal studies of G.
lucidum have been performed. Mice injected with G. lucidum extract (2 mg/
mouse) 1 day prior to injection with Escherichia coli showed markedly
improved survival rates (>80% compared to 33% in controls). It is not clear
if this was a direct antibacterial effect or mediated by immune modulation
(121). In an in vitro study, the direct antimicrobial effect of aG. lucidumwater
extract was examined against 15 species of bacteria alone and in combination
with four kinds of antibiotics (119). The results showed that G. lucidum had
antimicrobial activity against E. coli, with a minimum inhibitory concentra-
tion (MIC) of 1.75 mg/mL. G. lucidum was also effective againstMicrococcus
luteus, Staphylococcus aureus, Bacillus cereus, Proteus vulgaris, and Salmo-
nella typhi, with MICs in the range of 0.75–2.7 mg/mL. G. lucidum was less
effective against other species tested, with MIC values >5 mg/mL reported.
These MICs are high compared to those of antibiotics, which are generally in
the Ag/mL range. LowMICs for antibiotic drugs are important to avoid their
cytotoxic side effects. However, G. lucidum has no known toxicity, and the
problem of a relatively highMIC is how and if it can be achieved in vivo. The
antimicrobial combinations of G. lucidum with four commonly used anti-
biotics (119) resulted in an additive or synergistic effect in most, but not all,
instances, with apparent antagonism against cefazolin and ampicillin effects
on P. vulgaris. To date, the antimicrobial components of the crude extracts
tested have not been identified, although antimicrobial polysaccharides have
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been identified in other fungi (4,5), and plant terpenes have been reported to
have antimicrobial activity (120). In addition, the bioavailability of putative
antimicrobial components of G. lucidum has not been established. Nonethe-
less, G. lucidum offers a potentially effective antimicrobial therapy, and may
help decrease the MICs of expensive and potentially cytotoxic drugs; this
deserves further study.

C. Cancer

Cancer is the leading cause of death in Hong Kong, and the second largest
cause of death in the world (122,123). Despite comprehensive advances in
early diagnosis of and chemotherapy for cancer, many malignancies remain
difficult or impossible to cure. In searching for new cancer chemopreventive
or chemotherapeutic agents over the last several years, hundreds of plant
extracts, including those frommushroom, have been evaluated (2,4,5,70,124).

A number of bioactive molecules, including antitumor substances, have
been identified in numerous mushroom species, including the Ganoderma
species (2–5,125). Polysaccharides have been established to be themost potent
mushroom-derived compounds with antitumor activity. It is generally ac-
cepted that some h-D-glucans, especially h-(1!3)-D-glucans obtained from
fungi, including those from the Ganoderma family, show antitumor activity
(3–5,16). This attracted attention toward the polysaccharide components of
the fruiting body of G. lucidum and their effect on cancer.

Several studies using rats and mice have examined the possible anti-
tumorigenic effects of G. lucidum (see Table 1). In 1981 Miyazaki and
Nishijima (52) separated from the fruit body a polysaccharide (GL-1) that
strongly inhibited (by 95–98%) the growth of transplanted sarcoma 180 tu-
mor cells in mice when the GL-1 was injected intraperitoneally (i.p.) for 10
days. A complex of polysaccharides and protein from the mushroomwas also
found to show significant antitumor activity in a similar study by Kim et al.
(51), with an inhibition ratio of 88% reported, and there was complete
regression of tumor in a third of the test animals. In a study by Hyun et al.
(53), which followed a similar protocol but used various extracted polysac-
charides, inhibition ratios of 52–81% were found. The most potent fraction,
labeled GL, was composed of 75% glucose, some galactose, mannose, and
fucose, and 8% protein. This group also found increased superoxide produc-
tion by macrophages in G. lucidum–treated animals, and increased antibody
production, assessed by the hemolytic plaque-forming test. The authors
suggested that the effect of the G. lucidum polysaccharides was mediated via
increased cellular and humoral immunity (53).

A more recent study by Ohno et al. (121), but again using mice
transplanted with sarcoma 180 cells, tested a hot-water extract (2 mg/mouse)

5436-0_Packer_Ch09_R2_061804

MD: PACKER, JOB: 03277, PAGE: 191

Lingzhi Polyphorous Fungus (Ganoderma lucidum) 191



5436-0_Packer_Ch09_R2_061804

MD: PACKER, JOB: 03277, PAGE: 192

T
A
B
L
E
1

E
ff
e
c
t
o
f
G
.
lu
c
id
u
m

o
n
T
u
m
o
r
G
ro
w
th

in
A
n
im

a
l
(M

ic
e
a
n
d
R
a
ts
)
S
tu
d
ie
s
b
y
Y
e
a
r

T
y
p
e
o
f
tu
m
o
r

T
y
p
e
a
n
d
a
m
o
u
n
t
o
f

G
.
lu
c
id
u
m

c
o
m
p
o
u
n
d
/

e
x
tr
a
c
t
te
st
e
d

D
u
ra
ti
o
n
a
o
f

tr
e
a
tm

e
n
t

R
o
u
te

R
e
su

lt
s

R
e
f.

S
a
rc
o
m
a
1
8
0

c
e
lls

(i
m
p
la
n
t)

P
o
ly
sa

c
c
h
a
ri
d
e
-r
ic
h

e
x
tr
a
c
t;

5
0
m
g
/k
g

1
0
c
o
n
se

c
u
ti
v
e

d
a
y
s
(+

5
to

+
1
5
)

i.
p
b

8
8
%

in
h
ib
it
io
n

ra
ti
o
c
;
tu
m
o
r

c
o
m
p
le
te
ly

re
g
re
ss

e
d
in

5
o
f

1
5
a
n
im

a
ls

K
im

e
t
a
l.

(1
9
8
0
)

S
a
rc
o
m
a
1
8
0

c
e
lls

(i
m
p
la
n
t)

Is
o
la
te
d
p
o
ly
sa

c
c
h
a
ri
d
e

(G
L
-1
);
2
0
m
g
/k
g

1
0
c
o
n
se

c
u
ti
v
e

d
a
y
s
(+

1
to

+
1
1
)

i.
p
b

9
5
.6
–
9
8
.5
%

in
h
ib
it
io
n
ra
ti
o
c
;

tu
m
o
r
c
o
m
p
le
te
ly

re
g
re
ss

e
d
in

1
4
/2
2
a
n
im

a
ls

M
iy
a
za

k
i
a
n
d

N
is
h
iji
m
a

(1
9
8
1
)

S
a
rc
o
m
a
1
8
0

c
e
lls

(i
m
p
la
n
t)

Is
o
la
te
d

p
o
ly
sa

c
c
h
a
ri
d
e
s
(G

L
,

G
H
,
C
R
,
IN
,
o
r
IA

);
2
0
m
g
/k
g

1
0
c
o
n
se

c
u
ti
v
e

d
a
y
s
(+

3
to

+
1
3
)

i.
p
b

A
ll
fr
a
c
ti
o
n

e
ff
e
c
ti
v
e
;
5
2
–

8
1
%

in
h
ib
it
io
n

ra
ti
o
sc
;
tu
m
o
r

c
o
m
p
le
te
ly

re
g
re
ss

e
d
in

2
/7

a
n
im

a
ls

tr
e
a
te
d

w
it
h
G
L
a
n
d
IN
;

1
/7

w
it
h
G
H

H
y
u
n
e
t
a
l.

(1
9
9
0
)

L
e
w
is

lu
n
g

c
a
rc
in
o
m
a

c
e
lls

(i
m
p
la
n
t)

H
o
t-
w
a
te
r
e
x
tr
a
c
t;

1
0
,

2
0
,
o
r
4
0
m
g
/m

o
u
se

5
ti
m
e
s,

e
v
e
ry

o
th
e
r

d
a
y
(+

1
,3
,5
,7
,9
)

i.
p
b

S
u
rv
iv
a
l
ti
m
e

p
ro
lo
n
g
e
d
b
y

5
5
%

a
t
4
0
m
g
,

F
u
ru
sa

w
a
e
t

a
l.
(1
9
9
2
)

Wachtel-Galor et al.192



5436-0_Packer_Ch09_R2_061804

MD: PACKER, JOB: 03277, PAGE: 193

7
2
%

a
t
2
0
m
g
,

a
n
d
9
5
%

a
t
1
0

m
g
d
o
se

s
(n

=
6
–

2
0
p
e
r
d
o
se

);
p
o
ss

ib
le

sy
n
e
rg
is
ti
c
e
ff
e
c
t

w
it
h
c
y
to
to
x
ic

d
ru
g
s
se

e
n
;

a
u
th
o
rs

su
g
g
e
st
e
d
m
a
in

a
c
ti
v
it
y
w
a
s
in

th
e

e
th
a
n
o
l-

p
re
c
ip
it
a
b
le

fr
a
c
ti
o
n

S
a
rc
o
m
a
1
8
0

c
e
lls

(i
m
p
la
n
t)

H
o
t-
w
a
te
r
e
x
tr
a
c
t
o
r

7
5
%

e
th
a
n
o
le

x
tr
a
c
t;

2
m
g
/m

o
u
se

3
ti
m
e
s
(+

7
,9
,1
1

d
a
y
s
i.
p
.)
o
r
5

w
e
e
k
s
o
ra
lly

(d
a
ily

st
a
rt
in
g
a
t

+
1
)

i.
p
b
o
r

p
e
ro
ra
l

7
4
%

in
h
ib
it
io
n

ra
ti
o
c
w
it
h
i.
p

tr
e
a
tm

e
n
t;

tu
m
o
r

c
o
m
p
le
te
ly

re
g
re
ss

e
d
in

3
/1
0

a
n
im

a
ls
;
4
5
–
6
3
%

in
h
ib
it
io
n
ra
ti
o
c

w
it
h
o
ra
l

tr
e
a
tm

e
n
t;

h
o
w
e
v
e
r,

d
a
ta

fo
r

w
a
te
r
a
n
d
e
th
a
n
o
l

e
x
tr
a
c
ts

c
o
n
fu
se

d

O
h
n
o
e
t
a
l.

(1
9
9
8
)

Lingzhi Polyphorous Fungus (Ganoderma lucidum) 193



5436-0_Packer_Ch09_R2_061804

MD: PACKER, JOB: 03277, PAGE: 194

T
A
B
L
E
1

C
o
n
ti
n
u
e
d

T
y
p
e
o
f
tu
m
o
r

T
y
p
e
a
n
d
a
m
o
u
n
t
o
f
G
.

lu
c
id
u
m

c
o
m
p
o
u
n
d
/

e
x
tr
a
c
t
te
st
e
d

D
u
ra
ti
o
n
a
o
f

tr
e
a
tm

e
n
t

R
o
u
te

R
e
su

lt
s

R
e
f.

L
u
n
g
a
d
e
n
o
m
a

(i
n
d
u
c
e
d
)

H
ig
h
-
a
n
d
lo
w
-

m
o
le
c
u
la
r-
w
e
ig
h
t

e
x
tr
a
c
t,

in
d
iv
id
u
a
lly

a
n
d
in

c
o
m
b
in
a
ti
o
n
;

2
o
r
1
0
m
g
/m

L

6
w
e
e
k
s
d
a
ily

(s
ta
rt
in
g
a
t
0
)

In
d
ri
n
k
in
g

w
a
te
r

S
ig
n
if
ic
a
n
t
in
h
ib
it
io
n

o
f
tu
m
o
r

in
c
id
e
n
c
e
;
a
u
th
o
rs

c
la
im

e
d
a
c
ti
v
it
y

re
si
d
e
s
in

h
ig
h

m
o
le
c
u
la
r
w
e
ig
h
t

ri
c
h
e
x
tr
a
c
t

Y
u
n
(1
9
9
9
)

S
a
rc
o
m
a
1
8
0

c
e
lls

(i
m
p
la
n
t)

P
o
ly
sa

c
c
h
a
ri
d
e
(G

L
-B
);

5
0
,
1
0
0
,
o
r
2
0
0
m
g
/

k
g

1
0
c
o
n
se

c
u
ti
v
e

d
a
y
s
(0

to
+
1
0
)

In
tr
a
g
a
st
ri
c

%
in
h
ib
it
io
n
ra
ti
o
c

(n
=

1
0
/

e
x
p
e
ri
m
e
n
t)

Z
h
a
n
g
a
n
d
L
in

(1
9
9
9
)

2
8
%

(2
0
m
g
/k
g
),

5
6
%

(1
0
0
m
g
/

k
g
),

6
7
%

(2
0
0

m
g
/k
g
)

C
o
lo
n
c
a
n
c
e
r

(i
n
d
u
c
e
d
)

H
o
t-
w
a
te
r
e
x
tr
a
c
t
o
f

c
u
lt
u
re
d
m
y
c
e
liu

m
a
n
d
m
e
d
iu
m
;

1
.2
5
%

,
2
%

,
o
r
5
%

5
w
e
e
k
s
d
a
ily

(s
ta
rt
in
g
a
t
�
7
)

In
fo
o
d

D
e
c
re
a
se

in
th
e
to
ta
l

n
u
m
b
e
r
o
f

a
b
e
rr
a
n
t
c
ry
p
ts

a
n
d
c
y
st

fo
rm

a
ti
o
n

L
u
e
t
a
l.

(2
0
0
1
)

a
(+

)
o
r
(�

)
si
g
n
s
re
fe
r
to

th
e
d
a
y
s
b
e
fo
re

(�
)
o
r
a
ft
e
r
(+

)
tu
m
o
r
w
a
s
im

p
la
n
te
d
/i
n
d
u
c
e
d
.

b
i.
p
=

In
tr
a
p
e
ri
to
n
e
a
l
in
je
c
ti
o
n
.

c
%

in
h
ib
it
io
n
ra
ti
o
p
re
se

n
te
d
w
as

a
s
c
a
lc
u
la
te
d
in

o
ri
g
in
a
l
p
a
p
e
rs

a
s:

[(
C
w

�
T
w
)/
C
w
]*
1
0
0
,
w
h
e
re
,
C
w

=
a
v
e
ra
g
e
tu
m
o
r
w
e
ig
h
t
in

c
o
n
tr
o
l

(u
n
tr
e
a
te
d
)
g
ro
u
p
a
n
d
T
w

=
a
v
e
ra
g
e
tu
m
o
r
w
e
ig
h
t
in

tr
ea

tm
e
n
t
g
ro
u
p
.

Wachtel-Galor et al.194



given i.p. for 3 days or orally daily for 5 weeks. The i.p. administration of the
hot-water extract, which was reported to activate macrophages, resulted in
74% inhibition of average tumor growth, with 3 of 10 animals showing
complete regression. Oral administration also showed a significant effect with
an average of 45–63% inhibition. The results of this study are supported by
those of Zhang and Lin (126) in which a polysaccharide isolated from G.
lucidum and administered by intragastric tube to mice inhibited the growth of
implanted sarcoma 180 cells. Ethanol-soluble fractions were tested in some of
these studies and were shown to have lower percent of inhibition rate
compared with the ethanol-insoluble, polysaccharide-rich fractions, although
the presented data are confusing in parts (121,127). Interestingly, a pure h-
(1!3) glucan (from a different source) tested in parallel with the G. lucidum
extracts resulted in 90% inhibition of tumor growth (121). This supports the
suggestion that it is the polysaccharides fraction(s) of G. lucidum that are the
antitumorigenic components of the mushroom.

In addition to testing potential antitumorigenic effects of G. lucidum
against sarcoma 180 tumor cells, extracts have been tested against other types
of cancer cells. An aqueous extract (i.p. at 10, 20, and 40 mg/mouse) of the
fruit body significantly increased the life span of mice implanted with Lewis
lung carcinoma cells. However, no dose-response effect was seen (127). An
additive effect was seen when G. lucidum was given in combination with
cytotoxic antineoplastic drugs, and there was a suggestion of a possibly
synergistic effect with cisplatin. The active principles in theG. lucidum extract
were suggested to be polysaccharides, which could be concentrated from the
aqueous extract by ethanol precipitation (127). In addition to the extracts
from the fruiting body, these from the mycelia of G. lucidum have also been
reported to have antitumorigenic effects. Yun (70) reported that 9 weeks of
oral administration of mycelium extract significantly inhibited lung adenoma
formation in mice. The activity was concentrated in the high-molecular-
weight (polysaccharide) fraction. In another study (128), the hot-water extract
of the mycelium/growth medium complex was given to rats. The extract was
found to decrease development of abberant crypt foci (ACF), which are
precancerous lesions in the colon, when given orally 1 week prior to the
administration of carcinogenic agent. No toxicity effect or side effects were
seen in the rats when the extract was administered for 3 months. This extract
was also found to inhibit the growth of several human colon carcinoma cell
lines in vitro as examined by colony formation in soft agar (128). The
protective effect of G. lucidum seen in this study may indicate protection
against colon cancer. However, it is not clear if these animal findings can be
extrapolated to humans.

Whether the antitumor effect is a direct one or is mediated via effects on
the immune system is an important question. Wang et al. (129) found that a
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polysaccharide-enriched fraction from G. lucidum activated cultured macro-
phages and T lymphocytes in vitro, increasing the levels of interleukin (IL)-
1h, tumor necrosis factor (TNF)-a, and IL-6 in the culture medium. Cytokine
levels in cultured cells treated withG. lucidum polysaccharides were 5–29-fold
higher than in controls. The proliferation of leukemic cells (HL-60 andU937)
in tissue culture was not affected by the polysaccharide alone, nor was the
growth affected by the addition of peripheral mononuclear cells (MNCs) in
culture medium. However, addition of G. lucidum–activatedMNCs inhibited
growth of leukemic cells, markedly induced leukemic cell apoptosis, and
induced differentation of leukemic cells (129). The results of this study are
supported by those of Zhang and Lin (126). In this study, adding the
polysaccharide fraction directly to sarcoma 180 and HL-60 cell cultures in
vitro did not inhibit their proliferation, nor was tumor cell apoptosis induced.
However, when the extract was first added to the culture medium of macro-
phages and T lymphocytes, and then to the HL-60 cell cultures, cell prolif-
eration was inhibited and apoptosis was induced. The polysaccharide
significantly increased TNF-a and interferon (IFN)-g production by macro-
phages and T lymphocytes in a dose-dependent and time-dependent manner,
peaking at around 24 hr, with evidence of decreased cytokine production after
48 hr (126). These results strongly suggest that antitumorigenic activity is
mediated by cytokines released from immune cells in response to the G.
lucidum polysaccharides.

A similar study showed that human MNCs incubated in vitro with G.
lucidum polysaccharide extract had antiproliferative effects and induced
differentiation in U937 leukemic cells. These effects were not seen with the
extract or MNC by themselves (130). In this study, the effect of G. lucidum
polysaccharide extract on the release of cytokines from immune cells was also
demonstrated and showed marked production of IL-1h and TNF-a, with a
small amount of IFN-g. Synthesis of IL-6 and nitric oxide was also found to
increase in macrophage culture treated with G. lucidum extract, and a dose-
dependent response was seen (121). A polysaccharide (GL-B) from the
mushroom reportedly promoted the production of IL-2 and increased the
number of cells in a mixed murine lymphocyte culture system (131), and in
the study by Jia et al. (132), a hot-water extract of G. lucidum was reported to
promote the production of a nonspecific ‘‘tumor necrosis factor’’ by mouse
macrophages in vitro and in vivo. However, these two studies are poorly
described and nonstandard methodologies were used.

It was shown that the molecular weight, water solubility, conformation,
and chemical modification of the polysaccharidel all significantly affect their
antitumor activities (62). For example, sulfated derivatives of polysaccharides
extracted from the fruit body of G. lucidum showed higher antitumor activity
against Ehrlich ascites carcinoma than the originals (62). In addition, poly-
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saccharides from G. lucidum were reported to induce glutathione-S-transfer-
ase activity in tissue culture system (50). The glutathione-S-transferase family
of ‘‘Phase II enzymes’’ plays an important role in the detoxification and
metabolism of many xenobiotic and endobiotic compounds, and their
increased activity is likely to decrease the body’s mutagen load, thereby
decreasing cancer risk.

Lanostanoids isolated from the mushroom may also contribute to its
reputed anticancer effects. A crude chloroform extract and two isolated
lanostanoids from the fruit body were found to induce NAD(P)H:quinone
oxidoreductase enzyme (QR), a Phase II drug-metabolizing enzyme, in
cultured hepatoma cells, as an approach to detect potential cancer chemopre-
ventive activity (87). The crude extract and both lanostanoids increased
enzyme activity in murine hepatoma cells by 1.7–2-fold at concentrations of
3–20 Ag/mL (87). With another approach, this time focusing on direct DNA
effects, the protection of G. lucidum against a mutagen (ethyl methanesulfo-
nate) in mice was examined (48). This group used the comet assay, which is a
useful method of assessing DNA damage and DNA strand breaks in
individual cells such as lymphocytes (133). No evidence was found for
genotoxic chromosomal breakage effect by G. lucidum; however, no protec-
tion was seen (48).

The cytotoxicity of several isolated triterpenes was studied against
mouse sarcoma (Meth A) and carcinoma (LLC) tumor cell lines. Of 20
triterpenes tested, two showed potent cytotoxic effects, with the others
showing weak to no effect compared with the positive control (88). Ethanolic
extracts of broken spores were found to inhibit the growth of cervical cancer
(HeLa) cells in tissue culture, but extracts of unbroken spores had no effect.
An ethanol/ethyl acetate extract of broken spores was shown to arrest cells in
G1 phase of the cell cycle, and there was evidence that this effect was mediated
by a dose-dependent decrease in intracellular calcium level (134). A possibly
additional anticancer effect of G. lucidum may be through effects on DNA
duplication. Three terpenes from G. lucidum were reported to inhibit DNA
polymerase from two animal species, and two cerebrosides isolated from the
mushroom were found to be eukaryotic (but not prokaryotic) DNA poly-
merase inhibitors (86,135). Another compound, ergosterol peroxide, sepa-
rated from the fruit bodywas found to have synergistic effect with linoleic acid
on inhibition of rat DNA polymerase h, but was not effective against calf
polymerase a. The compound showed no inhibitory effect by itself (109).

In two small and uncontrolled clinical trials, a commercial extract of G.
lucidum was given to patients with Stage III nasopharyngeal carcinoma
(NPC) (n=5) and acute myelobastic leukemia (n=4) (46). Patients received
9 g/day of the extract before, during, and after radiotherapy and/or chemo-
therapy. In both groups significant improvement was reported in terms of
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tumor size in NPC and white blood cell count in leukemia patients. However,
whether G. lucidum contributed to this was not established owing to the poor
study design.

D. Immune Status

Agents that enhance the functioning of the immune system could be expected
to enhance health in terms of improved resistance to infection and removal of
malignant or premalignant cells. These agents would be particularly useful in
very young children and in the elderly, where immune status is often poor.
Conversely, agents that suppress the immune system are sometimes necessary,
and the development of immunosuppressive agents with high efficacy and
minimal toxicity has been the focus of novel drug research. There is a need for
such agents owing to advances in transplantation technology and for the
treatment of autoimmune diseases. Traditional chinese Medicines (TCM)
have been used for centuries in China to treat various immune-mediated
disorders (136), andG. lucidum specifically has a reputation for immunomod-
ulatory effects.

An a-1,2 polysaccharide (58% glucose) fromG. lucidumwas reported to
increase the proliferation of ConA–stimulatedmouse spleen cells as shown by
MTT test in vitro, and to increase expression of cytokines IL-I and IL-2 and
IFN-g (55). This activity was abolished after treatment with a-1,2 fucosidase
(glytolic cleavage). It seems, therefore, that the main active compound is a
polysaccharide or glycoprotein fraction containing essential fucose residues
with a-1,2-linkages. Polysaccharides from the mushroom increased lympho-
cyte proliferation in spleen cells from normal and aged mice in vivo and
promoted the response to sheep red blood cells (SRBC), an indirect test of
antibody production (53,137). In a similar study, a polysaccharide (1-3-a-D
native and degraded) isolated from the mushroom spores showed some
immunostimulating activity as assessed by increased lymphocyte prolifera-
tion and production of antibodies against SRBC, after being injected into
mice (54,58). Immunostimulating results were also seen in in vitro tests of
proliferation of T and B lymphocytes as measured by the MTT method. Bao
et al. (59) showed similar results in a mouse model, with an isolated
polysaccharide (PL-1) from the mushroom’s fruit body. However, in the in
vitro studies, not all tested polysaccharides showed induction of proliferation
of T and B cells. ith Different derivatives of the native polysaccharides were
tested in those studies with different degree of affect (54,58). Although up to
now there is no accepted mechanism or agreement on the parameters that
influence the glucans activities, it seems that the introduction of ionic or
nonionic groups can significantly affect the physiochemical properties and
immunomodulating activities of the parent glucan.
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Effects of G. lucidum extracts on T-cell subsets in spleen, thymus, and
splenocytes of g-irradiated mice were investigated by Chen et al. (138). Mice
were treated with whole-body exposure to 4Gy g-irradiation. A crude, water-
soluble extract was given for 35 consecutive days, 7 days before and 28 days
after radiation. In the study, the G. lucidum extract increased the thymus
recovery from radiation and promoted splenocyte proliferation. In addition,
results suggested that G. lucidum enhanced recovery of CD8+ cells in
irradiated mice, and that G. lucidum treatment may have resulted in a slight
increase in CD4+ cells in control mice (no irradiation) (138).

These animal studies indicate a possible immunopotentiating effect of
G. lucidum. However, immunosuppressive effects of the mushroom have also
been reported. A protein purified from the mycelium (LZ-8) was found to
have immunosuppressive effects on human mononuclear cells. The protein
Ling Zhi-8 (LZ-8) with MW 13–17 kDa was identified by Kino et al. in 1989
(104). The LZ-8 molecule consists of a homodimer of two polypeptides of 110
amino acids, which bear primary and secondary structural similarities with
the immunoglobulin heavy chain. This led to the hypothesis that LZ-8 might
be an ancestral protein of the immunoglobulins (106).

The administration of LZ-8 in an allograftedmouse skin model resulted
in an increased graft survival time, and in a rat model LZ-8 was effective in
delaying the rejection process of allografted pancreatic islets (106). LZ-8 was
also found to prevent systemic anaphylaxis and death (from 4/10 death in
control mice to 0/10 in treated mice) when administered by intraperitoneal
injection several times before shock was induced by bovine serum albumin
(BSA), but had no effect if given at the same time as shock was induced (104).
The authors suggested that the effect of LZ-8 was mediated by inhibition of
antibody production. This was supported by the results of a later study by this
group (105) in which a decrease in antibody production after immunization of
mice by hepatitis B surface antigen was seen. However, this group also
reported that LZ-8 showed in vitro mitogenic effects on mice spleen cells
(104,105). A later study by this group suggested that LZ-8 exerts its antibody-
inhibiting effect through modulation of adhesion molecules on immunocom-
petent cells, perhaps restoring cellular interaction that has become defective
as a result of (or resulting in) autoimmune disease (139).

In a study that examined the effect of G. lucidum on normal human
peripheralmononuclear cells, cells were incubatedwithmethanolic extracts of
G. lucidum in the presence of the potent immunosuppressive agent cyclosporin
A, or in the presence of immunostimulatory agents (140). Results showed no
convincing antagonistic effect against immunostimulatory agents except at
very high concentrations (100 mg/L), which may themselves have been
cytotoxic. Most of the organic extracts of G. lucidum appeared to increase
immunosuppression in cyclosporin-treated cells at concentrations of 10 mg/L
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G. lucidum. It must be noted that this study was not adequately controlled, as
no cells were treated with G. lucidum extracts in the absence of immunostim-
ulatory or immunoinhibitory agents. Therefore, it is not possible to say
whether the effects of G. lucidum on cyclosporin-treated cells were additive or
synergistic (140).

E. Cardiovascular Disease

Cardiovascular disease (CVD) is the leading cause of death worldwide (123),
and anything that can delay or help prevent CVD will make a significant
impact in both economic- and health-related terms. Established risk factors
for CVD include hypertension, hypercholesterolaemia, diabetes mellitus,
smoking, and increased thrombotic index, and there is an ever-increasing list
of new CVD risk factors and predictors, such as homocysteine, C-reactive
protein, and oxidative stress. Modulating risk factors is the key to primary
prevention of CVD (141).

Morigiwa et al. (79) reported that isolated triterpenes from the fruit
body of G. lucidum inhibited angiotensin-converting enzyme (ACE), suggest-
ing a potential role for G. lucidum in the modulation of blood pressure. Three
days of oral administration of mycelium extract to hypertensive rats had no
hypotensive effect, but the authors reported that administration of the
mycelium culture media (water and bran base) produced a decrease in blood
pressure lasting up to 25 hr (142), implying production and release of
hyptensive agents from the mycelium. However, this study was poorly
designed and described, and apparently uncontrolled. In a study with nor-
motensive animals (143), an ethanol-precipitable fraction of a water extract of
mycelium and medium was given by intravenous injection. Blood pressure
reportedly decreased in anesethetized, but not in conscious, rabbits, but did
decrease in conscious rats. Heart rates did not change, but the authors
reported a decreased activity in exposed renal nerves. However, this study
was also uncontrolled, and results are difficult to interpret.

In a 6-month human supplementation study in Japan (144), 53 patients
(40 hypertensive and 13 normotensive or mildly hypertensive control sub-
jects) took 1.5 g (as capsules) per day of G. lucidum extract. After 10 days
significant decreases were reported in the systolic and diastolic pressures of
the hypertensive subjects, and these remained decreased until the end of the
trial. The authors concluded that oral intake ofG. lucidum resulted in lowered
blood pressure in essential hypertension. The lack of significant effect in
control subjects could imply an indirect effect of G. lucidum on blood
pressure; however, it must be noted that there was no placebo-controlled
group in this study. It is of interest that 6 months of supplementation with G.
lucidum was not associated with any evidence of renal or hepatic toxicity, as
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no deleterious changes were seen in plasma biomarkers of kidney or liver
function. Furthermore, there was a small (around 7%) but significant
decrease in total cholesterol concentration (144). A cholesterol-lowering
effect was also seen in a study using an in vitro rat liver homogenate model
(145). One triterpene (the oxygenated lanosterol, Compound VI) from G.
lucidum was reported to show a marked inhibitory effect on cholesterol
synthesis from dihydrolanosterol, with 84% inhibition at 40 AM (145). The
hypocholesterolaemic effect may be mediated by effects on cholesterol
biosynthesis and by possible triterpene-mediated effects on blockage of cho-
lesterol absorption (7,11,145).

Platelet aggregation and agents that mediate proliferation of vascular
smooth muscle play a role in thrombosis and vascular spasm, key players in
CVD (146). Several compounds from the G. lucidum mushroom have been
reported to have antagonistic effects on platelet aggregation. Adenosine
suppresses platelet aggregation, and a dried water extract of G. lucidum was
reported to have an adenosine concentration of >40 mg/100 g (147).
Administration of the adenosine derivative, 5-deoxy-5-methylsulfinyladeno-
sine, isolated from G. lucidum, showed inhibitory effects on induction of
platelet aggregation in rabbit plasma, but the effect was not as strong as that
of adenosine (148).

Su et al. (149–151) showed that the triterpene ganodermic acid S (GAS),
isolated from themushroom’smycelia, inhibited platelet response to collagen,
and GAS showed an additive inhibitory effect on collagen-induced platelet
aggregation in the presence of prostaglandin E1. Collagen-induced aggrega-
tion is mediated by thromboxane A2(TXA2)-dependent signaling pathways.
TXA2 is a potent inducer of platelet activation, and agents, such as GAS, that
inhibit the action of TXA2, directly or indirectly, may have important
therapeutic applications in lowering CVD risk (152).

G. lucidum has also been reported to have other antithrombotic effects.
Choi and Sa (110) reported that a metalloprotease (likely a zinc metal-
loprotease) isolated from the mycelium of G. lucidum increased the throm-
bin-induced clotting time of human plasma in vitro, by competitive inhibition
of the interaction between thrombin and fibrinogen, as well as having a fi-
brinolytic effect.

Diabetes mellitus is a risk factor considered equivalent to established
coronary heart disease (153). Components of G. lucidum have been shown to
have a hypoglycemic effect in animals. Ganoderans A and B, two polysac-
charides isolated from fruit bodywater extracts and administered (dose of 100
mg/kg) by intraperitoneal injection to normal and alloxan-induced diabetic
hyperglycaemic mice, significantly decreased (by up to 50%) the plasma glu-
cose concentrations, and the hypoglycemic effect was still evident after 24 hr
(61). Using amousemodel, ganoderan Bwas also reported to increase plasma
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insulin, decrease hepatic glycogen content, and modulate the activity of
glucose-metabolizing enzymes in the liver (154). The same group reported
that a third polysaccharide (ganoderan C) isolated from G. lucidum also
showed significant hypoglycemic effects in mice, and that ganoderan B
increased plasma insulin levels in both normal and glucose-loaded mice
(57,154). In a small (n=8) clinical trial (46) two type 1 and two type 2 diabetes
mellitus patients were given 3 g/day of a commercial G. lucidum supplement
for 2 months, while two patients in each group were given conventional
therapy (insulin or oral hypoglycemic agent). After 2 months of treatment, all
patients were reported to exhibit improvement in their blood glucose levels.
However, the poor design, the lack of detail, and the small number of subjects
mean that this study and its results have little in the way of scientific
credibility, and further study is needed on potential hypoglycemic effects of
G. lucidum in humans.

CVD can be regarded as an inflammatory disorder. Inflammation-
induced increases in acute-phase proteins, such as fibrinogen, are associated
with increased CVD risk, and even small increases in highly sensitive C-
reactive protein (hsCRP) are regarded as predictive of CVD (155). Anti-
inflammatory agents, therefore, may be useful in lowering CVD risk. G.
lucidum has been reported to have anti-inflammatory activity, and this is
described in more detail in the next section. CVD is also regarded as having
a strong association with oxidative stress (155). This is relevant in that G.
lucidum has also been reported to have antioxidant properties. These will be
described later.

F. Inflammatory Disorders

The development of an inflammatory response is an important defensive
mechanism. The inflammatory response is characterized by the movement of
fluid, plasma proteins, cytokines, and other factors to the site of injury.
However, this normal protective mechanism can cause problems if it is
inadequate, uncontrolled, or inappropriate. Many chronic diseases, such as
rheumatoid arthritis and systemic lupus erythematosus, involve chronic
inflammation, and long-term anti-inflammatory treatment is required. These
treatments, which include steroids, nonsteroidal anti-inflammatory drugs,
and specific inhibitors of cycloxygenase, often bring their own problems
(156,157).

G. lucidum reportedly has anti-inflammatory properties, but we have
been unable to find any reports of clinical trials investigating this aspect of G.
lucidum and its potential health benefits. A family of triterpenoids from the
mushroom was reported to reduce inflammation induced by carageenan and
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croton oil, and a therapuetic role forG. lucidum has been suggested in arthritis
and Alzheimer’s disease (32). Streeper and Satsangi (156) studied the anti-
inflammatory effect of both oral and topical treatment with water and ethyl
acetate extracts of G. lucidum in a mouse model of croton-oil-induced
irritation (to the ear). It was reported that orally administered ethyl acetate
and water extracts of G. lucidum had significant activity that extended over a
longer period of time than hydrocortisone, a commonly used anti-inflamma-
tory treatment. Topical application of the ethyl acetate extract also resulted in
significant anti-inflammatory effect, comparing favorably with hydrocorti-
sone. The water extract, on the other hand, had little or no topical effect. This
group also reported that treatment with G. lucidum was not associated with
thymic involution, a common side effect of corticosteroid treatment (156). In
another animal study (158), both oral and topical adminstration of organic
extracts of G. lucidum was reported to ameliorate chemical-induced irrita-
tion, as measured by effects on edema, weight, and volume of affected sites
(ear and paw).

The anti-inflammatory components of G. lucidum in these organic
extracts are believed to be the triterpenes (156). In the Handbook of Enzyme
Inhibitors (159), the triterpenes, ganoderic acids R, S, and T, are referred to as
having an inhibitory effect on the enzyme phospholipase A2 (PLA2) from pig
pancreas. PLA2 catalyzes the rate-limiting step in the release of arachidonic
acid, and mediates the inflammatory response. In addition, extracellular
PLA2, such as that secreted into body fluids during inflammation, can directly
attack cell membranes, inducing cell lysis and subsequent tissue damage (160).

Jain et al. (161) studied the anti-PLA2 activity of seven triterpenes iso-
lated from G. lucidum. Three triterpenes, R, S, and T, were found to be active
against enzymes from pig pancreas, but only ganoderic acid T was active also
against the enzyme from bee venom and a human recombinant PLA2 from
synovial fluid. No details are given of how the ganoderic acids were purified.
Hot-water extracts of G. lucidum have also been found to induce marked
inhibition of PLA2 from pig pancreas and bee venom (162). Giner-Larza et al.
(158) also studied the PLA2 inhibitory effect of G. lucidum. Mice were given
G. lucidum extract orally 90 min before being injected in the paw with snake
venom PLA2 (from N. naja and N. mossambica). Edema of the affected paw
was significantly decreased 60 min after treatment, when compared to con-
trols. However, in an in vitro study using PLA2 from N. mossambica, no sig-
nificant inhibitory effect of G. lucidum was seen (158). The reason for this
conflict in PLA2 inhibition by G. lucidum is not clear. Analytical methods for
testing PLA2 inhibition are varied and can be problematic (161). However, it
is possible that the inhibitory components of G. lucidum are active against
only certain types of PLA2; this deserves further study.
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G. Allergy

Diagnosis of allergy is often based on identification of environmental
allergens by skin tests and in vitro tests of allergen-specific IgE (157). G.
lucidum is believed to help alleviate allergies (12). Triterpenes isolated fromG.
lucidumwere shown to have an inhibitory action on histamine release from rat
mast cells ex vivo; however, the methods and results in this study were poorly
described (77). There are no published reports of an allergic response to
ingestion of G. lucidum, but it should be noted that some basidiomycetes may
be potential aeroallergens. Sensitization to G. lucidum has been reported in
patients with from asthma and rhinitis (163–165), as positive skin prick and
intradermal skin tests to both spores and the fruit body extract were reported
in some patients (>16%), as well as elevated antibodies to the fungi and
proteins separated from it. Inhalation of G. lucidum spores may stimulate a
base level of allergic responsiveness in susceptible atopic patients. G. lucidum
may, therefore, induce respiratory and skin allergy, and this clearly must be
considered in any potential topical application of G. lucidum.

H. Antioxidant

Observations imply that reactive oxygen species may damage DNA, proteins,
and lipids in vivo, thereby promoting development of various diseases,
including cancer and CVD. Reactive oxygen species (ROS) are a partially
reduced form of oxygen, and include the superoxide anion, hydrogen
peroxide, and the highly reactive hydroxyl radical. These, and other ROS,
are produced in various ways, such as during the course of normal aerobic
metabolism, from activated phagocytes, during postischemic reperfusion,
and from cigarette smoke, ionizing and ultraviolet (UV) radiation, drugs, and
toxins (166–168). Oxidative damage to key biological sites is, therefore, a
continuous and unavoidable physiological threat. An array of physiological
antioxidants exists within the body to prevent production, inactivation, and
removal of ROS, thus limiting oxidative damage. These antioxidants are of
both endogenous and dietary origin. Plants contain many antioxidants, and
diets rich in plant-based foods are known to be associated with improved
health (166–168). While the precise components and mechanism of benefit of
‘‘healthy’’ diets remain to be established, it is hypothesized that antioxidants
play a key role.

The antioxidant properties of G. lucidum have been examined in
different models. Using a supercoiled bacterial DNA model, hot-water
extract, water-soluble polysaccharides, and an isolated amino-polysaccharide
(G009) from G. lucidum were reported to show good radioprotective ability,
and conferred DNA protection against hydroxyl radical produced by metal-
catalyzed Fenton reaction, UV irradiation, and photolysis of hydrogen
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peroxide (169). There were two suggested mechanisms by which the poly-
saccharides exerted their protective effect, metal ion binding (which prevents
the Fenton reaction) and hydroxyl radical scavenging (169,170). Using a
human DNA model (Raji cells) the hot-water extract (but not a cold-water
extract) ofG. lucidumwas also found tomarkedly protect DNA from damage
induced by hydrogen peroxide (171). However, it must be noted that the
concentration ofG. lucidum extract used in these antioxidant studies was very
high, starting from 0.5 mg/mL (169–171), and it is not currently clear whether
this concentration could be achieved in vivo.

The antioxidant activity of G. lucidum has also been examined in other
models. The terpene and polysaccharide fractions were separated from a hot-
water extract, and were screened for their antioxidative effect against pyro-
gallol-induced erythrocyte membrane oxidation using rat red blood cells
(172). All three types (the hot-water extract and the isolated terpene and
polysaccharide fractions) of extracts protected, but the polysaccharide and
terpene fractions were effective at 0.1 mg/mL and above, whereas the hot-
water extract was effective only at >0.25 mg/mL. The effect on lipid
peroxidation was also assessed by Zhu et al. (172). Rat liver mitochondria
were exposed to ferrous sulfate and ascorbic acid, which produces hydroxyl
radicals, and the extent of lipid peroxidation was assessed using the thio-
barbituric acid reactive substances (TBARS) reaction. TBARS levels were
decreased by the addition of theG. lucidum extracts. The terpene fraction was
the most effective, and at a concentration of 0.1 mg/mL almost all lipid
peroxidation was prevented (172). A similar protocol was applied by Lee et al.
(170), who used rat brain homogenate to test the amino polysaccharide
(G009) fraction of G. lucidum at concentrations of 0.25–2.0 mg/mL. This
inhibited formation of TBARS in a dose-dependent manner. Whether this
was related to iron binding by the polysaccharide was not tested. In a separate
experiment, the G009 polysaccharide was found to have hydroxyl-radical-
scavenging effect when the hydroxylated products of hydroxyl radical trapped
by salicylic acid were measured (170). This group also reported superoxide
scavenging effects using two different systems of superoxide generation, a
xanthine-xanthine oxidase system and a HL-60 cell culture model. In the
xanthine-xanthine oxidase model, G009 mitigated superoxide-related oxida-
tion of a chromophore in a dose-related manner. In the cell culture model,
oxidation was inhibited by about 60% by 2.0 mg/mL of G. lucidum (170).
Whether this was due to scavenging or inhibition of superoxide generation by
the cells was not clear.

Using the ferric-reducing (antioxidant) power (FRAP) assay (173), we
have found that hot-water extracts of G. lucidum show some antioxidant
power, but this is not particularly high. Ascorbic acid (1 g), green tea (1 g), and
G. lucidum (1 g) are estimated to contain 11,364 Amol, 272–1144 Amol, and
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360 Amol of antioxidant power, respectively (174,175 and our unpublished
data). However, we have found that there is a significant increase in plasma
antioxidant capacity shortly after an oral dose of G. lucidum, indicating that
some antioxidants in G. lucidum are bioavailable (Fig. 3) (175). Furthermore,
using flow cytometric analysis of site-specific oxidation of membrane lipids in
living cells ex vivo, we have found that membrane oxidation is inhibited by
preincubation of cells with hot-water extracts of G. lucidum (Fig. 4) (our
unpublished results).

From these, and other, data it is clear that G. lucidum has antioxidant
properties, and that both polysaccharide and triterpene constituents con-
tribute to these. However, it is not yet known which antioxidants are ab-
sorbed, nor is it clear whether absorbed antioxidants from G. lucidum have
any in vivo protective effects and health benefits; further study is needed in
this area.

I. Liver Injury

Hot-water and water-ether extracts of the fruit body ofG. lucidumwere found
to have a potent hepatoprotective effect against carbon tetrachloride (CCl4)-
induced liver injury in rats when given orally and intraperitoneally (176,177).
The measured markers for liver injury included asaparate and alanine trans-
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FIGURE 3 Mean + SEM change in plasma total antioxidant power (as the FRAP
value) at 90 min postingestion of placebo (vertical lines), 1.1 g of G. lucidum
extract (horizontal lines), and 3.3 g of G. lucidum extract (diagonal lines) in a
human intervention trial (n = 10). A significant (*p < 0.05) increase in plasma
FRAP was seen after the G. lucidum administration compared with the placebo
intake, indicating an absorption of antioxidant compounds into plasma.

Wachtel-Galor et al.206



aminases (AST and ALT) and lactate dehydrogenase (LDH). One active
compound of the extract was separated and identified as ganoderenic acid A.
This was found to have potent inhibitory effect on h-glucuronidase, and the
authors suggested that this inhibitory effect may have mediated the hepato-
protection seen when this isolated compound was given (177). Protection was
also reported in a study in which a hot-water extract of G. lucidum was given
orally tomice 30min before administration of ethanol. The extract was found
to show an inhibitory effect againstmalodialdehyde (MDA) formation, which
is a degradation product of lipid peroxides, in mouse liver and renal
homogenate, with evidence of a dose-response seen (178).

Hepatoprotection may also be mediated by radical-scavenging proper-
ties of G. lucidum. It has been hypothesized that CCl4 and alcohol toxicity is
associated with increased oxidative stress and free-radical-associated injury.
Lin et al. (176) reported that hot-water extracts of G. lucidum showed
significant radical-scavenging activity against both superoxide and hydroxyl
radicals; however, the extracts were not further characterized. Interestingly,
in a similar animal study of CCl4-induced liver damage (142), oral adminis-
tration of the medium in which G. lucidum mycelia were grown (but not the
mycelium alone) had marked benefical effects, as assessed by lower 96 hr
postinjury serum AST and ALT activities. No decrease was seen in the actual
damage caused, as 24-hr transaminase activites were not different from levels
in control animals, implying that the mycelium-medium may have promoted
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FIGURE 4 Effect of preincubation with Lingzhi (G. lucidum) on peroxidation
within cell membranes. Each point represents the mean of three separate exper-
iments, with 1 SD error bars shown (o = phosphate-buffered saline control;
* = Lingzhi, 1.5% w/v). Preincubation with Lingzhi protected membranes, as
seen by less quenching of membrane-bound fluorophore.
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recovery in some way. The release of a hepatoprotective component from G.
lucidum mycelium was also reported by Song et al. (179). In this study, an
extracellular peptidoglycan (a polysaccharide/amino acid complex named
WK-003) produced duringmycelium fermentationwas administered orally to
rats for 4 days prior to CCl4 intoxication. SerumALT levels were significantly
reduced (by 70%; p < 0.01) at 24 hr postinjury compared with untreated,
intoxicated rats. The AST levels decreased by 27%; however, this was not
statistically significant. These studies of a possible mycelial product with
hepatoprotective activity being extruded into the culture medium are of
interest because the mycelia of G. lucidum are much easier and less costly to
cultivate than the fruit body.

Polysaccharides extracted from G. lucidum were found by Park et al.
(180) to have antifibrotic properties and to ameliorate cirrhosis induced by
biliary ligation. The polysaccharides were given orally for 28 days postliga-
tion, and this was found to lower collagen (hydroxyproline) content in rats
liver and improved the liver morphology in comparison to control animals.
The polysaccharide treatment also significantly decreased the ligation-in-
duced increases in serum biochemical markers of liver damage (AST, ALT,
alkaline phosphatase, and total bilirubin). These data suggest that polysac-
charides from G. lucidum could be a promising antifibrotic therapy; however,
no mechanisms of this putative hepatoprotective action were described, and
further study is needed (180).

VIII. CONCLUDING REMARKS

G. lucidum is a well-regarded Asian herbal remedy with a long and impressive
range of applications. Global consumption of G. lucidum is high, and an
increasingly large series of patented and commercially available products that
incorporate G. lucidum as an active ingredient are available as food supple-
ments. These include extracts and isolated constituents in various formula-
tions and these are marketed worldwide in the form of capsules, creams, hair
tonics, and syrups (6,182). The various postulated health benefits of G.
lucidum are outlined in Figure 5, and a summary of the experimental studies
described in this chapter, with our comments, on the putative therapeutic
effects of G. lucidum is presented in Table 2.

In conclusion, studies on G. lucidum composition, cultivation, and
reputed effects are still being carried out, and several new studies have been
published since this paper was drafted. However, convincing evidence of
direct effects ofG. lucidum on human health is lacking to date, even though the
mushroom is widely promoted and consumed. Observational and anecdotal
reports of benefits have not as yet been substantiated by well-controlled clini-
cal trials or reliable scientific data. The G. lucidum preparations used have
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FIGURE 5 Postulated, but as yet unvalidated, health benefits of Lingzhi (G.
lucidum).
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often not been well defined in terms of the source, growing conditions, means
of identification of the mushroom as G. lucidum, contamination, heavy metal
content, batch-to-batch variation, method of extraction/preparation, or
dosage. Most studies have been performed on animals or in cell culture
models, and experimental studies have often been small, poorly designed, and
inadequately controlled. The great wealth of chemical data and anecdotal
evidence on effects of G. lucidum needs now to be complemented by reliable
experimental and clinical data from human trials to clearly establish whether
the reported health-related effects are valid and significant. Quality control
procedures to define and standardize G. lucidum preparations, in addition to
well-designed animal and cell culture studies, are needed to determine
mechanisms of action and to help characterize the active component(s) of
this putative medicinal mushroom.
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I. INTRODUCTION

Herba Epimedii, Berberidaceae (Chinese name ‘‘yinyanghuo,’’ or ‘‘horny
goat weed’’) is the dried aerial part of several species of Epimedium, including
E. sagittatum (Sieb. Et Zucc), E. koreanum Nakai, E. pubescens Maxim., E.
wushanenseT.S. Ying, andE. brevicornumMaxim (1). Epimedium is a woody,
evergreen perennial indigenous to shady mountain areas in temperate to
subtropical Asia. It has broad heart-shaped leaves, and comprises over 40
species throughout the world.Most species of the genus have been used in folk
medicine as yang tonic, mainly in China, Japan, and Korea. It is pungent and
sweet in flavor.

A. Processing

Epimedium herb is collected in summer and fall when foliage is growing
luxuriantly. The leaves are collected and removed from the thick stalks and
foreign matter, then dried in the sun or in the shade.
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B. Preparation and Dosage

Epimedium herb alone can be taken in the form of water-boiling extract or it
can be macerated in wine for an oral infusion. It is also used together with
prepared rehmania root, curculigo rhizome, dogwood fruit, and wolfberry
fruit. It is often found as one of the herbs used in various proprietary prod-
ucts. The dosage of Epimedium herb for human consumption is in the range
of 6–15 g, up to 30 g for a single use.

C. Traditional Use

Epimedium is one of the most popular and effective kidney yang tonics of
Chinese herbalism. Its first recorded use dates back to the ancient text Shen
Nong Ben Cao Jing (ca. 200 B.C.–A.D. 100). The herb is listed in the Phar-
macopoeia of the People’s Republic of China (1) as having action to ‘‘reinforce
the kidney yang, strengthen tendons and bones, and relieve rheumatic
conditions’’ and indicated ‘‘for impotence, seminal emission, weakness of
the limbs, rheumatoid arthralgia with numbness and muscle contracture, and
climacteric hypertension.’’

It received its colloquial name ‘‘horny goat weed’’ when goats grazing
on the herb were observed to have excessive copulating. Oriental populations
consider Epimedium an aphrodisiac and the herb is used to treat sexual
dysfunction in both men and women.

In addition, herba Epimedii have been reputed to be effective in ther-
apy for infertility, chronic nephritis, leukopenia, neurasthenia, asthenia, am-
nesia, or corresponding symptoms in China and Japan for over 2000 years
(2,3).

D. Modern Use

In recent years, Epimedium has been extensively used for coronary diseases,
hypertension, hyperlipidemia, hepatitis B, immunomodulation, as well as to
alleviate menopausal discomfort (4). The herb is also thought to have anti-
cancer and antiaging properties. It has been the subject of a number of animal
and human studies to explore its medicinal values.

II. DETERMINATION OF EPIMEDIUM SPECIES

Classically, the species of Epimediumherb can be determined according to the
spur length of its flower, and through morphological, histological, and che-
motaxonomical inspection. In many cases, these methods are unreliable, as
hybridization between species occurs, resulting in diversification of popula-
tions of Epimedium species.
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A. Genetic Characterization

In plant genomes, genes for the ribosomal RNA (rDNA) are normally clus-
tered in an array of multiple tandemly repeated copies of the cistron of
18S-ITS1-5.8S-ITS2-28S (5). The coding regions of 18S, 5.8S, and 28S rDNA
sequence are highly conserved, whereas sequence homology within the ITS1
and ITS2 regions is much lower across the plant kingdom. Based on these
features of the plant rDNA, molecular markers, such as random amplified
polymorphic DNA (RAPD) and restriction fragment length polymorphism
(RFLP), are good candidates for the identification and authentication of
plant species. RAPD and PCR-RFLP have been applied to explore the
DNA, generate discrete and species-specific RFLP patterns, and hence,
confirm the Epimedium species. E. sagittatum, E. koreanum, E. pubescens,
and E. wushanense were easily distinguished by a representative amplified
band pattern or DNA sequences (6,7). RAPD analysis is more appropriate
than RFLP analysis for the determination of species because it can be
conducted by an automated procedure rapidly and no enzymatic digestion
is needed; thus less plant material is required.

III. CHEMICAL CONSTITUENTS

A number of studies have been conducted to elucidate the chemical constit-
uents and pharmacological activities of the aerial parts of Epimedium herb.
Several methods such as column chromatography, liquid chromatography,
pulse polarography, coulometric titration, and fluorometry have been used to
study the flavonoids from Epimedium species (8). The main constituents in
Epimedium plants are the prenylflavone glycosides. Among the important
active constituents isolated from the aerial parts of these herbs are the
flavonol glycosides (such as icariin and baohuoside I, Fig. 1) and flavonoids.

The glycoside icariin was first isolated from E. macranthum (9). The
isolation of icariin from E. brevicornum (10–12), E. koreanum (11,12), E.
acuminatum (13,14), E. fargesii (15), E. wushanense (16),E. hunanense (2), and
E. sagittatum (3) was reported. The presence of icariin in Epimedium herb can
be detected by thin-layer chromatography. However, content of other fla-
vones might vary in different species (17).

Other compounds isolated from Epimedium herb include phenooxy-
chromones, flavanoids, chrysoeriol, quercetin, apigenin, apigenin 7,4V-di-
methyl ether, kempferol, tricin, luteolin, thalictoside, and brevicornin (8).
Luteolin, a flavone, was found to have estrogenic activity with a relative po-
tency of 58% compared to genistein (18). Apigenin and quercetin are also
estrogenic. Other flavanoids and flavanol glycosides described in Epimedium
include epimedokoreanoside I, icariside I, icaritin, epimedoside A, epimedins
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A, B, and C, h-anhydroicaritin, tricin, korepimedoside A and B, sagittato-
sides A, B, and C, sagittatins A and B, diphylloside A and B, baohuosides
I–VII, and baohuosu (16,19–21). Some of these flavonol glycosides, e.g.,
baohuoside I (2), were reported to have immunomodulatory activity. The
herb also contains ceryl alcohol linolenic acid, oleic acid, palmitic acid,
sterols, benzene, tannins, fats, saponins, vitamin E, zinc, and some essential
oils.

The quantitative changes of flavonoids in E. koreanum in different col-
lecting periods were determined by HPLC and UV spectrophotometry. The
result shows that the highest content of flavonoids is found in the flowering
period (May) (22).

The seasonal fluctuation of flavonol glycosides in the leaves of E. gran-
diflorum var. thunbergianum, E. cremeum, and E. sempervirens (Berberida-
ceae) was also investigated (23). The total content of glycosides was greatest
at flowering time, and as the leaves mature it became less fluctuating with
a little decrease. The ideal period for the harvest of Epimedium leaves was 2 or
3 months after flowering.

By means of RP-HPLC, nine major flavonoids in different parts of five
Epimedium plants listed in the ChinesePharmacopoeiawere analyzed and the
total contents of nine flavonoids in the four species were found to be highest in
the rhizome and roots, followed by leaves and stems (24). The composition of
the main constituents and relative contents in the five species were similar in
leaves and stems, but different from the rhizome and roots. These differences
may affect their pharmaceutical properties.

FIGURE 1 Chemical structures of bioactive compounds isolated from Epime-
dium: (a) icariin and (b) baohuoside I.
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IV. SCIENTIFIC BASIS OF THEIR BIOLOGICAL ACTIONS

Much of the work on Epimedium has focused on either the whole herb or its
glycosides. Polysaccharide content of extracts may also affect its properties. It
should be noted that the vast majority of these studies were performed in
mainland China and they have not been replicated elsewhere.

A. Immune Effects

Epimedium has been reported to significantly enhance the phagocytic activity
of macrophages (25), to stimulate the migration of T-lymphocytes from the
thymus to peripheral organs, and to promote both the proliferation of bone
marrow cells and the synthesis of DNA. The n-butanol fraction of E.
hunanense and epimedin C isolated from the fraction significantly enhanced
the response of spleen antibody-forming cells to nearly normal in the mice
treated with the immunosuppressant hydrocortisone acetate. They also
markedly enhanced lymphocyte proliferation and caused a significant recov-
ery of interleukin-2 (IL-2) production in HCA-treated mice (2). On the other
hand, a flavone analog, baohuoside I, isolated from E. davidii was described
to significantly prolong mouse heart allograft survival (26). Assessment of the
mice for appearance, behavior, biochemistry, hematology, and histology
revealed no side effects even at the intraperitoneal dose of 32 mg/kg/day for
14 days. In human studies, Epimedium herbs may regulate immunodeficiency
states and relieve the neuroendocrinoimmunological effect inhibited by
exogenous glucocorticoid. Studies of Epimedium herbs and the effects on
the immune system are summarized in Table 1.

B. Effects on the Skeletal System

The effect of Epimedium herb on osteoclastic bone resorption and osteopo-
rosis has been studied in vitro and in vivo using ovariectomized rat models.
The in vitro study (cultured osteoclasts) showed that Guizhou Epimedium (E.
leptorrhizum Stearn) inhibited the osteoclastic resorption of bone. The in vivo
effect of this Chinese herb was also investigated in rats with osteoporosis
induced by ovariectomy and the result demonstrated that both the Epime-
dium and estradiol were able to increase mineral content and promote bone
formation (33). Icariin-containing compounds have been isolated from aerial
parts of plants of the genus Epimedium. The icariin-containing compositions
were found to be effective in treating osteoporosis. Bone phosphorus and
calcium contents, bone mineral density, and the femur strength of treated
ovariectomized rats were increased significantly compared to control groups
(34). Therefore, herba Epimedii may be of potential use in the treatment of
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osteoporosis. However, the mechanisms of action for prevention of osteopo-
rosis were not described. Table 2 summarizes the protective effects of Epi-
medium on bone health.

C. Endocrine Effects

It has been reported that E. brevicornum may reduce the cold-resistant po-
tential of normal mice and disturb the balance of thyroid hormones in normal
rats. Large doses ofE. brevicornummay exert an unfavorable effect on normal
rats, such as reducing natural weight gain and serum triiodothyronine (T3),
but increasing rT3 and thyrotropin-releasing hormone levels as well as raising
thyroid-stimulating hormone (40). Lower T3 and higher rT3 levels may be
due to peripheral metabolism of thyroid hormones. It was concluded that
large doses of this yang-restoring medicine should not be given to the orga-
nisms without symptoms of yang deficiency. Another study showed that E.
brevicornum could raise plasma corticosterone level significantly and de-
creased plasma T3 level in rats, but no rise of plasma testosterone level was
observed (41). In a study of 65 patients, the plasma level of adrenocortico-
trophin and corticosterone decreased and lymphocyte proliferative reaction
was reduced ( p< 0.05) after treatment with E. brevicornum when compared
with the control group (32). Epimedium herb was found to inhibit mono-
amine oxidase (MAO) in the hypothalamus, leading to higher levels of nor-
adrenalin and dopamine (42). The researchers also showed that noradrenalin,
adrenaline, serotonin, and dopamine levels were all elevated in animals given
Epimedium. Higher levels of dopamine in particular may help to explain the
apparent prosexual effect of horny goat weed. High dopamine levels en-
courage the release of luteinizing hormone from the pituitary gland, which in
turn stimulates the testes to produce more testosterone. Stress is often accom-
panied by the excess release of cortical stress hormones, and Epimedium is
thought to reduce the effects of corticoids on the body. Generally the herb is
believed to have aphrodisiac properties.

D. Antioxidant Effects

Methanol extracts of 180 Oriental herbs were screened for their antioxidant
activities by determining the peroxide values of linoleic acid during storage at
50jC (43). Among the herbal extracts tested, 44 selected herbal extracts were
further studied in a methyl linoleate system for an extended storage time.
Eleven herbs had particularly high antioxidant activities, where the antiox-
idative effects of most herbal extracts were greatly dependent on the extrac-
tion solvent used. However, E. koreanumNakai extract and three other herbs
appeared to show significantly strong antioxidant activities regardless of the
solvents used for the extraction ( p < 0.05). This result suggested that E.
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koreanum extract contains powerful antioxidative components. Phenolic
acids and/or flavonoids might be the possible antioxidative components
because methanol is a good solvent for extracting these compounds from
the plant materials. Also, Epimedium compound granules, which lower blood
lipid, have anti-free radicals and adjust the balance between prostacyctin I2
and thromboxane A2 in patients with kidney deficiency syndrome of ischemic
cardiocerebrovascular diseases (44).

E. Anticancer Effects

Epimedium is officially listed in China as an herb that can help prevent the
growth of cancer and has been listed by the Chinese Academy of Medical
Sciences as one of an elite group of herbs that slow aging and promote
longevity. The plant bioactive compound baohuoside I was shown to have
cytotoxic and cytostatic effects on six different cancer cell lines, by means of
microscopy, 51Cr-release, and growth inhibition. The IC50 on the cells tested
ranged from 2.8 to 7.5 Ag/mL. At tumoricidal concentrations, inhibition of
DNA and RNA synthesis, but not protein synthesis, was observed (45).
Investigators at theUniversity of Heidelberg published provocative results on
herbaEpimedii glycoside icariin extract. In vitro experiments showed that this
herb stimulated healthy cells to produce an anticancer substance called tumor
necrosis factor-a. Also, icariin purified from E. koreanum induced differen-
tiation of human promyelocytic leukemic cells (HL-60) by reducing nitroblue
tetrazolium and elevating the cAMP/cGMP ratio. There were many rugos-
ities and ball-like processes on the cell surface and the mechanism might be
related to elevated cAMP/cGMP ratio (46). These preliminary studies suggest
that herba Epimedii may be useful against cancer.

F. Antihepatotoxic Effects

Icariin compounds display antihepatotoxic activity in cultured rat hepato-
cytes. Icariin was reported to significantly reduce the levels of glutamic
pyruvic transaminase and sorbitol dehydrogenase release, decrease glutathi-
one-S-transferase (GST) activity, and increase cytochrome P-450 content in
CCl4-intoxicated rat hepatocytes (47).

G. Antibacterial and Antiviral Effects

Epimedium has been shown to actively inhibit the growth of staphylococci,
streptococci, and pneumococci in culture. Recent studies have shown that
Epimedium has significant anti-HIV activity. Epimedium polysaccharides
were found to reverse the zidovudine (AZT)-induced inhibition of DNA
synthesis and reduce the toxicity of AZT (48).
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H. Cardiovascular Effects

Some of the flavonol glycosides and flavonoids isolated from the genus are
pharmacologically effective in dilation of the coronary artery, inhibition of
platelet aggregation, and delayed formation of thrombi (8). Chen et al. (49)
described the isolation of five new prenyflavones, yinyanghuo A, B, C, D, and
E. Yingyanghuo A and B were shown to have significant antiplatelet activity.
Flavone glycosides of E. koreanum (TFG) stimulated murine macrophages.
The fibrinolytic activity of stimulated macrophages was approximately
2.8-fold that of the controls. In vivo experiments reported that the effect of
TFG on spontaneously hypertensive and apoplexic rats was very evident. The
abiotic rate of TFG-stimulated rats was 5%, while that of the control group
was 90% (50). Epimedium may help to dilate the coronary vessels, increasing
coronary blood flow by reducing vascular resistance (51). E. decoctum and its
extracts give certain protection in the myocardial ischemia of rat caused by
pituitrin. In rabbits, intravenously injected icariin (1mg/kg) andwater extract
of E. grandiflorum containing icariin at a dose equivalent to 1 g plant/kg did
not significantly change the heart rate and electrocardiogram. Other myo-
cardial and circulatory indices indicated that both icariin and the extract
decreased peripheral resistance, suggesting their potential use in the treatment
of hypertension-complicated coronary diseases.

I. Effects on the Reproductive System

Epimedium has been reported to have proreproductive effects in the popular
press. Teeguarden (52) anecdotally reported that E. sagittatum seemed to
stimulate the sensory nerves throughout the body, particularly in the genital
region. The effect of Epimedium herb on the testes, prostate gland, and leva-
tor ani muscle (which supports the body in thrusting movements) was re-
ported to enhancemale sexual function indirectly (53).E. sagittatum appeared
to have a sexual potentiation effect and to improve the quality of life in the
patients of chronic renal failure with regular hemodialysis (39). Icariin from
Epimedium could inhibit contraction of arterial smooth muscle rings that
restrict blood flow in the body, via a Ca2+ channel-blocking mechanism,
further enhancing vasodilation (48). On the other hand, the chief ingredient of
Epimedium herb, icariin, can promote the development of epididymes and
seminal vesicle of mouse. In vitro animal studies suggest that icariin may
enhance the production of testosterone (42).

J. Urinary Effects

Epimedium may improve immunological deficiencies in chronic renal fail-
ure patients on dialysis, and was reported to significantly improve blood
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urea nitrogen and serum creatinine levels in rats. In the gromeruli, it was
reported to inhibit deposition of IgG and C3 along glomerular capillary walls
in rats (54). Tan and Weng (44) reported on the efficacy of Epimedium com-
pound pills in the treatment of ‘‘kidney-deficiency syndrome’’ of ischemic
cardiocerebro vascular diseases. The rates of improvement were reported to
be 70% in the electrocardiogram of the patients with coronary heart dis-
eases, and 75% in the electroencephalogram of the patients with cerebral
atherosclerosis.

K. Respiratory Effects

The herb acts as an antitussive and expectorant. Studies of its effectiveness in
1066 cases of chronic bronchitis demonstrated a 74.6% effectiveness rate in
improving symptoms (48). It was effective in protecting guinea pigs from
histamine-induced asthma.

L. Others

Methanol extracts of E. sagittatum were found to induce significant neurite
outgrowth activity on cultured PC12H cells. Bioassay-guided fractionation
yielded six prenylated flavonol glycosides, ikarisoside A, icarisid II, epimedo-
side A, icariin, epimedin B, and epimedokoreanoside-1, as the active ingre-
dients (3). A recent study also demonstrated that two syringaresinol
enantiomers isolated from E. koreanumNakai andMagnolia officinalisRehd,
as well as a mixture of their glucosides, showed dose-dependent neurito-
genesis in a concentration range from 0.24 to 24 AM in PC12h cells (55). E.
grandiflorum has also been used to treat hot flashes in complex mixtures of
8 (56) or over 20 herbs (57).

V. ADVERSE EFFECTS AND TOXICITY

Epimedium is a safe and benign herb. There is no record of adverse side
effects, toxicity, or contraindications to taking Epimedium by humans. In
some people, ingesting it can lead to dizziness, thirst, dry mouth, vomiting,
and nosebleed.

VI. SUMMARY

The use of traditional Chinese concepts like yin/yang and qi, which have no
modern physiological equivalents, in chinese publications make scientific
interpretation of these studies difficult. Problems are compounded by the use
of terms such as ‘‘kidney’’ and ‘‘spleen,’’ which often do not have the same
meaning as understood in the Western medical literature. Herbs are used to
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treat yin/yang and qi deficiency states with no clear outcome parameters.
Nevertheless these studies indicate that Epimedium herb may have biological
activities that can affect cell function and therefore health status. However,
the effective doses, pharmacokinetics, and cellular mechanisms have not yet
been proven by science or substantiated through long-term clinical research.
Owing to the limited data, no firm conclusions can be made at this time. It
is critical to determine exactly which mechanisms operate in which circum-
stances and how these components work in view of the widespread use of
this herb.
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Ligusticum chuanxiong Hort.

Lis Sa Elissa Lim and Eu Leong Yong

National University of Singapore
Singapore, Republic of Singapore

I. INTRODUCTION

Ligusticum belongs to the Umbelliferae family, members of which include L.
chuanxiong (Chuan Xiong), L. wallichii, L. sinense (Gao Ben), and L.
brachylobum. The dried rhizome of L. chuanxiong is one of the most common
crude drugs described in the traditional Chinese, Japanese, and Korean
pharmacopoeia. In Japan, Senkyu is obtained from the dried rhizome of L.
officinaleKitagawa (also known asC. officinaleMakino). In China, the herb is
grown in Sichuan province and the root is usually collected in the summer
when the node of the plant stem becomes swollen and purplish. Once removed
from the soil, it is gently baked until dry before storage.

II. PLANT/HERB RECOGNITION

The rhizome has an irregular knotty, fist-like appearance, is approximately
2–7 cm in diameter, and is yellowish in color. The external surface is rough,
shrunken, and marked by parallel raised annulations. A cross-section of the
root, reveals a compact, yellowish-gray matrix with scattered yellowish-
brown oil cavities and a cambium in an undulated ring (Fig. 1). Chuanxiong
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is strongly aromatic and the taste of the rhizome is slightly bitter with a sweet
aftertaste. These characteristics are part of the traditional methods for
identification of this herb. Other identification parameters, including the
use of microscopic examination, colorimetric testing, and thin-layer chroma-
tography, have been described in the Pharmacopoeia of the People’s Republic
of China (1).

III. USAGE

A. Traditional Usage

Ligusticum is traditionally used ‘‘to invigorate blood circulation, to promote
the flow of qi, to dispel wind, and to alleviate pain.’’ It is prescribed for
headaches, abdominal pain, menstrual disorders (amenorrhea, dysmenor-
rhea), and for patients with pricking pain in the chest and costal regions, pain
due to traumatic injury, headache, and rheumatic arthralgia (1).

B. Modern Usage

In recent years, owing to the renewed interest in herbal medicines, many
inventors in the United States, Japan, and China have submitted patents
based on traditional usage of ligusticum. Among the patents filed in the
Chinese patent office are products withL. chuanxiong extracts that are used as
detergents to prevent and treat acquired immunodeficiency syndrome (2), as a
bathing lotion to promote blood circulation, and to improve skin conditions
(3). In Japan, the herb has been patented for having the property to improve
brain function (4). In the U.S. patent and trademark office, herbal concoc-
tions withL. chuanxiong have been patented for application to the skin to help
skin regeneration in patients with eczema and psoriasis (5). Tao in 2002 (6,7)

FIGURE 1 Structures of compounds isolated from Ligusticum chuanxiong: (a)
senkyonolide A, (b) perulic acid, and (c) tetramethylpyrazine.
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submitted two patent applications for the use of ligusticum herbal extracts
with the addition of minerals and vitamins for the treatment of brain
disorders as well as to enhance brain function and for the treatment of hand
and wrist discomfort.

IV. COMPOUNDS ISOLATED FROM L. CHUANXIONG

Isolation of the chemical constituents of L. chuanxiong began in the 1920s.
The major components identified were ligustilide, butylidenephthalide, cnid-
ilide, neocnidilide, butylphthalide, cindium lactone, sedamonic acid, and
sedanolide (8–11). Pregnenolone, tetramethylpyrazine, coniferylferulate, sen-
kyunolide-A, ligustilides, and their mono- and dihydroxyphthalide deriva-
tives (senkyunolide B–L) have also been described (12–18). A significant
amount of minor components, like the oxygenated phthalides (Fig. 1), have
been encountered in processed material that are absent from the fresh herb.
These are thought to be derivatives of the original components caused by
chemical reactions during processing and storage. Thus the dihydroxy-
phthalides senkyunolide H and senkyunolide J are thought to be derived
from the major components ligustilide and senkyunolide A. Similarly, ferulic
acid is a decomposition product from coniferylferulate (19). The ligustilides
and senkyunolides from L. chuanxiong are rather unstable and susceptible to
auto-oxidation in the presence of air (14). Dimeric compounds such as le-
vistolide A (20), wallichlide (15), and senkyunolide O and P (17) have also
been described. It is anticipated that many other compounds will be described
with the advent of sensitive and rapid methods for simultaneous separation
and identification of compounds such as gas chromatography–mass spec-
trometry and high-performance liquid chromatography (HPLC)–mass spec-
trometry (MS).

V. ANIMAL MODELS TO INVESTIGATE//VALIDATE
THE TRADITIONAL USAGE OF L. CHUANXIONG

A. Pharmacokinetics of Ligusticum Mixtures

The pharmacokinetics ofmost herbs and formulae used in traditional Chinese
medicine (TCM) are not well understood. Mixing many different herbs
together into complex formulations is a common practice in TCM. The
effects of mixing different herbs together on the pharmacokinetics of individ-
ual compounds are to a large extent unknown. One of the rare efforts in this
area was the attempt to investigate herb-herb interactions and the pharma-
cokinetics of L. wallichii in rat models with the use of both healthy and
diseased rats (21). The results demonstrated that the pharmacokinetics of the
herb in single use and in combination with other herbs displayed different
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properties. The investigators compared the presence in serum of two known
constituents (tetramethylpyrazine and ferulic acid) of the herb after oral
administration of Ligusticum alone and after administration of a mixture of
Ligusticum and Salvia miltiorrhiza. Tetramethylpyrazine and ferulic acid were
detected with HPLC, MS, and nuclear magnetic resonance (NMR). The
absorption (Ka), transport (K21), and distribution (Vc/F) of these two
compounds were significantly lower when the second herb was present. Since
Ligusticum and S. miltiorrhiza are commonly used together, the pharmaco-
kinetics of these and other components in each herb are likely to be mutually
affected when they are combined, thereby affecting their eventual toxicity and
efficacy.

B. Efficacy Studies with the Crude Extract

A limited number of studies have been performed in Chinese laboratories to
demonstrate the efficacy of the herb on a particular illness/treatment based on
the use of the crude extracts.Most of these studies were unable to demonstrate
either the specific molecular mechanism or the mode of action of the herbal
extracts. The nature of the bioactive compound was also not known.

1. Muscle Function

Chuanxiong was administered to dogs to test its efficacy on muscle function,
and specifically to see whether the use of a local or systemic treatment on
muscle graft will increase the function of the transplanted muscle (22). The
investigators subjected adult dogs to an orthotopic replantation of their
bilateral rectus femoris muscles bymicroneurovascular anastomoses and split
the subjects into a postoperative treatment group (with/without administra-
tion of chuanxiong) and a control group. They reported that therapy
improved muscle function and morphology and maximal tetanic tension of
the transplanted muscle. This study concluded that the combination of
localized therapy and systemic injection of chuanxiong had a favorable effect
on nerve regeneration as well as muscle function after a muscle transplant.

2. Effects on Central Nervous System

Chuanxiong was also reported to reduce cerebral ischemia (23) in a rabbit
carotid occlusion model. Occlusion of the bilateral carotid arteries of rabbits
produced bilateral partial cerebral ischemia, resulting in increased plasma and
cerebrospinal fluid levels of the marker, dynorphin. L. wallichii Franch
(ligusticum) pretreatment to the test group resulted in definite improvement
of dynorphin levels in plasma and cerebrospinal fluid, suggesting that the
severity of brain ischemic damage and neurological dysfunction in ligusticum-
treated animals was less than that of the saline-treated group. Neither the
active component nor mechanisms of action were investigated.
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3. Renal Effects

L. wallichii has been reported to reduce the toxicity of cyclosporine A on renal
function (24). Infusion of cyclosporine A to Sprague-Dawley rats resulted in a
significant fall in glomerular filtration rate and renal plasma flow as well as an
increase of plasma renin activity, angiotensin II level, and percentage of
platelet aggregation. Treatment with 20% L. wallichii before cyclosporine A
infusion significantly prevented the decline of glomerular filtration rate and
renal plasma flow as well as enhancement of platelet aggregation induced by
cyclosporine. These results suggested thatL. wallichiimay be beneficial for the
treatment of acute nephrotoxicity induced by cyclosporine A.

4. Other Effects

Asthma and Bronchial Smooth Muscle. L. wallichii mixture was also
reported to inhibit bronchospasm induced by histamine and acetylcholine in
guinea pigs. The incubation period from antigen inhalation to asthma attack
could be delayed by the L. wallichii mixture and the incidence of asthma and
its mortality were reduced significantly in guinea pigs compared with controls
(25).

Skin Permeability. Ligustici chuanxiong rhizoma (senkyu) ether
extract has been reported to enhance permeability of moderately lipophilic
compounds into the skin (26,27).

C. Efficacy Studies with the Use of Pure Compounds Derived
from Ligusticum

With the characterization of components from the L. chuanxiong, some
experiments have been performed to identify their biological function. The
most well documented are tetramethylpyrazine, ferulic acid, and butylide-
nephthalide.

1. Cardiovascular Effects

Many investigators have focused on the cardiovascular effects of ligusticum
since the traditional use of chuanxiong was to improve blood circulation.
Tetramethylpyrazine isolated from L. wallichii Franch has been shown to
have positive effects on portal-hypertensive rat models (28). Sprague-Dawley
rats were used and portal hypertension was induced by partial ligation of the
portal vein. Two weeks after the ligation, the rats were cannulated for
measurement ofmean arterial pressure, portal venous pressure, cardiac index,
and heart rate. After the administration of tetramethylpyrazine to the rats, a
dose-dependent reduction of portal venous pressure was observed and the
total peripheral resistance was also significantly reduced.
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Ferulic acid displayed a dose-responsive bradycardiac effect on pento-
barbital-anesthetized Wistar rats, with no significant effects on blood pres-
sure. Other effects observed from these experiments were the inhibitive effect
on tachycardia and lack of activity on arterial pressure induced by phenyl-
ephrine. These results indicated that ferulinolol was a h-adrenoreceptor
competitive antagonist, as it could competitively antagonize isoproterenol.
Ferulinolol also demonstrated relaxant properties with isolated atria and
trachea from reserpine-treated guinea pig, and at higher concentrations the
compound had partial h2 agonist activity (29).

Phthalide dimers from L. chuanxiong (tokinolide B, levistolide A,
ligustilide, and senkyunolide P) were able to relax KCl-induced contraction
of rat thoracic aorta and reduced KCl-induced perfusion pressure of rat
mesenteric arteries (30). Coniferylferulate reduced methoxamine-induced
perfusion pressure on rat mesenteric arteries. The phthalide dimers tokino-
lode B and senkyunolide P and the phthalides senkyunolide, buthylphtalide,
and cnidilide can decrease blood viscosity. These suggested that the herb may
have important functions for activating the blood circulation and removing
blood stasis. The chloroform fraction of Cnidium rhizome (Senkyu) exerted
potent negative inotropic and chronotropic effects on isolated guinea pig atria
(31). Contractionwas attenuated by twomajor components in the chloroform
fraction, ligustilide and senkyunolide, although heart rates remained unaf-
fected by these components. Other effects of the chloroform fraction include
changes in resting potential and the upstroke velocity of the action potentials.

Butylidenephthalide was reported to have a selective antianginal effect
without changing blood pressure. Experiments performed to determine the
mechanism of this action suggest that butylidenephthalide inhibited calcium
release from calcium stores more selectively than calcium influx from extra-
cellular space via voltage-dependent calcium channels (32). The inhibition by
butylidenephthalide of calcium release from KCl-sensitive calcium stores
might be similar to its inhibition of calcium release from phenylephrine-
sensitive calcium stores. Senkyu phthalides have also been described as having
antiarteriosclerotic properties (33). Synthetic butylidenephthalides have also
been described to have inhibitory effects on mouse aorta smooth muscle cells
in vitro (34).

Butylidenephthalide have been reported to strongly increase the pe-
ripheral blood flow in rats (35) and may increase the dermal absorption of
radiolabeled butylidenephthalide in hairless mice (36). The results of these
studies indicated that upon dermal application, the radiolabeled compound
quickly permeated through the skin into the peripheral circulation. The half-
life was approximately 1 hr, while the plasma concentration peaked at 2 hr
postapplication. About 80% of the butylidenephthalide was excreted in the
urine 24 hr postapplication, as a cystine conjugate and 5%was excreted in the
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feces, indicating that butylidenephthalide was not accumulated in the skin. If
substantiated in humans, these studies show that butylidenephthalide may be
developed into a form of treatment by skin application for an increase in
blood flow.

The above studies indicate that extracts from ligusticum have potent
biological activity and bioactive compounds contained therein may be
developed into novel therapies for patients with high risk of cardiovascular
diseases.

2. Antiplatelet Properties

Tetramethylpyrazine may have antiplatelet activity. The effect of this agent
on platelet activation, aggregation, and thrombus formation occurring under
various flow conditions was thought to be mediated by vonWillebrand factor
and platelet receptor proteins GP IBa and GP IIb/IIIa (37). Inhibition of
platelet activation, aggregation, and thrombus formation under high sheer
rates were observed. These findings suggest that tetramethylpyrazine may be
effective for treating patients with thrombotic disease (38).

3. Anti-Inflammatory Properties

Tetramethylpyrazine and ferulic acid were reported to display anti-inflam-
matory and analgesic effects (16). When administered to guinea pigs with
histamine/acetylcholine-induced bronchospasm, Ligusticum was found to
decrease plasma levels of thromboxane B2, relax tracheal muscle, increase
the forced expiratory volume, and inhibit the synthesis and release of
thromboxane A2 with no adverse side effects. It has recently been reported
that tetramethylpyrazine had an inhibitory effect on the elevation of aqueous
flare induced by transcorneal application of prostaglandin E2 agonists (39).
Tetramethylpyrazine was able to inhibit prostaglandin E2-induced flare. Thus
tetramethylpyrazine may have applicability to treat aqueous flare; as prosta-
glandin E2 is an important modulator in ocular inflammation.

4. Uterine Effects

Tetramethylpyrazine and ferulic acid have been suggested as therapeutic
agents for womanwith uterine hypercontractility and primary dysmenorrhea.
These suggestions were based on rat uterine experiments conducted by Ozaki
andMa in 1990. In their experiments, inhibition of uterine contraction in rats
was investigated by oral administration as well as intravenous administration
of either tetramethylpyrazine, ferulic acid, or a combination of both agents.
Their inhibitory activity was compared to that of papaverine. The results
showed that tetramethylpyrazin and ferulic acid, either alone or in combina-
tion, had an inhibitory effect on spontaneous uterine contractions in estrous
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rats. Their therapeutic index was found to be more effective than papaverine,
suggesting that these compounds may have utility as tocolytic agents (40).

5. Other Effects

CNS and Anticonvulsive Activities. Early reports suggest that 3-n-
butyl phthalide may facilitate learning andmemory in rats (41) and that it has
a protective effect on rat brain cells (42). Recently, Chen et al. (43)
investigated whether administration of tetramethylpyrazine led to any
improvement in injuries related to the spinal cord. The group used rabbits
and induced spinal cord ischemia via infrarenal aortic occlusion. Their results
demonstrated that neurological and histopathology status of the animals in
the treatment group was better than in those not treated, suggesting that
tetramethylpyrazine can reduce neurological injury from the spinal cord (43).

Antibacterial/Antifungal Effects. Ligusticum demonstrated in vitro ef-
fects against several strains of pathogenic bacteria including Pseudomonas
aeruginosa, Shigella sonnei, Salmonella typhi, and Vibrio cholera (44). The es-
sential oil butylphthalide has been shown to inhibit dermatophytes in vitro
(45).

VI. HUMAN STUDIES ON LIGUSTICUM HERBS

A. Cerebrovascular and Coagulation Effects

In Chinese studies, injections of ligusticum, ligustrazine, ligustylid, and ferulic
acid were reported to have better effects on ischemic strokes than standard
drugs such as papaverine, dextran, and aspirin-persantin (46). Injections of
ligusticum extract, containing ligustrazine, ligustylid, and ferulic acid, were
reported to improve brainmicrovascular circulation in patients with transient
ischemic attacks, through inhibition of thrombus formation and platelet
aggregation (47). In this study, 158 with transient ischemic attack were ran-
domly divided into a ligusticum group (111 cases) and an aspirin group (47
cases). The total effective rate in the ligusticum group was 89.2% as compared
to 61.7% in the aspirin group (47). Ligusticum was reported to increase
cerebral blood flow, accelerate the velocity of blood flow, dilate spastic ar-
teries, and decrease peripheral arterial resistance. The same group, in another
double-blind trial, administered L. chuanxiong to one group (134 cases) and
low-molecular-weight dextran to another group (86 cases) of 220 patients
with acute cerebral infarction, to evaluate the herb’s effects on neurological
function and living capability (48). The total therapeutic efficacy rate in the
chuanxiong group and in the dextran 40 group was reported to be 86.6% and
62.8%, respectively. It was concluded that the effect of chuanxiong in the
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treatment of acute cerebral infarction was significantly superior to that of
low-molecular-weight dextran.

B. Anticoagulation Effects

Platelet aggregation plays a pathophysiological role in a variety of thrombo-
embolic disorders, including myocardial infraction, atherosclerosis, and
cerebrovascular diseases. Tetramethylpyrazine displayed a dose-dependent
inhibition of human platelet aggregation and ATP-release reaction induced
by various agonists. It was also demonstrated to have inhibitory action
against monophosphate formation by collagen as well as an inhibitory effect
on intracellular free calcium rise (49). The same group demonstrated that
tetramethylpyrazine could significantly increase the production of nitrate and
cyclic GMP in human platelet. The compound elicited a dose-dependent
stimulation of endothelial type constitutive nitric oxide synthase in platelets
(50). The investigators concluded that tetramethylpyrazine can provide
effective prophylactic or therapeutic treatment for thromboembolic disor-
ders. In patients with acute cerebral infarction, the levels of beta-thrombo-
globulin, platelet factor 4, and thromboxane B2 in plasma were significantly
decreased in those treated with ligusticum extract, suggesting that the
ligusticum treatment can effectively inhibit the platelet activation in vivo
and correct the thromboxane A2–prostaglandin F2 imbalance in these
patients (51).

VII. TOXICITY

Ligusticum is prescribed in traditional Chinese decoctions at dosages up to 9 g
administered over several days. Overdose symptoms may include vomiting
and dizziness (44).

VIII. CONCLUSION

Chuanxiong is a herb that has traditionally been used to promote blood
circulation and treat arthralgias and menstrual disorders. Preliminary animal
studies, from mainland China, indicate that administration of the crude
extract may improve muscle function, reduce cerebral ischemia, and amelio-
rate acute nephrotoxicity induced by cyclosporine A. Tetramethylpyrazine,
ferulic acid, and butylidenephthalide, pure compounds present in ligusticum,
have been variously reported to display cardiovascular, antianginal, anti-
platelet, anti-inflammatory, and tocolytic properties. Some human studies,
again from mainland China, indicate that the herb may be beneficial in
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ischemic strokes and as anticoagulation agents. These studies, although
largely uncontrolled and which have not been validated outside China,
nonetheless suggest that bioactive compounds may be present in ligusticum
that will reward scientific scrutiny.
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I. INTRODUCTION

Salvia miltiorrhiza Bunge (SM) is a perennial herbal plant that usually grows
on sunny slopes, by riversides, and on canal banks or edges of forests. It is
normally 30–100 cm tall, villous, with purple flowers on the terminal or
auxiliary spike (Fig. 1a). The root of SM is forked, brick-red, slender,
wrinkled, with a solid and almost brittle texture (Fig. 1b). It is about 10–20
cm long and 0.3–1 cm in diameter. The part of SM used for medication is its
dried root, which has a bitter and astringent taste (1).

SM, referred to as Dan Shen in traditional Chinese medicine, as an
ingredient of certain medical prescriptions, has been widely used in China for
the treatment of various kinds of diseases for centuries. It has been docu-
mented that the crude aqueous extract of SM has multiple pharmacological
actions, for instance, promoting microcirculation, antiplatelet aggregation,
and thrombosis formation, and sedative, tranquilizing, anticarbuncular, and
analgesic actions (2). The decoction and injectionmade fromSMexhibit some
therapeutic effects on cardiac and cerebral ischemia as well as on liver
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diseases, including chronic hepatitis and liver fibrosis. SM has also been used
for other disorders, such as irregular menstruation, dysmenorrhea, amenor-
rhea, neurasthenia, irratability, and insomnia (2).

II. CHEMICAL COMPONENTS

A. Lipid-Soluble Components

In the last 50 years, many efforts have been made to study the chemical con-
stituents of SM.Most of the studies have been focused on the lipophilic diter-

FIGURE 1 (a) Plant of Salvia miltiorrhiza. (b) Dried root, used for medication.
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penoid quinones. The major lipid-soluble components that have been iden-
tified so far include tanshinone I, dihydrotanshinone I, isotanshinone I and II,
tanshinone IIA, tanshinone IIB, tanshinone V, tanshinone VI, isotanshinone,
hydroxytanshinone, cryptotanshinone, isocryptotanshinone, methyltanshin-
onate, methylene tanshinquinone, przewaquinone A, przewaquinone B, tan-
shinol A, tanshinol B, tanshinol C, isotanshinone IIA, tanshiquinone A,
tanshiquinone B, tanshiquinone C, miltirone, danshenxinkun B, dimethyl lith-
ospermate, and3,(3,4-dihydroxyphenyl)lactamide, as shown inFigure 2 (3–7).

B. Water-Soluble Components

Since the 1970s water extract of SMhas been used in clinical practice in certain
parts of China. Therefore, in recent years, more studies have investigated its
water-soluble components. This has led to the isolation of some polyphenolic

FIGURE 2 Quinones isolated from SM.
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acids from the aqueous extract of SM: salvianolic acid A, salvianolic acid B,
salvianolic acid C, salvianolic acid D, salvianolic acid E, salvianolic acid F,
salvianolic acid G, salvianolic acid H, salvianolic acid I, salvianolic acid J,
isosalvianolic acid C, rosmarinic acid, lithospermic acid, protocatechuic
aldehyde, protocatechuic acid, caffeic acid, and D(+)h3,4-dihydroxyphenol
lactic acid (Danshensu, DA) (8,9).

III. BIOLOGICAL ACTIVITIES AND MECHANISMS

A. Actions on Liver Diseases

1. Liver Fibrosis

Liver fibrosis is the result of disequilibrium between synthesis and degrada-
tion of extracellular matrix (ECM) components (10). Accumulation of
components of the ECM is the main pathological feature of liver fibrosis. It
is often associated with hepatocellular necrosis and inflammation (11) and is a
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consequence of severe liver damage that occurs in many patients with chronic
liver diseases, such as persistent infection with hepatitis C and B viruses, as
well as alcoholic liver disease and bile duct obstruction (12). Liver stellate cells
are regarded as the primary target cells for inflammatory stimuli (13). It has
been shown that activation of hepatic stellate cells in injured livers leads to
their proliferation and transformation into myofibroblast-like cells. The
transformed cells synthesize large quantities of the major components of
the ECM, including collagen types I, III, and IV, fibronectin, laminin, and
proteoglycans, leading to fibrosis.

Effects of thewater extract of SMon liver fibrosis have been evaluated in
experimental animal models, in which liver fibrosis was induced by chronic
administration of carbon tetrachloride (CCl4) (14) or human serum albumin
(15). Treatment with SM significantly reduced serum aspartate transaminase
(AST), alanine transaminase (ALT), and alkaline phosphatase activities as
well as total cholesterol concentration in rats of pathological control groups.
The liver hydroxyproline and malondialdehyde (MDA) contents in animals
treated with SM were also reduced to control levels. Moreover, the morpho-
logical characteristics of fibrotic livers were improved in rats treated with SM,
as evidenced by decreased periportal and bridging necrosis, intralobular
degeneration, and lobular and peripheral inflammation. These findings
suggest that SM had a protective effect against liver injury and fibrosis.
Effects of thewater extract of SMon liver fibrosis induced by bile duct ligation
and scission (BDL) were also studied and similar results were found (16). In
addition, SM was able to ameliorate the portal hypertensive state (including
portal venous pressure, superior mesenteric artery blood flow, cardiac index,
and total peripheral resistance) in BDL rats.

As has been well studied, the accumulation of collagen type I and III is a
conspicuous feature of liver fibrosis (17). There are two possible pathways by
which SM reduces collagen generation. First, SM was capable of directly
inhibiting gene expression of procollagen type I and III (14). Second, as the
regulation of procollagen I and III synthesis is mediated primarily by trans-
forming growth factor-h1 (TGF-h1), the decrease in TGF-h1 gene expression
by SM might also contribute to the reduction of collagen synthesis (14). The
cytokine TGF-h1 plays a central role in liver inflammation and fibrosis
(18,19). Upon liver injury, TGF-h1 is released at the site of injury (20). It
induces ECM deposition by simultaneously stimulating the synthesis of new
matrix components, increasing the synthesis of the enzymes that inhibit ECM
degradation, and decreasing the synthesis of matrix-degradation proteases
(21,22). Hence, the inhibition of gene expression of TGF-h1 is one of themain
mechanisms whereby SM exerts its antifibrotic action.

In addition to the enhanced collagen production, disruption of the
normal regulation of collagenase activity may also lead to progressive liver
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fibrosis (23). The cytokines tissue inhibitor of metalloproteinase-1 (TIMP-1)
and matrix metalloproteinase-1 (MMP-1) have been implicated in the de-
composition of collagen. TIMP-1 promotes the progression of hepatic fibrosis
by inhibiting the degradation of collagens (24), whereas MMP-1 belongs to a
class of neutral proteases and specifically degrades the native forms of
interstitial collagen type I and III (25). It was demonstrated that SM could
inhibit TIMP-1 gene expression and induce MMP-1 gene expression (14).
Through these effects, SM was able to promote the degradation of ECM in
fibrotic rat liver, and hence prevent the deposition of type I and III collagen in
the liver matrix.

Moreover, SM was reported to prevent the development of experimen-
tal liver fibrosis by inhibiting the activation and transformation of hepatic
stellate cell (16,26). It was also demonstrated that salvianolic acid A, a water-
soluble component of SM, significantly inhibited the proliferation and col-
lagen production and secretion of cultured hepatic stellate cells (27). Although
the mechanism of liver fibrosis is not fully understood, activated hepatic
stellate cells play an important role in connective tissue synthesis and
deposition during fibrogenesis. Hence, the inhibitory effects on hepatic stellate
cell activation and its function of collagen synthesis are among the main
mechanisms of SM action against liver fibrosis.

In addition to the antifibrotic potential, effects of SM on cell prolifer-
ation and function of cultured fibroblasts have been studied. Results from
flow cytometry analysis show that SM could inhibit the proliferation of
fibroblasts either by arresting cells at G0–G1 phase of the cell cycle (28) or by
inducing apoptosis (29). It was also found that the production of the ECM
components fibronectin, laminin, and collagen type I and III by cultured
fibroblasts was significantly lower in the presence of SM (30). Furthermore,
magnesium lithospermate, a component isolated from the water extract of
SM, was found to posttranslationally modify enzymes proline and lysine
hydroxylase in collagen biosynthesis in cultured human skin fibroblasts, thus
reducing collagen secretion without affecting DNA synthesis as well as
noncollagen synthesis (31).

It should be noted that oxidative stress, including reactive oxygen
species (ROS) formation and lipid peroxidation (LPO), is also implicated in
the pathogenesis of liver fibrosis (32,33). It has recently been reported that
paracrine stimuli derived from hepatocytes undergoing oxidative stress
induce hepatic stellate cell proliferation and collagen synthesis (34). Hepatic
stellate cells have also been shown to be activated by free radicals generated
from Fe2+/ascorbate system (35) and by LPO product MDA (36) and 4-
hydroxynonenal (37). Antioxidants, on the other hand, were observed to
inhibit hepatic stellate cell activation induced by type I collagen (35). SM was
shown to inhibit CCl4-induced LPO in rat liver (38). In addition, it was
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observed that SM showed a scavenging effect on oxygen free radicals
including superoxide anion and hydroxyl radical (39,40). It also increases
the activity of glutathione peroxidase (GSH-Px) (41), an important enzyme in
the antioxidant defense system in the liver. Based on the above evidence, it is
possible that SM may exert its suppressive effects on liver fibrosis, at least in
part, through its antioxidant activity.

2. Acute Liver Injury

The water extract of SM and its component lithospermate B were found to
have a potent hepatoprotective activity on acute liver injuries induced byCCl4
or D-galactosamine/lipopolysaccharide (D-GaIN/LPS) (42,43). Serum LPO,
AST, ALT, and lactate dehydrogenase levels were significantly lower in SM-
treated group as compared to those of the pathological control group. In
addition, SM could improve histological changes of liver tissue, such as
alleviate necrosis and steatosis of the liver, enhance hepatocyte regeneration,
improve microcirculation, eliminate stasis of blood, and enhance albumin
synthesis.

The protective effect of SM on acute liver injury is mainly due to its
antioxidant activity. Free radical generation and LPO are common pathways
in most of the experimental liver injuries and clinical liver diseases (44,45),
especially liver injury caused by CCl4, which is based on LPO of unsaturated
fatty acids in cell membrane and intracellular organelle membrane. D-GaIN/
LPS, on the other hand, is known to immunologically induce liver injury and
does not involve direct oxidative tissue degradation. It is rather dependent on
the release of potent mediators, such as tumor necrosis factor-a and
superoxide radical from activated macrophage (43). Phenolic compounds
isolated from SM could inhibit LPO of rat liver microsomes and plasma
membrane induced by iron/cysteine and vitamin C/NADPH, and prevent
bleb of the surface of rat hepatocytes induced by iron/cysteine (8). In
addition, lithospermate B was found to have a better effect on ferrous/
cysteine- and vitamin C/NADPH-induced LPO in liver mitochondria than
vitamin E (46). Meanwhile, SM could enhance the enzyme activity of GSH-
Px in cultured human fetal liver cells, which plays an important role in
eliminating hydrogen peroxide (41). Moreover, it was observed that SM was
effective in inhibiting the association of peroxidation products with DNA in
liver cells and hence attenuating the decrease of cell viability (47).

3. Other Liver Diseases

In addition to experimental studies, some preliminary clinical trials have been
carried out to evaluate the effect of SM in treating common liver diseases, such
as chronic hepatitis (48) and portal vein hypertension (49). Although results
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generally support the effectiveness of SM in these cases, the mechanisms
involved in its actions are far from clear.

B. Actions on Cerebral Ischemia and Reperfusion Injury

SM is commonly prescribed for ischemic cerebral vascular disease in tradi-
tional Chinese medicine. In experimental studies, SM was shown to decrease
cerebral infarction and attenuate neurological deficits after ischemia and
reperfusion (50–52). It was observed that SM was able to ameliorate some
ultrastructural abnormalities of ischemic brain, including swollen mitochon-
dria, partial loss of cristae, dilation of rough endoplasmic reticulum and
Golgi’s complex, the presence of dark neurons, swollen capillary endothelial
cells and astrocytes, and active pinocytosis in the endothelial cells. SM also
improved the impaired memory function after cerebral ischemia and reper-
fusion (53). Mechanistic studies indicate that the following properties of SM
may contribute to its beneficial effects.

1. Scavenge Oxygen Free Radicals and Inhibit Lipid
Peroxidation

Oxygen-derived free radicals are thought to be involved in the pathogenesis of
ischemia-reperfusion injury in many organs, including brain, heart, gut,
kidney, and liver (54,55). It has been demonstrated that during ischemia-
reperfusion, a sequence of events leads to the formation of large quantities of
superoxide radical (56). The generated superoxide radical can promote the
release of iron from ferritin, probably causing the increase of free iron
concentration in brain (57). Superoxide dismutase (SOD) converts the
produced superoxide radical into hydrogen peroxide and molecular oxygen,
whereas free iron catalyzes the conversion of superoxide radical into highly
reactive hydroxyl radical that initiates free-radical chain reactions in cell
membranes, causing LPO. Such peroxidation severely damages the cell mem-
brane and causes loss of membrane fluidity and collapse of transmembrane
ionic gradients. ROS have also been shown to alter endothelial and blood-
brain barrier permeability and elicit brain edema and cellular injury.

Salvianolic acid A, an ingredient of SM, was able to scavenge free
hydroxyl radical that generated from the ascorbic acid–ferrous system in vitro
and reduceMDA content in the cortex, hippocampus, and corpus striatum of
cerebral ischemia-reperfusion rats in vivo, indicating that the ameliorating
effect of salvianolic acid A on learnig and memory impairment caused by
cerebral ischemia-reperfusionmay be related to its antioxidant activity (53). It
was also found that in SM-treated rats, the cerebral SOD activity is signif-
icantly increased when compared to untreated animals (58), suggesting that
SM can enhance antioxidant enzyme (SOD) and thus afford cerebroprotec-
tion against reperfusion injury.
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2. Inhibit Nitric Oxide Synthase (NOS) Gene Expression
and Reduce Nitric Oxide (NO) Production

Recently, the free radical NO has been identified as a messenger that carries
out diverse signaling tasks in both central and peripheral nervous systems. In
normal brains, NO is a nontoxic mediator of cerebral vasodilation. When
present at abnormal high concentrations,NOpossesses neurotoxic effects and
has been implicated in the pathogenesis of cerebral injury in both permanent
and transient focal ischemia (59). During ischemia, there is an increase in the
extracellular concentration of excitatory amino acids (EAA) (glutamate and
aspartate) (60). These EAA bind to and stimulate N-methyl-D-aspartate
(NMDA) receptors in brain. Excessive activation of NMDA receptor allows
influx of calcium into neurons, which in turn stimulates the enzymeNOS (61).
NOS catalyzes the conversion of L-arginine to citrulline and NO via a cal-
cium/calmodulin-dependent mechanism. Once formed, NO is believed to ex-
ert its cytotoxic effect by binding to the iron-sulfur centers of enzymes
involved in the mitochondrial electron transport system, the citric acid cycle,
and DNA synthesis. Another postulated mechanism of NO toxicity is that at
high concentrations, superoxide anion and NO may react to form the per-
oxynitrite anion, which decomposes at acidic pH into strong oxidation (59).
Thus, excessive NO generation might cause cell death in ischemia.

As NO has been proven to be involved in promoting ischemia-
reperfusion cell death, any factors interfering with the production of NO
may help to ameliorate ischemia-reperfusion injury. A previous investigation
showed that in a four-vessel-occlusion rat model, pretreatment with SM
significantly decreased cerebral NO content after 30 min of global ischemia
and 15 min of reperfusion (62). This reduced NO level is attributed to the
reduction of extracellular concentration of EAA by SM (63). In addition, SM
can directly inhibit NOS gene expression in the cerebral cortex and caudate-
putamen during ischemia (64). The inhibition of NOS gene expression as well
as NO production may consitute one of the mechanisms by which SM
protects against cerebral ischemia injury.

3. Inhibit Endothelin-1 (ET-1) Gene Expression

ET-1 is the most potent endogenous vasoconstrictor. Its long-lasting vaso-
constriction of cerebral arteries and veins has been well documented (65). As
an extracellular signaling agent in the brain, ET belongs to the class of G-
protein ligands that mobilize phosphoinositide cycle and calcium influx
within the cells. One consequence of phosphoinositide cycle signaling is aug-
ment of the release of EAA (66). The rise of extracellular EAA and intra-
cellular calcium levels produced by ET may be sufficient to initiate the
calcium/calmodulin-dependent NOS to generate the second-messenger NO
and exert neurotoxicity in the central nervous system. Moreover, ET
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produced in astrocytes, which are interposed between neurons and blood
vessels, can influence regional cerebral blood flow by interacting with
specific receptors in the vascular smooth muscles. Furthermore, functions
of the blood-brain barrier, which is composed of astrocytic processes and
cerebral capillaries, may also be regulated by ET, as ET receptor is present
in the capillary endothelial cells (67). Therefore, it is possible that ET plays a
role in the development of neuronal cell death after cerebral ischemia and
reperfusion.

ET-1 gene expression of rat brain during ischemia and reperfusion as
well as the effect of SM was studied by using in situ hybridization (68). It was
found that ET-1 gene expression in the cerebral cortex and caudate-putamen
was markedly increased in both the 24-hr-ischemia and 24-hr-reperfusion
groups. In SM-treated rats, the ET-1 gene expression of ischemia and
reperfusion sides was significantly lower than that of the control, indicating
that the inhibition of ET-1 gene expression may account for the protective
effect of SM against cerebral ischemia and reperfusion injury.

4. Inhibit Neuron Apoptosis

Apoptosis, a form of programmed cell death, plays a critical role in the
development and maintenance of many adult tissues, including those of the
nervous system (69). Recent studies have provided evidence that some
neuronal subpopulations may die via apoptosis after permanent or transient
cerebral ischemia (70). Therefore, inhibiting apoptosis of neurons during
ischemia and reperfusionmay be a new approach to the treatment of ischemia
cerebral vascular diseases.

The effect of SM on neuron apoptosis was studied in a left middle
cerebral artery occlusion rat model (71). Results showed that 12 hr after
reperfusion, a lot of apoptotic cells were found in the left ischemic cerebral
cortex and caudoputamen, and the number of apoptotic cells reached the
peak at 24–48 hr after reperfusion. However, in rats pretreated with SM, the
number of apoptosis cells in the left cortex and caudoputamen was reduced
significantly and the neuronal damage was much milder as compared to that
of the saline-treated rats. Findings from this study indicate that the protection
of SM against cerebral ischemia and reperfusion may be mediated, at least in
part, through the reduction of apoptosis.

5. Attenuate the Dysfunction of Vasoactive Intestinal
Peptide (VIP)

VIP, a basic 28-amino-acid neuropeptide, has been found in central nervous
system and cerebral blood vessels. It acts as neurotransmitter and neuro-
modulator (72,73). Some of the VIP-containing neurons and vessels are
vulnerable to ischemia, leadng to the decrease of VIP after ischemia. As has
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been shown, VIP is an important vasodilator. It acts directly on vascular
smooth muscle to induce relaxation and increase cerebral blood flow (74).
Moreover, VIPmay also stimulate adenylate cyclase and increase cAMP level
in the brain (75). These potent effects of VIP on cerebral vessels and cerebral
oxidative metabolism suggest that VIPmay be involved in themaintenance of
the interrelation between local blood flow and energy generation (76). During
cerebral ischemia, the low VIP level results in significantly decreased ATP
production. This depletion of potential energy supply can lead to cell swelling,
and hence damage cells and produce capillary compression. SM, on the other
hand, has been demonstrated to increase ATP level of the brain and cAMP
level in vitro and reduce neuron swelling during ischemia, thus attenuating the
deleterious effects of VIP reduction after ischemia (77).

C. Actions on Cardiovascular Diseases

1. Myocardial Infarction

Tablets and injections made from pharmacologically active components
isolated from SM, like DA (D(+)h3,4-dihydroxyphenol lactic acid, Dan-
shensu) and sodium tanshinone IIA sulfonate (STS) are currently used in
China for patients with various heart ailments, especially myocardial
infarction. Clinical trials indicate that SM could effectively improve and
protect myocardial ischemia and angina pectoris in patients with coronary
heart disease, and no side effect was observed (78,79).

To explore the scientific bases for using SM to treat this disease, the
protective effect of SM on myocardial infarction was studied in an experi-
mental acute myocardial ischemia model by ligating the branch of the left
coronary artery (80,81). Results showed that the degree of ST-segment
elevation was decreased, and the ultimate myocardial infarction size was
reduced dramatically by preadministration of SM. In addition, SM could
improve ultrastructural changes of the ischemic myocardium, including
severe intracellular and intercellular edema, mitochondrial enlargement,
cristae ballooning and degeneration, reticulum enlargement, and cell destruc-
tion, indicating that SM is effective in protecting against infarction of the
myocardium. Moreover, SM was found to accelerate the recovery of the
ischemia area. The myocardial infarction caused by coronary ligation was
also significantly reduced by STS (82) and DA (83). The effect of STS was
comparable to that of propranolol, while DA was found to be superior to
dipyridamole. In another study, SM was also found to exhibit a beneficial
effect against acute myocardial ischemia and arrhythmia induced by isopro-
terenol or BaCl2. The death rate of the animals was significantly reduced in
SM-treated animals. Moreover, SM significantly decreased premature ven-
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tricular contraction, ventricular fibrillation, bradycardia,and ECG J-point
displacement (84).

Mechanistic studies from the above experiments indicate that the
following properties of SM might account for its protection on ischemic
myocardium: (1) inhibit the production of oxygen free radicals and LPO as
well as increase antioxidant enzyme (SOD) activity, (2) block calcium influx,
and (3) dilute coronary artery. Preadministration of DA was found to dilate
the coronary artery and antagonize the constricting responses elicited by
morphine or propranolol. It was also observed that intravenous injection of
SM extract increased coronary blood flow and lowered coronary resistance
in anesthetized cats. It has also been shown that STS and SM decoction could
inhibit adenosine-diphosphate-induced platelet aggregation in myocardia
infarction patients, possibly owing to enhanced fibrinolytic activity. Cheng
et al. (84) also noted that SM promotes the regeneration of myocardial cells
in the infarction region and inhibits the release of lysozymes, phagocytosis,
and adhesion of meutrophils, and prevents the infiltration of white blood
cells into the infarction area.

2. Myocardial Ischemia-Reperfusion Injury

The protective effect of the water extract of SM on ischemia-reperfusion
injury was studied in an animal model, which was made by ligating and
reopening the left ventricular branch of the coronary artery (85). SM was
found to savage myocardium from reperfusion damage by inhibiting myo-
cardial LPO and facilitating the recovery of regional myocardial blood flow.
Besides the whole extract, injection of STS was also reported to reduce
myocardial infarction size in rabbits with ischemia-reperfusion injury (86).
This effect of STS was comparable to that of Trolox, a well-characterized
antioxidant serving as a reference cytoprotector. In vitro study indicates that
STS significantly prolonged the survival period of cultured human saphenous
vein endothelial cells that were exposed to xanthine-oxidase-generated oxy-
gen radicals. Endothelial cells are important in myocardial and other circu-
latory disorders (87). They are recognized to be the key sites of oxidant
generation and attack. Thus, the cardioprotective action of STS is believed to
be associated with its beneficial effect on this clinically important vascular
endothelium.

In another study, when the hearts were pretreated with DA, the
membrane fluidity and LPO of reperfused hearts were markedly improved
(88). This protective effect of DA is mainly due to its antioxidant property. As
has been established, ROS is directly involved in ischemia-reperfusion injury
of the heart (89). DA was found to be more effective than sodium selenite in
increasing the activity of SOD andGSH-Px, hence enhancing the antioxidant
defense capability of the myocardium (90). Moreover, it was found that DA
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could remove superoxide radical generated from the xanthine–xanthine
oxidase system and protect the mitochondrial membrane from LPO and
ischemia-reperfusion injury (91).

3. Atherosclerosis

It is well known that plasma low-density lipoprotein (LDL) is the source of
lipid that accumulates in atherosclerotic lesions (92). Recent studies have
demonstrated that oxidized LDL plays an important role in the initiation and
progression of atherosclerosis (93). Oxidized LDL in atherosclerotic lesions
accelerated platelet aggregation and injured the endothelial surface or arterial
wall (94). In addition, minimally modified LDL is capable of inducing gene
expression in endothelial cells that may result in the acceleration of athero-
sclerosis (95,96). On furthermodification in the intima, oxidized LDL is taken
up by the scavenger receptors of macrophages, gradually leading to the
formation of foam cells and fibrous plaques (97). Immunochemical studies
have demonstrated that oxidized LDL is present in the atherosclerotic lesions
of animals and humans (92,98).

The antiatherogenic potential of SMwas evaluated in rabbits fed a high-
cholesterol diet (99). It was observed that SM feeding (5% water extract)
reduced the plasma cholesterol level.Moreover, LDL from SM-treated group
was more resistant to Cu2+-induced oxidation and contained more vitamin E
than did LDL from the high-cholesterol-diet group. In addition, endothelial
damage, atheroscelotic area in the abdominal aorta, and cholesterol deposi-
tion in the thoracic aorta were also reduced dramatically, indicating that the
severity of atheroslerosis in the SM-treated group was significantly alleviated.
The reduction of atherosclerosis by SM relies not only on its cholesterol-
lowering effect (SM inhibits cholesterol biosynthesis efficiently), but also on
its antioxidant potential to prevent endothelial damage and to inhibit LDL
oxidation modification in hypercholesterolemic animals (99). By incubating
LDL from healthy persons with copper dichloride, it was found that SM had
a profound anti-LPO effect (100). Moreover, salvianolic acid B, a water-
soluble phenolic antioxidant isolated from SM, was found to scavenge 1,1-
diphenyl-2-picrylhydrazyl radical and inhibit the oxidation of LDL more
efficiently than probucol (99).

In addition to its inhibition on LDL oxidation, SM also plays a
potential role in preventing the internalization of oxidized LDL. Lipid-laden
foam cells, which derive predominantly from macrophage-acquired choles-
terol, are the morphological hallmark of early atherosclerotic lesions (101). In
most cells, the major pathway for the delivery of exogenous cholesterol is
endocytosis of LDL (102). Macrophages possess LDL scavenger receptor
that binds and internalizes altered forms of LDL, including copper peroxi-
dized LDL, acetylated LDL, and MDA-modified LDL (103). In one study
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(104), mouse peritoneal macrophages were incubated with peroxidized LDL
(pox-LDL) and the effect of SM on the internalization of pox-LDL was
observed. In the control group, LPO concentration in the medium decreased
substantially after incubation of macrophage with pox-LDL. SM, on the
other hand, produced a dose-dependent and much greater decrease of LPO
and total cholesterol concentrations as compared to the control. Results from
ultrastructural studies showed that SM induced the accumulation of lipid
droplets in the cytoplasm of the macrophages, suggesting that SM could
accelerate the phygocytosis and degradation of pox-LDL by macrophage,
which may help to prevent and treat atherosclerosis.

In addition to oxidized LDL, the adhesion of circulating leukocytes to
the vascular endothelium is also a critical early event in the development of
atherosclerosis (105,106). This process depends on the interaction between
cell adhesion molecules expressed on the surface of endothelial cells (EC) and
their cognate ligands on leukocytes (107). Many adhesion molecules have
been identified on ECs. These include vascular adhesion molecule-1 (VCAM-
1), intracellular cell adhesion molecule-1 (ICAM-1), and endothelial cell
selectin (E-selectin) (108). The increased expression of adhesion molecules
by ECs in human atherosclerotic lesions may lead to further recruitment of
leukocytes to atherosclerotic sites and play a major role in atherosclerosis
(109,110).

The effects of salvianolic acid B and an ethanol extract of SM (SME) on
the expression of endothelial-leukocyte adhesionmolecules by tumor necrosis
factor-a (TNF-a)-treated human aortic endothelial cells (HAECs) were
investigated. When pretreated with salvianolic acid B and SME, the TNF-
a-induced expression of VCAM-1 was notably attenuated. Dose-dependent
lowering of expression of ICAM-1 was also seen with SME or Sal B.
Furthermore, SME or Sal B significantly reduced the binding of the human
monocytic cell line, U937, to TNF-a-stimulated HAECs (111). Based on the
probable involvement of VCAM-1 and ICAM in monocyte recruitment to
early atherosclerotic lesions, these findings suggest an additional mechanism
by which salvianolic acid B and SME may be involved in preventing the
progress of atherosclerosis.

4. Restenosis

Restenosis after successful coronary interventionremainsamajor limitation to
the long-termoutcomeof thisprocedure (112). Intimalhyperplasia isoneof the
major mechanisms responsible for postangioplasty restenosis (113). The
formation of intimal hyperplasia is mainly due to the phenotypic conversion
and proliferation of smooth muscle cells as well as the accumulation of ac-
tivated macrophages and foam cells (114,115). Activated macrophages and
smooth muscle cells may express a number of cytokines, growth factors, and
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chemoattractantproteins,whichare involvedinthevesselwall remodeling,and
could further exacerbate the progression of restenotic lesions (116). The
monocyte chemotactic protein-1 (MCP-1) is an important mediator of mono-
cyte recruitment into the vascularwall at sites of active inflammation or injury.
It is secreted by stimulated human lymphocytes, endothelial cells, fibroblasts,
monocytes, and smooth muscle cells in vitro (117–121). Increased levels of
MCP-1 have been demonstrated in some animal models of postangioplasty
restenosis (122,123), indicating that it may play an important role in the
pathogenesis of vascular lesion formation.

To evaluate the possibility of SMon the prevention of arterial restenosis
after angioplasty, the effect of SM on intimal thickening of the air-injured
carotid artery of rats was studied. It was found that the maximal intimal
thickness of the injured arteries wasmuch thinner in the treatment group than
that in the control group, indicating that SM could prevent experimental
restenosis in rat model. Findings from in vitro study indicate that the
beneficial effect of SM on restenosis might be due to its inhibition on the
proliferation of smooth muscle cells (124). In another study, the effects of SM
on neointimal hyperplasia and MCP-1 expression after balloon injury were
evaluated. Male New Zealand white rabbits were fed a 2% cholesterol diet
together with daily SM (4.8 g/kg body weight) treatment or without SM as a
control for 6 weeks. The plasma cholesterol levels were lowered in the SM
group. The neointimal hyperplasia in abdominal aortas was significantly
inhibited in the SM group when compared with the control group. SM
treatment significantly reduced MCP-1 mRNA and protein expression in
balloon-injured abdominal aorta. Results from this study implied that SM
might inhibit the expression of MCP-1 and thereby reduce the intimal
response after balloon injury of aortas in cholesterol-fed rabbits, suggesting
that SM treatment may offer some protection against postangioplasty
restenosis (125).

Apoptosis has been suggested to participate in stabilizing cell number in
restenosis. To determine whether SM affects vascular apoptosis, frequency of
apoptotic cell death in atherosclerotic plaques and in restenotic lesions of
cholesterol-fed and endothelial denudation (HC-ED) rabbits was examined.
Apoptosis and associated cell types were examined in serial paraffin sections
by in situ terminal deoxynucleotidyl transferase-mediated dUTP nick end
labeling (TUNEL assay) and immunohistochemistry. The expression of p53,
an apoptosis-related protein, was also examined. Apoptosis was mainly
detected in the neointima of animals with endothelial denudation. The per-
centage of apoptotic cells in the SM-treated group (68.5 F 5.9%) was
significantly higher than that of the control (0%) and HC-ED (46.1F 5.4%)
groups. The SM treatment markedly reduced the thickness of the neointima,
which was mainly composed of smooth muscle cells with few macrophages.
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In accordance with the apoptotic cell counts, positive immunoreactivity for
p53 was observed in restenotic lesions from HC-ED and SM-treated groups
but not in the control group. These results suggest that treatment with
salvianolic acid B-rich fraction of SM induces apoptosis in neointima, which
in turn may help prevent the neointimal thickening (126).

D. Chemopreventive Potential of SM

In recent years, the application of naturally occurring compounds, such as
dietary components and herbal plants, as chemopreventive agents has
attracted extensive attention. Owing to the increasing interest in this area,
some preliminary studies have been carried out to explore the antitumor
potential of SM.

1. In Vivo Studies

The effect of SM on aflatoxin B1 (AFB1)-induced hepatocarcinogenesis was
investigated in male Fischer 344 rats. Results showed that the elevation of
serum ALT and AST activities due to AFB1 dosing was almost completely
abolished by the treatment of SM, indicating that SM could prevent AFB1-
induced liver cell injury. It was further observed that SM substantially
reduced glutathione S-transferase placenta form (GST-P) positive foci for-
mation and GST-P mRNA expression caused by AFB1, which clearly
suggests that SM is effective in preventing AFB1-induced hepatocarcino-
genesis. Furthermore, the inhibition on AFB1 hepatocarcinogenesis was
associated with a corresponding decrease in AFB1-DNA adducts formation
as well as AFB1-induced oxidative DNA damage (8-hydroxydeoxyguano-
sine) in rat liver. The results also indicate that the protective effect of SM
might be mediated through dual mechanisms: (1) the enhancement of AFB1
detoxification pathway, especially the induction of GST-Yc2 mRNA expres-
sion, and (2) the antioxidant property of SM (127).

Besides, the crude extract of SM was found to markedly prolong the
survival period of Ehrlich ascites carcinoma-bearing mice, and STS, on the
other hand, could potentiate the cytotoxic action of hydroxycamptothecine
against Ehrlich ascites carcinoma (2). Yang et al. (128) reported that several
tanshinones extracted from SM also exerted antitumor activities in mice. In
addition, when administered orally (200 mg/kg) for 10 days, the methanol
extract of SM significantly increased the life span of mice bearing sarcoma-
180 cells (T/C 148%) (129). It was also found that SM injection (4.5 g/kg, ip)
or low dose of cyclophosphamide (5 mg/kg) by itself had little effect on the
growth of sarcoma-180 cells. However, when they were used together, the
growth inhibition rate reached about 40%, which is substantially higher than
that of cyclophosphamide alone (20%).
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In a preliminary clinical study, 4–8 mL of SM injection with 20 mL of
10% glucose was used to treat exacerbated hepatocarcinoma patients after
chemotherapy by using the technique of hepatic artery catheterization. It was
found that after courses of treatment, the symptom of SM group was
relieved, the tumor mass was shrunk, and the biochemical parameters were
improved. The total effective rate was 65% for SM, while that of the control
group was only 25% (130).

2. In Vitro Studies

Fifteen tanshinone analogs isolated from the chloroform extract of SM were
examined for their cytotoxic activities against cells derived from human
carcinoma of the nasopharynx (KB), cervix (Hela), colon (Colo-205), and
larynx (Hep-2) by usingMTT test (5). It was interesting to note that several of
themwere effective at concentrations below1Ag/mL. In another in vitro study,
18 tanshinones extracted from SMwere shown to exhibit profound cytotoxic
activityagainstfive culturedhumancancer cell linesA549 (non-small-cell line),
SK-OV-3 (ovary), SK-MEL-2 (melanoma), XF498 (central nerve system) and
HCT-15 (colon) (129). The proliferation of each examined tumor cell line was
significantly inhibited (IC50 value ranged from 0.2 to 8.1 Ag/mL) by contin-
uous exposure of cells to these compounds for 48 hr. It was also found that
these constituents exhibited a marked, but presumably nonspecific, cytotox-
icity against all examined cancer cell lines.

The cytotoxicity of tanshinones is closely related to their chemical
structures. Tanshinones have a common structural feature of planar phenan-
threne quinone, which resembles to a certain extent that of antitumor agents
like actinomycin D, anthracyclines, and anthracenediones. These antitumor
agents exert their pharmacological activity by means of DNA intercalation,
which eventually causes an inhibition inDNAreplication (131). It is likely that
the planar phenanthrene structure of tanshinones may interact with DNA at
the site of the hydrophobic core, and the hydrophilic substitutionmay provide
additional electrophilic interactions with the phosphate backbone. Such an
increase in binding affinity might explain the higher activity observed in
compounds with hydrophilic substitutions. In addition to the planar phenan-
threne ring, the furan ring in tanshinones plays a role in their cytotoxicity. It
has beendemonstrated that furan-containing compounds, e.g., nitrofurantoin
and the o-quinone metabolites of etoposide (132,133), can undergo redox
cycling reaction to generate superoxide anion and other free radicals. These
reactive radicals are able to initiate DNA-strand scission (134). It is possible
that both the furan and the o-quinone moieties of the tanshinone molecule
could exert DNA-damaging action through the generation of reactive oxygen
radicals at a directed site proximal to the bases. This type of antitumor
mechanism is common to several naturally occurring antibiotics such as
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bleomycim, doxorubicin, and mitomycin C (135). This structure-activity
relationship analysis indicates that the basic requirement for the cytotoxic
activity of tanshinones is the presence of a furano-o-naphthoquinone in the
molecule. The planar phenanthrene ring of the tanshinones may be essential
for interaction with the DNAmolecule whereas the furano-o-quinone moiety
could be responsible for the production of oxygen free radicals in close
proximity to the bases to cause DNA damage.

In addition to causing direct DNA damage, it has recently been demon-
strated that tanshinone II-A was able to induce apoptosis in HL60 human
premyelocytic leukemic cells and K562 human erythroleukemic cells through
the activation of caspase 3, a major component in apoptotic cell death
mechanism (136,137). The apoptosis-inducing property also constitutes one
of the mechanisms of the cytotoxic effect of the aqueous extract of SM. It was
observed that the aqueous extract of SM exerted clear cytotoxic effects and
strongly inhibited the proliferation of HepG2 human hepatoma cells through
the induction of apoptotic cell death (138). In the mechanistic study, a rapid
decline of intracellular glutathione andprotein thiol contentwas found in SM-
treatedcells.Moreover,SMtreatmentresulted inmitochondrialdysfunctionas
demonstratedby: (1) theonsetofmitochondrialpermeability transition; (2) the
disruption of mitochondrial membrane potential; and (3) the release of
cytochrome c frommitochondria into the cytosol. Subsequently, elevated level
of intracellular ROS was observed prior to the onset of DNA fragmentation.
However, no caspase-3 cleavage was observed throughout thewhole period of
SM treatment, while a caspase-3-independent poly(ADP-ribose) polymerase
cleavage was noted at the late stage in SM-induced apoptosis. Taken together,
results from this study suggest that SM deplete intracellular thiols, which, in
turn, causesMPT and subsequent increase in ROS generation, and eventually
apoptotic cell death (139).

More recently, Chen et al. (140) showed that a synthesized simplified
phenolic analog of tanshinone, S-3-1, also exhibited potential activity in
preventing the development of cancer.With the Ames test, S-3-1 was found to
efficiently suppress the mutagenicity of benzo[a]pyrene. This result is consist-
ent with the inhibitory effect of S-3-1 on the activation of benzo[a]pyrene by
hepatic microsomal enzymes. Besides the anti-initiation effects, S-3-1 could
significantly inhibit the croton-oil-induced increase of mouse skin epithermal
ornithine decarboxylase activity. Moreover, S-3-1 quenched both superoxide
and hydroxyl free radicals whereas it inhibited LPO in the in vitro model.
These results suggest that S-3-1might act as anti-initiation and antipromotion
agents through reversing the biochemical alterations induced by carcinogen
during carcinogenesis. It was also shown that S-3-1 ihibited the ben-
zo[a]pyrene-induced transformation of V79Chinese hamster lung fibroblasts.
At 10–40 mg/kg, S-3-1 was found to inhibit the development of DMBA/
croton-oil-induced skin papilloma in mice by decreasing the incidence of
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papilloma, prolonging the latent period of tumor occurrence, and reducing
tumor number per mouse in a dose-dependent manner. Results from this
study indicate that S-3-1 might be developed as a new chemopreventive drug
(140).

IV. TOXICITY OF SM

So far, only a few studies have been conducted in mice or rats to evaluate the
toxicityofSM.Inonestudy, intraperitoneal injectionofSMatadoseof33.75g/
kg/day was given to mice for 14 days. No significant changes in body weight,
food intake, condition of the fur, or other general appearance of the mice was
observed, and also no change in blood picture, hepatic function, or liver
function was found. The mice were then killed and the heart, liver, spleen,
and kidney were examined pathologically. No noticeable abnormality was
found except mild congestion of these organs. The LD50 of SM injection was
found to be 61.6 F 5.3 g/kg. In another study, two dosages of SM decoction
were given to mice by intraperitoneal injection; 48-hr observation revealed no
death of the animals receiving 43k/kg of SM,whereas 2 of 10 animals given the
dose of 64 g/kg died. Intragastric administration of 0.5 mL of 2% tanshinone
suspension daily for 14 days inmice and 2.3mLdaily for 10 days in rats did not
produce any toxic reaction, either (2).

Clinically, the following symptoms may occur in a small number of
patients after administration of SM: dryness of the mouth, dizziness, lassi-
tude, numbness and distending sensation of the hands, shortness of breath,
tightness of the chest, mild irritability, precordial pain, tachycardia, nausea,
vomiting, and gastrointestinal disturbance. However, these reactions usually
subside or disappear spontaneously without interrupting the treatment (2).
Collectively, results from experimental studies and clinical observations
generally indicate that SM is a safe medicinal plant with little adverse effects.
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Schisandrin B and Other
Dibenzocyclooctadiene Lignans

Robert Kam-Ming Ko
and Duncan H. F. Mak

Hong Kong University of Science and Technology
Hong Kong, China

I. INTRODUCTION

Schisandrin B (Sch B, Fig. 1a) is the most abundant dibenzocyclooctadiene
derivative (lignan) isolated from Fructus Schisandrae (FS), the fruit of
Schisandra chinensis (Turcz.) Baillon, or Wu-Wei-Zi, meaning the fruit of
five tastes in Chinese. FS is a commonly used herb in traditional Chinese
medicine (TCM). The plant grows as a woody aromatic vine, with fruits
occurring as bunches of berries on a short, drooping spike. The plant is native
to most Eastern parts of Russia (Primorsk and Chabarowsk regions),
northeastern China (Jilin, Liaoning, Heliongjiang, and Hebei provinces),
North Korea, and Japan (1). In terms of pharmacological properties, TCM
characterizes Wu-Wei-Zi as ‘‘warm’’ in nature and mainly ‘‘sour’’ in taste,
with the regulatory/therapeutic action targeted at the ‘‘lung-kidney’’ as well
as ‘‘liver-heart’’ functions. Traditionally, the herb is used as astringent and
sedative, as well as in tonic formulae for invigorating the qi (vital energy) of
the five viscera, namely, liver, heart, spleen, lung, and kidney, in the body (2).
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FIGURE 1 Chemical structures of schisandrin B and other dibenzocycloocta-
diene lignans.
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Starting from the 1950s, pharmacological studies on FS were focused
mainly on examining its effect on cardiopulmonary function and the central
nervous system. Since then, FS has been regarded as an adaptogen that can
increase the resistance of the body against nonspecific stimuli (3). At the
beginning of the 1970s, a number of clinical investigations unequivocally
demonstrated the effectiveness of FS for the treatment of chronic viral and
chemical hepatitis, particularly in lowering the elevated serum glutamic-
pyruvate transaminase (GPT) activity (4). In an experimental model of
hepatitis used as activity monitor, the activity-directed fractionation of FS
extract yielded a series of lignans including Sch B (5). During the past two
decades, the hepatoprotective mechanisms of Sch B and other lignans derived
from Fructus Schisandrae have been extensively investigated, particularly
those involving hepatic microsomal cytochrome P-450-dependent drug-
metabolizing enzymes (6–8). While the tissue-protective action of Sch B was
found not only limited to the liver, protection against free-radical-mediated
injury was demonstrated in both heart and brain tissues in experimental
animals (9,10). The apparently broad-spectrum and tissue-nonspecific pro-
tection afforded by Sch B and other lignans has attracted much interest in the
area of preventive medicine. Thorough understanding of biochemical mech-
anism(s) of Sch B involved in tissue protection against noxious stimuli is
instrumental in expediting its use in modern medicine. In the following
sections, the pharmacological profile of Sch B and other structurally related
lignans will be first described, followed by discussion of the biochemical
mechanism(s) involved in various tissue protective actions.

II. PHARMACOLOGICAL PROFILE

A. Hepatoprotective Effects

Early pharmacological studies have demonstrated the ability of Sch B and
other lignans in protecting against liver damage induced by a variety of
chemicals, such as acetaminophen, carbon tetrachloride (CCl4), thiacetamide,
and immunlogical toxins, in rodents (11–18). Recent studies in our laboratory
have also shown that Sch B pretreatment (0.5–4 mmol/kg/day � 3 days)
protected against CCl4 and tumor necrosis factor-a-induced hepatotoxicity in
a dose-dependent manner in mice (19,20). Preliminary structure-activity
relationship study, using Sch B and its lignan analogs, namely, schisandrin
A (Sch A, Fig. 1b), schisandrin C (Sch C, Fig. 1c), and a synthetic interme-
diate of Sch C, dimethyl diphenyl bicarboxylate (DDB, Fig. 1d), indicated
that the methylenedioxy group as well as the cyclooctadiene ring structure of
Sch B are important structural determinants in its hepatoprotective action
(21,22). Petreating mice with Sch B at a daily dose of 0.125–0.5 mmol/kg or
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1 mmol/kg, respectively, for 3 days also reduced the extent of hepatic injury
induced by tacrine/bis-tacrine or menadione (23,24). In addition, mice pre-
treated with Sch B at an oral daily dose of 1 mmol/kg for 3 days showed
protective effect against galactosamine/endotoxin-induced toxicity (25). One
point worth noting is that since lignans can cause irreversible inhibition on
hepatic GPT (26), the inability of DDB to protect against CCl4 hepatotox-
icity, though decreasing plasma GPT activity, was evidenced by the negative
histological assessment on hepatic damage (27). Paradoxically,DDBhas been
shown to improve liver functions of patients suffering from chronic hepatitis
(28). The hepatoprotective effect of DDB may therefore be limited to certain
kinds of liver injury, probably not that produced by CCl4.

Treating rats with gomisin A [Gom A, Fig. 1e, a hydroxyl group (C7)-
containing structural analog of Sch B] at a daily dose of 30 or 100 mg/kg for
4 days could suppress the increase in serum transaminase activity and the
appearance of histological changes induced in liver by CCl4 or D-galactos-
amine (29). GomA–treated rats (10–100 mg/kg/day, p.o., for 4 days) showed
an accelerated proliferation of hepatocytes and recovery of liver function, as
well as an increased hepatic blood flow after partial hepatectomy (30). In
addition, Gom A (10 or 30 mg/kg, p.o., for 3 or 6 weeks) suppressed the
fibrosis proliferation and accelerated both the liver regeneration and the
recovery of liver function in CCl4-induced chronic liver injury in rats (31).

The effect of Gom A treatment on immunologically induced liver
injuries has been investigated (32–34). Gom A pretreatment (5–50 mg/kg,
p.o., for 4 weeks) reduced the mortality in mice or occurrence of hepatic
failure in guinea pigs subjected to immunological challenge. As for sponta-
neous hepatitis developed in Long Evans Cinnamon rats, Gom A treatment
did not change the death rate, but the survival time was increased by 7–10
weeks when compared with that of the control (35).

B. Cardioprotective Effects

An early study in our laboratory has shown themyocardial protective effect of
Shengmai San (36), a TCM formula used for the treatment of coronary heart
disease (37), and the lignans derived from FS were found to contribute to the
cardioprotective action (36). Pretreatment with the lignan-enriched FS
extract, which has recently been shown to produce Sch B-like in vivo
antioxidant activity at an equivalent potency off30% (w/w) (38), at an oral
dose of 0.8 g/kg/day for 3 days, protected against isoproterenol-induced
myocardial injury in rats and ischemia-reperfusion (IR)-induced injury in
isolated perfused hearts prepared from the pretreated rats (36). The effects of
Sch B treatment on myocardial IR injury in isolated rat hearts were
subsequently investigated under both in vitro and ex vivo conditions (39).
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In vitro administration of liposome-entrapped Sch B to the isolated-perfused
hearts was found to be unable to protect against myocardial IR injury,
whereas ascorbic acid and Trolox, a water-soluble analog of a-tocopherol,
supplemented perfusate-produced protective effect, as evidenced by the
significant decrease in the extent of lactate dehydrogenase (LDH) leakage
as well as improvement in contractile force recovery. However, pretreatment
with Sch B (0.6–1.2 mmol/kg/day, p.o., for 3 days) protected against IR-
induced myocardial damage in a dose-dependent manner. A preliminary
structure-activity relationship study indicated that both the methylenedioxy
group and the cycloctadiene ring structure of Sch B are important structural
determinants in mediating the protection against myocardial IR injury (40).
Investigation of the possible pharmacological preconditioning effect of low
doses of Sch B on the myocardium is underway in our laboratory.

C. Neuroprotective Effects

Sch B and schisanhenol (Sal, Fig. 1f, also a dibenzocyclooctadiene lignan)
have been shown to protect oxidative damage induced in aging and ischemic-
reperfused rat brain (41). Incubation of 8-month-old rat brain mitochondria
and membrane suspension with a mixture of Fe2+-cysteine resulted in the
formation of malondialdehyde (MDA), an end product of lipid peroxidation,
and a decrease in ATPase activity. Sch B and Sal (100 AM) completely
inhibited these peroxidative damages induced by Fe2+-cysteine in rat brain
mitochondrial and membrane preparation [41]. Oral administration of Sch B
or Sal (150 mg/kg) caused the increase in cytosolic glutathione peroxidase
activity in rat brain tissue under anoxia and reoxygenation condition, with the
effect of Sal being more potent (41). A recent study in our laboratory has
demonstrated that Sch B pretreatment (1–2 mmol/kg, p.o., for 3 days) could
reduce the mortality rate in a dose-dependent manner in mice following an
intracerebroventricular injection of tert-butylhydroperoxide (42). However,
DDB, when being administered at a dose of 2 mmol/kg/day, did not produce
any significant effect on tert-butylhydroperoxide-induced cerebrotoxicity
(43).

The ability of lignans to antagonize the effect of CNS-suppressing sub-
stances, such as barbiturates, chloral hydrate, and halothane, supports their
CNS-activating activity (44). The lignan extract (1–5mg/kg, i.p.) could inhibit
the CNS suppressive effect of hexenal and chloral hydrate in rats. Moreover,
the CNS-activating effect of lignans was antagonized by dopamine receptor
DA2 blocker. However, schisandrol A (Sol A, Fig. 1g, another lignan present
in the extract) was found to prolong the sleeping time induced by phenobar-
bital and decrease the spontaneous motor activity in mice, a manifestation of
CNS-depressing activity (45). Further investigation has revealed the signifi-
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cant elevations of dopamine and its metabolite DOPAC (in striatum) andDA
(in hypothalamus) in mice after intraperitoneal administration of Sol A at a
dose of 50 or 100 mg/kg (46). Furthermore, Sol A showed no affinity for
dopamineD1 andD2 receptor, serotonin receptors, and a1- and a2-adrenergic
receptors, nor did it affect the binding of dopamine D1 and D2 receptors. The
inhibition exerted by schisandrol A on CNS activity may be related to the
modulatory effect on dopamine metabolism in the CNS (46).

The cholinergic system is also influenced by the lignans. The lignan
extract (10–30 mg/kg, p.o.) decreased the convulsant threshold and potenti-
ated the antidiuretic action of nicotine, and potentiated the excitatory effect of
carbachol on rat intestine (47,48). However, the lignans potentiated the action
of reserpine only at a higher dose of 1.5 g/kg (48). In fact, the lignans affect the
cholinergic system in a biphasic manner. At a lower dose of 280 mg/kg (p.o.),
an indirect nicotinomimetic action was produced, whereas at a higher dose
of 840 mg/kg (p.o.), a cholinolytic effect was observed (49).

A recent study has shown that pretreating mice with Sch B (0.025–0.5
mmol/kg/day, p.o., for 5 days) could enhance the passive avoidance response
in mice, an indication of enhancement in cognitive function (23). This is
consistent with the finding that lignan treatment (5–10 mg/day, p.o.) could
improve the intellectual activity in humans (49).

D. Anticarcinogenic Effects

The effect of Gom A on hepatocarcinogenesis caused by 3V-methyl-4-di-
methylaminobenzene (3V-MeDAB) in male Donryu rats has been investigated
(50). Gom A treatment (30 mg/kg/day, p.o., for 5 weeks) significantly
inhibited both increases in the number and size of glutathione S-transferases
placental form (GST-P)-positive foci, a marker enzyme of preneoplasm, and
the population of diploid nuclei, an indicator of proliferative state of
hepatocytes, in the liver from rats simultaneously treated with 3VMeDAB.
Gom A treatment also decreased the number of other hepatic-altered foci,
such as those of the clear cell and basophilic cell type in the early stages (51).
While GomA increased GST activity in the liver by raising the level of GST-1
and 2 isozymes, it was observed that the biliary excretion of 3VMeDAB-related
aminoazo dyes was increased in Gom A–treated rats, with its content in the
liver being decreased in rats fed with a 3V-MeDAB-containing diet (50).
Further study indicated that Gom A treatment (0.03% in the diet for 10
weeks) could reverse the 3V-MeDAB-induced increase in the ratio of diploid
nuclei to tetrapoid nuclei (52). GomAmay therefore inhibit the hepatocarcin-
genesis induced by 3V-MeDAB by enhancing the excretion of the carcinogen
from the liver as well as reversing the abnormal cytokinesis (50–53). When
different types of tumor promoters such as phenobarbital (PB) and deoxy-
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cholic acid (DCA) were administered for 5 weeks after the initiation by 3V-
MeDAB, preneoplastic alterations in the liver, as determined byGST-P, were
markedly increased (54). Gom A (30 mg/kg/day, p.o., for 5 weeks) signifi-
cantly inhibited the increases in the number and size of GST-P-positive foci,
regardless of the presence of tumor promoters (54). Gom A treatment also
suppressed the increase in serum bile acid concentration by DCA, but
produced no effect on PB-treated animals. Since hepatocarcinogenesis has
been reported to be promoted by exogenous administration of bile acids
(55,56), the result suggests that the inhibitory effect of Gom A on the
promotive action of DCA (but not PB) may be related to the decrease in bile
acid production, presumably by improving bile acid metabolism (57).

Application (1 Ag) of 1 2-O-tetradecanoylphorbol-13-acetate (TPA), a
tumor promoter, to mouse ear could induce inflammation, and local admin-
istration of Gom A (0.6 mg/ear) inhibited TPA-induced inflammation (58).
Furthermore, when administered at 5 Ag/mouse, Gom A markedly sup-
pressed the promotion effect of TPA (2.5 Ag/mouse) on skin tumor formation
in mice after initiation with 7,12-dimethylbenz[a]anthracene (50 Ag/mouse)
(58). The results suggest that the inhibition of tumor promotion by Gom A
may be due to its anti-inflammatory activity.

E. Physical-Performance-Enhancing Effect

The effects of FS on counteracting fatigue, increasing endurance, and im-
proving physical performance of sportsmen have long been reported (59).
Until the late 1980s, no controlled studies have been documented. In a series
of studies using horses, a dried ethanolic extract of FS, presumably lignan-
containing, was administered orally (12 or 50 g/horse, p.o.) to thoroughbred
horses 30 min prior to an 800-m race at maximum speed, and to spring horses
subjected to a 12-min gallop at a speed of 400 m/min or a 5-min gallop at a
speed of 700 m/min (60,61). The respiratory frequency and cardiac rate were
significantly reduced in the treated horses subjected to both types of exercise,
with the latter type of varied intensity, as compared to the respective control
group. While plasma glucose concentration increased significantly in both
types of exercise in the treated horses, the plasma lactic acid level was lower in
treated horses, with the degree of decrease being more prominent in racing
horses. Interestingly, horses treated with the lignan-containing FS extract
were able to complete the race at an average of 1.8 sec faster, indicating an
improvement in physical performance.

Poorly performing sports horses, which were found to be associated
with long-lasting high serum activities of g-glutamyltransferase (GGT),
glutamate-oxaloacete transaminase (GOT), and creatine phosphokinase
(CPK) (62), were orally administered with 3 g/day of the lignan-containing
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FS extract (63). During the 14-day course of treatment, serumGGT andGOT
activities were decreased on the seventh and fourteenth day. The decrease in
serum CPK activity suggested a healing effect on muscle damage previously
present in these horses (63). In this connection, a recent study in our
laboratory has shown that pretreatment with a lignan-enriched FS extract,
which contains biologically active lignans at f30% (w/w) (vida infra), at a
daily oral dose of 0.8 g/kg for 3 days protected against physical-exercise-
induced muscle damage in rats (64).

F. Other Pharmacological Effects

Sch C and some other lignans were found to inhibit the growth of human
immunodeficiency virus (HIV)-infected H9 cells at effective concentrations
(EC) ranging from 0.006 to 1.2 Ag/mL (65). Recently, halogenated derivatives
of gomisin J (Fig. 1g) have been shown to possess anti-HIV activities by in-
hibiting reverse transcriptase activity as well as expressing cytoprotective
action inHIV-infectedH9 cells (66). In addition, the growth and clonogenicity
as well as the topoisomerase II activity of hepatocarcinoma cells were
inhibited by DDB (67). Sch C, with EC50 ranging from 0.36 to 7 Ag/mL, pro-
duced cytotoxic effect onKB epidermoid carcinoma of nasopharynx, COLO-
205 colon carcinoma, HEPA hepatoma, and HELA cervix tumor cells (68).

Several lignans isolated from FS were found to inhibit rat liver acetyl-
CoA: cholesterol acetyltransferase activity at IC50 values of 25–200 mM, with
gomisin N, a stereoisomer of Sch B, being most potent (69).

III. BIOCHEMICAL MECHANISMS OF ACTION

A. Detoxification/Antioxidant Actions

1. Induction of Detoxifying Enzymes

The hepatoprotection afforded by Sch B and other lignans could at least in
part be attributed to the induction of hepatic cytochrome P-450-dependent
(phase I) and GST (phase II) drug-metabolizing enzymes for detoxification
reactions (6,7). GomA increased the hepatic levels ofmicrosomal cytochrome
b5 and P-450, and activities of NADPH cytochrome C reductase, aminopy-
rineN-demethylase, and 7-ethoxycoumarinO-deethylase (11). As regards the
CCl4 hepatotoxicity, Sch B and Gom A could inhibit the CCl4-induced lipid
peroxidation as well as the binding of CCl4 metabolites to the liver micro-
somal lipids (6,70,71). The ability of Sch B/Gom A to inhibit peroxidation of
membrane lipids and hence maintain membrane stability of hepatocytes
under oxidative stress conditions may also contribute to the hepatoprotective
action against toxins that can generate reactivemetabolites in the liver (72,73).
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Sch B and GomA inhibited demethylase activity induced by PB in liver
microsomes in a similar manner as metyrone (70). Dual induction of Gom A
and PB decreased the mutagenicity of benzo[a]pyrene (BP) by inhibiting the
covalent binding of BP metabolites to DNA. Gom A also decreased the
capacity of BP-induced rat microsomes to activate BP to its mutagenic me-
tabolites (70).

2. In Vitro Antioxidant Activities

Lignans isolated from FS were found to possess antioxidant properties
(74,75). Their inhibitory effect on lipid peroxidation reaction has been
extensively investigated in a number of in vitro assay systems using micro-
somes and mitochondria prepared from brain, liver, and kidney cells/tissues
as the lipid source (76–81). In all cases, the lignans, including Sch B and Gom
A, were found to be more potent than a-tocopherol or its analogues, in the
inhibition of lipid peroxidation. Using electron spin resonance measurement,
lignans with different structures and configurations were investigated for
scavenging activity on reactive oxy-radicals generated from human polymor-
phonuclear leukocytes stimulated by phorbol myristate acetate (82). The
free-radical-scavenging activity was found to be dependent on the stereo-
configurations of the lignans, in that S(-) Sch B produced a stronger effect
than that of R(+) Sch B. Interestingly, the scavenging effect of S,R (F) Sch B
was stronger than either that of S(-) or R(+)-Sch B (82). In this regard, a
recent study in our laboratory indicated that the enantiomers of Sch B also
produced differential effects on activities of hepatic glutathione antioxidant
enzymes in mice (83).

3. In Vivo Antioxidant Potential

Antioxidant Actions of the Lignan-enriched FS Extract. CCl4-induced
hepatotoxicity is a commonly usedmodel for investigating lipid peroxidation-
related tissue injury (84). The involvement of free-radical-mediated reactions
in the development of CCl4-induced hepatic injury has been implicated in
various in vitro and in vivo studies (85,86). The use of CCl4 hepatotoxicity as
an in vivo model for screening herbal extracts with antioxidant activities
would be desirable (87). Early study examining the effect of the lignan-
enriched FS extract on hepatic glutathione status in both control and CCl4-
treated rats has shown its ability to enhance hepatic glutathione status, as
evidenced by increases in hepatic reduced glutathione (GSH) level and
activities of hepatic glucose-6-phosphate dehydrogenase (G6PDH) and
glutathione reductase (GRD), as well as a decreased susceptibility of
hepatic tissue homogenates to in vitro peroxide-induced GSH depletion
(88). The beneficial effect on hepatic glutathione status became more
evident after CCl4 challenge. Exposure of liver homogenates to an in vitro
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tert-butyl hydroperoxide challenge can be used as a means for measuring the
GSH regeneration capacity (GRC)of hepatic tissues (89). Pretreatment of rats
with the lignan extract caused a moderate enhancement of hepatic GRC in
control rats, but the GRC-enhancing effect of the lignan pretreatment on
hepatic tissues was greatly exaggerated after CCl4 challenge (89). These results
suggest that themechanismof hepatoprotection afforded by the lignan extract
may involve the facilitation of GSH regeneration via the GRD-catalyzed and
NADPH-mediated reaction.

When examining the effect on rats subject to intoxication by aflatoxin
B1 or cadmium chloride, which can produce hepatocellular damage through
biochemical mechanisms different from that of CCl4, the hepatoprotective
action of the lignan-enriched FS extract was found to be nonhepatotoxin-
specific and more effective than that of a-tocopherol (90). This supports the
fundamental role of glutathione-related antioxidant and detoxification pro-
cesses in the liver, which are effectively enhanced by the lignan extract
treatment.

Increased physical activity is accompanied by significantly high rates of
oxygen consumption and metabolism, particularly in skeletal muscle (91).
Much evidence has now accumulated suggesting the involvement of reactive
oxygen radicals in the development of exercise-mediated tissue injury (92).
Significant elevations in plasma CPK, aspartate aminotransferases, and
LDH, which are indicative of muscle damage, were observed immediately
after physical activities exercise both in humans (93) and in rats (94). It has
been postulated that liver may supply GSH to skeletal muscle as a protective
antioxidant (95). In this regard, the protective effect of the lignan-enriched
extract on physical exercise-induced muscle damage may be related to the
enhancement of hepatic GSH status, thereby providing sufficient GSH for
effective antioxidant protection of skeletal muscle during exercise (64).

Antioxidant Actions of Sch B. The hepatoprotection afforded by SchB
pretreatment was found to be mainly attributed to the enhancement in the
functioning of the hepatic glutathione antioxidant system, possibly through
stimulating the activities of glutathione related enzymes (19). A later study
indicated that Sch B protected against CCl4 toxicity by enhancing the
mitochondrial glutathione redox status in mouse liver (96). However,
treating mice with 1,3-bis(2-chloroethyl)-1-nitrosourea, an inhibitor of
GRD, did not deplete hepatic GSH or abrogate the hepatoprotective action
of Sch B in CCl4-treated mice (96). The hepatic G6PDH-catalyzed formation
of NADPH, but not GRD activity, may therefore be a limiting factor in Sch
B–induced enhancement in the regeneration of GSH. A comparison between
the effects of Sch B and butylated hydroxytoluene (BHT), a synthetic phenolic
antioxidant, was made to identify the critical antioxidant action of Sch B
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involved in hepatoprotection in mice (97). The ability of Sch B, but not BHT,
to sustain hepatic mitochondrial GSH level, as well as hepatic ascorbic acid
and a-tocopherol levels, represents a crucial antioxidant action in protecting
against CCl4 hepatotoxicity. In further defining the antioxidantmechanism of
Sch B, the effects of Sch B and a-tocopherol on ferric-chloride-induced
oxidation of erythrocyte membrane lipids in vitro and CCl4-induced lipid
peroxidation in vivo were examined (98). The ability of Sch B to inhibit lipid
peroxidation, while being in the absence of pro-oxidant activity as compared
to a-tocopherol, would make it a more desirable antioxidant in vivo.

The antioxidant effect of Sch B can be extended to extrahepatic tissues.
The myocardial protection afforded by Sch B pretreatment against myocar-
dial IR injury was also associated with an enhancement in myocardial
glutathione antioxidant status (39). In contrast, the inability of DDB to
enhance myocardial glutathione antioxidant status resulted in a failure in
preventing IR injury (40). Since the in vitro perfusion of isolated hearts with
Sch B–containing perfusate did not protect against IR injury, the myocardial
protective action of Sch B was unlikely owing to free-radical-scavenging
action (39). Instead, the cardioprotection may be mainly mediated by the
enhancement of myocardial glutathione antioxidant status, particularly
under oxidative stress conditions. In addition, modulations in tissue level of
nonenzymatic antioxidants such as ascorbic acid and a-tocopherol in re-
sponse to IR challenge, which may be an effect secondary to the enhancement
of myocardial glutathione status, were also observed in Sch B–pretreated
hearts [99]. A recent study has shown that a single dose of Sch B treatment
produced a time-dependent enhancement in myocardial mitochondrial glu-
tathione antioxidant status (100). This effect was paralleled by the stimulation
in mitochondrial ATP generation and protection against IR injury (91).

GSH plays an important role in the maintenance of cellular redox status
and antioxidant defense (101). The ability of Sch B to enhance hepatic and
myocardial glutathione status can offer an effective antioxidant protection by
sustaining the fundamental cellular defense system against oxidative chal-
lenge. The nonenzymatic antioxidants such as GSH, ascorbic acid, and a-
tocopherol work synergistically in cellular antioxidant defense (102,103), in
that the enhanced cellular GSH status facilitates the regeneration of ascorbic
acid and a-tocopherol from their oxidized forms (104,105). As a result, the
functional integrity of the cellular antioxidant defense can bemaintained even
under conditions of increased oxidative stress.

Being the major site of oxygen free-radical production, mitochondrion
requires strong antioxidant protection. The maintenance of mitochondrial
glutathione redox status is critical for cell viability (106,107). The ability of
Sch B to increase the mitochondrial GSH level therefore represents an
ultimate defense against free-radical attack. In addition, liver can supply
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GSH to other tissues by exporting GSH into the blood for subsequent uptake
in extrahepatic tissues. The enhancement of hepatic glutathione status by Sch
Bmay produce a generalized antioxidant effect on organs other than the liver.
Sch B or the lignan extract was found to protect myocardial, brain, as well as
skeletal muscle tissues against free-radical-induced damage. The generalized
tissue-protective effect of Sch B may be related to its ability to produce a
sustainable and GSH-mediated antioxidant effect on various tissues.

B. Enhancement/Protection of Liver Function

It has also been suggested that Gom A can enhance liver function under
normal or injured conditions, in that the prevention of CCl4-induced chole-
stasis can be attributed to its sustained stimulatory action on secretion of the
bile-acid-independent fraction from the liver (12). Sch B and Gom A induced
hypertrophy andmild hyperplasia of the liver, resulting in the increase in liver
weight (108). Hepatic [14C] phenylalanine incorporation, protein content, and
microsomal cytochrome P-450 content were also increased (108,109). GomA
helps to regenerate the liver tissue after partial hepatectomy by enhancing
ornithine decarboxylase activity, an important biochemical event in the early
stages of liver regeneration in rats (110). Gom A was also found to promote
hepatocyte growth after mitosis during regeneration of partially resected rat
liver, and enhanced directly or indirectly the proliferative process of non-
parenchymal cells, which was likely mediated by an increase expression of
c-myc gene preceding DNA replication in proliferating cells (111).

Leukotrienes are potent inflammatory agents that are thought to play a
role in inflammatory liver diseases (112). In immunologically induced hepatic
failure, mononuclear cells are the predominant cells producing leukotrienes.
The ability of GomA to inhibit the biosynthesis of leukotrienes induced in rat
peritoneal macrophages by Ca2+ ionophore A2318 may also be related to its
antihepatotoxic effect (113). Furthermore, liver cells could be injured by
antibody-dependent cell-mediated cytotoxicity (ADCC) reaction or marco-
phage activation. The inhibition of liver cell injury induced by ADCC or
macrophage activation in vitro by Gom A may be related to the protective
effect on immunologically induced liver failure (32).

Liver plays an important role in glucose synthesis by converting lactic
acid or other keto-acids arising from anaerobic metabolism occurring in
muscle during physical exercise back to glucose. The increase in activity of
hepatic transaminase enzymes, which can deplete the level of glucose pre-
cursors by converting them into amino acids, was found to be associated with
the impairment in physical performance in horses (62). An association
between poor performance and high serum activities of these hepatic enzymes
has been demonstrated (62). The lignans derived from FS, which can inhibit
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liver transaminase activities (26), can therefore sustain the blood glucose level
through hepatic gluconeogenetic process during physical exercise, thereby
improving the endurance and performance.

C. Heat Shock Proteins Induction

Heat shock proteins (Hsps) are a family of inducible and constitutively ex-
pressed gene products that collectively function to maintain cellular protein
conformation during stress conditions. The synthesis of Hsps is induced by a
variety of mild stresses, including oxidants, heat, hypoxia, and low pH, all of
which can affect protein conformation (114). The synthesis of Hsps allows
cells to adapt to gradual changes in their environment and to survive in
otherwise lethal conditions (115). Increased production ofHsps by heat shock
or other forms of stress, or gene overexpression, was found to be associated
with tissue protection against noxious stimuli (116–120). The ability of Sch B
to induce Hsp 70 production and protect against TNF-a–induced hepatic
apoptosis inmice suggests the involvement ofHsp induction as a fundamental
protective mechanism (20), in addition to the enhancement of mitochondrial
glutathione antioxidant status (97), in its generalized tissue-protective action.
Investigation of the correlation between induction of Hsps and enhancement
of cellular/tissue antioxidant status afforded by Sch B treatment in respect to
its hepato- and cardioprotective actions is currently underway in our labo-
ratory. Preliminary results indicated that the hepatoprotective action of Sch B
against CCl4 toxicity seemed to be mediated by both enhancement of mito-
chondrial glutathione antioxidant status and induction of Hsp 25/70 (121).

D. Other Biochemical Actions

The effect of gomisin C (Gom C, Fig. 1h) on the respiratory burst induced by
the peptide (formyl Met-Leu-Phe, FMLP) was investigated in rat neutrophils
(122). Gom C was found to inhibit FMLP-induced superoxide radical
formation and oxygen consumption in a concentration-dependent manner.
The inhibitory action of Gom C on the respiratory burst may be mediated
partly by the suppression of NADPH oxidase activity on neutrophils and
partly by the decrease of cytosolic Ca2+ released from an agonist-sensitive
intracellular store (122). This activity may contribute to the anti-inflamma-
tory action of lignans.

The effect of lignans on the binding of platelet-activating factor on
rabbit platelets was examined (123). Among the three lignans, Sch A showed
the most potent antagonistic activity, and Sch C produced only marginal
activity. It is therefore suggested that Sch A and Sch B may be responsible, at
least in part (together with other active compounds), for the antitussive effect
of FS (123).
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IV. PHARMACOKINETICS AND METABOLISM

After oral administration of 15 mg Sch B to healthy male subjects, the mean
value of maximum plasma concentration was found to be 96.1F 14.1 ng/mL
(f0.25 AM) (124). The lignan molecule was metabolized by rat liver micro-
somes to give three main phase I metabolites. Several oxidation routes appear
to be involved: (1) hydroxylation of an alkyl substitute and (2) demethylation
of the -OCH3 groups on the aromatic rings (125). The metabolites were
detectable in urine and bile of rats. A recent study indicated that the methoxy
group of Sch B or Sch A could be demethylated by demethylase present in red
blood cells and then further metabolized to produce phenolic hydroxyl group
(126).

Oral administration of Gom A at a dose of 10 mg/kg resulted in a
maximum serum concentration of 1446.1F 131.8 ng/mL in 15–30min in rats,
with over 80% of the compound being bound to serum proteins (127,128).
After intravenous administration at doses of 1.6–10 mg/kg, the serum
concentration of Gom A decreased biphasically, with the terminal elimina-
tion half-life being about 70min (128). The biotransformation ofGomA to its
demethylated metabolite (Met-B) was very rapid after both oral and intra-
venous administration, with the amount ofMet-B after oral administration of
Gom A at a dose of 1.6 mg/kg being relatively larger than those of other
dosages. It was suggested that Gom A underwent first pass extensively,
producing demethylated metabolites (127) as well as glucuronic and arylsul-
fate conjugates (129).

Sol A was readily absorbed after oral administration, with a half-life of
58 min in rats (130). The blood level of Sol A showed a biphasic decline after
intravenous injection, with the half-life of the distribution phase and elimi-
nation phase being 1.4 and 42 min, respectively. Sol A was also detectable in
urine 1 hr after oral administration. Five minutes after intravenous injection,
a high level of Sol A was detected in the lungs, moderate levels in the liver,
heart, brain, and kidneys, and low levels in the ileum and spleen. As regards
the brain, which is themajor site of action of Sol A, relatively high levels in the
hypothalamus, striatum, and hippocampus and moderate levels in the
cerebral cortex and cerebellum were detected. This distribution pattern may
be related to the neuroleptic and anticonvulsant actions of Sol A.

V. TOXICOLOGY AND ADVERSE SIDE EFFECTS

The oral and intraperitoneal LD50 values of a petroleum ether extract of FS
[containing 40% (w/w) lignans] were 10.5 and 4.4 g/kg, respectively (48).

Subchronic toxicity of an extract of FS (standardized to a minimum of
2% lignans) was examined in Landrace piglets at daily doses ranging from
0.07 to 0.72 g/kg for 90 days (131). Both body weight and the amount of food
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intake were not affected during the entire experimental period, and all blood
parameters were not changed in the treated animals. No pathological changes
were observed in major organs and tissues, an indication of no long-term
toxicity. In another study using the same extract (0.1–0.5 g/kg/day), no
fetotoxicity as well as no changes in other reproductive parameters such as
implantation efficiency were observed in rats and mice.

No death was observed following a single oral dose of Sch B at 2 g/kg in
rats (49). In addition, an intragastric dose of 200 mg of Sch B for 30 days
caused no significant changes in body weight, blood parameters, or histolog-
ical parameters of major organs in mice (49). Furthermore, Sch B, when given
at 10 mg/kg daily for 4 weeks, did not affect appetite, blood parameters, liver
or kidney functions, as well as liver histological parameters in dogs (49).

Gom A (0.01% or 0.03% in the diet for 40 weeks) did not cause any
proliferative and neoplastic lesions in rats (50).

Information on clinical toxicity of lignans is scarce. Two cases of
interaction between cyclosporin and DDB in kidney transplant patients with
chronic hepatitis have been reported, in which cyclosporin was decreased to a
subtherapeutic level (132).

VI. EAST-MEETS-WEST MEDICINE

According to TCM, the ‘‘five tastes’’ of FS bespeak much of its influence on
the five visceral organs. In this regard, a renowned Chinese herbalist, Sun
Simiao (A.D. 581–682), in the Tang dynasty, had noted that ‘‘taking Schisan-
dra berry in May can invigorate the qi of the five viscerae.’’ Given the in-
dispensable role of qi in body functioning, this points to the possibility that FS
can produce beneficial effect on major organs in the body. Over the past 10
years, our laboratory has attempted to define the biochemical properties of
FS in regard to its purported qi invigorating action. A generalized tissue-
protective action of FS or its lignan constituents has been demonstrated.

In the realm of TCM, qi, literally meaning energy, is regarded as the
‘‘root of life’’; body functions are often explained in terms of qi. qi can be
broadly defined as the minute substances circulating inside the body and their
functional role. Alternatively, qi can be regarded as a manifestation of
functional status of organs, which is in turn dependent on their neuroendo-
crinological regulation and energy-transforming process. Among different
qi’s associated with various visceral organs, the ‘‘heart-qi’’ and ‘‘lung-qi’’ are
of vital importance. The normal functioning of circulatory and respiratory
systems is essential to deliver oxygen and fuel molecules for maintaining
cellular activities—the cellular manifestation of qi. In this connection, is-
chemic heart disease, themost precarious killer in industrialized countries, is a
clinical manifestation of depletion of ‘‘heart-qi’’ and subsequently ‘‘lung-qi.’’
Given the universal requirement of ATP—the biochemical unit of qi for
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energizing cellular activities, mitochondrion—the powerhouse for ATP gen-
eration in the cell—becomes the de facto cell origin of qi. However, reactive
oxygen species also arise from the mitochondrial energy-transforming pro-
cess. If these reactive oxidants are not removed effectively, they can cause
damage in the mitochondrion as well as other cellular components.

The finding of the ability of Sch B to enhancemitochondrial glutathione
antioxidant status and stimulate ATP generation not only provides a bio-
chemical explanation for its qi-invigorating action (100), but also offers an
insight into the molecular mechanism involved in generalized tissue protec-
tion. As mitochondrion is the central coordinator in regulating apoptosis
(133), the Sch B–induced mitochondrial changes and the relevant signal
transduction pathways leading to apoptosis will be of interest for further
investigations. Given the mitochondrial decay in aging (134), the ability of
Sch B to maintain mitochondrial function integrity may provide a practical
approach for retarding the aging process and delaying the onset of age-related
diseases such as Alzheimer’s disease and Parkinson’s disease.

VII. CONCLUSIONS

Over the past few decades, the pharmacological activities of Sch B and other
lignans have been extensively studied. Early evidence indicated that the
lignans could produce beneficial effect on liver functions, particularly in en-
hancing the detoxification of xenobiotics and the regeneration of liver. Later
studies have also demonstrated their modulating effects on CNS activity and
anticarcinogenic activity, as well as cardioprotective action. Investigations on
the biochemical mechanism(s) involved in the generalized tissue protective
effect afforded by Sch B and other lignans have revealed their in vitro and in
vivo antioxidant activities, particularly in enhancing the mitochondrial
gluthathione antioxidant status. The ability of Sch B to induce Hsps produc-
tion may also represent a fundamental mechanism involved in tissue protec-
tion. Given the novel in vivo antioxidant potential, Sch B may be used for the
prevention and/or treatment of free-radical-mediated tissue damage such as
inflammations, radiation injury, and reperfusion injury. The beneficial effect
of lignans on cardiopulmonary as well as liver function during physical
exercise wouldmake it a good candidate for sport supplement. The anticancer
and anti-HIV activities of specific lignans also deserve further investigations
for developing new therapeutic agents.
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I. INTRODUCTION

Among the algal foods and supplements, a great deal of attention has been
focused in recent times on Spirulina (Arthrospira platensis), the unicellular,
filamentous, spiral-shaped, blue-green alga. Unlike some of the other medic-
inal plants that are used as regular dietary constituents and spices in many
parts of the world, the consumption of spirulina was restricted to some
communities. Traditionally, spirulina has been consumed for centuries by the
people of Africa and South America where it grew naturally in lakes, being a
photosynthetic organism. More recently various commercial preparations of
spirulina in the form of capsules, syrup, powder, and even spirulina-incor-
porated noodles, cereals, and energy bars are being promoted all over the
world. The most widely used species for human consumption are Spirulina
platensis and Spirulina maxima though Spirulina fusiformis has been used for
several laboratory experiments. A wide range of medicinal properties and
health benefits has been attributed to spirulina. Yet systematic scientific
research has been carried out only on some aspects of its nutritional and

MD: PACKER, JOB: 03277, PAGE: 315

315

5436-0_Packer_Ch14_R2_061804



5436-0_Packer_Ch14_R2_061804

MD: PACKER, JOB: 03277, PAGE: 316

therapeutic properties. This review attempts to highlight some of the recent
research in this front.

Spirulina is known to contain the highest protein content among all
edible food, being in the range of 45–60% and rich in essential amino acids.
This is particularly significant as it is a source of easily digestible vegetable
protein. It has a high content of the pigments chlorophyll, phycocyanin, and
carotenoids with phycocyanin content being as high as 14%. It is also a rich
source of vitamins C, E, andB12. Other phytonutrients present in spirulina are
g-linolenic acid, an essential polyunsaturated fatty acid, glycolipids, and
sulfolipids.

Since spirulina grows easily in ponds and brackish waters under alkaline
conditions, it is believed to grow relatively free of contamination from other
algae and protozoa even in open ponds. However, for commercial produc-
tion, ponds, tanks, spiral tubes, fermenters, and even large plastic bags have
been employed Both open- and closed-culture systems are in use, with the cost
of the latter being higher because of the need to supply lighting. Variations in
different culture methods are based on differences in mixing systems, depth of
the growth pond, and temperature control (1). Among different mixing
systems, turbulent stirring has been shown to yield increased productivity
due to better light distribution (2). More recently a continuous photobio-
reactor has been standardized for the cultivation of S. platensis with the
purpose of developing it as food during space travel. Harvesting spirulina
biomass is thus being studied for potential development of an auto-regener-
ating life support system for space travelers (3). Culturing of spirulina has also
been extensively studied under laboratory conditions using varying light
intensities, carbon dioxide environments, and sources of nitrogen to assess
the impact of these factors on biomass, protein, carbohydrate, and phycocy-
anin contents (4–6). These laboratory findings when applied to large-scale
cultivation can not only increase biomass productivity but also selectively
increase the yield of certain phytonutrients such as pigments and polysac-
charides.

An analysis of the inorganic and organic composition of various algal
foods available in different parts of the world revealed no heavy metals
beyond the permissible levels in spirulina and hence it was recommended as a
safe food (7,8). It was also shown that S. maxima, when used as a food
coloring and supplement for 13 weeks, did not produce any toxic effects in
mice (9). Phycocyanin, the blue colorant from S. platensis, was also shown to
be devoid of acute as well as subchronic toxicities in rats (10).

II. GENERAL HEALTH BENEFITS

The positive effects of the dietary inclusion of spirulina on general health and
well-being have been shown in studies on human volunteers, fish, and birds. In
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1986, it was observed by Becker et al. that spirulina can reduce the body
weight of obese humans (11). Subsequently Iwata et al. in 1990 showed that it
can also reduce total plasma cholesterol levels (12).

When administered in the form of syrup for 30 days, spirulina increased
the mean blood hemoglobin levels by 11.65% in young anemic adult girls.
However, when given as part of a wheat preparation, it brought about
significantly less elevation in hemoglobin levels. This reduction in efficacy
was attributed to the presence of oxalates and phytates in the grain that
interfere with iron absorption (13). In another study, spirulina alone and in
combination with wheat gluten resulted in higher hemoglobin content and
higher iron storage (14). Supplementation of a university cafetaria diet of
young healthy adults in Spain with Provital, a commercial preparation of
spirulina, resulted in no significant changes in anthropometric indicators but
an increase in total antioxidant capacity with increases in a-tocopherol and h-
carotene levels observed only in women volunteers (15).

Partial replacement of fishmeal with spirulina showed significant
increases in growth of two Indian major carps (16). Both livability and
performance indices of broilers fed spirulina were shown to increase (17).
Humoral and cell-mediated immune functions of chicks were also enhanced
by inclusion of S. platensis in their diet (18). The stimulatory effects of
spirulina on the immune system have prompted some workers to call it a
‘‘probiotic.’’Based on enhancedmacrophage phagocytic functions, the group
of Qureshi proposed that spirulina supplementation may improve disease
resistance potential in cats (19) and chickens (20) and nitrite production in
chick macrophages by increased nitric oxide synthase activity (21). A water-
soluble, high-molecular-weight polysaccharide from food-grade spirulina
was found to be immunostimulatory resulting in increased mRNA levels of
interleukin-1h and tumor necrosis factor-a (22). A finding of great clinical
significance was that an acqueous extract of S. platensis inhibited HIV-1
replication in human T-cell lines, peripheral blood mononuclear cells, and
Langerhans cells by 50% (23). The antiviral activity was exhibited by a
polysaccharide as well as a nonpolysaccharide fraction. After this, the
antiviral activity of a sulfated polysaccharide, calcium spirulan, was convinc-
ingly demonstrated by studying the structural requirements for its activity
(24). Two polysaccharide fractions from S. maxima have been also shown to
possess antioxidant abilities (25).

Through assessment of a large number of enzymes such as those
involved in biotransformation like cytochrome P-450 isozymes, detoxifica-
tion enzymes like glutathione-S-transferase, DT-diaphorase, a battery of
antioxidant enzymes like superoxide dismutase, catalase, glutathione perox-
idase, glutathione reductase, and the content of glutathione itself, the chemo-
preventive effect of S. platensis was shown (26). S. fusiformis administration
was found to depress hepatic cytochrome P-450 and induce hepatic glutathi-
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one-S-transferase with no effect on extrahepatic glutathione-S-transferase.
This was interpreted by the authors to mean decreased biotransformation of
xenobiotics resulting in lesser amounts of reactive electrophilic metabolites
and consequent protection to the animal. A simultaneous glutathione-S-
transferase induction detoxifies hydrophobic electrophiles by conjugation to
glutathione (27). In addition to being chemopreventive, S. fusiformis has been
shown to cause regression of oral leukoplakia in tobacco chewers (28).

III. ANTIOXIDANT PROPERTIES

Spirulina has a very high content of h-carotene and is believed to owe some of
its potent antioxidant activity to it (29). The total carotenes in it have been
shown to have a bioavailability comparable to other sources. In two very
large-scale human trials with preschool children in South India, spirulina
feeding led to an increase in serum retinol levels (30) and a significant decrease
in ‘‘Bitot’s spot,’’ a symptom of vitamin A deficiency (31). This finding is very
important in view of the prevalence of blindness and eye diseases among
children of the Third World caused by vitamin A deficiency.

That amethanolic extract of S. maxima possesses antioxidant capacities
was determined by in vitro and in vivo experiments (32). Subsequently
Estrada et al. (33) fractionated a protean extract of S. platensis and showed
that an increase in phycocyanin content was accompanied by a concomitant
increase in antioxidant activities of the different fractions. Therefore, phyco-
cyanin was identified as the component mainly responsible for antioxidant
activity. However, when the antioxidant activities of phycocyanin and
phycocyanobilin from S. platensis were systematically evaluated using a
phosphatidylcholine liposome system, the results indicated that most of the
antioxidant activity of phycocyanin is due to phycocyanobilin (34). This is an
open-chain tetrapyrrole chromophore covalently attached to the apoprotein.
Phycocyanobilin has a structure similar to the bile pigment bilirubin, also a
known scavenger of reactive oxygen species (ROS). The radical scavenging
activity of phycocyanobilin from S. platensis had been shown earlier by the
same group of workers (35). Phycocyanin was also reported to protect human
erythrocytes against lysis by peroxy radicals (36). It is water-extractable and
both native and denatured phycocyanin possess antioxidant activities to the
same extent. Spray-dried and fresh spirulina exhibit equal antioxidant
abilities (34). These properties are important from the point of view of
preparation of the oral food supplements in various forms.

Both the oil extract and the defatted fraction of S. maxima lowered total
lipids and triacylglycerols in livers of rats with carbon tetrachloride (CCl4)-
induced fatty liver indicating the presence of bioactive principles in both
fractions. The authors attributed the hepatoprotective effects of spirulina to
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its antioxidant constituents such as selenium, chlorophyll, carotene, g-
linolenic acid, and vitamins E and C (37). This observation has been
confirmed by Bhat et al., who showed that C-phycocyanin significantly
reduced the extent of hepatotoxicity when administered 1–3 hr before the
induction of toxicity and prevented the loss of liver enzymes such as serum
glutamate pyruvate transaminase (SGPT) into the serum (38). Protection was
offered by phycocyanin against hepatotoxicity induced by either CCl4 or R-
(+)-pulegone. The level of menthofuran, a major metabolite that appears in
the urine of R-(+)-pulegone-treated rats, was significantly reduced by
phycocyanin. The role of the microsomal cytochrome P-450 system in the
conversion of R-(+)-pulegone to menthofuran is known. It was therefore
suggested by the authors that phycocyanin interacts with cytochrome P-450
and affects the formation of 9-OH-pulegone, which acts as the precursor of
menthofuran. Lowering the biotransformation of the hepatotoxins into toxic
intermediates was thus proposed to be a general mechanism of protection. It
was also proposed that phycocyanin scavenges haloalkane free radicals
produced from CCl4 as well as reactive metabolites formed from R-(+)-
pulegone (37). These ideas are in keeping with the report of Romay et al. that
phycocyanin scavenges alkoxy and hydroxy free radicals (39).

More recently, S. maxima has been shown to prevent fatty liver
formation in male and female mice with alloxan-induced diabetes. The
administration of S. maxima to these animals reduced the levels of thiobarbi-
turic acid–reactive substances in serum and liver as well as triglyceride and
LDL and VLDL levels (40). Spirulina has also been shown to prevent liver
fibrosis (41) and arrest the progress of chronic hepatitis into hepatocirrhosis
(42).

The antioxidant and anti-inflammatory properties of phycocyanin have
been established using in vitro as well as in vivo assays. It was found to have
the ability to inhibit glucose-oxidase-induced mouse paw inflammation,
microsomal lipid peroxidation, damage to deoxyribose, and chemilumi-
nscence response of polymorphonuclear leukocytes to strong oxidants (39).
When zymosan was used to induce rheumatoid arthritis in mice, the subse-
quent oral administration of phycocyanin for 8 days was found to reverse the
histological and ultrastructural lesions and elevated h-glucuronidase levels in
the arthritic animals. This was attributed to the ROS-scavenging ability of
phycocyanin. The ability of phycocyanin to inhibit arachidonic acid metab-
olism and cytokine production was also believed to be responsible for these
antiarthritic effects (43).

Administration of C-phycocyanin extract 30 min before the induction
of colitis in rats showed that it is endowed with anti-inflammatory properties.
This was evident from a reduction in the level of myeloperoxidase activity as
well as a reversal of histological and ultrastructural features seen in inflam-
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matory cell infiltration in the arthritic model. Reactive oxygen species such as
superoxide, H2O2, OH radical, and hypochlorous acid are believed tomediate
human and experimental inflammatory bowel disease (IBD). Nitric oxide and
peroxynitrite have also been suggested tomediate the induction of colitis (44).

Subsequently the same group of workers have shown the anti-inflam-
matory properties of phycocyanin in several experimental rat models such as
rat paw edema induced by carrageenan, mouse ear edema induced by 12-O-
tetradecanoyl phorbol 13-acetate (TPA) as well as arachidonic acid (AA) and
cotton pellet granuloma (45). It was observed that the TPA-induced mouse
ear edema was less effectively inhibited than that induced by AA. Since AA
and its metabolites are known to take part in these models of inflammation, it
was suggested that the mechanism of action of phycocyanin involves AA (45).
Based on the hydroxy- and alkoxy-radical-scavenging abilities of phycocya-
nin in vivo and in vitro, it was proposed that this might explain the anti-
inflammatory property of phycocyanin (45).

Following these observations it was shown for the first time that both
phycocyanin and phycocyanobilin are able to scavenge peroxynitrite (46,47)
and protect supercoiled pBR22DNA against peroxynitrite-induced strand
breakage. The results also indicated that phycocyanin is more effective than
phycocyanobilin. This has been attributed to the interaction of peroxynitrite
with tyrosine and tryptophan residues of apophycocyanin. Similar to the
peroxy-radical-mediated transformation of bilirubin to biliverdin, the chro-
mophore of reduced phycocyanin is converted to phycocyanobilin by the
peroxy radical (46,47). These findings are in line with the earlier observation
byRomay andGonzalez that phycocyanin can protect erythrocytes from lysis
by peroxy radicals (36).

Because damage to DNA by reactive oxygen occurs during chronic
inflammation, the anti-inflammatory activity of phycocyanin is attributable
to its ability to scavenge peroxynitrite radical and other reactive oxygen
species that contribute to oxidative stress, an important condition in inflam-
mation. Since peroxynitrite can be generated in vivo by reaction between
superoxide and nitric oxide, in addition to DNA strand breakage, it can cause
oxidative damage to lipids, proteins, and thiols. Several anticarcinogenic
agents are known to inhibit oxidative damage and in this context phycocyanin
might be a potential anticarcinogenic agent. Other classes of compounds such
as flavonoids and polyphenols of plant origin are also known to protect
against damage mediated by peroxynitrite (47).

Using recombinant human cyclooxygenase-2, Reddy et al. showed that
C-phycocyanin is a selective inhibitor of cyclooxygenase (COX-2) (48). Thus
the ability of phycocyanin to protect against hepatotoxicity, inflammation,
and arthritis may be due to its inhibition of COX-2 in addition to its free-
radical-scavenging ability. COX-2 produces prostaglandins from AA and

5436-0_Packer_Ch14_R2_061804

MD: PACKER, JOB: 03277, PAGE: 320

Sivakami320



induction of COX-2 is believed to occur at the site of inflammation. Cyclo-
oxygenases are also activated to produce prostaglandins as a result of free-
radical-mediated processes like lipid peroxidation. In fact, cyclooxygenase-
mediated inflammation is believed to be one of the responses to CCl4-induced
hepatotoxicity. The involvement of oxygen free radicals in rheumatoid
arthritis and the use of inhibitors of AA metabolism in arthritis are well
known. Thus COX-2 inhibition seems to explain the antiarthritic and anti-
inflammatory properties of phycocyanin. These results assume a great deal of
significance in view of the introduction of COX-2 inhibitors as nonsteroidal
anti-inflammatory drugs (NSAID) in the market. Spirulina is rich in g-
linolenic acid (GLA), a precursor of AA, which is a proinflammatory
molecule. However, recently it has been shown that dietary GLA is anti-
inflammatory owing to its ability to suppress leukotriene B4 release (49). Thus
the presence of GLA, in addition to phycocyanin, may contribute to the anti-
inflammatory properties of spirulina. Other natural products like phytoalexin
found in grapes and dietary compounds like curcumin and retinoids are
known to inhibit COX-2 activity. It is interesting to note that reduced
phycocyanin and phycocyanobilin, the chromphore of phycocyanin, did
not possess COX-2-inhibiting ability (48). Most of the recent research
described above has been carried out using purified preparations of phyco-
cyanin from spirulina. It is clear from these experiments that the molecular
basis of several of the medicinal properties of spirulina is the antioxidant
potential of the biliprotein phycocyanin. Other nutritionally and clinically
important constituents include carotenes and the polysaccharide spirulan.
The mechanism of action of these has not been studied to the same extent as
that of phycocyanin.

IV. CONCLUDING REMARKS

An important factor to be considered if spirulina is to be used as the sole food,
particularly during space travel, is the bioavailability of its constituents. A
report from China describes the effect of increasing concentrations of
selenium on the cultivation of S. platensis (50). Selenium stimulated growth
and biomass yield up to a point after which it was observed to be inhibitory to
growth. The toxicity of higher concentrations of selenium could be overcome
by addition of sulfite (50). Dietary supplementation with selenium-rich
spirulina to selenium-deficient rats was found to restore the levels of enzymic
and nonenzymic constituents that were altered in the deficient animals.
Malondialdehyde and selenium-dependent glutathione peroxidase in plasma,
erythrocytes, and homogenates of liver, kidney, and heart were restored to
normal levels by selenium-enriched spirulina as well as sodium selenite (51).
Subsequently, the same group of workers have shown that sodium selenite
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and selenomethionine were more effective than selenium-rich spirulina. This
conclusion was based on the observation that selenium-rich spirulina did not
restore selenium levels or glutathione peroxidase activity inmost tissues to the
same degree as the other forms of selenium (52). Similarly it was reported that
pseudovitamin B12 was the predominant form in spirulina tablets and this
form is known to have much less affinity to intrinsic factor (IF) and less
biological activity (53). These examples indicate that all the micronutrients of
spirulina may not be wholly bioavailable or biologically useful.

Blue-green algae are reported to accumulate heavy metals from con-
taminated pond water and consuming such food might result in metal
toxicity. Interestingly, dietary S. fusiformis at a high dose of 800 mg/kg body
weight of rats reduced lead toxicity as judged by significant enhancement in
survival time, animal weight, and the weights of their testes (54). In another
study, exogenous administration of spirulina at a dose of 1500 mg/kg reduced
the levels of lipid peroxidation products such asmalondialdehyde, conjugated
diene, and hydroperoxide. Since similar effects were observed upon the
adminstration of the antioxidant vitamin E or C, it was concluded that the
antioxidant activity of spirulina exerted the protective effects during lead-
induced toxicity (55). Thus it appears that when grown under conditions
where it cannot accumulate heavy metals, spirulina can be used to reduce
metal toxicity in animals. If it is to be accepted as a safe food, further
controlled experiments are required to evaluate whether supplementation
with large doses of the different commercial preparations of spirulina can
cause or cure metal toxicity.

Though other edible algae like the green alga Chlorella and the blue-
green alga Aphanizomenon flos-aquae (AFA) are known, the benefits of
consuming spirulina appear to be far greater than those of others. It has
been pointed out that some commercial preparations of AFA may have been
contaminated with hepatotoxin and neurotoxin (56). This might prove more
of a danger to health than a benefit. It is also suspected that vitamin B12 in
spirulina preparations may have originated from bird feathers and droppings
found as contamination.

These doubts and controversies notwithstanding, reports of beneficial
effects of consuming spirulina are overwhelming. Since many of the nutri-
tional deficiencies occur in the developing world, it is essential to focus on the
development of palatable, inexpensive supplements. There is also a need for
more stringent quality control and standardization during manufacture and
marketing of the various spirulina-based products.

The rapidly growing microalgae industry in the Asia-Pacific Rim region
has been reviewed succinctly giving details of all the producers in the region
(57). Cultivation of spirulina is at present being done on a very large scale
using different production systems in countries like China (58). It is also
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cultivated as a small-scale industry, which will be a source of income to small
farmers and help popularize spirulina in rural communities besides reducing
production costs. Being an easy-to-grow edible protein rich in antioxidant
activity, spirulina has the potential to become the wonder drug and food
supplement of the future.
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I. INTRODUCTION

Averrhoa bilimbi Linn belongs to the family Oxalidaceae (Fig. 1). It is a small
tree growing to 15 m tall with a trunk diameter up to 30 cm. Young parts of
the tree are covered with long-persistent, yellowish to rusty, velvety hairs.
Leaves are often crowded at the ends of the branches with 7–19 leaflets, each
measuring up to 12 cm by 4 cm, variable in shape; lateral veins have 6–14
pairs. Flowers are borne in dense, fascicled, pendulous clusters on bare
branches and on knobby protuberances along the tree trunk; the calyx is
yellowish-green, petals are red to purple. Fruits are rounded to blunt, angular
in cross-section, up to 10 cm by 5 cm, and fleshy and juicy but acidic when
ripe. Though it is widely cultivated in the lowlands of Southeast Asia, the
tree’s country of origin is unknown but tropical America has been suggested.
Flowering and fruiting occur intermittently throughout the year. Other names
of the tree are Averrhoa obtusangula Stokes; Belimbing asam, Belimbing
buluh, Belimbing wuluh (Malay, Javanese); Kamias, kalamias, Iba, Kolo-
nanas (Tag); and Ta-ling-pring (Thai) (1).
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A. Chemical Constituents

The chemical constituents of A. bilimbi that have been identified include
amino acids, citric acid, cyanidin-3-O-h-D-glucoside, phenolics, potassium
ion, sugars, and vitamin A in fruits (2).

B. Ethnopharmacological Uses

A. bilimbi has been used as an antibacterial, antiscorbutic, astringent;
postpartum protective medicine; in treatment of fever, inflammation of the
rectum, and diabetes (prepared from leaves); in treatment of itches, boils,
rheumatism, cough, and syphilis (paste of leaves); in treatment of scurvy,
bilious colic, whooping cough, hypertension, and as a cooling drink ( juice of
preserved fruits); in treatment of children’s cough (syrup of flowers); for
stomachache (fruits), mumps, and pimples (prepared from leaves) (1).
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FIGURE 1 Averrhoa bilimbi leaves and fruits.
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II. HYPOGLYCEMIC ACTIVITY OF A. BILIMBI IN
STREPTOZOTOCIN (STZ)-DIABETIC RATS

The single-high-dose-STZ-induced diabetic rat is one of the animal models of
human insulin-dependent diabetes mellitus (IDDM), or type I diabetes
mellitus. In this model, diabetes arises from irreversible destruction of the
h-islet cells of the pancreas by streptozotocin, causing degranulation or
reduction of insulin secretion. In this type I model of diabetes, the insulin is
markedly depleted, but not absent (3).

The chemical structure of STZ consists of a glucose moiety (Fig. 2) with
a highly reactive nitrosourea side chain that is thought to initiate its cytotoxic
action. As shown in Figure 3, the glucose moiety directs this agent to the
pancreatic h cells, where it binds to a membrane receptor to cause structural
damage (4). The deleterious effect of STZ results from the generation of highly
reactive carbonium ions (CH3

+) that cause DNA breaks by alkylating DNA
bases at various positions, resulting in activation of the nuclear enzyme poly
(ADP-ribose) synthetase, thereby depleting the cellular enzyme substrate
(NAD+), leading to the cessation of NAD+-dependent energy and protein
metabolism. This in turn leads to reduced insulin secretion (5). It has been
suggested that free-radical stress occurred during h-cell destruction mediated
by mononuclear phagocytes and cytokines (6,7). Since free-radical scavenger
was demonstrated to protect against the diabetogenic properties of STZ, it is
likely the oxidative stress may play a role in determining STZ toxicity (8).
However, some poly (ADP-ribose) synthetase inhibitors, such as nicotin-
amide and 3-aminobenzamide, could prevent the onset of diabetes (9).

A. Hypoglycemic Activity of A. bilimbi in STZ-Diabetic
Wistar Rats

STZ-induced diabetic male Wistar rats were given five intraperitoneal (i.p.)
injections of the 80% ethanolic leaf extract ofA. bilimbi (ABe) at 300mg/kg or
the water extract of the fruits of A. bilimbi (ABw) at 100 mg/kg or its cor-
responding vehicle, daily for 7 days. Fasting blood glucose estimations and
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FIGURE 2 The chemical structure of streptozotocin.
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food intake measurement were done on all the days of injection. The results of
this preliminary study showed decreases in fasting blood glucose levels and
mean daily food intake in the ABe- and ABw-treated STZ-diabetic rats (2).

B. Hypoglycemic Activity of A. bilimbi in STZ-diabetic
Sprague-Dawley (SD) Rats

1. Effect on Oral Glucose Tolerance in Normal and Diabetic
SD Rats

In the oral glucose tolerance test (OGTT) in both normal and STZ-diabetic
SD rats, distilled water (control), a reference drug, metformin (500 mg/kg), or
each of three different doses of ABe (125, 250, and 500 mg/kg) was orally
administred to groups of four to five rats each after 16-hr fast. Thirty minutes
later, glucose (3 g/kg) was orally administered to each rat with a feeding
syringe (10). The blood glucose levels of the normal and diabetic rats reached
a peak at 60 min after the oral administration of glucose and gradually
decreased to preglucose load level. Of the three different doses, 125, 250, and
500 mg/kg, the lowest dose, i.e., 125 mg/kg, caused attenuation in the blood
glucose level in both normal and diabetic rats (11). Similarly, its semipurified
fractions, such as the aqueous fraction (AF) as well as the butanol fraction
(BuF) at 125mg/kg, caused attenuation in blood glucose level in STZ-diabetic
rats (12). Moreover, the daily oral administration of ABe, AF, and BuF at a

FIGURE 3 The mechanism of pancreatic h-cell destruction by streptozotocin.
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dose of 125 mg/kg twice a day for 14 days to STZ-diabetic SD rats caused a
decrease in the blood glucose level (11,12).

2. Blood-Lipid and Cholesterol-Lowering Effect

The daily administration of ABe per orally (125 mg/kg twice a day) for 14
days to STZ-diabetic SD rats caused a reduction in the serum triglycerides and
an increase in HDL cholesterol. However, ABe did not decrease the serum
cholesterol and LDL cholesterol. This leads to an increase in the antiathero-
genic index and HDL cholesterol:total cholesterol ratio (11). Moreover, the
daily administration of ABe (125 mg/kg) and metformin (500 mg/kg) to STZ-
diabetic rats twice a day for 2 weeks caused a reduction in food and water
intake and an increase in body weight (11). Since ABe increased HDL
cholesterol, it significantly increased the antiatherogenic index and HDL
cholesterol:total cholesterol ratio. ABe thus has the potential to prevent the
formation of atherosclerosis and coronary heart disease, which are the sec-
ondary diabetic complications of severe diabetes mellitus (13). In contrast,
metformin failed to increase the HDL-cholesterol level and did not increase
the antiatherogenic index and HDL cholesterol:total cholesterol ratio. How-
ever, it has been reported that metformin can reduce the blood lipid param-
eters in nondiabetic patients with coronary heart disease (14). Hence, ABe
contains a hypolipidemic principle(s) that probably acts differently from
metformin (11).

3. Effect of A. bilimbi on Liver and Kidney
Thio-Barbituric-Acid-Reactive Substances (TBARS)
in STZ-Diabetic SD Rats

ABe and AF treatment at a dose of 125 mg/kg in STZ-diabetic SD rats
reduced the TBARS levels in the kidneys, but not in the liver. The lack of
change in TBARS levels in the liver of ABe-, AF-, and BuF-treated diabetic
rats could again reflect the resistance of the liver to the oxidative stress in the
diabetic state. It is significant to note that neither AF nor BuF affects this
capacity adversely. SinceABe andAFhave the ability to reduce the formation
of TBARS, they could potentially prevent platelet aggregation and throm-
bosis (11,12).

4. Effect of A. bilimbi on Insulin in STZ-Diabetic Rats

Similar to other hypoglycemic agents such as tungstate and vanadate (15–17),
AF caused a time-dependent hypoglycemic effect after twice-a-day oral
administration of 125 mg/kg for 7 and 14 days in STZ-diabetic SD rats. On
the other hand, when the STZ-diabetic rats were treated with 125 mg of BuF/
kg, the serum insulin level was higher on both day 7 and day 14. The elevation
in serum insulin in the AF- and BuF-treated STZ-diabetic rats could be due
to either the insulinotropic substances present in the fractions, which induce
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the residual functional h cells to produce insulin, or the protection of the
functional h cells from further deterioration so that they remain active and
produce insulin. However, except for the level in the AF-treated group on day
14, the insulin levels were well below the normal insulin level in control rats,
suggesting that they may not be sufficient to lower the blood glucose to its
normal level in STZ-diabetic rats (12). This indicates a possible insulin-
releasing action of ABe in STZ-diabetic rats like the extracts of Medicago
sativa (18),Eucalyptus globulus (19), andSambucus nigra (20) which have been
shown to possess insulin-releasing action both in vitro and in vivo.

5. Effect of A. bilimbi on Liver Glucose-6-Phosphatase
Activity and Glycogen in STZ-Diabetic Rats

Glucose-6-phosphatase catalyzes the final step in glucose production by the
liver and kidney. STZ has been reported to increase the expression of glucose-
6-phosphatase mRNA, which contributes to the increased glucose-6-phos-
phatase activity in diabetes mellitus (21). Overproduction of glucose by the
liver is the major cause of fasting hyperglycemia in both insulin-dependent
and non-insulin-dependent diabetes mellitus. Ninety percent of partially
pancreatectomized diabetic rats have a >5-fold increase in the messenger
RNA and a 3–4 fold increase in the protein level of the catalytic subunit of
hepatic glucose-6-phosphatase. Prolonged hyperglycemia may thus result in
overproduction of glucose via increased expression of this protein (22).
Normalization of the plasma glucose concentration in diabetic rats with
either insulin or the glycosuric agent phlorizin normalized the hepatic
glucose-6-phosphatase messenger RNA and protein within approximately
8 hr. However, phlorizin failed to decrease hepatic glucose-6-phosphatase
gene expression in diabetic rats when the fall in the plasma glucose concen-
trationwas prevented by glucose infusion (22). This indicates that in vivo gene
expression of glucose-6-phosphatase in the diabetic liver is regulated by
glucose independently of insulin. The AF fraction, like the biguanide drug
metformin, appears to control the increase in blood glucose in STZ-diabetic
rats by decreasing the activity of glucose-6-phosphatase in the liver. This
could be one of the mechanisms for the suppression of blood glucose
concentration in the diabetic rats (12). Similarly, extracts of plants such as
Zizyphus spina-christi reduced serum glucose level, liver phosphorylase, and
glucose-6-phosphatase activities, and increased serum pyruvate level after 4
weeks of treatment. Likewise 60% ethanolic extract of Coccinia indica and
95% ethanolic extract ofMomordica charantia extracts were found to lower
blood glucose by depressing its synthesis, on the one hand, by depressing key
gluconeogenic enzymes glucose-6-phosphatase and fructose-1, 6-bisphospha-
tase and, on the other, by enhancing glucose oxidation by the shunt pathway
through activation of its principal enzyme, glucose -6-phosphate dehydro-
genase (23). However, AF and BuF treatment in STZ-diabetic rats did not
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affect hepatic glycogen content (12). Similarly, vanadate compounds have
been shown to inhibit hepatic glucose-6-phosphatase activity thereby reduc-
ing blood glucose levels in nonobese diabetic (NOD) mice (24).

III. FUTURE PROSPECTS

The antidiabetic studies of A. bilimbi in STZ-diabetic rats demonstrate that
the leaves of A. bilimbi possess hypoglycemic, hypotriglyceridemic, anti-lipid
peroxidative as well as antiatherogenic properties in STZ-diabetic rats. Hence
it is believed that A. bilimbi leaves might have different types of active prin-
ciples, each with a single or a diverse range of biological activities (11,12).
However, the ethnopharmacological properties of A. bilimbi—such as anti-
bacterial, antiscorbutic, astringent, postpartum protection, anti-inflammato-
ry, as well as its use in traditional medicine for the treatment of itches, boils,
rheumatism, cough, syphilis (paste of leaves); scurvy, bilious colic, whooping
cough, hypertension, children’s cough (syrup of flowers); stomachache
(fruits), mumps, and pimples (leaf decoction)—are yet to be justified by
appropriate in vivo as well as in vitro studies.
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I. INTRODUCTION

For many years, mushrooms have been used as both a food and medicine in
many cultures, especially in the East. The use of mushrooms to maintain
health was formally recorded as early as A.D. 100 inChina.Mushrooms have a
long history of use in folk medicine and have been incorporated into health
tonics, tinctures, teas, soups, and healthty food dishes, as well as herbal for-
mulae (1). Within the framework of traditional medicine, mushrooms have
been applied to lubricate the lungs (Tremella fuciformis), tone the kidneys
(Cordyceps sinesis), reduce excessive dampness (Grifola umbellate), and in-
vigorate the spleen (Poria cocos).

Higher Basidiomycetes mushrooms with medicinal values, such as
Ganoderma lucidum (Curt:Fr) P. Karst. (Reishi)Dendropolyporyus umbellatus
(Pers.:Fr) Jül., and Tremella fuciformis Berk. (1–6), were recorded in Shen
Norg Ben Cao Jin (Compendium of Materia Medica of the godly farmer, of
East Han dynasty in China, A.D. 100–200).

Large numbers of mushroom-derived compounds, both cellular com-
ponents and secondary metabolites, have also stirred up much interest in the
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medical field. Many have been shown to affect the immune system and could
be used to treat a variety of disease states (7–14). There is vast amount of lit-
erature on a large diversity ofmushrooms and their medicinal properties. This
chapter will concentrate on the Lentinus edodes and its medicinal properties.

II. LENTINUS EDODES

In recent years, there has been growing awareness and interest in the
medicinal value of the biologically active components extracted from higher
Basidiomycoto mushrooms (15–18). One such mushroom is the Lentinus
edodes, better known as shiitake mushroom, which belongs to the family
Tricholomataceae (order Agaricales and class Basidiomycetes).

The edible part of raw L. edodes contains about 90% water. Carbohy-
drates make up the major component of dried shiitake (59.2%), followed by
22.7% protein (digestibility of 80–87%), 10% fiber, 3.2% lipids (primarily
linoleic acid), and 4.7% ash. L. edodes is currently second in terms of global
production, next toAgaricus bisporus. For centuries, this mushroom has been
consumed not only as a delicacy but also for its beneficial effects.

Shiitakemushrooms (L. edodes, Berk Sing, Tricholomataceae fungus) is
a cultured edible fungus popular in Japan for the past three centuries. The
curative powers of shiitakemushrooms are legendary. It was stated inRiYong
Ben Cao, Volume 3 (1620), written by Wu-Rui of the Ming dynasty (1368–
1644), that ‘‘shiitake accelerates vital energy, wards off hunger, cures colds,
and defeats body fluid energy.’’Thus, shiitake is treated as an elixir of life, but
without scientific verification (12,13). Recently, it has attracted considerable
medical interest because of a multitude of medical effects, in particular for its
anticancer activity and control of cholesterol level and blood pressure. In
addition, it was reported to have antiviral, antibacterial, and antiparasitic
activities (19).

The active substances include polysaccharides (e.g., h-glucans), nucleic
acid derivatives, the hypocholesterolemic eritadenine, lipids, peptides, pro-
teins, and glycoproteins. From the carbohydrate portion, the most important
component of shiitake, several polysaccharides have been identified. They
consist of water-soluble polysaccharides (1–5% of dried mushrooms), glyco-
gen-like polysaccharides, (1!4)-, (1!6)-a-D-glucans (antitumor polysac-
charides), lentinan, (1!3)-, (1!6)-h-D-glucans, (1!6)-h-D-glucan with
(1!3)- and (1!4)-h-bonded heteroglucans, heterogalactan, heteromannan,
and xyloglucan (8). L. edodes also contains vitamins (e.g., provitamin D2,
niacin, vitamin B2 and B1), free sugars such as trehalose, glycerol, mannitol,
arabitol, glucose, mannose, and arabinose including minerals such as Cd, Zn,
Cu, Fe, Mn, and Ni.
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III. LENTINAN-hhh-D-GLUCAN

The variety of polysaccharides that have the ability to enhance the immune
system are pharmacologically classified as biological response modifiers
(BRM). The most active BRM has (1!3)-h-D-glucans, sometimes referred
to as (1!3), (1!6)-h-D-glucans. Chihara and co-workers (7,20,21) first
isolated a water-soluble antitumor polysaccharide from fruiting bodies of
L. edodes, which was named ‘‘lentinan’’ after the generic name of this
mushrooms. The amount of pure lentinan extracted was low. In 2001, Yap
and Ng (22) designed a more efficient and simple extraction procedure that
resulted in yield of more that 100-fold of pure lentinan from the same amount
of mushrooms.

Lentinan is a neutral polysaccharide isolated from L. edodes. It is a
purified h-1,3-D-glucan with h-1,6 branches in a triple helical structure. Its
physical and chemical properties have been widely characterized. The molec-
ular formula for lentinan is (C6H10O5)n, and the mean molecular mass is 500
kDa (23–25). The structure of lentinan, as shown by electrophoresis, ultra-
centrifugation, and other instrumental analyses, was confirmed as h-(1,3)-D-
glucopyranan with a branched chain of h-(1,6)-monoglycosyl, showing a
right-handed helix. The properties of lentinan are listed by Chihara and
colleagues (26).

Only those that consist of a (1!3)-linked h-glucan backbone with
(1!6)-linked h-D-glucopyranosyl units as branches produce strong inhibi-
tion of tumor growth (27,28). Degree of branching plays a role in producing
the antitumor activity. The most active polymers [(1!3)-h-D-glucans] have
degrees of branching between 0.20 and 0.33. Immunomodulating activity also
depends on the distribution of the branch units along the backbone chain (29).
A triple helical tertiary conformation of h-(1!3)-glucans appears to play an
important role in the immunostimulating activity of medicinal mushrooms.
Various degrees of antitumor activities were observed according to the
structure of glucans (26,30–33).

Lentinan is insoluble in cold water, acid, and almost all of organic
solvents such as alcohol, ether, chloroform, and pyridine; slightly soluble in
hot water, and soluble in aqueous alkali at a raised temperature and formic
acid. Infrared spectra and nuclear magnetic resonance spectra show absorp-
tions at 890 cm-1 and H 5.4, respectively, and the presence of h-glycoside
linkage (21,25).

IV. OPTIMAL DOSAGE DETERMINATION

To achieve the desired highest antitumor effect, the amount of lentinan given
to the experimental model should be optimized. Initially, lentinan showed
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little effectiveness, primarily because the dosages used were above or below
what was later found to be optimal. Chihara and co-workers (7) andAoki (34)
showed that lentinan caused complete regression of sarcoma 180 transplanted
into the mice at a dose of 1 mg/kg for 10 days (intraperitoneal route), while
a larger dose of 80 mg/kg for 5 days yielded no antitumor activity in com-
parison with untreated control mice (28). Yap and Ng (22) demonstrated that
150 mg/kg lentinan is the most effective dose when administered by the oral
route and achieved a tumor inhibition rate of 94.44% in murine lymphoma.
Doses higher or lower than that resulted in a lower tumor inhibition rate (76–
85%). These observations suggested that there might be a relationship
between lentinan, types of cancer under study, route of administration, and
the host’s immune system, whereby a threshold of saturation for activation of
lymphocytes exists. So the optimal dosage determined is a crucial consider-
ation in treatment with lentinan.

V. THEMEDICINAL AND THERAPEUTIC VALUEOF LENTINAN

The beneficial effects of lentinan have been known for a long time and their
activities have been identified. Many experiments have been conducted to
demonstrate the usefulness of lentinan. Results from various experiments are
promising. In Japan, lentinan is currently classified as a drug for its known
effects. Lentinan has been marketed for the past 10 years in Japan for the
treatment of gastric cancer, in combination with tegafur. It was safely
administrated to 50,000 patients in Japan, involving a total of more than
2,000,000 doses. The usual dose in Japan is 2 mg/week (35).

A. Anticancer/Antitumor Effects

Lentinan isolated by Chihara and co-workers (7,20,26) resulted in complete
regression of tumor induced from sarcoma 180 ascites cells implanted in Swiss
albino mice with no cytotoxicity when given intraperitoneally. Lentinan was
effective in limiting the tumor size, regardless of whether it was in an allogenic
tumor-host system, syngenic tumor-host system, or autochthonous host
system (31,32,36,37).

Other studies showed tumor regression in C3H/He mice when MM46
mammary carcinoma cells were subcutaneously inoculated (38). Complete
regression of large Madison 109 lung carcinoma in syngeneic BALB/c mice
was achieved. Evaluation of the effects of lentinan against Lewis Lung (LL)
and Madison 109 (M109) lung carcinomas that were implanted in the foot-
pads of syngeneic mice was carried out by Rose and co-workers (39).
Intraperitoneal administration of lentinan was curative to mice bearing
M109 lung carcinomas (50–70%) though it had no substantial effect on LL
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carcinomas. This contradicted the findings of Suzuki et al. (40). Their study
showed inhibition of pulmonary metastasis of LL carcinoma, also in mice.

Lentinan would also be effective for patients with advanced or recurrent
breast cancer (41,42). Side effects have been transitional and not serious. Use
of lentinan in a combined treatment of patients with advanced or recurrent
gastric or colorectal cancer has also resulted in an increased life span (26,43).
In addition, lentinanwas able to prevent chemical oncogenesis as shown by its
suppressive effect on 3-methylcholanthrene-induced carcinogenesis (36).

For all the above studies cited so far, lentinan was administered via in-
jections. Studies (44–48) were carried out using oral administration of
powdered, dried mushroom fruiting bodies. Oral administration may be
important for eliminating the side effects of (1!3)-h-D-glucans, including
the pain that accompanies parenteral administration. The tumor-growth-
inhibitory activity increased with the concentration of the shiitake mushroom
powder. When 10% L-feed (feed containing powdered shiitake fruit bodies)
was used, the rate of tumor inhibition was 39.6%. Inhibition rates of 53.2%
and 58.9% were achieved when 20% L-feed and 30% L-feed, respectively,
were used. The degree of inhibition was proportional to the experimental diet.
Administration schedule of the lentinan also influenced the rate of tumor
inhibition.

In themost recent study on oral administration of lentinan conducted by
Yap and Ng (22,49), male ARK mice (5–6 weeks old) were used. K36 cells (a
murine lymphoma cell line) were used to induce the tumors. The mice were
divided into three cohorts, namely, prefeeding for 7 days prior to inoculation
of K36 cells, simultaneous feeding of the lentinan with inoculation of K36
cells, and postfeeding after 7 days of tumor induction with K36 cells. Three
milligrams of lentinan were resuspended in buffer and force-fed to the mice
daily.

Table 1 summarizes the data collected. It was clearly shown that
lentinan feeding was very effective in preventing tumor development (between
83 and 94%). Prefeeding was the most effective regime when compared with
simultaneous and postfeeding. The percentage of 83% from the postfeeding
cohort indicated the regression rate of the developed tumors.

Crude mushroom homogenates also resulted in some degree of anti-
tumor efficacy but at a much lower percentage (43–55%) The buffer-fed mice
were controls (placebo). The mice with tumors are shown in Figure 1.
Comparison of the sizes of the excised tumors is clearly shown.

In addition to the strong antitumor properties, the lentinan appeared to
interfere with the morphogenesis of the murine lymphoma retrovirus (Fig. 2).
The virus from the tumor cells of the control groups was electron-dense.
However, in the lentinan-fed cohort, the virus particles from the tumor cells
were empty. This indicated that the virus particles lacked the genomes and,
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thus, were defective. This could be the reason that the induced tumors (if they
occurred) were very small (Table 1) and well localized, unlike the control
mice.

Past studies have shown that the efficacy of lentinan in the treatment of
cancer is increased when used in conjunctionwith other therapies. The highest
antitumor effect was achieved when bacterial lipopolysaccharide was used
with lentinan (50,51). Lentinan could be used in combination with IL-2 for
treating cancer (52–56). The combined administration of IL-2 and lentinan
was effective against IL-2-resistant established murine tumors. Hamuro and
co-workers (57) also investigated the antimetastatic effects of combined
treatment with lentinan and IL-2 in spontaneous metastatic systems using
murine fibrosarcoma and also showed the fruitful effects.

Marked antitumor effects were achieved when lentinan was used in
conjunction with chemotherapy. The activity of pyrimidine nucleoside phos-
phorylase (an enzyme that converts 5V-deoxy-5-fluorouridine (5V-DFUR) to
5-fluorouracil) was induced by lentinan in tumors, but not in the spleen,
thereby increasing the susceptibility of tumor cells to 5V-DFUR (58). Con-
siderable improvement was seen in gastric and breast cancers when lentinan
was used in combination with chemotherapy (59,60). Lentinan also enhanced
the sensitivity of mouse colon 26 tumor to cis-diamminedichloro platinum
(61). An in vivo study in rats with peritonitis involving the combination of
lentinan with gentamicin showed a significantly better survival rate than
controls (13). The tumor-regressive effect of lentinan was markedly reduced
by X-irradiation of mice. 6-Benzyl thioguanosine reduced the antitumor
activity of lentinan when it was injected after sarcoma 180 implantation
(62). Such immunosuppressive agents should be avoided when lentinan is
used to treat cancer patients.
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TABLE 1 Antitumor Properties of Lentinan

Average weight Tumor inhibition
Feeding with of tumors (g) rate (TIR) %

Pure lentinan 0.124 (prefeed) 94.44 ( p < 0.001)
0.265 (S/F) 88.59 ( p < 0.001)
0.398 (postfeed) 83.14 ( p < 0.001)

Crude mushroom 0.997 (prefeed) 55.20 ( p < 0.001)
homogenate 1.272 (S/F) 45.32 ( p < 0.001)

1.345 (postfeed) 43.06 ( p < 0.001)
Buffer solution 2.230 (prefeed) 0

2.386 (S/F) 0
2.362 (postfeed) 0
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The immunopotentiating ability of lentinan was postulated to play a
key role in the antitumor process. Administration of lentinan to gastric cancer
patients undergoing chemotherapy inhibited suppressor T-cell activity and
increased the ratio of activated T cells and cytotoxic T cells in the spleen
(63,64). Lentinan also increases peritoneal macrophage cytotoxicity against
metastatic tumor cells in mice (65). Antimacrophage agents such as carra-
geenan also inhibited the effect of lentinan (26,66–68). The antitumor effect of
lentinan is abolished by neonatal thymectomy and decreased by the admin-
istration of antilymphocyte serum, supporting the concept that lentinan
requires immunocompetent T-cell compartments.
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FIGURE 1 Comparison of tumor sizes between lentinan-, crude-mushroom-
homogenate-, and buffer-fed mice. K36 cells (a murine lymphoma cell line)
were used to induce the tumors. It is clearly demonstrated that the tumor
excised from the buffer-fed mouse is several times larger than that from mouse
fed with lentinan. Crude mushroom homogenate also offers some antitumor
properties as the tumor size is smaller than that of the buffer-fed cohort. This
observation is statistically significant as presented in Table 1.
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FIGURE 2 Electron micrograph of murine retrovirus particles budding from tumor
cells. (a) In the buffer-fed regime, electron-dense infectious virus particles (Vi)
are seen budding out from the plasma membrane. (b) In contrast, the virus par-
ticles budding out from the lentinan-fed cohort exhibit empty core structures.
This indicates that the virus particles are defective (dVi) and lack the virus
genomes.
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B. Immune-Modulating Effects of Lentinan

The antitumor activity of lentinan resulted from activation of the host’s im-
mune functions rather than direct cytotoxicity to target cells (22,26,66,67,
69,70). The mechanism is postulated to involve binding of h-glucan to the
surface layer of lymphocyte or specific serum protein. This activated macro-
phages, T cells, NK cells, and other effector cells, as well as increasing
production of antibodies, interleukins, and interferons (45,71,72). Lentinan
is considered to be phagocytosed by cells of macrophage lineage present in
organs such as liver, spleen, and lung, and activates these cells (54,55,70,73–
75). Macrophages are the first to recognize foreign bodies as nonself and give
this information to lymphocytes to activate the immune system. They prob-
ably respond acutely to BRMs such as lentinan. Lentinan has been shown to
facilitate the infiltration of lymphocytes and macrophages into tumor tissues
(64).

Suzuki et al. (55–57) also showed that the antitumor effect was
dependent on the CD-positive T lymphocytes. Lentinan stimulates the
macrophages to augment their antitumor activity (76). More macrophages
and T cells were found in lentinan-fed mice compared to the control group.
Suzuki and co-workers (55) and Hamuro et al. (57) suggested that in addition
to the augmentation of immune effector cell activity against tumors, infiltra-
tion of these cells into the tumor sites might also be involved in eradication of
tumors by lentinan. Tumor-induced immunosuppression could also be
overcome by lentinan treatment through enhancement of the macrophage
migration inhibitory factor production (32).

The effector cells might act either selectively or nonselectively on target
cells (8). Various kinds of bioactive serum factors, associated with immunity
and inflammation, (such as IL-2, IL-3, vascular dilation inducer, and acute-
phase protein inducer), appeared immediately after the administration of
lentinan. Increments in the production of antibodies as well as interleukins
(IL-1, IL-2) and interferon (IFN-g) have also been observed (12,13,22,26,57,
63,67,70,77–86). The mechanism of lentinan-enhanced antibody-dependent,
cell-mediated cytotoxicity through helper T cells (77,84) remains uncertain.

Yap andNg further conducted a time-sequenced study on the induction
of various cytokines in AKR mouse after oral feeding with lentinan. Four
cytokines levels, namely IL-1a (interleukin-1 producedmainly by monocytes,
promote proliferation of Th2 CD4+ T cells), IL-2 (interleukin-2 produced
mainly by Th0 and Th1 CD4+ cells, as T-cell growth factor), TNF-a
(produced mainly by monocytes, activates endothelial cells and other cells
of immune and nonimmune systems), and IFN-g (interferon-gamma, pro-
duced by Th1 CD4+ cells, activates NK cells, macrophages, and killer cells),
rose significantly after feeding with lentinan. They peaked at different hours
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after feedingwith lentinan but returned to baseline after 24 hr (Fig. 3a–d). The
IL-1a (Fig. 3a) and IL-2 (Fig. 3b) peaked at 2 hr postfeeding with lentinan.
Both the TNF-a and IFN-g peaked at 4 hr postfeeding (Fig. 3c and 3d).

These results suggested that oral administration of lentinanmay serve as
a means of activating the immune system, provoking the immune responses
required for disease prevention. Lentinan, once ingested, may encounter the
gut-associated lymphoid tissue (GALT), which is a well-developed immune
network, evolved to protect the host from infecting pathogens. Lentinan may
also be absorbed into the systemic circulation, thereafter, involved in inducing
immune systems against future pathogenic attack. Quantitative analysis of
orally administered lentinan in murine blood carried out using limulus
colorimetric test demonstrated that pure lentinan was detected in the murine
blood and peaked at 0.2 mg (equivalent to the usual intravenous or intraperi-
toneal inoculation dosage) 30 min after feeding (Yap and Ng, unpublished
data).

When fed with crudemushroom homogenates, IL-1a, IL-2, and TNF-a
levels were also induced but to much lower levels when compared to lentinan-
fed cohort. The IFN-g level was not significantly induced. The lipid and
protein fractions from the mushrooms did not result in noticeable induction
of any of the four cytokines tested and was at the baseline like the buffer-fed
cohort (control).

Many interesting biological activities of lentinan have been reported.
This included an increase in the activation of nonspecific inflammatory
responses such as APP (acute-phase protein) production (87), vascular
dilation, and hemorrhagic necrosis of the tumors (88). Bradykinin-induced
skin reaction could be used as an index of vascular reactions against lentinan
and this skin reaction could be used to moniter the host sensitivity to lentinan
in antitumor responses (89).

Activation and generation of helper and cytotoxic T cells (10,67,79,90–
93) is an essential aspect of lentinan treatment. The augmentation of immune
mediators such as IL-1 and IL-3, colony-stimulating factor(s) (94), migration
inhibitory factor (32,94,95), and increasing the capacity of PBM (peripheral
blood mononuclear) cells (52,53) contributed additively to the antitumor
efficacy. Wang and Lin (96) postulated that the immunomodulating effect of
lentinan might be relevant to change of T-cell subpopulation and increase of
TNF production.

The recent study of Yap and Ng confirmed that T-lymphocytes were
increased significantly (fourfold, p < 0.001, Student’s t-test) after feeding
with lentinan (Table 2). The CD3, CD4 (T-helper), and CD8 (T-cytotoxic)
lymphocytes were isolated using T-cell-enrichment columns. All three types
of CD lymphocytes were activated in comparisonwith the buffer-fed controls.
It was noted that the placebo (controls) effects did result in some degree of
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FIGURE 3 Cytokine profiles from mice fed with lentinan, crude mushroom
homogenate, lipid fraction, protein fraction, and buffer (placebo). (a) IL1-a
profile. There is a sharp rise 2 hr after feeding with lentinan. A small increase in
level of IL1-a is seen in the mice fed with the crude mushroom homogenate. For
the other three cohorts of mice, the level is at the baseline. (b) IL-2. Similar to
(a), a significant rise in IL-2 level is seen in the lentinan-fed mice. This is
followed in modest amount in the crude-mushroom-homogenate-fed popula-
tion. Again the lipid-, protein-, and buffer-fed mice do not show any change in
the level over the experimental period. (c) TNF-a. The rise in TNF-a level is seen
at 4 hr after lentinan feeding. The level is also quite significant for the crude-
mushroom-homogenate-fed mice. The usual low level of stimulation is seen
with the other three regimes. (d) IFN-g. The profile obtained is similar to (c) with
rise at 4 hr in the lentinan-fed mice. Other than a low level of induction seen in
the crude-mushroom-homogenate-fed population, the other three cohorts show
minimal changes in the level of production over the 24-hr period.
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activations of the lymphocytes. This could be due to the response of stress
from force feeding of the fluid. The most activated lymphocytes were the CD4
helper lymphocytes (100%) followed by almost similar degree of activation in
CD3 and CD8 lymphocytes.

Lentinan-activated lymphocytes were extracted from lentinan-fed
AKR mice and reinoculated into nude (athymic) and SCID (lack immuno-
globulin and lymphocytes) mice before the inoculation of human colon
carcinoma cells. Six different cell lines were used representing different stages
of differentiation of the carcinoma cells. Tabulated in Figure 4, the data
showed that the ‘‘lentinan-activated’’ lymphocytes did indeed protect the
immunocompromised mice effectively against human colon carcinoma
development (49). These experiments showed beyond doubt that T-lym-
phocytes were truly activated by lentinan administration. The antitumor
mechanism was a T-cell-mediated process. Figure 5 shows the proposed
immunomodulating pathway after lentinan administration. Activation of
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the immune responses against the tumor cells resulted in the process of
apoptosis in these cells leading to tumor regression (49).

C. Antiviral Effects

Lentinan showed marked antiviral activity and increased host resistance
against various kinds of viral infections, such as adenovirus, vesicular stoma-
titis virus (VSV)-encephalitis virus, Abelson virus, human immunodeficiency
virus (HIV), and influenza virus.

The effect of lentinan on influenza virus infection has also been deter-
mined and reported by Irinoda et al. (97) and Maeda et al. (93). A significant
level of protection in NMRI mice was noticed, even at low dosage (50 Ag) of
lentinan when administrated intranasally or intravenously. In 2001, Yap and
Ng (22) showed that the administration of lentinan to AKR mice inter-
fered with the maturation process of the murine leukemia retrovirus (Fig. 2).
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TABLE 2 Cluster of Differentiation of T-Lymphocytes

Mice fed with

Total cell
count

(CD90—
normal)

Cell count
(CD25—
activated)

Percentage of
activation (%)

CD3
T-lymphocytes
isolated using
CD3 T-cell-
enrichment
column

Lentinan
Crude
mushroom
homogenate

Buffer solution

13.55 � 106

3.989 � 106

2.313 � 106

9.405 � 106

6.200 � 106

4.593 � 106

69.20
64.24

50.69

CD4 T helper Lentinan 2.150 � 106 2.150 � 106 100.00
lymphocytes
isolated using
CD4 T-cell-

Crude
mushroom
homogenate

1.435 � 106 0.715 � 106 49.85

enrichment
column

Buffer solution 0.782 � 106 0.311 � 106 40.33

CD8 T Lentinan 3.393 � 106 2.263 � 106 66.80
cytotoxic
lymphocytes
isolated using

Crude
mushroom
homogenate

2.148 � 106 0.875 � 106 39.29

CD8 T-cell-
enrichment
column

Buffer solution 1.515 � 106 0.523 � 106 34.54
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The progeny virus particles found in the inducedmurine lymphoma cells were
defective as observed using electron microscopy.

Many AIDS patients die of opportunistic infections due to immuno-
dysfunction, and prevention of the development of symptoms by enhancing
the immune system would be useful. Effects against HIV have been found in
some of the carcinostatic h-D-glucans (lentinan and others) isolated from
shiitake mushrooms (98–101). A tolerance study of lentinan in HIV patients
has been carried out and showed that lentinan was well tolerated and
produced increases in neutrophils and natural killer (NK) cells activity (35).
Lentinan also produced a trend toward improvement in CD4 cells generation
and a decline in p24 antigen levels.

Tochikura et al. (101) and Iizuka (102) reported that when used in
combination with azidothymidine (AZT), lentinan suppressed the surface
expression of HIV on T cells more efficiently than AZT alone. It enhanced the
effects against viral replication in vitro. Lentinan therefore qualified as a
participant in future multidrug studies in HIV (35).
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FIGURE 4 The efficacy of ‘‘lentinan-activated’’ lymphocytes in nude and SCID
mice. Lymphocytes from AKR mice that had been fed with lentinan for 7 days
were extracted and inoculated into nude or SCID mice. After inoculation of the
‘‘lentinan-activated’’ lymphocytes, human colon carcinoma cells were also
inoculated into these mice to induce tumors. Six different human colon
carcinoma cell lines were used. LoVo and SW48 represent a well-differentiated
stage with signet ring formation, SW620 and SW480 are moderately differ-
entiated, and SW403 and SW1116 are poorly differentiated with little or no
signet ring formation. The tumor from the buffer-fed mouse is rather large when
compared to that of the mouse that is fed with lentinan. The summary table
shows that ‘‘lentinan-activated’’ lymphocytes do have good efficacy against
tumor formation in these immunodeficient mice.
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FIGURE 5 A proposed immunomodulation pathway of lentinan. Lentinan first
comes in contact with macrophages, which in turn stimulate and activate the T
cells, resulting in cytokine production. The immune response acts on the tumor
cells causing apoptosis and regression of the tumor.
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Lentinan has been used as an immune modulator in combination with
didanosine (DDI) in a controlled study with HIV-positive patients. In vitro
studies have indicated that anti-HIV effects of lentinan and DDI were
additive. With promising results, it is reasonable to test the combined use
of lentinan and DDI in HIV-infected individuals as well (35).

D. Antibacterial Effects

Lentinan’s effectiveness against bacterial infections has been demonstrated
usingMycobacterium tuberculosis as the test organism in IRCmice. Amarked
anti-infective activity was observed, and all mice completely survived when
lentinan was injected intravenously once from 4 to 10 days before the
infection (103). In mouse experiments, it has also been proven to be effective
against relapse of tuberculosis infections (60). Peritoneal macrophages secre-
tory activity of active oxygen was activated by lentinan and the cytokines
produced enhanced the ability of polymophonuclear leukocytes to produce
active oxygen with bactericidal effect (104).

E. Antiparasitic Activity of Lentinan

Lentinan was shown to be effective against parasitic infections caused by
Schistosoma mansoni, S. japonicum, and Mesocestoides corti (93,105,106).
The mechanism was concluded to be through cell-mediated immunity and
was T-cell-dependent as the antiparasitic activities were not illustrated in nude
mice.

VI. OTHER COMPONENTS OF LESSER INTEREST

Another active component, a-mannan peptide (KS-2), extracted from cul-
tured mycelium of L. edodes was shown to be effective against sarcoma 180
and Ehrlich’s carcinoma. Antitumor activity of KS-2 in mice has demon-
strated a macrophage tumoricidal effect, though the actual mechanism of
action of KS-2 is not clear (100).

A water-soluble, pale-brownish powder designated LEM was prepared
from the culture medium of shiitake mushroommycelia before the formation
of fruit bodies. LEM is a glycoprotein containing glucose, galactose, xylose,
arabinose, mannose, fructose, and various nucleic acid derivatives, vitamin B
compounds, especially B1 (thiamine), B2 (riboflavin), and ergosterol (107).
Two alcohol-insoluble fractions, LAP1 and LAP2, can be separated from
LEM (108,109). LAP is a glycoprotein containing glucose, galactose, xylose,
arabinose, mannose, and fructose (102). In turn, a heteroglycan fraction
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(LAF1) can be prepared from LAP1 by DEAE-sepharose CL-6B column
chromatography. Xylose is the major sugar in LAP or LAP1. The fraction
LAF1 is composed mainly of xylose, arabinose, mannose, glucose, and
galactose (111).

Both LEM and LAP components displayed strong antitumor activities
(111,112). The growth of cancerous liver tumors was slowed in rats when
LEMwas given by injection (60). Administration of LEM (intraperitoneally)
suppressed the cell proliferation of ascites hepatoma. The LEM fraction was
also observed to activate the murine macrophage functions and promoted the
proliferation of bone marrow cells in vitro. Cytotoxicity of NK cells was
noted, and macrophages and T cells were also activated (112). LEM was
found to inhibit the expression of cytopathic effects of herpes simplex virus,
western equine enchepalitis virus, poliovirus, measles virus, mumps virus, and
HIV (100,101,113).

The same effect was achieved when LAPwas administered. The fraction
LAP2 also suppressed cell proliferation of the ascites hepatoma, but the
survival rate of hepatoma-bearing rats was not improved (108,109). Thus, the
action of LAP1 was not cytocidal. Both LAP1 and LAF1 fractions might act
as mitogens for mouse splenic macrophages and/or monocytes that are
involved in cytokine induction (109,110). A protein fraction of L. edodes
fruiting bodies known as fruiting body protein (FBP) is noted to prevent
infection of plants with tobacco mosaic virus (TMV) (14).

The antiviral and immunopotentiating activities of the water-soluble,
lignin-rich fraction of LEM, JLS-18, was proven. JLS-18 showed about 70
times higher antiviral activity than LEM in vitro. Release of herpes simple
virus type 1 in animals is blocked by JLS-18 (9).

Studies have shown that L. edodes is also able to lower blood serum
cholesterol (BSC) via a factor known as eritadenine (also called ‘‘lentinacin’’
or ‘‘lentysine’’). Eritadenine was isolated from 80% ethanol extraction of L.
edodes mushroom fruiting bodies by absorption on an Amberlite IR-120
(H+) column, followed by elution with 4% NH4OH (21). Addition of
eritadenine (0.005%) to the diet of rats caused a 25% decrease in total
cholesterol in 1 week. Eritadenine apparently reduces serum cholesterol in
mice by accelerating the excretion of ingested cholesterol and its metabolic
decomposition (13,114).

VII. MYCOVIRUS

Mycovirus or virus-like particles have been found in various species of fungi
and most possess double-stranded RNA (ds-RNA) (115–122). These myco-
viruses are heritable viruses (25) and are unusual in that they do not lyse or
cause any detrimental effects in their hosts (119). The spores are an effective
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means for serial transmission. Three morphologically groups (25, 30, and 39
nm in diameter) have been found in partially purified preparations from both
fruit bodies and mycelia of L. edodes (122–126).

In 1979 and 1981, Takehara and co-workers (127,128) demonstrated
that viruses isolated from L. edodes mushrooms (including their RNA)
exhibited antiviral activities in cell culture studies. It was proposed that the
efficacy was from its interferon-inductive effect. Certain ds-RNA of natural
and synthetic origin has been found to inhibit the growth of various trans-
planted tumors or leukemia in animals (58,129,130).

Suzuki and co-workers (131) reported that ds-RNA fractions extracted
from L. edodes are highly active as an interferon inducer. They also showed
the inhibitory activity was against solid tumor but not against the ascites
form of the tumor, which suggested the involvement of a host-mediated
immunological response to the tumor. However, Takehara and co-workers
(127) demonstrated antitumor activity against Ehrlich ascites carcinoma in
mice.

Owing to the lack of detailed study on the medical significance of these
mycovirus, Sudhir and Ng (132) and Subha and Ng (unpublished data)
carried out several experiments on this component of the L. edodes mush-
rooms. Prefeeding of AKR mice with mycovirus-extract conferred the best
antitumor activity with a tumor inhibition rate (TIR) of 80.7%. Simultaneous
feeding and administration of extract on induced tumors were also effective
with TIR of 73.8% and 67.6%, respectively. The tumor cells used to induce
the tumor were K36 murine lymphoma cells. Tumor cells in the prefeeding
regime also exhibited extensive apoptotic cell death, which could be the
mechanism of destroying the tumor cells (132). In addition, elevated produc-
tion of T-helper lymphocytes, IFN-g, and TNF-a was observed after oral
administration of mycovirus extract.

The antiviral effect of the produced interferons appeared to interfere
with the infectious retrovirus morphogenesis. The virus particles found in the
mycovirus-fed tumor cells were mostly empty, i.e., without the virus genome.
The defective progeny virus particles could explain the strong inhibition of
tumor development in the prefed cohort.

Antiviral activity of the mycovirus was demonstrated with avian
influenza virus in primary chick embryo cells. Cytopathic effects caused by
the influenza virus were inhibited when the chick cells were pretreated with a
suspension of the mycovirus before exposure to influenza virus (Subha and
Ng, unplublished data). The mycovirus suspension was also tested against a
range of bacteria (Bacillus subtilis, Corynebacterium diptheriae,Micrococcus
luteus, Streptococcus pyogenes, Staphylococcus aureus, Enterobacter aero-
genes, Escherichia coli, Klebsiella pneumoniae, Salmonella typhi, Vibrio para-
chaemolyticus, Bacteroides fragilis, Clostridium perfringes, and Clostridium
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sporogenes). The mycovirus suspension was not effective in the inhibition of
any bacterial growth.

VIII. CLINICAL APPLICATION AND POSSIBLE FUTURE
TRENDS

Lentinan appears to be a unique immunological adjuvant with no toxic side
effects on in vivo application. It was found to have distinct antitumor and
metastasis-inhibiting effect in allogenic, syngenic, and autochthonous hosts,
and its mode of action has been elucidated. Several studies have been done on
the antitumor activity of L. edodes (7,21,22,26,31–34,36,37,39,42,44–
47,49,67,133–136) and it has been widely accepted that activated macro-
phages, cytotoxic T cells, natural killer cells, and killer T cells usually play
important roles in the immunity against tumor. Lentinan has been reported to
enhance the activity of these immune systems and its antitumor activity is
activated through a host-mediated immune response (10,20,21,45,71,76,137–
139). Hence, lentinan shows great potential as a candidate for effective
therapy of cancer patients.

Several studies have shown the safety of soluble h-glucans and the
absence of undesirable side effects (21,26,45,71,137). Studies involving animal
models revealed that the LD50 is over 2500mg/kg by intraperitoneal and 250–
500 mg/kg via intravenous administration in mice and rats (26). Yap and Ng
(22) and Sudhir andNg (132) also observed noweight loss in the experimental
mice experiment over a period of 1 month.

Clinical trials using lentinan in combination with chemotherapy have
shown encouraging results (41,42,52,53,135,134). Taguchi (42), investigating
the clinical application of lentinan, has carried out Phase I, II, and III studies
of randomized control clinical trials. Results of a 4-year follow-up Phase III
randomized control study of lentinan patients with advanced and recurrent
stomach and colorectal cancer revealed that the combination therapy of
lentinan with tegafur led to the prolongation of their life span. Increment in
survival time and complete cure of micrometastases after surgical resection in
cancer patients could also be achieved by using lentinan (64,140,141).

Human cancer is a disease with great diversity as compared to other
infectious diseases. The tumor-host relationships may differ, depending on
the stage of tumor growth, as well as the course of treatments. Hence, the use
of lentinan for human cancer should be based on strict administration timing
and dosage schedules in compliance with the immunological and biological
changes that were observed in lentinan-treated animals. The effect of lentinan
in the treatment of human cancer is increased when it is used in conjunction
with other therapies, especially after surgical resection. An important field of
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studymay be to determine the parameters for tumor-host relationships, which
can then be used as indicators for the design of protocols on the use of im-
munopotentiators such as lentinan.
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Cruciferous Vegetables and
Chemoprevention
The Mechanisms of Isothiocyanate-Mediated
Chemoprotection in Humans

Peter Rose, Choon Nam Ong,
and Matthew Whiteman

National University of Singapore
Singapore, Republic of Singapore

I. INTRODUCTION

It is well known that diet plays a fundamental role in the etiology of human
cancer. Lifestyle choices such as the high consumption of alcohol, dietary fats,
and smoking can all contribute to cancer risk. Extensive reviews of epidemi-
ological evidence by Block et al. (1), among others, indicated that dietary
intake of fruits and vegetables had a significant impact on several forms of
cancers, the mechanisms of which have been described by Steinmetz and
Potter (2–4). The general consensus is that increased consumption of fruit and
vegetables was associated with a reduced risk of human cancers. Highlighted
in these reviews was the strong correlation between a reduction in stomach,
esophageal, lung, and colon cancer risk with high consumption of cruciferous
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vegetables, particularly members of the genus Brassica (1,5–7). The Brassi-
caceae comprise a large number of vegetables such as cabbage, cauliflower,
brussels sprouts, broccoli, and watercress. One characteristic of cruciferous
vegetables is their ability to synthesize phytochemicals known as the gluco-
sinolates (GSLs) (Fig. 1). Upon tissue damage GSLs are hydrolyzed by
endogeneous plant myrosinase or alternatively by intestinal bacteria in the
gut and converted to bioactive isothiocyanates (ITCs, Fig. 1). ITCs have a
wide range of biological functions including antibacterial, antifungal, and
anticarcinogenic properties. Furthermore, they are involved in plant herbi-
vore interactions; we recognize them as the characteristic spicy flavors
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FIGURE 1 Glucosinolate-mediated hydrolysis by myrosinase. (a) Formation of
isothiocyanates, nitriles, and thiocyanates from a glucosinolate precursor. (b)
Hydrolysis of 4-hydroxy-3-butenyl and 3-butenyl glucosinolates to their goi-
trogenic products, (�) 5-vinyloxazolidine-2-thione and 1-cyano-2-hydroxy-3-
butene. (Adapted from Refs. 28,33.)
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associated with many of these vegetables, thus giving them their alternative
name of mustard oils.

This chapter will give a brief overview of cruciferous vegetables and
their potential in chemoprevention, highlighting the role of GSLs in various
metabolic pathways and the formation of ITCs. The importance of these
compounds on Phase I enzyme inhibition and Phase II enzyme induction, as
well as apoptosis, will also be discussed. The biological significance of
hydrolytic products derived from indole GSLs will not be addressed as they
have been extensively reviewed (8–11). Likewise, other phytochemical con-
stituents, such as flavonoids, isoflavones, and carotenoids, that may also
contribute to the chemoprotective effects of cruciferous vegetables will not be
addressed as they are beyond the scope of this chapter (12–15). Some of these
compounds are covered in other chapters of this book.

II. GLUCOSINOLATES

To date, 116 GSLs have been identified in a diverse range of plant families
represented in the order Capparales (16). All share a common feature of a
h-D-thioglucose moiety, sulfonated oxime residue, and a variable side chain
(Fig. 1; Table 1). The current chemical classification of GSLs recognizes three
groups comprising aliphatic, aromatic, and indolyl GSLs based on the amino
acid fromwhich they are derived (17). The primary source of aliphaticGSLs is
the amino acid methionine and to a lesser extent valine and isoleucine, while
the amino acids phenylalanine, tyrosine, and tryptophan are precursors of
aromatic and indolyl GSLs. The chemical diversity arises from extensive
modification of the variable side chain by elongation of the primary amino
acids methionine and, to a lesser extent, phenylalanine and branched-chained
amino acids. After chain elongation and biosynthesis, structural modification
mediated by hydroxylation, methylation, and oxidation reactions can occur
leading to the formation of several structural analogs based on the initial
chain-elongated molecule. The homologous series of chain-elongated GSLs
can be observed for the N-methylsulfinylalkyl (3-11 carbon), N-methyl-
thioalkyl (3-8 carbon), and h-phenylalkyl derivatives (Table 1).

During the early 1950s Ettlinger and Lundeen contributed much to our
early knowledge of GSL chemistry with a proposed structure and the first
chemical synthesis of a GSL, sinigrin (2-propenyl glucosinolate), in 1957.
Further work conducted by Kjaer and additional contributions by Underhill
began to expand our knowledge ofGSL chemistry and biosynthesis (reviewed
in Refs. 17,18). The chemical distribution of GSLs in plant taxa, particu-
larly the agronomically important Brassicaceae, has also been the focus of
much work, with detailed studies by Kjaer (18), Fenwick et al. (19), and
Daxenbichler et al. (20), and reviewed by Rosa et al. (21). It was not until the
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latter end of the last century that any significant developments in the genetic
regulation of GSL biosynthesis were made. Advances in molecular biology
and comprehensive studies in Arabidopsis thaliana have enabled the identifi-
cation of several genetic loci involved in glucosinolate biosynthesis. Contri-
butions by Halkier and colleague have identified a role of cytochrome P450
monooxygenases (members of the CYP79 family) in the conversion of amino
acids to oximes (22–26). Studies byMithen and colleagues have characterized
and cloned several genes (designated GSL-ELONG) involved in methionine
chain elongation in Arabidopsis and Brassica (27–29). With additional fine
mapping of the gene OHP that functions in GSL modification, its involve-
ment in regulating the conversion of 3-methylsulphinylpropyl GSLs to
3-hydroxypropyl GSLs in A. thaliana has been observed (30). The data of
many of these studies have a significant impact on the development of new
plant breeding programs with possibilities of generating new crop varieties
with increased resistance to pathogens, herbivores, and insect pests. In
addition, knowledge of the genetic regulation of the GSL pathway may also
contribute to the development of Brassica vegetables with increased antican-
cer properties. Such is the task of Mithen and colleagues using conventional
plant-breeding methods to increase the levels of potentially anticancer GSLs
in broccoli (31,32).

III. THE GLUCOSINOLATE MYROSINASE SYSTEM

Associated with the order Capparales are a group of thioglucosidases known
as myrosinases [EC 3:2:2:1]. It is proposed that ‘‘myrosinase’’ is compart-
mentalized within myrosin cells and distributed throughout all parts of the
plant (reviewed in Ref. 33). The separation of the myrosinase-glucosinolate
system ensures that GSL degradation occurs only during tissue damage such
as chewing or cutting. The catalytic degradation of GSLs initiates the
cleavage of the glucose residue from the core GSL molecule, producing an
unstable intermediate, the thiohydroximate-O-sulfonate. Further structural
changes via Lossen rearrangement can lead to the formation of an ITC (Fig.
1a). However, under various physiological conditions the preferential pro-
duction of ITC can be reduced in favor of other hydrolytic products such as
nitriles and thiocyanates (19,33). These factors include pH, ascorbic acid
concentration, Fe2+ ion levels, and the GSL side chain structure. For
example, at low pH and high ferrous iron content the thiohydroximate-O-
sulfonate can be converted to a nitrile by the loss of molecular sulfur. In
addition to physiological parameters, interactions of proteins with myro-
sinase can cause the production of epithionitriles from alkenyl GSLs. For
example, degradation of progoitrin (2-hydroxy-3-butenyl GSLs) in the
presence of high ferrous ion concentrations and the interaction of a small
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labile epithiospecific protein (ESP) with myrosinase results in the formation
of oxazolidine-2-thione. ESP is a small, 30–40-kDa polypeptide and was first
isolated in Crambe abyssinica (34) and later in Brassica napus by Foo and
Grooning (35). ESP has no direct thioglycosidase activity, but its interaction
with myrosinase is required for mediating the transfer of sulfur from the
S-glucose residue to the terminal alkenyl moiety (33). Recent characterization
of an ESP in A. thaliana has also demonstrated its ability to mediate the
conversion of GSLs to epithionitrile and nitriles in preference to ITCs (36).

A. Nonplant Myrosinases

Apart from the GSL-producing plant genera, myrosinase enzymes have also
been characterized in insects, fungi, and bacteria (37). Endogenous myrosin-
ase have been identified in the cabbage aphid Brevicoryne brassicae and the
mustard aphid Liaphis erysimi. However, from a human nutritional perspec-
tive nonplant myrosinases present in bacteria are of greater importance.
Microbial myrosinases have been isolated from Aspergillus niger, Aspergillus
sydowi, and, more significantly, the gut bacteria Enterobacter cloacae (38,39).
Indeed, the bacterial metabolism of sinigrin to its ITC and as yet other
unidentified metabolites has been demonstrated by humanmicroflora in vitro
(40). Metabolism of sinigrin to its respective ITC in gnotobiotic rats inocu-
lated with the human faecal bacteria Bacteriodes thetaiotaomicron has also
been described. However, as yet no attempts have been made to characterize
the bacterial myrosinase enzyme involved (41). The GSL myrosinase system
is pivotal in the bioavailability of ITC in the human diet. Indeed, current
knowledge suggests GSLs are essentially inert and it is the ITCs that are
required for any biological activity in mammalian cells. Cookingmethods can
inactivate endogeneous myrosinase of cruciferous vegetables and this could
severely hamper the bioavailability of GSL hydrolytic products.

IV. GLUCOSINOLATES AND THEIR BIOLOGICAL FUNCTION

A. Flavor Components

Glucosinolates are sulfur-containing glycosides and are some of the most
abundant secondary metabolites in Brassica species; they function in plant
insect interactions and as feeding deterrents for plant herbivores. These very
same phytochemicals are also recognized by humans, particularly the ITCs,
as the characteristic flavor components associated with cruciferous vegetables
and salad crops. During tissue damage ITCs are often released and can be
recognized by their often spicy and pungent aroma (42). In watercress, Ror-
ripa nasturtium aquaticum, the primary metabolite is the volatile h-phenyl-
ethyl isothiocyanate (PEITC), which gives this plant a characteristic hot
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pungent flavor. In contrast, broccoli, Brassica oleracea L. var. italica, the
most widely consumed Brassica, produces the nonvolatile, N-methylsulphi-
nylalkyl isothiocyanates giving broccoli its mild flavor. The bitter flavor
associated with brussels sprouts,B. oleracea L. var. gemmifera, is proposed to
be due to hydrolysis of 2-hydroxy-3-butenyl and 2-propenyl glucosinolates;
however, interaction with other phytochemical components may also con-
tribute.

B. Antimicrobial Properties of Dietary Isothiocyanates

The antibacterial effects of ITCs have been described on a number of
occasions. The inhibitory effects of arylalkyl ITCs on the bacteria Escherichia
coli and Bacillus subtilis are attributed to their reaction with cellular thiol
groups disrupting cellular homeostasis. Indeed, the inhibition of polypeptide
synthesis in the cell-free system of E. coli was attributed to the inactivation of
ribosomes (43). In a study by Ono et al. identification of the active antimi-
crobial component inwasabi 6-methylsulfinylhexyl isothiocyanatewas shown
to have strong activity toward E. coli and Staphylococcus aureus (44). A
comparison of the antibacterial properties of allyl isothiocyanate (AITC)
with several antibacterial agents such as streptomycin, penicillin, and poly-
mixin B has also been described. AITC induced a significant reduction in
viability associated with the loss of membrane integrity in the bacteria
S. montevideo, E. coli, and Listeria monocytogenes and was comparable to
antibiotic treatments (45). More recent work conducted by Fahey and
colleagues demonstrated the bacteriostatic effects of sulforaphane, a major
constituent of broccoli, on the pathogenic bacteriumHelicobacter pylori. The
development of gastric and peptic ulcers induced by infection with H. pylori
can often develop to more chronic disorders such as gastric cancer. Sulfo-
raphane had a potent bacteriostatic effect against three reference strains and
45 clinical isolates of H. pylori. More promising was the fact that these
properties were independent of H. pylori resistance to conventional anti-
biotics (46). Similarly, antifungal activities have been observed for AITC, 5-
methylthiopentyl, 3-methylsulfinylpropyl, and PEITC against Aspergillus
niger, Penicillin cyclopium, andRhizopus oryzae (47). However, whether these
antifungal properties have any significance to human health has yet to be
properly addressed.

C. Antinutritional Effects of Glucosinolate Hydrolytic Products

It cannot be ignored that the beneficial effects of consuming cruciferous
vegetables is important in the proposed prevention of chronic human disease.
It must also be noted that deleterious effects can also be attributed to high ex-
posure to ITCs and other GSL hydrolytic products. In addition to acting as
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feeding deterrents for herbivores, some GSL metabolites also show goitro-
genic activity inmammals. For example, the use of oilseed rapemeal as animal
feed was severally hampered owing to high levels of 2-hydroxy-3-butenyl
glucosinolate. During GSL degradation (�) 5-vinyloxazolidine-2-thione can
be formed, or in the presence of ESP 1-cyano-2-hydroxy-3-butene, both
compounds can have a deleterious effects in mammals (Fig. 1b). Indeed, high
exposure of livestock to plants containing high levels of both these com-
pounds can result in the development of enlarged thyroids, stunted growth,
and abnormalities of the liver and kidneys (21,48,49). These abnormalities are
suggested to be a result of the impairment of thyroid function by inhibition of
thyroxine synthesis. Fortunately, selective breeding has reduced the levels of
hydroxyalkenyl GSLs in oilseed rape and has eliminated this problem. No
evidence as yet has shown that cruciferous vegetables have a goitrogenic effect
in humans. Volunteers consuming 150 g of brussels sprouts showed no
impairment of thyroid function as assessed by thyroid hormone levels (50).

The toxicity of ITCs in mammals has also been the subject of several
investigations, albeit at levels that are generally not attainable in the human
diet. The promoting effects of AITC, benzyl isothiocyanate (BITC), PEITC,
and their mercapturic acid metabolites in rat urinary bladder carcinogenicity
have been described. Rats pretreated with the carcinogens diethylnitrosamine
andN-butyl-N-(4-hydroxybutyl)nitrosamine showed a significant increase in
the incidence of urinary bladder carcinomas after feeding with either PEITC
or BITC in the postinitiation phase (51,52). BITC can also induce chromo-
somal aberrations, sister chromatid exchange, and DNA strand breaks in
cultured cells (53). The significance of these findings will be discussed later.
Genotoxic effects of AITC, BITC, and PEITC have also been described using
in vitro and in vivo techniques (54,55). Micronucleus induction assays in
HepG2 cells and differential DNA repair assays in the bacterium E. coli
indicate AITC to be strongly genotoxic albeit to a greater extent in bacterial
systems. Similar genotoxic effects in bacteria have also been described for
Brassica vegetable extracts. Eight different Brassica vegetables, including
broccoli, cabbage, and brussels sprouts, were assessed on their ability to
induce point mutations in the Salmonella strains TA98 and TA100, repairable
DNAdamage inE. coli, and clastogenic effects inmammalian cells. Induction
of chromosomal aberrations and loss of cell viability were observed in
mammalian cells and attributed to the GSL and ITC constituents (56).
Likewise, a proposed mechanism for the genotoxic effects of AITC involving
the generation of free radicals has been described. The generation of the
oxidative DNA damage marker 8-oxo-7,8-dihydro-2V-deoxyguanosine in the
presence of Cu2+ by AITC in HL-60 cells is suggested as having a possible
role in carcinogenesis. However, its role in cytotoxicity and tumor promotion
has not been determined (57).
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Many of the toxic effects that have been described in the above studies
may well be attributed to the ability of ITCs to induce apoptosis. Significant
permutations in DNA damage and cellular function are often associated with
the mediation of programmed cell death. Indeed, recent work has shown that
DNA-damaging agents can initiate the apoptotic cascade and that this
process may have a beneficial effect in removing neoplastic cells.

V. BRASSICA VEGETABLE CONSUMPTION AND HUMAN
HEALTH: THE EPIDEMIOLOGICAL EVIDENCE

Approximately 200 studies have examined the relationship between high
consumption of fruits and vegetables and their protective effect against cancer
(1). Statistical analysis of 128 of 156 dietary studies revealed a reduced risk of
cancers of the colon, lung, stomach, and bladder was associated with high
intake of fruits and vegetables. The findings revealed that one group of the
cruciferous vegetables appeared to be associated with this trend. Verhoeven et
al. analyzed the data of seven cohort studies and 87 case-control studies, and
found a relationship between consumption of Brassica vegetables and an
inverse correlation with the consumption of broccoli, cabbage, and cauli-
flower with lung cancer risk (6,7). Implicated in the protective effects based on
in vivo and in vitro data are GSLs and ultimately their hydrolytic products,
the ITCs. Lin et al. observed a correlation between polymorphisms inGSTT1,
broccoli consumption, and a reduction in colorectal adenomas (58). Analysis
of 457 cases and 505 control subjects indicated that GSTT1-positive subjects
with no broccoli intake had a higher prevalence of colorectal adenomas. In
contrast, combination of both GSTM1 and GSTT1 null genotypes with high
broccoli intake showed the lowest incidence of adenoma when compared to
GSTM1- or GSTT1-positive subjects. Several more studies using food
frequency questionnaires and/or urinary quantification of ITC metabolites
have demonstrated a strong inverse correlation between Brassica vegetable
consumption and lung cancer. Voorrips et al. analyzed 1074 cases after a
6.3-year follow-up in the Netherland Cohort Study (59). Statistically signif-
icant associations were observed in total vegetable consumption and a re-
duction in lung cancer. Of the several vegetable groups assessed the strongest
associations were seen with the consumption of Brassica vegetables. In ad-
dition, London et al. demonstrated that individuals homozygous-null for
GSTM1 andGSTT1 were at a lower risk of lung cancer in smokers compared
to either GSTM1- or GSTT1-positive individuals (60). Both GSTM1 and
GSTT1 are involved in the detoxification of both the carcinogenic polycyclic
aromatic hydrocarbons (PAH) and dietary ITCs. The protective effects in null
individuals were attributed to a reduction in the rate of elimination of ITCs in
urine. The associated reduction of lung cancer by assessing human GST
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polymorphisms and ITC exposure has also been reported by Zhao et al.
During evaluation of the role of genetic polymorphisms in two major GST
isoenzymes, GSTM1 and GSTT1, in Chinese women a positive association
between ITC exposure and a reduction in the incidence of lung cancers was
observed. Data indicated that individuals null for either GSTM1 and/or
GSTT1 having a high weekly intake of ITCs showed a significant inverse
association to the risk of lung cancer (61). Associations have also been
observed for prostate cancer risk and consumption of Brassica vegetables
(reviewed by Kristal and Lampe). Of the 12 published studies reviewed six
suggested a possible association between Brassica consumption and reduced
risk of prostate cancer (62).

VI. CHEMOPREVENTION BY ISOTHIOCYANATE:
THE IN VIVO EVIDENCE

One of the major characteristics of chemical carcinogens is their ability to act
as DNA alkylating agents inducing DNA aberrations that have the potential
to lead to genetic mutations. Several well-characterized carcinogens, such as
benzo[a]pyrenes, nitrosamines, and aflatoxin B1, can formDNA adducts with
exposed bases in double-stranded DNA (Fig. 2). The overall consequence of
this is the possible impairment of DNA replication and the induction of
genetic mutation. This can be especially significant if these occur in tumor
suppressor genes such as p53. A possible mechanism to prevent these
deleterious effects is to use dietary agents that can alter the metabolism of
carcinogens and thus reduce or prevent DNA damage. Of the many dietary
compounds studied, low-dose exposure to ITCs has been proven to be highly
effective in preventing DNA damage and the development of cancers in
animal models (reviewed in Refs. 2,7 and summarized in Table 2). Recent
experiments have focused on the inhibition of tumor formation induced by
several nitrosamines and polycyclic aromatic hydrocarbons found in tobacco
smoke. Of the approximately by 4000 compounds identified 43 have the
potential to induce tumor formation in animal models (reviewed in Ref. 63).
Two of the most effective carcinogens identified were the polycyclic aromatic
hydrocarbons represented by benzo[a]pyrene and the nitrosamine 4-(meth-
ylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK). Both compounds promote
tumor formation in animal models. B[a]P and NNK are also suggested to be
potent initiating factors in the induction of tobacco-related human cancers.
Dose-dependent inhibition by arylalkyl ITCs and their N-acetylcysteine
conjugates on NNK-induced tumor formation in rodents has been widely
addressed; several of these studies are summarized in Table 2 (64–74).
Common to many of these studies is a reduction in the deposition and an
increase in Phase II detoxification metabolites of many of these carcinogens.
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FIGURE 2 Metabolism, DNA adduct formation, and detoxification of the car-
cinogenic agents aflatoxin B1 (AFB1) and 4-(methylnitrosamino)-1-(3 pyridyl)-
1-butanone (NNK) in mammalian cells. (This figure is by no means compre-
hensive. See Refs. 90,95.)
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PEITC and BITC, both prominent isothiocyanates in watercress,
garden cress, and papaya, have been the focus of much of this attention.
PEITC can inhibit tumor formation induced by NNK in both rat and mouse
models but it is ineffective at inhibiting tumor formation induced by B[a]P
(75–79). In contrast, BITC can inhibit tumor formation induced by B[a]P
while having no inhibitory effect on NNK (79–83). These contrasting differ-
ences are currently under investigation in several laboratories, and suggest
that for effective chemoprevention a combination of ITCs or other phyto-
chemicals may be necessary in preventing tumor formation. Additional
research also shows both PEITC and BITC can inhibit DMBA-induced
mammary tumors in rats, with PEITC being additionally effective in the
inhibition of N-nitrosbenzylmethylamine (NBMA)-induced esophageal
tumors (66,68–72). Likewise, sulforaphane, a very potent Phase II detoxfica-
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TABLE 2 Summary of the In Vivo Chemopreventive Properties of Isothiocyanates
in Rodents

Animal model Tissue Carcinogen Isothiocyanate Effect Ref.

A/J mice Pulmonary,
forestomach

B[a]P BITC Inhibition 64

A/J mice Lung NNK Aromatic
ITCs

Inhibition 65

Fisher rats Esophagus NBMA PEITC Inhibition 66
ACI/N rats Intestine MAM BITC Inhibition 67
Fischer rats Esophagus NBMA BITC/PBITC No effect 68
A/J mice Lung NNK PEITC Inhibition 69
Sprague-

Dawley rats
Mammary

tissue
DMBA PEITC Inhibition 70

Fischer rats Esophagus NNK PPITC Inhibition 71
Fischer rats Colon AOM Sulforaphane Inhibition 85
Rats Bladder DEN and

BBN
BITC/PEITC Promotion 51

Fischer rats Bladder and
liver

DEN PEITC Promotion 73

A/J mice Lung B[a]P and
NNK

BITC/PEITC Inhibition 74

ICN mice Stomach B[a]P Sulforaphane Inhibition 46
A/J mice Lung B[a]P 2BITC Inhibition 83

BITC, benzyl isothiocyanate; PEITC, phenylethyl isothiocyanate; PPITC, phenylpropyl isothio-

cyanate; PBITC, phenylbutyl isothiocyanate; sulforaphane, 4-methylsulfinylbutyl isothiocyanate;

AOM, azoxymethane; B[a]P, benzo[a]pyrene; DEN, 1, 2-diethylnitrosamine; DMBA, 7,12-di-

methylbenzanthracene; MAM, methylazomethanol acetate; NNK, 4-(methylnitroamino)-1-(3-
pyridyl)-1-butanone; NBMA, N-nitrosobenzylmethylamine.
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tion enzyme inducer from broccoli, can inhibit DMBA-induced tumor
formation in rat mammary tissues while also showing a protective effect
against azoxymethane (AZO)-induced aberrant crypt foci in rats (84,85).
However, it is ineffective against B[a]P-induced lung tumor formation in A/J
mice (74).

Of all the in vivo studies only a few have been conducted on human
subjects, many of these being coordinated by Hecht and colleagues. In
humans, it is hypothesized that PEITC prevented the metabolic activation
of carcinogens to more toxic forms. During the early investigation it was
demonstrated that consumption of watercress in smokers significantly in-
creased the levels of the detoxification products of the NNK metabolite
NNAL andNNAL-Gluc in the urine (86). It was suggested that this effect was
either due to the inhibition of NNK metabolism by CYP450 isoenzymes or
due to the induction of Phase II detoxification enzymes involved in their
excretion. Follow-up studies determined the latter to be the influencing factor
with data suggesting that components in watercress were inducing the phase
II detoxification enzyme UDP-glucuronosyltransferase (87).

Many of the in vivo traits of synthetic isothiocyanates are also observed
for the respective vegetables from which they are derived. Cabbage, brussels
sprouts, and broccoli have all been shown to reduce mammary tumor
formation in rats exposed to DMBA (82). More recent investigations have
shown that selenium-enriched broccoli is also effective at reducing intestinal
tumor formation in mice exposed to dimethylhydrazine (88). Additional
studies using multiple intestinal neoplasia mice as a rodent model in which
the rodents are predisposed to the development of tumors in the small and
large intestine show a significant reduction in the numbers of tumors when the
rodents are fed selenium-enriched broccoli (89). Whether an interaction
between GSL components and methylselenocysteine (the predominant
seleno- compound in plants) can occur in vivo has not been determined;
however, both agents do have chemopreventive properties and such effects are
feasible. Nevertheless this requires further investigation.

Aflatoxin B1 (AFB1), a potent hepatocarcinogen, is recognized by the
International Agency for Research on Cancer (IARC) as a group 1 carcin-
ogen in humans. It is generally accepted that the formation of AFB1-8,9-
epoxide generated by the metabolism of AFB1 by cytochrome P450 can cause
the covalent binding of the epoxide to guanine bases present in DNA. More
important is the finding that AFB1 epoxide is able to induce mutations in the
tumor suppressor gene p53 and K-ras oncogenes. These factors are suggested
to contribute to AFB1-induced carcinogenesis (reviewed in Ref. 90). The first
study showing the modulation of AFB1-DNA adduct formation by Brassica
vegetables was conducted by Godlewski et al. In feeding studies GSL-
containing fractions of brussels sprouts were shown to diminish the number
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of g-glutamyl transpeptidase foci induced by AFB1 in hepatic tissues, a
marker of hepatocarcinoma (91). Additional research indicates that the
consumption of brussels sprouts had a pronounced inhibitory effect on
aflatoxin B1 DNA binding in rats. Rodents administered 3H-AFB1 either
intraperitoneally or intragastrically, showed a 50–60% reduction in AFB1

DNA binding in hepatic tissues (92). Likewise, consumption of cabbage
induced an 87% reduction of AFB1 DNA binding in weaning Fischer F344
rats (93). Associated with all three studies was a significant increase in de-
toxification enzyme activity in hepatic tissues. These findings could be at-
tributed to the presence of unidentified GSL hydrolytic products in the
vegetable extracts. Supporting this hypothesis is the study by Hayes et al.
showing that ITCs can induce GSTA5-5, a major GST involved in the de-
toxification of AFB1-epoxide (94,95).

VII. THE METABOLISM OF DIETARY ISOTHIOCYANATES
IN VIVO

The first step in the metabolism of dietary or synthetic ITCs involves their
conjugation with the nucleophilic sulfhydryl group of glutathione in the
mercapturic acid pathway (Fig. 3) (96). After GSH conjugation the resultant
ITC conjugates pass through a series of catabolic steps mediated by the
enzymes g-glutamyltranspepsidase, cysteinylglycinase, aminopeptidase, and
N-acetyltransferase to the final mercapturic acid metabolite excreted in urine,
the N-acetylcysteine-S or, alternatively, S-N-(thiocarbomylisothiocyanate)-
L-N-acetylcysteine conjugates. Several in vivo studies in A/J mice and rats
have identified N-acetylcysteine conjugates of AITC, BITC, sulforaphane,
and PEITC in urine, after feeding with either synthetic or plant-derived ITCs
(these data are summarized in Table 3). Common to all these studies is the
rapid rate at which ITCs are detoxified and excreted in the urine; typically
between 30 and 80% of the total ingested ITCs is excreted within 24 hr.
Disposition and pharmacokinetic studies using 14C PEITC and 14CPHITC in
male Fischer F344 rats addressed the effects of tissue distribution on the
excretion of ITCs. High localization of PEITC within the liver, lungs, and
blood was observed with 88.7% of the administered dose being excreted in
the urine and feces within 48 hr. In contrast, PHITC, a structural analog of
PEITC (increased chain length), showed greater retention within the liver,
lungs, and bloodwith only 7%of the dose being excreted in the urine and 47%
in feces during 48 hr. The observed retention of PHITC may explain its
greater efficacy at inhibiting NNK-induced lung tumor development in
rodents. The data also suggest that, unlike PEITC, PHITC may also be me-
tabolized via a different route, as large quantities are eliminated in the feces
(105).
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In humans the principal urinary metabolites of ITCs are the N-acetyl-
cysteine derivatives (100,102). Quantification of these has been aided by the
development of the 1,2-benzenedithiol derivatization assay developed by
Zhang et al. (110). Indeed, this method has often been adopted for use in
feeding and epidemiological studies (60,61). In determining the role of myr-
osinase in the bioavailability of ITCs several studies have addressed the
microbial metabolism of GSLs in humans. Getahun and Chung fed human
subjects watercress with active and inactivated myrosinase and measured the
urinary excretion of the N-acetylcysteine conjugates in urine (111). Con-
sumption of 150 g of fresh watercress with active myrosinase resulted in the
excretion of 17–77% of the administered dose of ITCs in the urine. In
contrast, individuals consuming 350 g of watercress with inactivated myr-
osinase showed a significant reduction to only 7% of the administered dose at
24 hr. In separate experiments these investigators demonstrated the ability of
human fecal samples to hydrolyze GSLs to their respective ITCs, with 18%of
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FIGURE 3 Detoxification of isothiocyanates occurs through the mercapturic
acid pathway. The initial conjugation reaction mediated by GSTs allows for the
subsequent catabolic degradation of S-(N-thiocarbomylisothiocyanate)-L-glu-
tathione intermediate to its N-acetylcysteine derivative. NAC conjugates are
routinely used for measuring isothiocyanates in urine during epidemiological
and/or feeding experiments (see text).
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TABLE 3 Summary of the Metabolic Studies Conducted Using Dietary-Derived and
Synthetic Isothiocyanates In Vivo

Species
investigated

Glucosinolate or
isothiocyanate

studied
Metabolites
identified

Site of
detection Ref.

Rat, dog BITC and its
mercapturic
acids

NAC conjugate Urine
Feces

97

Rat MITC, EITC,
BTITC, AITC

NAC conjugate Urine 98

Rat BITC, AITC,
MITC, EITC,
BTITC

NAC conjugate Urine 99

Human BITC from
garden cress

NAC conjugate Urine 100

A/J mice PEITC 4-Hydroxy-4-carboxyl-3-
phenylethylthiazolidine-
2-thione and NAC
conjugate

Urine and
tissues

101

Human PEITC from
watercress

NAC conjugate Urine 102

Human AITC from
brown mustard

NAC conjugate Urine 103

Fischer F344
rats, B6C3F1
mice

AITC Rat; NAC conjugate
Mouse; -SCN ions

Urine, feces,
expired air

104

Fischer
F344 rats

Dose of
cauliflower,
sinigrin, or AITC

NAC conjugate Urine 106

Human PEITC from
watercress

NAC conjugate Urine 111

Fischer
F344 rats

PEITC and PHITC N/D Urine, tissues,
and expired
air

105

Human Sulforaphane
from broccoli

NAC conjugates Urine 106

Human Broccoli sprouts
containing ITCs

NAC conjugate Urine 107

Human Single dose of
PEITC

N/D Plasma 108

Human Broccoli sprouts
containing ITCs

N/D Urine, plasma,
serum,
erythrocytes

109

AITC, allyl isothiocyanate; BITC, benzyl isothiocyanate; BTITC, butyl isothiocyanate; EITC, ethyl
isothiocyanate; MITC, methyl isothiocyanate; PEITC, phenylethyl isothiocyanate; sinigrin, 2-propenyl

glucosinolate.
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the total GSLs being degraded with 2 hr. These data implicate colonic
bacteria in the bioavailability of ITCs in the human diet. Further investiga-
tions by Shapiro et al. also demonstrated that heat inactivation can reduce the
levels of ITCs metabolites in urine. In subjects consuming cooked broccoli
only 10–20% of the ITCs were excreted compared to those consuming 47% in
myrosinase-treated broccoli in whichmost of the GSLs had been converted to
their respective ITCs. Furthermore, removal of colonic bacteria in subjects
using antibiotic treatments almost eliminated the detection of these urinary
metabolites (107). These data highlight the complex nature of the bioavail-
ability of ITCs in the diet with a reliance on both endogeneous plant and
microbial myrosinase.

VIII. THE MAMMALIAN DETOXIFICATION SYSTEM

Mammalian cells are continuously exposed to endogenous and exogenous
toxins, either as by-products ofmetabolism or as environmental agents. These
compounds are usually highly electrophilic and disrupt normal cellular
function by reacting with nucleophilic centers located in and on proteins
and DNA. In the extreme case, DNA adducts can be formed that result in the
formation of a neoplastic cell and subsequently a cancerous cell can develop.
To prevent these deleterious effects the mammalian system has developed
specific pathways to stabilize and subsequently excrete xenobiotics. These
pathways rely on the expression and activity of several groups of proteins
known as Phase I and Phase II detoxification enzymes, such as cytochrome
P450s [EC 1. 14.14.1], glutathione-S-transferases [EC 2.5.1.18], quinone
reductase [EC 1.6.99.2], and UGT-glucoronosyltransferases [EC 2. 4.1.17].
The coordinate regulation of the latter group is generally controlled through
the same transcriptional mechanism ensuring that several different Phase II
detoxification enzymesmay be induced by a single xenobiotic insult (112,113).

The association between Phase II detoxification enzymes and cancer
risk has been the focus of much study. Deficiencies as a result of genetic
polymorphisms can often lead to increased susceptibility to toxins and
chemically induced carcinogenesis. These factors are emphasized in the
reported increased susceptibility of smokers null for GST M1, GSTT1, and
GSTP1 and additional associations with increased incidence of colon cancer,
skin cancer, and ovarian cancers for individuals who are GSTM1-null (115–
119). One possible means to reduce cancer risk, representing the basic
principle of chemoprevention, is to modulate the activities of cellular protec-
tive enzymes using dietary supplements or dietary intervention. An increased
consumption of cruciferous vegetables containing ITCs that can potentially
stimulate the induction of Phase II detoxification agents may offer aid in
improving human health.
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Inducers of Phase II detoxification enzymes are categorized in to two
main groups based on the hypothesis first highlighted by Prochaska and
Talalay (114). The first group, deemed bifunctional inducers, is comprised of
chemical agents, such as polycyclic aromatics and h-napthoflavone, that
induce gene expression either through the antioxidant responsive element
(ARE) or xenobiotic-responsive element (XRE) present within the promoter
region of many of these genes. In contrast, monofunctional inducers such as
ITCs induce Phase II enzymes gene expression via the ARE. Of the several
groups of enzymes studied the involvement and mechanisms for CYP450s,
GSTs, andNQO1 have been widely addressed and it is these enzymes that will
be the focus of discussion.

IX. MODULATION OF PHASE I AND II DETOXIFICATION
ENZYME ACTIVITY BY GLUCOSINOLATE HYDROLYTIC
PRODUCTS

A. Phase I Enzymes

Cytochrome P450 monoxygenases constitute a superfamily of enzymes
involved in oxidation and reduction reactions of both endogenous and
exogenous compounds. Phase I enzymes introduce functional groups by
oxidation and reduction reactions that often aid in the further metabolism
of and/or excretion of chemicals. However, these fundamental processes can
also lead to the generation of highly electrophilic agents that can bind to
important nucleophilic sites. It is generally accepted that several CYP450
isoenzymes are involved in the bioactivation of chemical procarcinogens to
more toxic forms and thus their role in human drug metabolism and cancer
risk is significant. An example of this is the metabolism of the potent
hepatocarcinogen aflatoxin B1 (AFB1) and benzo[a]pyrene (BaP), a promi-
nent tobacco carcinogen, by CYP450 to their electrophilic epoxides. Indeed,
recent evidence demonstrates the direct binding of the B[a]P epoxide to gua-
nine bases present within both the tumor suppresser gene p53 and the
oncogene K-ras (120). This finding is significant since these mutations have
high prevelance in lung cancer patients. Based on current knowledge, it could
be viewed that inhibition of CYP450-mediated bioactivation of procarcino-
gens could be a beneficial means of reducing the incidence of DNA damage
associated with carcinogenesis. Intervention using dietary constituents would
thus be a cheap and effective way of reducing cancers in the population.
Several in vitro reports have shown synthetic BITC, PEITC, and sulfora-
phane are all capable of inhibiting CYP450 1A1 and 2B1 (121). In addition,
Nakajima et al. demonstrated the inhibition of human CYP450 isoforms
CYP450 1A2, CYP450 2A6, CYP450 2B6, CYP450 2C9, CYP450 2D6,
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CYP450 2E1, and CYP450 3A4 by PEITC (122). These are important
findings as CYP450 1A2 and CYP450 3A4 are involved in the bioactivation
of the tobacco carcinogen NNK. Additional research shows that the inhib-
itory effects of BITC and butyl isothiocyanate on CYP450 2B1 and CYP450
2E1 activities are due to direct protein interaction (123). In contrast, evidence
for the in vivo inhibition of CYP450s by cruciferous vegetables is conflictive.
Several studies have shown whole Brassica vegetable extracts induce CYP450
activity in the hepatic and colonic tissues of rodents while inducing elevated
levels of CYP450 1A2 in humans consuming Brassica vegetables (124–126).
On the other hand, ingestion of watercress inhibits CYP450 2E1 in humans
(127,128). These anomalies suggest that interactions with other phytochem-
ical constituents may be involved and that these highly complex associations
require further investigation.

X. PHASE II DETOXIFICATION ENZYMES

A. NQO1 Induction by Isothiocyanates

The ability of synthetic and plant-derived isothiocyanates to induce cystolic
quinone reductase NQO1 [NADP(H):quinone reductase oxidoreductase], an
FAD-containing flavoprotein, has been widely addressed. NQO1 exists as a
homodimmer, comprised of two homo-monomeric subunits of molecular
weight 32 kDa with two identical catalytic sites providing the necessary
pathway to detoxify quinones to hydroquinones using NADH and NADPH
as reductants (reviewed in Ref. 129). The two-electron-mediated reduction by
NQO1 promotes the glucuronidation of hydroquinones that aid in their
excretion (130). In addition, NQO1 also shows reductive activity toward
quinone-imines and azo and nitrocompounds among others (reviewed in Ref.
131). With high localization within the liver of mammals NQO1 functions by
competing with Phase I enzymes for quinone substrates. Indeed, the interac-
tion of both NQO1 and CYP450 isoenzymes can potentially reduce the
amount of free radicals produced during normal metabolic processes. BITC,
PEITC, and sulforaphane, but not their respective nitriles, and several cru-
ciferous plant extracts containing ITCs have all been demonstrated to induce
NQO1 both in vitro and in vivo. Prochaska and Santamaria developed a rapid
microtiter plate assay to assess the in vitro induction of NQO1 in the murine
hepa1c1c7 cell line (132). Of the hundreds of compounds tested, including
ITCs, diphenols, and quinones, all appear to show several common features
including their ability to react with sulfhydral groups andmany are substrates
for GSTs (reviewed in Refs. 133,134). Indeed, the in vitro induction of NQO1
has previously been used to identify the major Phase II enzyme inducers in
broccoli and watercress (135,136). Furthermore, the assay has enabled the
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investigation of NQO1 induction and structure function activities of a wide
range of dietary constituent, including the potent N-methylsulfinylalkyl iso-
thiocyanates (137,138). Results from in vivo assays have also demonstrated
the induction of NQO1 in several animal models. Kore et al. observed a
significant increase in the NQO1 and GST activities in intestinal tissues
derived from Fischer F344 rats exposed to iberin, an ITC present in broccoli
(139). Likewise, Zhang et al. demonstrated the potent induction ofNQO1 and
GST in rodents exposed to sulforaphane (140). However, as yet no in vivo
research has shown that the induction of NQO1 by dietary ITCs can alter the
metabolism of, or indeed prevent, cellular damage by toxins, although current
data are highly persuasive.

B. GST Induction by Isothiocyanates

The second class of detoxification enzymes, the glutathione-S-transferases
(GSTs), and their functions in ITC metabolism have been of intense interest.
GSTs function in detoxification of a wide range of electophilic species
including aflatoxin-2,3-epoxide, tobacco carcinogens derived from benzo[a]-
pyrene, and numerous pharmaceutical agents including acetaminophen.
Distributed throughout the major organs and tissue such as the kidneys,
lungs, intestine, skin, and the liver, GSTs catalyze the conjugation of
glutathione (GSH), a tripeptide (g-glutamyl-cysteinyl-glycine) with electo-
philic species, a process recognized as being the first step in the mercapturic
acid pathway. Several ITCs have been demonstrated as efficient substrates for
human GSTs, such as GST M1-1 and P1-1 (141,142). However, more
important from a chemopreventive aspect is the ability of ITCs to induce
GSTs at the transcriptional and protein level. Rodents fed ITC-enriched diets
often show elevated increases in GST activity in the liver, colon, pancreas,
esophagus, and stomach. Furthermore, these increases are often associated
with elevated levels of the cellular antioxidant GSH and several other pro-
tective enzymes such as NQO1 and g-glutamylcysteinesynthase (gGCS)
(143,144).

XI. REGULATION OF PHASE II DETOXIFICATION ENZYMES

A. Signalling Events Associated with Phase II Enzyme
Induction: The Role of Map Kinases

Chemotherapeutic drugs, natural products, and oxidative stress canmodulate
various extracellular signaling events and potentate stress-related gene tran-
scription. The key components of these pathways linking extracellular events
to intracellular responses are members of the mitogen-activated protein
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kinases (MAPK). MAPK are proline-directed serine/threonine kinases that
mediate phosphorylation cascades involved in both cell survival and apopto-
sis. c-Jun N-terminal kinase (JNK), extracellular-regulated kinase (ERK),
and p38 kinase are three cascades recognized in the mammalian cells. Each
can function in phosphorylating transcription factors such as c-jun, ATF2,
c-Myc, and Nrf2 inducing gene expression of a wide range of targets,
including genes containing an ARE in their promoter regions. The impor-
tance of MAP kinases in phase II detoxification enzyme induction is exem-
plified by the fact that inhibitory studies using chemical agents and/or
generation of dominant negative mutants significantly reduced the expression
of phase II detoxification enzymes. Yu et al. demonstrated an involvement of
ERK in ITC-induced NQO1 activity. In hepa1c1c7 and HepG2 cells sulfo-
raphane stimulates ERK2 activity leading to the induction of NQO1. Block-
ing of the signaling cascade using specific inhibitors or a mutated ERK2
transfected into cells attenuated NQO1 activity (145). The same group also
reported that p38 kinase acts as a negative regulator of ARE gene expression.
Inhibition of p38 activity increased the level of ARE reporter gene activity by
several enzyme inducers including sulforaphane (146). Likewise, the inhibi-
tion of ERK and p38 MAP kinases prevents the binding of the Nrf2
transcription factor to gGCS genes (147).

B. The Antioxidant Responsive Element, A Site for Nrf2
Transcription Factor Binding

As mentioned above, common to several phase II detoxification enzymes is
their transcriptional regulation by a conserved element located in the pro-
moter region designated as antioxidant responsive element (ARE). This cis-
acting regulatory element has been identified in the 5V flanking region of GST
Ya and NQO1 genes in mammals and may also be present in other phase II
enzymes. TheARE shows sequence similarity to activator protein (AP-1), and
has been demonstrated to be a binding site for c-Jun, jun-B, jun-D, Fra1, and
c-fos. More recent investigations have also identified a small basic leucine
zipper protein (bZIP), designated Nrf-2, that can interact with the ARE, and
is the prime candidate for mediating the induction of detoxification gene
expression (Fig. 4). The important role of Nrf2 has been demonstrated by the
work of Bloom et al. Using site-directed mutagenesis in the DNA-binding
region of Nrf2, Bloom and colleagues demonstrated a decreases in Nrf2’s
ability to interact with the ARE (148). The overall outcome was a reduction in
expression of the marker enzyme NQO1. Nrf2 can function alone or interact
with c-jun, jun-B, and jun-D by formation of hetermodimers positively
regulating ARE-mediated gene expression in mammalian cells (149). In
contrast, interaction of Nrf2 with the small Maf proteins c-Maf, MafG,
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FIGURE 4 The proposed mechanism of phase II detoxification enzyme induction
by oxidative stress and electrophilic agents such as isothiocyanates. PKC,
protein kinase C; ERK1/2, extracellular-signaling kinases; JNK1, c-jun-n-ter-
minal-kinase; Nrf2-, NF-E2-related factor; Keap1, Kelch-like ECH-associated
protein; NQO1, quinone reductase; GST, glutathione-S-transferase. (Adapted
from Refs. 148,154–156.)
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and MafK in addition to c-fos negatively regulates ARE-mediated gene
expression (150,151). Indeed, overexpression of MafG, MafK, and c-fos
proteins in HepG2 cells suppresses the expression of ARE-related gene trans-
cription such as the marker enzymes NQO1 and GST Ya (152).

C. Nrf2 Regulation: The Mechanism of Nrf2:
Keap1 Dissociation

Nrf2 is sequested in the cytoplasm by the formation of a complex with the
actin-binding protein Keap1. During insult by enzyme inducers such as ITCs,
Nrf2 is released from Keap1. This allows Nrf2 to translocate to the nucleus
and mediate the transcriptional activation of phase II detoxification enzymes
via interaction with the ARE (153). To elucidate how Nrf2 causes enzyme
induction Huang et al. focused on the mechanisms by which Keap1 disso-
ciates fromNrf-2. Their results suggest that the involvement of protein kinase
C (PKC) mediates phosphorylation of Nrf2 during oxidative stress. Once
again, mutational studies were used to generate Nrf2 mutants that had an
impaired ability to induce ARE-mediated transcription (154,155). Dinkova-
Kostova et al. proposed an alternative mechanism by which interactions with
thiol groups present in the binding domain of Keap1 are disrupted by enzyme
inducers. When Keap1 was exposed to sulforaphane and bis(2-hydroxyben-
zylidene)acetone, the number of free thiol residues was decreased, suggesting
a direct interaction with electrophiles at key sites on Keap1. The authors
propose that the thiol-containing domains present on Keap1 are the sensors
that allow for the dissociation of Keap1 from Nrf2, which potentiates the
induction of phase II detoxification enzymes (156).

D. The In Vivo Function of Nrf2

Mice null forNrf2(�/�) show reduced expression of several key enzymes such
as GSTs, at both the mRNA and protein level, when compared to wild-type
mice (Nrf2+/+). Moreover, the characteristic loss of GST expression in-
creased the sensitivity of Nrf2 (�/�) mice to xenobiotics such as butylated
hydroxyanisole and acetaminophen (157,158,160). Thimmulappa et al. using
an oligonucleotide microarray approach, have identified Nrf2-regulated
genes in Nrf2 (�/�) and Nrf2 (+/+) mice exposed to sulforaphane (159).
Comparative analysis of treatment groups identified several genes previously
showed to be induced by sulforaphane; among these were NQO1, GST, GCS,
and UGT. In addition, these investigators identified several groups of genes
involved in xenobiotic detoxification, antioxidant function, and biosynthetic
enzymes involved in GSH and glucuronic acid pathways. Moreover, many of
these enzymes were express only in the Nrf2 (+/+) mice.
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XII. THE ROLE OF APOPTOSIS IN ISOTHIOCYANATE
CHEMOPREVENTION

Apoptosis, also known as programmed cell death, is a means by which living
organisms control abnormalities in cells that occur either by genetic or by
environmental queues. Characteristic changes such as cell shrinkage, chro-
matin condensation, plasma membrane blebbing, DNA fragmentation, and,
finally, the cell breakdown with the release of apoptotic bodies are often
observed during apoptosis. The initiation of apoptosis can occur via two
major pathways: through membrane-bound receptors such as the TNFa
receptor, TRAIL, FADD, and the death receptors DR3, DR4, and DR5.
These require interaction with extracellular ligands, which initiates an
intracellular signal promoting apoptosis. Alternatively, apoptosis can be ini-
tiated via mitochondria with the release of apoptosis-inducing factors such
as cytochrome c. Much cross-talk exists between both pathways and numer-
ous components may contribute to the apoptotic cascade (reviewed in Ref.
161).

A multitude of stimuli can initiate apoptosis such as chemotherapeutic
drugs, oxidative stress, ultraviolet and g-radiation. Most induce a character-
istic set of cascades that initiates proteolytic degradation of the cell (162).
These biochemical and physiological events can include a decrease in cellular
GSH content, generation of reactive oxygen species (ROS), cytochrome c
release, and caspase activation. Furthermore, the intricate cross-talk between
cellular signal transduction pathway members of the MAPkinases and the
expression and/or activation of anti- and proapoptotic factors such as p53
and members of the Bcl-2 family can inhibit or potentiate the apoptotic
response. In the mitochondrial pathway proapoptotic bcl-2 family proteins
such as bid, bad, and bax promote mitochondrial dysfunction leading to
apoptosis. These members of the proapoptotic bcl-2 proteins have the ability
to either interact with components of the mitochondrial outer membrane,
such as the voltage-dependent anion channel (VDAC) part of the mitochon-
drial permeability transition pore (MPT), or directly form channels in the
outer membrane via heteroligomerization. Either one of the pathways could
lead to a loss of mitochondrial membrane potential and induce the release of
mitochondrial proteins that are involved in apoptotic signaling.

A. The Mechanisms of Isothiocyanate-Induced Apoptosis
in Mammalian Cell

ITC-induced apoptosis has been described on only a few occasions in the
literature. This pathway is summarized in Figure 5. From the available data,
both extracellular signalling and themitochondrial death pathways have been
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FIGURE 5 The apoptotic cascade initiated by isothiocyanates. Apaf1, apopto-
sis-associated factor 1; FADD, Fas-associated death domain; GSH, glutathione;
MMP, mitochondrial membrane potential; ROS, reactive oxygen species.
(Adapted from Refs. 166–173.)
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implicated in ITC-induced apoptosis, and an overview is given below.
Cancerous cells often enter cell cycle arrest when exposed to physiological
concentrations of ITCs. However, at high concentrations apoptosis may oc-
cur as determined bymorphological changes. For instance, AITC, BITC, and
PEITC constituents of many cruciferous vegetables can inhibit cancer cell
differentiation and induce selective toxicity in the human colorectal HT29
tumor cell line (163–165).

Additional data have also demonstrated G2/M-phase cell cycle arrest
and apoptosis induced by sulforaphane in HT29 colon cancer cells in vitro
(166). Of all the ITCs studied PEITC has received the most attention as to its
role in inducing apoptosis in vitro. The time- and dose-dependent induction of
apoptosis with significant increase in caspase-3-like activity has been demon-
strated in HeLa cells treated with PEITC (167). This work was subsequently
followed by the publications of Xu and Thornalley, who highlighted the role
of caspase-8, JNK1, and Bid cleavage in humanHL60 leukemia cells exposed
to PEITC (168,169). The role of JNK in PEITC-induced apoptosis has also
been the main focus of research for Chen and colleagues. They first demon-
strated that JNK activation was important in PEITC-induced apoptosis and
later showed that the transient increase in JNK activity was due to inhibition
of JNK degradation by PEITC (170).

Additional studies have also suggested a role of p53 in the apoptotic
cascade induced by PEITC in mouse epidemermal JB6 cells. The increased
expression of p53 and the inability of PEITC to induce apoptosis in p53-
deficient mouse embryonic fibroblast suggested a significant role of p53 in the
induction of apoptosis (171). However, later work byXu and Thornalley and,
more recently, Xiao and Singh has shown apoptosis can occur in p53-deficient
cells. Indeed, Xiao and Singh observed a role of the extracellular signaling
kinases ERK 1 and 2 in PEITC-induced apoptosis in human prostate PC-3
cells (172). Inhibition of the ERK-signalling cascade prevented PEITC-
induced apoptosis. In addition to extracellular signaling, the mitochondrial
death pathway has been implicated in ITC-induced apoptosis. Nakamura
et al. described the loss of mitochondrial membrane potential, release of
cytochrome c, and activation of caspase-3 in BITC-induced apoptosis in the
hepatic RL60 cell line. Associated with the loss of MMP was a dose-
dependent increase in the levels of reactive oxygen species (ROS), derived
from the mitochondrial electron transport chain (173). However, what role
ROS has in ITC-induced apoptosis has not been determined. Investigations in
our laboratory also implicate a mitochondrial death pathway in PEITC-
induced apoptosis in hepatoma HepG2 cells. PEITC is observed to cause a
rapid loss of cellular GSH followed by a significant decrease in mitochondrial
membrane potential, cytochrome c release, and activation of caspase-3 and
caspase-9 (P. Rose, unpublished observations).
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B. Induction of Apoptosis by Isothiocyanates In Vivo

Although apoptosis can occur in in vitro models, it is of greater importance to
know that such an event can occur in vivo. Smith et al. reported the induction
of cell cycle arrest and apoptosis by AITC in colorectal crypt foci of rats
treated with 1,2-dimethylhydrazine (DMH). Follow-up studies conducted
using brussels sprout extracts gave similar results, confirming that isothio-
cyanates derived from the diet can induce apoptosis (174,175). Fisher rats
F344 exposed to the carcinogen azoxymethane (AZO) develop aberrant crypt
foci in colonic tissues, the formation of which is believed to be associated with
the development of colon cancer. In rats fed AZO along with sulforaphane,
PEITC or their respective N-acetylcysteine mercapturic acid metabolites
show a significant reduction in the formation of aberrant crypt foci during
the postinitiation phase. During the initiation phase only sulforaphane and
PEITC were effective (85). More recent data have addressed the possible role
of ITC-induced apoptosis in preventing lung cancer. Yang et al. demon-
strated a high incidence of tumors in A/J mice exposed to a single dose of the
tobacco carcinogen B[a]P. Administration of N-acetylcysteine conjugates of
either BITC and PEITC during the postinitiation phase led to a significant
reduction in tumor multiplicity. Associated with the reduction was the
activation of the MAP kinases ERK1/2 and increases in activator protein 1
(AP1), phosphorylated p38 and p53, and a significant increase in the number
of apoptotic cells in BITC- and PEITC-treated mice (176). Taken together
these results link the apoptotic signaling pathways determined in several in
vitro studies with an in vivo model.

XIII. CONCLUSIONS AND FUTURE OBJECTIVES

Our ever-expanding knowledge of how diet can influence the etiology of
human disease is beginning to unravel howminor dietary components such as
GSLs and their respective ITCs can prevent chronic diseases in humans.
Epidemiological investigations coupled with the data from in vivo chemo-
prevention studies show that ITCs are effective at preventing cancers espe-
cially during the initiation phase. These chemopreventive attributes appear to
be associated with the induction of phase II detoxification enzymes of which
in vitro studies have determined many of the signaling mechanisms involved.
Members of the MAP kinases, PKC, and the association of the transcription
factor Nrf2 with ARE-mediated gene expression contribute greatly to the se-
quence of events leading to the induction of these protective enzymes. The role
of apoptosis should also be mentioned. Under circumstances when phase II
detoxification enzymes are not sufficient to prevent deleterious events caused
by chemical toxins, ITCs can mediate programmed cell death. Removal of
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neoplastic cells by ITCs could be important in the prevention of tumor
formation. Indeed, work by Yang et al. (176) suggests this to be the case.

Much work, however, still remains in accessing the biological function
of chemical agents derived from cruciferous vegetables. The complexity of the
glucosinolate/isothiocyanate system and disease associations still requires
further research, especially in the area of bacterial metabolism, antibacterial
properties, bioavailability, and interactions with other phytochemical con-
stituents. If ITCs derived from the diet can work as effectively in humans
againstH. pylori infections, as in vitro experiments suggest, thismaywell be of
greater importance to the prevention of cancers and possibly heart disease
than previously realized. Further investigations that encompass disease states
that are associated with bacterial pathogens would be advantageous, espe-
cially in a world where antibiotic-resistant bacteria are numerous. These
findings pose several questions, however. Can ITCs modulate the types of
bacteria in the human gut with preference to none of the harmful colonists?
Or, alternatively, can ITCs alter or prevent the metabolism of toxins by
colonic bacteria, reducing their potential to damage host tissues?What are the
interactions of ITCs with other phytochemicals derived from cruciferous
vegetables? Several classes of phytochemicals induce separate signaling events
and apoptotic cascades in mammalian cells different from those of ITCs.
These interactions could well potentate the chemopreventive properties of
cruciferous vegetables. This would be invaluable knowledge and pertinent to
future breeding programs to improve nutritional qualities of cruciferous
vegetables. Currently we still rely on using themercapturic acid as biomarkers
of ITC exposure and have yet to determine other metabolites associated with
the metabolism of ITCs in humans.

Are other metabolic pathways involved? What are the metabolites
present within feces and do they have any biological properties? These could
all have a significant effect on human health and disease incidence. Further-
more, the ability of ITCs to induce phase II enzymes is deemed a benficial
property. However, what effect does this induction have on themetabolism of
pharmaceutical drugs in humans? Or, more importantly, what effect does this
have on chemicals that are made more toxic by metabolism by NQO1 or
GSTs? Hopefully in the future many of these questions will be answered.
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I. INTRODUCTION

A. Chrysanthemum morifolium Ramat

Different from its use as an attractive flower for horticulture purposes in
Europe, chrysanthemum of the Compositae family, in particular its flower,
has been used as a traditional medicine in several Asian countries, such as
China, Korea, and Japan, for several centuries. The flower ofChrysanthemum
morifolium Ramat, owing to its broad pharmacological effects as well as its
fragrance, is also used as a beverage—chrysanthemum tea. This chapter will
focus on both the broad and specific pharmacological activities of various
components of chrysanthemum, and their potential health implications.

C. morifolium Ramat is widely distributed in most habitats of China as
well asKorea and Japan. InChina, it is cultivatedmainly in Zhejiang province
along the Yangzi River. Tong Xiang City of this province, also referred to as
the ‘‘City of Chrysanthemum,’’ produces about 4000–5000 tons of chrysan-
themum flower each year, which accounts for more than 90% of the total
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chrysanthemum production in China. Although the components of chrysan-
themummay vary slightly according to the different cultivation environments,
the flowers are processed using a similarmethod. The plants are usually grown
in early spring and the flowers harvested in autumn of each year. After steam
treatment, the flowers are dried under the sun and then packed into an airtight
plastic bag to prevent absorption of moisture. Recently, newer technology,
such as microwave sterilization and drying, has been used to enhance the
production process and improve quality.

B. Applications

Chrysanthemum tea is prepared in the same way as traditional tea. The dried
flowers are infused with hot water for over 10 min, and the tea is ready to
serve. For clinical usage, the chrysanthemum is boiled either alone or together
with various other herbs, according to the prescription to suit a specific
clinical purpose.

Based on traditional usage, in addition to use as a tea, C. morifolium
Ramat is used for the common cold, fever, migraines, conjunctivitis, eye
irritation, hypertension, ulcerative colitis, vertigo, ophthalmia with swelling
and pain, etc. As a mixture with other herbs, it has been claimed to be able to
relieve migraines and eye irritation, improve vision, and cure keratitis. The
curing rates of ulcerative colitis and hypertension are reported to be more
than 90% and 80%, respectively (1,2).

Apart from the above traditional usages, there were also reports of other
usage, such as antitumor activities (3,4). Chrysanthemum water extract was
found to significantly inhibit growth of transplanted tumor in nude mice
(Shen et al., unpublished data), suggesting that the water-soluble components
of chrysanthemum may have potent chemopreventive effects. Its chemo-
preventive properties will be elaborated below.

Although chrysanthemum is considered to be a ‘‘mild’’ herb and almost
with no side effect in traditional medical practice, adverse effect has been
reported with its flowers, and leaves may cause skin dermatitis (5,6). In
contrast, there was no report that drinking chrysanthemum tea could cause
respiratory or alimentary tract irritation.

C. General Pharmacological Studies

Volatile oil and flavonoids are believed to be themain active components inC.
morifoliumRamat. Flavonoids, in the forms of glycoside derivatives, aremore
polar than volatile oil and hence are readily dissolved in water. This is partly
the reason that most of the studies in chrysanthemum have been focused on
its flavonoids.
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1. Eye Irritation

Hot-water extract of chrysanthemum has been reported to show inhibitory
activity against rat lens aldose reductase. Flavones and flavone glycosides
were found to be the active components responsible for this observation,
among which ellagic acid showed the highest inhibitory activity. Elevated
concentration of sorbitol is responsible for eye irritation (7,8). Aldose
reductase, along with coenzyme nicotinamide adenine dinucleotide phos-
phate (NADPH), catalyzes the reduction of glucose to sorbitol.

2. Ulcerative Colitis

Chrysanthemum water extract decreases the contents of two adherent
glycoproteins, CD44 and CD62p. These two glycoproteins are responsible
for the adherence and communication between cells. Their elevated levels are
believed to be closely related to those in ulcerative colitis (1).

3. Hypertension

The flavonoids of chrysanthemum have been shown to increase blood
circulation in experimental animals, suggesting a potential role in reducing
hypertension. Several fractions from the ethanol extract also showed signif-
icant anti-myocardial ischemia and antiarrhythmia activities in rats (2).

4. Antioxidant Activities

The antioxidant properties of flavonoids extracted from chrysanthemum
could have been responsible for the broad pharmacological effects of chry-
santhemum. It was found that water extract showed significant antioxidant
activities in the linoleic acid system in vitro. The inhibitory rate against
peroxidation of linoleic acid was much higher than that of antioxidant a-
tocopherol. In the liposome model system, the extract showed significant
inhibitory activity against peroxidation of lecithin, suggesting that the extract
may reduce lipid peroxidation and play a role in protecting against damage to
the cell membrane (9).

The water extract of chrysanthemum also showed significant direct
inhibitory effects on various free radicals. The extract not only showed
remarkable scavenging activities on 1, 1-diphenyl-2-picrylhydrazyl (DPPH),
superoxide, and hydrogen peroxide but also on hydroxyl radical, which is
believed to be the free radical reacting directly and rapidly with almost every
type of molecule in living cells (10). Similar to other antioxidants, chrysan-
themum extract has been shown to be an electron donor with strong
reducing power. The significant correlation between phenolic compounds
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and antioxidant activity indicates that the polyphenolic compound may
contribute directly to the antioxidant activity of the extract (10,11). It was
demonstrated that flavonoids, a subgroup of phenolic compounds, were
responsible for the antioxidant activity of the chrysanthemum extract, which
can scavenge reactive oxygen radicals, such as hydroxyl radicals and
superoxide radicals. The flavonoids can also be absorbed into the cell
membrane and hence protect the cells from the damage of free oxygen
radicals (12). The overall observations seem to indicate that the chemical-
reducing property may contribute to the free-radical-scavenging activities of
chrysanthemum extract.

II. CHEMOPREVENTIVE ACTIVITIES OF CHRYSANTHEMUM

Numerous studies in the literature have reported that various components of
chrysanthemum showed chemopreventive potential. These components,
however, are not exclusively found in the chrysanthemum family, and based
on their chemical properties, they can be classified into three major groups,
namely fatty acids, triterpenoids, and flavonoids.

A. Fatty Acids

Among the saturated and unsaturated fatty acids present in the chrysanthe-
mum flower, linoleic acid, palmitic acid, and stearic acid are believed to have
significant antioxidant activities. Stearic acid and palmitic acid also showed
apoptosis-inducing potential, while linoleic acid can enhance the growth of
tumor cells. Stearic acid suppresses granulosa cell survival by inducing
apoptosis, as evidenced by DNA ladder formation and annexin V-EGFP/
propidium iodide staining of the cells (13). Palmitic acid induces apoptosis in
cardiomyocytes. The apoptosis is mediated through alterations in mitochon-
dria through cytochrome c release and caspase 3 activation (14) Palmitic acid
also induces apoptosis in Chinese hamster ovary cells through generation of
reactive oxygen species and a ceramide-independent pathway (15).

Although it has been reported that linoleic acid showed anticancer effect
on VX-2 tumor growing in the liver of rabbits (16), another study demon-
strated that linoleic acid is a tumor promoter (17). Linoleic acid has a potent
growth-promoting effect on several rodent tumors, human tumor xenografts
grown in immunodeficient rodents, breast cancer cells, and rat hepatoma
7288CTC (18). Linoleic acid is metabolized to the mitogen 13-hydroxyocta-
decadienoic acid and thus enhances tumor growth (19). On the other hand,
reduced expression of nm-23-H1, a metastasis-suppressor gene, by linoleic
acid may contribute at least partly to its tumor-growth-enhancing activity
(20).
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B. Triterpenoids

Triterpenoids are the main components of volatile oil in chrysanthemum
flower and are believed to be the main effective pharmacological components
in chrysanthemum (Fig. 1). Until now, more than 50 triterpenoids have been
isolated and identified, among which taraxasterol, sitosterol, and lupeol show
both anti-inflammatory and antitumor activity, while lupeol shows antioxi-
dant activity. Stigmasterol and campesterol can inhibit tumor cell growth
(discussed below). Five terpenes (helianol, heliantriol C, faradiol, dammar-
adienol, and cycloartenol) were found to have anti-inflammatory activity
while heliantriol C, faradiol, and elemene show antitumor activity.

1. Anti-Inflammatory Activity

Eleven triterpene alcohols, isolated from chrysanthemum, were tested for
their inhibitory effects on TPA-induced inflammation in the ears of mice. All
11 triterpene alcohols showed remarkable inhibitory effect with a 50%
inhibitory dose at 0.1–0.8 mg per ear, which was roughly at the level of
indomethacin, an anti-inflammatory drug used as positive control (21).
Helianol, themost predominant component in the triterpene alcohol fraction,
exhibited the strongest inhibitory effect (0.1 mg per ear) among the 11
compounds tested. Since anti-inflammatory activity of the inhibitors is highly
related to their anti-cancer-promoting activities, helianol is also expected to
be a potent antitumor agent (22). On the other hand, cycloartenol showed
anti-inflammatory properties in the mouse carrageenan peritonitis test and
also show weak inhibition of phospholipase A2 activity in vitro (23).

2. Antitumor Activity

Fifteen pentacylic triterpenes isolated from chrysanthemumwere screened for
their anti-tumor-promoting activities. All of the compounds showed inhibi-
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tory effects against Epstein-Barr virus early antigen (EBV-EA) activation
induced by the tumor promoter 12-O-tetradecanoylphorbol-13-acetate
(TPA) in Raji cells (21), which have been demonstrated to closely parallel
effects against tumor promotion in vivo. With 50% growth inhibitory (GI)
value of less than 10 AM in sulforhodamine B protein assay, the compounds
faradiol, heliantriol B0, heliantriol, arnidiol, faradiol a-epoxide, and mani-
ladiol showed significant inhibitory activity against almost all 60 human
tumor cell lines derived from seven cancer types (lung, colon, melanoma,
renal, ovarian, brain, and leukemia) (4). Arnidiol showed very significant
cytotoxicity against HL-60 with a GI 50% at 0.4 AM.

h-Sitosterol, themost common plant sterol, showed cytotoxicity against
cancer cell lines Colo-205, KB,HeLa,HA22T,Hep-2, GBM8401/TSGH, and
H1477 (24), Vero cells (25), and colon 26-L5 carcinoma cells (26). As little as
16 AM sitosterol could induce apoptosis fourfold in LNCaP cells by increas-
ing phosphatase 2A activity and activating the sphingomyelin cycle (27).
Incorporation of sitosterol into cell membranes may alter fluidity and thus
influence the activation of membrane-bound enzymes such as phosphalipase
D (28).

h-Elemene has antitumor activity against HL-60 cells (29). h-Elemene
exerts its cytotoxic effect on K562 leukemic cells by the induction of
apoptosis, as evidence of the formation of apoptotic bodies and DNA ladder
in a dose- and time-dependent manner. It has also been demonstrated that
apoptosis in K562 cells induced by elemene is concomitant with decreasing
expression of bcl-protein (30). Lupeol showed antitumor activity against
lymphocytic leukemia P-388 cells (31). In contrast, stigmasterol inhibits
growth of tumor cells Hep-2 and McCoy cells in vitro (32).

3. Antioxidant Activity

Cineol has antioxidant activity and inhibits lipoxygenase against ethanol
injury in the rat (33). On the other hand, lupeol can prevent membrane
peroxidation in red blood cells (34). This compound is also an effective skin
chemopreventive agent that may suppress benzoyl-peroxide-induced cutane-
ous toxicity (35).

C. Flavonoids

Flavonoids are well-known natural antioxidant widely distributed in most
edible plants. Flavonoids are believed to have putative beneficial effects due to
their antioxidant activities. The evidence came from in vivo animal tests, in
vitro cell culture tests, and a cohort epidemiological study. Numerous
epidemiological studies show a clear correlation between fruit and vegetable
consumption and lower risk of cancer of the gastrointestinal tract (36). A
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cohort study in Finland also supported that flavonoid intake in some circum-
stances may be involved in slowing the cancer process, resulting in lowered
risk (37). Several studies suggested an inverse correlation with stroke and
cardiovascular disease, while no relationship between flavonol intake and
reduced risk of cancers was found (36).

Flavonoids are ubiquitous secondary plant metabolites with a common
C6-C3-C6 structure (Fig. 2). They exist more often in the form of glycoside
derivatives but less often in the aglycone form. Eleven flavonoids and
flavonoid glycosides have been identified in chrysanthemum since the first
report in 1974. All of them are also widely distributed in other plants, for
example green tea, red wine, vegetables, and fruits. Nearly all flavonoids
(luteolin, diosmetin, chrysin, apigenin, quecertin, and their glycosides) that
could be isolated from chrysanthemum showed antioxidant activity and
antimutagenic activity or inhibited tumor cell proliferation. Luteolin, chrysin,
quecertin, and apigenin were proved to induce apoptosis and cell cycle arrest
at G1 phase or G2/M or both. Flavonoids may block several points in the
process of tumor promotion, including inhibiting kinases, reducing transcrip-
tion factors, and regulating cell cycle (38).
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FIGURE 2 Structures of apigenin and luteolin, two major flavonoids in chry-
santhemum. Apigenin and luteolin are two major flavonoids isolated from
chrysanthemum. Both have the typical basic C6-C3-C6 structure with different
hydroxyl substitution at different positions.
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1. Antioxidant Activity

Reactive oxygen species (ROS), which are constantly produced mainly in
mitochondria of cells, are believed to be potent harmful agents in the cells. An
elevated level of ROS is damaging to the cells because ROS can readily react
with many molecules, such as DNA, proteins, and phospholipids, and hence
resulted in dysfunctions of these important molecules, resulting in many
diseases. Therefore, it was speculated that antioxidants would be beneficial in
reducing the damaging ROS. Further research on functions of ROS proved
that ROS are inevitable in our cells and ROS, as second messengers, are
necessary and important factors in mediating normal cell signaling. So the
effects of antioxidants are probably related to their other effects, such as
cytotoxicity, inducing cell cycle arrest, and inducing apoptosis.

Flavonoids have antioxidant activity in many cell-free systems. Lu-
teolin, one of the major flavonoids of C. morifolium Ramat (39), inhibits
lipoxygenase activity, cyclooxygenase activity, and inhibition of ascorbic-
acid-stimulated malonaldehyde formation in liver lipids (40). Both luteolin
and apigenin can inhibit CCl4-induced peroxidation of rat liver microsomes
(41). Further reports demonstrated that luteolin and apigenin showed
remarkable antiperoxidative activity against lipid peroxidation induced in
liver cell membranes by either nonenzymic or enzymic method (42). Both
luteolin and apigenin also inhibit DNA damage induced by hydrogen
peroxide or singlet molecular oxygen in human cells (43,44). The glycosy-
lated form of luteolin, luteolin-7-O-glucoside, demonstrated a dose-depen-
dent reduction of LDL oxidation with less effectiveness than luteolin. Studies
of the copper-chelating properties of luteolin-7-O-glucoside and luteolin
suggest that both act as hydrogen donors and metal ion chelators (45).
Apigenin also inhibits xanthine oxidase and monoamine oxidase, two potent
ROS-producing enzymes (46).

Oxidative stress is pivotal in many pathological processes and reduced
oxidative stress is believed to prevent many diseases. Glutathione (GSH) is an
important antioxidant in all cell types. Its main function is to maintain the
intracellular redox balance and to eliminate xenobiotica and ROS. As well-
known antioxidants, luteolin and apigenin are speculated to decrease the
oxidative stress in the cells. However, the effect of luteolin and apigenin in
regulating the redox balance in the cell is equivocal. In a cell-free system,
apigenin can oxidize GSH to GSSH via a thiyl radical when incubated with
H2O2 and horseradish peroxidase (HRP). Luteolin can also deplete GSH but
without forming a thiyl radical or GSSG. Luteolin forms mono-GSH or bis-
GSH conjugates while apigenin does not form GSH conjugates. On the
contrary, quercetin increased the transcription of g-glutamylcysteine synthe-
tase (GCS) in COS-1 cells. The two-step synthesis of GSH is catalyzed by
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GCS and glutathione synthetase. These inconsistent results suggested that the
effects of flavonoids onROSbalance are farmore complex than defining them
as antioxidant or prooxidant agents.

2. Anti-Inflammatory Activity

Apigenin and luteolin inhibit interleukin (IL)-5, which promotes the growth
and survival of eosinophils and plays an important role in eosinophilia-
associated allergic inflammation (47). These two flavonoids also inhibit nitric
oxide (NO) production in lipopolysaccharide (LPS)-activated RAW 264.7
cells by reducing inducible nitric oxide synthase (iNOS) expression but not
inhibiting iNOS enzyme activity. NO produced by iNOS is one of the
inflammatory mediators (48).

3. Antimutagenic Activity

Mutagenesis is usually the first step of several stages involved in carcinogen-
esis, which is a long-term, multistage process that results from accumulation
of mutation and dysfunction of important molecules regulating cell prolifer-
ation. During the initiation stage, a potential carcinogen is transformed into a
mutagen product by Phase I enzyme such as cytochrome P450. The mutagen
product may react with cellular molecules including DNA and result in
genetic mutation. The mutagen product may be detoxified by Phase II
enzymes, which transform the mutagen into a form easily eliminated from
the body. During the promotion stage, overgeneration of ROS resulting from
overexpression of pro-oxidant enzymes will lead to accumulation of DNA
mutations. Cell-proliferation-related functions are elevated to a high degree;
for example, DNA synthesis is increased by overexpression or activation of
DNA polymerase or topoisomerase. Cell proliferation is finally increased by
changes in cell-proliferation-regulating pathways such as protein kinase C
and A, mitogen-activated protein kinases (MAPK), and cyclin-dependent
kinases (CDK). During the final stage, the mutations are fixed and the cells
are proliferating uncontrollably (49).

Flavonoids of chrysanthemum have been demonstrated to inhibit
mutagenesis and carcinogenesis by targeting various molecules at different
stages. The induction of cell cycle arrest and apoptosis and interaction of
several pathways will be reviewed below.

Luteolin suppresses formation of mutagenic and carcinogenic hetero-
cyclic amines, such as 2-amino-3,8-dimethylimidazo(4,5-f) quinoxaline and
2-amino-1-methyl-6-phenylimidazo(4,5-b) pyridine (50). Luteolin also inhib-
its themutagenic activity resulting frommetabolic activation of benzo-pyrene
and trans-7,8-dihydroxy-7,8-dihydrobenzo-pyrene by rat liver microsomes
(51). Luteolin showed significant inhibitory effect on tumor expression of
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fibrosarcoma induced by 20-methylcholanthrene in male Swiss albino mice
(52). On the other hand, apigenin is a potent inhibitor of epidermal ornithine
decarboxylase inducted by TPA in a dose-dependent manner (53).

A carbonyl group at C-4 of the flavone nucleus seems to be essential for
the antimutagenicity. Increasing polarity by introduction of hydroxyl groups
reduced antimutagenic potency. Reducing polarity of hydroxyl flavonoids by
methyl etherification, however, increased antimutagenic potency again. Of
the 11 flavonoid glycosides all compounds showed antimutagenic activity
except that apigenin and luteolin-7-glucoside are inactive or only weakly
antimutagenic (54).

4. Estrogenic and Antiestrogenic Activity

Estrogens are involved in the proliferation and differentiation of target cells
and are among the main risk factors for breast and uterine cancer (55).
Antiestrogens, which inhibit estrogen action by competing for its receptors,
have been used as therapy against breast cancer and have been proposed to
prevent cancers.

Many flavonoids, including luteolin and apigenin, were found to have
very weak estrogenic activity, 103–105-fold less than 17-h-estradial, through
binding to estrogen receptor (ER) (56,57). They also show antiestrogenic
activity, which is closely related to their antiproliferation activity. Luteolin, as
well as other flavonoids such as daidzein, genistein, and quercetin, is able to
inhibit the proliferation-stimulating activity in MCF-7 cells caused by 1 AM
environmental estrogens such as diethylstilbestrol, clopmiphene, bisphenol,
etc. (58,59). The suppressive effect of flavonoids suggests that these com-
pounds have antiestrogenic and anticancer activities. Wang and Kurzer also
found that 10 AM luteolin or apigenin inhibited estradiol-induced DNA
synthesis (60). In an in vivo test, Holland and Roy proved that luteolin
inhibited estrogen-stimulated proliferation in mammary epithelial cells of
female Noble rats, which suggests it may play a protective role in estrogen-
induced mammary carcinogenesis (61).

The concentration of flavonoids determines their effects on cell growth.
At 0.1–10 AM, luteolin inducesDNA synthesis in estrogen-depedent (MCF-7)
breast cancer cells but not in estrogen-independent (MDA-MB-231) human
breast cancer cells; however, at 20–90 AM, luteolin inhibits DNA synthesis in
both types of cells. This suggests that additional mechanisms may be involved
in the effect of high concentrations of flavonoids (60).

It is, however, important to point out that the antiestrogenicity of
flavonoids does not correlate with their estrogen receptor (ER)-binding
capacity, suggesting alternative signaling mechanisms may be involved in
their antagonistic effects (62). Mammalian cells contain two classes of
estradiol-binding sites, type I (Kd f1.0 nM) and type II (Kd f20 nM),
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designed according to their affinity (63). Luteolin competes for estradiol
binding to cytosol and nuclear type II sites in rat uterine preparations but it
does not interact with the rat uterine estrogen receptor (64). In an in vivo
study, injection of luteolin blocked estradiol stimulation of nuclear type II
sites in the immature rat uterus and this correlated with an inhibition of
uterine growth. Further studies showed that luteolin could bind to nuclear
type II sites irreversibly owing to covalent attachment (65). These studies
suggest luteolin, through an interaction with type II sites, may be involved in
cell growth regulation.

A lot of evidence demonstrated cross-talk between the estrogen path-
way and the insulin-like growth factor (IGF) pathway. The IGFs can activate
the ER, while the ER transcriptionally regulates genes required for IGF
action. Moreover, blockade of ER function can inhibit IGF-mediated mito-
genesis and interruption of IGF action can similarly inhibit estrogenic
stimulation of breast cancer cells (66,67).

Apigenin, as well as chalcone and flavone, stimulates transcription
factor activator protein-1 activity (AP-1). They also activate Elk-1, c-Jun,
or C/EBP homologous protein (CHOP), the downstream targets of various
MAPK pathways, suggesting flavonoids may affect multiple signaling path-
ways that converge at the level of transcriptional regulation (68).

5. Antiangiogenesis

Angiogenesis, the generation of new capillaries, occurs during many physi-
ological processes, including development, wound healing, and formation of
the corpus luteum, endometrium, and placenta (69). Angiogenesis also occurs
in some pathological processes, such as solid tumor growth and metastasis,
which require nutrition and oxygen owing to the fact that avascular tumors do
not grow beyond a diameter of 1–2 mm (70). In response to secretion of
angiogenic stimuli, such as vascular endothelial growth factor (VEGF) and
matrix metalloproteases (MMP), which degrade the extracellular matrix, the
endothelial cell basal membrane is degraded by the action of protease and
then the endothelial cells migrate and proliferate and finally organize into
capillary tubes. Several important enzymes are involved in the process. (1)
VEGF is one of the most potent and specific known angiogenic factors in
vivo. It increases microvascular permeability in response to hypoxia, multiple
growth factors, cytokines, and estradiol (70). (2) Hyaluronic acid (HA) is one
of the most abundant constituents of the extracellular matrix and acts as a
barrier to neovascularization (71). Fragments of HA, as a result of catalytic
activity of hyaluronidase, bind toCD44 receptor exposed on themembrane of
endothelial cells and then are responsible for endothelial cell proliferation,
migration, and finally angiogenesis. (3) Matrix metalloproteases (MMP) also
promotes angiogenesis by degrading the extracellular matrix.
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Both apigenin and luteolin inhibit the proliferation of normal and
tumor cells as well as in vitro angiogenesis (72). Luteolin, on the other hand,
significantly inhibits corneal neovascularization induced by basic fibroblast
growth factor (bFGF), and is a potent inhibitor of corneal angiogenesis in
vivo (73).

Flavonoids, including luteolin and apigenin, are competitive inhibitors
of hyaluronidase (74). As inhibitor of hyaluronidase, apigenin inhibits the
proliferation and the migration of endothelial cells and capillary formation in
vitro. In contrast, it stimulates vascular smooth-muscle-cell proliferation.
Apigenin inhibits endothelial-cell proliferation by blocking the cells in theG2/
M phase. Apigenin stimulation of smooth-muscle cells is attributed to the
reduced expression of two cyclin-dependent kinase inhibitors, p21 and p27,
which negatively regulate the G1-phase cyclin-dependent kinase (75).

6. Antiproliferation

Many flavonoids, including luteolin and apigenin, were found to inhibit pro-
liferation of several normal cells and cancer cells derived from nearly all
tissues, such as human fibroblast HFK2, human keratinocytes HaCaT,
human breast cancer MCF-7, human neuroblastoma cell SHEP and WAC2
(59,72), Raji lymphoma cell (76), pancreatic cancer cell MiaPaCa-2 (77),
human leukemia HL-60 (78), hepatic stellate cells (79), human thyroid
carcinoma cell lines (80), human melanoma cells OCM-1 (81), human
epidermoid carcinoma A431 (82), and human prostatic tumor cells (83).
Apigenin also has an antiproliferation effect in mouse erythroleukemia cells
(84), B104 rat neuronal cells (85), and rat aortic vascular smooth-muscle cells
(86). This exhaustive list suggests that flavonoids play an essential role in
antiproliferation of numerous cancer cells.

Luteolin, as well as quercetin, kaempferol, genistein, apigenin, and
myricetin, suppresses the proliferation of human prostatic tumor cells (PC-3),
androgen-independent cells, indicating that flavonoids show their antiprolif-
eration activity in an androgen-independent manner (83).

The antiproliferation effect of flavonoids may be related to their
estrogenic and/or antiestrogenic activity. Luteolin exhibits cell-prolifera-
tion-inhibiting activity and is able to inhibit the proliferation-stimulating
activity in MCF-7 cells caused by environmental estrogens (58,59). Both
apigenin and luteolin inhibit proliferation of several human thyroid carcino-
ma cell lines, UCLA NPA-87-1 (with estrogen receptor ER), UCLA RO-
82W-1 (with anti-estrogen-binding site AEBS), and UCLA RO-81A-1 (lack-
ing both the AEBS and the ER), suggesting that the inhibitory activity of
flavonoids may be mediated via the antiestrogen binding site (AEBS and/or
type II estrogen receptor, EBS), but other mechanisms of action are involved
as well (80).
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Further studies showed that the inhibitory effect of apigenin on UCLA
RO-81-A-1 cell proliferation is associated with an inhibition of epidermal
growth factor receptor (EGFR) tyrosine autophosphorylation, phosphoryl-
ation of its downstream effector mitogen-activated protein (MAP) kinase,
and phosphorylated c-Myc, a nuclear substrate forMAPK.However, protein
levels of these signaling molecules were not affected (Fig. 3) (87).

The EGFRorMAPK inhibition effect of flavonoids in several other cell
lines indicates that flavonoids may inhibit cell proliferation through a rather
general mechanism, inhibiting activity of crucial enzymes involved in cell
signaling prone to cell proliferation. The antiproliferation activity of luteolin
(20 AM) in pancreatic cancer cell MiaPaCa-2 is closely related to the decreases
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FIGURE 3 Mechanisms that could have been involved in the antiproliferation
effect by flavonoids of chrysanthemum, in particular luteolin and apigenin.
Growth factors, such as EGF and PDGF, promote cell proliferation through the
MAP kinase pathway, in which phosphorylation and dephosphorylation of
enzymes play a role in regulating activity of important molecules in cell signaling
and cell proliferation. Flavonoids may inhibit cell proliferation through inhibiting
EGFR autophosphorylation, phosphorylation of MAP kinase, and its nuclear
substrate c-myc. As inhibitors of topoisomerase, flavonoids may show their
antiproliferation activity by suppresing DNA replication.
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in cellular protein phosphorylation by effectively modulating protein tyrosine
kinase (PTK) activities, including that of EGFR, but not modifying the
protein synthesis (88). The same group found that luteolin inhibits prolifer-
ation of human epidermoid carcinoma A431 by a similar mechanism (82).
Apigenin was found to inhibit fetal bovine serum (FBS)- and platelet-derived
growth factor PDGF-induced rat aortic vascular smooth muscle cell prolif-
eration. The activity may be mediated, at least in part, by downregulation of
extracellular-signal-regulated kinase ERK 1/2 and its downstream c-fos
mRNA (86).

The antiproliferation effect of flavonoids is concomitant with cell cycle
arrest or apoptosis in specific cell lines. For example, luteolin inhibits the
proliferation of human leukemia HL-60 at 15 AM and is concomitant with
apoptosis-inducing effect (78). Both apigenin and luteolin inhibit prolifera-
tion of human melanoma cells OCM-1 (89). The inhibition is mediated by
arresting the cell at phase G1 or G2/M. More details about cell-cycle-arrest-
or apoptosis-inducing effects of flavonoids will be elaborated below. As
inhibitor of topoisomerase I and II, flavonoids may also suppress cell
proliferation by inhibiting DNA synthesis (see below).

Although it seems that flavonoids inhibit proliferation of many cell
lines, the antiproliferation activity is cell-type-specific as well as flavonoid-
structure-specific; for example, neither apigenin nor luteolin shows significant
growth-inhibitory activity in B16 melanoma 4A5 cells (81).

7. Induction of Cell Cycle Arrest

Cell cycle progression is timely regulated by cyclin-dependent kinases (CDKs)
and their cyclin subunits. G1 progression and G1/S transition are regulated
by CDK4-cyclin D, CDK6-cyclin D, and later CDK2-cyclin E, while CDK2
controls S-phase when associated with cyclin A and G2/M transition is
regulated by CDK1 in combination with cyclins A and B (90).

Activation of CDKs is regulated by cyclin synthesis and degradation,
phosphorylations and dephosphorylations on specific residues, CDK inhib-
itor (CKIs) synthesis, and degradation. For example, dephosphorylation of
CDK1 on Thr14 and Tyr15 residues by the phosphatase CDC25C is required
for the activation of CDK1. Two families of mammalian CKIs have been
identified: the INK4 family, comprising p16INK4a, p15INK4b, p18INK4c,
and p18INK4d, which specifically inhibit CDK4 and CDK6, and the CIP/
KIP family, including p21cip1/waf1, p27kip1, and p57kip2, which have a
broad range of inhibition (Fig. 4).

Recently, cell cycle checkpoints have been the targets for chemothera-
peutic and chemopreventive agents. Inhibition of the cell cycle at two major
checkpoints, G1 and G2/M, may be important in the antitumor activities of
the flavonoids (91,92). A large number of epidemiological studies as well as
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experiments on animal models suggest that flavonoids can prevent or inhibit
cancer development. In several in vitro experiments, flavonoids have been
found to inhibit the proliferation of many cancer cells by arresting cell cycle
progression at either G1 or G2/M phase. The site of checkpoint arrest with a
specific flavonoid can vary with cell type although apigenin and luteolin are
very similar in structure.

G1 Arrest. Luteolin arrests the cell cycle at G1 phase in human gastric
cancer HGC-27 cells, human melanoma cells OCM-1 (89), and human
prostate cancer cells LNCaP (93). G1 cell cycle arrest induced by luteolin
on OCM-1 is mediated by inhibiting the activity of CDK2 but not CDK1.
Upregulation of the CDK inhibitors p27/kip1 and p21/waf1 is responsible for
the inhibition of activity of CDK2 (89).

Only two cell lines, human diploid fibroblast andLNCaP, were found to
be arrested at G1 phase by apigenin, while it could arrest more than 10 cell
lines at G2/M phase. Apigenin induced G1 arrest on these two cell lines by
inhibiting cdk2 kinase activity too (94,95). As for LNCaP cells, apigenin
decreases the protein expression of cyclin D1, D2, and E and their activating
partner cdk2, 4, and 6 with concomitant induction of CDK inhibitor p21/
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FIGURE 4 Pathways involved in the cell-cycle-arresting effect of flavonoids. Cell
cycle progress is regulated directly by CDKs and cyclins, activation of which is
regulated by CKIs, cdc25c, pBR, p53, etc. Flavonoids of chrysanthemum may
arrest the cell cycle at G1/S transition by increasing CKIs, decreasing CDK2, or
pRb activation. They also induce G2/M arrest by decreasing the protein level of
CDK1 and cyclin A and B.
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waf1 and p27/kip1. The induction of p21/waf1 appears to be transcriptionally
upregulated and is tumor-suppressor-gene-p53-dependent. In addition, api-
genin inhibited the hyperphosphorylation of the pRb protein in these cells
(95).

G2/M Arrest. Since the first report that apigenin inhibited the
proliferation of malignant tumor cells by G2-M arrest in 1994 (85),
apigenin has been found to induce G2/M arrest in 16 cell lines, including
human prostate cancer cells LNCaP, human melanoma cells OCM-1, human
leukemia HL-60, human colorectal cancer cells SW480, HT-29, and Caco-2,
human breast cancer MCF7 and MDA-MB-468, rat hepatoma 5L and BP8,
rat neuronal cells B104 (85), human prostate adenocarcinoma CA-HPV-10
(96), human endothelial cells, mouse skin cell line C50 and 308, and mouse
keratinocytes (97).

G2/M arrest on most cells induced by apigenin is concomitant with
change in CDKkinase activity or kinase protein level. Apigenin inhibits colon
carcinoma cell SW480, HT-29, and Caco-2, mouse-skin-derived cell lines C50
and 308, and human leukemia HL-60 cell growth by inducing G2/M arrest
with inhibited activity of cdc2 kinase and reduced accumulation of cyclin B1
proteins in a dose-dependent manner (97,98). Cdc2 protein level was reduced
by apigenin in three colon cells while apigenin treatment did not change the
steady-state level of cdc2 protein in C50, 308, and HL-60 cell lines.

Similarly, G2/M arrest in mouse keratinocytes induced by apigenin was
accompanied by inhibition of both cdc2 kinase protein level and activity in a
p21/waf1-independent manner (99). In contrast, apigenin arrested LNCaP
prostate cancer cells at the G2/M phase by increasing p21 levels through a
p53-dependent pathway (93).

Cyclin B1 and CDK1 protein levels decreased significantly in G2/M
arrest on breast carcinoma cells MCF-7 and MDA-MB-468 after apigenin
treatment. Apigenin reduced the protein levels of CDK4 and cyclins D1 and
A, but did not affect cyclin E, CDK2, or CDK6 protein expression. Apigenin
markedly reduced Rb phosphorylation in MCF-7 cells while inhibiting ERK
MAPkinase phosphorylation and activation inMDA-MB-468 cells (100). On
the contrary, accumulation of the hyperphosphorylated form of the retino-
blastoma protein results in G2/M arrest in endothelial cell after apigenin
treatment (75).

Apigenin induces G2 arrest on human melanoma cells OCM-1 by
inhibiting CDK1 by 50–70% owing to the phosphorylation of the kinase
on Tyr15 residue (89). Aryl hydrocarbon receptor (AHR) is believed to be a
possible receptor of flavonoid in the cells. Apigenin arrests both AHR-
containing rat hepatoma 5L and AHR-deficient cell line BP8 primarily in
G2/M, which indicates that the cytostatic activities of apigenin do not require
the AHR (101).
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Only two prostate cell lines, LNCaP and PC-3, have been shown to be
arrested by luteolin at the G2/M phase. Furthermore, it has been shown that
luteolin can induce p21/waf1 production in a p53-independent manner (93).

8. Induction of Apoptosis

Apoptosis is a tightly regulated cell death characterized by specific morpho-
logical and biochemical changes including cell shrinkage, nuclear fragmen-
tation, chromatin condensation, membrane blebbing, and formation of
apoptotic bodies. Mitochondria are the pivotal mediator of apoptosis, which,
like a big ‘‘funnel,’’ accumulate cell death signals from both ligand-receptor
interaction and stresses and then release the molecules leading to cell death
such as cytochrome C, Apaf-1, procaspase-9, Smac, and apoptosis-inducing
factors (AIFs). CytochromeCwithApaf-1 and procaspase-9 trigger a caspase
cascade that results in morphological and biochemical changes. The activa-
tion ofmitochondria is tightly regulated by bcl-2 family proteins; for example,
Bid, Bad, and Bax can induce mitochondria to release cytochrome C while
Bcl-2 prevents the induction (Fig. 5). On the other hand, NF-nB is an
important transcriptional factor that prevents cell death. The translocation
and activation of NF-nB is regulated by the inhibitor of NF-nB (InB).

Apoptosis is crucial for development, organ morphogenesis, tissue
homeostasis, and removal of infected or damaged cells. The accumulation
of damaged cells in the tissue resulting from lack of proper apoptosis is
believed to lead to the generation of tumor. Many molecules involved in the
apoptosis pathway, such asNF-nB, InB, and p53, are good targets to find new
chemopreventive or chemotherapic compounds. Luteolin and apigenin can
induce apoptosis in both cancer cell lines and nontumor cell lines, including
human epidermoid carcinoma A431, human leukemia HL-60, human pros-
tate carcinoma LNCaP, MiaPaCa-2, normal human prostate epithelial cells,
and nontumor cell line C3H10T1/2CL8 (96). Extensive research has been
carried out on the apoptosis-inducing activity of apigenin and luteolin in HL-
60 and LNCaP cells.

By forming a luteolin-topoII-DNA ternary complex, luteolin induces
apoptosis in HL-60 cells with no increase in 8-oxodG formation but with in-
hibited topoisomerase II (topo II) activity and cleaved DNA (102). Apigenin
can also induce HL-60 apoptosis through a rapid induction of caspase-3
activity and stimulated proteolytic cleavage of poly-(ADP-ribose) polymerase
(PARP). Apigenin induced loss of mitochondrial transmembrane potential,
elevation of ROS production, release of mitochondrial cytochrome c into the
cytosol, and subsequent induction of procaspase-9 processing (103).

Apigenin treatment also resulted in apoptosis in human prostate
carcinoma LNCaP cells as determined by DNA fragmentation, PARP
cleavage, fluorescence microscopy, and flow cytometry. These effects were
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found to correlate with a shift in Bax/Bcl-2 ratio more toward apoptosis.
Apigenin treatment also resulted in downmodulation of the constitutive
expression of NF-kappaB/p65 (95).

The antiproliferative effect of luteolin might result from the modulation
of the EGF-mediated signaling pathway. Blockade of the EGFR-signaling
pathway by the protein tyrosine kinase (PTK) inhibitor luteolin significantly
inhibits the growth of MiaPaCa-2 cells and induces apoptosis (88).

Treatment of WEHI 231 cells with apigenin decreased the rate of InB
turnover and nuclear levels of NF-nB (104). Apigenin blocked the LPS-
induced activation of nuclear factor-nB (NF-nB) through the prevention of
inhibitor nB (InB) degradation and InB kinase activity. This suggests that
apigenin may be important in the prevention of carcinogenesis and inflam-
mation (105).

FIGURE 5 Apoptosis-inducing pathway induced by flavonoids of chrysanthe-
mum. Cytochrome C, Apaf-1, and pro-caspase-9, released frommitochondria in
response to apoptosis activators,will activate caspase-9 and then caspase-3 and
finally induce apoptosis. Smac, also released from mitochondria, promotes
apoptosis by inhibiting the suppressing effect of inhibitor of apoptosis proteins
(IAPs). Apoptosis-inducing factors (AIFs) can induce activation of caspase-3
directly, which is believed to be the executor caspase to apoptosis. Bid, Bad, and
Bax trigger the mitochondria change, which is prevented by bcl-2 protein.
Flavonoids from chrysanthemum may induce apoptosis by inhibiting InB deg-
radation, decreasing bcl-2 protein, and triggering release of several molecules
from mitochondria.
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Apigenin and luteolin also induced p53 accumulation and apoptosis in
nontumor cell line C3H10T1/2CL8. The apoptosis apparently occurs in the
p53-dependent G2/M phase of the cell (106).

9. Inhibition of Kinases Involved in MAPK Pathway

MAPkinase signal transduction is a typical and vital mediator of a number of
cellular activities, including cell growth, proliferation, and survival. There are
three major MAP kinases, extracellular signal-regulated kinases (ERKs),
c-jun NH2-terminal protein kinase (JNK), and p38. Each MAP is a member
of a three-protein kinase cascade including MAPKKKs, MAPKKs, and
MAPK. The most extensively studied MAP kinase pathway is the Raf-
MEK-ERK cascade. ERKs pathway is activated in response to the stimuli
from growth factors such as insulin-like growth factor-1 (IGF-1), platelet-
derived growth factor (PDGF), and epidermal growth factor (EGF) (88).
Ligand-receptor interaction triggers the dimerization and activation of re-
ceptor tyrosine kinases (RTKs) due to autophosphorylation. The activated
RTKs activate the Raf-MEK-ERK pathway via the protein kinase C (PKC)
or phosphatidylinositol-3-kinase (PI3K) pathway (107). Once ERKs are
activated, ERKs can phosphorylate and activate transcription factors, which
will have an effect on the cell growth or proliferation. JNKs are activated by
two MAPK kinases, MKK4 and MKK7, in response to stimuli such as
inflammatory cytokines (TNF, IL-1beta), ultraviolet light, ROS, and heat
shock. The activated JNKs will phosphorylate c-jun, which is an important
transcription factor in effecting cell growth, inflammation, apoptosis, or
differentiation. p38 is activated by MKK3 and MKK6 in response to stimuli
similar to those that trigger JNKs. Chemopreventive or chemotherapeutic
agents are targeted on various points along the MAPK pathway, such as
inhibition of ligand-receptor interaction, inhibition of activity of receptor
tyrosine kinase, PI3K, and PKC, which are also the inhibitory targets of
apigenin and luteolin (108–111).

Tyrosine Protein Kinases and MAP Kinase. Apigenin and luteolin are
effective inhibitors of the proliferation of certain human thyroid cancer cell
lines. The dose-dependent inhibitory effect of apigenin on a human anaplastic
thyroid carcinoma cell line proliferation is associated with an inhibition of
both EGFR tyrosine autophosphorylation and phosphorylation of its down-
stream effector MAP kinase (80). Apigenin is also a proposed inhibitor of the
mitogen-activated protein kinase (MAPK) pathway by inhibiting MAP
kinase directly (112,113).

Luteolin inhibits the growth and reduces the cellular protein phospho-
rylation level by effectively inhibiting epidermal growth factor receptor
(EGFR) tyrosine kinase activity of MiaPaCa-2 cancer cells. The inhibition
of EGFR activity may partly contribute to the apoptosis inMianPaCa-2 cells
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(77). Pretreatment of the cells with luteolin attenuates LPS-induced tyrosine
phosphorylation of cellular proteins and then abolishes the decreasing effects
of LPS on InB-alpha in murine macrophages (114).

Apigenin suppresses 12-O-tetradecanoyl-phorbol-13-acetate (TPA)-
mediated growth of NIH 3T3 cells by inhibiting activity of fibroblast growth
factor (FGF) receptor and reducing the level of phosphorylation of cellular
proteins (115). Apigenin can also reduce the level of TPA-stimulated phos-
phorylation of cellular proteins and inhibited TPA-induced c-jun and c-fos
expression in mouse skin (111).

Protein Kinase C and Phosphoinositide 3-Kinases. Protein kinase C is
a family of serine-threonine protein kinases that are involved in signal
transduction pathways that regulate growth factor response, proliferation,
differentiation, apoptosis, etc. The C-terminal catalytic domain contains
several reactive cysteines that are targets for various chemopreventive agents.
Modification of these cysteines decreases cellular PKC activity.

PKC is inhibited in a concentration-dependent manner by many
flavonoids, including luteolin and apigenin (110,111). Further study showed
that luteolin is a potent inhibitor of human mast cell activation through the
inhibition of Ca2+ influx and PKC activation (116). On the other hand,
apigenin inhibits PKC by competing with adenosine triphosphate (ATP).
This may be an additional mechanism by which apigenin inhibits or prevents
tumorigenesis.

Both luteolin and apigenin are also effective inhibitors of phosphoino-
sitide 3-kinase PI3K, an enzyme recently shown to play an important role in
signal transduction and cell transformation (109).

A. Inhibition of Other Enzymes

Topoisomerase. DNA topoisomerases are essential enzymes that cat-
alyze the interconversion of topological isomers of DNA molecules. Acting
by sequential breakage and reunion strands of DNA, two topoisomerases
(topoisomerase I and topoisomerase II) are involved in many vital cellular
processes, such as DNA replication, transcription, recombination, integra-
tion, and chromosomal segregation.Many anticancer agents were designed as
inhibitors of these two enzymes. The DNA damage resulting from dysfunc-
tion of the vital enzymes may induce cell cycle arrest or apoptosis. Several
flavonoids have been shown to exert their action by interacting with DNA
topoisomerases and promoting site-specific DNA cleavage (117). Luteolin
inhibits topoisomerase II activity of HL-60 cells by forming a luteolin-topo
II-DNA ternary complex and then induces apoptosis in the cells (102).

By inhibiting DNA synthesis and promoting topoisomerase-II-mediat-
ed cleavage of kinetoplast DNA minicircles, luteolin inhibits the growth of
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Leishmania donovani promastigotes and arrests cell cycle progression in L.
donovani promastigotes, leading to apoptosis in vitro (118). Apigenin was
found to inhibit activity of topoisomerase II and induced death of IL-2-
dependent CTLL-2 cells with DNA fragmentation (119).

Other than inducing topoisomerase II–mediated apoptosis, luteolin
strongly inhibits the catalytic activity of eukaryotic DNA topoisomerase I
with an IC50 of 5 AM.Although luteolin not only intercalates directly with the
enzyme but also intercalates with substrate DNA at very high concentration,
the compound does not prevent the assembly of enzyme-DNA complex but
stabilizes the topoisomerase-DNA covalent complex and blocks the subse-
quent rejoining of the DNA break (120). Apigenin inhibits topoisomerase I–
catalyzed DNA relegation in a similar way as luteolin. It does not act directly
on the catalytic intermediate and also does not interfere with DNA cleavage.
However, formation of a ternary complex with topoisomerase I and DNA
during the cleavage reaction inhibits the following DNA religation step (121).

Matrix Metalloproteinase (MMP). MMPs play a critical role in tu-
mor cell invasion and metastasis. Luteolin suppresses the secretion of two
MMPs, MMP2 and MMP9, in A431 cells (82). Apigenin also significantly
reduces expression ofMMP9 in SKBR-3 cells. The inhibition of expression of
MMPs may be due to the inhibited MAPK activity (122).

III. PERSPECTIVES

The multifunctions of various components of chrysanthemum indicate that
this plant could have potential chemoprevention properties. However, several
fundamental questions still need to be answered prior to knowing the exact
pharmacological effects of chrysanthemum. For example, what is the content
of various active components in the C. morifolium Ramat? How much of the
respective component is absorbed and how is it being biotransformed in the
body? Obviously, more research in theses areas is needed.

A. Active Components and Intake

The beneficial effects of chrysanthemum flavonoids are highly suggested and
proved in numerous experiments, which were carried out using pure flavo-
noids at 20–60 AMor evenmore than 100 AM.The actual effects, however, are
related to many other factors, including content of the active components,
bioavailability, and metabolism. Lack of knowledge about the contents of
flavonoids in chrysanthemum makes it difficult to predict exactly how much
flavonoids are effective. It has been assumed that the average intake of dietary
flavonoids is about 1 g per day (123). But later investigations reduced the
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average intake to a few hundredths of a milligram per day, according to the
flavonoid content of commonly consumed vegetables and fruits (124). For
example, quercetin levels in edible vegetables are below 10 mg/kg, except for
onions, kale, broccoli, and beans (up to 486 mg/kg). In most fruits, the
quercetin level is about 15 mg/kg, except for apples (up to 72 mg/kg).
However, green or black tea has up to 50 mg/L of three common flavonols,
which is much higher than that of fruit juices (range from below 5 mg/L up to
13 mg/mL) (124). The high concentrations of catechins and especially of
epigallocatechin 3-gallate (EGCG), which suppresses tumor growth and
metastasis, in tea indicate the advantages of drinking several cups of tea per
day.C. morifoliumRamat, known to contain flavonoids different from that of
tea, may also have potential chemopreventive properties. However, prior to
knowing the beneficial effects the content of each flavonoid and its metabo-
lism would need to be further investigated.

In fact, there are several challenges in determining intake of flavonoids
in chrysanthemum. The formation of flavonoids in chrysanthemum is influ-
enced by numerous factors, including environmental conditions, subspecies,
processing, and storage conditions. Another problem is the lack of agreement
on an appropriate method to analyze the different types of flavonoids (125).

B. Bioavailability

The forms of flavonoids are as important as their content in affecting the
absorption and bioactivity. It had been expected that only aglycones could be
absorbed in the gastrointestinal tract, because no enzymes are secreted in the
gut that could cleave the glycosidic bonds (123). However, recent studies have
demonstrated that the bioavailability of specific flavonoids is much higher
than previously believed. For example, quercetin glycosides were more
readily absorbed than quercetin aglycone in several animal tests (126).
Felgines et al. reported that naringenin glycosides, the predominant flavo-
none found in grapes, were efficiently absorbed after feeding to rats (127).
Nevertheless, in the Caco-2 cell culture model, permeabilities of genistein
aglycones were five times higher than their corresponding glycosides (128).
Unfortunately, there is so far no report about the bioavailability of chrysan-
themum flavonoids.

C. Equivocal Effects of Antioxidants

As mentioned earlier, the flavonoids of chrysanthemum are strong antiox-
idants and they may play a role in reducing the redox level in the cell. Their
antioxidant effects may be also closely related to other chemopreventive
properties such as anticarcinogenesis and antimutagenesis. On the other
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hand, recent studies revealed that flavonoids could also act as a pro-oxidant
under some specific circumstances. For example, kaempferol induces signif-
icant concentration-dependent nuclear DNA degradation concurrent with
lipid peroxidation. These effects were enhanced by iron(III) or copper(II)
(129). Either nitric oxide or flavonoid alone does not induce strand breakage
significantly in plasmid pBR322, but nitric oxide, when combined with
flavonoids, significantly induces DNA single-strand breakage (130). The
antioxidant and pro-oxidant behavior of flavonoids is related to their
structures. In general, the more hydroxyl substitutions, the stronger the
antioxidant and pro-oxidant activities. The single hydroxyl substitution at
position 5 provides no activity, whereas the di-OH substitution at 3V and 4V is
particularly important to the peroxyl-radical-absorbing activity of a flavo-
noid. The conjugation between rings A and B does not affect the antioxidant
activity but is very important for the copper-initiated pro-oxidant action of a
flavonoid. The O-methylation of the hydroxyl substitutions inactivates both
the antioxidant and the pro-oxidant activities of the flavonoids (131).

The pro-oxidant properties of flavonoids are involved in their cytotox-
icity on cells. For example, apigenin induces apoptosis on human prostate
carcinoma LNCaP cells with increase in oxidant stress (95). Another flavo-
noid, baicalin, induced cytotoxicity in leukemia-derived, T-cell line, Jurkat
cells as a pro-oxidant (132). These results demonstrated the pro-oxidant
properties of flavonoids, which suggest their possible dual role in mutagenesis
and carcinogenesis.

The actual effect of an antioxidant seems controversial. Antioxidants
may show their chemopreventive properties in two ways. One is that anti-
oxidantsmayprotect the cells frommutationor carcinogenesis by reducing the
elevated ROS because an elevated ROS level is involved in the early stage of
carcinogenesis. Numerous studies supported the protective effects of antiox-
idants (133,134). On the other hand, there were also reports denying the
protective effects of antioxidants (135). For example, antioxidant resulted in
higher incidence of lung cancer and mortality in male smokers (136). In the
lung cells of smokers, ROS level probably plays a role in inducing and
eliminating the precancerous lung cells induced by chemical carcinogens.
Antioxidant suppresses the apoptosis and potentially promotes the develop-
ment of lung cancer. Thus, one must be cautious in predicting the exact effects
of antioxidants under in vivo condition. Flavonoids of chrysanthemum also
may show different effects in different individuals. More extensive and in-
depth research is required on the relationship between the effects of chrysan-
themumflavonoids inmodulatingoxidant level and their beneficial properties.

In summary, chrysanthemum, in particular the flower of C. morifolium
Ramat, was found to contain several flavonoids, including apigenin and
leutolin. These two compounds have been shown to have some beneficial
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effects, including antioxidant, antimutagenesis, anti-inflammation, antiestro-
gen, antiproliferation, and inhibition of several crucial enzymes involved in
cell progression or tumor promotion. Pharmacological studies have also
provided evidence that this plant could have some general beneficial health
effect. The molecular mechanisms, however, have not been fully elucidated;
more research is obviously needed to evaluate the types and content of other
active compounds, as well as their pharmacological and chemopreventive
properties.
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I. INTRODUCTION

Andrographis paniculata (Burm. f ) Nees (Acanthaceae) is a well-known bitter
medicinal herb found in the Far East (specifically in India, Southeast Asia, the
northern parts of the Malayan peninsula, Java, and southern parts of China).
It is also cultivated commercially. It is an erect, stiff herb, growing up to 1 m
tall, with quadrangular stems that are thickened above the nodes. The leaves
are opposite, lanceolate (3–12 cm by 1–3 cm) while flowers are narrow, white,
tube-like, and appear as laxly branched terminal or axillary inflorescences
(Fig. 1).

The herb is known by several other names—Justicia paniculataBurm. f.;
Hempedu bumi, Sambiloto, Sambiroto (Javanese/Malay), Chuan xin lian
(Chinese).
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FIGURE 1 Andrographis paniculata (Burm. f) Nees (Acanthaceae). (Courtesy of
Dr. Andrew Wee Kien Han.)
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II. CHEMICAL CONSTITUENTS OF A. PANICULATA

The chemical constituents of A. paniculata are mainly diterpenoids (which
all contain hydroxyl, a,h-unsaturated-g lactone, and exomethylene groups
in their chemical structures) and flavonoids. The diterpenoids include
andrographolide (1), 14-deoxyandrographolide (DA), 14-deoxy-11,12-dide-
hydroandrographolide (DDA), 14-deoxy-11-oxoandrographolide (2), neo-
andrographolide (3), andrographiside (di-deoxyandrographolide), deoxy-
andrographoside (andropanoside), andrograpanin, deoxyandrographolide
19-D-glucoside, and 14-deoxy-12-methoxy-andrographolide (4–7).
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FIGURE 2 Chemical structures of DA (1), DDA (2), andrographolide (3) andro-
graphiside (4), and neoandrographolide (5).
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Matsuda et al. (8) reported the isolation of six new diterpenoids of the
ent-labdane type, viz. 14-epi-andrographolide, isoandrographolide, 14-de-
oxy-12-hydroxyandrographolide, and 14-deoxy-11-hydroxyandrographolide
and the diterpene glucosides 14-deoxy-11, 12-didehydrographiside, and
6Vacetyl-eoandrographolide. Four new diterpene dimers, bis-andrographo-
lides, A, B, C, and D, from the aerial parts (including seeds, stem, and leaves)
of A. paniculata were also isolated and their structure determined by chemical
and spectral analysis (8).

From the root of the plant, a new flavonone glucoside, andrographidine
(A), and five new flavone glucosides, andrographidine B, C, D, E, and F, were
isolated along with 5-hydroxy-7, 8, 2V-, 3V-tetramethoxyflavone, and 7, 8-
dimethoxy-5-hydroxyflavone. They have uncommon O-substitution pattern
including 5,7-8-,2V-,3V- and 4VO-substituents (9). Tang and Eisenbrand (10)
reported that the main constituent of A. paniculata was andrographolide.

DA (Fig. 2,1), C20H30O4, is a colorless plate crystal (from methanol)
with hydroxyl, a,h-unsaturated-g-lactone, and exo-methylene groups in its
chemical structure. It was reported to possess antipyretic and anti-inflamma-
tory effects (10,11).

DDA (Fig. 2,2), C20H28O4, is a colorless needle crystal (from meth-
anol) with hydroxyl, a,h-unsaturated-g-lactone, and exo-methylene groups
present in its chemical structure (2). This is very similar to that of 14-
deoxyandrographolide, with the exception of a double bond at C-11 and 12.
So far, there has been no literature report on the biological activities of
DDA.

III. BIOLOGICAL EFFECTS OF A. PANICULATA

A. paniculata has been reported to have multiple pharmacological activities,
including the lowering of blood pressure. Anecdotally, it is taken as a bitter
infusion from six to seven leaves for lowering very high blood pressure. A
published report by Ahmad and Asmawi (12) indicated that the extract of this
plant was used among Malays in Malaysia for the treatment of hypertension.
Wang and Zhao (13) reported that the extract could alleviate atherosclerotic
artery stenosis induced by both deendothelialization and a high-cholesterol
diet. This chapter reviews the authors’ investigations into the cardiovascular
effects of a crude water extract of A. paniculata, its semipurified fractions, and
some of its diterpenoid compounds.

The effects of an intraperitoneally administered aqueous extract of A.
paniculata on systolic blood pressure (SBP), plasma and lung angiotensin-
converting enzyme (ACE) activities, and also the free radical content in the
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kidneys of male spontaneously hypertensive rats (SHR) and normotensive
Wistar-Kyoto (WKY) rats were also evaluated.

It is well known that ACE plays an important role in blood pressure
regulation by (a) catalyzing the conversion of angiotensin I to angiotensin II,
which has potent vasoconstrictor effects, and (b) promoting inactivation of
the natriuretic vasodilator bradykinin. These actions lead to an elevation in
blood pressure. Cushman and Cheung (14) reported that the lungs and
kidneys had large amounts of this enzyme.

Suryaprabha et al. (15) reported that in hypertensive states, there is an
increased amount of free radicals. Elevated levels of free radicals have in turn
been associated with increased amounts of ACE in the kidneys (16). Free
radicals, especially superoxide ions, can also inactivate the vasodilators nitric
oxide (NO) and prostacyclin (PGI2) (17). All these factors can potentially
aggravate the hypertension. We decided to evaluate whether the extract of
A. paniculata could affect these parameters and also the blood pressure of the
experimental rats.

Chronic intraperitoneal infusion of three different doses of the extract
(0.7, 1.4, and 2.8 mg/kg) was administered by osmotic pumps (ALZA Corp.,
USA) to SHR over 14 days. The extract produced significant dose-dependent
reductions in the SBP of SHR compared with vehicle-treated controls. Peak
reductions in SBP occurred on day 2 with all three doses (Fig. 3). The lowest of
the three doses was thus chosen as the optimum hypotensive dose of the
extract.

A follow-up study was done using this optimum dose in SHR and WKY
rats. We showed that the extract significantly lowered SBP in both these
strains of rats. Plasma but not lung ACE activity in extract-treated SHR was
found to be significantly lower than that in vehicle-treated SHR. However, no
significant difference was found in plasma and lung ACE activities between
extract and vehicle-treated WKY rats.

Interestingly, the kidney TBARS value in vehicle-treated SHR was
significantly higher than that in vehicle-treated WKY rats. This appears to be
consistent with the expectation that free-radical levels are elevated in hyper-
tension. The level of lipid peroxidation products in the kidneys [as reflected by
estimation of thiobarbituric-acid-reacting substance (TBARS)] was also
found to be significantly lower in extract-treated SHR but not WKY rats
when compared to their corresponding vehicle-treated controls. More recent-
ly, it was reported thatA. paniculata has antioxidant properties by production
of reactive oxygen species (18) or increasing the levels of antioxidant enzymes
(19). It will thus have the capacity to reduce free-radical activity. However, the
extract was found to lower TBARS content in SHR but not WKY rats. This
may be because there are higher levels in the SHR.
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It appeared from this initial study that the hypotensive responses to A.
paniculatawere related neither to the basal level of SBP nor to the strain of rat.
The finding that ACE activity was depressed in the plasma but not lungs of
extract-treated SHR suggests that the extract may exert its hypotensive effect
in SHR by selectively inhibiting the activity of the circulating renin-angioten-
sin system. However, no change in either plasma or lung ACE activities oc-
curred in the extract-treated WKY rats, which also had a significant fall in
SBP. This suggests that in the normotensive rat,A. paniculata extract may have
a different mode of hypotensive action, such as calcium channel blockade,
resulting in vascular smooth muscle relaxation, or interaction with the sym-
pathetic nervous system and its receptors at either central or peripheral levels.

Captopril, an ACE inhibitor that is widely used in the treatment of
human hypertension, has the ability to scavenge free radicals (20). This could
result in the sparing of PGI2 and NO degradation, thus indicating the
possibility of a second, and possibly indirect, mode of hypotensive action.
Our finding that the hypotensive effect of the A. paniculata extract was
associated with reduced ACE activity and reduced kidney lipid peroxidation
level indicates some similarity to the effects of captopril.

FIGURE 3 Changes in mean systolic blood pressure (SBP) of SHR and WKY rats
over a 13-day intraperitoneal infusion of an aqueous extract ofA. paniculata (0.7
g/kg) or distilledwater. Values shown are themeanFSEM. SBP of seven animals
in each group (except extract-treated SHR, n=8). *Significantly lower than the
vehicle-treated SHR (p = 0.0001, two-way ANOVA). **Significantly lower
than the vehicle-treated WKY (p = 0.0001, two-way ANOVA).
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IV. FURTHER STUDIES WITH FRACTIONS
OF A. PANICULATA EXTRACT AND SOME
DITERPENOID DERIVATIVES

A. paniculata extract was fractionated with solvents to obtain three fractions
with different polarity—FA (ethyl acetate fraction), FB (butanol fraction),
and FC (aqueous fraction). These were tested in the anesthetized normoten-
sive Sprague-Dawley (SD) rat to evaluate their effects on the mean arterial
blood pressure (MAP). MAP is the average systolic pressure that drives blood
through the systemic organs and is thus a critical cardiovascular parameter.
We found that FA did not reduce MAP in the anesthetized SD rat, while the
crude aqueous extract of A. paniculata (WE), FB, and FC produced a
significant fall in MAP in a dose-dependent manner without significant
decrease in heart rate, the ED50 values for WE, FB, and FC being 11.4, 5.0,
and 8.6 mg/kg, respectively (Fig. 4). These findings suggested that the
hypotensive substance(s) in the crude water extract was concentrated in FB.

The lack of significant change in the heart rate suggests also that the
hypotensive compound(s) in the FB fraction of A. paniculata extract may not
have a direct action on the heart.

FIGURE 4 The effects of a crude water extract of A. paniculata (WE), its semi-
purified butanol fraction (FB), and aqueous fraction (FC) on MAP of anaes-
thetized SD rats. Points represent the mean percent change in MAP of six ani-
mals in each group; bars indicate the SEM.
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Pharmacological antagonist studies were performed using the FB
fraction (5 mg/kg) to further evaluate the mechanism(s) of hypotensive
action. The findings showed that the a-adrenoceptor, muscarinic cholinergic
receptor, and ACE were not involved in the hypotensive action of FB. This
was because this action was not affected by propranolol, atropine, and
captopril, respectively (Fig. 5). Furthermore, in the presence of hexametho-
nium, pyrilamine, and cimetidine, the decreases in MAP induced by FB were
significantly attenuated, suggesting that the hypotensive action of FB might
involve the autonomic ganglion and histaminergic systems. In addition, the
data also indicated that the a-adrenoceptors are involved, since phentolamine
almost completely abolished the hypotensive effect.

The following diterpenoids from A. paniculata were tested for their
effects on the MAP of anesthetized SD rats: DA, DDA, andrographolide,
andrographiside, neoandrographolide. We found that andrographolide,
andrographiside, and neoandrographolide were without effect on the MAP
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FIGURE 5 The effects of ganglionic, a- and h-adrenergic, muscarinic cholinergic,
and histaminergic receptor blocking agents, and captopril on the hypotensive
action of butanol fraction (FB) from crude water extract of A. paniculata.
Columns represent themean percent change inMAP of six animals; bars indicate
the SEM. *Denotes that hypotensive responses of FBwere significantly reduced
from those of control.
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of the anesthetized rat. DDA dose-dependently decreased MAP and heart
rate while DA had a weaker effect on these parameters than DDA (Fig. 6). It
thus appeared that the hypotensive effect of A. paniculata could be contrib-
uted by at least these two diterpenoids.

V. EFFECTS OF DA AND DDA ON ISOLATED RAT
THORACIC AORTA

Further studies were done with DA and DDA to investigate their effects on
phenylephrine- and high-K+-induced contractions of the rat thoracic aorta.

The results showed that both DA and DDA had a vasorelaxant prop-
erty as they inhibited contractions induced by phenylephrine and high K+ in a
concentration-dependent manner in endothelium-intact aorta. They also
antagonized the concentration-response curve of phenylephrine in a non-
competitive manner. The effect was attenuated in endothelium-denuded aorta
without modifying the maximal response. This suggested that the vasorelax-
ant effect of DA and DDA was partly dependent on the endothelium.

The vascular endothelium plays an important role in controlling the
vascular tone via secretion of both relaxant and contractile factors (21). The
most potent known are the vasodilators NO and PGI2 and the vasoconstric-
tors angiotensin II and endothelin. NO is synthesized from the amino acid
L-arginine, a family of nitric oxide synthetase (NOS) isoenzymes, including
endothelial NOS (eNOS), neuronal NOS (nNOS), and inducible NOS
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FIGURE 6 Effects of DA or DDA on MAP and HR of anesthetized SD rats. Each
point represents the mean percentage decrease in MAP or HR of eight animals;
bars indicate the SEM.
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(iNOS). NO stimulates cyclic GMP production by activating soluble guanyl-
ate cyclase (21) and thus causes vasodilatation.

Like verapamil, both DA and DDA produced a much greater vaso-
relaxant effect in aorta precontracted by KCl than by phenylephrine. In
Ca2+-free medium, these diterpenoids antagonized Ca2+-induced vasocon-
traction in a concentration-dependent manner and almost abolished both
caffeine- and norepinephrine-induced transient contractions. Their vasore-
laxant effects were partly antagonized by the competitive nitric oxide (NO)-
synthase inhibitor NG-nitro-L-arginine methyl ester (L-NAME), and also by
methylene blue, a soluble guanylate cyclase inhibitor, but were unaffected by
both indomethacin, a cyclo-oxygenase inhibitor and glibenclamide, an ATP-
sensitive K+-channel blocker. These results suggest that the vasorelaxant
activity of DA and DDA may be mediated via the activation of nitric oxide
synthase and guanylate cyclase, as well as the blockade of Ca2+ influx
through both voltage- and receptor-operated Ca2+ channels. Compared to
DA, DDA had a stronger vasorelaxant activity.
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FIGURE 7 The effects of ganglionic, a- and h-adrenergic, muscarinic cholinergic
and histaminergic receptor blocking agents, and captopril on the hypotensive
acatin of DDA. Columns represent the mean percent change in MAP of six
animals; bars indicate the SEM. *Denotes that hypotensive responses of DDA
were significantly reduced from those of control (p < 0.05, t-test).
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VI. EFFECTS OF DDA IN ANESTHETIZED SD RATS
AND ISOLATED RAT RIGHT ATRIA

We found that DDA produced significant decreases in both MAP and heart
rate in a dose-dependent manner (Fig. 6). The ED50 value for MAP was 3.4
mmol/kg. Pharmacological antagonist studies were subsequently done with
this dose. We found that the hypotensive action of DDA was not mediated
through effects on the a-adrenoceptor, muscarinic cholinergic, or histamin-
ergic receptors, for it was not affected by phentolamine, atropine, pyrilamine,
or cimetidine (Fig. 7). However, in the presence of propranolol, hexametho-
nium, and captopril, the hypotensive effect was negated or attenuated,
suggesting the involvement of h-adrenoceptors, autonomic ganglia receptor,
and ACE.

In spontaneously beating isolated rat right atria, DDA caused a
negative chronotropic effect (Fig. 8), indicating that it may have direct h1-
adrenoceptor blocking action on the heart in addition to its a-adrenergic
receptor inhibitory activity. The bradycardic effect of DDA may also
contribute to the hypotensive action. This discordant finding, compared to
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FIGURE 8 Effect of DDA (., n=10) on the beating rate of isolated right atria from
normotensive rats. Vehicle-treated control group (DMSO, o, n = 5). Points
represent the mean F SEM of values. All points on the DDA curve were sig-
nificantly different from the corresponding points on the control (p < 0.05,
t-test).
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the earlier finding of a lack of effect of FB on the heart of the anesthetized SD
rat, may be explained by the fact that DDA is either absent or else present in
FB in such small amounts as to have no significant effect on the heart rate.

VII. EFFECTS OF DA AND DDA ON ENDOTHELIAL CELL
PRODUCTION OF NITRIC OXIDE

As our earlier studies suggested that the relaxation of the isolated rat aorta
caused by DA and DDA may be mediated through the L-arginine-NO
synthase pathway and NO activation of guanylate cyclase, it was decided to
study the effects of DDA on NO production by human endothelial cell
cultures. NO was quantified spectrometrically by the accumulation of nitrite
produced by endothelial cells cultured in F12 medium for up to 48 hr. This
method has been documented by previous workers (22,23).

We found that DA and DDA significantly stimulated NO production
by endothelial cells in a concentration-dependent manner. This suggests
another possible mechanism for their hypotensive effect.
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FIGURE 9 Comparison of DA, DDA, and FB by TLC.
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VIII. THIN-LAYER CHROMATOGRAPHIC (TLC) ANALYSIS
OF FB FOR THE PRESENCE OF DA AND DDA

As our studies thus far suggested that DA and DDA were compounds that,
like FB, had significant effects on the cardiovascular parameters of experi-
mental rats, the FB fraction was analyzed by TLC to confirm the presence of
these bioactive compounds. No detectable amounts of either DA or DDA
were, however, found in FB (Fig. 9). This provided the explanation for a lack
of effect of FB on heart rate (unlike DDA) and suggested that the bioactivity
in FB could be attributed to compounds other than DA and DDA and that
furthermore there were other compound(s) in the crude water extract of
A. paniculata that could produce a hypotensive effect.

IX. CONCLUSION

This series of studies have shown that DA and DDA, having pharmacological
actions that lead to a lowering in blood pressure, could serve as potential lead
molecules for the development of new antihypertensive compounds. Further
purification of FB could yield new compound(s) with hypotensive properties.
Last but not least, our studies indicate that the practice of drinking an
infusion of leaves of this bitter herb for treating hypertension may indeed
have some scientific merit.
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I. ROSEMARY EXTRACTS: PREPARATION AND COMPOSITION

A. Preparation

The leaves of the plantRosmarinus officinalis L. are best known as a spice and
flavoring agent but they are also reported as a herbal remedy with antioxi-
dant, anti-inflammatory, anticarcinogenic, antidiuretic, and hepatotoxic
protective properties (1–3). Crude and refined extracts of R. officinalis L.
are commercially available in the form of powders and liquids at different
concentrations of the active components (e.g., Robertet S.A., Grasse, France;
LycoRed Natural Products Industries, Beer Sheva, Israel; Kalsec Inc.,
Michigan, USA).

To overcome the problem of odor, color, and taste associated with
rosemary components, refined rosemary extracts are prepared. Manufac-
turing procedures generally involve two steps. In the first step, the essential
oils of rosemary are removed by steam distillation or selective solvent
extraction. The residue (dried leaves) is extracted with different solvents,
such as hexane, methanol, ethanol, and acetone (4–8), or, alternatively, by
supercritical fluid processing with carbon dioxide (9). The final preparation
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is almost without odor and color and has a high antioxidant capacity,
similar to the synthetic antioxidants butylated hydroxyanisole (BHA) and
butylated hydroxytoluene (BHT).

B. Composition

The composition of rosemary extracts varies according to their extraction
procedure. A large number of antioxidant components have been identified
(5,6,10–14). The most potent antioxidant components are the diterpenes
carnosol and carnosic acid, which account for 90% of the antioxidant
potential in certain extracts (15). Interestingly, in the plant, carnosic acid is
localized to subcellular compartments and its function is to protect chloro-
plasts against oxidative stress (16). Other phenolics and minor constituents
such as rosmanol, isorosmanol, rosmaridiphenol, and rosmariquinone also
have antioxidant activity (11–14). Some components of rosemary extracts
that do not have strong antioxidant activity but may be involved in the

5436-0_Packer_Ch20_R2_061804

MD: PACKER, JOB: 03277, PAGE: 458

FIGURE 1 Structures of some typical components of rosemary extracts or es-
sential oils.
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anticarcinogenic activity include the triterpenic acids ursolic acid, oleanolic
acid, and betulinic acid (17–19).

Analysis of a commercially available water-soluble extract (Robertet
S.A., France) showed a high content of rosmarinic acid (1.2%), flavones
(glycoside and glucuronide of 6-hydroxyluteolin and aglyones derived from
apigenin and chrysin, around 3%), and some monoterpenes (verbenone, a-
terpineol, 1,8-cineole, camphor, and limonene) (20). A dichloromethane
extract contained mainly flavonoids and phenolic diterpenes (21). Two
flavones were identified as cirsimaritin and genkwanin. Phenolic diterpenes
were carnosic acid and its derivatives, carnosol, rosmanol, epirosmanol
methyl ether, and traces of epirosmanol. The triterpene ursolic acid was not
detected. Glucuronides of the flavonoid luteolin, together with hesperedin,
were isolated from 50% aqueous methanol extract of rosemary leaves (22).

The essential oil of rosemary is obtained primarily from the apical part
of the plant and the leaves (23). Around 50 constituents have been identified
but the essential oil is principally rich in monoterpenes and sesquiterpene
hydrocarbons, which vary according to the geographic origin (24). Spanish
oils were found to be rich in a-pinene, 1,8-cineole, and camphor while the
French oils possessed a-pinene, 1,8 cineole, and bornyl acetate andMoroccan
oils were typically rich in 1,8-cineole. Some minor constituents include h-
pinene,h-caryophylene, camphene, limonene,myrcene, camphor, borneol,a-
terpineol, and terpinen-4-ol (21,24)(Fig. 1).

II. CHEMICAL AND BIOLOGICAL ACTIVITIES

A. Antioxidant Properties in Food and Biological Systems

During storage of prepared or dehydrated food, lipid autoxidative degrada-
tion products such as hydroperoxides, malondialdehydes, aldehydes, ketones,
and hydroxy fatty acids may occur if the food is not properly protected by
antioxidants. These products not only result in unpleasant flavors but may
also be a health risk (25). Lipid oxidation is an autocatalyzed radical chain
reaction induced by free radicals (26). Polyphenolic antioxidants possess a
relatively reactive phenolic hydrogen atom, which functions as a donor,
allowing formation of the antioxidant phenoxyl radical. Various extracts
have been shown to act as effective antioxidants in food systems such as
stabilization of animal fats and vegetable oils as well as wheat, rice, oat or
potato flakes, frozen ground pork patties, and dehydrated chicken meat (27–
32). Extracts of rosemary containing the polyphenolic antioxidants, or
preparations of the essential oil, show potent antimicrobial properties,
inhibiting the growth and survival of food-borne microorganisms (33–35).
Rosemary extracts also show antiviral activity in vitro (36).
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The high antioxidant capacity of rosemary components suggests a
beneficial effect not only in combatting degeneration of foods through
oxidation or microbial contamination but also to health in scavenging free
radicals that are implicated in human disease. Rosemary extracts carnosol
and carnosic acid inhibit lipid peroxidation and deoxyribose damage and
scavenge hydrogen peroxide, hypochlorous acid, peroxynitrite, peroxyl, and
hydroxyl radicals in lipid and nonlipid systems (15,37,38). Rosemary extract
and antioxidant components inhibit oxidation of low-density lipoprotein
(LDL) and show a synergistic effect with lycopene from oleoresin (39,40).

B. Chemoprotective Properties of Rosemary

Carcinogenesis is a multistage process consisting of initiation, promotion,
and progression. Protection against both the initiation and tumor promotion
stages of carcinogenesis is one of the important findings obtained with
phenolic antioxidants such as teas and rosemary (1,2).

1. Animal Studies

Topical application of a methanol extract of rosemary, carnosol, or ursolic
acid tomouse skin inhibited the covalent binding of benzo(a)pyrene [B(a)P] to
epidermal DNA and inhibited tumor initiation by B(a)P and 7,12-dimethyl-
benz(a)anthracene (DMBA) (19). Dietary intake of 0.5–1% crude rosemary
extract by rats for 2–3 weeks before administration of DMBA reduced
mammary gland tumor incidence and inhibited in vivo binding of DMBA
metabolites to mammary epithelial cell DNA (41–43).

Many chemoprotective agents act through induction of Phase II de-
toxifying enzymes such as glutathione S-transferase (GST), NAD(P)H:qui-
none reductase (QR), or UDP-glucuronosyltransferase (UGT) (44,45). In
rats fed rosemary as 0.25–1.0% of their diet, the activities of liver GST and
QR enzymes were induced 3–4-fold (46). Similarly, rats fed various (water or
dichloromethane) extracts of rosemary at 0.5% of their diet for 2 weeks
resulted in stimulation of GST, QR, and UGT enzyme activities (20,21).
Surprisingly, in contrast to the results reported with ethanolic extracts in
human cells (described below), the water extract of rosemary also induced the
Phase I, cytochrome P450 (CYP450) enzymes. This difference in effect on
CYP450 enzymes may be due to the composition of the water (rich in
rosmarinic acid) and ethanolic (rich in carnosol and carnosic acid) extracts.
Alternatively, it may be due to a species difference between rat and human
CYP450 metabolism or to the generation of secondary metabolites in vivo
with different effects from the intactmolecules administered in in vitro studies.

Topical application of a methanol extract of rosemary, carnosol, or
ursolic acid to mouse skin resulted in strong inhibitory effects on 12-O-
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tetradecanoylphorbol-13-acetate (TPA)-induced inflammation, omithine de-
carboxylase (ODC) activity, and tumor promotion, as well as on arach-
idonic-acid-induced inflammation (19). Anti-tumor-promoting activity in
mouse skin has also been reported for betulinic acid and oleanolic acid
(17,18).

2. Cellular Mechanisms

The antimutagenic (47) and antigenotoxic effects of rosemary components
may be partly mediated by their antioxidant properties in scavenging free
radicals involved in DNA oxidation. Indeed, carnosic acid, carnosol, rosma-
rinic acid, and ursolic acid effectively inhibitedDNA strand breakage induced
by the Fenton reaction, suggesting effective scavenging of the hydroxyl
radical (48), and an ethanolic extract of rosemary showed antigenotoxic
effects against DNA damage induced by H2O2 in CaCo-2 colon cancer cells
and in hamster lung cells V79 (49).

Modulation of metabolic enzymes involved in activation and detoxifi-
cation of carcinogens is an important mechanism in chemoprotection. An
ethanolic extract of rosemary extract, carnosol and carnosic acid, inhibited
DNA adduct formation by the lung carcinogen B(a)P in human bronchial
(BEAS-2B) cells through inhibition of the activity of the CYP450 enzyme
CYP1A1, involved in the activation of B(a)P to its DNA-binding epoxide,
benzo(a)pyrene-(+)-anti-7,8-dihydrodiol-9,10-epoxide (anti-BPDE) (50).
Furthermore, carnosol (3 AM) induced expression of the Phase II enzyme
glutathione S-transferase k (GST k) involved in the detoxification of the
proximate carcinogenic metabolite of B(a)P. Therefore, in human bronchial
cells rosemary extract acts by a dual mechanism involving inhibition of Phase
I–activating enzymes and induction of Phase II–detoxifyig enzymes. Similar-
ly, in human liver cells expressing CYP1A2 or CYP3A4, rosemary extract
inhibited the formation of DNA adducts by the epoxide of the mycotoxin
aflatoxin B1 (AFB1) through inhibiting the enzyme activity of CYP1A2 and
CYP3A4 (51). In the human liver, it is not clear how aflatoxin epoxide
(AFBO) is detoxified, as none of the GSTs have a strong affinity for AFBO;
therefore, inhibition of CYP450metabolismmay be the dominantmechanism
of protection against AFB1-induced genotoxicity.

The enzyme NADPH:quinone reductase (QR) is important for detox-
ification of highly reactive quinone intermediates and has been associated
with anticarcinogenic activity (45). Many chemoprotective agents induce QR
by a transcriptional activationmechanism acting through upstream promoter
sequences (52). Indeed, carnosol induced QR mRNA levels in human
bronchial cells (50). Quinone reductase activity has been conveniently studied
in the mouse hepatoma cell line Hepa 1c1c7 (53). Rosemary components
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effectively induce QR in these cells (54). In our studies, we found that QR
activity was induced twofold by 1.0 AM carnosol compared to 0.2 AM
sulforaphane, a component of broccoli known to be a potent inducer of QR.

Cellular mechanisms relevant to tumor promotion are affected by
rosemary components. Growth inhibitory and differentiation effects of
carnosic acid (2.5–10 AM)were shown in human leukemic cells (55). Carnosic
acid inhibited cell proliferation through interference with cell cycle progres-
sion without induction of apoptotic or necrotic cell death. Low concentra-
tions of carnosic acid significantly potentiated the action of the differentiation
agents all-trans retinoic acid and 1,25-dihydroxyvitamin D3. In contrast, in
another study with carnosol and leukemic cell lines, carnosol induced
apoptotic cell death and downregulated Bcl-2 (56).

Nitric oxide (NO) is a small, short-lived molecule that is synthesized
from L-arginine by NO synthase (NOS) and released from cells in response
to a number of homeostatic and pathological stimuli (57). NO is involved in
diverse physiological and pathological processes such as vasodilation,
neurotransmission, inflammation and the immune response, platelet inhibi-
tion, cellular signalling, and free radical (peroxynitrite)-induced cytotoxicity
and can be regulated by dietary factors (58,59). The inducible form of NOS
(iNOS) is upregulated under inflammatory conditions and in response to
cytokines, resulting in a relatively high and sustained level of NO produc-
tion. Overproduction of NO may lead to production of damaging reactive
nitrogen species such as nitrate, nitrite, peroxynitrite, and 3-nitrotyrosine
with cytotoxic and genotoxic consequences (60,61). Carnosol has been
shown to inhibit lipopolysaccharide and interferon-gamma induced NO
production in activated mouse macrophages in a concentration-related
manner (2–10 AM) (48,62). The mechanism involves inhibition of iNOS
mRNA and protein expression by blocking activation of the transcription
factor NF-nB through interference with the signal-induced phosphorylation
of its inhibitor, InB (48). The NF-nB family of transcription factors reg-
ulates the expression of many genes involved in immune and inflammatory
responses. Therefore, inhibition of NF-nB activation provides a possible
mechanism for the anti-inflammatory and anti-tumor-promoting action of
carnosol.

The lipoxygenase pathways of arachidonic acid metabolism produce
reactive oxygen species, which may play a role in inflammation and tumor
promotion. Rosemary extracts carnosol and ursolic acid inhibited soybean
15-lipoxygenase activity (31). Since soybean lipoxygenase bears many simi-
larities to the mammalian lipoxygenase enzyme (63), these results further
suggest that rosemary components have the potential to inhibit lipoxygenase
enzymes, which is another potential mechanism for the anti-tumor-promot-
ing activity of rosemary components.
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III. OTHER HEALTH BENEFITS ASSOCIATED
WITH ROSEMARY

A. Diruetic Effects

Herbal remedies are widely used in the pharmacopoeia. Among them,
rosemary extracts are recommended for urinary ailments. An experimental
study in rats demonstrated a diuretic effect after 5–6 days of oral adminis-
tration of an aqueous extracts of R. officinalis L. by measuring changes in
urinary volume and electrolyte excretion (64).

B. Hepatoprotective Effects

An essential oil and ethanolic extract from R. officinalis L. showed hepato-
protective effects in rats treated with carbon tetrachloride (65). R. tomentosus
is a vegetal species closely related to the culinary rosemary R. officinalis. A
dried ethanol extract of the aerial parts ofR. tomentosus and itsmajor fraction
separated by column chromatography showed antihepatotoxic activity in rats
with acute liver damage but the active compounds were not identified (66).

C. Cosmetic Benefits

Dietary antioxidants such as vitamin C, vitamin E, and h-carotene show a
potential to combat the oxidative processes involved in skin ageing (67). An
alcoholic extract of rosemary leaves, Rosm1, with strong antioxidant prop-
erties was shown to inhibit oxidative alterations to skin surface lipids (68) and
to attenuate oxidative-stress-induced modifications in heat shock protein
expression and modification in cellular thiol and carbonyl content in human
skin fibroblasts (69). Carnosic acid (1–3 AM), like vitamin E, showed photo-
protective effects against ultraviolet A (UVA) radiation in human skin
fibroblasts by suppressing the UVA-induced rise in metalloproteinase-1
mRNA expression (70). Taken together, these results suggest a potentially
interesting application of rosemary extract, or its components, in cosmetic
dermatology.

IV. POTENTIAL ADVERSE EFFECTS

Very few studies have addressed the question of adverse effects of consuming
high quantities of spice extracts or polyphenolic antioxidants. Since one of the
postulated mechanisms of antioxidant action is chelation of pro-oxidant
metals such as iron, a recent human study examined the effect of polypheno-
lic-rich green tea and rosemary extracts on the absorption of nonheme iron
(71). It was found that green tea and rosemary extracts added to foods
decreased absorption of nonheme iron by around 20%, indicating that indeed
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iron was chelated by the extracts. Therefore, caution is required in dealing
with iron-deficient populations.

A study was carried out investigating the embryotoxic effects of
rosemary extract in pregnant rats (72). Twenty-six milligrams of a 30% (w/
v) R. officinalis aqueous extract was administered by gavage during two
different periods ofWistar rat pregnancy. No effects of rosemary extract were
observed on postimplantation loss or fetus anomalies but a slight, though not
significant, increase in preimplantation loss was observed. The authors
conclude that this finding might explain the use of the plant aqueous extract
as an abortive in Brazilian folk medicine, but further studies using higher
doses would be required to demonstrate a significant effect.

V. CLINICAL EFFICACY TRIALS

Until now, no human efficacy trials have been performed with rosemary
extracts and no detailed pharmacokinetic data exist. Therefore, there is a clear
need to perform clinical studies addressing the uptake and metabolism of
rosemary components and their efficacy on biomarkers of human health.
Studies in animals suggest a problem of bioavailability of individual compo-
nents of rosemary extracts when given orally. For example, although dietary
administration of rosemary extract enhanced the activity of Phase II enzymes
in the rat, carnosol exhibited this effect only when given intraperitoneally
(36,43). Similarly, an aqueous extract of rosemary, but neither carnosic acid
nor rosmarinic acid, stimulated Phase II enzymes in the rat possibly owing to
a problem of absorption of the individual components (20). Rosemary extract
provides a natural mixture of bioactive components that may turn out to be
more effective than single components, especially when delivered in foods.
Therefore, it will be important to investigate the bioavailability of single
rosemary components compared to whole extracts or even the leaves them-
selves and to determine the active dose for health benefits.

VI. CONCLUSIONS AND FUTURE PERSPECTIVES

Rosemary extracts and their polyphenolic components may have an appli-
cation in the food industry that exceeds that of traditional flavoring and
stabilizing agents. Their potential impact on human health is now a challeng-
ing concept for the development of natural, healthy foods. Although spices
have been used in cooking and flavoring for centuries, they have not been
consumed in the higher quantities used in the experimental studies summa-
rized here. Therefore, before any health claims can be made, it is necessary to
carry out safety and efficacy trials and to determine the active dose. Efficacy,
safety, and regulatory issues are linked to composition of the complex plant
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extracts and their pleiotrophic effects. Clearly, the success of human efficacy
trials will depend on the availability of a valid biomarker approach as
indicator of improved health or reduced disease status. In conclusion,
although rosemary has many interesting flavoring, food-stabilizing, and
therapeutic properties, no health claims can be made until efficacy has been
demonstrated in clinical trials.
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ponents inhibit benzo(a)pyrene-induced genotoxicity in human bronchial cells.

Carcinogenesis 1995; 16:2057–2062.
51. Offord EA, Macé K, Avanti O, Pfeifer A. Mechanisms involved in the

chemoprotective effects of rosemary extract studied in human liver and bronchial

cells. Cancer Lett 1997; 114:1–7.
52. Prestera T, Talalay P. Electrophile and antioxidant regulation of enzymes that

detoxify carcinogens. Proc Natl Acad Sci USA 1995; 92:8965–8969.
53. Prochaska HJ, Santamaria AB, Talalay P. Rapid detection of inducers of

enzymes that protect against carcinogens. Proc Natl Acad Sci USA 1992; 89:
2394–2398.

54. Tawfiq N, Wanigatunga S, Heaney RK, Musk SRR, Williamson G, Fenwick

GR. Induction of the anti-carcinogenic enzyme quinone reductase by food
extracts using murine hepatoma cells. Eur J Cancer Prev 1994; 3:285–292.

55. SteinerM, Priel I, Giat J, Levy J, Sharoni Y,DanilenkoM.Carnosic acid inhibits

proliferation and augments differentiation of human leukemic cells induced by
1,25-dihydroxyvitamin D3 and retinoic acid. Nutr Cancer 2001; 41:135–144.

56. Dorrie J, Sapala K, Zunino SJ. Carnosol-induced apoptosis and downregulation
of Bcl-2 in B-lineage leukemia cells. Cancer Lett 2001; 170:33–39.

57. Moncada S, Palmer RM, Higgs EA. Nitric oxide: physiology, pathophysiology
and pharmacology. Pharmacol Rev 1991; 43:109–142.

58. Wu G, Meininger CJ. Regulation of nitric oxide synthesis by dietary factors.

Annu Rev Nutr 2002; 22:61–86.
59. Fredstrom S. Nitric oxide, oxidative stress, and dietary antioxidants. Nutrition

2002; 18:537–539.

5436-0_Packer_Ch20_R2_061804

MD: PACKER, JOB: 03277, PAGE: 468

Offord468



60. Liu RH, Hotchkiss JH. Potential genotoxicity of chronically elevated nitric
oxide: a review. Mutat Res 1995; 339:73–89.

61. Drew B, Leewenburgh C. Aging and the role of reactive nitrogen species. Ann

NY Acad Sci 2002; 959:66–81.
62. Chan MM, Ho CT, Huang HI. Effects of three phytochemicals from tea,

rosemary and turmeric on inflammation-induced nitrite production. Cancer Lett

1995; 96:23–29.
63. Percival MD. Human 5-lipoxygenase contains an essential iron. J Biol Chem

1991; 266:10058–10061.

64. Haloui M, Louedec L, Michel JB, Lyoussi B. Experimental diuretic effects of
Rosmarinus officinalis and Centaurium erythraea. J Ethnopharmacol 2000;
71:465–472.

65. Fahim FA, Esmat AY, Fadel HM, Hassan KF. Allied studies on the effect of
Rosmarinus officinalis L. on experimental hepatotoxicity and mutagenesis. Int J
Food Sci Nutr 1999; 50:413–427.

66. GalisteoM, Suarez A, del PilarMontillaM, del Pilar UtrillaM, Jiminez J, Gil A,

Faus MJ, Navarro M. Antihepatotoxic activity of Rosmarinus tomentosus in a
model of acute hepatic damage induced by thioacetamide. Phytother Res 2000;
14:522–526.

67. Fuchs J. Potential and limitations of the natural antioxidants RRR-alpha-
tocopherol, L-ascorbic acid and h-carotene in cutaneous photoprotection. Free
Rad Biol Med 1998; 25:848–873.

68. Calabrese V, Scapagnini G, Catalano C, Dinotta F, Ceraci D, Morganti P.
Biochemical studies of a natural antioxidant isolated from rosemary and its
application in cosmetic dermatology. Int J Tissue React 2000; 22:5–13.

69. Calabrese V, Scapagnini G, Catalano C, Bates TE, Dinotta F, Micali G,
Giuffrida Stella AM. Induction of heat shock protein synthesis in human skin
fibroblasts in response to oxidative stress: regulation by a natural antioxidant
from rosemary extracts. Int J Tissue React 2001; 23:51–58.

70. Offord EA, Gautier J-C, Avanti O, Scaletta C, Runge F, Krämer K, Applegate
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Crataegus (Hawthorn)
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I. INTRODUCTION

Hawthorn refers to the plant Crataegus and is widely distributed throughout
the northern temperate regions of the world with approximately 280 species
primarily in East Asia, Europe, and North America. Hawthorn fruit tastes
sour and sweet and is traditionally used as herbal medicine in China to cure
scurvy, constipation, digestive ailment, dyspnea, and kidney stones. In the last
several decades, hawthorn fruits have been primarily used in China and
Europe for treatment of various cardiovascular disorders (1–4). Consump-
tion of hawthorn fruit has been shown to have long-termmedicinal benefits to
the cardiovascular system (5,6). The hawthorn fruit has positive effect in
treatment of the early stages of congestive heart failure (7,8) and angina
pectoris (9). To explore the biochemical mechanisms by which hawthorn fruit
possesses such beneficial effects, this chapter focuses mainly on the three
major biological properties of hawthorn fruits, viz., hypolipidemic, antioxi-
dant, and blood-vessel-relaxing activity. As many species of the hawthorn
plant are distributed throughout the world, the research data we present in
this chapter were from the species Crataegus pinnatifida Bge. Var. major N.
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E.Br. This species is grown mostly in northeastern China and is used
frequently in traditional Chinese medicine.

II. HYPOCHOLESTEROLEMIC ACTIVITY

Hawthorn fruit has hypolipidemic activity. Chen et al. (10) demonstrated that
serum total cholesterol, triglyceride, and apo-B decreased by 15%, 10%, and
8%, respectively, with HDL cholesterol being unchanged, in 30 hyperlipi-
demic humans who consumed hawthorn fruit drinks. In a recent unpublished
study, we have also evaluated the clinical efficacy of hawthorn in lowering
blood cholesterol using a randomized, double-blinded, placebo-controlled,
crossover design. Seventy-three mildly hypercholesterolemic patients were
asked to take a 250-mL hawthorn or placebo drink three times a day for
4 weeks. At the end of this period, a washout of 4 weeks was implemented
before the crossover. Blood samples were taken at baseline and week 4, 9, and
12 for total cholesterol, LDL cholesterol, HDL cholesterol, and triglyceride
for analysis. Toxicity was monitored by blood chemistry. The results of this
study are shown in Table 1 and Table 2. The hawthorn group had a 7.8%
reduction in total blood cholesterol and a 12.4% reduction in LDL choles-
terol versus a 0.8% and 4.8% reduction, respectively, in the placebo group in
the first phase of the trial. After the crossover, the hawthorn group still had a
significant reduction in both total cholesterol (6.7% vs. 3.4%) and LDL
cholesterol (13.8% vs. 5.0%) compared with the placebo group. Neither
blood triglyceride nor HDL-cholesterol was significantly changed after the
intake of hawthorn juice. Analysis of the blood chemistry results indicated
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TABLE 1 Serum Total Cholesterol Level (mg/dL) After Intake of Hawthorn
Juice or Placebo for 4 Weeks

Group Baseline Week 4 Difference Significance

Group A: hawthorn 268 F 57 247 F 55 �21 F 33 p < 0.05
Group C: placebo 254 F 40 252 F 47 �2 F 35 ns

Week 9 Week 12 Difference Significance
Group A: placebo 235 F 39 227 F 41 �8 F 29 ns
Group C: hawthorn 239 F 38 223 F 33 �16 F 29 p < 0.05

Subjects were given 250 mL hawthorn or placebo drink three times per day for 4 weeks.
Starting at the fifth week treatment was stopped until week 9. Then the two groups of
subjects were crossed over for treatment for an additional period of 4 weeks. Blood
samples were analyzed at baseline, week 4, week 9, and week 12. The hawthorn drink
given contained 8% water-soluble material from the fruit. The placebo drink contained
artificial coloring and flavor and had the same caloric content as the hawthorn drink.
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that no significant changes in blood cell counts, liver and kidney function as
well as other indexes were observed after consumption of hawthorn. Out of
the 73 subjects studied, only 7 patients dropped out, 3 of them attributed to
intolerance to the acidity of the juice (pH 3.5) while the remaining had
problems unrelated to the trial.

In rats, the hypocholesterolemic potency of hawthorn fruit drink was
even more pronounced. One of our previous studies (11) examined the
hypolipidemic activity of hawthorn fruit in three groups of New Zealand
white rabbits fed with one of three diets, a control diet without addition of
cholesterol (NC), a 1.0% high-cholesterol diet (HC), and a HC diet supple-
mented with 2.0% hawthorn fruit powder (HC-H). The results showed that
inclusion of 2% dry hawthorn fruit powder led to 23% lower serum total
cholesterol and 22% lower serum triglyceride in rabbits (Table 3). In addition,
hawthorn fruit supplementation led to 51% less cholesterol accumulation in
the aorta of rabbits (Table 3). In hamsters, significant reduction in the serum
total cholesterol by 10% and triglyceride by 13%was also observed after they
were fed a diet supplemented with 0.5% hawthorn fruit ethanolic extract
(Table 4) (12). However, supplementation of hawthorn fruit ethanolic extract
had no effect on the serum HDL-cholesterol level (Table 4). All these
observations confirm that hawthorn fruit modulates blood lipids favorably.

The mechanism by which dietary hawthorn fruit decreases serum
cholesterol may involve multifaceted interactions of cholesterol metabolism.
The decrease in cholesterol biosynthesis would lead directly to a lower blood
cholesterol level. Rajendran et al. (13) followed cholesterol synthesis by
measuring the incorporation of [14C]-acetate into the liver cholesterol in rats
fed a diet supplemented with hawthorn ethanolic extract. It was found that
supplementation of hawthorn ethanolic extract led to 33% lower cholesterol
biosynthesis in rats. However, we found that inclusion of hawthorn fruit in
the diet had no effect on the 3-hydroxy-3-methyl glutaryl coenzymeA (HMG-
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TABLE 2 Serum LDL Cholesterol (mg/dL) After Intake of Hawthorn Juice
or Placebo for 4 Weeks

Group Baseline Week 4 Difference Significance

Group A: hawthorn 186 F 59 163 F 54 �23 F 32 p < 0.05
Group C: placebo 168 F 38 160 F 38 �8 F 34 ns

Week 9 Week 12 Difference Significance
Group A: placebo 161 F 39 153 F 42 �8 F 24 ns
Group C: hawthorn 159 F 31 137 F 24 �22 F 26 p < 0.05

See footnote to Table 1 for experimental details.
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TABLE 4 Serum Lipids, Fecal Neutral and Acidic Sterols, Liver 3-Hydroxy-3-
Methyl Glutaryl Coenzyme A (HMG-CoA) Reductase, Liver Cholesterol-7a-
Hydroxylase (CH), and Intestinal Acyl CoA:Cholesterol Acyltransferase (ACAT),
in Hamsters Fed the Control High-Cholesterol Diet or the Same High-Cholesterol
Diet Supplemented with 0.5% Hawthorn Fruit Ethanolic Extract

Control Hawthorn

Serum total cholesterol (mmol/L) 4.6 F 0.5 4.1 F 0.5a

Serum HDL cholesterol (mmol/L) 2.3 F 0.3 2.4 F 0.3
Serum triglycerides (mmol/L) 3.3 F 0.7 2.9 F 0.4a

Fecal total neutral sterols (mg/g) 8.6 F 1.4 11.8 F 2.0a

Fecal total acidic sterols (mg/g) 3.3 F 0.9 4.8 F 1.0a

HMG-CoA reductase (pm/min/mg protein) 6.6 F 2.50 6.4 F 2.5
CH (pm/min/mg protein) 53.0 F 29.2 148.9 F 57.2a

ACAT (nm/min/mg protein) 1.0 F 0.3 0.8 F 0.2a

Values are means F SD.
a Means at a row differ significantly, p < 0.05.

TABLE 3 Serum and Aortic Lipids, and Fecal Neutral and Acidic Sterols of New
Zealand White Rabbits Fed a Reference Diet (NC), a High-Cholesterol Diet (HC),
or a High-Cholesterol Diet Supplemented with 2.0% Dry Hawthorn Fruit Powder
(HC-H) for 4 Weeks

NC HC HC-H

Serum
Total cholesterol (mmol/L) 0.5 F 0.2c 24.7 F 2.8a 18.9 F 4.7b

HDL cholesterol (mmol/L) 0.3 F 0.1a 0.2 F 0.1b 0.3 F 0.1a

Triglycerides (mmol/L) 0.6 F 0.1c 2.2 F 0.5a 1.7 F 0.3b

Aorta
Total cholesterol (Amol/g) 1.5 F 0.7c 28.3 F 14.3a 13.9 F 8.1b

Triglycerides (Amol/g) 31.8 F 2.8b 52.0 F 24.2a 49.6 F 24.8a

Liver total cholesterol (Amol/g) 3.0 F 0.4c 95.0 F 24.2a 58.0 F 14.4b

Heart total cholesterol (Amol/g) 2.8 F 0.3c 7.4 F 2.4a 5.5 F 0.9b

Kidney total cholesterol (Amol/g) 6.9 F 0.6c 17.7 F 1.8a 14.2 F 2.6b

Fecal total neutral sterols (mg/g) 51.1 F 10.1c 134.1 F 19.6b 264.4 F 36.1a

Fecal total acidic sterols (mg/g) 13.2 F 2.1c 18.1 F 2.4b 35.5 F 4.8a

Values are means F SD.
a,b,c Means at a row with different letters differ significantly, p < 0.05.
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CoA) reductase activity in hamsters and rabbits (11,12), suggesting that the
cholesterol-lowering effect of hawthorn fruit is not mediated by a down-
regulation of HMG-CoA reductase.

The inhibition of cholesterol absorption in the intestine could also be
responsible for the hypocholesterolemic activity of hawthorn fruits. As shown
in Tables 3 and 4, supplementation of hawthorn fruit in the form of either
crude water-soluble extract powder or ethanolic extract significantly in-
creased cholesterol excretion in the rabbit and hamster. The effect of
hawthorn fruit supplementation on intestinal acyl CoA:cholesterol acyltrans-
ferase (ACAT) activity was studied because intestinal ACAT may play a key
role in the absorption of cholesterol by esterification of cholesterol prior to
absorption (14). The results in hamsters demonstrated that supplementation
of hawthorn fruit ethanolic extract was associated with a lower intestinal
ACAT activity (12), suggesting that inhibition of cholesterol absorption of
dietary cholesterol is at least partly mediated by downregulation of intestinal
ACAT activity.

Bile acids are the major metabolites of cholesterol. Greater excretion of
bile acids could also lead to a lower level of serum cholesterol. We found that
the fecal excretion of both primary (cholic and chenodeoxycholic) and
secondary (lithocholic and deoxycholic) bile acids was greater in hamsters
and rabbits (11,12) fed diets supplemented with hawthorn fruit (Tables 3 and
4). The liver cholesterol 7a-hydroxylase (CH) is a regulatory enzyme in the
metabolic pathway from cholesterol to bile acids. Hawthorn fruit supple-
mentation in the diet significantly increased the liver CH activity compared
with the control group (Table 4), suggesting that the increased excretion of
bile acids is partly mediated by upregulation of this enzyme.

Blood total and LDL-cholesterol level is maintained in a steady balance
in which the rate of entry of cholesterol into the blood is equal to the removal
of cholesterol from the blood. A reduced serum cholesterol level indicates a
shift in this steady state, resulting from either a decrease in the rate of entry or
an increase in the rate of removal by peripheral tissues. The rate by which
LDL cholesterol is taken up by peripheral tissues is mediated by LDL
receptors. Upregulation of LDL receptors is probably an alternative mech-
anism responsible for the hypocholesterolemic activity of hawthorn fruits.We
have investigated the effect of hawthorn extract on LDL receptor level in
HepG2 cells and found that hawthorn fruit extract could prevent the down-
regulation of LDL receptors by LDL in a dose-dependent manner (Fig. 1)
(15). A similar effect was observed in a study by Rajendran et al. (13), who
showed that supplementation of 0.5 mL ethanolic extract per 100 g body
weight per day for 6 weeks was associated with a 25% increase in hepatic
LDL-receptor activity, resulting in greater influx of plasma cholesterol into
the liver. It is concluded that hawthorn fruit lowers serum cholesterol by a
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combination of mechanisms involving increasing LDL receptor activity and
reducing cholesterol absorption and bile acid reabsorption.

III. ANTIOXIDANT ACTIVITY

Pharmacological studies of hawthorn fruits focus on its cardiovascular
protective, hypotensive, and cholesterol-lowerig activity (1,4–7,9). However,
mechanisms of these beneficial effects are still being investigated. Dietary
antioxidants may reduce the initiation and propagation of free radicals in
vivo, and therefore minimize the free-radical-induced damage to the heart
tissue and cardiovascular vessels. In recent years, it has been generally
accepted that oxidation of human LDL is one of the risk factors in the
development of cardiovascular disease (16–19). In vitro and in vivo experi-
ments support the view that hawthorn fruit has strong antioxidant activity
(20–22).

Hawthorn fruit is a rich source of phenolic antioxidants (22). To
quantify these phenolic antioxidants present in hawthorn fruits, a HPLC
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FIGURE 1 Inhibition of LDL-receptor downregulation by hawthorn water-soluble
extract. HepG2 cells were incubated in the presence and absence of hawthorn
with andwithout 500 Ag LDL/mL. In the absence of hawthorn, LDL receptor was
downregulated by LDL tomaximum level. The presence of 0.5 and 1.0mg/mL of
hawthorn extract prevented this downregulation in a proportional manner.
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method was developed in our laboratory. As shown in Figure 2, at least eight
flavonoids were identified in hawthorn fruit. The structures of these com-
pounds are shown in Figure 3. TheHPLC analysis found that epicatechin was
most abundant (1.78 g/kg dry fruit) followed by chlorogenic acid (0.65 g/kg),
hyperoside (0.25 g/kg), isoquercitrin (0.13 g/kg), protocatechuic acid (0.03 g/
kg), rutin (0.03 g/kg), and quercetin (0.01 g/kg). The eight flavonoids purified
from hawthorn fruit demonstrated varying antioxidant activity (Fig. 4).
When incubated with LDL, ursolic acid showed no antioxidant activity while
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FIGURE 2 High-performance liquid chromatographic profile of hawthorn fruit
phenolics. See Ref. 22 for the conditions.
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hyperoside was most protective to human LDL followed by quercetin and
isoquercitrin (Fig. 4). Under the same experimental conditions, the antioxi-
dant activity of epicatechin, chlorogenic acid, and rutin was similar but it was
weaker than that of hyperoside, quercetin, and isoquercitrin (Fig. 4).

a-Tocopherol is the major antioxidant in human LDL. The flavonoids
purified from hawthorn fruit were also effective in protecting a-tocopherol
from free-radical-induced degradation in human LDL (22). Supplementation
of hawthorn fruit in the diet (2%) significantly increased serum a-tocopherol
in rats (Fig. 5). At the end of 3 weeks, serum a-tocopherol in the hawthorn-
fruit-supplemented group was increased by 18% as compared with that of the
control rats. At the end of 6 weeks, serum a-tocopherol in the hawthorn-fruit-
supplemented group was increased by 20% as compared with that of the
control rats (Fig. 5). Epidemiological studies showed that flavonoid con-
sumption was negatively associated with coronary heart disease mortality
(23). If the consumption of hawthorn fruit is associated with a significantly
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FIGURE 3 Chemical structures of chlorogenic acid, epicatechin, hyperoside,
isoquercitrin, protocatechuic acid, quercetin, rutin, and usolic acid.
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FIGURE 4 Effect of hawthorn fruit phenolics on production of thiobarbituric
acid-reactive substances (TBARS) in Cu2+-mediated oxidation of human LDL.
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lower risk of cardiovascular disease in humans, part of the mechanism may
also involve the protective role of these antioxidants to a-tocopherol and
human LDL from oxidation.

To correlate the pharmacological action of the hawthorn flavonoids
with their apparent health benefits, we also studied the absorption kinetics
and excretion of four major hawthorn flavonoids, viz., epicatechin, chloro-
genic acid, hyperoside, and isoquercitrin, after oral administration to rats. As
chlorogenic acid and hyperoside could not be detected in the plasma, urine, or
feces after oral administration, their pharmacokinetics could not be assessed.
For isoquercitrin, the systemic absorption rate was very rapid and maximum
level was observed in the blood after 10 min. In contrast, epicatechin was
absorbedmuch slower reaching a Tmax at 66min. The absolute bioavailability
of the two compounds was 61% and 34%, respectively. Based on this limited
study, different flavonoids from hawthorn may have very different oral ab-
sorption and clearance characteristics. More detailed studies are needed to
delineate the pharmacological benefits of these compounds as some of them
might have limited bioavailability. Isoquercitrin and hyperoside are structur-
ally very similar except one is a glucoside and the other is a galactoside. Yet,
one of them is absorbed into the bloodstream quickly while the other is not.
Hence, it is likely that some flavonoids may be preferentially uptaken in the
gastrointestinal tract and this information would be essential to determine the
health benefits of dietary supplements even though they may contain high
amounts of flavonoids.
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FIGURE 5 Effect of hawthorn fruit powder supplementation (2%) in diet on
serum a-tocopherol in rats. Means at a given time point differ significantly. *p
< 0.05; **p < 0.01. See Ref. 22 for the experimental conditions.
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IV. CARDIOVASCULAR EFFECTS

Many species of hawthorns in the genus Crataegus have been widely used as
folk medicines in China for centuries. Hawthorn berry is probably the best-
known cardiotonic. It reduces peripheral flow resistance and lowers blood
pressure; it dilates coronary vasculature, improves blood flow to the heart,
and is used to treat angina pectoris.

A. Human Studies

Hawthorn extract is well noted in Europe as an antihypertensive remedy,
particularly useful in the treatment of mild forms of heart failure and angina
pectoris, which are usually related to impaired coronary blood supply (24).
Hawthorn reduces the incidence of anginal attacks and lessens patients’
complaints of chest pain. In patients with decreased coronary perfusion due
to coronary sclerosis, hawthorn lowers oxygen utilization during exercise.
This effect may explain a significant decrease of the ischemic reaction in 40 of
52 patients after intravenous administration of hawthorn extract for over 13
days (25).

More recently, the efficacy and tolerance of a standardized hawthorn
extract WS 1442 have been tested in a multicenter utilization observational
study. Treatment with WS 1442 in patients with cardiac insufficiency stage
NYHA II improves cardiac performance (improved ejection fraction), lowers
blood pressure, and reduces the number of patients showing ST depression,
arrhythmias, and ventricular extrasystoles during exercise (26). This and
other randomized, placebo-controlled, doubled-blind studies suggest that
hawthorn medication is a clinically effective and well-tolerated therapeutic
alternative for patients with congestive heart failure corresponding to NYHA
class I (4,27–30).

B. Animal Studies

Studies with isolated perfused rat heart indicate a cardioprotective effect of
hawthorn extracts on the ischemic-reperfused heart and this effect is not
accompanied by the increase in coronary flow (31). This protection may be
coupled to the antioxidative properties of hawthorn extract, which inhibits
formation of free radicals (32,33) and subsequent injury to the heart. A
significant reduction in the time spent on ventricular fibrillation was observed
by infusion of an extract from flowering tops ofCrataegus meyeiA. Pojark. In
anesthetized rats, a bolus injection of the extract lowered blood pressure (34).
These effects indicate that the extract ofC. meyeimay have a hypotensive and
an antiarrthymic action on ischemic myocardium.
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Cardioprotective effects of WS 1442 may be partly attributable to the
strong free-radical-scavenging activity of some bioactive constituents such as
flavonoids and oligomeric procyanidins. Oral administration ofWS 1442 at a
dose of 100mg/kg/day to rats shows a significant protection against ischemia-
reperfusion–induced pathologies (35).

C. In Vitro Studies

Even though both human and animal studies show the hypotensive effect of
hawthorn extract, the underlying cellular mechanisms are completely unclear.
It is possible that hawthorn extract may target both endothelium and vascular
smooth muscle cells to cause vasodilation. We have recently demonstrated
that hawthorn extract produces dose-dependent relaxation mainly in an
endothelium-dependent manner in isolated rat mesenteric arteries. Figure 6
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FIGURE 6 The cumulative dose-response curves for the relaxant response to an
extract from a hawthorn drink following dialysis in both endothelium-intact (o)
and -denuded (.) rings prepared from rat mesenteric arteries. The rings were
preconstricted by 50 nM U46619. Data are means F SEM of six experiments.
The molecular weight cutoffs of the dialysis membranes to remove small
molecules are as indicated. The active material appears to be retained between
3500 and 8000 molecular weight cutoff.
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shows that in U46619-preconstracted rat mesenteric artery rings, hawthorn
extract from a fruit drink (the same one we used to perform the clinical trial
in Section II) induces primarily endothelium-dependent relaxation after re-
moval of small molecules via dialysis with membranes of molecular weight
cutoff at 3500, 6000–8000, and 12,000–14,000 kDa.

Removal of the functional endothelium abolishes the relaxant effect of
hawthorn extract. The hawthorn-extract-induced relaxation can be readily
washed out and is highly repeatable. The relaxant effect of hawthorn extract is
concentration-dependently attenuated by pretreatment of rat mesenteric
arteries with an inhibitor of nitric oxide synthase, NG-nitro-L-arginine methyl
ester, or an inhibitor of gunaylate cyclase, methylene blue, while L-arginine,
the nitric oxide precursor, partly antagonizes the effect ofNG-nitro-L-arginine
methyl ester (36). In addition to nitric oxide, the endothelium also releases
prostacyclin or endothelium-derived hyperpolarizing factor in response to
various stimuli. However, indomethacin (an inhibitor of cyclooxygenase that
catalyzes biosynthesis of prostacyclin), glibenclamide (a blocker of vascular
ATP-sensitive potassium channels), or iberiotoxin (a blocker of calcium-
activated potassium channel) did not influence the vasorelaxant response to
hawthorn extract, suggesting that the relaxing prostanoids or calcium-
activated or ATP-sensitive potassium channels are not involved. Hawthorn
extract produces significantly less relaxant effect in endothelium-intact artery
rings preconstricted by 60 mM extracellular potassium. In endothelium-
denuded rings contracted by elevated potassium, hawthorn extract was still
able to induce relaxation albeit to much lesser degree. Raising extracellular
potassiumwould bring themembrane potential nearer to the new equilibrium
potential for potassium efflux; thus the effect of potassium channel activation
on transmembrane calcium movement should be minimized. Reduced effect
on high potassium-induced contraction indicates that hawthorn extract may
also stimulate release of some unknown endothelium-derived factors that
could hyperpolarize the cell membrane of the underlying vascular smooth
muscle via opening of potassium channels. The endothelial nitric-oxide-
mediated relaxation is supported by the ability of hawthorn extract to raise
the tissue content of cyclic GMP in endothelium-intact rat aortas. This effect
can be abolished by endothelium denuation or by inhibitors of nitric-oxide-
mediated relaxation, such as NG-nitro-L-arginine (personal communication).

Endothelial nitric oxide seems to play a differential role in hawthorn-
extract-induced relaxation in the rat arteries prepared from different vascular
beds. For example, hawthorn extract only produces endothelium-indepen-
dent relaxation in isolated rat cerebral, carotid, and coronary arteries (37)
since neither endothelial removal nor nitric oxide synthase inhibitors had an
effect. It is currently unknown what has caused this discrepancy in the
vascular response to hawthorn extract in different arteries. It is suggested
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that some bioactive components in hawthorn extract may have a direct
muscle relaxant action, e.g., possible inhibition of calcium influx in arterial
smooth muscle cells (38).

One recent study described that procyanidins in hawthorn extract
(Crataegus oxyacantha, L.) may be responsible for the endothelium/nitric-
oxide-dependent relaxation in rat aortas, probably through activation of
tetraethylammonium-sensitive potassium channels (38). However, our results
indicate other unknown ingredients may be involved since procyanidins were
undetectable in the dialyzed hawthorn extract sample onHPLC.Monoacetyl-
vitexinrhamnoside, a flavonoid with phosphodiesterase-inhibitory property
contained in anotherCrataegus species (hawthorn, Rosaceas), was also found
to induced relaxation in rabbit isolated femoral arteries and this relaxation
was inhibited by NG-nitro-L-arginine (39). In Langendorff- rabbit hearts,
monoacetyl-vitexinrhamnoside enhanced heart rate, cardiac contractility,
and coronary flow (39), suggesting that this flavonoid has an anti-ischemic
effect probably through improvement of myocardial perfusion.

In addition to antioxidant and hypocholesterolemic activity of haw-
thorn extract, the vasorelaxant effect on various blood vessels suggests the
potential preventive action of this plant against cerebral or coronary circu-
lation-associated disease such as cerebral vasospasm and coronary artery
disease. The endothelium/nitric-oxide-dependent action indicates that haw-
thorn fruit extract may have a wide spectrum of benefits in the cardiovascular
system.
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Resveratrol
The Promise Therein

Shazib Pervaiz

National University of Singapore
Singapore, Republic of Singapore

I. INTRODUCTION

The use of herbal ingredients and plant extracts for their pharmacological
properties dates back to the earliest human endeavors in medicinal chemistry.
Indeed, a number of pharmacological agents in use today are a direct outcome
of these remarkable observations.With the rapid advances made over the last
two decades in biomedical research, there has been an unprecedented interest
in unraveling the magical properties ofsome of the commonly used natural
products. Thanks to modern technology, chemists and biologists today are
extremely well equipped in the art of identifying and screening the biological
activities of plant and herbal ingredients. As a result, many of these natural
products are under scrutiny for their clinical potential, in terms of both
disease prevention and treatment.

Among the long list of compounds being tested for their beneficial
effects on human health is a family of polymers given the name viniferin.
Compounds belonging to this category elicit strong antifungal properties and
are therefore included under the broad class of plant antibiotics known as
phytoalexins (Soleas et al., 1997). One remarkable compound in this list is
resveratrol (RSV), a major active ingredient of stilbene phytoalexins, first
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isolated from the roots of the oriental medicinal plant Polygonum capsidatum
(Ko-jo-kon in Japanese) (Nonomura et al., 1963). That this compoundwas an
active ingredient of a wondrous folk plant known for its remedial effects
against a long list of human afflictions (Kubo et al., 1981; Nonomura et al.,
1963), and the observation that it was synthesized by leaf tissue in response to
fungal infection of grapevines (Vitis vinifera) (Langcake and Pryce, 1976)
provided the impetus for the tremendous increase in activity surrounding
RSV in the field of biomedical research. Consequently, over the past several
years a substantial amount of work has focused on studying the biological
activity of this phytoalexin and its derivatives. These studies have demon-
strated the tremendous potential of RSV as a preventive and therapeutic
compound in biological systems, such as cardiovascular and immune systems.

The relatively high concentration of RSV in wine (Siemann and Creasy,
1992) and its documented cardioprotective effect (Sato et al., 2002) form the
basis for the so-called ‘‘French paradox’’ (Kopp, 1998). However, since the
reported cancer chemopreventive activity in animal models of carcinogenesis
(Jang et al., 1997), the interest has shifted mostly to the mechanism of the
anticancer activity of RSV and its potential as a chemotherapeutic agent. As a
result, the positive or negative effects ofRSVon some important physiological
pathways have been proposed as possible mechanisms for its observed cancer
chemopreventive activity. These include: suppression of cellular proliferation
via inhibition of key steps in the signal transduction pathways (Haworth and
Avkiran, 2001; Mgbonyebi et al., 1998; Pozo-Guisado et al., 2002; Tou and
Urbizo, 2001) and cyclin-dependent kinases (cdks) (Ragione et al., 1998);
promotion of cellular differentiation (Mizutani et al., 1998); scavenging/
suppression of intracellular reactive oxygen species (ROS) (Manna et al.,
2000); induction of apoptotic cell death through activation of mitochondria-
dependent or -independent pathways (Clement et al., 1998a; Hsieh and Wu,
1999; Huang et al., 1999); anti-inflammatory activity via downregulation of
proinflammatory cytokines (Rotondo et al., 1998; Wadsworth and Koop,
1999); and inhibition of androgen receptor function and estrogenic activity
(Lu and Serrero, 1999;Mitchell et al., 1999). This review is intended to provide
the reader with an appreciation of the diverse biological effects of this
remarkable compound that holds great promise for the future. Starting with
a brief overview of the sources and chemistry, the chapter presents an
overview and appraisal of the potential chemopreventive and chemothera-
peutic properties of RSV.

II. OCCURRENCE, SYNTHESIS, AND CHEMISTRY

Nonflavonoid classes of phenolic compounds, such as RSV, are synthesized
by a variety of plants in response to injury or fungal infection (Langcake and
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Pryce, 1976). Although RSV does not enjoy a wide distribution in the plant
kingdom, its occurrence has been documented in trees, including eucalyptus,
spruce, and the tropical deciduous tree Bauhinia racemosa, in a few flowering
plants such as Veratrum grandiflorum and Veratrum formosanum (two species
of lilly), in Pterolobium hexapetallum (nonedible legume), in peanuts and
groundnuts, and in grapevines (Soleas et al., 1997). One of the richest sources
of RSV is the weed Polygonum capsidatum, root extracts of which have been
used extensively in Oriental fold medicine (Kubo et al., 1981; Nonomura et
al., 1963). Since the first reported detection of trans-RSV in grapvines (Vitis
vinifera) in 1976 (Langcake and Pryce, 1976) and later in wine in 1992
(Siemann and Creasy, 1992), most interest has centered on RSV in grapevine.
This was mainly due to the fact that compounds found in grapevines were
implicated in epidemiological data demonstrating an inverse correlation
between red wine consumption and incidence of cardiovascular disease—
the ‘‘French paradox’’ (Kopp, 1998). The pioneering work of Langcake and
associates also indicated that phytoalexins like RSV were not present in
healthy vine leaves or berries, but were quite abundant in mature vine wood.

Exposure to ultraviolet (UV) rays stimulates the synthesis of RSV as
well as other viniferins (Langcake and Pryce, 1977b), and the formation of
viniferins fromRSV involves oxidative dimerization that could be reproduced
in vitro by exposure of the parent compound to horseradish peroxidase–
hydrogen peroxide system in vitro (Langcake and Pryce, 1977a). The syn-
thetic potential is highest just before the grapes reach maturity, and is low in
buds, flowers, and mature fruits, and resistant species produced significantly
higher amounts than susceptible ones (Jeandet et al., 2002). Higher amounts
are also observed in healthy areas around necrotic lesions following fungal
infection of grape berry skins, and this seems to be an inherent protective
mechanism to limit the spread. Studies conducted in the wine-producing
French area of Burgundy demonstrated that RSV production enables the
vines to withstand Botrytis attack, and that the stimulus for RSV synthesis in
healthy berries away from the site of infection must involve a chemical signal
generated by the pathogen or the host for regulating the activity of stilbene
synthase, the terminal enzyme in the biosynthesis of RSV (Jeandet et al.,
1995a). In a typical cycle, fungal infection triggers RSV synthesis, which leads
to its accumulation around the infected area; however, 48–72 hr later the
pathogen upregulates the activity of the enzyme stilbene oxidase, which leads
to oxidative degradation of RSV (Hoos and Blaich, 1988). Thus a tricky hide-
and-seek battle goes on with the ultimate winner determined by the environ-
ment, the virulence of the pathogen, the stage in development of the plant, and
the bolus of infection.

The determination of RSV content has not been restricted to plant
components including leaves, skins, and petals, but also involves wines and
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grape juices. Initial attempts failed owing to the absence of goodmethodology
to recover RSV and prevent its oxidative degradation; however, more recent
application of HPLC andGC-MS to the detection of RSV in wines has shown
that both cis and trans isomers are present in wines with the latter found in
significantly higher concentration (Lamuela-Raventos et al., 1995; Soleas et
al., 2001b). Generally, white wines contain 1–5% of the RSV content of most
red wines. The highest concentration of trans-RSV has been reported in wines
prepared from Pinot noir grapes (averaging 5.13 mg/L) (Lamuela-Raventos
et al., 1995).

Chemically, RSV is comprised of two phenols linked by a styrene double
bond to generate 3,4V,5 trihydroxysulbene (Fig. 1), a structure related to the
synthetic estrogen diethylstilbestrol.

The precursor for RSV synthesis is the amino acid phenylalanine, which
is deaminated by phenylalanine ammonia lyase to cinnamic acid. Hydroxyl-
ation of cinnamic acid by cinnamate-4-hydroxylase generates p-coumaric
acid, which in turn is converted by a specific CoA ligase to p-coumaroyl CoA.
Condensation of p-coumaroyl CoAwith three molecules of melanoyl CoA by
stilbene synthase (or resveratrol synthase) results in the formation of RSV
(Jeandet et al., 1995c). Stilbene synthase is normally not active or expressed in
nonstressed seedlings; however, within 6 hr of exposure to UV radiation or
fungal infection the enzyme activity is upregulated and peaks by 30 hr.
Soluble h-glucans present in bacterial cell walls are potent inducers of stilbene
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synthase, and reports also suggest that the presence of Ca2+ seems critical for
the enzyme activity (Ebel, 1986). RSV exists as cis and trans isomeric forms
with trans-to-cis isomerization facilitated by UV exposure. Trans-RSV (MW
=228) is commercially available and is relatively stable if protected fromhigh
pH and light (Soleas et al., 1997). The difference in absorption maxima (307
nm for the trans and 288 nm for the cis isomer) allows for their separation and
detection by HPLC using a C18 reverse-phase column (Jeandet et al., 1995b).
More recently gas chromatography (GC) has been used to measure concen-
trations of cis and trans isomers in plasma and cells (Soleas et al., 2001b).
Oxidative modification (dimerization) of RSV gives rise to another class of
compounds called viniferins. The potential of grapevines to synthesize RSV
and viniferins has been shown to provide resistance against a variety of plant
diseases. To that end, gene transfer of full-length stilbene synthase into plants
lacking this activity resulted in rapid induction of the enzyme and accumu-
lation of RSV upon UV irradiation, and conferred resistance to microbial
infection (Hain et al., 1990, 1993).

III. FROM THE GRAPEVINE TO MAMMALIAN BIOLOGY

Asmentionedearlier, thediversebeneficial effectsof extractsprepared fromthe
plant P. capsidatum against a host of human afflictions had been documented
decades before the actual identification of RSV as a potent ingredient of this
Oriental folk medicine. Since this reported observation in the mid-seventies, a
lotofworkwent intotheactualsynthesis inplantsandthefactorsthatpromoted
expression of RSV-producing enzymes. This led to its classification as a
phytoalexin that is rapidly synthesized in response to fungal infection or UV
irradiation and,when genetically expressed inplants that lackedRSVsynthase
activity, provided resistance from fungal infection. Subsequent identification
of RSV as a major phenolic constituent of wines and its association with
decreased cardiovascular disease risk in moderate wine consumers have
resulted in a tremendous increase in interest in elucidating the effects of this
polyphenolic compound and its derivatives on human health and disease.
Consequently, thediversebiologicalactivitiesandpotentialbeneficial effectsof
RSV have been studied in the past 5 years. In the following sections, I will
provide an overview of themany biochemical properties and biological effects
of RSV that could have potential clinical implications.

A. Antioxidant Activity of RSV—Potential Cardioprotective
Effect

Normal cellular metabolism generates reactive oxygen intermediates (ROI),
such as superoxide (O2

�), hydrogen peroxide (H2O2), and hydroxyl radical
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(OH�). Excessive accumulation of ROI is kept in check by the cellular anti-
oxidant defense mechanism comprised of a number of intracellular enzymes,
such as glutathione (GSH), superoxide dismutase (SOD), and catalase
(Halliwell and Gutteridge, 1999). A defect in the cells’ inherent ability to
counteract the production of ROI results in their abnormal accumulation, a
state commonly referred to as ‘‘oxidative stress.’’ Exposure of cellular macro-
molecules (lipids, proteins, and nuclei acids) to ROI results in their oxidative
modifications with deleterious potential (Packer, 1992). A classic example
of this is the oxidative modification of low-density lipoproteins (LDL)
(Esterbauer et al., 1992), the so-called ‘‘bad’’ cholesterol implicated in
atherosclerosis and increased incidence of coronary artery disease. Generated
by lipolytic remodeling of VLDL, normal circulating LDL is endocytosed via
the specific LDL receptor. While the endocytosis of normal LDL is tightly
regulated, oxidizedLDL is taken up by a nonregulated scavenger receptor sys-
tem resulting in an abnormal accumulation of LDL in monocytic subendo-
thelial cells (foam cells) (Steinberg et al., 1989). Oxidized lipoproteins provide
a permissive environment for atheroma formation and platelet aggregation,
thereby fueling the process of atherosclerosis (Steinberg et al., 1989).

Phenolic compounds present in red wine elicit antioxidant activity and
prevent LDL oxidation (Whitehead et al., 1995). In line with this, epidemi-
ological studies have linked moderate intake of wine with an appreciable
decrease in the risk of coronary artery disease, particularly in regions of
France where the diet is high in fat (Fuhrman et al., 1995). Studies have
demonstrated that RSV is a potent inhibitor of the oxidation of polyunsat-
urated fatty acids (PUFA) found in LDL, which plays a major role in
atherosclerosis (Miller and Rice-Evans, 1995). Other reports indicate that
RSV is more potent than flavonoids in preventing copper-catalyzed oxida-
tion, and as LDL has high affinity for copper, this copper-chelating activity
impedes oxidative modification of LDL (Frankel et al., 1993). Further
evidence of the protective effect of RSV on lipid accumulation was reported
in human hepatocarcinoma cells HepG2, which elicit most of the normal liver
parenchymal functions (Goldberg et al., 1995; Soleas et al., 1997). Addition of
RSV to the culture medium resulted in a dose-dependent decrease in the
intracellular concentration of Apo B, and a significant reduction in the rate of
secretion of cholesterol esters and triglycerides. The latter is an indication of
fewer VLDL and therefore lower LDL production. Although these observa-
tions provide evidence for antilipogenic and atherosclerosis-inhibitory effect
of RSV, in vivo data fall short of corroborating these findings; studies using
hyperlipidemic rabbits fed on RSV showed no decreases in serum cholesterol
levels or in atherosclerotic lesions (Wilson et al., 1996).

Through its inhibitory effect on membrane lipid peroxidation, RSV has
also been shown to reduce the toxic effects of ROI in living cells. For example,
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rat adrenal pheochromocytoma cells (PC12) exposed to ethanol-induced
oxidative death were remarkably protected in the presence of RSV (Sun et
al., 1997). In similar experiments this death inhibitory activity was attributed
to the ability of RSV to block internalization of oxidized lipoproteins. In
addition, oxidized lipoprotein-induced cell death was inhibited in neuronal
cells in the presence of RSV, indicating neuroprotective activity (Draczynska-
Lusiak et al., 1998). The antioxidant activity of RSV has also been shown to
inhibit proliferation of hepatic stellate cells (Kawada et al., 1998), a major
factor in the development of liver fibrosis, thereby suggesting a hepatopro-
tective effect. The antioxidant activity of RSV has been further corroborated
by studies demonstrating its inhibitory effect on intracellular ROI production
induced by the tumor promoter phorbol ester (Martinez and Moreno, 2000),
thereby preventing the development of a pro-oxidant milieu that favors
carcinogenesis (Cerutti, 1985). However, more recent data and our unpub-
lished results provide an interesting insight into the effect of this compound on
intracellular redox state. These data seem to support both an anti- and pro-
oxidant activity of RSV, depending on the concentration of RSV and the cell
type. For example, in human leukemia cells RSV induces an increase in
intracellular ROI, whereas in prostate cancer cells a dose-dependent decrease
in intracellular ROI, in particular O2

�, is observed (Li and Pervaiz, unpub-
lished results).

In addition to the anti-oxidant property of RSV, two other biological
effects of RSV support its cardioprotective ability. First, wine phenolics such
as RSV have been shown to modulate the production of nitric oxide (NO)
from vascular endothelium, a nitrogen species involved in inflammatory
responses (Hattori et al., 2002; Hung et al., 2000). Increased levels of NO
can cause vascular damage thereby contributing to the development of
atheromatous plaques. Second, RSV has been shown to inhibit platelet
aggregation, another major contributor in the process of atherosclerosis
(Olas et al., 2001; Orsini et al., 1997). Platelets stick to the endothelial surface
of blood vessels, can activate the process of thrombus formation, and their
aggregation could set into motion the process of vascular occlusion. Platelets
have also been linked to the synthesis of eicosanoids from arachidonic acid
that contributes to platelet adhesion (Fremont, 2000). A dose-dependent
decrease in platelet aggregation has been demonstrated with RSV, further
lending support to its preventive activity against coronary artery disease. This
has been linked to the ability of RSV to inhibit eicosanoid synthesis (Soleas et
al., 1997) (discussed in more detail in a later section).

The observations presented in the preceding section are further sup-
ported by human in vivo studies demonstrating increased antioxidant activity
in blood of moderate red wine consumers (Whitehead et al., 1995); however,
much more research needs to be done to establish that the reported beneficial
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effects on human cardiovascular, neurological, and hepatic systems are
indeed a function of RSV.

B. Anticyclooxygenase, Antilipoxygenase Activities,
and Regulation of Cytokine Secretion:
Immunomodulatory Effect

Among the various beneficial effects of the extract prepared from the roots of
P. capsidatum (the plant from which RSV was first isolated) were its magical
effects on allergic and inflammatory diseases. Invariably, these pathological
states are a direct or indirect outcome of a hyperactive immune system as a
result of an increase in activity of leukocytes that churn out excess of
biological response modifiers. The two enzyme systems involved in the
synthesis of proinflammatory mediators such as 5-HETE (5-hydroxy-
6,8,11,14-eicosatetraenoic acid), thromboxane A2, prostaglandins (PG),
and HTT (12-hydroxy-5,8,10-heptadecatrienoic acid) are the cycloxygenase
(COX) and the lipoxygenase pathways (Cuendet and Pezzuto, 2000). COX-1
(also referred to as PGH synthase) is constitutively expressed, whereas an
inducible COX-2 is also expressed constitutively in certain regions of the
brain, kidneys, and cancerous tissues. COX-2 activity, usually undetected in
normal tissues, generates proinflammatory substances by the oxygenation of
arachidonic acid to PGs (PGD2 and PGE2) (Cuendet and Pezzuto, 2000). In
addition, COX-2 can catalyze the formation of chemotactic substances such
as HHT and thromboxone A2 from PGH2 via the thromboxone synthetase
(Gierse et al., 1995). This chemotactic activity can in turn lead to platelet
aggregation. The leukocyte lipoxygenase is known to catalyze the initial
reaction that leads to the formation of 5-HETE, a stable derivative of the
peroxy form 5-HPETE (Kimura et al., 1995). These substances have high
chemotactic activity and are potent inducers of histamine release from
basophil.

The PGs have been implicated in promoting cell proliferation, suppress-
ing immune surveillance, and stimulating tumorigenesis (Gusman et al.,
2001). Owing to these deleterious effects of PGs and other inflammatory
substances generated by COX and lipoxygenase pathways, identification of
molecules with the potential to inhibit these pathways has been a major focus
of biomedical research. In this regard, the effects of stilbenes, in particular
RSV, on COX and leukocyte lipoxygenase pathways have produced inter-
esting results. RSV was found to inhibit the 5-lipoxegenase product 5-HETE
and the COX products HHT and thromboxane B2 (Kimura et al., 1985).
Based on these results, the researchers further established that this inhibitory
activity was directly responsible for the antiplatelet aggregation induced by
RSV.
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The COX and lipoxygenase inhibitory activities of RSV have also been
reported to account for its protective effect against oxidative-stress-induced
death of human erythroleukemia K562 cells (MacCarrone et al., 1999). The
mechanism of this death-inhibitory activity of RSV involved inhibition of
H2O2-induced increases in PGE2 (product of COX activity) and leukotriene
B4 (product of lipoxygenase activity) concentrations. This inhibitory effect on
COX and lipoxygenase activities has been proposed as a possible mechanism
for the antitumor activity of RSV; however, our studies (in HL60 leukemia
and T47D breast carcinoma cells) and recent data from other groups provide
evidence that the antitumor activitymay, in part, be due to its ability to trigger
apoptotic death in tumor cells (Ahmad et al., 2001; Clement et al., 1998a;
Ding and Adrian, 2002; Ferry-Dumazet et al., 2002; Huang et al., 1999;
Morris et al., 2002). Nevetheless, given the role that inflammatory mediators
play in the induction and promotion of carcinogenesis, it is plausible that both
these observed activities may play a role in cancer chemoprevention.

The anti-inflammatory activity of RSV has also been demonstrated in a
rat model of carrageenan-induced paw edema (Gentilli et al., 2001). RSV
inhibited both acute and chronic phases of this inflammatory process, with an
activity greater than that of indomethacin or phenylbutazone. This effect was
also attributed to the impairment of PG synthesis via selective inhibition of
COX-1. Similarly, preincubation with RSV decreased arachidonic acid
release and COX-2 induction in mouse peritoneal macrophages stimulated
with tumor promoter PMA, ROI, or lipopolysaccharides (LPS) (Tsai et al.,
1999). Gene transfer experiments using a reporter construct containingCOX-
2-luciferase confirmed that RSV-mediated decrease in COX-2 activity was
indeed due to its inhibitory effect on protein kinase C (PKC)-driven activation
ofCOX-2 transcription (Subbaramaiah et al., 1998). Amore detailed account
of the effect of RSV on gene transcription and transcriptional factors will be
presented in a later section.

The effect of RSV on macrophages and polymorphonuclear cells
(PMN) has also been evaluated. These cells are the major players in the
body’s response to immunogenic challenges, and biological response modifier
secreted from these cells can contribute to the development of disease states
such as allergy and inflammation (Harlan, 1987). One classic model of
macrophage activation is the bacterial LPS. Under normal physiological
settings this activation leads to a moderate increase in iNOS activity resulting
in NO production that has bactericidal effects. However, abnormally high
concentrations of NO and its derivatives peroxynitrite and nitrogen dioxide
give rise to inflammation and have been shown to contribute to the process of
carcinogenesis (Halliwell, 1994). In this regard, exposure of RAW 264.7
macrophage cells to LPS resulted in the induction of iNOS and the resultant
release of nitrite into the culture medium (Tsai et al., 1999; Wadsworth and
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Koop, 1999). Preincubation of cells with RSV resulted in a dose-dependent
inhibition of iNOS induction, and decreases in the steady-state levels of iNOS
mRNA and protein. In contrast, RSV has also been shown to activate NO
production through the induction of NOS activity in cultured bovine pulmo-
nary artery endothelial cells (Hsieh et al., 1999b). In this model the vaso-
dilatory activity of NO has been proposed as a possible mechanism for the
prevention of initiation of atherosclerosis.

The effect of RSV on PMN-induced proinflammatory signals has also
been investigated. In these series of experiments, PMN were stimulated by
exposure to formyl methionyl leucyl phenylalanine (fMLP), the complement
fragment C5a, the Ca2+ ionophore A23187, or a monoclonal antibody to the
h2-integrin Mac-1, and the effects on ROI production, neutrophil degranu-
lation, and the cell surface expression ofMac-1 were assessed (Rotondo et al.,
1998). Enhanced ROI generation by PMN can result in membrane lipid
peroxidation, endothelial damage, and increase in vascular permeability.
Degranulation of neutrophils can result in the release of enzymes such as
elastase and h-glucoronidase, which have also been linked to endothelial
damage and subendothelial smooth muscle proliferation (Harlan, 1987;
Totani et al., 1994). A third major contributor to endothelial injury is the
increase in the cell surface expression of adhesionmolecules of theh-2 integrin
family such as CD11a/CD18 (LFA1), CD11b/CD18 (Mac-1), and CD11c/
CD18 (p150/95) (Arnaout, 1990). RSV remarkably inhibited ROI produc-
tion, release of elastase and h-glucoronidase from neutrophil granules, and
the cell surface expression of the h2 integrinMAC-1, upon PMN stimulation.
These results strongly indicate that RSV elicits inhibitory effect at all
physiological phases of the inflammatory response, i.e., from the initial
recruitment of PMNs to their activation and the subsequent release of
inflammatory mediators. As the inflammatory response is a critical common
denominator in the development of many systemic disorders, such as athero-
sclerosis and carcinogenesis, the strong anti-inflammatory activity of RSV
could have tremendous clinical implications.

C. RSV and Transcription Factors: Regulation of Gene
Expression

Thus far we have discussed the biological effects of RSVon a variety of critical
biochemical pathways involved in normal cellular physiology. This includes a
direct or indirect effect on gene expression, a process controlled by a class of
proteins called transcription factors. Transcription factors bind to upstream
DNA sequences to activate the transcription of DNA to mRNA. The
upstream signals to trigger nuclear localization (for those transcription
factors that are normally extranuclear) and DNA binding of these transcrip-
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tion factors vary depending on the stimulus, the cell type, and the intended
response. One of the most striking biological activities of polyphenolics such
as RSV is their remarkable anti-inflammatory potential (as described in the
preceding section). Owing to this association, there has been a lot of interest in
investigating the effect(s) of RSV and its derivatives on transcription factors
that regulate the expression of inflammatory mediators, such as tumor
necrosis alpha (TNF-a), interleukin 1(IL-1), IL-6, and iNOS (Manna et al.,
2000; Wadsworth and Koop, 1999). These include C/EBP, fos/jun, AP-1, and
the Rel family of transcription factors, in particular NF-nB.

The proinflammatory, carcinogenic, and growth-modulating effects of
many compounds are mediated by NF-nB (Miagkov et al., 1998; Suganuma
et al., 1999), and therefore, considering the anti-inflammatory and growth-
inhibitory properties of RSV, a significant amount of work is underway to
elucidate the effect of RSV on NF-nB activity. NF-nB is comprised of two
proteins of 50 kD and 65 kD and in its unstimulated form resides in the
cytosol in a complex with an inhibitory subunit InB. Activation-induced
phosphorylation of InB results in its degradation, thus allowing NF-nB to
enter the nucleus and activate gene transcription (Pahl, 1999). The effect of
RSV on the activation of NF-nB induced by a variety of inflammatory agents
was investigated in myeloid (U937), lymphoid (Jurkat), and epithelial (HeLa)
cell lines. Results indicated that the presence of RSV prevented the activation
of NF-nB triggered by exposure of these cell types to TNF, PMA,H2O2, LPS,
okadaic acid, and ceramide (Manna et al., 2000).

Inhibition of TNF-induced activation by RSV was not only shown by
electrophoretic gel moblity shift assays (EMSA), but also confirmed by
specific antibodies against the p50 and p65 subunits (of NF-nB) and by the
ability of the cold NF-nB to completely inhibit the shift in gel mobility. The
mechanism ofRSV-induced inhibition ofNF-nB activity is distinctly different
from that reportedwith chemicalmodifiers ofNF-nB subunits that prevent its
DNA-binding activity, such as herbimycin A and caffeic acid phenylethyl
ester; RSV does not affect DNA-binding activity of NF-nB or other tran-
scription factors such as SP-1 orOct-1. However, the report provides evidence
to support inhibition of TNF-induced phosphorylation and nuclear localiza-
tion of the p65 subunit by RSV. Alternatively, RSV has also been shown to
inhibit the phosphorylation (inactivation) and degradation of InBa (Holmes-
McNary and Baldwin, 2000), which sequesters NF-nB in the cytoplasm,
although results to the contrary have also been reported (Ashikawa et al.,
2002).

The ability of RSV to inhibit NF-nB activation triggered by a diverse
class of stimuli that engage different intracellular signaling complexes sug-
gests that RSV interferes with the activation of this critical transcription
factor at a step common tomany stimuli and signal transduction pathways. In
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this regard, an attractive candidate could be the intracellular level of ROI, as
ROI are induced by most of the stimuli mentioned in the particular study.
Considering that NF-nB is a pleiotropic transcription factor involved in
diverse pathways ranging from endotoxin-induced inflammation to cell
proliferation and oncogenesis to signals that turn on the cells’ suicide
program, molecules such as RSV that interfer with the activation of NF-nB
are of particular interest to biologists and clinicians. However, it must be
pointed out that there is some controversy regarding the inhibitory activity of
RSV on NF-nB. For example, in a macrophage model of LPS-induced
inflammatory response RSV had no effect on NF-nB activation (Wadsworth
and Koop, 1999), and the authors contended that RSV had a more selective
action on genes activated by LPS independent of NF-nB.

NF-nB is not the only transcription factor affected byRSV.Most agents
that activate NF-nB also activate another transcription factor, AP-1 (activa-
tor protein 1) (Karin et al., 1997). RSV has been shown to inhibit TNF-
induced activation of AP-1 (Manna et al., 2000). The activation of AP-1 is
mediated by JNK (c-Jun N-terminal protein kinase) and the upstream kinase
MEK (mitogen-activated protein kinase kinase, or MAPKK) (Karin and
Delhase, 1998). TNF-induced activities of JNK and MEK were inhibited by
RSV, thus providing a possible mechanism for AP-1 inhibition (Manna et al.,
2000). Interestingly, among the proteins induced upon activation of NF-nB
and AP-1 are iNOS and COX-2 (Hwang et al., 1997; von Knethen et al.,
1999), two enzymes inhibited by RSV. Thus it is possible that RSV inhibits
iNOS and COX-2 via its inhibitory effect on these transcription factors. It is
also plausible that the expression of other genes regulated by NF-nB or AP-1,
such as matrix metalloproteinase 9 (MMP-9), and cell surface adhesion
molecules ICAM-1 and VCAM-1 (Collins et al., 1995; Sato and Seiki,
1993), which have been implicated in carcinogenesis, may also be muted
upon exposure toRSV.Consistent with this, a recent report has demonstrated
that RSV suppresses carcinogenesis in rats via downregulation of MMP9
(Banerjee et al., 2002).

The expression/function of the androgen receptor (AR), a transcription
factor belonging to the nuclear steroid hormone receptor family, is also
inhibited by RSV in prostate cancer cells (Mitchell et al., 1999). This tran-
scription factor is an essential mediator of androgen action, controls the
transcription of androgen-inducible genes such as PSA (prostate-specific
antigen), and is implicated in the development of prostate cancer (Culig et
al., 2002). Exposure of LNCaP (prostate cancer cell line) cells to RSV resulted
in inhibition of growth of this androgen-responsive cell line via pathways that
involved a decrease in the expression and function of the AR; the transcrip-
tional activity of PSA was dramatically reduced upon RSV treatment of the
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prostate cancer cell line (Hsieh and Wu, 1999, 2000). In addition, RSV has
been shown to possess both estrogen agonist and antagonist activities (Basly
et al., 2000; Lu and Serrero, 1999). Estrogens act via binding to the estrogen
receptor (ER), another member of the nuclear receptor superfamily. This
ligand-receptor binding brings about transcriptional activation of estrogen-
responsive target genes (Gusman et al., 2001). In studies using human breast
carcinoma cells (MCF-7), exposure to RSV resulted in activation of tran-
scription of genes (transfected in MCF-7 cells) responsive to estrogen (Gehm
et al., 1997). This activity was dependent upon the presence of the estrogen
response element (ERE) sequence and the type of ER; higher transcriptional
activity with ERh than ERa. However, the reported superagonist activity of
RSV in the presence of estradiol was contradicted by reports demonstrating
antiestrogenic activity of RSV; RSV suppressed estradiol-induced progester-
one receptor expression (Lu and Serrero, 1999).

In another breast cancer cell line, T47D (estrogen dependent), low
concentrations ofRSV (10 AM) resulted in an increase in cell proliferation and
growth (Gehm et al., 1997), whereas at relatively higher concentrations the
cells underwent apoptotic death (Clement et al., 1998a). These opposing
actions of RSV have given rise to some controversy with respect to the use of
RSV or similar compounds as therapeutic agents against ER+ breast cancer
cells. The estrogenic activity of RSV has also been demonstrated in ER+
pituitary cells, which undergo a significant increase in prolactin secretion
(Stahl et al., 1998), and in MC3T3-E1 osteoblastic cells, which respond to
RSV by increasing alkaline phosphatase and hydroxylase activity (Mizutani
et al., 1998), indicating estrogenic and bone loss preventive effect. Despite this
in vitro evidence suggesting strong estrogenic activity of RSV, in vivo studies
(so far) using rat models have failed to corroborate the in vitro data (Ashby et
al., 1999; Freyberger et al., 2001; Turner et al., 1999).

In the first reported cancer chemopreventive activity in vivo, RSV was
shown to inhibit tumor formation induced by the aryl hydrocarbon DMBA
(7,12-dimethylbenzanthracene) (Jang et al., 1997). The genotoxicity of aryl
hydrocarbons is a function of their metabolic activation via binding to the
aryl hydrocarbon receptor (AHR), a cytosolic protein that translocates to the
nucleus upon ligand binding (Hayashi et al., 1994). Once in the nucleus, AHR
forms a heterodimer with the aryl hydrocarbon nuclear translocator, thus
forming a transcription factor that initiates the transcription of a number of
genes (Rowlands and Gustafsson, 1997). The best-characterized response to
AHR activation is the increase in transcription of the CYP1A1 gene, which
encodes for the cytochrome P450 (CYP450) isozyme CYP1A1 (Ciolino et al.,
1998). CYP450 isozymes belong to a family of constitutive and inducible
heme-containing enzymes involved in the metabolism of a wide variety of
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substances, including carcinogens such as aromatic hydrocarbons and het-
erocyclic amines (Murray, 2000; Nelson et al., 1996). The metabolized active
forms of carcinogens can subsequently interact with human DNA and cause
mutations.

Considering their carcinogenic potential, approaches aimed at directly
inhibiting enzyme activity or upstream inhibition of the transcription of
CYP450 genes have been proposed as probable strategies for cancer preven-
tion (Murray, 2000). The effect of RSV on AHR function and CYP1A1
transcription has been the focus of intense investigations. These studies
provide ample evidence that RSV inhibits AH-induced CYP1A1 expression
at the mRNA and protein levels (Casper et al., 1999; Ciolino et al., 1998;
Ciolino and Yeh, 1999). In experiments done with DMBA, RSV inhibited the
binding of the nuclear AHR to the xenobiotic-response element of the
CYP1A1 promoter without directly binding to the AHR (Chang et al.,
2001). Similar effects of RSV on other CYP450 isozymes, such as CYP1A2
andCYP3A4, have also been documented (Bhat and Pezzuto, 2002; Chan and
Delucchi, 2000). Considering that CYP450s are overexpressed in a variety of
human tumors, the strong inhibitory effect of RSV and similar compounds
could have tremendous implications for the prevention and treatment of
cancer.

Any discussion on transcription factors will not be complete without the
mention of the tumor suppressor p53. p53 serves as the guardian of the
genome by regulating the cell cycle (prevents progression through S phase)
and activating the transcription of DNA repair enzymes such as GADD45,
thereby preventing damaged DNA from being replicated (Steele et al., 1998).
In addition, p53 can activate the transcription of genes involved in the
apoptotic pathway, thus ensuring deletion of damaged or unwanted cells
(Flatt et al., 2000). Loss-of-function mutations of p53 are associated with an
increased incidence of tumor formation (Hussain et al., 2000). The effect of
RSV on intracellular p53 level and its transcriptional activity has been studied
in cancerous and noncancerous cell lines. In one such study involving cultured
bovine pulmonary artery endothelial cells, RSV was shown to induce accu-
mulation of p53 with the resultant increase in transcription of the cyclin-
dependent kinase (cdk) inhibitor p21Wafl/Cipl and cell cycle arrest (Hsieh et al.,
1999b). This prevents proliferation of endothelial cells, a factor that may
explain the cardioprotective effect of red wine polyphenols. In a different
model using mouse JB6 epidermal cell line, RSV was shown to increase the
transactivation of p53 activity by specifically activating phosphorylation at
serine 15,mutation ofwhich abrogates the apoptotic activity of p53 (She et al.,
2001). This was linked to an upstream activation of the MAP kinases, in
particular ERKs (extracellular signal-regulated protein kinase) and p38
kinase. Similarly, gene knockout of p53 (p53�/�) in mouse fibroblasts
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resulted in complete resistance to RSV-induced death, further supporting the
involvement of p53 in the biological activity of RSV (Huang et al., 1999).

D. Regulation of Cell Proliferation and Apoptosis:
Cancer Chemopreventive Activity

Since its reported cancer chemopreventive activity in a mouse model of
carcinogenesis, there has been a flurry of papers reporting the effects of
RSV on critical events that regulate cellular proliferation and growth. In this
regard, biochemical pathways involved in differentiation, transformation, cell
cycle regulation, and cell death induction have all been demonstrated as
potential targets of RSV (Bhat and Pezzuto, 2002; Gusman et al., 2001; Joe et
al., 2002; Soleas et al., 2001a). In the preceding sections describing the diverse
signaling networks impacted by RSV, I touched on some of the intricate
pathways operational in carcinogenic transformation of cells. These include
intracellular generation of ROI, activation of protein kinases, induction of
enzymes that generate proinflammatory mediators such as COX and lipoxy-
genase, activation of transcription factors such as NF-nB, AP-1, CYP1A1,
AHR, and p53, growth stimulation of estrogen-responsive cells, etc. As
remarkable as it seems, the regulatory/inhibitory effect of RSV on these
signal transduction pathways has generated tremendous interest in its clinical
chemopreventive and chemotherapeutic potential.

Depending on its concentration, RSV can both stimulate (as shownwith
ER+ breast cancer and pituitary cells (Mizutani et al., 1998) and inhibit cell
proliferation (Clement et al., 1998a; Joe et al., 2002; Pervaiz, 2001). Generally,
at the concentrations used in vitro the effect is predominantly antiprolifer-
ative, as demonstrated in a variety of cancer cell lines (Bhat and Pezzuto,
2002). The mechanism(s) for this growth inhibitory activity of RSV could be
due to its ability to block ribonucleotide reductase, a complex enzyme that
catalyzes the reduction of ribonucleotides into the corresponding deoxyribo-
nucleotides (Fontecave et al., 1998). Inhibitors of ribonucleotide reductases,
such as gemcitabine (2’-difluoro-2’-deoxycytidine), have been in clinical use
owing to their inhibitory effect on DNA synthesis (Grunewald et al., 1992). A
second probable mechanism for the observed antiproliferative activity of
RSV could be its ability to inhibit DNA polymerase (Tsan et al., 2002) or
ornithine decarboxylase (Schneider et al., 2000), a key enzyme involved in
polyamine synthesis that is increased in cancer growth. The antioxidant
activity of RSV could be yet another mechanism for growth inhibition, as a
slight prooxidant intracellular milieu, an invariable finding in cancer cells
(Cerutti, 1985), is a strong stimulus for proliferation. However, recent
findings and our unpublished data (Li Ying and S. Pervaiz) provide evidence
to suggest that RSV can both inhibit and stimulate intracellular ROI
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production, depending on the cell type. These data may help to explain the
conflicting data demonstrating pro- and antiproliferative effects of RSV on
mammalian cells.

Acquisition of the cancer phenotype is a process that involves dysregu-
lated growth, an outcome of enhanced proliferation and resistance to
apoptotic triggers. Regulation of growth and proliferation in untransformed
cells is maintained by tight control of the cell cycle by the cell cycle checkpoint
proteins, in particular p53, Rb, p27, and the cdk-inhibitor p21Wafl/Cipl. Any
alteration in the normal functioning of these proteins allows for the cells to
undergo unabated cycling resulting in accumulation of DNA mutations, a
prerequisite for carcinogenesis. A number of studies have now established
that RSV inhibits cellular proliferation by inducing cell cycle arrest in the G1/
S phase (Bhat and Pezzuto, 2002). In CEM-C7H2 acute leukemia cells and
MCF-7 breast cancer cells exposure to RSV resulted in accumulation of cells
in the S phase (Bernhard et al., 2000; Joe et al., 2002). Exposure to RSV also
resulted in a transient increase in the expression of G1/S regulators, such as
cyclin D1, cdk4, and cyclin E, in MCF-7 cells (Pozo-Guisado et al., 2002);
cyclins D1 and E are responsible for S-phase entry. These cells ultimately
undergo apoptotic death, unlike the breast cancer cell line MDA-MB-231
where cell cycle activation or upregulation of p21, p53, or p27 did not occur
and the mode of inhibition of cell proliferation was attributed to nonapototic
death of the cells (Pozo-Guisado et al., 2002). Interestingly, the compound
was extremely effective against a highly invasive breast carcinoma cell line,
MDA-MB-435 (Hsieh et al., 1999a). Similarly, RSV treatment has been
shown to induce cell cycle arrest in human promyelocytic leukemia HL60
cells at the S/G2 phase transition and a subsequent increase in the number of
cells in the G1/S phase, brought about by an increase in cyclins A and E and
inactivation of cdc2 (Ragione et al., 1998).

In another study usingA431 epidermoid cancer cells, RSVdecreased the
levels of cyclins D1, D2, E, and cdk2 and cdk4/6 (Ahmad et al., 2001). RSV
has also been shown to induce changes in the cell cycle in prostate cancer
LNCaP cells with a significant decrease in the levels of prostate-specific
antigen (PSA) (Hsieh and Wu, 1999). Suppression of cell cycle progression
through the S and G2 phase and a concomitant increase in the expression of
p53 and p21Wafl/Cipl has also been demonstrated in pulmonary epithelial cells
upon exposure to RSV (Hsieh et al., 1999b). In contrast, RSV has been shown
to stimulate proliferation and differentiation ofMC3T3-E1 osteoblast cells as
shown by an increase in DNA synthesis, alkaline phosphatase, and hydrox-
ylase activity–estrogenic effect (Mizutani et al., 1998). Collectively, the effect
of RSV on growth and cell cycle control proteins seems to vary between cell
types.

Although, some of the in vitro biological effects of RSV have not been
corroborated in vivo, there is evidence to support the antiproliferative and
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growth-inhibitory activity in animal models of carcinogenesis. For instance,
RSV-treated mice developed fewer tumors in response to DMBA and PMA
(Jang et al., 1997). Similar effects were observed in a rat tumor model (Carbo
et al., 1999). Our group was the first to investigate the mechanism of the
reported cancer-chemopreventive activity of RSV. Using HL60 human
leukemia and T47D breast carcinoma cells, we showed that the decrease in
incidence of tumors in RSV-treated mice could be due to targeted killing of
the tumor cells by RSV. Both cell lines exhibited classic hallmarks of
apoptotic death (Clement et al., 1998a; Pervaiz, 2001). Apoptosis is a
programmed series of events triggered in response to death receptor ligation,
such as CD95/Apo1/Fas or TNF-r, or exposure to genotoxic agents such as
anticancer drugs, or exposure to UV irradiation (Hengartner, 2000). The
commitment and execution phases of this death pathway depend on an
intricate cross-talk between the caspase family of intracellular cystine pro-
teases and amplification factors derived from themitochondria (Pervaiz et al.,
1999b; Thornberry, 1998). In a classic death receptor model (CD95 ligation)
early recruitment and activation of the initiator caspase-8 results in direct
activation of downstream caspases leading to the executioner caspase-3
activation and cellular disassembly or can engage the mitochondrial death
pathway to trigger the release of apoptogenic factors such as Cyt.C, apopto-
sis-inducing factor (AIF), and Smac/Diablo. Cyt.C can complex with cyto-
solic Apaf-1 (apoptosis-protease-activating factor-1) and procaspase 9 in the
presence of dATP to form the apoptosome (Scaffidi et al., 1998). Once
assembled, this complex then activates caspase 9, which then engages caspase
3, resulting in DNA fragmentation and death.

Caspase-8-dependent recruitment of the mitochondria is facilitated by
the proapoptotic Bcl-2 family proteins Bax and Bid (Korsmeyer, 1999), which
can translocate to the mitochondria and trigger mitochondrial permeability
transition by changing the conformation of the mitochondrial inner mem-
brane pore (PT pore) (Green and Kroemer, 1998). Owing to the critical role
that mitochondria play in the execution of the apoptotic signal and the fact
that the death inhibitory protein Bcl-2 was first isolated as a mitochondrial
protein, they have become attractive candidates for the design of targeted
therapies. Our initial findings showed that exposure of HL60 cells to RSV
resulted in changes in the mitochondrial transmembrane potential and release
of Cyt.C, suggesting a mitochondrial-specific activity of RSV (Clement et al.,
1998a; Pervaiz, 2001). Since these observations, a number of other reports
have corroborated the mitochondrial-dependent apoptotic activity of RSV
against a variety of tumor cell lines (Dorrie et al., 2001;Mahyar-Roemer et al.,
2001; Roman et al., 2002; Tinhofer et al., 2001).

There are also reports indicating upregulation of the proapoptotic
protein Bax and downregulation of Bcl-2 upon exposure to RSV (Tessitore
et al., 2000). However, a recent report (Mahyar-Roemer et al., 2002) and our
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data (K. Ahmad and S. Pervaiz; unpublished results) seem to suggest that
RSV-mediated apoptosis is independent of Bax as gene knockout of Bax
(Bax�/�) did not alter tumor cell sensitivity to RSV. In addition, we showed
that pretreatment of cells with relatively low doses of RSV can sensitize the
cells to drug-induced apoptosis (Pervaiz, 2001), thereby suggesting a potential
synergistic activity that could be of clinical relevance. However, our more
recent findings indicate that RSV can facilitate or inhibit the death signal and
that this effect is dependent on whether RSV elicits a pro- or antioxidant effect
in the cell type. For example, exposure of HL60 and LNCaP cells to similar
concentrations of RSV resulted in a distinctly different effect on the cellular
redox state; RSV increase intracellular O2

� in HL60 cells whereas a dose-
dependent drop is observed in LNCaP cells (Li and Pervaiz; unpublished
results).

The involvement of p53 and p21 (as discussed in the preceding section)
has also been reported in the apoptotic response elicited by RSV. As p53
controls the transcription of a number of essential mediators of apoptosis,
such as CD95/Apo1/Fas, Bax, p21, etc., the p53 dependence of RSV-induced
apoptosis is of particular importance. In our earlier report we showed that
RSV-induced apoptosis in HL60 and T47D cells was mediated by upregula-
tion of CD95-CD95L interaction, thereby resulting in death of CD95-
expressing cells (Clement et al., 1998a). A number of other apoptosis-inducing
agents have been shown to sensitize tumor cells by enhancing the interaction
between the CD95 receptor and its ligand (Micheau et al., 1997). However,
CD95-independent death signaling has also been demonstrated in other cell
lines (Bernhard et al., 2000; Tsan et al., 2000). In a recent report, suppression
of DMBA-inducedmammary carcinogenesis by RSV in rats was linked to the
inhibition of COX-2 and MMP9 expression and blocking of NF-nB activa-
tion (Banerjee et al., 2002).

In contrast to its apoptosis-inducing activity, RSV has also been shown
to inhibit apoptosis in some systems. In this regard, an earlier report indicated
that RSV interfered with H2O2-induced apoptotic signal (MacCarrone et al.,
1999). We have previously shown that H2O2 triggers apoptosis by decreasing
intracellular O2

� and cytosolic pH (Clement et al., 1998b), thus creating a
permissive intracellular milieu for death execution (Pervaiz and Clement,
2002). A slight increase in intracellular O2

� can inhibit receptor or drug-
induced apoptosis via direct or indirect effect on spase activation pathways
(Clement and Stamenkovic, 1996; Pervaiz et al., 1999a). Our recent data (K.
Ahmad and S. Pervaiz; unpublished results) indicate that the inhibitory effect
of RSV on H2O2-induced apoptosis is mediated by its prooxidant activity in
HL60 cells (increase in intracellular O2

�), which prevents H2O2-mediated drop
in intracellular O2

� and cytosolic pH, thus creating a nonconducive environ-
ment for apoptotic execution.
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IV. CONCLUDING REMARKS

The body of evidence presented in this chapter speaks volumes for the clinical
potential of wine polyphenolics such as RSV and related compounds. The
relatively simple chemical structure enables RSV to interact with receptors
and enzymes, giving rise to biological effects such as suppression of growth,
induction of differentiation, inhibition of ROS production, cell cycle regula-
tion, inhibition of lipid peroxidation, downregulation of proinflammatory
mediators, regulation of gene expression by impacting transcription factor
activity, and upregulation of death-inducing factors. These in vitro effects
have been corroborated in some studies demonstrating the beneficial effects
on the cardiovascular, neurological, and hepatic systems; however, the most
exciting in vivo data relate to its cancer chemopreventive and chemothera-
peutic activity. Because of the diverse biological activity, RSV and related
compounds have joined with many other promising agents being investigated
for their disease-preventive and therapeutic potential. Being a natural con-
stituent of wine, fruits, and nuts, and owing to the fact that it has no untoward
effects on normal cells or tissues, RSV is under preclinical scrutiny. The
outcome of these studies will provide the definite answer to the real clinical
potential of this remarkable compound.
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I. INTRODUCTION

Ginseng is a medicinal plant widely used for the treatment of various diseases
such as cancer, diabetes, and cardiovascular diseases, as well as for improving
immune function and vitality. In this chapter, we review recent studies on the
effects of ginseng on various diseases, particularly on diabetes, hypertension,
and cancer. Ginseng improves glucose homeostasis and insulin sensitivity. It
exerts cytotoxic and antimetastatic activities against various kinds of cancer
cell lines, and induces differentiation or apoptosis of several cancer cells.
Furthermore, ginseng has been reported to have an antineoplastic effect by
enhancing immune function. An antihypertensive effect of ginseng is shown to
occur by the enhanced synthesis and release of nitric oxide (NO). In addition,
ginseng exerts antiatherosclerotic and antiplatelet effects. This chapter pro-
vides useful information on the pharmacological and clinical usage, and also
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suggests a method to conduct further study on ginseng to identify its potential
effects.

The root of Panax ginseng C. A. Meyer, known as Korean ginseng, has
been a valuable and important folk medicine in East Asian countries,
including China, Korea, and Japan, for about 2000 years. Panax is derived
from the word ‘‘panacea,’’whichmeans a cure-all for diseases and a source of
longevity as well as physical strength and resistance. As the use of traditional
Chinese herbs for medicinal and dietary purposes becomes increasingly
popular in Western countries, sales of P. ginseng are increasing in North
America and Europe as well as other parts of the world.

Active constituents found in most ginseng species include ginsenosides,
polysaccharides, peptides, polyacetylenic alcohols, and fatty acids (1). The
major active components in P. ginseng are the ginsenosides, a group of
saponins with triterpenoid dammarane structure (2). More than 30 ginseno-
sides have been isolated (3), and novel structures continue to be identified,
particularly from Panax quinquefolius and Panax japonica as well as P.
ginseng berry (4,5). Pharmacological effects of ginseng have been demon-
strated in cancer, diabetes, and the cardiovascular, immune, and central
nervous systems including antistress and antioxidant activity (6). This review
focuses on the effects of ginseng on diabetes, anticancer activity, and the
immune, and cardiovascular systems.

II. STRUCTURAL PROPERTY OF GINSENG

Ginsenosides, known as saponins, are the major components of ginseng (Fig.
1). Ginsenosides have a steroidal skeleton with a modified side chain at C-20
(7,8). They differ from one another by the type of sugar moieties, their num-
ber, and their site of attachment. Among the saponins, the genuine sapogenins
20(S)-protopanaxa-diol and -triol have been identified as 20(S) 12h-hydroxyl-
and 20(S) 6a, 12h-dihydroxy-dammarenediol-II, respectively (9). Some part-
ly deglycosylated saponins such as ginsenoside Rh1, Rh2, and Rg3 are
obtained from red ginseng as artifacts produced during steaming. Stepwise
deglycosylated compounds such as compound K and 20(S)-protopanaxadiol
can be generated through metabolic transformation by human intestinal
bacteria. Ginsenoside Rg1 is converted into 20(S)-protopanaxatriol via
ginsenoside Rh1. The binding of the sugar has been shown to influence
biological activity. Rh1 and Rh2 are structurally similar, but have different
activity. Ginsenoside Rh2 has been shown to decrease growth of B16-BL6
melanoma cells, and stimulates melanogenesis and cell-to-cell adhesiveness.
However, Rh1 has no effect on cell growth and cell-to-cell adhesiveness, but
stimulates melanogenesis (10). Although both Rh2 and Rh3 induce differen-
tiation of promyelocytic leukemia HL-60 cells into morphological and
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functional granulocytes, the potency ofRh2 is higher (11). Another factor that
contributes to structural difference between ginsenosides is stereochemistry at
C-20. Although both 20(S)- and 20(R)-ginsenoside Rg2 inhibit acetycholine-
evoked secretion of catecholamines from cultured bovine adrenal chromaffin
cells, the 20(S) isomer has a greater inhibitory effect (12). Structural changes
after oral administration also contribute to diversity. Certain ginsenosides
such as Rb1 and Rg1 are poorly absorbed after injection (13). Rb1 was
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hydrolyzed to compound K by intestinal flora (14); compound K was shown
to increase the cytotoxicity of antineoplastic drugs (15) and to induce
apoptosis in B16-BL6 melanoma cells (16).

The other major bioactive ingredient of ginseng is polysaccharide.
Acidic polysaccharides found in ginseng such as ginsan (17,18), ginsenan S-
IA, and ginsenan S-IIA (19) have been reported to have potential immuno-
logical activities. Ginseng’s immunomodulatory effects may be one of its
antitumor mechanisms. Ginseng polysaccharide GH1 reduces blood glucose
and liver glycogen of mice (20). A high-output inducible nitric oxide synthase
(iNOS) was shown in female BALB/c mice administered intraperitoneally
(i.p.) with acidic polysaccharide from ginseng (21). Rhamnogalacturonan II
from the leaves of P. ginseng C. A. Meyer acts as a macrophage Fc receptor
expression-enhancing polysaccharide (22).

These structure-activity relationships are useful for understanding
previously identified, bioactive components of ginseng, and to isolate and
develop new therapeutic ingredients of ginseng.

III. REDUCTION OF BLOOD GLUCOSE LEVEL
AND IMPROVEMENT OF DIABETES TREATMENT

Diabetes, affecting almost 3% of the world’s population, is one of the major
global health problems. In particular, there is a high incidence among the
elderly population. It has been shown that the root of P. ginseng and other
ginseng species has antihyperglycemic activity in vitro (23,24) and in vivo (25–
28). More than 90% of patients with diabetes have type 2 diabetes, which is
related to aging and diet. Although type 2 diabetes is more common and has
serious complications, even reducing life expectancy by 8–10 years (29), most
in vivo animal studies using ginseng have been conducted using type 1 rather
than type 2 diabetesmodels. In this study, we focus on the effects of ginseng on
type 2 diabetes.

The root of P. ginseng has been used to improve glucose homeostasis
and insulin sensitivity (30) and clinically to treat type 2 diabetes (2,31). It has
been observed that blood glucose level falls significantly in genetically obese
diabetic mice after treatment with a single 90 mg/kg ginseng root extract at an
i.p. dose (28). It has also been demonstrated that 3 g of American ginseng root
given 40 min before a test meal significantly lowered blood glucose level in
nondiabetic subjects and type 2 diabetic patients (32). Oral administration of
P. ginseng root to diabetic KKAy mice for 4 weeks reduced blood glucose
levels similar to that of an insulin sensitizer (rosiglitazone)-treated group (33).
Moreover, ginseng therapy for type 2 diabetes elevates mood, improves
psychophysical performance, and reduces fasting blood glucose and body
weight. A 200-mg dose of ginseng improves glycated hemoglobin, serum lipid,
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amino-terminal propeptide concentration, and physical activity. These obser-
vations suggest that ginseng is beneficial for patients with type 2 diabetes and
to prevent development of diabetes in nondiabetic subjects.

The main component of P. ginseng is ginsenosides (ginseng saponins).
Ginsenoside Rb2 was found to be the most effective component of ginseno-
sides for streptozotocin-diabetic rats (27). Rats treated with ginsenoside Rb2
had a significant decrease in blood glucose levels with increased activity of
glucokinase and decreased activity of glucose-6-phosphatase. Recently, anti-
hyperglycemic and antiobese effects of P. ginseng berry extract have been
demonstrated, and its major constituent, ginsenoside Re, has been observed
(5). Treatment with the berry extract by daily i.p. injection for 12 days in obese
diabetic C56BL/6J mice reduced glucose to levels similar to normal control
value; after treatment the mice also had significantly improved glucose
tolerance. The improvement of blood glucose level in the extract-treated ob/
ob mice is associated with a significant reduction in serum insulin level in fed
and fasting mice. A hyperinsulinemic-euglycemic clamp study revealed more
than a twofold increase in the rate of insulin-stimulated glucose disposal in
treated ob/ob mice. In addition, the extract-treated ob/ob mice lost a signif-
icant amount of weight, which was associated with a significant reduction in
food intake and very significant increase in energy expenditure and body
temperature.

Several studies have investigated the mechanism responsible for the
antidiabetic effect of P. ginseng. Postulated mechanisms of lowering blood
glucose by ginseng are as follows.

A. Modulation of Insulin Secretion

Some ginseng fractions have been observed to increase the blood insulin level
and glucose-stimulated insulin secretion in alloxan-induced diabetic mice
(24). This effect may also be mediated by increased NO synthesis of ginseng.
Recently, it has been shown that NO stimulates glucose-dependent secretion
of insulin in rat pancreatic islet cells (34).

B. Modulation of Digestion and Absorption of Carbohydrates

An inhibition of neuronal discharge frequency from the gastric compartment
of the brain stem in rats has been observed (35), and inhibition of gastric
secretion by Asian ginseng has also been observed in rats (36). The anti-
diabetic effect of ginseng root has also been shown to block intestinal glucose
absorption and inhibit hepatic glucose-6-phosphatase activity (33). These
results suggest that ginseng triggers digestion of food and decreases the rate of
carbohydrate absorption into the portal hepatic circulation.
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C. Control of Blood Glucose Level

Two recent epidemiological cohort studies found that a reduction in dietary
glycemic index (GI, an indicator of carbohydrate’s ability to raise blood
glucose level) between the highest and lowest quintiles decreases the risk of
developing diabetes (37,38). The difference in GI between these quintiles for
nondiabetic subjects and for subjects with type 2 diabetes has been observed
after oral administration of ginseng before oral glucose administration (32). It
has been suggested that ginseng is useful for healthy people to prevent
diabetes, and for type 2 diabetes patients to improve glycemic control (39).
More studies are required to confirm that ginseng administration decreases
the GI. If this is the case, ginseng may be useful in the conventional treatment
of diabetes. Before ginseng’s therapeutic benefit in these areas is claimed,
studies of the efficacy of long-term administration using hemoglobin A1c
(HbA1c) as a surrogate end-point marker and dose response are required.

D. Effect on Glucose Transport

P. ginseng has been shown to increase both glucose transporter-2 protein in
the liver of normal and hyperglycemicmice (40) and glucose uptake into sheep
erythrocytes in a dose-dependent manner (41). Recently, it has been shown
that insulin-stimulated glucose uptake in rat skeletal muscles and adipose
tissue is NO-dependent (42). Evidence suggests that ginseng can increase
NO. IncreasedNO synthesis by ginseng in the endothelium of the lungs, heart,
and kidney and in the corpus cavernosum has been detected (3).

E. Regulation of Adipogenic Transcription Factor Peroxisome
Proliferator Activated Receptor-;

Treatment with white ginseng rootlet in KKAy mice has been shown to
increase peroxisome proliferator activated receptor-g (PPARg) (33), a pivotal
regulator of adipocyte differentiation. Pharmaceutical ligands for PPARg,
including the thiazolidinedione (TZD) class of drugs, are potent insulin
sensitizers that impact whole-body glucose utilization (43,44).

IV. ANTICARCINOGENIC ACTIVITY

The main weapons in the war against cancer have been early detection and
surgical removal, radiotherapy, chemotherapy, and attempts to develop gene
therapy. However, the result have been less than ideal, and the dominant
strategy is now changing from therapeutic approaches to prevention of cancer
by identifying effective natural products as chemopreventive agents. One
promising candidate with cancer-preventive effects is ginseng. Its usefulness
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as an anticarcinogen has been shown by extensive preclinical and epidemio-
logical studies. The following details anticarcinogenic effects of ginseng based
on its diverse mechanisms.

A. Effects on Tumor Cell Cytotoxicity and Differentiation

Saponin and nonsaponin compounds have been reported to show cytotoxic
activities against various kinds of cancer cell lines in culture. The major active
components are ginsenoside Rh2, a peculiar component of red ginseng, and
also polyacetylenes, panaxydol, panaxynol, and panaxytriol. In addition, ace-
tylpanaxydol and panaxydolchlorohydrin, showing cytotoxicity against lymph-
oid leukemia L1210, have been isolated from Korean ginseng root (45). The
critical early even in the cytotoxicity of panaxytriol was identified as ATP
depletion resulting from a direct inhibition of mitochondrial respiration (46).
Further experimental evidence suggested that polyacetylenes inhibited the
synthesis of macromolecules such as DNA, RNA, and protein in L1210 cells,
resulting in cytotoxicity (17).

Ginseng was found to have the ability to induce the transformation of
neoplastic cells into normal cells. Ginsenoside Rh2 inhibited the growth and
colony-forming ability of Morris hepatoma cells in soft agar suspension
culture, and stimulated serum protein synthesis of these cells, thus converting
the cell characteristics both functionally and morphologically to those
resembling original normal liver cells, a process known as ‘‘redifferentiation
or reverse transformation’’ (47). Similarly, ginsenosides Rh1 and Rh2 have
been shown to cause differentiation of F9 teratocarcinoma stem cells via
binding to a steroid receptor (48). Accordingly, recent studies on therapy for
various types of cancers have focused on drugs that induce differentiation of
maturation-resistant cells causing the related disease. Furthermore, ginseno-
side Rh2 has been found to significantly induce B16 cell differentiation and to
increase melanin synthesis in B16 cells (49).

B. Antimetastatic Effect and Inhibitory Activity on Multidrug
Resistance (MDR)

Generally, primary tumors are not fatal. Instead, most cancer patients
succumb to metastases—multiple, widespread tumor colonies established
by malignant cells that detach themselves from the original tumor and travel
through the body, often to distant sites. Some invading cells penetrate body
cavities, the blood, lymph, or spinal fluids and are then released (50). Ginseng
saponin has recently received a great deal of attention for its effects in
inhibiting invasion and metastasis of cancer cells. 20(R)- and 20(S)-ginseno-
side Rg3 was found to inhibit the lung metastasis of tumor cells such as B16-
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BL-6 melanoma and colon 26M3.1, when they were orally administered at a
dose of 100–1000 Ag per mouse. The mechanism of their antimetastatic effect
is considered to be related to inhibition of the adhesion and invasion of tumor
cells, and also to antiangiogenesis activity (51). Glucocorticoid receptor-
induced downregulation of matrix metalloproteinase (MMP)-9 by panaxa-
diol and panaxatriol appear to be associated with the reduced invasive
capacity of HT1080, a highly metastatic human fibrosarcoma cell line (52).
Multiple administration of ginsenoside Rb2 after the intravenous inoculation
of B16-BL6 melanoma cells resulted in significant inhibition of tumor-
associated angiogenesis responsible for the inhibition of lung tumor metas-
tasis (53). Ginsenoside Rb2 has been reported to inhibit invasion to the
basement membrane via MMP-2 suppression in some endometrial cancers
such as HHUA and HEC-1-A cells, and is projected for use as a medicine for
inhibition of secondary spreading of uterine endometrial cancers (54). It was
shown that ginsenoside Rg3 inhibited experimental pulmonary metastasis by
highly metastatic mouse melanoma B16FE7 cells, which was mediated by
inhibiting the 1-oleoyl-lysophosphatidic acid (LPA)-triggered rise of intra-
cellular Ca2+ (55). While these results suggest the usefulness of ginsenoside
Rg3 in preventing cancer spread, further in vivo studies are necessary to clarify
te antimetastatic effects of ginseng.

One of the major side effects to the effective treatment of human
malignancies is the acquisition of broad anticancer drug resistance by tumor
cells. This phenomenon has been termed ‘‘multidrug resistance (MDR).’’
Therefore, development of new modulators for the inhibition of drug re-
sistance is required. MDR inhibitory activity was determined by measuring
cytotoxicity to MDR cells using MDR human fibrocarcinoma KB V20C,
which is resistant to 20 nM of vincristine and expresses a high level of mdr1
gene. 20(S)-Ginsenoside Rg3, saponin of red ginseng, was found to have the
most potent inhibitory activity on MDR, and its ID50 (dose for 50%
inhibition) was 8.2 � 10�5 M. In cytotoxicity assays, ginsenoside Rg3 did
not affect the growth of normal cells. Moreover, ginsenoside Rg3 (40 mg/kg,
i.p.) potentiated adriamycin chemotherapy in P388/ADR BDF1 mice
expressing MDR. Ginsenoside Rg3 appears to compete with vincristine for
binding to p-glycoprotein (Pgp) and blocks the efflux of anticancer drugs (56).
It is also reported that quasipanaxatriol, 20(S)-protopanaxatriol, ginsenoside
Rh2, and compound K, the metabolic final product of protopanaxadiol
saponin, greatly enhanced the cytotoxicity of the anticancer drugs in P388/
ADM cells (adriamycin-resistant P388 leukemia cells) (15). The reversal of
daunomycin resistance in P388/ADM by quasipanaxatriol with a double
bond introduced at C-20 of protopanxatriol was found to show effective ac-
cumulation of drugs mediated by daunomycin-efflux blockage. These results
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suggest that further clinical trials of ginseng components in reversal of Pgp-
associated MDR are highly feasible.

C. Anticarcinogenic Activities and Synergistic Effects
in Combination with Chemical Therapeutic Agents

Several investigationswere carried out to evaluate the inhibitory or preventive
effects of ginseng on carcinogenesis induced by various chemical carcinogens.
The prolonged administration of Korean red ginseng extract inhibited the
incidence and the proliferation of tumors induced by 7,12-dimethylbenz (a)
anthracene (DMBA), urethane, and aflatoxin B1 (57). The chemopreventive
potential of ginseng was evaluated using DMBA-induced skin tumorigenesis
(papillomagenesis) in male Swiss albino mice. There was a marked reduction
not only in tumor incidence but also in cumulative tumor frequency at the
initiation phase of tumorigenesis, with a small reduction at the promotional
stage, suggesting the anticarcinogenic activities of ginseng (58). Ginsenosides
Rg3 and Rg5 were found to show statistically significant reduction of lung
tumor incidence in a newly established 9-week, medium-term anticarcinoge-
nicity test model of lung tumors in mice, and ginsenoside Rh2 showed a
tendency to decrease the incidence, indicating that these ginsenosides are
active anticarcinogenic compounds (59). The inhibitory effects of ginseng on
the development of 1,2-dimethylhydrazine (DMH)-induced aberrant crypt
foci (ACF) in the colon were investigated in rats. Dietary administration of
red ginseng in combination with DMH suppressed colon carcinogenesis in
rats associated partly with inhibition of cell proliferation, acting on ACF in
the colonic mucosa (60). In addition, an anticarcinogenic effect of red ginseng
on the development of liver cancer induced by diethylnitrosamine (DEN) in
rats was identified in preventive and curative groups (61).

More recently, it has been reported that less glycosylated protopanax-
adiol derivatives are effective in cancer prevention and some oleanane-type
pentacyclic triterpenoid compounds show anticarcinogenic activities in two-
stage anticancer promotion experiments in vitro and in vivo (9). Ginsenoside
Rh2 has been described to have diverse effects on the expression of the trans-
formed phenotype in BALB/c 3T3 cells, and augments the metastatic po-
tential in an experimental metastasis assay (62). The estrogenic potential of
American ginseng extract to induce the expression of pS2, an estrogen-
regulated gene, was evaluated in breast cancer cell lines MCF-7, T-47D,
and BT-20. It was found that American ginseng exhibits estrogen-like effects
on estrogen-receptor-positive breast cancer cells by inducing pS2 expression,
suggesting that it may play a protective role against breast cancer (63). This is
further supported by the observation that American ginseng inhibits breast
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cancer cell growth by transcriptional activation of the p21 gene, a universal
cell cycle inhibitor, independent of p53 (64). It is also reported that concurrent
use of American ginseng extract and breast cancer therapeutic agents results
in a significant suppression of cancer cell growth, suggesting its synergistic
effects on breast cancer therapeutics (65).

D. Antitumor Activities of Ginsenosides

Oral administration of ginsenoside Rh2 has been reported to have an
inhibitory effect on tumor growth in nude mice bearing human ovarian
cancer cells (HRA), resulting in remarkable retardation of the tumor growth.
In particular, tumor growth in mice treated with 15, 30, and 120 AM of Rh2
was significantly inhibited, compared to that in CDDP (cis-diaminedichloro-
platinum) (II)-treated mice as well as in untreated mice (66). Further
investigation showed that p.o. but not i.p. treatment with ginsenoside Rh2
resulted in induction of apoptosis in the tumors in addition to augmentation
of the natural killer activity in spleen cells from tumor-bearing nude mice,
suggesting that an evaluation of the treatment of recurrent or refractory
ovarian tumors is warranted (67).

E. Immunomodulatory Antitumor Activities of Ginseng
Polysaccharide

It has long been reported that ginseng strengthens the resistance of an
organism to harmful physical, chemical, and biological stresses. This capa-
bility is related to its regulation of the immune system, which plays an
important role in the protective mechanism of the body. Recently, an acidic
polysaccharide named ginsan has been isolated from white ginseng, peeled
dried ginseng, and identified as an ideal nontoxic antineoplastic immunostim-
ulator. It acts by activating multiple effector arms of the immune system and
killer cells (Thyl+, AsGM1+,CD8+) (68). Ginsan has been found to generate
LAK cells from both NK and T cells by endogenously producing multiple
cytokines, contributing to its effectiveness in the immunoprevention and
immunotherapy of cancer (17). More recently, red ginseng acidic polysac-
charide (RGAP) has also been isolated from Korean red ginseng. Having
different chemical molar composition from ginsan, it is reported to have
immunomodulatory antitumor activity. RGAP was found to induce induc-
ible nitric oxide synthase (iNOS) in mice resulting in NO secretion (21).
Peritoneal macrophages from RGAP-treated mice exhibited potent tumor-
icidal activities toward P815 and WEHI 164 tumor cells. In addition, treat-
ment of RGAP in vivo stimulated tumoricidal activities of natural killer (NK)
cells and showed increased life span of sarcoma 180–bearing mice together
with decreased tumor weight of B16 tumor–bearing mice. These results
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suggest that activation of macrophages and NK cells serve to enhance in vivo
antitumor activities of RGAP (69). GFP, a more active fraction of RGAP,
increased the survival rates of male ICR mice transplanted with sarcoma 180
10 times higher thanRGAP, and showedmore potent tumoricidal activities of
NK cells than RGAP. Recently, it has also been demonstrated that polysac-
charide fraction of American ginseng, P. quinquefolius, exerts TNF-a-stim-
ulating activity on macrophages, and is found to contain glucose, galactose,
arabinose, rhamnose, and mannose (70). These results suggest that clinical
trials of these ginseng polysaccharides in immunotherapy against cancer are
highly feasible.

F. Induction of Apoptosis by Ginsenosides

Apoptosis is responsible for a pathological mechanism related to human
diseases such as cancer, autoimmune disease, viral infection, and neurode-
generative disorder (71). Ginsenoside Rh2 has been shown to arrest cell cycle
at the G1 phase and to prolong the S phase (72,73). It was reported that
ginsenoside Rh2 induced apoptosis through protein kinase C in human neu-
roblastoma SK-N-BE (2) and rat glioma C6Bu-1 cells (17). In addition,
ginsenoside Rh2 has been shown to induce apoptosis independently of Bcl-2,
Bcl-XL, or Bax in C6Bu-1 cells (74). In a parallel study, it was found that
ginsenoside Rh2–induced cell death was mediated by the generated reactive
oxygen species and activation of the caspase pathway in a Bcl-XL-independent
manner (75). These reports demonstrate that the induction of apoptosis by
ginseng may be one of its anticarcinogenic mechanisms.

As described above, the protective influence of ginseng against cancer
has been shown by extensive preclinical and epidemiological studies; how-
ever, these effects need to be carefully investigated by scientific clinical trials
focusing on the major cancer killers such as stomach, lung, liver, and
colorectal cancers.

V. ANTIHYPERTENSIVE EFFECTS

High blood pressure is associated with decreased life expectancy and in-
creased risk of stroke, coronary heart disease, and other end-organ diseases
such as renal failure. Ginseng contains active compounds that normalize
blood pressure. The effect of a certain drug on blood pressure can be analyzed
by investigating the effect of the drug on the smoothmuscle of blood vessels. It
is well established that blood vessel smooth muscle tone is regulated by the
available intracellular Ca2+ concentration, which in turn is profoundly
influenced by interaction of the cellular membrane and sarcoplasmic reticu-
lum in the smooth muscle. It was found that both protopanxatriol and
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protopanaxadiol saponins inhibit Ca2+ binding to the cellular membrane;
protopanaxatriol is approximately 180% more potent than protopanaxadiol
ginsenosides (76). It was reported that ginseng induced no significant change
in blood pressure in subjects with normal blood pressure, but had a normal-
izing effect on subjects with abnormal blood pressure (77). It has recently been
reported that vasodilation and protective effects of ginsenoside Rg1 against
free radical injury might be related to enhanced synthesis and release of NO,
demonstrating the usefulness of ginseng in treatment of pulmonary and
systemic hypertension (78). The detailed mechanism and evidence of antihy-
pertensive effects of ginseng are as follows.

A. Endothelium-Dependent Vasorelaxation of Ginsenosides

Endothelium plays an important role in regulating vascular tone by releasing
several vasoactive autacoids, including prostacyclin, endothelium-derived re-
laxing factor (EDRF), and endothelium-derived hyperpolarizing factor (EDHF)
(79). EDRF has been identified as NO, which is produced from L-arginine by
NOS (80). NO relaxes blood vessels mostly by stimulating soluble guanylyl
cyclase, which leads to an increased production of cGMP in vascular smooth
muscle (81). Ginsenosides have been found to lower blood pressure in a dose-
dependent manner in rats at doses of 10–100 mg/kg. This effect is mediated by
release of endothelium-derived NO, enhancing the accumulation of cGMP
(82). Recently, it has also been reported that ginseng can improve vascular
endothelial dysfunction in patients with hypertension, possibly by increasing
synthesis of NO. Protopanaxatriol and its purified ginsenosides Rg1 and Re
caused endothelium-dependent relaxation, which is associated with the
formation of cGMP. In contrast, protopanaxadiol or ginsenosides Rg1 and
Re did not affect vascular tone or production of cGMP in rat aorta.
Moreover, ginsenosides Rg1 and Re were less effective endothelium-depen-
dent vasodilators than total ginsenosides and protopanaxatriol (83). Ginse-
noside Rg3 belongs to the protopanaxadiol group of red ginseng, steamed and
dried ginseng. Present findings indicate that ginsenoside Rg3 effectively
stimulates NO formation in endothelial cells, which accounts for the endo-
thelim-dependent relaxation and production of cGMP in the rat aorta.
Ginsenoside Rg3–induced endothelium-dependent relaxation was markedly
inhibited by a nonselective K+ channel blocker, but not by an ATP-sensitive
K+ channel blocker (84). These findings show that ginsenoside Rg3 activates
tetraethylammonium-sensitive K+ channels in endothelial cells, which pre-
sumably leads to an influx of Ca2+ and the subsequent activation of the en-
dothelial NOS (eNOS) (85).

To investigate the effects of red ginseng on blood pressure, change of
blood pressure and heart rate after intravenous injection of red ginseng was
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studied in conscious normotensive and one-kidney, one-clip Goldblatt hy-
pertensive rats. Experimental evidence indicates that the NO-releasing effect
of red ginseng, like other NO donors, partly contributes to hypotensive effects
(86). Clinical study has been performed to estimate the effect of Korean red
ginseng on vascular endothelial cell dysfunction in patients with hyperten-
sion. To assess the function of the vascular endothelial cell, changes of
forearm blood flow to infusion of acetylcholine, sodium nitroprusside, and
bradykinin in incremental doses were measured by venous occlusion plethys-
mography. In the ginseng-treated hypertensive group, forearm blood flows at
the highest dose of acetylcholine and bradykinin were significantly higher
than those of the nontreated hypertensive group. It was found that Korean
red ginseng could improve the vascular endothelial dysfunction in patients
with hypertension possibly by increasing NO synthesis (87). These results
support the claim that ginseng has pharmacological activities on circulatory
diseases including hypertension.

B. Antiatherosclerosis and Antiplatelet Effects
of Ginsenosides

Endothelial cell damage is considered to be the initial step in the genesis of
thrombosis and arteriosclerosis, the common precursors of cardiovascular
disoders. Platelet hyperfunction, such as enhanced platelet aggregation
associated with overproduction of thromboxane A2 (TXA2), a potent platelet
aggregative and vasoconstrictive substance, has been frequently encountered
in patients with cardiovascular thrombotic diseases. Prostaglandin I2 (PGI2),
a potent antiplatelet aggregative and vasodilatatory substance produced in
vascular walls, is also reported to synthesize less in patients with atheroscle-
rotic changes than in normal subjects. Panaxynol was found to markedly
inhibit the aggregation of platelets induced by collagen, arachidonic acid, and
platelet-activating factor (PAF), while ginsenosides had no significant effect
on the aggregation. It was suggested that panaxynol is the most potent
antiplatelet agent in ginseng and its mechanism of action is chiefly due to
the inhibition of thromboxane formation (88). In addition, it was reported
that panaxynol inhibited the aggregation, release, and thromboxane forma-
tion in rabbit platelets, while ginsenosides Ro, Rg1, and Rg2 suppressed only
the release (89). It has also been demonstrated that ginsenoside Rg1 inhibited
platelet activation induced by TXA2 through inhibition of TXA2-induced
Ca2+ mobilization, and ginsenoside Rg3 induced TXA2-induced platelet
aggregation. Ginsenoside Rc was shown to stimulate in vitro PGI2 formation
by cultured rat vascular smooth muscle cells through enhanced gene expres-
sion of cyclooxygenase (90). These results suggest that ginsenoside Rg1 and
Rg3, which have antiplatelet and antiatherosclerotic effects, may have clinical
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potential for the prevention and the treatment of certain thrombotic and
atherosclerotic disorders. Furthermore, American ginseng extract was proved
to be associated with the inhibition of thrombin-induced endothelin release
due to NO release (91). This result suggests that American ginseng may play a
therapeutic role in facilitating the hemodynamic balance of vascular endo-
thelial cells.

VI. SUMMARY AND FUTURE WORK

For centuries, ginseng has been a highly valued herb in the East. Recently,
many clinical trials using ginseng have been undertaken in Western countries
as well as in East Asia. In this chapter, we have summarized the diverse
pharmacological and physiological effects of ginseng on various diseases such
as diabetes, cancer, and cardiovascular diseases. However, although there is a
wealth of evidence suggesting that ginseng can be useful for the treatment of
various diseases, a great deal of vital research remains to be solved. First,
numerous experiments reported have been performed in animal models
instead of humans. Therefore, a large-scale, controlled clinical study is needed
to validate these results in terms of their applicability to humans. Second,
there is still little evidence on ginseng’s effectiveness at molecular levels.
Understanding of molecular regulation of ginseng is necessary to apply it
clinically, and also to discover new therapeutic effects. Third, the standard-
ization of ginseng extract to yield constant results in the treatment of ginseng
to cells, animals, and human is also urgently needed.
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Antioxidant Activities of Prickly Pear
(Opuntia ficus indica) Fruit and Its
Betalains
Betanin and Indicaxanthin

Maria A. Livrea and Luisa Tesoriere

University of Palermo
Palermo, Italy

I. INTRODUCTION

The importance of diet in reducing the incidence of chronic and degenerative
diseases such as cancer and cardiovascular disease is well recognized (1,2).
Epidemiological evidence, especially regarding theMediterranean population
(3,4), pointed out on the importance of herbs, fruits, grains, and vegetables.
Among other components such as fiber and micronutrients, antioxidants in
these foods are thought to be active agents responsible for some of the bene-
ficial effects. Some of the dietary antioxidants are essential nutrients, such as
vitamin E, C, and A, and minerals such as Cu, Mn, Zn, and Se, which are
cofactors of antioxidant enzymes. In addition, fruits, vegetables, and herbs
are particularly rich sources of other nonnutrient antioxidants, including a
vast array of phytochemicals (5,6), from carotenoids and bioflavonoids to
phytosterols and terpenoids. Other compounds such as betalains, less com-
mon in edible species, have more recently been studied (7–10).
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The prickly pear cactus, or nopal, is a member of the Cactaceae family
widely distributed in Mexico, much of Latin America, South Africa, and the
Mediterranean area (11). The metabolism of its crassulacean acid gives this
plant a high potential of biomass with low water consumption (12), favoring
its growth under semiarid conditions. About 1500 species are in the genus
Opuntia, many of which produce edible fruit.

Prickly pear has long been known in traditional medicine for treating a
number of pathologies from ulcer, fatigue, and dyspnea to glaucoma, liver
conditions, and wounds (11,13). Studies with different models and several
experimental conditions provided some scientific basis for the popular use of
this plant. Various preparations from fleshy stems (cladodes) have been tested
for treatment of diabetes symptomatology in animal models (14,15), or in
humans (16). The mechanism for this action is still unknown; some results,
however, preclude a role for dietary fiber (15). Other studies revealed bene-
ficial effects against ethanol-induced ulcer (17), in the treatment of benign
prostatic hypertrophy (18,19), and in hypercholesterolemia in humans (20)
and guinea pigs (21). Diuretic activity of cladode, flower, and fruit infusions
has been shown in rats (22). Obviously, other investigations are required to
gain insight into the active agents in this plant and the mechanisms involved
in all the observed effects.

Cladodes of prickly pear are rich in proteins, carbohydrates, minerals,
and vitamins, so Mexicans eat the young pads of the plant, also known as
nopalitos, cooked as vegetables. In the industrialized countries of the Medi-
terranean area, cladodes are not a common nutritional source for humans,
but the peeled fruits are usually consumed.

The Sicilian cultivars of prickly pear [Opuntia ficus indica (L.) Mill.]
are characterized by yellow, red, and white fruits, due to the combination of
two betalain pigments, the purple-red betanin and the yellow-orange indica-
xanthin (23,24). The composition and nutritional properties of the prickly
pear fruit have long been reported (11,25–29). In contrast, though it was
known that the fruit contains vitamin C (29,30), investigations on other
antioxidant components, and on its antioxidant capacities, have started only
recently. Antioxidant nutrients have been researched in the authors’ lab-
oratory, and antioxidant activities of the fruit extracts and of the purified
betalains have been evaluated in a number of models in vitro (9,10). In
addition, the effects of the regular ingestion of prickly pear fruits on redox
balance and bioavailability of betalain components in healthy humans have
been investigated (31). This chapter summarizes findings to date, with spe-
cial emphasis on betanin and indicaxanthin, the characteristic pigments.
These phytochemicals, poorly studied until recently, have appeared as impor-
tant functional components whose antioxidant activity may be a matter of
future development.
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II. BETALAIN PIGMENTS

A. Chemistry

Betalains are vacuole pigments restricted to flowers and fruits of 10 families of
Cariophyllalae plants and to a few superior fungi of the the genus Amanita
of the Basidiomycetes (32). Beet (Beta vulgaris) and prickly pear cactus are
the only foods containing betalains (33,34). Betalains constitute a class of
cationized nitrogenous compounds, the colors of which range from the yellow
betaxanthins to the violet-red betacyanins. The betaxanthins are conjugates
of betalamic acid with amino acids or the corresponding amines (including
dopamine), while almost all betacyanins are derivatives of betanidin, the
conjugate of betalamic acid with cyclodopa. The hydroxyl groups at the C5
and C6 position of cyclodopa can be esterified with either a carbohydrate or a
carbohydrate derivative to form various betacyanins (Scheme 1). Tyrosinase
and Dopa dioxygenase are the only enzymes involved in the synthesis of
Dopa, cyclodopa, and betalamic acid, to form the basic skeleton of betalains
in plant tissues (35–38), whereas the condensation process of betalamic acid
with cyclodopa or amino acids/amines appears as a nonenzymatic reaction
(39,40). Glucosyl transferase is involved in the attachment of glucose to
betanidine (41).

B. Betanin and Indicaxanthin from Prickly Pear Fruit

The structure of the major betalains occurring in the fruits ofO. ficus indica is
shown in Figure 1. They are the betacyanin betanin (5-O-glucose betanidine)
and the betaxanthin indicaxanthin, the adduct of betalamic acid with proline
(9,23,24,42–44). Minor amounts of a few other betacyanins and betaxanthins
have been found (44).

Betalains possess high molar absorption coefficients in visible light
(33,45), which allows their detection in extracts from various vegetal sources.
Indicaxanthin (MW 309) has a clear absorbance peak at 482 nm (A482 =
42,600). Betanin (MW 565) shows an absorbance peak at a wavelength of
536 nm (A536= 65,000); however, it also absorbs at 482 nm (Fig. 2). Owing to
the overlapping of betanin absorbance on the absorbance of indicaxanthin
(calculated betanin A482 = 30,900) (9), the indicaxanthin concentration in
crude extracts containing both pigments should be measured according to the
following equation:

½Indicaxanthin�ðAMÞ ¼ 23:8 A482 � 7:7 A536

This was applied to investigate the amounts of both betalains in methanolic
extracts from fruit of the white, yellow, and red Sicilian cultivars of prickly
pear (9).
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SCHEME 1 Biosynthetic pathway of betaxanthins and betacyanins.
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Simple chromatographic methods have been described to isolate and
purify the two major pigments from the fruit of prickly pear (9,42–44).

C. Redox Potential

The oxidation potentials of betanin and indicaxanthin have been evaluated
by cyclic voltammetry (9). The cyclic voltammogram showed two and three
anodic waves for indicaxanthin and betanin, respectively, indicating that both
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FIGURE 1 Structure of betanin and indicaxanthin.

FIGURE 2 Visible-light absorption spectra of indicaxanthin and betanin.
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are able to donate their electrons. Three peak potentials of 404, 616, and 998
mV, and two peak potentials of 611 and 895 mV have been calculated for
betanin and indicaxanthin, respectively, from the differential pulse voltam-
mogram (Fig. 3).

D. Safety

Betalains are important natural pigments for industry. They have been
exploited as colorants in processed food (46–48), cosmetics, and pharmaceu-
tical products. To this end, the safety of these compounds has been tested.
Studies carried out to determine decomposition and stability (49,50), muta-
genicity (48,51,52), and toxicological and toxicokinetic effects (53) showed
that these pigments are not harmful. Some in vivo studies in rats indicated
that betalains did not have toxic effects with any of the doses tested, up to
5 g/kg body weight (53).

In the authors’ laboratory the potential prooxidant activity of the pure
betanin and indicaxanthin was tested in a model of copper-stimulated
oxidation of human LDL (10). Neither betalain showed adverse effects when
assayed in a concentration range of 0.05–50 AM. Rather, both compounds
were able to decrease dose-dependently the conjugated diene lipid hydro-
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FIGURE 3 Differential pulse voltammetry of betanin and indicaxanthin. The
arrows represent the Ep(a) of the anodic waves. (Modified from Ref. 9.)
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peroxides formed in 120 min, with indicaxanthin more effective than betanin
in the range 0.05–1.0 AM. Above 1.0 AM both betalains completely inhibited
LDL lipid oxidation for the period of observation.

III. ANTIOXIDANT COMPOSITION OF FRUITS OF O. FICUS
INDICA

Organic extracts in dichloromethane (DCM) and aqueous extracts in meth-
anol of the yellow, red, and white fruits from Sicilian cultivars of O. ficus
indica have been analyzed for lipid-soluble and water-soluble antioxidants,
respectively (54). Very limited amounts of lipophilic antioxidant vitamins
have been found, a-tocopherol, trans-h-Carotene, and retinyl palmitate rep-
resenting the major compounds, with minor variations among the cultivars.
Retinyl oleate and trans-retinol are absent. In contrast, all cultivars are a good
source of vitamin C (Table 1). Negligible amounts of flavonols (237F 20 ng/
100 g fruit pulp) have been found in the aqueous extracts from the red fruit
only (9).

Betalains have been measured in the three cultivars. According Butera
et al. (9), the yellow cultivar has the highest content of betalains, indica-
xanthin accounting for 89% of the pigments. Betanin is mostly concentrated
in the red cultivar, which accounts for 66% of betalains. Finally, the white
cultivar, which exhibits the lowest amount of betalain pigments, contains
almost exclusively indicaxanthin (Table 2). Other researchers (42,43), who
investigated betalains in the red and yellow cultivars, have reported quite
different values (Table 2). As observed (9), overestimation of indicaxanthin
due to biased spectrophotometric evaluation of crude extracts, and/or differ-
ent cultivars, may account for the discrepancy.
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TABLE 1 Major Antioxidant Vitamins in Prickly Pear Fruit from Yellow,
Red, and White Cultivars

Cultivar

a-Tocopherol
(Ag/100 g
edible pulp)

h-Carotene
(Ag/100 g
edible pulp)

Retinyl palmitate
(Ag/100 g
edible pulp)

Ascorbic acid
(mg/100 g
edible pulp)

Yellow 66 F 5.8 1.1 F 0.09 0.13 F 0.01 30 F 2.8
Red 69 F 7.0 2.7 F 0.22 0.44 F 0.05 29 F 1.7
White 65 F 5.2 1.2 F 0.1 0.11 F 0.02 28 F 2.5

Each value is the mean F SD of four determinations on different lots of fruits.
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IV. ANTIOXIDANT ACTIVITIES OF FRUITS OF O. FICUS
INDICA

A. In Vitro Studies

1. Chemical Models

Thedecolorizationof the2,2V-azino-bis(3-ethylbenzthiazoline-6-sulfonicacid)
(ABTS) radical cation is an accurate assay for screening the antioxidant
activities of either lipophilic substances or food extracts (55). The total anti-
oxidant capacity of either the DCM lipophilic extracts or the methanolic
hydrophilic extracts from fruits of the yellow, red, and white Sicilian cultivars
of prickly pear has been evaluated by the reaction with the ABTS radical
cation, generated by reacting ABTS with potassium persulfate (9), and
expressed as Trolox equivalents. Because of the low amount of lipophilic
antioxidants, the organic extracts of the prickly pear fruits exhibit a modest
radical-scavenging activity, when compared, for example, to extracts from
tomato (55), a good source of carotenoids (Table 3). The activity of the extract
from the red fruit appears higher than the activity of the yellow and white
ones, possibly as a reflection of the relatively higher content of h-carotene. In
contrast, the water-soluble extracts from prickly pear fruits appear very ac-
tive, as compared with a number of other fruits (Table 3). The total anti-
oxidant capacity is higher than that reported for pear, apple, tomato, banana,
and white grape, and of the same order of pink grapefruit, red grape, and
orange (56). The extract from the yellow fruit is the most effective among
the three cultivars. Considering its antioxidant potential evaluated in the
ABTS test (57), vitamin C, which occurs in approximately the same amount
in the three cultivars of prickly pear, may account for no more than 40% of

5436-0_Packer_Ch24_R2_061804

MD: PACKER, JOB: 03277, PAGE: 544

TABLE 2 Indicaxanthin and Betanin in O. ficus indica

Content (mg/100 g edible pulp)

Cultivar Indicaxanthin Betanin

Yellow 8.42 F 0.51a 1.04 F 0.12a

25b Not detectableb

Red 2.61 F 0.30a 5.12 F 0.51a

30b 19b

40c 14c

White 5.86 F 0.49a 0.10 F 0.02a

a Source: From Ref. 9.
b Source: From Ref. 43.
c Source: From Ref. 42.
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the evaluated antioxidant capacity of the extracts, which has suggested that
other hydrophilic constituents, possibly betalain pigments, may act as effi-
cient radical scavengers (9). This seemed to somewhat explain the activity of
the extract from the yellow fruit, which contains the highest amounts of
betalains (9).

In addition to the activity measured in fruits, ethanol extracts of stems
ofO. ficus indica var. Saboten were found to have radical-scavenging activity
in a number of assays generating radicals such as 2,2-diphenyl-1-picrylhy-
drazyl (DPPH), superoxide anions, and hydroxyl radicals (58). In light of the
high amount of phenolics in the stems (180.3 mg/g lyophilized extract), these
substances have been suggested to be the active components.

2. Biological Models

Methanolic extracts from the fruits of the yellow, red, and white cultivars of
prickly pear have been found capable of preventing lipid oxidation stimulated
by organic hydroperoxide in human red blood cells, and by either copper
or 2,2V-azobis(2-amidinopropaane) hydrochloride (AAPH) in human low-
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TABLE 3 Total Antioxidant Activity (TAA) of Lipophilic and Water-Soluble
Extracts of O. ficus indica and Other Fruits

Lipophilic extract
(mmol Trolox

equivalent/kg dry wt)

Water-soluble extract
(Amol Trolox

equivalent/g edible pulp)

Prickly pear
Yellow 0.010 F 0.002a 5.31 F 0.49a

Red 0.016 F 0.002a 4.20 F 0.51a

White 0.011 F 0.001a 4.36 F 0.41a

Pear 1.34 F 0.06b

Tomato 5.72 F 0.21c 1.89 F 0.12c

Apple 2.18 F 0.35b

Banana 2.21 F 0.19b

Grape
White 4.46 F 1.06b

Red 7.39 F 0.48b

Grapefruit
Pink 4.83 F 0.18b

Orange 7.50 F 1.01b

a Source: From Ref. 9.
b Source: From Ref. 57.
c Source: From Ref. 55.

Prickly Pear Fruit and Its Betalains 545



density lipoproteins (9). Extracts from 0.5–5 mg of fruit pulp dose-depen-
dently inhibited malondialdehyde formation in red blood cells (Fig. 4). With
reference to the antioxidant activity of a-tocopherol, the white cultivar has
been the most effective at inhibiting lipid oxidation, the extract from 1 mg
pulp being as effective as 0.2 AM a-tocopherol. Comparable amounts of ex-
tracts from the red and yellow cultivars showed an antioxidant activity
equivalent to that of 0.13 AM a-tocopherol (9).

Methanolic extracts of fruit pulp markedly elongated, in a dose-
dependent fashion, the period preceding the formation of conjugated diene
lipid hydroperoxides of human LDL, submitted to either metal-dependent or
-independent oxidation (Fig. 5). As already observed with the red blood cell
oxidation model, the extract from the white cultivar was the most effective in
both LDL models, followed by the red and the yellow ones.
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FIGURE 4 Inibitory effect of methanolic extracts from 1mg fresh pulp ofO. ficus
indica on MDA formation, in tert-butyl hydroperoxide-treated RBCs. Human
RBCs (HT 1%) were incubated with 50 AM tert-butyl hydroperoxide at 37jC
either in the absence (.) or in the presence of methanolic extract of edible pulp
from white (o), yellow (E), and red (n) cultivars. Inset. Dose-dependent inhib-
itory effect of methanolic extracts on MDA formation, after 4-hr incubation.
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While taking into consideration the contribution of vitamin C, the
involvement of the betalain pigments in the observed antioxidant activity of
the extracts has been suggested on the basis of the measured redox potential
of betanin and indicaxanthin (9). In addition, it has been pointed out that
the extract from the white fruit, in which betanin is virtually absent, has the
highest activity in all models of lipid oxidation. This can be an indication that,
in addition to betacyanins (8), indicaxanthin may act as an antioxidant com-
pound in biological environments.
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FIGURE 5 Elongation of the lag period during the Cu2+- (a) or AAPH- (b) induced
oxidation of human LDL by methanolic extracts of prickly pear. E, yellow cul-
tivar; n, red cultivar; o, white cultivar.
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B. In Vivo Studies with Humans

A strong protection of the body’s antioxidant system, and reduction of oxi-
dative stress by regular ingestion of prickly pear, has recently been observed in
an in vivo study in which eight healthy volunteers, aged 20–55, received six
fruits per day (400 g edible pulp), for 2 weeks during which they were allowed
to eat according to their usual diet, with the exception of fruits (31). Plasma
measurements, before and after the 2-week trial, have shown a very marked
elevation of vitamin C and vitamin E, with a concomitant decrease ofmarkers
of oxidative stress such as malondialdehyde and isoprostans (8-epi-PGF2a).
The mechanism underlying these effects is still unclear. The observed increase
of the plasma vitamins cannot be accounted for by the amount of vitamins
introduced with the fruit. This suggests that other bioavailable components
may protect the whole-body redox system.

With focus on the betalain components, recent observations in the
authors’ laboratory with eight human volunteers showed that both indica-
xanthin and betanin from prickly pear are absorbed, with a plasma peak of
indicaxanthin markedly higher than betanin (Table 4). A single ingestion of
500 g fresh pulp (eight fruits) was followed by a progressive increase of the
plasma levels of betanin and indicaxanthin, with a maximum level at 3 hr,
followed by a decrease during the following 5 hr. Since the intake represented
27 Amoles of betanin (15.4 mg) and 89 Amoles of indicaxanthin (27.5 mg),
it has been calculated that the plasma peak of the two substances (5 AM and
0.1 AMfor indicaxanthin and betanin, respectively) accounts for 14%and 1%
of the amount assumed with the fruits. Bioavailability of betanin in humans
has also been demonstrated in a study with four volunteers who consumed
300 mL of red beet juice containing 120 mg of pigment (8). The betacyanin
was identified in the urine after 2–4 hr, the escreted amount accounting for
0.5–0.9% of that ingested.

Both LDL and red blood cells, isolated 3 hr after the ingestion of 500 g
fresh fruit pulp, revealed the presence of indicaxanthin and betanin (Table 4).
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TABLE 4 Occurrence of Betalains in Humans 3 hr After the Ingestion of 500 g
Prickly Pear Pulp

Plasma (AM)
Red blood cells

(nmoles/4.5 � 109 RBCs)
LDL (nmoles/mg

LDL prot)

Indicaxanthin 5 F 0.8 (8) 0.5 F 0.01 (8) 0.1 F 0.005 (6)
Betanin 0.1 F 0.02 (8) (7.5 F 0.3) � 10�3 (8) (2 F 0.27) � 10�3 (6)

Values are the meanF SD of (n) samples, contributed by different volunteers, analyzed in duplicate.
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Concomitantly, a marked increase in the resistance of LDL to the copper-
induced lipid oxidation, and a significant decrease in the susceptibility of red
blood cells to the cumene-hydroperoxide-induced oxidative hemolysis, were
measured. Although the antioxidant activity of other yet-unidentified com-
pounds cannot be ruled out, the above results suggest that betalain pigments
may be involved.

Metabolic products from betalains, eventually circulating in blood or
excreted in urine or through the gastrointestinal tract, have not been re-
searched yet. This could be an interesting area of future investigation to dis-
close reactions, eventual sites of activities, and possibly other nonantioxidant
effects of these substances. Recent research now indicates that other phyto-
chemicals such as flavonoids may be involved in biochemical activities inde-
pendent of, or only partly related to, antioxidant activity, including signal
transduction and modulation of enzyme activities (59,60).

It may also be mentioned that the regular ingestion of broiled edible
cladodes of prikly pear (Opuntia robusta) has been shown able to significantly
reduce the in vivo oxidation injury in patients suffering from familial hyper-
cholesterolemia (61). Other components, possibly flavonoids, may be the
effective compounds in the stems (58).

V. RADICAL-SCAVENGING AND ANTIOXIDANT ACTIVITIES
OF PURIFIED BETALAINS

A. In Vitro Studies

1. Chemical Models

The antiradical activity of betalains has recently been investigated in a few
studies (7–9). Betacyanins such as betanin (7,9) and betanidin (7), as well as
betaxanthins such as indicaxathin (9) and vulgaxanthin (7), have been found
capable of reducing the cation radical from ABTS, generated either by horse-
radish peroxidase/hydrogen peroxide–mediated oxidation (7) or by reaction
with potassium persulfate (9). When expressed as trolox equivalents, betanin
has appeared very effective (9), with an antiradical activity higher than the
two betaxanthins with both experimental sets (7,9) (Table 5). This appears in
accordance with the redox potential of indicaxanthin and betanin. By con-
sidering the phenolic hydroxyl group, the higher scavenging capacity of
betanin has been explained by the ease with which it is possible to withdraw
an electron from the betacyanin, and by the stability of the resulting de-
localized radical (7). In contrast, the electron abstracted from the betaxan-
thins could only be from the k-orbitals, this loss being hindered by the positive
charge of the N-atom. It should be mentioned that according to the ABTS
assay, betanin is much more effective than a number of polyphenol com-
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pounds (62). Betalamic acid shows a high radical-scavenging activity (Table
5), suggesting that the products of betalain hydrolysis may have antioxidant
activity.

The activity of betalains in reducing the formation of lipoperoxyl
radicals has also been reported. Linoleate peroxidation by cyt c was inhibited
by betanin and betanidin, with IC50 of 0.4 and 0.8 AM, respectively, and by
vulgaxanthin, with IC50 around 1.0 AM (8). In comparison, vitamin E in-
hibited lipid oxidation with IC50 of 5 AM (8), indicating a relatively higher
antioxidant potential of betalains in this system. Oxidation of linoleic acid
was also inhibited by betanidin and betanin, when the lipid oxidation was
stimulated byH2O2-activatedmetmyoglobin, or by lipoxygenase. In the latter
assays the IC50 for betanidin and betanin were 0.3 and 0.6 AM, respectively
(8). Interestingly, monoelectronic redox reactions between betanin and the
oxoferryl catalytic forms of horseradish peroxidase have been shown (63).
Such an activity could also be considered in the above-reported reactions in
which activated heme proteins are involved (8), as well as to explain why
either betanin or betanidin was able to inhibit the decomposition of the myo-
globin heme during the oxidation of linoleate (8).

The antioxidant activity of nine betalains has been studied, and the
relationship between the structure and antioxidant activity was examined,
with the linetol peroxidationmodel (64). Betaxanthins were shown to have the
highest antioxidant activity in this system.
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TABLE 5 Antiradical Activity of Betalains and Betalamic Acid Toward
ABTS+ Radical

Trolox equivalents

Rate of ABTS+

radical disappearance
(Amoles ABTS+

radical/first min)

Betanin 20.0 F 0.5a,b 45.5c

Indicaxanthin 1.76 F 0.1a,b

Vulgaxanthin I 4.2c

Betalamic acidd 33 F 1.0a

a Each value is the mean F SD of four determinations performed in duplicate.
b Source: From Ref. 9.
c Calculated from Ref. 7. Betanin and vulgaxanthin I were assayed at 12 AM, while
ABTS+ radical was 70 AM. (7).
d Prepared according to Ref. 44.
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B. Biological Models

The positive charge of betalains could favor interactions with polar head
groups of lipids and/or polar sites on the protein surface. Ex vivo plasma
spiking of pure either betanin or indicaxanthin has been performed to provide
evidence that both betalains can bind to human LDL in a saturable fashion,
with a maximum binding of 0.5 nmoles/mg LDL protein (10). The betanin-
as well as the indicaxanthin-enriched LDL has been shown more resistant
than the homologous native LDL to copper-induced oxidation, as assessed
by elongation of the lag period (Fig. 6). In addition, indicaxanthin-enriched
LDL has appeared much more resistant than betanin-enriched LDL in this
system, possibly as the result of synergistic interactions of indicaxanthin with
the LDL vitamin E (10). Consumption of vitamin E was not varied by beta-
nin. In contrast, indicaxanthin prevented vitamin E consumption at the
beginning of LDL oxidation, and prolonged the time of its utilization (Fig. 6).

The affinity of betacyanins for microsomal membranes has been dem-
onstrated by evaluating the rate of migration of these compounds through
a dialysis tube, either in the absence or in the presence of microsomes (8).
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FIGURE 6 Oxidation of human control-LDL, betanin- and indicaxanthin-enriched
LDL, and time course of vitamin E consumption in either control- or betanin-
enriched LDL (closed triangle) and in indicaxanthin-enriched LDL (open triangle).
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In addition, it has been shown that the oxidation of microsomal lipids by
either FeCl2/ascorbate or H2O2-activated myoglobin was reduced by variable
concentrations of betanin (8). However, because of its electron-donating
capability, low amounts of betanin (<12.5 AM) were prooxidant in the system
catalyzed by iron/ascorbate, as a result of the reduction of ferric to ferrous
ions. At high concentrations (25 AM) the antioxidant works also with lipo-
peroxyl radicals, thus preventing lipid oxidation (8).

VI. CONCLUSIONS

Phytochemicals and phytomedicines are now an expanding research field. A
great number of active agents occurring in plants and herbs have been
discovered, which is fundamental to finding rationale for the health effects
of these herbs, in many cases used for centuries as traditional remedies. The
knowledge of the mechanisms and molecular basis of action is the final
objective to understand themode of action of the discovered principles.Many
antioxidant substances are listed among the phytochemicals occurring in a
varieties of plants and herbs, which have been supposed to have a role in the
biochemical potential of these plants and herbs.

Studies of the antioxidant properties of prickly pear are very recent, and
results obtained so far, while exciting, now generate new questions. In vivo
studies in healthy humans showed a strong protection of the body antioxidant
system, and a marked reduction of plasma levels of markers of oxidative
stress, by regular consumption of moderate amounts of prickly pear fruits.
Betanin and indicaxanthin, two bioavailable, apparently very potent anti-
radical and antioxidant pigments with proved activity in biological environ-
ments, occur in the fruits. However, distinguishing protective effects of food
rich in antioxidants from direct effects of the antioxidants themselves is
essential. At present it is not possible to assess to what extent, and how, these
betalain pigments may be involved in the in vivo observed effects, and the
molecular mechanism underlying these effects is unclear. Cytoprotective
effects of phytochemicals can be related to their reducing properties, as well
as to their influence on intracellular redox status. However, other biochem-
ical activities independent of conventional hydrogen-donating/free-radical-
scavenging activity should be considered, and deserve future research.
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I. INTRODUCTION

Herbal medicines are increasingly used in both Western and Chinese societies.
The Chinese herb Jue-ming-zi, which is the seed of the plant Cassia tora L.
(Leguminosae), has been reported to have hypotensive, antibacterial, anti-
viral, antifungal, antihepatotoxic activity, etc. The herb C. tora contains a
variety of bioactive phenolic substances, including chrysophanol, emodin,
rhein, etc., which are mainly responsible for the pharmacological action as-
cribed to them. In addition, many recent studies have suggested that Cassia
seed has potential antioxidant and antimutagenic activity, and these biolog-
ical effects of C. tora decreased with higher roasting temperature or longer
roasting time. In this chapter, we review the recent studies on the antioxidant
activity and antigenotoxicity of C. tora.

Much attention has been focused on the nutraceuticals and their roles in
human health. Several epidemiological studies have shown an association
between a diet rich in fresh fruit and vegetables and a decreased risk of
cardiovascular diseases, stroke, and certain forms of cancer (1,2). The close
relationship between antioxidant activity and antimutagenicity has been

MD: PACKER, JOB: 03277, PAGE: 557

557

5436-0_Packer_Ch25_R2_061804



demonstrated (3). It is now widely accepted that the use of naturally occurring
antioxidants or antimutagens in everyday life will be the most effective
procedure for promoting human health. Such compounds include vitamins,
trace elements, and a variety of other substances with antioxidant properties.
Polyphenols, isoflavones, catechins, and several other components found in
higher plants are known to protect against the deleterious effect of reactive
oxygen species (4). Hertog and Hollman (5) have suggested that diets rich in
phenolic compounds are associated with longer life expectancy. These com-
pounds have also been found to have various health-related properties
because of their antioxidant activities. These properties include anticancer,
antiviral, and anti-inflammatory activities, effects on capillary fragility, and
an ability to inhibit human platelet aggregation (6).

The Chinese herb Jue-ming-zi has been used in many traditional
Chinese medical prescriptions. C. tora was first recorded in Shen-Nung-Pen-
Tsao-Ching as upper category, and in the successive Pen-Tsao of descending
dynasties. It is used to remove ‘‘heat’’ from the liver and improve visual
acuity, to moisten the supposedly dry digestive apparatus, and to facilitate
bowel movement as a laxative. Previous studies on C. tora show its thera-
peutic effects on hypertension (7,8), on hypercholesterolemia (9,10), as an
antihepatotoxin (11), an antimicrobial (12–14), on blood platelet coagulation
(15), on the eyes, and in constipation (16). This herb has been reported to
contain many active substances, including chrysophenol, emodin, rhein, etc.
(17). Recently many researchers have studied the antioxidant activity and
antigenotoxicity of C. tora. Choi et al. (18) reported that anthraquinone
aglycons and naphthopyrone glycosides from C. tora had inhibitory activity
against aflatoxin B1 in the Ames test. Furthermore, anthraquinone com-
pounds isolated from roastedC. tora have antimutagenicity (19). Wu and Yen
(20) indicated that the antimutagenicity of extracts of C. tora was due to a
desmutagenic action, but not a biomutagenic action. The mechanism of Cas-
sia seed to suppress B[a]P genotoxicity in cells was to interfere with CYP-450
enzyme activation, and the key was suppressing NADPH CYP-450 reduc-
tase (21). Su (22) and Kim et al. (23) reported that methanolic extract fromC.
tora had a strong antioxidant activity on lipid peroxidation. Cassia extracts
were also found to promote hepatic enzymes in rats with ethanol-induced
hepatotoxicity, including catalase, superoxide dismutase, and glutathione
peroxidase (10). Yen et al. (24) also indicated tha the antioxidant activity of
methanolic extracts from C. tora L. was stronger than that of Cassia occi-
dentalis L., and they also identified an antioxidative compound as emodin
from C. tora L. The methanolic extracts of C. tora, containing anthraqui-
nones, were also found to be effective peroxynitrile scavengers in vitro (25,26).

The commercial products ofC. tora include both unroasted and roasted
samples, and the laxative effect was found to be higher in unroasted C. tora

5436-0_Packer_Ch25_R2_061804

MD: PACKER, JOB: 03277, PAGE: 558

Yen and Wu558



than in the roasted product. Roasted C. tora has a special flavor and color,
and it is popularly used to make a health drink. Zhang et al. (27) reported that
some components, for example chrysophanol, in C. tora decreased after the
roasting process. Moreover, the antihepatotoxic effect of C. tora decreased
with an increase roasting temperature (28). In view of this, the biological
activity of C. toramight be influenced by the roasting treatment. Thus, apart
from the traditional pharmacological effects, the influence of roasting tem-
perature on the chemical constituents and bioactive effects of seed of C.
tora are discussed here. Also, other and more specific biological activity will
be discussed.

II. EVALUATION OF ANTIOXIDANT ACTIVITY OF C. TORA
WITH ROASTING

A. Scavenging Activity on DPPH Radical, Superoxide Anion,
and Hydroxyl Radical

Free radicals are produced in cells by cellular metabolism and by exogenous
agents. The extracts of C. tora, especially roasted and unroasted samples,
were evaluated for their free-radical, 2,2-diphenyl-1-piperylhydrazyl radical
(DPPH.), superoxide, and hydroxyl radical scavenging activities. Choi et al.
(29) found that the methanolic extracts of the seed of C. tora have a scav-
enging activity on the DPPH radical. 2-Hydroxyemodin cassiaside and ru-
brofusarin gentiobioside were isolated from methanolic extract as antioxidant
substances on DPPH radical.

Superoxide anion (O2
.), the one-electron reduced form of molecule

oxygen, acts as an oxidizing or reducing agent and is capable of decomposing
to form stronger oxidative species, such as singlet oxygen, hydroxyl radical,
and hydrogen peroxide, that initiate the peroxidation of lipid and eventually
lead to membrane damage (30). Water extracts of C. tora prepared under
different roasting temperatures scavenge superoxide anion generated in the
phenazine methosulfate–NADH system in a dose-dependent manner (31).
The scavenging effects of extracts were in the following order: unroasted >
150jC roasted > 200jC roasted > 250jC roasted.

Yen and Chung (32) investigated the hydroxyl-radical-scavenging
activity of extracts from C. tora using spin-trapping agent detected by EPR
spectrometer. The hydroxyl radical rapidly reacted with the nitrone spin trap
5,5-dimethylpyrrolidine N-oxide (DMPO). Signal intensity of the DMPO-
OH adduct decreased when the concentration of unroasted C. tora extracts
was increased. The scavenging effects of water extracts from C. tora on
hydroxyl radical were similar to the trend of scavenging action of superoxide
anion. This trend is in agreement with the Finding that the antioxidant activ-
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ity of the extracts of unroasted samples was greater than that of roasted
samples (33). The scavenging activity of C. tora on both hydroxyl radical and
superoxide anion decreased with increasing roasting.

B. Enzymatic and Nonenzymatic Lipid Peroxidation Systems

It is now clear that oxygen species such as superoxide anion hydroxyl radical,
hydrogen peroxide, and other free radicals are proposed as agents that attack
polyunsaturated fatty acid in the cell membranes giving rise to lipid perox-
idation (34). C. tora has been reported to have antioxidant properties in vitro
that act as reducing agents, hydrogen donors, free-radical quenchers, and
metal ion chelators (32). In view of this, Yen and Chung (33) evaluated the
antioxidant properties of water extracts fromC. tora prepared under different
roasting temperatures on enzymatic microsomes and nonenzymatic lipid
peroxidation systems. Their study shows that unroasted C. tora extracts
had a greater inhibition effect on peroxidation of linoleic acid than that of a-
tocopherol (82%). The extracts from C. tora roasted at 170jC for 80 min and
at 200jC for 5 min showed equal inhibition effects on peroxidation of linoleic
acid. This means that the antioxidant activity ofC. torawas reduced by higher
roasting temperature and longer roasting periods. The extracts of unroasted
C. tora also had good antioxidant activity in the liposome peroxidation sys-
tem induced by the Fenton reaction as well as in the enzymatic microsome
peroxidation system. This suggests that the oxidation of biological membrane
in vivo may be inhibited. The antioxidant activity of roasted C. tora extracts
decreased compared with that of the unroasted sample. These results might
be caused by several factors, including (1) the reduction of phenolic content
in C. tora as a result of roasting and (2) the degradation of Maillard reaction
products during overroasting, making them oxidation products without anti-
oxidant activity.

Salah et al. (35) demonstrated that quercetin has better antioxidant
activity than rutin in a biomembrane system. The reason may be that quer-
cetin rather than rutin interacts with that bilayer membrane of phospholipid.
Therefore, the antioxidant activity of antioxidants in a membrane system
depends on their ability not only to donate a hydrogen atom but also to in-
corporate into the membrane. a-Tocopherol scavenges the peroxyl radicals
formed from the lipid peroxidation in the inner membrane (36). Therefore, it
can be predicted that there are some water-insoluble components in C. tora
that could be incorporated into the membrane to afford antioxidant activity.

C. Hydrogen-Peroxide-Induced Oxidative DNA Damage
in Human Lymphocytes

Hydrogen peroxide is a well-known ROS produced intracellular during
physiological and pathological processes, and causes oxidative DNA damage
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in cells. (37) As mentioned earlier, several noncell studies have demonstrated
that Cassia seed was capable of reducing lipid peroxidation caused by ROS.
The effect of C. tora on hydrogen-peroxide-induced oxidative DNA damage
in human lymphocytes was assessed using single-cell gel electropheresis
(comet assay). Water extracts of C. tora prepared under different roasting
temperatures have the ability to suppress the oxidative DNA damage induced
by H2O2, albeit to different extents (38). The protective effects of extracts ofC.
torawere significantly decreased with an increasing roasting temperature. The
lower activity of certain samples, such as those roasted at 150jC and 250jC,
may be due to low concentration of active phenolic antioxidants that
degraded after overroasting.

III. EVALUATION OF ANTIGENOTOXIC ACTIVITY
OF C. TORA WITH ROASTING

A. Effects of C. Tora on B[a]P-Induced DNA Damage in HepG2
Cell Line

Single-cell gel electrophoresis (comet assay) is a rapid and sensitive method
for the detection of DNA damage in individual cells, especially for detecting
oxidative DNA strand breaks (39). In this assay, under alkaline conditions,
DNA loops containing breaks lose supercoiling, unwind, and are released
from the nucleus forming a ‘‘comet tail’’ after gel electrophoresis. DNA
strand breaks are thus visualized by the comet assay and computer analysis
or by visual grading. Recently, it also has beenused to detect the effect of
dietary components on genotoxicity of mammalian cells (40). Benzo[a]pyrene
(B[a]P), a polycyclic aromatic hydrocarbon (PAH), is often observed in cig-
arette smoke, the surface of meat roasted with charcoal, or the incompletely
combusted exhaust gas emitted from mills or automobiles (41). Most people
are exposed to extremely low dosages of B[a]P or other PAHs in the envi-
ronment. With the comet assay, severe DNA breaking was found after
C57BL/6 rat feeding with B[a]P (42). Since evaluation of DNA damage with
the comet assay is considered to be a good index for cancer risk for bioorga-
nisms, the effects of water extracts from C. tora treated with different degrees
of roasting on B[a]P-induced DNA damage in HepG2 were investigated (21).
C. tora alone showed neither cytotoxic nor genotoxic effect toward HepG2
cells. B[a]P-induced DNA damage in HepG2 cells could be reduced byC. tora
in a dose-dependent manner. The inhibitory effects of C. tora on DNA dam-
age were in the order: unroasted (72%) > roasted at 150jC (60%) > roasted
at 250jC (23%), at a concentration of 1 mg/mL. Unroasted samples exhibited
the best inhibitory effect. The higher degrees of roasting resulted in less
protecting effects.
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Choi et al. (18) demonstrated the antimutagenicity of methanolic
extract of C. tora against AFB1 in the Salmonella typhimurium assay. It has
also been reported that C. tora had a marked and dose-dependent inhibition
effect on the Aroclor 1254-hepatic S9-mediated mutagenicity of IQ, Trp-P-1,
Glu-P-1, and B[a]P (20,31). In addition, unroasted C. tora extract could have
direct interaction with various mutagens to reduce the biological function of
mutagenicity (20).

B. Interference with CYP-450 Enzyme Activation

1. CYP-450 1A

Ferguson (43) indicated that the best way for antimutagenicity to suppress the
toxicity or mutagenicity of a genotoxin was to affect its metabolism and block
its activation. There are many metabolism possibilities after B[a]P enters the
bioorganism: the main way is through CYP-450 1A1 activation to produce
(-)-trans-7,8-dihydroxy-7,8-dihydro-benzo[a]pyrene, and then further
through epoxidation to form the final carcinogens benzo[a]pyrene-7,8-diol-
9,10-epoxide (BPDE) (44). The HepG2 cell, derived from human hepatoma,
retains the characteristics of general normal liver cells and also has all the
metabolizing enzymes that activate B[a]P (45). In general, ethoxyresorufinO-
deethylase (EROD) activity was used as a measure of CYP 1A1 activity (46).
Wu et al. (21) reported that the inhibitory effects ofC. tora on B[a]P-mediated
DNA damage were correlated with the inhibition of CYP 1A1-linked EROD
activity in the HepG2 cell line. The correlation (r) between the suppressing
effects and antigenotoxicity ofC. torawas: unroasted (0.88), roasted at 150jC
(0.94), and roasted at 250jC (0.96). In addition, similar inhibition of C. tora
was seen on EROD activity in the Ames test using rat hepatic microsomes (S9)
as the metabolizing activation system (20). Inferring from this, HepG2 cell
DNA damage induced by B[a]P and suppressed by C. tora may be through-
interference with CYP-450 1A1 enzyme activation.

Hao et al. (47) showed that the mechanism of 17 natural and synthetic
anthraquinones, such as chrysophanol, emodin, rhein, etc., to suppress IQ
mutagenicity were to interfere with CYP-450 enzyme activation by S9 mix.
Antimutagens such as green tea or pine cone extracts were related to their
suppressing activation enzymes in a similar system (48,49).

2. NADPH CYP-450 Reductase

NADPH CYP-450 reductase is the carrier of electrons to CYP-450; the
monooxygenase can function only while the cytochrome can accept electrons
smoothly. Sipes and Gandolfi (50) indicated that suppressing NADPH CYP-
450 reductase was an effective mechanism for interfering with the progression
of cancer. Many antimutagens, such as extracts of pine nuts (49), chlorophyll
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(51), menadione (52), and (+)-catechin (53), could interfere with electron
transport. As stated earlier, the major mechanism in forming antigenotoxicity
of C. tora is suppression of B[a]P activation. Therefore, if NADPH CYP-450
reductase is inhibited, EROD activity would surely be affected. NAPPH
CYP-450 reductase activities of HepG2 cells treated with water extracts of
unroasted and 150jC-roasted C. tora were both suppressed in a dose-
dependent manner (21). Overroasting (roasted at 250jC) of Cassia extract
had no effect on reductase activity.

C. Induction of Phase II Detoxification Enzymes

Prestera and Talalay (54) suggested that evaluating the ability to promote
phase II detoxification enzymes would be one of the indexes for detecting
antimutagenicity and anticancer action of substances. It was known that
B[a]P exerted its detoxification functions through GST (55). Therefore,
exploring the effects of C. tora on GST activity of mammalian cells might
reveal their function in lessening the genotoxicity of B[a]P. In the HepG2 cell
line, unroasted and 150jC-roasted C. tora promoted enzyme activation (21).
These two water extracts increased the enzyme activity by 1.26 and 1.35 times,
respectively. Induction of the 250jC-roasted sample on GST activity was not
significant. The result suggested that promoting GST activity of water ex-
tracts from unroasted and 150jC-roasted C. tora might be another reacting
mechanism of antigenotoxicity compare with suppressing EROD.

Further investigation by Choi et al. (10) has demonstrated that eth-
anolic extract of C. tora was able to reduce levels of hepatic enzymes of
ethanol-treated rats, including superoxide dismutase, catalase, and glutathi-
one peroxide. Glutathione levels were higher in rats fed Cassia ethanolic ex-
tract than the depleted levels observed in rats treated with ethanol. Therefore,
the enhancement of antioxidant and phase II detoxification enzyme activities
may be responsible in part for the chemopreventive effects of C. tora against
reactive oxygen species and carcinogens. The balance between the phase I
mutagen-activating enzymes and the phase II detoxifying enzymes could be
important in preventing the risk of developing chemically induced cancer.

IV. CHANGES IN ACTIVE COMPOUNDS OF C. TORA
WITH ROASTING

A. Total Phenolic Compounds

C. tora contains many phenolic compounds, such as emodin, rhein, chry-
sophanol, and obtusin, some of which belong to anthraquinones (56). Some
anthraquinones have been reported to have antioxidant activity (57). The
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total polyphenols in extracts of C. tora decreased significantly ( p > 0.05)
during roasting. The amount of polyphenols in extracts of C. tora decreased
from 180.64 mg/g (unroasted) to 103.55 mg of gallic acid/g extracts ofC. tora
after roasting at 250jC. This means that polyphenols were degraded during
the roasting process. The decrease of polyphenol contents in C. tora after
roasting is correlated to the decrease in antioxidant activity. Therefore, it can
be suggested that the decrease in antioxidant activity of extracts of roasted C.
tora was related to the decrease in polyphenols.

B. Anthraquinones: Characteristic and Content
in Cassia Extracts

Anthraquinones have been reported to be the main active components in C.
tora, including aloe-emodin, anthrone, aurantiobtusin, chrysophanol, emo-
din, obtusifolin, physcion, rhein, etc. (17,56). The basic chemical structures of
anthraquinones are shown in Fig. 1. The anthraquinones, with two ketone
groups added at position C9 and position C10, occur naturally in plants.
Total anthraquinones, including free anthraqinones (anthraquinones agly-
con) and bound anthraquinones (anthraquinones O-glycosides), were deter-
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FIGURE 1 Basic chemical structures of anthraquinones.
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mined by Yen and Chung (32). Their results showed that the total content of
anthraquinones in extracts of C. tora were degraded by thermal treatment,
in the order of unroasted (88.2 mg/g) > 150jC-roasted (70.7 mg/g) > 200jC-
roasted (26.9 mg/g) > 250jC-roasted (14.9 mg/g). The data also indicate that
most of the anthraquinones in extracts of C. tora are in a bound form and
contain glycosides. This is in agreement with the studies of Fairbirn and Moss
(58), who reported that the anthraquinones inCassia plants are partly free but
mostly are present as glycosides (with aglycon occurring usually as a reduced
form, e.g., anthrones).

The individual anthraquinone content in extracts of C. tora was also
measured by Wu (31) using HPLC. Three anthraquinones, chrysophenol,
emodin and rhein, have been detected in extracts of C. tora under experi-
mental conditions. The unroasted sample contains the highest anthraqui-
nones content; the content of rhein, chrysophanol, and emodin was 10.4, 0.6,
and 0.3 mg/g Cassia extract, respectively. The anthraquinone content de-
creased with increased roasting temperature. It is noted that the extracts ofC.
tora prepared by roasting at 250jC did not show any detectable anthraqui-
nones. Zhang et al. (27) indicated that anthraquinones in C. tora were
degraded to a free form (aglycon) by roasting. The content of these three
anthraquinones has only one-eighth of the total content of anthraquinones
compared with the results reported by the Yen and Chung (32). Most
individual anthraquinones or anthrones have shown antioxidant activity in
linoleic acid peroxidation systems (57). Thus, the decrease in antioxidant
activity of roasted C. tora was related to the decrease in anthraquinones.

V. ANTIGENOTOXICITY OF CHRYSOPHANOL, EMODIN,
AND RHEIN

Natural herbs contain a large number of potential anticancer materials. For
example, within Rhei rhizoma, Scutellariae radix, and Rehmanniae radix,
there is antimutagenicity that suppresses B[a]P (59). The major active com-
ponents in Cassia seed are probably a derivative of anthraquinones (AQ)
(17,56); and its mechanism was considered as suppressing exogenic activation
enzymes (47).

As for DNA damage induced by B[a]P in HepG2 cells, chrysophanol
had 78% inhibitory effect, as well as rhein (71%), at a concentration of 100
AM. Emodin, which suppressed B[a]P the most, had 86% protective effect at
the same dose. There is neither cell toxicity nor genotoxicity in selected con-
centrations (1–100 AM) of chrysophanol, emodin, and rhein on HepG2 cells
(21). On the basis of these results, the intensity of antigenotoxicity of C. tora
might relate to the change in anthraquinone quantity. In the meantime, sam-
ples roasted at 250jC contain no 1,8-HQ compounds, but still show protec-
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tion of 23%, indicating that there may be other active components in Cassia
seeds that are worthy of being explored.

It is also interesting that anthraquinones inC. tora showed genotoxicity
in some in vitro assays. Chrysophanol, emodin, etc., upon metabolism by rat
liver microsome enzyme (CYP-450), might give products with genotoxicity
(60) and show mutagenicity in various bacterial and cell test systems (61,62).
On the contrary, Mengs et al. (63), in an internal experiment, indicated that
when a rat was fed the highest suggested daily intake of 2000 mg/kg of emodin
and then the emodin amount in the rat’s internal plasma was measured,
emodin reached 190 Ag/mL, the highest in plasma (about 700 AM in this
experiment). This is 10 times or more than the genotoxicity produced in the
studies of Westendorf et al. (62). Nevertheless, no cytotoxicity or micronu-
cleus caused by emodin was discovered in the study. Heidemann et al. (64)
also pointed out that rhein and aloe-emodin have no mutagenic or carcino-
genic reactions. The U.S. National Toxicology Program conducted rat
internal tests on subacute toxicity and mutagenicity of 30 suspected muta-
genic chemical materials in 1996. Anthraquinone and emodin were catego-
rized as probable noncarcinogens and possible noncarcinogens; i.e., they had
no unfavorable mutagenic actions on developing animals (65).

VI. OTHER BIOLOGICAL EFFECTS OF C. TORA

A. Hypotensive Effect

Aqueous and methanol extracts fromCassia seeds elicit hypotensive effects on
anesthetized rats. Experimental results indicate that the hypotensive effect of
the C. tora extract possibly involves a vagal reflex that reciprocally alters the
vasomotor tone of the centrally emanating sympathetic nervous system. It is
shown that the capacity of C. tora extracts to reduce blood pressure is signif-
icantly reduced in vagotomized rats and that hypotensive effects are greatly
antagonized in rats whose sympathetic nervous systems are interrupted by
transection of the spinal cord. Phytochemical studies also show that the active
hypotensive principles are derived from the kernel of the seed and consist of
mainly glycosides (7,8).

B. Lipid-Lowering Effect

Ha et al. (9) investigated the lipid-lowering effect of C. tora ethanol extacts in
rats fed a high-cholesterol diet. Rats were fed either normal diets or diets high
in cholesterol (10 g/kg diet), supplemented with C. tora ethanolic extract (0,
0.25, or 0.5%) for 4 weeks. Liver triglyceride and cholesterol contents were
raised in the high-cholesterol groups and were significantly reduced in the
groups fedC. tora. Serum levels of HDL cholesterol were slightly increased by
consumption of C. tora. The results showed that ethanol extracts of C. tora
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may exert a lipid-lowering effect in rats fed high-cholesterol diets. Further-
more, Choi et al. (10) indicated that ethanol-treated rats fed with 200 or 400
mg/kg body wt./day Cassia ethanolic extract had a hypolipemic effect
compared with rats treated with ethanol alone.

C. Antiplasmodial Effect

Plant extract of C. tora had antiplasmodial activity in vitro against Plasmo-
dium falciparum 3D7 and Dd2, and had an IC50 value less than 5 Ag/mL on
both tested strains (12). The effect of Cassia extracts on lymphocyte prolif-
eration showed low toxicity to the human cells. This plant has been subjected
to long-term clinical trials in folk medicine and is a promising plant.

D. Antifungal Activity

An antifungal principle of defatted seed powder of C. tora was isolated by
extraction of the powder with benzene. Besides chrysophanol and other
hydroanthroquinone derivatives, the major antifungal compound was iden-
tified as chrysophanic acid-9-anthrine. This compound was active against
Trichophyton rubrum, T. mentagrophytes, Microsporum canis, M. gypseum,
and Geotrichum candidum in broth in the presence of 100 Ag/mL L-ascorbic
acid as antioxidant (13).

VII. ANTIBACTERIAL EFFECT

Thirteen phenolic glycosides including six new compounds were isolated from
seeds ofC. tora. The structures of the new compounds, rubrofusarin trigluco-
side, nor-rubrofusarin gentiobioside, demethylflavasperone gentiobioside,
torachrysone gentiobioside, torachrysone tetraglucoside, and torachrysone
apioglucoside, were deduced on the basis of spectroscopic and chemical
evidence. The effect of the phenolic glycosides, their aglycones, and several
other compounds structurally related to the on Escherichia coli K12, Pseu-
domonas aeruginosa PAO1, and some strains of Staphylococcus aureus were
then examined. Among them, torachrysone, toralactone, aloe-emodin, rhein,
and emodin showed noticeable antibacterial effects on four strains of meth-
icillin-resistant Staph. aureus with a minimum inhibitory concentration of
2–64 Ag/mL. On the other hand, the phenolic compounds tested did not show
strong antibacterial effects on E. coli and Ps. aeruginosa (14).

A. Antihepatotoxic Effect

Two new naphtho-pyrone glycosides, 9-[(beta-D-glucopyranosyl-(1-6)-O-be-
ta-D-glucopyranosyl)oxy]-10-hydroxy-7-methoxy-3-methyl-1H-naph-
tho[2,3-c]pyran-1-one and 6-[(alpha-apiofuranosyl-(1—6)-O-beta-D-
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glucopyranosyl)oxyl-rubrofusarin, together with cassiaside and rubrofu-
sarin-6-beta-gentiobioside, were isolated from the seeds of C. tora L. Their
structures were deduced on the basis of chemical and spectral data. The
naphtho-gamma-pyrone glycosides were found to have significant hepato-
protective effects against galactosamine damage, which were higher than that
of silybin from Silybum marianum (11).

VIII. CONCLUSIONS

Herbs have been used as food and for medicinal purposes for centuries. The
Chinese herb C. tora has been reported to have hypotensive, hypolipemic,
antibacterial, antiviral, antifungal, and antihepatotoxic activity. The com-
mercial products of C. tora include both unroasted and roasted samples, and
the biological effects were found to be higher with unroastedC. tora than with
the roasted product. Roasted C. tora has a special flavor and color, and it is
popularly used to make a health drink. C. tora contains a variety of bioactive
phenolic substances, including chrysophanol, emodin, rhein, etc., which are
mainly responsible for the pharmacological action ascribed to them.

The extracts of C. tora scavenge hydrogen peroxide, superoxide anion,
and hydroxyl radicals, inhibit lipid peroxidation, and suppress DNA damage
in human lymphocytes induced by hydrogen peroxide. The unroasted C. tora
extract has greater antioxidant activity than roasted samples. Higher roasting
temperature and longer roasting periods reduced the antioxidant activity of
C. tora. The extracts of C. tora reacted under the HepG2 cell cultivating
model of nonexogenic enzyme have suppressive effects for the DNA damage
induced by B[a]P. The inhibitory effects of C. tora on DNA damage are
similar to the trend of its antioxidant properties, and decreased with increas-
ing roasting temperature. The mechanism involved in antigenotoxicity
includes suppressing EROD, NADPH CYP-450 reductase in cells and
promoting GST activity. Overall, the biological activities of extracts from
roasted C. tora decreased as compared with that of unroasted samples. This
result might be caused by the reduction of phenolics and anthraquinones inC.
tora as a result of roasting.
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Sho-saiko-to

Ichiro Shimizu

Tokushima University School of Medicine
Tokushima, Japan

I. INTRODUCTION

The Chinese herbal medicine Sho-saiko-to, a mixture of seven herbal prep-
arations, is an officially approved prescription drug in Japan and is widely
administered in Japan to patients with chronic hepatitis C virus (HCV)
infection. The most common cause of hepatic fibrosis is chronic HCV
infection, the characteristic feature of which is hepatic steatosis. Hepatic
steatosis leads to an increase in lipid peroxidation in hepatocytes, which in
turn leads to the activation of hepatic stellate cells (HSCs). HSCs are also
thought to be the primary target cells of inflammatory stimuli, and produce
collagen. Tests indicate that Sho-saiko-to improves liver function, and a
prospective study reported a reduced incidence of hepatocellular carcinoma
in patients with HCV-related cirrhosis. However, little information is avail-
able concerning the mechanism by which Sho-saiko-to protects against
hepatic fibrosis and carcinoma. Several laboratories, including ours, have
demonstrated the preventive and therapeutic effects of Sho-saiko-to on
experimental hepatic fibrosis, as well as its inhibitory effect on the activation
of HSCs. We provided evidence that Sho-saiko-to functions as a potent
fibrosuppressant via the inhibition of oxidative stress in hepatocytes and
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HSCs, and that its active components are baicalin and baicalein. In addition,
Sho-saiko-to has anticarcinogenic properties in that it inhibits chemical
hepatocarcinogenesis in animals, inhibits the proliferation of hepatoma cells
by inducing apoptosis, and arrests the cell cycle. Among the active compo-
nents of Sho-saiko-to, baicalin, baicalein, and saikosaponin-a have the ability
to inhibit cell proliferation. It should be noted that baicalin and baicalein are
flavonoids, the chemical structures of which are very similar to those of
silybinin and quercetin, which show antifibrogenic activities. This may
provide valuable information on the search for novel antifibrogenic agents.

Herbal medicines have been used in China for thousands of years. Their
principles are based on clinical experience and practice, but the effective
ingredients in most of these medications have not been identified. Chinese
herbal medicines have now attracted the attention of practitioners ofWestern
medicine, and are being manufactured in Japan in uniform quality and in
sufficient quantities for use as drugs for hospital use. Among these, the herbal
medicine Sho-saiko-to, or Xiao-Chai-Hu-Tang (Chinese name), which has
been used in the treatment of pyretic diseases in China, is an officially
approved prescription drug in Japan. Sho-saiko-to is the most commonly
administered drug in Japan to outpatients with chronic liver diseases,
especially those with chronic HCV infection, chronic hepatitis C (1,2), and
cirrhosis (3). HCV infections are widespread throughout the world, and are
recognized as a major causative factor in chronic hepatitis, cirrhosis, and
hepatocellular carcinoma (HCC) (4 5). In fact, the World Health Organiza-
tion reported that up to 3% of the world’s population is infected with HCV,
suggesting that more than 170million chronic carriers are currently at risk for
developing cirrhosis and HCC (6).

The usual daily dose of Sho-saiko-to is 7.5 g, administered orally in
three equal doses. Seven and one-half grams of Sho-saiko-to contains 4.5 g of
dried Sho-saiko-to extract, which is prepared from boiled water extracts of
seven herbs: 7.0 g ofBupleurum root, 5.0 g ofPinellia tuber, 3.0 g ofScutellaria
root, 3.0 g of jujube fruit, 3.0 g of ginseng root, 2.0 g of glycyrrhiza root, and
1.0 g of ginger rhizome (Table 1). For the putative major active ingredients,
the approximate concentrations of the components in 50 mg/mL of the
ethanol extract of Sho-saiko-to have been determined to be baicalin: 1.75
mg/mL (3.5%), glycyrrhizin: 500 Ag/mL (1%), baicalein: 150 Ag/mL (0.3%),
each of saikosaponin-a, -c, and -d, and ginsenoside Rb1 and ginsenoside Rg1:
100 Ag/mL (0.2%), wogonin: 20 Ag/mL (0.04%), and viscidulin III: less than
50 Ag/mL (<0.1%) (Table 1) (7).

Sho-saiko-to has been shown to improve liver function (1,2), as well as
to alleviate the subjective symptoms associated with chronic liver diseases,
such as digestive discomfort. In a double-blind, multicenter clinical trial, Sho-
saiko-to was shown to lower the serum levels of aspartate aminotransferase
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(AST), alanine aminotransferase (ALT), and gamma-glutamyl transpepti-
dase (gamma-GTP) (1), in patients with chronic hepatitis. As shown in Figure
1, in addition to serum ALT levels, serum concentrations of hepatic fibro-
genesis markers of the 7S domain of type IV collagen (7S-IV) and the amino
terminal propeptide of type III procollagen (P-III-P) were significantly
attenuated by Sho-saiko-to in chronic hepatitis C patients with fibrosis of
Stages 0–3. Hepatic fibrosis, or the deposition of extracellular matrix (ECM),
is classified on a scale of 0–4: 0, no fibrosis; 1, portal fibrosis without septa; 2,
few septa; 3, numerous septa without cirrhosis; 4, cirrhosis. Hepatic fibrosis is
often associated with inflammation and cell death, which accompanies the
repair processes, and is a consequence of severe liver damage that occurs in
many patients with chronic liver diseases, including chronic HCV infection.
The main origin of the abnormal ECM proteins is a cell known as the hepatic
stellate cell (HSC) (also known as the fat-storing cell, lipocyte, or the Ito cell).
HSCs are located in the space of Disse in close contact with hepatocytes and
sinusoidal endothelial cells. Their three-dimensional structure consists of the
cell body and several long and branching cytoplasmic processes (8). It is now
evident that HSCs undergo proliferation and transformation under inflam-
matory stimuli into a-smooth muscle actin (alpha-SMA)-positive myofibro-
blast-like cells, which are referred to as activated cells, and serve as the origin
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TABLE 1 Main Active Ingredients of 7.5 g Sho-saiko-to

Herbal
components

Amount
(g)

Main active
ingredients

Approximate
concentration (%)

Bupleurum root 7.0 Saikosaponin-a 0.2
Saikosaponin-b1, -b2
Saikosaponi-c 0.2
Saikosaponi-d 0.2

Pinellia tuber 5.0 Ephedrine
Scutellaria root 3.0 Baicalin 3.5

Baicalein 0.3
Wogonin 0.04
Viscidulin III <0.1

Jujube fruit 3.0 Cyclic AMP
Ginseng root 3.0 Ginsenoside Rb1 0.2

Ginsenosid g1 0.2
Glycyrrhiza root 2.0 Glycyrrhizin 1

Liquiritin
Ginger rhizome 1.0 6-Gingerol

6-Shogaol
Zingerone
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FIGURE 1 Changes in individual percentages of the initial values for serum
levels of ALT and hepatofibrogenesis markers of 7S domain of type IV collagen
(7S-IV) and amino-terminal propeptide of type II procollagen (P-III-P) after
administration of Sho-saiko-to to chronic hepatitis C patients with fibrosis of
stages 0–1 (o, n = 10), 2 (D, n = 8), and 3, (., n = 8). Values are expressed
as mean percentages (F SD) of each initial value before treatment. *p < 0.05.
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of much of the collagen hypersecretion and nodule formation that occurs
during hepatic fibrosis and cirrhosis (9,10).

Furthermore, in a prospective study, Sho-saiko-to inhibited the devel-
opment of HCC in patients with cirrhosis (3). Although Sho-saiko-to is
widely used in the treatment of chronic hepatitis C and cirrhosis, little is
known about the mechanism by which it protects against hepatic fibrosis and
carcinoma. This chapter summarizes our current knowledge of the biological
functions of Sho-saiko-to as it relates to fibrogenesis and carcinogenesis in
the liver.

II. HEPATOCYTE INJURY INDUCED BY HCV INFECTION

During the course of a chronic HCV infection, hepatocytes are continuously
damaged and replicated, and hepatic fibrosis appears to progress, whereas the
frequencies of genetic alteration also probably increase. It is generally
accepted that multiple genetic alteration, induced by mutations, is an
important factor in carcinogenesis. Therefore, continuous cell death and
replication and multiple genetic alteration may lead to the development of
cirrhosis andHCC (Fig. 2). However, the mechanisms by whichHCV induces
liver injury and hepatocyte death remain, to a great extent, ambiguous.

Cytotoxic T lymphocytes (CTLs) are not only thought to be a major
host defense against viral infection, but have been implicated in immuno-
pathogenesis as well. Two pathways, the perforin and Fas/Fas ligand path-
ways, have been proposed to account for all cytolytic activity of CTLs (11),
although tumor necrosis factor-a (TNF-a), a proinflammatory cytokine, is
released by all HCV-specific CTL clones studied to date (12) and may also
contribute to the cytotoxicity of CTLs (13). The core protein ofHCVhas been
recognized as a target for CTLs (14–16). Viral proteins have various accessory
functions that target host proteins and thus alter normal cellular growth
properties, affecting many signal pathways. A few examples of signaling
molecules, such as the nuclear factor-nB (NF-nB) and activator protein 1
(AP-1), have been reported to be activated by HCV proteins. The NF-nB
pathway plays an important role in the cellular response to a variety of
extracellular stimuli, including TNF-n and interleukin-1 (IL-1). Because the
HCV core protein binds both the TNF receptor and p53 (17,18), induction of
NF-nB by HCV proteins may either cause or suppress hepatocyte death and,
on other occasions, may promote cellular proliferation, thus contributing to
liver injury or tumorigenesis induced byHCV. Likewise, the activation of AP-
1, a transcription factor that regulates a number of genes involved in the
control of cellular growth, by viral proteins presumably would promote
oncogenesis and a myriad of other effects. Our preliminary study demon-
strated that prooxidants induce the activation both of AP-1 and NF-nB with
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degradation of InB-n, an inhibitory subunit of NF-nB, in cultured rat
hepatocytes, and that Sho-saiko-to inhibited the oxidative-stress-induced
activation of NF-nB and AP-1 in a dose-dependent manner (Fig. 3). In
addition, oxidative stress was observed to induce early apoptosis, by decreas-
ing the expression of antiapoptotic proteins Bcl-2 and Bcl-XL, and by
increasing the expression of proapoptotic protein Bad in cultured rat hepa-
tocytes, whereas Sho-saiko-to was found to suppress oxidative-stress-induced
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FIGURE 2 A working hypothesis regarding the role of ROS generation in
stimulating hepatic fibrogenesis and carcinogenesis. Black boxes indicate the
putative suppression site by Sho-saiko-to. ROS, reactive oxygen species; NO,
nitric oxide; MDA, malondialdehyde; TGF, transforming growth factor; PDGF,
platelet-derived growth factor; HSC, hepatic stellate cell.
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early apoptosis by modulating Bcl-2 family protein expression (I. Shimizu,
unpublished data, 2000).

Sho-saiko-to has also been reported to modulate in vitro cytokine
production in peripheral blood mononuclear cells, downregulating the syn-
thesis of IL-4 and -5 in favor of IL-10 in patients with chronic hepatitis C. IL-
10 production in mononuclear cells of hepatitis C patients was reported to be
lower than that of healthy subjects (19). IL-10 would be expected to have an
effective activity for inflammatory bowel disease (20), endotoxin shock (21),
and experimental liver injury (M. Tanaka, unpublished data, presented at the
37th annual meeting of the Japanese Society of Gastroenterology, 1995).
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FIGURE 3 Sho-saiko-to prevents oxidative stress-induced activation of AP-1 (a)
and NF-nB (b) by blocking the degradation of InB-a (c) in cultured rat
hepatocytes in a dose-dependent manner. Cells were incubated with 100
Amol/L of ferric nitrilotriacetate solution (oxidative stress) in the presence or
absence of Sho-saiko-to at the indicated dose. Whole-cell extracts were
measured for DNA-binding activities of AP-1 and NF-nB by electrophoretic
mobility shift assay, and analyzed by Western blotting using the antibody of
InB-a, an inhibitory subunit of NF-nB.
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These findings suggest that Sho-saiko-to may play a role in the repair of
abnormalities in the cytokine production system in patients with chronic
HCV infection.

Parenchymal cell membrane damage could result in the release of
oxygen-derived free radicals and other reactive oxygen species (ROS) derived
from lipid peroxidative processes, which represent a general feature of
sustained inflammatory response and liver injury, once the antioxidant
mechanisms have been depleted (22). Many cells have their own unique
enzymatic defense systems against oxidative stress, including the production
of superoxide dismutase (SOD) and glutathione peroxidase (GPx). In addi-
tion, histopathological studies associated with chronicHCV infection showed
fatty changes in 31–72% of patients (23–25), indicating that hepatic steatosis
is a characteristic feature of chronic HCV infection. It has been suggested that
hepatic steatosis may reflect a direct cytopathic effect of HCV and may play a
role in the progression of the disease. In support of these proposals, a
transgenic mouse model, which expresses the HCV core gene, was observed
to develop progressive hepatic steatosis and HCC (26,27). It is conceivable
that followig hepatocyte injury, hepatic steatosis leads to an increase in lipid
peroxidation, which might contribute to HSC proliferation and transforma-
tion by releasing soluble mediators (28,29), and, thus, induce hepatic fibrosis.

We previously reported that, in two rat models of hepatic fibrosis,
hepatic concentrations of malondialdehyde (MDA), an end product of lipid
peroxidation, in Sho-saiko-to-fed animals were significantly lower than in
those fed a basal diet, and that Sho-saiko-to inhibited the prooxidant-
enhanced lipid peroxidation in cultured rat hepatocytes, and inhibited lipid
peroxidation induced in rat liver mitochondria by Fe2+/adenosine 5V-diphos-
phate (7). In addition, we observed that Sho-saiko-to scavenges the free
radical 1,1-diphenyl-2-picrylhydrazyl (DPPH) (7). Free radicals, generated
mainly by Kupffer cells, are thought to cause tissue injury by initiating lipid
peroxidation and inducing irreversible modifications of cell membrane struc-
ture and function (30). In an animal model of endotoxemia, preadministra-
tion of Sho-saiko-to was found to significantly increase the activity of SOD
and GPx, suggesting that Sho-saiko-to acts by protecting against plasma
membrane damage by ROS such as free radicals (31).

III. EFFECTS OF SHO-SAIKO-TO ON HEPATIC FIBROSIS

In the injured liver, HSCs in the space of Disse are generally thought to be the
primary target cells for inflammatory stimuli (32), and to produce ECM
components, while in intact liver lobules they function as the primary storage
area for retinoids (33). It has been shown that the activation of HSCs in
injured livers leads to their proliferation and transformation into myofibro-
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blast-like cells. This is accompanied by a loss of cellular retinoid, and the
synthesis of a-SMA and large quantities of the major components of the
ECM, including collagen types I, III, and IV, fibronectin, laminin, and
proteoglycans. a-SMA is an activation marker of HSCs. It has been shown
that, in vivo, HSCs express the genes that encode for enzymes such as matrix
metalloproteinase (MMP)-1, which catalyzes the digestion of native fibrillar
collagen types I and III, andMMP-2, which acts on denatured collagen types
I and III and native collagen type IV, as well as a tissue inhibitor of
metalloproteinase (TIMP)-1 (34). The net effect of the production of proteins
involved in matrix synthesis and degradation could be reduced matrix
degradation, which could account for the marked increases in matrix depo-
sition and nodule formation observed during hepatic fibrosis and cirrhosis
(9,35).

Several reports concerning the role of Sho-saiko-to with respect to the
prevention and treatment of experimental liver damage induced in rats by D-
galactosamine (36), carbon tetrachloride (37), dimethylnitrosamine (DMN)
(38), and pig serum (PS) (38) have appeared. Although the mechanism by
which Sho-saiko-to prevents hepatic fibrosis is not at present clear, it has been
reported that the preadministration of this herbal medicine protects the liver
plasmamembrane andHSCs against injury (31).Moreover, Sho-saiko-to was
reported to prevent the development of hepatic fibrosis by the inhibition of
HSC activation in a different animal model, the choline-deficient rat (39). We
confirmed the preventive and therapeutic effects of Sho-saiko-to on rat
experimental hepatic fibrosis induced by DMN and PS (7). The rats were
fed a basic diet that contained Sho-saiko-to for 2 weeks prior to the induction
of hepatic fibrosis, or during the last 2 weeks of treatment. Sho-saiko-to
suppressed the induction of hepatic fibrosis, maintained hepatic retinoid
stores, and reduced hepatic collagen levels and the hepatic expression of a-
SMA and type I collagen. In addition, when incubated with cultured rat
HSCs, the presence of Sho-saiko-to led to an increase in lipid droplets, which
include retinoid and occupy the cytoplasmic space, and inhibit type I collagen
production, a-SMA expression, cell spreading, and DNA synthesis. Further-
more, Sho-saiko-to was reported to induce the arrest at the G0/G1 phase in
the cell cycle of HSCs (40). These findings suggest that the antifibrogenic
activities of Sho-saiko-to are associated with the regulation of ECM proteins
including type I collagen and a-SMA expression, retinoid disappearance, as
well as HSC proliferation.

In investigating the mechanism by which Sho-saiko-to inactivates
HSCs, Kakumu et al. showed that Sho-saiko-to enhanced the in vitro
production of interferon (IFN)-g and antibodies to the hepatitis B core and
e antigens, produced by peripheral blood mononuclear cells from patients
with chronic hepatitis (41). IFN-g is a potent cytokine with immunomodu-
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latory and antiproliferative properties, which inhibits HSC activation and
ECM production in in vivo models of hepatic schistosomiasis and carbon
tetrachloride-, DMN-, and PS-induced hepatic fibrosis (42–46). Oxidative
stress (10,47), including the generation of ROS, has also been implicated as a
cause of hepatic fibrosis (Fig. 2). There is evidence that the products of lipid
peroxidation modulate collagen gene expression (34,48), suggesting that lipid
peroxidation is a link between liver tissue injury and fibrosis (22,49). It has
been reported that paracrine stimuli derived from hepatocytes undergoing
oxidative stress induce HSC proliferation and collagen synthesis (50). HSCs
have also been shown to be activated by the generation of free radicals with
Fe2+/ascorbate (29) and by MDA and 4-hydroxynonenal (47,51), aldehydic
products of lipid peroxidation, and antioxidants such as a-tocopherol were
observed to inhibit HSC activation (29). We also reported that Sho-saiko-to
supplementation led to a dose-dependent suppression in oxidative stress in
cultured rat HSCs in parallel with the inhibition of the type I collagen pro-
duction (7). In hepatic fibrosis, Sho-saiko-to may exert its suppressive effects,
at least in part, by acting as an antioxidant, and/or by stimulating IFN-g.

Inflammatory cells, such as Kupffer cells and invading mononuclear
cells, which release cytokines, transforming growth factor-h1 (TGF-h1), and
platelet-derived growth factor (PDGF), may also contribute to the fibrogenic
response to liver injury. Although the precise nature of the Kupffer-cell-
derived factors that induce HSC activation is currently poorly understood, it
has been shown, for example, that TGF-h1 and PDGF activate cultured
HSCs (52,53). HSCs also produce and respond to TGF-h1 in an autocrine
manner with increased collagen expression. These findings suggest that these
growth factors may act as paracrine and autocrine (i.e., from HSCs) medi-
ators that trigger the transformation of HSCs in vivo. PDGF is a major
mitogen that drives HSC proliferation (54). Importantly, TGF-h1 is a key
fibrogenic mediator that is capable of enhancing ECM deposition and
inhibitingMMP activity (55). It is also noteworthy that TGF-h is an inhibitor
of the proliferation of hepatocytes (56), and that, at higher concentrations,
TGF-h induces oxidative stress leading to hepatocyte apoptosis (56). A
preliminary report concluded that Sho-saiko-to inhibited the PDGF-induced
proliferation of HSCs (40) (Fig. 2).

Because of their anatomical location, their ultrastructural features, and
similarities with pericytes that regulate blood flow in other organs, it has been
proposed that HSCs function as liver-specific pericytes (57). Previous studies
have shown that the contraction and relaxation of HSCs regulate hepatic
sinusoidal blood flow (57,58). Two vasoregulatory compounds with obvious
effects on HSCs include endothelin (ET)-1 and nitric oxide (NO) (59–61).
Experimental evidence suggests that ET-1 is a potent vasoconstrictor in the
liver microcirculation in vivo, acting at both the sinusoidal and extrasinusoi-
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dal sites (62), and that exogenous NO prevents ET-induced contraction as
well as causing precontracted cells to relax (63). HSCs and sinusoidal
endothelial cells produce NO in response to various stimuli in the presence
and absence of endotoxins (64 65). It should be pointed out that Sho-saiko-to
upregulates the inducible NO synthase in hepatocytes, when cultured in the
presence of IFN-g (66).

In our study, among the herbal components of Sho-saiko-to, the
Scutellaria root extract actively inhibited superoxide anion production (7).
Superoxide anion is generated in reperfusion-induced oxidative stress and
liver inflammation, and is closely related to membrane injury by lipid
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peroxidation (67). The antioxidant activity of Scutellaria root was due to the
action of baicalin, baicalein, and viscidulin III, all of which showed antiox-
idative effects. These findings are consistent with previously reported data
(68). However, because an ethanol extract of Sho-saiko-to contains approx-
imately 3.5% baicalin, 0.3% baicalein, and <0.1% viscidulin III (Table 1),
the antioxidant action of Sho-saiko-tomay be largely dependent on the action
of the two flavonoids, baicalin and baicalein (Fig. 4). These flavonoids have
been shown to suppress the proliferation of HSCs (69) and vascular smooth
muscle cells (70,71). It is noteworthy that the chemical structures of the
flavonoids are very similar to those of silybinin and quercetin (72). Each
molecule contains a 2-phenyl-1-benzophyrane-4-one (flavone) structure (72).
Silybinin (73) and quercetin (74) have been reported to have antifibrogenic
properties; silybinin acts as an oxygen radical scavenger (73), affecting the
lipid profile of hepatocyte membranes (75), inhibits the proliferation of HSCs
in vitro, and retards collagen accumulation in chronic bile duct ligated rats
(73); and quercetin suppresses the proliferation and a-SMA expression of
HSCs and interferes with PDGF-induced signal transduction (74). In addi-
tion, some positive clinical trials involving silymarin have been reported. The
latter is prepared as a standardized extract from milk thistle, the principle
active component of which is the silybinin, comprising 60–70% of the
silymarin (76,77). However, the latest results of a randomized controlled trial
indicate that silymarin had no effect on survival and the clinical course in
alcoholic patients with cirrhosis (78).

IV. EFFECTS OF SHO-SAIKO-TO ON HEPATIC
CARCINOGENESIS

HCC is, worldwide, one of the most common malignancies, especially in
Southeast Asia. Based on clinical information, as a causative agent, HCV is
more common thanHBV in both Japan andWestern countries. The incidence
of HCC has been shown to be higher in patients with chronic HCV infection
than for those with chronic HBV infection (79). In chronic hepatitis B, a
resolution of the disease can frequently be seen after the inactivation of viral
replication (4), which probably contributes to a lower incidence of HCC. In
contrast, HCV multiplication is sustained throughout the course of a typical
infection (80,81). When hepatocytes are continuously damaged and replicat-
ed, as is the case for HCV-infected patients with cirrhosis, the frequencies of
genetic alteration also probably increase along with hepatic fibrosis, leading
to the development of cirrhosis andHCC (Fig. 2). It is generally accepted that
multiple genetic alteration is important in carcinogenesis. The HCC occur-
rence rate in patients withHCV-related cirrhosis has been reported to increase
steadily, with a yearly incidence of 1.4–7% (82–84).
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In a prospective, randomized, and controlled trial, Sho-saiko-to acted
as a chemopreventive drug, preventing the development of HCC in patients
with cirrhosis, particularly those with HCV infection, but not HBV infection
(3). It should also be pointed out that Sho-saiko-to protects against liver
injury from oxidative stress includingROS generation and lipid peroxidation,
which may ultimately lead to a decrease in genetic alteration as well as
stopping or slowing the progression of hepatic fibrosis to cirrhosis (Fig. 2). As
a result, Sho-saiko-to might exert its anticarcinogenic role in the liver.
Furthermore, Sho-saiko-to has been shown to have antitumor activity;
Sho-saiko-to was reported to inhibit the development of preneoplastic and
neoplastic lesions of the liver in rats treated withN-nitrosomorpholine (85), 2-
acetylaminofluorene (86), diethylnitrosamine (87), and a choline-deficient
diet (39); and Sho-saiko-to cured mice in which Ehrlich tumors had been
transplanted (88), and showed an antimetastatic effect on Lewis lung carci-
noma in mice (89). A recent report showed that Sho-saiko-to is able to
scavenge hydroxyl radicals in a dose-dependent manner and might prevent
hepatocarcinogenesis in association with the inhibition of 8-hydroxy-2V-
deoxyguanosine production, which is a DNA adduct associated with ROS
and is known to be a parameter of genetic risk for carcinogenesis in the liver
(87). In addition, Sho-saiko-to suppressed the proliferation of the human
HCC cell line KIM-1 by inducing apoptosis and arrest at the G0/G1 phase
(90). An in vitro study also demonstrated that Sho-saiko-to stimulated the
release of TNF-a and granulocyte-colony-stimulating factor (G-CSF) in
peripheral blood mononuclear cells of HCC patients with HCV-related
cirrhosis (91). In addition to its activation of inflammatory cells, TNF-a is
in functions such as immune response regulation, antiviral activities, and
antitumor effects. G-CSF is recognized to be of benefit in the treatment of
neutropenia. Thus, Sho-saiko-to may play a role in biological defense
mechanisms in HCC patients.

In a study of the antitumor activity of the active components of Sho-
saiko-to, saikosaponin-a and ginsenoside Rb1 showed an antimutagenic
effect on mutagenesis induced by a direct-acting mutagen, 2-(2-furyl)-3-(5-
nitro-2-furyl) acrylamide (92). Okita et al. reported that baicalein, baicalin,
saikosaponin-a, and glycyrrhizin inhibited the proliferation of the human
HCC cell line HuH-7 and decreased the production of a-fetoprotein by cells
(93). Motoo and Sawabu also reported that, among the active components of
Sho-saiko-to, baicalein, baicalin, and saikosaponin-a and -d were active in
inhibiting cell growth and DNA synthesis in human HCC cells (Hep-G2 and
PLC/PRF/5) (94). Flavonoids, including baicalein and baicalin, have been
shown to inhibit the nuclear enzyme topoisomerase II, which alters the
topological state of DNA through a concerted breaking and rejoining of
the DNA strands (95). Some antitumor drugs are known to induce apoptosis
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via the inhibition of topoisomerase II (96,97). However, themode of cell death
induced by baicalein was found to differ, depending on theHCC cell line, with
apoptosis induced in KIM-1 cells, and necrosis in HuH-7 and HLF cells (98).
Baicalin has been reported to act as a prooxidant and to induce caspase-3
activation and apoptosis via the mitochondrial pathway (99). Although Sho-
saiko-to and the flavonoids baicalein and baicalin appeared to play a
cytoprotective role in hepatocytes, they also may induce apoptosis in hepa-
toma cells. The different action between hepatocytes and hepatoma cells
remains to be elucidated.

V. CONCLUSION

Although herbal medicines are thought to be safe drugs, a complicating
factor, which has caused physicians and patients to lose confidence in the
safety of Sho-saiko-to, is the development of severe interstitial pneumonia
associated with its use, particularly when it is used in combination with IFN in
treating some Japanese patients with chronic hepatitis C. Interstitial pneu-
monia is also induced by G-CSF, whereas Sho-saiko-to induced G-CSF
production in peripheral blood mononuclear cells in patients with chronic
hepatitis C (100). These findings suggest that Sho-saiko-to, when used in
combination with IFN, may be a cause of interstitial pneumonia. In any case,
it should be noted that Sho-saiko-to may have beneficial effects, not only on
hepatic fibrosis, but also on HCC development in patients with chronic liver
disease.

Since Sho-saiko-to has been showed to have a stronger antiproliferative
effect than any one of its active ingredients, these effects are difficult to
explain, based on a single ingredient, and the combination of several
ingredients may possess synergistic or additive effects. However, the striking
similarity in chemical structures of the flavonoids baicalein and baicalin,
which are mainly responsible for the antioxidant activity of Sho-saiko-to, and
silybinin and quercetin, which have antifibrogenic properties in vitro and in
animal models of hepatic fibrosis, is an important lead in the search for novel
antifibrogenic drugs (72,101).
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I. ATHEROGENIC MODIFICATIONS OF LDL
AND ATHEROSCLEROSIS

Atherosclerosis is the leading cause of morbidity and mortality among
people with a Western lifestyle. The early atherosclerotic lesion is character-
ized by the accumulation of arterial foam cells derived mainly from choles-
terol-loaded macrophages (1,2). Most of the accumulated cholesterol in foam
cells originates from plasma low-density lipoprotein (LDL), which is inter-
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nalized into the cells via the LDL receptor. Native LDL, however, does not
induce cellular cholesterol accumulation, because the LDL receptor activity
is down regulated by the cellular cholesterol content (3,4). LDL has to un-
dergo some modifications, such as aggregation or oxidation, to be taken up
by macrophages at enhanced rate via the macrophage scavenger receptors
pathway, which, unlike the LDL receptor, are not subjected to downregu-
lation by cellular cholesterol (5–7). The underlying mechanisms leading to
the formation of atherosclerotic lesion are complicated and represent the
outcome of multiple interactive processes (8–10).

Atherosclerosis is related to inflammatory conditions, which are initi-
ated by lipoprotein invasion into the artery wall (11). Elevated plasma levels
of LDL, a major risk factor for cardiovascular disease, is associated with
increased adherence of circulating monocytes to arterial endothelial cells, and
to increased rate of LDL infiltration into the intima. When LDL particles are
entrapped in the artery, they can undergo progressive oxidation followed by a
rapid internalization via the macrophage scavenger receptors, leading to foam
cell formation. The atherogenicity of LDL in the arterial wall depends on the
content of LDL, which is focally retained in the intima. The ‘‘response to
retention’’ hypothesis of atherosclerosis supports subendothelial retention of
atherogenic lipoproteins as the central pathological process in atherogenesis
(12–14). This theory points to the retention of LDL as a prerequisite step to
oxidative modification of the lipoprotein. Lipoprotein retention in the artery
wall was suggested to be a more important as a risk factor for atherosclerosis
than the rate of LDL transport into the artery wall (15,16). Retention of LDL
in the intima involves its binding to arterial proteoglycans, and the association
of LDL with such proteoglycans depends on structural properties of the LDL,
such as its size and density (12,17,18). Proteoglycan-bound LDL forms aggre-
gates (18), and aggregated LDL is avidly taken up by macrophages, as well as
by smooth muscle cells (19), leading to foam cell formation (20–22). Retention
and aggregation of LDL in the arterial wall are key events in atherogenesis,
and aggregated LDL exists in atherosclerotic lesions (23). In vitro, LDL ag-
gregation can be induced by phospholipase C, by sphingomyelinase (SMase),
or even by mechanical vortexing (24,25). Aggregation of LDL stimulates its
uptake by macrophages independently of the LDL receptor pathway, thus
converting macrophages into foam cells (26). Recently, it was demonstrated
that extensive oxidation of LDL leads to its aggregation (27–29). On the other
hand, adherence of LDL to arterial proteoglycans increases the susceptibility
of LDL to oxidation (18,30).

The ‘‘oxidative modification of lipoproteins’’ hypothesis of atheroscle-
rosis proposes that LDL oxidation plays a pivotal role in early atherogenesis
(31–40). This hypothesis is supported by evidence that LDL oxidation occurs
in vivo (36,41) and contributes to the clinical manifestation of atherosclerosis.
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The uptake of oxidized LDL (Ox-LDL) via scavenger receptors promotes
cholesterol accumulation and foam cell formation (57,39,42). In addition, Ox-
LDL atherogenicity is related to recruitment of monocytes into the intima
(43), to stimulation of monocyte adhesion to the endothelium (44), and to Ox-
LDL cytotoxicity toward arterial cells (45,46).

Oxidation of LDL involves free radicals attack on the lipoprotein com-
ponents including cholesterol, phospholipids, fatty acids, and apolipoprotein
B-100. LDL oxidation results first in the consumption of its antioxidants
(mainly vitamin E and carotenoids), and in a substantial loss of polyunsat-
urated fatty acids and of cholesterol, which is converted to oxysterols. A
predominant oxysterol formed at early stages of oxidation is 7-hydroperox-
ycholesterol, and at later stages, 7-ketocholesterol is formed (47). Both of
these oxysterols are formed as a result of an oxygenation at the 7-position.
The polyunsaturated groups of the esterified cholesteryl esters and of phos-
pholipids are also major targets for oxidation. The primary products formed
are hydroperoxides, which can undergo subsequent reduction to hydroxides
and aldehydes. Nonenzymatic peroxidation of arachidonic acid results in the
formation of isoprostanes and epoxyisoprostanes (48). In the presence of
transition metal ions, acyl hydroperoxides also undergo carbon-carbon bond
cleavage to form reactive short-chain aldehydes.

During oxidation of LDL, apolipoprotein B-100 also undergoes direct
and indirect modifications. Direct attack of oxidants can oxidize amino acid
side chains and fragment the polypeptide backbone. Reactive lipid perox-
idation products, such as short-chain aldehydes, can form stable adducts with
amino acid residues in the apolipoprotein B-100 (49), which can then lead to
intermolecular cross-linking and to aggregation of lipoprotein particles (50).
Enrichment of LDL with lipid hydroperoxides appears to be an important
first step in LDL oxidation. After depletion of LDL antioxidants, transition
metal ions catalyze propagation reactions, breakdown of lipid hydroperox-
ides, and the formation of reactive products, such as malondialdehyde and
hydroxynonenal, which are responsible for apolipoprotein B-100 modifi-
cation. All these reactions result in changes in the LDL structure and the
oxidatively modified LDL cannot bind to the LDL receptor anymore, but
interacts with the macrophage scavenger receptors, leading to the accumula-
tion of cholesterol and oxidized lipids and to foam cell formation.

II. MACROPHAGE-MEDIATED OXIDATION OF LDL

The process of LDL oxidation is unlikely to occur in plasma because plasma
has high concentrations of antioxidants and of metal ions chelators. It is more
likely to occur within the artery wall, an environment depleted of antioxi-
dants, and therefore the LDL is exposed there to oxidative stress. The identity
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of the cells responsible for the oxidation of LDL along atherogenesis in the
arterial wall is uncertain. Monocyte-derived macrophages are likely candi-
dates to induce the oxidation of LDL during early atherogenesis, because they
are prominent in arterial lesions, and because they generate reactive oxygen
and nitrogen (51,52). Macrophage-mediated oxidation of LDL is consider-
ably affected by the oxidative state in the cells, which depends on the balance
between cellular oxygenases and macrophage-associated antioxidants (53).

Macrophage binding of LDL to the LDL receptor initiates the activa-
tion of cellular oxygenases (54,55). LDL oxidation by arterial wall cells was
suggested to involve the activation of macrophage 15-lipoxygenase and nico-
tinamide adenine dinucleotide phosphate (NADPH) oxidase (55,56). When
NADPH oxidase is activated, the cytosolic components of the NADPH oxi-
dase complex, P-47 and P-67, translocate to the plasma membrane, where
they form, together with the membrane-bound cytochrome b558, the active
NADPH oxidase complex. Both phospholipase A2 and phospholipase D can
induce macrophage NADPH oxidase-dependent oxidation of LDL (57). On
the other hand, macrophage antioxidants also contribute to the extent of
cell-mediated oxidation of LDL. Cellular reduced glutathione (GSH) is a
potent antioxidant (58,59), and an inverse relationship was shown between
the extent of macrophage-mediated oxidation of LDL and the cellular re-
duced glutathione content (59).

Macrophage-mediated oxidation of LDL can also result from an initial
cellular lipid peroxidation. When cultured macrophages were exposed to
ferrous ions, cellular lipid peroxidation took place (60,61). These ‘‘oxidized
macrophages’’ could easily oxidize the LDL lipids, even in the absence of any
added transition metal ions. LDL oxidation by oxidized macrophages can
also result from the transfer of peroxidized lipids from the cell membranes to
LDL particle.

III. PARAOXONASE AND LDL OXIDATION

Human serum paraoxonase (PON1) is an esterase that is physically associated
with HDL, and is also distributed in tissues such as liver, kidney, and intestine
(62,63). Activities of serum PON1 that are routinely measured include hy-
drolysis of organophosphates, such as paraoxon (the active metabolite of the
insecticide parathion), hydrolysis of arylesters, such as phenyl acetate, and
lactonase activities. Human serum paraoxonase activity has been shown to be
inversely related to the risk of cardiovascular disease (64–66), as shown in
atherosclerotic, hypercholesterolemic, and diabetic patients (67–69). HDL-
associated PON1 has recently been shown to protect LDL, as well as the HDL
particle itself, against oxidation induced by either copper ions or free radical
generators (70,71), and this effect could be related to the hydrolysis of specific
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lipoprotein’s oxidized lipids such as cholesteryl linoleate hydroperoxides or
some specific oxidized phospholipids. Protection of HDL from oxidation by
PON1 was shown to preserve the antiatherogenic effect of HDL in reverse
cholesterol transport, as shown by its beneficial effect on HDL-mediated
macrophage cholesterol efflux (70). These effects of PON 1 may be relevant to
its beneficial properties against cardiovascular disease (63–65). Antioxidants
were shown to preserve PON1’s activity as they decrease the formation of
lipid peroxides, which can inactivate PON1 (72).

IV. FLAVONOIDS AND CARDIOVASCULAR DISEASE

Dietary consumption of flavonoids was shown to be inversely related to mor-
bidity and mortality from coronary heart disease (73–75). Flavonoids com-
pose the largest and most studied group of plant phenols. Over 4000 different
flavonoids have been identified to date. They are usually found in plants as
glycosides, and large compositional differences exist between different types
of plants, even between different parts of the same plant.

Flavonoids are grouped into anthocyanins and anthoxantins. Antho-
cyanins are glycosides of anthocyanidin, and they are the most important
group of water-soluble plant pigments, responsible for the red, blue, and
purple colors of flowers and fruits. Anthoxantins are colorless or colored
white to yellow, and include flavonols, flavanols, flavones, flavans, isofla-
vones, and isoflavans.

Flavonoids are powerful antioxidants, and their activity is related to
their chemical structures (76–78). Plant flavonoids can act as potent inhibi-
tors of LDL oxidation, via several mechanisms, including scavenging of free
radicals, chelation of transition metal ions, and preservation of serum para-
oxonase (PON1) activity (and as a result hydrolysis of LDL-associated lipid
peroxides).

Flavonoids are also quite suitable for protecting cell membranes from
free-radical-induced oxidation, since they are both lipophilic and hydrophilic,
thus resulting in a reduced cell-mediated oxidation of LDL. Being partly
inside and partly outside of the cells’ plasma membrane, flavonoids can scav-
enge free radicals that are generated within the cells, as well as free radicals
that attack the cell from the outside.

V. LICORICE, LDL OXIDATION, AND ATHEROSCLEROSIS

Glycyrrhiza glabra, the licorice plant, has been known as a healthy nutrient
for more than 3000 years. The licorice roots have long been used as flavoring
and sweetening agents. Licorice root has also been used medicinally for a
wide range of therapeutics, such as antibacterial, antiviral, anti-inflamma-
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tory, antiallergic, and antihepatotoxic. Minor components of licorice, mostly
flavonoids from the isoflavan and chalcon subclasses, were shown to have
potent antioxidative properties.

VI. CHARACTERIZATION OF ANTIOXIDANT
CONSTITUENTS FROM LICORICE ROOTS

Licorice root contains flavonoids with biological activities, several of which
were isolated and purified. Licochalcone B and D, isolated from the roots of
Glycyrrhiza inflata, were shown to inhibit superoxide anion production in the
xantine/xantine oxidase system (79), and to have free-radical-scavenging
activity toward the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical. These
phenolic compounds were also shown to be effective in protecting biological
systems against various oxidative processes. They inhibit mitochondrial lipid
peroxidation induced by Fe(III)-ADP/NADH, scavenge superoxide anions
in microsomes, and protect red blood cells against oxidative hemolysis (79).
Other antioxidant constituents that were isolated from licorice were identified
as the isoflavans glabridin, hispaglabridin A, hispaglabridin B, 4-O-methyl
glabridin, and two chalcones; isoprenylchalcone and isoquitirigenin (80).
Among these compounds, glabridin was the major flavonoid in the licorice
root extract (5 g/kg of root).

Possible antiatherogenic effects of licorice are illustrated in Figure 1.
Upon LDL incubation with glabridin, the latter was shown to bind to the
LDL, and subsequently, to protect it from oxidation (80–82).

Glabridin inhibited AAPH-induced LDL oxidation in a dose-depen-
dent manner, as shown by the inhibition of cholesteryl linoleate hydroper-
oxide (CL-OOH) formation, as well as by the inhibition of lipid peroxide and
aldehyde formation. Addition of glabridin (30 AM) to LDL that was incu-
bated with AAPH or with copper ions also inhibited the formation of oxy-
sterols (7-hydroxycholesterol, 7-ketocholesterol, and 5, 5- epoxycholesterol)
by 65%, 70%, and 45%, respectively. Glabridin inhibited the consumption
of h-carotene and that of lycopene by 41% and 50%, respectively, after 1 hr
of LDL oxidation in the presence of AAPH, but failed to protect vitamin E,
the major LDL-associated antioxidant, from oxidation (82) (Fig. 2).

Glabridin was also found to preserve the arylesterase activity of human
serum paraoxonase (PON1), including its ability to hydrolyze oxidized LDL
(Ox-LDL) cholesteryl linoleate hydroperoxides (72), since PON1 was found
to be more potent in reducing the amount of cholesteryl linoleate hydro-
peroxides when added to Ox-LDL in the presence of glabridin, in comparison
to its effects in the absence of glabridin.

Glabridin was also shown to accumulate in macrophages in a dose-
and time-dependent process, and in parallel, in glabridin-enriched cells,
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macrophage-mediated oxidation of LDL was inhibited by up to 80%
compared with control cells (Fig. 3a). These effects could be related to
glabridin-mediated inhibition of superoxide anion release from macrophages
in response to phorbol 12-myristate 13-acetate (PMA) (Fig. 3b), to inhibition
of the translocation of P-47 (a cytosolic component of NADPH oxidase) to
the plasma membrane, and to a reduction in cellular protein kinase C activity
(83) (Fig. 3c), which is required for P-47 phosphorylation and activation.
Thus, glabridin-induced inhibition of P-47 phosphorylation may be the
primary event responsible for its inhibitory effect on NADPH oxidase-
induced macrophage-mediated oxidation of LDL. All the above inhibitory
effects of glabridin on the events related to cell-mediated oxidation of LDL
required the hydroxyl groups on the isoflavan B ring (81).

The protective capabilities of licorice crude extract, and of its main
isolated flavonoid, the isoflavan glabridin, against LDL atherogenic mod-
ifications, including LDL oxidation, LDL retention, and LDL aggregation,
were also investigated ex vivo in humans, and in the atherosclerotic apolipo-
protein E–deficient (E0) mice.
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FIGURE 1 Antiatherogenic effects of licorice flavonoids. Dietary consumption of
nutrients rich in flavonoids inhibits LDL oxidation, foam cell formation, and the
development of aortic atherosclerotic lesions. The major licorice flavonoid, the
isoflavan glabridin, is shown, along with its chemical structure. CE, cholesteryl
ester; Ox-LDL, oxidized LDL; UC, unesterified cholesterol.
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VII. THE ANTIOXIDATIVE PROPERTIES OF LICORICE
CONSUMPTION IN HUMANS

Evaluation of the protective effect of licorice root extract on the resistance of
LDL to ex vivo oxidation was studied in normolipidemic human subjects (84),
as well as in hypercholesterolemic patients (85). LDL, which was isolated
from the plasma of 10 healthy volunteers after consumption of 100 mg of
licorice root ethanolic extract per day, for a period of 2 weeks, was more
resistant to copper-ion-induced oxidation, as well as to AAPH-induced oxi-
dation, by 44% and by 36%, respectively, in comparison to LDL isolated
prior to licorice supplementation.

Supplementation of licorice root extract (0.1 g/day) to hypercholes-
terolemic patients for a period of 1 month was followed by an additional 1
month of placebo consumption (85). Licorice consumption resulted in a

FIGURE 2 The antioxidative effect of glabridin on LDL endogenous constituents
during AAPH-induced LDL oxidation. LDL (100 mg of protein/L) was incubated
for 3 hr at 37jC with 5 mM AAPH in the presence of 30 Ag/mL of glabridin. The
extent of LDL oxidation was measured as formation of thiobarbituric acid re-
active substances (TBARS), lipid peroxides, cholesteryl linoleate hydroperoxide
(CLOOH), 7-hydroxycholesterol, 7-ketocholesterol, and 5,6-epoxycholesterol. It
was also analyzed as the consumption of LDL-associated h-carotene, lycopene,
and vitamin E. Results are expressed as % of control, relative to LDL incubated
with AAPH in the absence of glabridin.
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FIGURE 3 Glabridin inhibits macrophage-mediated oxidation of LDL. (a) Mouse
peritoneal macrophages (MPM), harvested from Ejmice that consumed placebo
(control) or glabridin, were incubated with LDL (100 Ag of protein/mL) for 6 hr
under oxidative stress (in the presence of 2 AM CuSO4). The extent of LDL
oxidation was measured directly in the medium by the TBARS assay. Results are
expressed as mean F SD (n = 3). (b) Superoxide anion release: Glabridin
enrichment of macrophages decreases superoxide anion release in response to
PMA. MPM from control mice were incubated with ethanol (0.2%, control) or
with 20 AMof glabridin (in 0.2% ethanol) for 2 hr at 37jC. Then, the amount of
superoxide anion release to the medium in response to 50 ng/mL of PMA was
determined. Results are expressed as mean F SD (n = 3). (c) PKC activity:
Glabridin inhibits protein kinase C (PKC) in macrophages. Macrophage PKC
activity was measured in the cytosolic fraction from macrophages that were
enriched with glabridin in comparison to control macrophages. Results are
expressed as mean F SD (n = 3). *p < 0.01 (vs. placebo).
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moderate reduction in the patients’ plasma susceptibility to lipid peroxidation
(by 19%), and in a marked reduction in the susceptibility of the patients’
plasma LDL to oxidation (by 55%), as shown by a prolongation of the lag
time required for the initiation of LDL oxidation by 55%, in comparison to
the lag time of LDL isolated from plasma derived before licorice extract
consumption (Fig. 4a). This effect was even partially sustained after an ad-
ditional 1 month of placebo supplementation, since LDL derived after this
period was still less susceptible to copper-ion-induced lipid peroxidation, as
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demonstrated by an 18% increment in the lag time in comparison to the
baseline lag time (before licorice administration).

Atherogenicity of LDL is attributed not only to its oxidative modifica-
tion, but also to its aggregation. Upon analyzing the susceptibility to aggre-
gation of LDL isolated from hypercholesterolemic patients who consumed
licorice extract for 1 month, a significant ( p< 0.01) reduction of 28% in LDL
aggregation was observed (Fig. 4b). After an additional 1 month of placebo
consumption, LDL aggregation rates returned toward baseline values.

Retention of LDL, which is an early step in atherogenesis, was mea-
sured by analysis of LDL binding to the proteoglycan chondroitin sulfate
(CS). Following licorice consumption, LDL CS binding ability was signifi-
cantly reduced by 25% and this effect was partly sustained for the additional
1 month of placebo consumption (Fig. 4c).

Licorice extract supplementation also resulted in a 10% reduction in the
patients’ systolic blood pressure, which was sustained for an additional month
(during the placebo consumption). Thus, dietary consumption of licorice root
extract by hypercholesterolemic patients may act as a moderate hypotensive
nutrient and as a potent antioxidant agent, which confer its beneficial health
benefit against cardiovascular disease.

VIII. THE EFFECT OF LICORICE CONSUMPTION BY MICE
ON LDL OXIDATION, MACROPHAGE FOAM CELL
FORMATION, AND ATHEROSCLEROSIS

Dietary supplementation of licorice (200 Ag/day/mouse) to apolipoprotein E–
deficient (Ej) mice for 6 weeks resulted in an 80% reduction in the suscep-
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FIGURE 4 The effect of licorice extract supplementation to hypercholesterol-
emic patients on the susceptibility of their LDL to atherogenic modifications:
oxidation (a), aggregation (b), or retention (c). LDL was isolated from hyper-
cholesterolemic patients before, after 1 month of licorice extract supplemen-
tation, and after an additional 1 month of placebo supplementation. (a) LDL
oxidation: LDL (100 mg of protein/L) was incubated with 5 Amol/L CuSO4 for
3 hr at 25jC. The formation of conjugated dienes was kinetically monitored
at 234 nm and the lag time was measured. (b) LDL aggregation: The extent of
LDL aggregation induced by vortexing was kinetically monitored at 680 nm,
and results are given after 60 sec of vortexing. (c) LDL CS binding ability: LDL
(200 mg of lipoprotein protein/L) was incubated with chondroitin sulfate (CS,
100 mg/L) for 30 min at 37jC. LDL was then precipitated, and the LDL-asso-
ciated glycoseaminoglycan (GAG) content was determined in the precipitate.
Results are expressed as mean F SEM. *p< 0.01 (vs. baseline at study entry).
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tibility of their LDL to copper-ion-induced oxidation, in comparison to LDL
isolated from placebo-treated mice (84).

Administration of purified glabridin to Ej mice in their drinking water
was followed by analysis of its antioxidative effect against ex vivo LDL oxi-
dation (84). GC-MS analysis of the LDL derived from Ej mice after con-
sumption of glabridin revealed that glabridin was absorbed, and bound to
the LDL particle. Whereas no glabridin could be detected in LDL from
control mice, LDL from mice that consumed glabridin (20 Ag/day/mouse)
contained about 2 nmol of glabridin/mg LDL protein. LDL derived from Ej
mice after consumption of 20 Ag glabridin/day/mouse for 6 weeks was
significantly more resistant to copper-ion-induced oxidation (by 22%) than
LDL derived from placebo-treated mice. Administration of glabridin (25 Ag/
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FIGURE 5 Effects of glabridin consumption by E0 mice, on the size of their aortic
arch atherosclerotic lesion area. Photomicrographs of a typical atherosclerotic
lesion of the aortic arch following treatment with placebo (a) or glabridin (b).
The sections were stained with alkaline toludine blue. All micrographs are at
the same magnification. (c) The lesion area is expressed in square micrometers
F SD. *p < 0.01 vs. placebo.
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day/mouse) to Ej mice for 3 months also reduced (by 50%) an additional
atherogenic modification of LDL, i.e., its susceptibility to aggregation
induced by vortexing (86). Most important, inhibition of atherogenic mod-
ifications of LDL (oxidation and aggregation) in Ej mice following glabridin
consumption was associated with a substantial reduction in macrophage
foam cell formation and in the development of the atherosclerotic lesion area
(Fig. 5).

IX. SUMMARY

The beneficial health effects attributed to the consumption of fruits and
vegetables are related, at least in part, to their antioxidant activity. Of special
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FIGURE 6 Major pathways by which licorice flavonoids inhibit LDL cholesterol
oxidation and atherosclerosis. Licorice-derived flavonoids affect LDL directly by
interacting with the lipoprotein and inhibiting LDL oxidation. Licorice flavonoids
can also protect LDL indirectly, by their accumulation in the arteries and pro-
tection of arterial macrophages against oxidative stress. The latter effect is
associated with inhibition of the formation of ‘‘oxidized macrophages’’ and
reduction in the capacity of macrophages to oxidize LDL. In addition, licorice-
derived glabridin preserves paraoxonase activity, thereby increasing the hy-
drolysis of lipid peroxides in lipopoteins and in atherosclerotic lesion, leading to
attenuation in the progression of atherosclerosis.
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interest is the inverse relationship between intake of dietary nutrients rich in
polyphenols and cardiovascular diseases. This effect is attributed to the
polyphenols’ capability to inhibit LDL oxidation, macrophage foam cell
formation, and atherosclerosis. Our current view on the major pathways by
which licorice flavonoids protect LDL against oxidative modifications, and
thereby reduce macrophage foam cell formation and the development of
advanced atherosclerosis, are summarized in Figure 6. Licorice-derived
glabridin can protect LDL against cell-mediated oxidation via two major
pathways, including a direct interaction with the lipoprotein and/or an
indirect effect through accumulation in arterial macrophages. Licorice-de-
rived glabridin was shown to reduce the capacity of macrophages to oxidize
LDL, owing to its binding to LDL and inhibition of its oxidation [by
scavenging reactive oxygen species (ROS) and reactive nitrogen species
(RNS)], also owing to its accumulation in arterial macrophages, followed
by inhibition of macrophage lipid peroxidation and the formation of lipid-
peroxide-rich macrophages. Furthermore, licorice-derived glabridin was
shown to preserve serum paraoxonase (PON1) activity, resulting in PON1-
induced hydrolysis of lipid peroxides in oxidized lipoproteins and in athero-
sclerotic lesion.

All these antioxidative and antiatherosclerotic effects of licorice-derived
glabridin were demonstrated in vitro, as well as in vivo (in humans and in the
atherosclerotic apolipoprotein E–deficient mice). We conclude that licorice is
a source of some potent nutrients, which can attenuate the development of
atherosclerosis secondary to its antioxidatie properties against lipid perox-
idation in cells and in lipoproteins (87–89).
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I. INTRODUCTION

A. Estrogens

Estrogens are steroid hormones that exhibit a broad range of physiological
activities. 17h-Hydroxyestradiol is the female sex hormone active in devel-
oping the mammary gland and the uterus, maintaining pregnancy, relieving
menopausal symptoms, and preventing cardiovascular and bone diseases (1).
An apparent consequence of estrogen is the increase in short-term meno-
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pausal symptoms including vasomotor hot flashes, urogenital atrophy, and
psychological functioning. A hot flash is the classic sign of menopause and
the primary clinical symptom experienced by women during this transitional
stage (2).

Estrogen is beneficial in reducing the risk of cardiovascular disease (3–
5). The incidence of heart disease among premenopausal women is low
compared with men, whereas the incidence among postmenopausal women
approaches that of men. The administration of estrogen to postmenopausal
women decreases the incidence of heart disease (6). This protective effect of
estrogen may partly be attributed to its influence in decreasing the ratio
between LDL and HDL (7), to reduction of thrombus formation, and to
improvement in vascular compliance. Secondary prevention trials, conducted
on women with established coronary heart disease, failed to confirm the
benefits of hormone replacement therapy (HRT) (8). A randomized con-
trolled trial by the Women’s Health Initiative begun in 1993 and involving
16,608 participants who were undergoing HRT of estrogen plus progestin,
was terminated before it reached its end, owing to a 26% increase in invasive
breast cancer and, surprisingly, to an increase in the risk of heart attack
(strokes, blood clots) among those taking the hormone regimen, compared
with women taking a placebo (9).

Estrogen is known to be involved in osteoporosis (10), which affects
more than 25 million women, causing some 250,000 hip fractures annually.
Osteoporosis is characterized by a reduction in bone mineral density to the
extent that a fracturemay occur afterminimal trauma.However, estrogen can
also stimulate malignant growths and in this way contributes to the develop-
ment of estrogen-dependent tumors such as breast and uterus cancer (11).
Breast cancer is the most common malignancy among women in Western
society and is the leading cause of death among American women aged
between 40 and 55 years.

The mechanism of estrogen action includes binding to the estrogen
receptor in the target cell. The estrogen receptor complex is then translocated
from the cytosol to the cell nucleus, where it binds to theDNA, andmodulates
the transcription rate of certain specific genes in the nucleus of the target cells.
At present two estrogen receptors (ERs) are known, ERa and ERh, which
have different structure and tissue distributions (12). The biological effect of
an ER ligand in a specific tissue is determined by the expression of ERa and
ERh in that tissue. It was demonstrated that oxidative stress induced by
H2O2, Fe

2+, AAPH, and activatedmacrophages affect the expression of ERa

and ERh differently, demonstrating cell-specific response, which can be
blocked by antioxidants (13). The two key events controlling the tissue
selectivity of an estrogen are the receptor’s shape and the interaction with
adaptor proteins (14,15). Compounds known as selective estrogen receptor
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modulators (SERMS) function as estrogen antagonists in some tissues and as
agonists in others. For example, tamoxifen, an antagonist in breast tissue, is
used to treat breast cancer and acts as an estrogen agonist in bone (16),
whereas raloxifene functions as an agonist in the bone, breast, and cardio-
vascular system but not in the uterus (17,18). This discrepancy led to a search
for new therapeutic agents such as phytoestrogens that would mimic specific
activities of estrogen. Thus, compounds that inhibit the estrogen receptor in
breast tissue or function like estrogen in nonreproductive tissues (such as bone
and cardiovascular tissues) may be of therapeutic use.

B. Studies on Structure-Activity Relationships

Several studies have been carried out on the relationship between the structure
of compounds and their estrogen-like activity (12,19). Although it is expected
that the binding affinity of the ligand to the ER does not accurately indicate
the biological activity of the ligand in vivo, receptor binding is still a requisite
for the stimulation of biological activity.Wiese et al. (20) evaluated 42 analogs
of estradiol for their ER-binding affinity and toxicity to breast cancer cell
lines, correlating the structure of these compoundswith the above activities by
means of three-dimensional quantitative structure activity (QSAR), employ-
ing a comparative molecular field analysis (CoMFA). They concluded that
additional structural characteristics to those responsible for tight receptor
binding must be present to induce an optimal mitogenic response, such as
steric factor interference in specific zones and electronegative and electropos-
itive properties near position 3. Sadler et al. (21) used the CoMFA method,
which can visualize the steric and electrostatic features of the ligands
corresponding to ER-binding affinity. Using the above technique, 30 com-
pounds sharing the transstilbene structure were examined and results were
compared to information from the ER-binding affinities of substituted
estradiol analogs. This study demonstrated the importance of hydroxy
substituents in nonsteroidal ligands that mimic the 3-OH and 17-OH of
estradiol to obtain a high binding affinity. Grese et al. (22) examined a series of
raloxifene analogs in vitro and in vivo in which the 2-arylbenzothiophene
substructure had been modified, measuring the reduction of serum choles-
terol, uterine weight gain, and uterine eosinophil peroxidase activity in an
ovariectomized (OVX) rat model. In this study, they showed the importance
of highly electronegative 4V-substituents, such as hydroxy or fluoro attached
to the raloxifene molecule, in their ability to bind to the receptor. They also
showed that increasing steric bulk at position 4V led to increased uterine
stimulation in vivo and that additional substitutions at the 4-, 5-, or 7-
positions of the benzothiophene moiety resulted in reduced biological activ-
ity, while an additional substitution of the 2-aryl moiety had little effect.
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Shiau et al. (23) investigated the crystal structure of the human LBD
complex with an agonist (diethylstilbestrol), together with a peptide derived
from an ERa coactivator and the crystal structure of LBDwith an antagonist
(4-hydroxy tamoxifen). They showed that the peptide binds as a short a helix
to a hydrophobic groove on the LBD surface in the complex with the agonist,
while the binding of the antagonist promotes a helix 12 conformation,
inhibiting the binding of a coactivator. They concluded that two effects occur
when the antagonist binds to LBD: a change in the position of the helix 12 so
that it occupies part of the coactivator-binding groove, and a change in LBD
conformation resulting from the interaction with the antagonist that stabi-
lizes this conformation. These data suggest that the ligand structure will have
a direct effect on the complex ER-ligand structure, which dictates the specific
biological activities. Thus a search for natural and synthetic ligands that form
complexes leading to tissue-specific beneficial effects is desired.
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FIGURE 1 Structures of several phytoestrogens, tamoxifen, raloxifene, and
estradiol.
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C. Phytoestrogens

Phytoestrogens are naturally occurring ligands for the estrogen receptor that
are derived from plants. They are part of the human diet and exhibit estrogen-
like activity (24,25). Phytoestrogens include the subclasses of lignans, coume-
stans, isoflavones, and isoflavans (Fig. 1) that arewidely distributed in oilseeds
(flax, cereals), vegetables, soybeans, and roots. The main mammalian lignans
are enterolactone (II) and enterodiol (III) (26), and of coumestan, coumestrol.
The major food-active isoflavonoids are genistein (IV) and daidzein (V) (27)
while the major isoflavan is glabridin (28). Epidemiological evidence indicates
that soy intake (rich in isoflavonoids) is associated with lower breast cancer
risk in women (29,30). Genistein is reported to prevent cancellous bone loss
and to maintain or increase bone density in postmenopausal women (31,32).
The effects of different phytoestrogens in a wide range of concentrations on
estrogen receptor binding, PS2 induction (estrogen-regulated antigen), and
cell proliferation rate in human breast cancer cells were compared to the effects
of estradiol. Phytoestrogens were shown to have weak estrogenic activity,
ranging from 500 to 15,000 times less than estradiol (33,34).

II. ESTROGEN-LIKE ACTIVITY OF LICORICE ROOT EXTRACT

The phytoestrogenic activity of licorice root extract (Glycyrrhiza glabra L.)
was tested among 150 other herbal extracts exerting a highER-binding affinity
(35) while others reported that it showed a low binding affinity (36). Licorice
root extract in combination with a mixture of other herbal extracts was
reported to exert potent estrogenic activity in vitro in animals and in patients
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TABLE 1 The Effect of Licorice Extract on the Induction of CK Activity
in Various Female Rat Tissue

Control
Estradiol
(0.5 Ag)

Licorice extract
(25 Ag)

Glabridin
(25 Ag)

Epiphysis 1 + 0.07 1.42 + 0.12 1.18 + 0.13 1.46 F 0.09
Diaphysis 1 + 0.30 1.99 + 0.10 4.17 + 0.07 3.41 F 0.19
Uterus 1 + 0.25 2.15 + 0.14 1.36 + 0.10 2.30 F 0.19
Aorta 1 + 0.25 1.7 + 0.20 1.42 + 0.18 1.42 F 0.09
Left ventricle 1 + 0.15 1.74 + 0.17 1.38 + 0.07 2.26 F 0.24
Pituitary 1 + 0.16 2 – 0.20 3.68 + 0.09 2.15 F 0.23

The effect of licorice extract, glabridin, and estradiol feeding on the induction of creatine
kinase activity in ovariectomized female rat tissues. Rats were fed with 0.5 Ag/day/rat of
estradiol, 25 Ag/day/rat of licorice extract, or 25 Ag/day/rat of glabridin for 4 weeks. CK
activity was tested in various selected tissues.
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with prostate cancer (37), which was attributed to licochalcone A present in
the extract. The estrogen-like effects of licorice extract in vivo were tested in
our laboratory (38). Ovariectomized female rats fed with licorice extract (25
Ag/day/rat) or estradiol (0.5 Ag/day/rat) for 4 weeks showed a significant
increase in creatine kinase (CK) activity in the epiphysis, diaphysis, left
ventricle of the heart, aorta, uterus, and pituitary gland (Table 1). CK activity
is known to be induced by estrogens in vivo and in vitro (39,40), and can
therefore be used as an ER-response marker. These results showed that at 0.5
Ag/day/rat, estradiol stimulatedCKactivity at the same level as licorice extract
at 25 Ag/day/rat only in diaphyseal bone and the pituitary gland. A histomor-
phometric analysis of the diaphysis and epiphysis of the femoral bone showed
similar effects of licorice and estradiol on the bone’s tracular volume and
trabecular width, but not on the cartilage width or the growth plate height
(Table 2). These results suggest that licorice extract is as active as estradiol in
some parameters and may be safer for use. Additional in vivo experiments
exceeding 1 month may better clarify the licorice extract potential.

III. ESTROGEN-LIKE ACTIVITY OF LICORICE ROOT
CONSTITUENTS

Licorice root constituents were isolated from the aqueous extract, such as
glycyrrhizin and its glycone, glycyrrhetinic acid, and were used in the
treatment of hyperlipemia, atherosclerosis, viral diseases, and allergic inflam-
mation (41). The organic extract of licorice root (acetone or ethanol) is known
to contain isoflavans, isoflavene, and chalcones (Fig. 2) such as glabridin,

TABLE 2 Histomorphometric Analysis of OVX Bone Tissues of Female Rats
Fed with Licorice Extract, Glabridin, or Estradiol for 4 Weeks

Control Estradiol Licorice Glabridin

Total bone
volume (%)

35.6 F 6.7 40.5 F 4.8 37.0 F 8.0 40.4 F 3.3

Cartilage
(width, Am)

24.2 F 6.7 28.6 F 9.3 21.3 F 7.0 33.2 F 7.3

Growth plate
(height, Am)

18.1 F 0.7 20.0 F 2.3 22.3 F 2.8 20.8 F 1.4

Width of
trabecules (Am)

4.2 F 0.9 5.0 F 0.7 4.8 F 0.8 5.4 F 1.2

The effect of licorice extract, glabridin, and estradiol feeding on bone volume, cartilage,
epiphysal growth plate, and the trabecules was tested in ovariectomized females. Rats
were fed with 0.5 Ag/day/rat of estradiol, 25 Ag/day/rat of licorice extract, or 25 Ag/
day/rat of glabridin for 4 weeks. The histomorphometric changes in the tested tissues
are summarized.
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glabrol, glabrene, 3-hydroxyglabrol, 4V-O-methylglabridin (4V-OMeG), his-
paglabridin A (hisp A), hispaglabridin B (hisp B), isoprenylchalcone deriv-
ative (IPC), isoliquitireginin chalcone (ILC), and formononetin (28,42,43).
Licorice root is one of the richest sources of a unique subclass of the flavonoid
family, the isoflavans. We recently showed that glabridin, the major com-
pound of this class having diverse biologically activities (see Aviram et al., in
this book) and which is present in the extract in more than 10% w/w, also
exhibits estrogen-like activity (38,44). The isoflavans contain ring A fused to
ring C connected to ring B through carbon 3 (Fig. 2). Several functional
groups, mainly hydroxyl, may be attached to this basic skeleton. The
heterocyclic ring C of the isoflavans does not contain a double bond between
carbon 2 and 3, or a carbonyl group attached to carbon 4. This structure
does not allow a conjugation of the double bonds between rings A and B.

FIGURE 2 The structure of licorice constituents and estradiol. 2V-O-Methyl
glabridin (2V-OMeG), and 2V,4V-O-Dimethtyl glabridin (2V,4V-OMeG) were
synthesized from glabridin. *A revised structure for glabrene was assigned
by Kinoshita, Tamura, et al. (1997) (74).
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The similarity of the glabridin structure and lipophilicity to that of estradiol
(Fig. 2) encouraged us to investigate the subclass of isoflavans as a possible
candidate for mimicking estrogen activity. In vivo studies testing the effects of
licorice extract suggested that there may be more compounds in the extract
contributing to its estrogen-like activity. This led us to identify other active
constituents, such as glabrene and chalcones.

A. Glabridin

Among the licorice constituents isolated and tested, the most active phytoes-
trogen in vitro and in vivo is glabridin (38,44). Several features are common to
the structures of glabridin and estradiol (Fig. 2). Both have an aromatic ring
substituted with a hydroxyl group at para (glabridin) or position 3 (estradiol),
with three additional fused rings of a phenanthrenic shape. Both are relatively
lipophilic, containing a second hydroxyl group, although not at the same
position (17h in estradiol and 2V in glabridin).

1. Binding of Glabridin to the ERa

Glabridin binds the ER with IC50 of 5 AM (44) and with approximately the
same affinity as genistein, the best known phytoestrogen (33), 104 times lower
than estradiol (45) (Fig. 3).

2. Effect of Glabridin on Breast Cancer Cells

Glabridin stimulated growth over a range of 0.1–10 AM, reaching amaximum
level at about 10 AM; at a higher level (15 AM), it inhibited cell growth (44)
(Fig. 4). Growth stimulation of ER(+) cells by glabridin closely correlated
to its binding affinity to ER. The concentrations at which the proliferative
effects of glabridin were observed are well within the reported in vitro range
of other phytoestrogens, such as genistein, daidzein, and resveratrol from
grapes (45–48).

Using human breast cancer cells that do not express active ERs (MDA-
MB-468) and cells that express active ERs (T47D) confirmed that this cell
growth inhibition at a high concentration exhibits ER-independent behavior.

3. Effect of Glabridin on Cardiovascular Cells

Animal and human studies indicate that estrogens are protective against cor-
onary atherosclerosis (4). Since endothelial and vascular smooth muscle cells
are involved in vascular injury and atherogenesis, the potential modulation of
such processes by estrogen and estrogen-like compounds is of obvious in-
terest. Glabridin as an estradiol-induced, dose-dependent increase of DNA
synthesis of human endothelial cells (ECV304) had a biphasic effect on the
smooth human primary vascular smooth muscle cells (VSMC) (Table 3) (49).
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The inhibition of VSMC proliferation and the induction of ECV304 cell
proliferation by either estradiol or glabridin, which are estrogen-mimetic, are
beneficial in preventing atherosclerosis.

4. In Vivo Effects of Glabridin on Female Rat Tissues

Ovariectomized female rats fed with estradiol or glabridin for 4 weeks (Table
1) showed that 0.5 Ag/day/rat of estradiol stimulated CK activity at the same
level as 25 Ag/day/rat of glabridin in all tissues tested. The histomorphological
analysis suggests that glabridin is slightly more active than the licorice extract
and is similar to estradiol (Table 2). The above effects of glabridin on estrogen-
responsive tissues suggest that it has the potential to mimic the beneficial
activities of estrogen in bone and cardiovascular tissues, but also has a
hazardous influence on the uterus.

B. Glabrene and Other Constituents from the Licorice Root

Glabrene, an isoflavene and ILC that was isolated from organic extract, binds
to the human estrogen receptor with about the same affinity as glabridin and
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FIGURE 3 The binding of estradiol and licorice constituents to human estrogen
receptor a (ERa). Competition of isolated licorice constituents for estrogen
receptor with [3H] labeled. 17h-Estradiol was tested in human breast cancer
cells (T-47D). The cells were incubated with [3H] 17h-estradiol and increasing
concentrations of the tested compounds. 17h-Estradiol and 0.1% ethanol were
used as controls. Radioactivity in cells’ nuclei was counted and ploted as % of
control. Values are means F SD of >3 experiments.
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TABLE 3 The Effect of Estradiol and Glabridin on Human Endothelial Cells and
on Vascular Smooth Muscle Cells

Cells ECV304 VSMC

Estradiol 0.3 nM 1.77 + 0.16 3.28 + 0.09
30 nM 2.44 + 0.11 0.53 + 0.19

Glabridin 30 nM 1.52 + 0.20 2.37 + 0.10
300 nM 3.34 + 0.30 0.89 + 0.22

3 AM 8.72 + 0.28 0.40 + 0.22

Human endothelial cells (ECV304) and human primary vascular smooth muscle cells
(VSMC)were exposed to increasing concentrations of glabridin. DNA synthesiswas tested
using 3H-thymidine incorporation. Results are presented as an increased fold of control.

FIGURE 4 The effects of licorice constituents on the growth of estrogen-
responsive human breast cancer cells. T-47D cells were incubated with
increasing concentrations of 17h-estradiol or the isolated licorice constituents
for 7 days. Proliferation was tested using the XTT cell proliferation reagent.
Results are presented as the % of controls (0.1% ethanol). Values are means F
SD of >3 experiments.
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genistein. The hisp A and B, two additional isoflavans in the licorice root,
were barely active, whereas IPC, another chalcone, was totally inactive.
Glabrene and ILC showed ER-regulated growth-promoting effects such as
glabridin (Fig. 4) and genistein. Glabrene produced dose-dependent tran-
scriptional activation with half-maximal induction at 1 AM, corresponding to
the concentration required for the inhibition of estradiol binding, and showed
amaximum induction level similar to that achieved by 10 nMof estradiol. The
administration of 25 Ag/day/rat glabrene resulted in a similar effect to that of 5
Ag/rat of estradiol in specific skeletal and cardiovascular tissues.

Glabrene, glabridin, and genistein all exhibited phytoestrogenic activity
and are characterized by the connection of ring B to position 3 of the isoflavan
and isoflavone, respectively. On the other hand, many compounds have a
flavonol or flavonone structure whereby ring B is attached to carbon 2, and
are not active as phytoestrogens, such as quercetin, catechin, apigenin, etc.
(reviewed in Ref. 50). This may emphasize the importance of the former
structure for performing phytoestrogenic activity. Results also show that the
glabrene structure, having a double bond between carbons 3 and 4, resembles
that of trans-diphenyl stilbene, a structure critical for the antagonistic and
agonistic activities of the two drugs, tamoxifen and raloxifene (Fig. 1).
However, glabridin lacks this double bond in ring C but nonetheless demon-
strated phytoestrogenic activity in vitro and in vivo, which may suggest that
conjugated double bonds between ring A to ring B are not essential for this
activity. This phenomenon could be explained by the effect of ring C on the
isoflavans stracture, which fixed the position of rings A and B, similar to the
effect of the double bond in trans-stilbene, thus enabling them to bind
efficiently to the ER. Both chalcones of the licorice constituents tested, ILC
and IPC, contain an a, h double bond, a hydroxyl at position 2V (with two
additional hydroxyls at positions 4 and 4V). However, only ILC, which does
not contain the isoprenyl group, binds to the ER, whereas IPC, containing
two isoprenyl groups, was totally inactive.

IV. THE EFFECT OF GLABRIDIN DERIVATIVES
ON THEIR ER BINDING

Glabridin, which contains two hydroxyl groups at positions 2V and 4V, has a
higher affinity to ER and a stronger effect on cell growth stimulation than 2V-
O-MeG and 4V-O-MeG. 2V,4V-O-MeG did not bind to the human estrogen
receptor and showed no proliferative activity. This suggests that when both
hydroxyl groups are free, binding and cell growth promotion are more
pronounced. Previous reports on the involvement of the two hydroxyl groups
of estradiol in binding to the human estrogen receptor showed that both
hydroxyl groups 3 and 17h are required for binding (20,51). In glabridin,
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hydroxyl 4V may play the same role as hydroxyl 3 of estradiol, forming
hydrogen bonds with Arg 394 andGlu 353 in the binding site. Glabridin lacks
the additional hydroxyl group of estradiol at position 17h but has ether
oxygen in a parallel position (the g-pyran ring), which could contribute to the
interaction to histidin 524 in the ligand-binding domain.

V. EFFECTS OF LICORICE CONSTITUENTS ON CELL
PROLIFERATION

In contrast to the ER-regulated growth-promoting phytoerogenic effects of
glabridin and glabrene in concentrations ranging from 100 nM to 10 AM,
higher concentrations abruptly inhibited the proliferation of ER-positive and
ER-negative breast cancer cells. The most plausible explanation for this
biphasic effect of glabridin and glabrene on human breast cancer cells is that
it mediates its actions, not only via the ER as an estrogen agonist, but also by
interacting at higher concentrations with other ER-independent cellular
mechanisms to inhibit cell proliferation induced by glabridin via ER path-
ways. Antiproliferative effects of genistein were also observed in other non-
breast carcinoma cell lines (52). The inhibited growth of ER-negative cells by
glabridin supports the hypothesis that the actions of phytoestrogen on cell
growth inhibition occur via different molecular mechanisms (53–55).

VI. DIFFERENTIAL EFFECTS OF GLABRIDIN AND GLABRENE
ON ERA AND ERB EXPRESSIONS

Estrogen is known to offer protection from coronary artery disease in
postmenopausal women, to be involved in Alzheimer’s disease, and to inhibit
oxidative stress-induced nerve cell death and apoptosis, which are implicated
in a variety of pathologies including strokes and Parkinson’s disease. The
existence of estrogen receptors in these cells and tissues, and the possibility
that some of these estrogen effects are ER-dependent, led to the investigation
of whether phytoestrogens, known to bind the estrogen receptor and exhibit-
ing some estrogen-like activities, can also regulate the expression of ERs.

Results showed that the phytoestrogens glabridin and glabrene pro-
moted ERa and ERh expressions differently and in a cell-specific manner.
ERh was significantly increased in human breast cancer cells only after being
exposed to estradiol and glabridin (two- to fourfold increase), while vitaminD
and glabrene inhibited ERh expression in these cells. On the other hand, ERa

was significantly increased in all treatments (estradiol, fourfold; vitamin D,
threefold; and glabridin, sixfold). Estradiol treatment inhibited ERh in colon
and melanoma cells, while glabrene significantly increased ERh (two- to
threefold). Glabridin had no significant effect in these cell lines, which only
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exhibited ERh. Vitamin D showed the same effect as estradiol on ERh
inhibition in colon cells but had the same stimulating effect on ERh (twofold)
as glabrene in melanoma cells (unpublished data).

These data suggest that phytoestrogens not only mimic the estradiol
function as physiological regulators of ERa and ERh expressions but also
present tissue selectivity. They may also suggest that treatment using both
estradiol and specific phytoestrogens may increase tissue sensitivity to
estradiol, enabling fewer hormones to be used, thus leading to favorable
effects of estradiol and a reduction in the deleterious effects. All of this may
provide new insight into the ER-dependent protective action of estrogen and
phytoestrogens in various postmenopausal diseases and contribute to the
development of novel therapeutic treatment strategies.

VII. LICORICE CONSTITUENTS INHIBIT SEROTONIN
REUPTAKE—A POTENTIAL NATURAL TREATMENT
FOR POSTMENOPAUSAL DEPRESSION

An increase in the prevalence of depressive symptoms in women undergoing
menopause can be related to fluctuating estrogen levels (56). Depression in
women seems to increase with a change in hormone levels (57). The seroto-
nergic system appears to play a major role in depression, although other
neurotransmitters are also involved (2,58,59).

Serotonin is a neurotransmitter in the central and peripheral nervous
systems (60). Serotonin inactivation following its release is controlled by a
specific reuptake of the transmitter from the synaptic cleft into the presynaptic
nerve terminal by the plasma membrane 5HT transporter (SERT3). Selective
blockage of central nervous system SERTs in humans is the initial step in the
pharmacological improvement of a wide variety of disorders, includingmajor
depression (59). The ability of steroids to modulate 5HT transport was
investigated, and it has been shown that estradiol exhibits a nongenomic,
possibly allosteric, inhibition of 5-HT serotonin transport (61). Glabridin and
4V-OMeG were found to be the most effective inhibitors (60% inhibition) of
licorice constituents of 5-HT uptake, expressing a slightly higher activity than
that of glabrene (47% inhibition). The 2V-OMeGwas totally inactive, proving
the importance of hydroxyl 2V for the serotonin reuptake inhibition (62).

VIII. WHITENING EFFECT OF LICORICE EXTRACT
AND ITS CONSTITUENTS

The color of mammalian skin and hair is determined by a number of factors,
the most important of which is the degree and distribution of melanin
pigmentation. Melanin protects the skin from ultraviolet (UV) lesion by
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absorbing the ultraviolet sunlight and removing reactive oxygen species
(ROS). Various dermatological disorders arise from the accumulation of an
excessive amount of epidermal pigmentation (melasma, age spots, actinic
damage sites). Melanin is formed through a series of oxidative reactions
involving the conversion of the amino acid tyrosine in the presence of the
enzyme tyrosinase to dihydroxyphenylalanine (DOPA) and then to dopaqui-
none. Subsequently, dopaquinone is converted to melanin by nonenzymatic
reactions. Compounds may inhibit melanin biosynthesis through different
mechanisms such as the absorption of UV light, the inhibition and prolifer-
ation of melanocyte metabolism (63,64), or the inhibition of tyrosinase, the
major enzyme in melanin biosynthesis. Existing inhibitors suffer from several
drawbacks such as low activity (kojic acid), high cytotoxicity, and mutage-
nicity (hydroquinone) or poor skin penetration (arbutin). Therefore, new de-
pigmentation agents are needed that have improved properties. Yokota et al.
(65) investigated the inhibitory effect of glabridin onmelanogenesis in vitro in
cell culture and found that glabridin inhibits tyrosinase activity at concen-
trations of 0.1–1.0 Ag/mL; in vivo it preventedUVB-induced pigmentation on
guinea pig skins by topical applications of 0.5% glabridin. In our laboratory,
the effects of other constituents of licorice extract were tested for their tyro-
sinase inhibitory activity using L-DOPA and L-tyrosine as substrates, and
melanin biosynthesis using humanmelanocytes (66). Glabrene (IC50= 16 Ag/
mL) proved to be active while hisp A and hisp B were not. The inactivity of
hisp A could be attributed to the presence of the isoprenyl groups, which may
prevent interactionwith the enzyme owing to the steric effect. The inactivity of
hisp B may be due to the absence of two free hydroxyl groups at positions 2V
and 4V, as was found in glabridin. The importance of both hydroxyl groups is
supported by the inactivation of the 2V-O-MeG and 4V-O-MeG.

IX. SUMMARY

Although licorice has been known to be a useful medicinal plant for the past
3000 years, it is still luring investigators to explore newmedicinal properties of
this plant. In a separate chapter, Aviram et al. review the therapeutic effects of
licorice extract and its major antioxidant constituents of glabridin on
atherosclerosis via inhibition of the LDL oxidation molecular mechanism.
The second part of the chapter reviews the potential of licorice extract and its
constituents as HRT for postmenopausal women. The licorice extract and its
constituents were found to bind to estrogen receptors, affect endothelial and
smooth muscle cells known to have a role in cardiovascular diseases, inhibit a
decrease in bonemass, affect the expression of estrogen receptorsa and h, and
inhibit serotonin reuptake, which may be beneficial for reducing postmeno-
pausal hot flashes and depression. In the last part of the chapter, the depig-
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mentation effect of the licorice extract and its constituents via the inhibition
of tyrosinase, the major enzyme in the biosynthesis of melanin, is discussed.

Are the above activities just random phenomena or do they have
something in common? The inhibition of LDL oxidation, the estrogen
agonistic activities, and the inhibition of serotonin reuptakemay all be related
to the antioxidant properties of the extract and its constituents (see references
in Aviram chapter). Antioxidants are known to increase LDL susceptibility
and prevent atherosclerosis, and are potential therapeutic agents for ROS/
RNS-related diseases (67). All of the phytoestrogens known in the literature
(lignans, coumestans, isoflavones, and isoflavans) have antioxidant activity,
including the female hormone, the estradiol itself (68). The molecular mech-
anism that relates the antioxidant activity of a compound to its estrogen-like
activity is not yet clear. A possible mechanism that relates antioxidants to
phytoestrogens may result from the known effects of antioxidants on the level
and type of ROS/RNS associated with the induction of ERs (13,69). The
molecular relationship between serotonin reuptake and antioxidant activity
is unclear and has been only slightly investigated (70). The natural serotonin
reuptake inhibitors that were found in our laboratory are isoflavans, which
are also known to be antioxidants.

The relationship between tyrosinase inhibitors and antioxidants may be
explained by the fact that many of the tyrosinase inhibitors contain phenolic
hydroxyl(s) (hydroquinone, resveratrol derivatives, galic acid), which is one
of the main features of antioxidant activity (donation of an electron or
hydrogen atom) (71). The other group of tyrosinase inhibitors are able to
form complexes with transition metal ions such as copper ion (oxalic acid,
kojic acid), an additional mechanism by which antioxidants may exert their
activity. Tyrosinase is an enzyme containing copper ions in its active site, and
one of the suggested mechanisms for its inhibition is by chelating the ion.
Antioxidants or compounds with redox properties can prevent or delay
pigmentation by different mechanisms: by scavenging reactive oxygen and
nitrogen species (ROS and RNS), known to induce melanin synthesis (72), or
by reducing o-quinones or other intermediates in the melanin biosynthesis,
and thus delaying oxidative polymerization (73).

The chemical structure of isoflavans found to be important in all of the
biological activities tested—inhibition of LDL oxidation, binding to ERs,
effect on human breast cancer cell proliferation, inhibition of serotonin
reuptake and tyrosinase inhibition—is the presence of free hydroxyl at the
2V position of ring B. Additional knowledge of structure-activity relationships
between natural compounds and their specific bioactivity could shed some
light on the mechanisms by which these compounds manifest different
activities in different target cells, and may contribute to the development of
novel therapeutic treatment strategies. In the case of estrogen-like
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compounds, this knowledge will contribute to the design and development of
newHRTagents that have beneficial effects on bone and cardiovascular tissue
and block the deleterious effect of estrogen on breast and uterus cancer.
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I. INTRODUCTION

Oxidative stress is implicated in many diseases related to lifestyle and aging.
Therefore, antioxidant protection attracts much attention against these
diseases (1–3). The brain is essentially vulnerable against oxidative abuse
because of its poor anitoxidant defense including low level of antioxidant
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small molecules and also antioxidant enzymes (4). Moreover, the tissue is rich
in sensitive cellular components toward oxidative abuse such as polyunsat-
urated fatty acids and catecholamine. Indeed accumulated oxidative injury of
cellular components results in many brain disorders including Alzheimer’s
and Parkinson’s diseases. Therefore, protection of cerebral oxidative injury is
important for the quality of life in our society. The antioxidant approach is
attractive for the treatment of cerebral disorders including dementia, and
many trials have been reported to prevent cerebral oxidative tissue injury
using natural and artificial small antioxidants such as vitamins E, lazaroid,
and lipoic acid, as well as antioxidant enzymes (5–7).

However, this approach is complicated, because the tissue-damaging
process initiated by free radicals is not simple but involves several complex
steps such as Ca2+ release in cytoplasm, membrane potential dissipation, free
iron release, etc. (1). At the same time, the cellular repair system operates to
prevent further progression of tissue injury. In this sense, combination
therapy would be a more promising approach to treat these complex
pathological conditions in that prevention and repair of radical-initiated
tissue damages are modulated by the combined effects of antioxidants and
other components in a complex formula that modulates cellular function.

II. TRADITIONAL CHINESE HERBAL MEDICINE AS A MODEL
OF ANTIOXIDANT-BASED-COMPOUNDS FORMULA

In this sense, traditional Chinese herbal medicine (TCM) is interesting
because herbs have been used to treat many complex disorders such as diabete
mellitus, cancer, and others for which Western medicine may not have an
appropriate diagnostic name. TCM is usually prescribed with several herbal
constituents having different functions and the synergistic action exhibited by
the multicomponent formula is effective for the management of many
complicated diseases (8). Moreover, their therapeutic strategy is modulation
of the inherent potential to recover the distorted balance of the physical
condition (disease condition) by either suppressing or stimulating physiolog-
ical reactions with a multifunctional-compound formula comprising several
herbal components. It is also known that free-radical or reactive oxygen
species (ROS) are exclusively involved in the pathogenesis of such disorders
for which the Chinese herbal medicines are effectively applied. Therefore,
antioxidant TCM is an attractive model for study of the antioxidant-based-
compounds therapy of disorders related to oxidative stress. In this chapter, we
discuss results obtained in the study of the preventive effect of Shengmai San
(SMS), a traditional Chinese herbal prescription, on cerebral oxidative injury
in rats.
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III. ANTIOXIDANT POTENTIAL OF SMS DETERMINED
IN VITRO

SMS, a famous Chinese medicinal formula that has been used for more than
800 years in China, is comprised of three herbal components, Panax ginseng,
Shisandra chinensis, andOphiopogon japonicus (9). Traditionally, SMS is used
for the treatment of excess loss of essence qi and body fluid that threatens
heart failure. It can restore blood volume and prevent myocardial infarction.
SMS is also prescribed for patients with coronary heart disease and various
cardiovascular disorders.

Ancient TCM theory states that the physical condition of the human
body is controlled by the interaction of five elemental organs, heart, liver,
kidney, lung, and spleen, although the nature of these organs is not the same
as understood in Western medicine. The brain was not classified in the five
elemental organs but its function is considered strictly related to liver, kidney,
and heart functions. Therefore, it is worth examining protective effects on
cerebral oxidative damage by TCM prescriptions that have been used for
treating complex diseases, especially related to heart, lung, or kidney failure.
In this sense, it is interesting to study the effect of SMS on cerebral oxidative
injury.

We first examined the antioxidant property of SMS by five different
antioxidant assays in vitro and the antioxidant activity was compared using
Trolox as the reference antioxidant in each antioxidant assays. (Table 1).
Interestingly, SMS was found to have extremely strong hydroxyl-radical-
scavenging activity. This characteristic was emphasized when the antioxidant
activity was comparedwith those determined for four typical TCMorKampo
(Japanese traditional herbal prescriptions) formulations that have been tested
for post stroke treatment or dementia: Cho-To-San, Zokumei-To, Ryou-Kei-
Jutsu-Kan-To, and Keishi-Bukuryo-Gan+Yokuinin. All these prescriptions
commonly had stronger scavenging activity toward superoxide radical than
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TABLE 1 Antioxidant Potential of SMS as Trolox Equivalent
Determined by Several In Vitro Assay Systems

Antioxidant assay
SMS IC20 as

Trolox equivalent (AM)

TBARS formation 5
DPPH quenching 3.2
Crocin bleaching test 1.1
Superoxide radical scavenging 200
Hydroxyl radical scavenging 0.4

Shengmai San 637



to other radicals but SMS did not. In contrast, SMS had strong hydroxyl-
radical-scavenging potential (Fig. 1).

IV. PREVENTION OF CEREBRAL OXIDATIVE INJURY
PRODUCED BY ISCHEMIA REPERFUSION BY SMS

When the SMS was administered to rats either before or after cerebral
ischemia reperfusion, oxidative damage in the brain was markedly prevented
as evaluated by two biochemical indications, thiobarbiturate reactive sub-
stance (TBARS) formation and glutathione peroxidase (GPX) activity
(10,11).

The same protective effect of SMS was shown against brain oxidative
damage in mice as well as in rats. Figure 2 shows the preventive effect of SMS
on brain oxidative injury induced by ischemia reperfusion in C57BL/6 mice.
The mice were administered SMS directly into the duodenum 2 hr before
ischemia produced by the occlusion of both right and left common carotid
arteries exposed through a middle skin incision for 85 min. At the end of the
ischemic period, carotid arteries were declamped to allow blood reperfusion
for 45 min. The both TBARS formation and GPX activity were measured in
isolated brain homogenate. After the ischemia reperfusion, TBARS forma-
tion was increased to approximately 260% of untreated control but the
formation was almost completely inhibited by the administration of SMS
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FIGURE 1 Relative antioxidant activity of brain-directed TCM formulations.
SMS, Shengmai San; DTS, Cho-To-San; LGSGT, Rei-Kei-Jutsu-Kan-To; XMT,
Zokumei-To; GZFL+YY, Keishi-Bukuryou-Gan+Yokuinin.
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prior to ischemia treatment. GPX activity, on the other hand, decreased to
approximately 46% of vehicle control after ischemia reperfusion but this
decline was also effectively prevented by SMS preadministration (recovered
to 84% of control). This SMS effect was completely dose-dependent for both
the inhibition of TBARS formation andGPX activity loss; furthermore, TTC
(2,3,5-trimethyl tetrazolium chloride) staining of the brain slices confirmed
the preventive effect of SMS on cerebral oxidative injury caused by ischemia
reperfusion (11) (Fig. 3). Recently, we also studied the effect of SMS on
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FIGURE 2 Inhibitory effects of SMS on TBARS formation and GPX activity loss
in mouse brain after ischemia-reperfusion.

FIGURE 3 Protective effect of SMS against cerebral ischemia-reperfusion injury
in rats evaluated by TTC staining.
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cerebral oxidative damage caused by MPTP (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) administration in a Parkinson’s disease model in mice
and found that the oxidative injury in the substantia nigra was sufficiently
inhibited by orally administered SMS (12).

V. SMS MODULATES CELLULAR ANTIOXIDANT POTENTIAL
THROUGH INDUCTION OF GPX

GPX is an enzyme participating in the capture of H2O2 and hydroperoxides
produced in the cell. Therefore, the change in the activity reflects more or less
overall tissue damage or cellular potential of antioxidant defense. Thus the
preventive effect of SMS on GPX activity loss was further studied by the
immunohistchemical method in culture cells using anti-GPX monoclonal
antibody conjugated with FITC fluoroprobe. As shown in Figure 4, GPX
activity was significantly induced by incubating cells with SMS prior to H2O2

stress, althoughH2O2 also inducedGPX, as was reported elsewhere (13). This
SMS-dependent enhancement of GPX activity was also confirmed by RT-
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FIGURE 4 SMS and H2O2-dependent expression of GPX. PI stain for nucleus; a-
GPX stain for GPX.
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PCR at the transcriptional level (unpublished data), indicating that the
protective action of SMS against oxidative abuse in the brain is due not only
to its strong hydroxyl-radical-scavenging activity but also to its role as cell
functional modulator.

VI. CONCLUSION

Our recent studies reveled that the component herbs in SMS contributing to
the antioxidant property and GPX preservation are Shisandra and Ophiopo-
gon, respectively. Ginseng seems to act as organizer in this formula (11,14).
Although the importance of Shisandra as antioxidant has been suggested
elesewhere (15,16) as well as in our study, the antioxidant property of other
components in SMS are still in discussion. On the other hand, previous studies
indicated that ginseng saponins improve brain functions such as learning
ability or dementia (17). Thus it is not unexpected that SMS was active in
preventing oxidative damage in the brain, as shown above, although it was
primarily prescribed for treating coronal heart failure by replenishing the qi
(vital energy), stimulating the pulse, and stimulating the circulation of body
fluids. Further analysis of the functional roles of each component herb and
their synergism will help our understanding of the basic principle underlying
the mechanism of action of the complex herbal formula suitable for
prevention and repair of cerebral oxidative injury.

We have also reported the similar protective effect of another TCM
formula, Qizhu Tang (QZT), on cerebral oxidative injury in rats, which
comprises four herbal components, Rhizoma atractyloidis, Poria, Radix
notoginseng, and Radix astragali (18). QZT was traditionally prescribed for
treating syndromes related to qi depression in the spleen and stomach, and is
also used for enhancing the immune system of the body. Although the herbal
composition of QZT is completely different from SMS, QZT was found to
have the same strong hydroxyl-radical-scavenging activity as SMS (18). It is
thus accurate to say that reevaluation of hydroxyl-radical-scavenging activity
of the TCM formulations prescribed for qi stimulation will be important to
find the model formula for antioxidant-based-compounds therapy of brain
oxidative stress.
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Eurycoma longifolia Jack (Tongkat Ali)
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University Science Malaysia
Minden, Penang, Malaysia

I. TRADITIONAL MEDICINE

According to the World Health Organization (WHO), up to 80% of people
in the developing world use traditional medicine as part of their primary
health care, and therefore, it is becoming increasing popular in countries
in the North, too. Traditional medicine incorporates plants, animals, and
mineral-based medicines, spiritual therapies, as well as manual techniques or
exercise (1).

In Ethiopia, 90% of the population uses traditional medicine for
primary health care; in Benin, India, andRwanda, the figure is 70%.However
in the West, concern about the effects of chemical medicines and a need for
more personalized health care and greater access to information about health
promote the use of complementary and alternative medicines. The United
Nations health agency said 70% of people in Canada, 49% in France, and
42% in the United States had used alternative medicine at least once. The
global market for traditional therapies is US$60 billion (RM 228 billion) a
year (1).

In Malaysia, the demand for herbs and plant-based medicines grew
450% toRM4.5 billion in 2001 fromRM1billion in 1998.Malaysia’s sales of
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herbal-based products average aboutRM1.5 billion a year, withmost exports
going to China, Indonesia, and India. Demand is growing at an annual rate
of 20% with export value at RM 38 million in 1994 and RM 60 million in
1996 (2).

II. SIMAROUBACEAE

The Simaroubaceae, as defined in Engler’s Syllabus (3), consist of six
subfamilies with 32 genera and over 170 arboreous or shrubby species. The
largest genus isPicramniawith ca. 40 species native to theNewWorld tropics.
Indeed the entire family is of pantropical occurrence with the exception of the
genera Picrasma and Ailanthus, which extend to temperate Asia (4). The
genera of Simaroubaceae are mostly well defined, but the family is only
loosely knit (5). However, only eight genera and 10 species are found in
Malaysia (6). An example of a plant found in Malaysia from this family is
Eurycoma longifolia Jack and a detailed description of this tree is given (7,8).

III. HABITAT E. LONGIFOLIA JACK

E. longifolia Jack is a tall, slender shrub-tree, up to 10 m high, often
unbranched with reddish-brown petioles (9). It is found on the acid (10)
and sandy soil in primary and secondary, evergreen and mixed deciduous
forests in Southeast Asia, viz. Burma, Indochina, Thailand, Malaysia,
Indonesia, Borneo, and the Philippines. It inhabits the understory in the
lowland forests at up to 500 m above sea level (6,11).

A. National Name

It is known as tongkat Ali, or Ali’s walking stick, penawar bisa, or bedara pahit
in Malaysia (12,13), Pasak Bumi in Indonesia (12,13), Plalaiphuak in Thai-
land (14), and cay ba binh (tree that cures hundreds of diseases) in Vietnam
(15). In Vietnam, it is found in Bien-Hoa, Trang-Bom, and Dinh-Quan (16)
and its bark is used in the Vietnamese pharmacopeia (15,16).

B. Uses Described in Folk Medicine

The bark is very bitter and is prescribed for indigestion, as a vermifuge, and it
is used as a medication for lumbago in South Vietnam (15). In Cambodia, the
roots are used as antidotal, and in jaundice, dropsy, and cachexia. The whole
plant is very bitter and supposed to be a febrifuge (15). The fruits and flowers
are antidysenteric (10,15).
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In Malaysia, the roots are used to cure boils (10,17,18), wounds, ulcers
(10,18,19), fever, as a tonic after birth (10,18), and for intestinal worms (10).
They are also used as a paste to relieve headache (10), stomachache (10), pain
caused by syphilis (10,19), and bleeding gums (10,20). In Sabah and Kali-
mantan, a decoction of the bark is drunk to relieve pain in the bones and a
decoction of the leaves is used for washing itches (10).

In addition to the above uses described in folk medicine, this plant is a
symbol of man’s ego and strength because it has been claimed by the
Malaysians to improve strength and power during sexual activities; it
increases male virility and sexual prowess (11,13). It is usually taken as a
decoction of the roots in water.

Thus, this tree has long captured the Malaysian market and currently,
there are about 200 tongkat Ali products, most of them emphasizing its
aphrodisiac properties (21). As such, the above claim has one way or another
been responsible for the uncontrolled and excessive harvesting of the tree in
the Malaysian jungles (22).

In Indonesia, people from Sumatra and Kalimantan also used the roots
as an antipyretic; in Lampung and Belitung, it is used for dysentery. However,
in Riau, people living in the surrounding forests drink a decoction of the roots
or stems to cure malaria. Currently, it is mostly known as aphrodisiac (10).
One of the most unique uses is by the Sakai ethnic group in Sumatra, which
employs this tree as an amulet to protect people from the smallpox virus (10).

Furthermore, in Jambi and Riau, there is often much superstition
pertaining to the harvesting of this plant or its parts. It is emphasized that
harvesting must be conducted quietly and respectfully, and a failure to do so
will result in loss of the plant’s benefits. Thus, it is believed that the highest
benefits will be obtained if the harvester’s back is turned while he is pulling the
tree (10).

IV. PRODUCTION OF TONGKAT ALI

It is found that this crop grows well in deep sandy loams mixed with plenty
of organic matter. The plants are propagated usually from seeds (fresh seeds
collected from tree burst fruits) that take about a week to germinate. The
seedlings will then grow to a height of 10–15 cm after 2 months and at this
stage, they can be removed from the nursery bed and potted, then later trans-
ferred to permanent positions when they are 6 months old. Intercropping
tongkat Ali with other grown timber species is recommended especially in the
early stages of growth to enhance its growth rate as the young plants cannot
withstand full sunlight (14,21). It has been reported that in cultivation of
tongkat Ali, the most susceptible pest is the caterpillar Atteva scrodoxa (21).
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At present, researchers at FRIM (Forest Research Institute Malaysia),
Kuala Lumpur, Malaysia are working on several methods of cultivating
tongkat Ali. Tissue culture has several advantages, as it has been shown to
produce taproots, unlike planting from cuttings, which tend to produce only
fibrous roots, which do not contain the active ingredients (23).

A. Harvest

Tongkat Ali plants can be harvested after a period of at least 5 years. The
whole plant is pulled out to obtain its taproot, which has medicinal values
(14). The taproot is cylindrical, usually not branched, yellowish-white in
color, and very bitter (9).

B. Postharvest Handling

Roots are collected and then other foreign substances are removed. They are
thoroughly washed, cut into cylindrical segments, and dried in the sun (14).

V. SCIENTIFIC INVESTIGATIONS

A. Phytochemistry

The immense and diverse therapeutic uses described in folk medicine have
prompted numerous scientists to carry out scientific investigations pertaining
to both the phytochemistry and the biological effects of tongkat Ali, for the
past 40 years.

Scientific investigations on this plant showed that it contains a series of
quassinoids (16,24–45) that are responsible for the bitter taste, tirucallane-
type triterpenes (36), squalene derivatives (46–48), biphenylneolignans (49),
canthin-6-one (28,33,50), and h-carboline alkaloids (33,50).

One of the these scientific investigations revealed unique structural
features with eurycolactone A (C18 quassinoid), which as a novel carbon
framework, eurycolactone B (C18 quassinoid), which is the first halogenated
quassinoid separated from plant sources, and eurycolactone C (C18 quas-
sinoid), which is a quassinoid with an unusual structure having a lactone A
ring (42).

A further extremely interesting and important feature of eurycolactones
A–D is that these quassinoids were found to be very similar to two previously
isolated quassinoids, laurycolactone B and 5,6-dehydroeurycomalactone.
Therefore, some biosynthetic relationships among these six quassinoids were
suggested (42,44).

An extremely interesting compound is eurycolactone A, which is
apparently an intermediate key structure between C18 and C19 quassinoids.
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Therefore, a possible biogenetic pathway for laurycolactone B and euryco-
lactones A–D from 5,6-dehydroeurycomalactone is speculated. 5,6-Dehy-
droeurycomalactone is oxidized to a triketone, which is then converted to an
intermediate via a benzilic-acid-type rearrangement, which via oxidative
decarboxylation produces laurycolactone B (42).

Methylation of the intermediate produces eurycolactone A, chlorina-
tion of laurycolactone B affords eurycolactone B, oxidation of laurycolactone
B involving a Baeyer-Villiger-type rearrangement produces eurycolactone C
and finally, hydrogenation of laurycolactone B produces eurycolactone D
(42,44).

B. Biological Activities

So far, quassinoids from this plant have been reported to exhibit a wide range
of activities in animals, both in vivo and in vitro (28,30–34,36–42,45,51,52).

Detailed investigations on this plant showed that some of the quas-
sinoids, one of the major bioactive groups in this plant, had antimalarial
activities against drug-resistant Malaysian and non-Malaysian Plasmodium
falciparum isolates, and some were found to have favorable potency com-
pared to chloroquine (28,30,32 33,41,45,51). Most of the above isolates were
cultured in vitro following the method of Trager and Jensen (53,54).

In addition, some of the above quassinoids were found to have antiulcer
(34), antipyretic (40), and antischistosomal (45) properties. In addition, some
of these quassinoids, squalenes, and the tirucallane-type triterpenes had
cytotoxicity activities against cancer cells (31,33,36–39,42,45–49).

In contrast, a recent investigation revealed that some of the above
quassinoids had plant-growth-inhibitory activities (43) and this may be useful
as a preliminary screening method for finding valuable quassinoids with
medicinal activities (43).

Therefore, it is suggested that this plant has highmedicinal values owing
to the occurrence of a variety of quassinoids.

VI. TONGKAT ALI AND APHRODISIAC PROPERTY:
FACT OR FOLKLORE?

The possibility of bioactive aphrodisiacs, substances that stimulate sexual
desire and that may be derived from animals, minerals, and plants (55), has
been attractive throughout recorded history and the passion ofman since time
immemorial.

Most of these ideas originated from the ancient belief in the therapeutic
efficacy of ‘‘signature’’—the notion that plants or animal organs resembling
the genitalia would impart sexual powers. As such, among them are rhinoc-
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eros horn and reindeer antler, which have been extensively used by men to
enhance sexual drive, based on the association between their shapes and the
erect penis.

Reindeer shed their antlers annually; collected shedded antlers are im-
ported from Canada, Finland, Norway, and Sweden into Japan for aphro-
disiac purpose. Although the fresh antlers are supposed to be more powerful,
removal of live antlers from the animals is forbidden in Scandinavia. There-
fore, live reindeers have been imported to provide the best possible aphrodis-
iac quality (56).

Rhinoceros horn is considered a panacea in East Asia and the horns
are widely used to increase male sexual capacity including the capacity for
erection. Chemical analysis of powdered horn extracts reveals only polypep-
tides, sugars, phosphorus, ethanolamine, and free amino acids such as
aspartic acid, threonine, ornithine, lysine, histidine, and arginine (which has
been suggested to increase the intensity of sensation during sex) (57). Rhinoc-
eros horn is, after all, only a modified epidermis.

Mylabris, an alcoholic extract from the dried bodies of China blister
beetles (Pan mao), or Spanish fly (the generic name for a variety of species of
beetles including Cantharis vesicatoria, Lytta vesicatoria, Epicauta funebris,
andMylabris phalerata), is used in China today as an aphrodisiac and to in-
duce abortions. The active principle, called cantharidin, is a potent vesicant
with an estimated fatal dose in humans of 32 mg. It causes irritation of the
urethra, resulting in priapism (58).

Other popular aphrodisiacs include lion-tailed macaque (59), tiger
penis, bear paws, and snake bile (60).

The study of plants exhibiting aphrodisiac property is becoming more
important because of international pressure against the slaughter of animals
since this eventually will cause many animals to become endangered or
extinct.

Punica granatum has been a symbol of love, fertility, and immorality in
Oriental regions (61). The yohimbine-rich bark of Corynanthe yohimbe,
indigenous toWest Africa, has been employed for centuries as an aphrodisiac
(62). It contains the indole alkaloid, which has been used as a sexual stimulant
for domestic animals and, more recently, to treat impotence in men (63–66).

Chelidoniummajus,Heracleum sphondylium, and Satureja montana have
been formulated into topical preparations by the European community for
vaginal douches to increase sexual desire in women (67). Similarly, Hindu
medicine still claims that Aristolochia indica, Crocus sativus, Alpinia galanga,
and Allium cepa are potent aphrodisiacs (68).

InMalaysia, tongkatAli has also gained notoriety as amale aphrodisiac
and this has caused rampant, excessive, and uncontrolled encroachments into
forest reserves. The raids have become so frequent and massive that the
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Forestry Department in Malaysia is worried that the plant species may
become extinct if immediate steps are not taken to stop the wanton uprooting
(69).

Numerous scientific investigations pertaining to the aphrodisiac prop-
erty of this plant have been exhaustively carried out using both the in vivo and
in vitro animal models. However, the definitive criteria used to establish the
aphrodisiac value of a compound still remain elusive. Nevertheless, it was
found that higher erectile function observed in a treated animal provides
evidence for responses and an increase in sexual pleasure (70).

Male sexual activity evaluation of the effect of this plant showed that in
the absence of receptive females, sexually normal male rodents treated with
various extracts of this plant did not exhibit any homosexuality during the
observation period (71), unlike PCPA ( p-chlorophenylalanine ester), which
did lead to homosexuality (72). In addition, the treatedmale rodents exhibited
increase in the penile erection index (71), using the methods previously
described (73,74), in an observation cage (75).

In addition, the effects of this plant on the pendiculation activities (act
of yawning and stretching) in the male rodents were studied following the
method previously described (74), since it is pertinent that yawning, alone or
associated with stretching, is considered to be an ancestral vestige surviving
throughout evolution, which subserves the purpose of sexual arousal (76).
Results showed that the extracts enhanced pendiculation activities in sexually
normal male rodents (77) as well as in middle-aged, 9-month-old, retired
breedermale rodents, but to a smaller degree (78). Thus, these results provided
further evidence of erectile responses and increase in sexual pleasure (70).

The above interesting results led to further investigations on the
masculine copulatory behavior of treated sexually normal (79) and middle-
aged (80) male rodents in the presence of receptive females (81,82). Results
showed that treated sexually normal male rodents exhibited increase in
ejaculation latencies-1, -2, and -3 (79), thus suggesting that these extracts
increased the sexual performance of the male rodents by extending the
duration of coitus (83,84). In addition, the increase in the above three
parameters and also decrease in both postejaculatory intervals -1 and -2
(79) led to the conclusion that these extracts intensified the sexual activity of
the male rodents in a sustained manner by decreasing the refractory period
between the different series of copulation. This was also observed in middle-
aged rodents but to a smaller degree (80).

Further investigations were also carried out pertaining to the effect of
this plant on the libido of sexually experiencedmale rodents. Sexual arousal or
motivation with mount tests following penile anesthetization is a reliable
index of pure libido unaffected by the reinforcing effect of genital sensation
(85,86). Results showed that these extracts enhanced the libido of sexually
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experienced male rodents, providing evidence that this plant is a potent
stimulator of sexual arousal in intact, sexually vigorous male rodents in the
absence of feedback from genital sensation (87).

Further studies were also carried out pertaining to the orientation
activities of the treated sexually experienced male rodents using the methods
previously described (88,89) because modification of orientation activities is
one of the criteria in determining male sexual behavior (88,90). Results
showed that this plant enhanced the orientation activities of treated males
toward receptive females by causing them to display vigorous anogenital
investigatory behavior, and further intensified self-orientation as evidenced
by increased grooming of their own genitalia (91). These improved the sexual
performance of treated sexually experienced male rodents (84,92).

In addition, there was an enhancement of the sexual motivation in the
treated sexually naı̈ve male mice (93), middle-aged male rats (94), and
noncopulator male rats (95).

Similarly, there was also a slow and transient reduction in the hesitation
time before the treated sexually naı̈ve male mice crossed the electrical grid
(maintained at 0.12 mA) in the copulation cage to reach the goal cage, besides
an increase in the percentage of sexually naı̈ve male mice scoring ‘‘right
choice’’ (goal cage with an estrous female mouse) throughout the investiga-
tion period (96). An electrical grid was used as an obstruction in the copu-
lation cage to determine how much a negative stimulus (crossing an electrical
grid) a male mouse was willing to overcome to reach the sexual contact. Sim-
ilar results were obtained in sexually naı̈ve male rats (97) and noncopulator
male rats (98). Longitudinal study showed that these extracts were able to
maintain sexual activity in aging rats (99).

Further results also indicated that these extracts promoted the growth of
accessory sexual organs, viz. ventral prostate and seminal vesicles in the
inexperienced castrated male rats (100), penis in the sexually experienced
castrated male rats (101), levator ani muscle in both the uncastrated and
testosterone-stimulated castrated intact male rats (102).

Potency activity of the aphrodisiac property was also evaluated in male
rats treated with these extracts. Results showed that these extracts produced a
dose-dependent, recurrent, and significant increase in the episodes of penile
reflexes as evidenced by increase in quick flips, long flips, and erections during
the observation period (103).

Other scientific investigators pursued the study of the aphrodisiac
effects of aqueous extract of the roots in male rodents and found that they
showed intense copulatory behavior and a 480% increase in the serum
testosterone (104,105).

In addition, the sperm quality and parameters were also investigated
after the rodents were dosed with extracts from this plant (106,107). Results
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showed that there was a significant increase in the total sperm count, motility,
forward velocity, and fructose concentration in the cauda epididymal semen,
which were probably due to an increase of androgen, caused by the proan-
drogenic effect of these extracts, which enhanced the physiological matura-
tion of sperms (107).

The total sperm count and motility were calculated using the method
previously described (108) and the forward velocity was calculated using the
method previously described (109). Fructose concentration in the cauda epi-
didymal semen was analyzed according to the method previously described
(110).

In conclusion, the above studies clearly showed that various extracts
fromE. longifolia Jack had aphrodisiac property and thismay be attributed to
the presence of the active compounds in more than one fraction.

Although these studies lend further support for the use of this plant by
the indigenous population as a traditional aphrodisiac, it is suggested that a
detailed toxicological study should also be carried.
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Properties of Cordyceps sinensis, a
Traditional Chinese Medicine That
Has Broad Clinical Applications
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I. INTRODUCTION

Cordyceps sinensis is the complex of fungus Cordyceps sinensis (Berk.) Sacc.
(Clavicipitaceae) growing on the larva of Hepialus armoricanus Oberthur,
which lives a few inches underground. It is also commonly known as
Cordyceps, or ‘‘Dong Chong Xia Cao’’ (summer-grass and winter-worm) in
Chinese, because of its appearance during different seasons. Cordyceps has
been known and used in China for medication for more than 300 years (Fig.
1).Cordyceps is first recorded in Ben Cao Cong Xin byWu Yiluo in A.D. 1757.
Later it was revealed that the original description ofCordycepswas inBenCao
Bei Yao by Wang Ang in A.D. 1694, who wrote: ‘‘Cordyceps is sweet in taste
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FIGURE 1 Cordyceps is first recorded in Ben Cao Bei Yao by Wang Ang in A.D.
1694. As shown here in Chinese writing, the clinical usages of Cordyceps are
described, and Cordyceps derived from Jiading of Sichuan is the highest
quality.
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and neutral in nature, and replenishing the kidney and soothing the lung,
arresting bleeding, resolving phlegm, and killing the cough. Cordyceps
derived from Jiading of Sichuan, shows the highest quality. In winter, it
appears as an old silk worm in soil, and moves with hair. In summer, hairs
grow out of soil, and turn into grass. They have to be collected in summer, if
not they will turn into worm again.’’

Cordyceps became known to theWest in the seventeenth century. In A.D.

1723, Cordyceps was brought from Tibet to France as materia medica and
shown at the conference of the Paris Science Academic Institute. Cordyceps
was considered a precious medical material and was recorded in the memo of
the conference in A.D. 1727. In 1878, the Italian scholar Saccardo named
Cordyceps derived from China officially as Cordyceps sinensis (Berk.) Sacc.;
this nomenclature was adopted and is used today. Cordyceps is known to
regulate and ensure the normal functioning of various parts of the body, to
strengthen the immune system and promote overall vitality and longevity,
and it is commonly used in hospitals in China and as a household remedy.
However, more than 350 types of so-called Cordyceps or its substitutes have
been found worldwide today. Thus, authentication of Cordyceps is a serious
problem on the market.

Review of the clinical usages of Cordyceps has been published (1,2).
Here, we discuss the biological character, chemical composition, pharmaco-
logical activity, fermentation of culture mycelia as substitutes, and quality
control of Cordyceps.

II. LIFE CYCLE OF CORDYCEPS

Cordyceps is composed of a fungus fruiting body and larva of the host, and its
distribution is closely related to the distribution of the host.ManyCordyceps-
related species have been found, which are based on different fungi growing
on different insect hosts; however, most of them are not considered as
Cordyceps for clinical usage except C. sinensis, which is listed in the Chinese
Pharmacopoeia (3). China is the major producer of Cordyceps (4). In China,
the parasitic complex of the fungus and the caterpillar is found in the soil of a
prairie at an elevation of 3500–5000 meters, mainly in the provinces of
Qinghai, Tibet, Sichuan, Yunnan, and Gansu (Fig. 2).

Cordyceps can grow on only a few species of insect hosts. At present,
possible hosts of C. sinensis have been identified (5–19); they are listed in
Table 1. An effective dispersal method of C. sinensis is important for the
fungus to find the right host and to survive in nature; the fungus can be
dispersed on a large scale through air, rain, and insects (Fig. 3). The host can
be invaded in the larval state byC. sinensis that infects through the body wall,
stoma, oral cavity, and/or orifices of the host. Another route of infection is
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FIGURE 2 (A) The distribution of Cordyceps in China. (B) The parasitic complex
of the fungus and the caterpillar is found in the soil of a prairie at an elevation of
3500–5000 meters, mainly in the provinces of Qinghai, Tibet, Sichuan,
Yunnan, and Gansu (a and b). Freshly collected Cordyceps is shown in (c) and
(d). Arrowhead in (c) indicates a living Cordyceps.
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TABLE 1 Insect Hosts of C. sinensis

Species Ref. Species Ref. Species Ref.

Hepialus armoricanus 5 H. devidi 6 H. ganna 6
H. kangdingensis 6 H. varians 6 H. nebulosua 6
H. yushuensis 6 H. zhangmoensis 6 H. yunlongensis 6
H. oblifurcus 6 H. zhayuensis 6 H. lijiangensis 6
H. menyuanicus 6 H. kangdingroides 6 H. macilentus 6
H. sichuanus 6 H. yulongensis 7 H. meiliensis 7
H. baimaensis 7 H. deqinensis 7 H. renzhiensis 8
H. pratensis 9 H. yunnanensis 9 H. markamensis 9
H. ferrugineus 10 H. jinshaensis 11 H. albipictus 11
H. jialangensis 12 H. jianchuanensis 12 H. zaliensis 12
H. anomopterus 12 H. zhongzhiensis 13 H. cingulatus 14
H. luquensis 14 H. xunhuaensis 14 H. gonggaensis 15
H. damxungensis 16 H. bagingensis 16 H. latitegumenus 17
H. bibelteus 17 Hepialiscus

nepalensis
6 Hepialiscus flavus 6

Hepialiscus sylvinus 18 Bipectilus
yunnanensis

6 Forkalus xizangensis 6

Phassus giganodus 6 Napialus humanesis 6 Magnificus jiuzhiensis 19
Magnificus zhiduoensis 19

FIGURE 3 Host (H. armoricanus) can be invaded at the state of larva by C.
sinensis. After the infection, Cordyceps fungus uses the bowels of the host as
nutrient and starts to grow. After the host has died, the coarse mycelia will
form a hard tissue. If the condition is suitable, the mycelia in the host will grow
out through the oral cavity, and form the fruiting body, forming Cordyceps.
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through food that is contaminated by C. sinensis mycelia or spores. After
ingestion of contaminated food, C. sinensis invades the host through the
digestive tract. The host body surface is also a route of fungus invasion. The
insect body wall is composed of chitin, which can be hydrolyzed by an enzyme
secreted byC. sinensis fungus, and thus the damaged body surface is available
for fungus invasion. Penetration by mechanical pressure is another mecha-
nism for fungal invasion (4).

Formation of Cordyceps can be divided into three stages: infection,
parasitism (development of the fungus before insect death), and saprophyte
(growth of the fungus after insect death). After infection, Cordyceps fungus
makes use of the bowels of the host as nutrient and starts to grow. Themycelia
creep over the insect body while the host is still alive. Subsequently, the color
of the host body surface (shell) will fade in a few days from dark brown-yellow
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FIGURE 4 Capillary electrophoresis profiles of water-soluble constituents from
fruiting body and worm of natural Cordyceps. Condition: pressure injection 586
kPa for 5 secs, 57 cm � 75 Am ID column, running buffer 200 mM boric acid-
sodium hydroxide (pH 8.5). The profile was monitored online at 254 nm, 0.100
AU at a data collection rate of 5 Hz for 40 mins. (A) Adenosine, (G) guanosine,
(U) uridine. (Data modified from Ref. 20.)
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and turn into light yellow; then the entire body is covered by gray mycelia.
After the host has died, the coarse mycelia will form a hard tissue. If
conditions are suitable, the mycelia in the host will grow out through the
oral cavity and form the fruiting body, thus formingCordyceps. The host loses
its own biological and chemical characteristics, and eventually is invaded by
C. sinensis mycelia. The collected Cordyceps have to be dried before they are
sold on the market.

To determine the nature of the worm in Cordyceps, the biological
activity and the main constituents of the fruiting body and the worm were
investigated (20). The water extracts of the individual parts were analyzed by
capillary electrophoresis and the content of nucleosides was determined. The
fruiting body and the worm showed a close resemblance in their nucleoside
peaks and overall profiles, while the dry naı̈ve worm with no Cordyceps
mycelia showed a very distinct profile (Fig. 4). The nucleoside contents of the
fruiting body and worm of Cordyceps were very similar. In addition, similar
amounts of polysaccharides were found in the fruiting body and worm. The
antioxidation activity of Cordyceps, from either the fruiting body or worm,
was determined; the water extracts of the fruiting body and worm from
Cordyceps had similar IC50 values in their inhibition of free-radical forma-
tion. On the other hand, the naı̈ve worm did not show any antioxidation
activity in the range of mg/mL. These results suggest that the function of the
worm in Cordyceps is to provide a growth medium for the fruiting body, and
eventually, the worm is totally invaded by C. sinensis mycelia (20).

III. CHEMICAL CONSTITUENTS OF CORDYCEPS

The chemical composition of C. sinensis, first described in 1947 (4), includes
25% crude protein, 8.4% fat, 18.5% crude fiber, 29% carbohydrate, and
4.1% ash. In 1957, cordycepic acid, which was identified as D-mannitol, was
isolated from C. sinensis, and subsequently it has been used as a marker of
quality control of Cordyceps for a number of years (21). In 1964, 3V-
deoxyadenosine, namely cordycepin, was isolated from cultured Cordyceps
militaris (4), a related species of C. sinensis commonly used as a substitute;
however, its existence in C. sinensis is controversial. To date, cordycepin has
never been identified from C. sinensis. In 1981, uracil, adenine, adenosine,
trehalose, mannitol, ergosterol, and stearic acid were identified from C.
sinensis (22). At present, C. sinensis is known to contain steroids, nucleosides,
carbohydrates, and amino acids.

Sterols and their derivatives have been isolated from natural and
cultured Cordyceps. They are ergosterol, D3 ergosterol, ergosterol peroxide,
ergosteryl-3-O-h-D-glucopyranoside, 22,23-dihydroergosteryl-3-O-h-D-glu-
copyranoside, h-sitosterol, daucosterol, cholesterol, cholesteryl palmitate,
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campesterol, and dihydrobrassicasterol. Based on the activity-guided frac-
tionation, two antitumor compounds, 5a, 8a-epidioxy-24(R)-methylcho-
lesta-6,22-dien-3h-D-glucopyranoside and 5,6-epoxy-24(R)-methylcholesta-
7,22-dien-3h-ol (Fig. 5), were isolated from themethanol extract ofC. sinensis
(23). H1-A (Fig. 5), which suppresses the activated humanmesangial cells and
alleviates immunoglobulin A nephropathy (Berger’s disease) with clinical and
histological improvement, is a purified compound from the fruiting body of
C. sinensis (24).

Nucleosides in Cordyceps have been a focus since the isolation of
cordycepin from cultured C. militaris, which was shown to have antitumor
activity. More than 10 nucleosides and related compounds have been isolated
from Cordyceps, including adenine, adenosine, uracil, uridine, guanidine,
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FIGURE 5 Structures of sterols and nucleoside isolated from Cordyceps. (1) 5a,
8a-Epidioxy-24(R)- methylcholesta-6,22-dien-3h-D-glucopyranoside; (2) 5,6-
epoxy-24(R)-methylcholesta-7,22-dien-3h-ol; (3) H1-A; (4) N6-(2-hydroxy-
ethyl)-adenosine.
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guanosine, hypoxanthin, inosine, thymine, thymidine, and deoxyuridine
(25,26). In addition, N 6-(2-hydroxyethyl)- adenosine (Fig. 5), which behaves
as a Ca2+ antagonist and an ionotropic agent, was isolated from cultured
mycelia of Cordyceps (27).

D-Mannitol is one of the major compounds in natural Cordyceps, and
contributes over 3.4% of the total dry weight (28).Cordyceps contains a large
amount of polysaccharides, ranging from 3 to 8%of the total dry weight (29).
A water-soluble, protein-containing galactomannan was isolated from the
sodium carbonate extract of Cordyceps, and its molecular weight was
estimated by gel filtration to be f23 kDa. The isolated compound was
composed of D-mannose and D-galactose in a molar ratio of 3:5, and
contained a small proportion of protein. It is a highly branched structure
composed of (1!6)-and (1!2)-linked a-D-mannopyranosyl residues in the
main chain (30). Another polysaccharide with hypoglycemic activity, purified
from a hot-water extract of the cultured mycelium of C. sinensis, was a
combination of galactose, glucose, and mannose in a molar ratio of 43:33:24;
its molecular weight was estimated to be about 15 kDa. The results of
chemical and spectroscopic investigations suggest that the polysaccharide
has a comb-type structure (31).

More than 20% of amino acid is found in Cordyceps, which could be
responsible for its tonic and immunopotentiating activity (32). Six cyclo-
dipeptides were isolated from cultured Cordyceps, and one of them, cyclo-(L-
glycyl-L-prolyl), had antitumor and immunopotentiation activity (33).

In addition, Cordyceps contains about 0.18% dry weight of phospho-
lipid, including eight phospholipids; the major constituents are phosphati-
dylcholine, phophatidylinositol, phosphatidylserine, phosphatidylethanol-
amine, and phosphatidic acid (34). Some organic acids, such as palmitic
acid, stearic acid, oleic acid, and linoleic acid, and vitamin B12 and Cwere also
identified in Cordyceps.

IV. CORDYCEPS ACTS ON THE IMMUNE SYSTEM

Effects of Cordyceps on the immune system have been reported; however, the
experimental results are controversial and show that Cordyceps possesses
both potentiation and/or inhibition effects on the immunoresponse. Thus, it is
assumed that Cordyceps is a bidirectional modulator of the immune system.

The spleen weight of mice was significantly increased by oral adminis-
tration of water extract derived from Cordyceps; the extract increased the
synthesis of DNA and protein, which promoted the proliferation of spleen
lymphocytes. The active ingredients that caused the elevation of spleen weight
subsequently were identified and partially purified from the fruiting body of
Cordyceps.
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The immune system in tumor-bearing mice was greatly enhanced by
treatment withCordyceps. C57BL/6mice implanted subcutaneously with EL-
4 lymphoma cells were employed as the experimental targets. Oral adminis-
tration of the extract led to a reduction of tumor size in the tumor-bearing
mice and prolonged the survival rate of the host. Phagocytic activity of
macrophages was decreased in the tumor-bearing mice treated with cyclo-
phophamide (100 mg/kg); however, administration of Cordyceps extract
restored the activity to higher than the normal level (35).

In animal studies, Cordyceps was shown to stimulate the function of
mononuclear phagocytes and the expansion of adhesion cells in the abdom-
inal cavity, phagocytes in the spleen, and Kupffer’s cells in the liver (36). A
polysaccharide with a size off43 kDa, namely CS-81002, was purified from
the polysaccharide-enriched cultured medium, where the Cordyceps was
fermented. CS-81002, when injected into the mice at a dosage of 5 mg/kg,
stimulated the function of phagocytes; however, CS-81002 did not increase
the number of plaque-forming cells in the spleen. In addition, CS-81002 could
be hydrolyzed by acid to smaller molecules and fewer branches; the size of
hydrolyzed molecules ranged from 12 to 41 kDa depending on the acid
concentration. Higher molecular weight of hydrolyzed CS-81002 retained the
immunoactivity, while the smallest molecule at 12 kDa lost the activity
completely (37). Moreover, the function of Kupffer’s cell is stimulated by
Cordyceps. Rats were administered daily the water extract derived from
Cordyceps p.o. at a dose of 200 mg/kg for 25 days until the day before the
injection of colloidal carbon. According to the rate of carbon clearance in the
blood, the Cordyceps-treated rats showed a shorter half-life of 36% than that
of the control (38).

In contrast to the above-mentioned different lines of evidence, Cordy-
ceps was shown to suppress immunity function. In cultured T lymphocytes,
the application of either natural or cultured Cordyceps onto the cultures
inhibited the lymphocyte blastogenesis stimulated by concanavalin A (Con
A), and that effect was in a dose-dependent manner. Cultured Cordyceps also
significantly inhibited E-rosette formation in humans and prolonged the
survival of skin allografts and cardiac tissue transplantation in mice
(39,40). Systemic lupus erythematosus is an important autoimmune disease,
characterized by the presence of multiple autoantibodies in serum, of which
antinuclear antibodies are the predominant species and anti-dsDNA anti-
bodies are the disease-specific species. Female NZB/NZW F1 mice, a typical
lupus animal model, were fed with Cordyceps at dosages of 0.025, 0.05, and
0.10 g/day from the time they were 6 weeks old. Mice treated with C. sinensis
at 0.1 g/day had a longer survival time than controls. After a few months of
Cordyceps treatment, the level of antinuclear antibodies remained the same as
that of the controls; however, the titer of anti-dsDNA antibodies was reduced
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(41). Furthermore, fractions of methanol extracts from the fruiting bodies of
Cordyceps had positive effects on the lymphoproliferative response, natural
killer cell activity, and phytohemagglutinin (PHA) stimulated interleukin-2
(IL-2) and tumor necrosis factor-a (TNF-a) production on human mononu-
clear cells. Further characterization of the fractions indicated that 2 of the 15
isolated fractions (CS-36-39 and CS-48–51) significantly inhibited the blasto-
genesis response (IC50, 71.0F 3.0 and 21.7F 2.0 Ag/mL, respectively), natural
killer cell activity (IC50, 25.0 F 2.5 and 12.9 F 5.8 Ag/mL, respectively), and
IL-2 production in PHA-treated human mononuclear cells (IC50, 9.6 F 2.3
and 5.5 F 1.6 Ag/mL, respectively). Moreover, the production of TNF-a in
humanmononuclear cells was blocked byCS-36-39 andCS-48-51 (IC50, 2.7F
1.0 and 12.5F 3.8 Ag/mL, respectively). Neither CS-36-39 nor CS-48-51 had a
cytotoxic effect on mononuclear cells in culture (42).

V. CORDYCEPS HAS ANTITUMOR ACTIVITY

Antitumor activity of Cordyceps has been domonstrated both in vitro and in
vivo. Inmice inoculated i.p. with 1� 106 Ehrlich carcinoma or 1� 105MethA
fibrosarcoma, water extract prepared from dried Cordyceps (1 mg protein/
mouse), when injected i.p. to mice, increased the median survival time of the
Ehrlich carcinoma–injectedmice to 316% andMeth A fibrosarcoma–injected
mice to 312% of the control. On the other hand, a cytotoxic effect of
Cordyceps was not found on both tumor cells in vitro. The antitumor effect
of Cordyceps on Ehrlich carcinoma inoculated in mice was significantly
reduced when the mice received X-ray irradiation before the carcinoma
injection, which suggested that the antitumor effect of Cordyceps could be
mediated by potentiating the immunoresponse of the mice (43).

Cordycepin (3V-deoxyadenosine), a nucleoside isolated fromC. militaris
(a substitute of C. sinensis), was demonstrated to have antitumor activity.
Cordycepin inhibited the proliferation of L5178Ymouse lymphoma cells with
an IC50 of 0.27 Amol/L (44). Cordycepin also induced the apoptosis of
leukemia cells and prolonged the S and G2 phases during mitosis (45). In
addition, the extract from Cordyceps showed a strong cytotoxicity effect on
Lewis lung carcinoma and B16 melanoma although cordycepin showed no
cytotoxic effect against these cells in vitro. Thus, the antimetastatic activity of
Cordyceps is probably due to a component other than cordycepin (46).
Cordycepin has not been found so far in C. sinensis.

The conditioned medium from Cordyceps polysaccharide-stimulated
blood mononuclear cells significantly inhibited the proliferation of human
leukemic U937 cells by 78–83%. Furthermore, the same conditioned medium
from the stimulated mononuclear cells induced the differentiation of mono-
cytes/macrophages by over 50%. However, Cordyceps polysaccharide alone
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or normal conditioned medium from blood mononuclear cells had no such
effects. In addition, the secretion of interferon-g, TNF-a, and IL-1 in cultured
mononuclear cells was greatly increased by the application of Cordyceps
polysaccharide, and the elevation of these cytokines, therefore, could explain
the antitumor activity of the polysaccharide enriched from Cordyceps (47).

Methanol extract of Cordyceps inhibited the growth of K562, Vero,
Wish, Calu-1, and Raji tumor cell lines; the inhibitory activities could not be
due to polysaccharide, which was depleted during the extraction. Therefore, it
is believed that antitumor inhibitors other than polysaccharide have to be
considered (48). Based on the activity-guided fractionation, two antitumor
sterols, 5a,8a-epidioxy-24(R)-methylcholesta-6,22-dien-3h-D-glucopyrano-
side and 5,6-epoxy-24(R)-methylcholesta-7,22- dien-3h-ol, were isolated
from the methanol extract of Cordyceps. Both forms of sterols were found
to have a strong inhibition on the proliferation of K562, Jurkat, WM-1341,
HL-60, and RPMI-8226 tumor cell lines at 10 Ag/mL (23).

The antitumor activity of Cordyceps could be due to two mechanisms:
(1) Cordyceps inhibits tumor growth through inhibition of the synthesis of
nucleic acid, protein, and/or glucose permeability through the cell membrane;
(2) the balance between tumor cells and the host’s immune responses is critical
in the process of carcinogenesis or the progression of tumor cells. Cordyceps
polysaccharides are capable of stimulating the proliferation and the secretion
of cytokines in immune cells, which subsequently enhance the immune system
and exert antitumor activity. In support of these concepts, Cordyceps was
found to increase the expression of major histocompatibility complex (MHC)
class II antigen on hepatoma cell line HA22T/VGH. This induced MHC
could enhance host immune surveillance more effectively against tumor cells
(49). Thus,Cordyceps has been used in China as adjuvant treatment of cancer,
in particular, serving as a supplementary therapy for terminal cancers in
combination with radiotherapy or chemotherapy.

VI. EFFECTS OF CORDYCEPS ON THE KIDNEY

Cordyceps has been used extensively to improve kidney function and to
protect against the damage caused by certain nephrotoxic chemicals (50,51).
In kidney-transplanted recipients, Cordyceps protected the kidney from
cyclosporine-mediated nephrotoxicity. Sixty-nine kidney-transplanted recip-
ients, who had stable transplant renal function at least 3 months after
grafting, were divided into two groups at random. Each recipient was given
cyclosporine at the dose of 5 mg/kg/day for 15 days. Group A (control, n=
39) was administered as placebo (glucose) 3 g while group B (n = 30) was
administered 3 g of Cordyceps simultaneously. In both groups, the levels of
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blood creatine, urea, and urine N-acetyl-glucosaminidase were determined;
these clinical parameters demonstrated that the Cordyceps-treated group
developed less prominent nephrotoxicity as compared with the placebo
group. The longer the administration time, the more significant was the
difference of tested clinical results between the two groups. Thus, these
findings suggested that Cordyceps exerts a protective effect against cyclospo-
rine-induced nephrotoxicity (52).

F2, a fraction isolated from the methanol extract of Cordyceps, signif-
icantly inhibited the proliferation of human mesangial cells in cultures that
were activated by IL-1 and IL-6. The immunoglobulin A nephropathy
(IgAN) mice (a mouse model for Berger’s disease) when fed with 1% F-2 in
diet showed a reduction of hematuria and proteinuria together with histo-
pathological improvement. The F2 fraction was then further purified by silica
gel column chromatography and high-performance liquid chromatography
(HPLC), and a purified compound H1-A (Fig. 5) was achieved, which
suppressed the activated mesangial cells and alleviated the immunoglobulin
A nephropathy in mice with clinical and histological improvement (24).
Histological analysis of the kidney indicated that H1-A could inhibit the
proliferation of mesangial cells that was evident in lupus nephritis (53).

VII. CORDYCEPS RESTORES LIVER FUNCTION

Cordyceps could be used for the treatment of chronic hepatitis and related
disease conditions (54). The protective effect ofCordyceps on bacille Calmette
Guérin (BCG)- and lipopolysaccharide-induced liver injury was determined
in mice; Cordyceps markedly inhibited the activities of serum alanine and
aspartate aminotransferases, decreased the liver- and spleen-enlarged index,
reduced the level of lipid peroxide in serum and hepatic tissue in mice, and
reduced the level of serum TNF-a (55). In the same liver injury model, the
polysaccharides enriched with Cordyceps increased the activities of serum
transaminase and liver superoxide dismutase. In addition, the concentration
of liver malondialdehyde, the weighting index of liver, and the liver pathology
were significantly improved by treatment with Cordyceps (56).

The upregulation of intercellular adhesion molecule-I (ICAM-I), a
member of the immunoglobulin supergene family, in liver is an index of liver
fibrogenesis (57). For determining the expression of ICAM, human fibroblasts
were cultured together with Cordyceps, the level of ICAM-1 and CD126
assessed by using flow cytometry, were markedly reduced compared to the
positive rate 86.63 F 5.94% and 77.95 F 4.68% in the control fibroblasts,
respectively. The effect was in a dose-dependent manner, which could explain
the antifibrotic effect in liver (58). Moreover, the effects of Cordyceps on
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carbon-tetrachloride-induced liver fibrosis were investigated in rats. The high
levels of collagen I, III, and IV in liver and procollagen type III in serum of
liver-damaged rats were restored by treatment with Cordyceps (59).

VIII. ANTIOXIDATION ACTIVITY OF CORDYCEPS

In China, there is a long history of using Cordyceps to ameliorate conditions
associated with aging and senescence. Today, scientific findings reveal that
Cordyceps has strong antioxidation activity in animals. The antioxidation
activities were compared between natural and cultured Cordyceps by deter-
mining their effects on the levels of superoxide dismutase, glutathione
peroxidase, and lipid peroxide in mouse liver. It was found that natural and
cultured Cordyceps (0.3 g/L) markedly increased the content of these free-
radical-scavenging enzymes, while both ofCordyceps inhibited the formation
of lipid peroxide in the livers (60).

Hydroxyl radical has been shown to react with salicylic acid in
forming two hydroxylation products, 2, 5- and 2,3-dihydroxybenzic acids.
By using HPLC, the levels of 2, 5- and 2,3-dihydroxybenzic acids in
coronary effluent and in heart tissue were identified in isolated heart that
was perfused with the free-radical-inducer Adriamycin. The enzymatic
activity of lactic dehydrogenase was also determined as the referent index
of membrane damage. Perfusion of ethanol extract of Cordyceps at a dose
of 0.4 g/L markedly decreased the level of dihyroxybenzic acids and the
activity of lactic dehydrogenase in the Adriamycin-perfused heart (61),
which suggested that Cordyceps could inhibit, or scavenge, the formation of
hydroxyl radical.

In cultured rat myocardial cells, the level of malondialdehyde was
significantly increased, and superoxide dismutase activity as well as mem-
brane fluidity were markedly decreased during ischemic treatment. Applica-
tion of Cordyceps to the ischemic cultures markedly decreased the level of
malondialdehyde, but increased the enzymatic activity of superoxide dismu-
tase and the membrane fluidity in a dose-dependent manner. These results
suggested that Cordyceps could suppress lipid peroxidation during ischemia
(62); however, the exact mechanism of the antilipid peroxidation ofCordyceps
was not determined. Nevertheless, it was proposed that Cordyceps could
reduce the damage of the lysosome and restore the decreased enzymatic
activity of Na+-K+-ATPase during ischemia (63).

The antioxidation activity of Cordyceps was compared by using
different methods, including inhibition of xanthine oxidase, induction of
hemolysis in erythrocytes, and prevention of lipid peroxidation in the liver
microsome (64). Water extract from natural or cultured Cordyceps signifi-
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cantly inhibited the formation of free radicals. In the same study, the
antioxidation activities of different cultured or natural products ofCordyceps
were compared (Table 2). Natural Cordyceps from Tibet had the strongest
scavenging activity of free radical with an IC50 of 0.08 mg/mL, while
Cordyceps from Yunnan had an IC50 of 0.24 mg/mL; the difference was
f3-fold between the two sources of Cordyceps. A similar difference could be
observed in cultured Cordyceps that was fermented from various producers.
In contrast, different sources of Cordyceps, either natural or cultured,
showed close inhibition of the free-radical-induced hemolysis of erythro-
cytes; their IC50 varied from 1.5 to 2.0 mg/mL. Furthermore, Cordyceps
could be enriched byf15-fold in the polysaccharide-enriched fraction after
ion exchange column. When the partially purified polysaccharide was used in
the antioxidation assays, the increment of inhibition activity wasf25-fold in
the xanthine oxidase assay, f11-fold in the hemolysis assay, and f32-fold
in the lipid peroxidation assay. The results indicated that polysaccharide
could be one of the active constituents of antioxidation activity in Cordyceps
(64). In determination of the pharmacological efficiency of different parts of
Cordyceps, the fruiting body showed a similar potency in antioxidation
activity compared to the worm (caterpillar); these results were in line with
the identical chemical compositions between the fruiting body and the worm,
which suggested that the function of the worm is to provide nutrient for C.
sinensis to grow (20).
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TABLE 2 Inhibition of Water Extracts from Different Types of Natural and
Cultured Cordyceps on Peroxide Anion Formation, Hemolysis, and Lipid
Peroxidation

Sample Peroxide anion formationa Hemolysisb Lipid peroxidationc

Natural Cordyceps
Qinghai 0.20d 0.20 0.66
Xizang 0.08 0.23 0.52
Sichuan 0.08 0.17 0.39
Yunnan 0.24 0.30 0.71

Cultured Cordyceps
Jiangxi 0.09 0.15 0.53
Huadong 0.21 0.18 0.68
Wanfong 0.34 0.18 0.57
Hebei 0.91 0.19 0.63

a,b,c Refer to Ref. 64.
d The mean values of five determinations are presented. The SEM is less than 5% of the
mean, which is not shown for clarity.
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IX. EFFECTS OF CORDYCEPS ON THE CARDIOVASCULAR
SYSTEM

The antiarrhythmic effects of different extracts including petroleum extract
from culturedCordycepswere tested by using experimental arrhythmia in rats
induced by aconitine and barium chloride. Pretreatment of petroleum extract
of Cordyceps at the dose of 200 mg/kg by oral administration significantly
antagonized the drug-induced arrhythmia, and prolonged the onset time of
arrhythmia (85.0 F 12.3 sec vs. 25.0 F 19.8 sec, control), decreased the
duration of persistence (19.8 F 15.3 min vs. 40.8 F 17.2 min, control), and
diminished the degree of severity (50.0 F 16.7 score vs. 80.0 F 17.9 score,
control) (65). In another study, water extract from Cordyceps, which was
dialyzed overnight against buffer using a membrane cutoff size of 3.5 kDa,
was assayed in anesthetized rats for hypotensive effects and in isolated aorta
for vasorelaxant effects. Intravenous injection of Cordyceps extract sup-
pressed the mean arterial pressure in a dose-dependent manner. In aortic
rings precontracted with phenylephrine, the extract induced relaxation; the
Cordyceps-induced vasorelaxation possibility could be mediated by release of
nitric oxide and endothelium-derived hyperpolarizing factor in stimulated
endothelium (66). In the atherosclerosis mouse model, Cordyceps suppressed
the increased levels of serum lipid peroxide and aortic cholesteryl ester in a
dose-dependent manner. Thus, the prevention of cholesterol deposition in the
aorta by Cordyceps could be mediated by free radicals rather than by the
reduction in serum lipid level (67).

X. HYPOGLYCEMIC ACTIVITY OF CORDYCEPS

Polysaccharide fraction obtained from hot-water extract of Cordyceps, when
injected into mice intraperitoneally, showed significant hypoglycemic activity
in normal and streptozotocin-induced diabetic mice; the glucose level in
plasma was reduced by the extract (68). Administration of the polysaccharide
to normal mice significantly increased the activities of hepatic glucokinase,
hexokinase, and glucose-6-phosphate dehydrogenase, although the glycogen
content in the liver was reduced. Furthermore, the polysaccharide reduced the
levels of triglyceride and cholesterol in plasma ofCordyceps-treatedmice (69).
Cordyceps polysaccharide also increased the activity of hepatic glucokinase
and decreased the protein content of facilitative glucose transporter in rat
liver, which therefore could contribute to the hypoglycemic activity (31).

XI. FERMENTATION OF CORDYCEPS

C. sinensis has a very restricted habitat, and the yield is decreasing every year.
In 2001, only a few thousand kilograms ofCordycepswere collected in China.

Li and Tsim672



5436-0_Packer_Ch31_R2_061804

MD: PACKER, JOB: 03277, PAGE: 673

This represents a decrease of more than 70% compared to 1978. Because of
environmental concerns, the Ordinance of Resources Protection on Wild
Herbal Medicine was issued in 1987, and the collection of Cordyceps was
highly restricted. The price of Cordyceps was US$5000/kg in 2002, which is
about 100-fold higher than in the 1980s.

Scientists in China have extensively developed substitutes by using
mycelial fermentation derived from natural Cordyceps. To date, more than
nine genera including 31 species of fungus strain have been isolated from
natural C. sinensis. Mycelia or fruiting bodies of 16 species have been
produced in large quantities.More than 20 fermented products are commonly
sold as health food products in China and South East Asia, and the annual
production value is more than US$100 million.

The strain Cs-4, a fungus isolated from C. sinensis, is cultivated
aseptically. Cs-4 is known as Paecilomyces hepiali, and its fermented
products has been studied intensively in China. The fermentation method-
ology, chemical composition, therapeutic function, basic biology, and
toxicity of Cs-4 have been thoroughly investigated. JinShuiBao capsule,
the commercial product derived from Cs-4, has been sold and used in clinics
throughout China. This product generates more than several million U.S.
dollars of sales per year. In addition to Cs-4, several mycelial strains have
been isolated from natural Cordyceps and some of them are manufactured,
by fermentation (70). For instance, Synnematum sinensis, Cephalosporium
sinensis, Gliocladium roseum, andMortierella hepiali are the nonsexual phase
strains of Cordyceps; their commercial names in China are BaiLing,
NingXinBao, XinGanBao, and ZhiLing, respectively. In addition, Paecilo-
myces sinensis, Scytalidium hepiali, Tolypocladimn sinensis, Hirsutella sinen-
sis, Chrysosporium sinensis, and others have been isolated from natural
Cordyceps and manufactured in large quantities by fermentation (1,4,71).
Thus, the cultivated products of Cordyceps as health food and medical
products are very popular in China, and their marketable values are ex-
tremely high; however, adulterants of Cordyceps are commonly found on the
market.

The biological activities of different types of mycelial fermentation
products have been compared (64). The results showed that there was a great
variation in their antioxidation effect in inhibiting the formation of free
radicals. The lowest inhibition (IC50 = 0.91 mg/mL) was f10-fold lower
than the highest (IC50= 0.09 mg/mL). In addition, the chemical composition
of different cultivated products ofCordyceps has been determined. All showed
a great variation in having different amounts of ergosterol, nucleoside,
polysaccharide, and mannitol (Table 3). In addition, the true identity of these
cultured fungus strains is not known, and whether they are the anamorphs of
C. sinensis is uncertain. This is a common problem with these cultured
Cordyceps.
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Targeting the above-mentioned authentication problem, a strain named
UST2000 was isolated from the fruiting body of C. sinensis collected in
Qinghai. Molecular evidence by sequencing the spacer domain of 5S-rRNA
DNA proved that the strain of UST2000 was identical to that of C. sinensis.
Fruiting body could grow when UST2000 was cultured on artifical media or
inoculated on the larva of different worms (Fig. 6). Chemical analysis and
pharmacological assay showed that the fruiting body of cultured UST2000
was similar to that of naturalCordyceps. The level of ergosterol, an important
primer of vitamin D2 and a specific component in fungi, represents the
maturation of Cordyceps. By using ergosterol as a marker, the growth rate
of UST2000 was calibrated during the culture and the formation of fruiting
body. The amount of ergosterol was increased during the beginning of
growth, and reached to a plateau after 40 days of culture. The amounts of
nucleosides, carbohydrates, and polysaccharides in UST2000 shared a great
similarity with natural Cordyceps. The pharmacological properties of
UST2000 were also investigated. Oral administration of UST2000 in mice
at a dose of 2.0 g/kg for 10 days significantly increased the phagocytosis of
macrocytes. The induced phagocytic index of mice treated with UST2000
was f3-fold that of normal and f4-fold that of cyclophosphamide-treated
mice. The transformated lymphocytes in UST2000-treated mice was about
double those of cyclophosphamide-treated mice.
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TABLE 3 The Amounts of Major Chemical Constituents in Different Cultured
Cordyceps

Natural
Cordyceps JinShuiBaoa BaiLingb NingXinBaoc XinGanBaod

Ergosterol 1.07e 0.14 0.11 0.04 0.10
Adenosine 0.01 0.26 0.07 0.32 0.27
Guanosine 0.01 0.15 0.03 0.25 0.16
Uridine 0.06 0.44 0.08 0.53 0.15
Polysaccharide 8.2 5.8 7.5 5.9 3.8
Mannitol 3.54 1.02 1.28 1.34 1.12

Fungus of fermented products:
a Pacilomyces hepiali.
b Synnematum sinensis.
c Cephalosporium sinensis.
d Gliocladium roseum.
e The mean values of five determinations are presented. The SEM is less than 5% of the mean,
which is not shown for clarity.
Source: Data are adapted from Refs. 26,28,29,72.
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The identity of C. sinensis as a fungal strain is not established. By using
PCR, the DNA sequences of internal transcribed spacer region (ITS) were
compared in three fungal strains, Hirsutella sinensis, Paecilomyces sinensis,
and Paecilomyces gunin, which were isolated from natural C. sinensis. The
results indicate that C. sinensis and H. sinensis share the highest homology
(97.8%), while C. sinensis has much less homology with the other two species
(less than 70%), which suggests that the anamorph of C. sinensis could beH.
sinensis (73). The same result was obtained by RAPD-PCR using eight
random primers and showed 96% similarity between C. sinensis and H.
sinensis (74).

In the health food market, C. militaris is a common substitute of C.
sinensis (4,75). The chemical components and pharmacological activities ofC.
militaris and C. sinensis have been compared. The contents of protein, amino
acid, organic acid, carbohydrate, alkaloid, and sterol of C. militaris are
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FIGURE 6 UST2000 grows on different worms and media. UST2000 was
isolated from the fruiting body of C. sinensis collected in Qinghai. Molecular
evidence obtained by sequencing the spacer domain of 5S-rRNA DNA proved
that the strain of UST2000 is identical to that of C. sinensis. Fruiting body of
UST2000 grows well on silkworm (a), authentic host H. armoricanus (b), and
artificial media (c and d).
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similar to those of C. sinensis. As shown in Table 4, the pharmacological
effects, including sedative, antianoxia, and anti-inflammatory, of C. militaris
and C. sinensis are comparable (76).

Cordycepin (3V-deoxyadenosine) is a unique chemical from natural or
cultured C. militaris. This compound revealed potent growth-inhibiting
activity toward Clostridium paraputrificum and Clostridium perfringens with-
out adverse effects on the growth of Bifidobacterium bifidum, Bifidobacterium
breve, Bifidobacterium longum, Bifidobacterium adolescentis, Lactobacillus
acidophilus, or Lactobacillus casei. Thus, cordycepin derived fromC. militaris
could serve as a naturally occurring antibacterial agent, which could be useful
as a new preventive agent against various diseases caused by clostridia (77).

XII. QUALITY CONTROL OF CORDYCEPS

Quality control ofCordyceps is important for its clinical application. Ben Cao
Bei Yao in A.D. 1694 recorded thatCordyceps derived from Jiading of Sichuan
had the best quality. In the current health food market, Cordyceps from
Sichuan, Qinghai, and Tibet is considered the top quality. At present, natural
Cordyceps is rare and expensive. In addition, cultured Cordyceps is very
popular; however, the quality of these products is a question of concern to
consumers.

At present, nucleoside is believed to be the active component in
Cordyceps. Indeed, Cordyceps contains a high concentration of adenosine,
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TABLE 4 Pharmacological Activities of C. sinensis and
C. militaris

Activity C. sinensis C. militaris

Immunomodulation Yes —
Cardiovascular Yes —
Renal protection Yes —
Liver protection Yes —
Antisenescence Yes —
Antitumor Yes Yes
Hormonal Yes Yes
Antifibrotic Yes Yes
Anti-inflammatory Yes Yes
Antimutagenic Yes Yes
Hypoglycemic Yes —
Antioxidation Yes —

—, very low or undetectable activity.
Source: Data adapted from Ref. 76.
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guanosine, and uridine (25,26). Among these nucleosides, adenosine is
believed to play a key role in many pharmacological effects of Cordyceps.
Adenosine has widespread effects on coronary and cerebral circulation, in
prevention of cardiar arrhythmias, and on nerve tissue functions such as
inhibition of neurotransmitter release and modulation of adenylate cyclase
activity. In many circumstances, adenosine has been used as a marker for
quality control of natural Cordyceps and culture Cordyceps mycelia (3).

However, the amount of nucleoside within Cordyceps has changed
according to environmental conditions. Our study showed that fresh natural
Cordyceps contains very little nucleoside, as compared to dry and processed
Cordyceps (26). Furthermore, humidity and heat significantly increased the
amount of nucleoside in natural Cordyceps. After storage of Cordyceps at
75% relative humidity and 40jC for 10 days, the nucleoside content in natural
Cordycepsmarkedly increased about fourfold. However, the effect of humid-
ity and heat in altering the content of nucleotide could not be determined in
cultured Cordyceps mycelia (78). Therefore, it is believed that nucleoside in
natural Cordyceps may be derived from the degradation of nucleic acids.
Thus, using adenosine as a marker for good quality of Cordycepsmay not be
indicative.

Polysaccharide is another active component in Cordyceps that pro-
cesses the activities of antioxidation (64), immunopotentiation, and hypo-
glycemia. Indeed, the pharmacological profile of Cordyceps correlates very
well with the quality of polysaccharide (79). Based on the binding toMono Q
column, four fractions of polysaccharides were isolated from different types
of natural and culture Cordyceps; however, the ratios of these four polysac-
charide fractions varied in different cultured products of Cordyceps (29). The
molecular weights of polysaccharides isolated from Cordyceps were also
compared by gel filtration. The polysaccharides in natural Cordyceps were
predominantly (>50%) high-molecular-weight molecules of over 150 kDa,
which were distinct as compared to the cultured products. Thus, the use
of polysaccharide in determining the quality of Cordyceps should be
promoted.

Ergosterol is a specific component in fungi, and it is also another choice
of chemical marker for Cordyceps. Ergosterol exists in Cordyceps as free and
combined forms. The content of free ergosterol is high in natural Cordyceps,
and the level of ergosterol could reflect the amount ofCordycepsmycelia (72).
Ergosterol analogs have multiple pharmacological activities, such as cyto-
toxic activity (23,80), antiviral activity (81); these activities are in line with the
quality of Cordyceps in both natural and cultured products. Therefore,
ergosterol may be a useful marker for quality control ofCordyceps, especially
the cultured product. In summary, multiple markers such as ergosterol,
nucleoside, polysaccharide, and mannitol should be considered as a group
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for quality control of Cordyceps and mycelial fermentation; the active
constituents within Cordyceps are still not certain.

XIII. CONCLUSION

Cordyceps, one of the most valued traditional Chinese medicines, consists of
the dried fungus C. sinensis growing on the larva of the caterpillar. Animal
and clinical studies suggest that it has multiple pharmacological activities,
including immunomodulation, antitumor activity, protection of kidney, liver,
and cardiovascular function, and hypoglycemic activity. Although many so-
called active constituents have been identified, the exact roles of these
chemicals in the functions of Cordyceps are not known. Because of the
decreasing supply of natural Cordyceps, isolation of the mycelial strain of
Cordyceps is being studied by many scientists in China to achieve large-scale
production of Cordyceps by fermentation. Indeed, the current health food
market is full of fermented products ofCordyceps; however, many of them are
adulterants. Thus, the authentication of these products has to be defined, and
chemical markers are needed for quality control. At present, multiple markers
such as ergosterol, nucleoside, polysaccharide, and mannitol are being used
for quality control of Cordyceps in both natural and cultured products.
Unfortunately, these markers are far from optimization, and extensive work
is needed to define the pharmacological efficiency of these markers.
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Phytochemistry, Pharmacology,
and Health Effects of Brandisia hancei

Ren Xiang Tan and Ling Dong Kong

Nanjing University
Nanjing, Jiangsu, People’s Republic of China

I. INTRODUCTION

The folk medicinal herb Brandisia hancei Hook. f. (Scrophulariaceae) is
mainly distributed throughout southwestern China. The whole plant has
been frequently prescribed for centuries in Bai, Hani, and Yu minority areas
of China to treat chronic and acute osteomyelitis, rheumatoid arthritis,
chronic hepatitis, hyperlipemia, and hypercholesterolemia, while the roots
and leaves are used to cure hepatitis, hematuria, enterorrhagia, and metritis
(1,2). Reports dealing with B. hancei have shown that this plant in general
appears to have a reproducible profile regarding its phytochemistry and
pharmacology, which is quite consistent with its use in folk medicine. The
species is commonly prepared as a main component drug in several decoc-
tions. As this herb is so clinically important, the plant has received much
chemical and biological attention to obtain a better understanding of its
phytochemistry and pharmacology. This chapter is dedicated to the chemical
composition, pharmacological aspects, and health effects of B. hancei
reported so far in the literature.
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II. CHEMISTRY PROFILE

The phytochemicals of B. hancei have been investigated by chromatographic
(CC, TLC, HPLC, LC-UV, LC-MS) and spectroscopic methods (IR, 1H, and
13CNMR) as well as by various 2DNMR techniques such as COSY,HMBC,
HMQC, and NOESY). A wide variety of caffeoylated phenylpropanoid
glycosides have been characterized from the species (Fig. 1). A specific
procedure for the extraction and isolation of phenylpropanoid glycosides is
as follows: The whole herb (2620 g) is extracted with methanol three times,
and the extract is concentrated in vacuo until 282 g methanol extract is
achieved. The extract is subjected to percolation over D-101 macroresin
successively with H2O, 60% EtOH, and 90% EtOH. The 60% EtOH–eluted
fraction is repeatedly chromatographed on silica gel columns using CHCl3-
MeOH-H2O or CHCl3-MeOH gradients to yield phenylpropanoid glycosides
acteoside (=verbascoside,), 2V-O-acetylacteoside, and poliumoside (3). The
structure of brandioside, an additional new antioxidative phenylpropanoid
glycoside, has been determined on the basis of extensive spectrometric
analyses (4). Furthermore, phenylethanoids arenarioside and isoaceteoside
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were characterized in the n-butanol fraction of water extract of the twigs and
leaves of B. hancei (5).

Flavonoids and iridoid glycosides are also quite common in the
Scrophulariaceae family, but only flavone luteolin and iridoid glycoside
mussaenoside have been detected to date from the n-butanol fraction of B.
hancei. Luteolin is one of the main active principles in medicinal herbs and
diets, with many pharmacological activities. Other phytochemicals reported
from the species are dulcitol and mannitol as well as two h-sitosterol glyco-
sides, daucosterol and h-sitosterol gentiobioside (3–5).

III. PHARMACOLOGY

A. Antioxidative Activity

Oxidative stress leading to the formation of free radicals has been implicated
in many biological processes, damaging the cell membrane and biological
molecules. Free radicals are also responsible for the development of many
diseases such as arteriosclerosis, cancer, inflammation, cardiovascular disor-
der, ischemia, arthritis, and liver diseases. Lipid peroxidation is initiated by
very potent free radicals including superoxide (O2

�) and hydroxyl radicals
(OH�).Most of free radicals can be scavenged by the endogenous antioxidant
defense systems such as superoxide dismutase (SOD), the glutathione perox-
idase/glutathione system, catalase, and peroxidase. But these systems are not
always completely efficient, making it imperative to receive exogenous anti-
oxidants originally from the medicinal herbs and diet. Oxidative modification
of low-density lipoprotein (LDL) has been suggested to play an important
role in the development of human atherosclerosis. Accordingly, protection of
LDL from oxidation can retard or effectively prevent the progression of the
disease.

There has been an interest over the years in the pronounced free-radical-
scavenging activity of phenylethanoid glycosides ascertained both in vitro
and in vivo in the stable free-radical systems. An earlier report claimed that
phenylethanoid glycoside acteoside showed its antioxidant activity both as a
scavenger of superoxide anions generated in a phenazinmethosulfate-NADH
system and as an inhibitor of lipid peroxidation in mouse liver microsomes
(6). In addition, acteoside was found to significantly repair the oxidized OH
adducts of 2V-deoxyadenosine-5V-monophosphate acid (dAMP) and 2V-
deoxyguanosine-5V-monophosphate acid (dGMP). This implies that it has
potent antioxidant activity for reducing the oxidized OH adducts (7–9).

Another group reported that acteoside and its isomer isoacteoside, both
having four phenolic hydroxy groups, could strongly protect red blood cells
from oxidation-induced hemolysis (10). In antioxidative assays based on 1,1-

5436-0_Packer_Ch32_R2_061804

MD: PACKER, JOB: 03277, PAGE: 687

Brandisia hancei 687



diphenyl-2-dipicrylhydrazyl free-radical (DPPH) scavenging and on Trolox
equivalent antioxidant activity (TEAC), acteoside and isoacteoside were
shown to have free-radical-scavenging effects (11,12).

Furthermore, it was observed that acteoside and isoacteoside had
antioxidative effects on lipid peroxidation induced by FeSO4-edetic acid in
linoleic acid and on the chelating activity for Fe2+. The chelating activity for
Fe2+ of isoacteoside was twofold stronger than that of acteoside. The
inhibitory effects of the two compounds with phenolic hydroxy groups on
lipid peroxidation are due to the chelating property. Under physiological
logical conditions the phenylethanoid glycoside-Fe2+ chelates are con-
firmed to be sufficiently stable. Thus the phenylethanoid glycosides are able
to inhibit Fe2+-dependent lipid peroxidation by chelating Fe2+, and their
therapeutic potentials are thought to be based on the same mechanism (13).

In addition, antioxidative effects have been observed for 2V-acetylacteo-
side, poliumoside, and brandioside isolated from B. hancei. They were shown
to have inhibitory effects on free-radical-induced hemolysis of red blood cells
and free-radical-scavenging activities in vitro. Brandioside and poliumoside
exhibited stronger antioxidant effect than acteoside, 2V-acetylacteoside, and
Trolox (14). On the other hand, acteoside, isoacteoside, and 2V-acetylacteo-
side had stronger free-radical-scavenging activities than a-tocopherol on
DPPH radical and xanthine/xanthine oxidase (XOD)-generated superoxide
anion radical. Among the three compounds, isoacteoside with its caffeoyl
moiety at the 6V-position of the glucose chain showed an inhibitory effect on
XOD. Further studies disclosed that each of them exhibited significant
inhibition of both ascorbic acid/Fe2+- and ADP/NADPH/Fe3+-induced
lipid peroxidation in rat liver microsomes (5,15). Acteoside and isoacteoside
had strong protective effects against the oxidation of human LDL from
Cu2+-mediated oxidation. They were also effective in preventing the peroxyl
free-radical-induced oxidation of a-tocopherol in human LDL. Inhibition of
these phenylethanoid glycosides on the oxidation of human LDL and a-
tocopherol is dose-dependent in the concentration range of 5–40 AM (16).

Interestingly, the observed antioxidative effects of phenylethanoid
glycosides were found to be dependent of the number of phenolic hydroxyl
groups they have. Those with four phenolic hydroxy groups have stronger
antioxidative effects than those with only two or less. As to the antioxidative
mechanism, these compounds were shown to have at least twomechanisms of
scavenging free radicals: they are able to suppress free-radical processes at
two stages: the formation of superoxide anions and the production of lipid
peroxides. The antioxidative effectswould offer a plausible explanation for the
observed therapeutic effects for arteriosclerosis. On the other hand, phenyl-
ethanoid glycosides in B. hancei may partly account for its ethnomedicinal
application for the relief of hyperlipemia and hypercholesterolemia.
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In addition, acteoside was shown to decrease significantly the concen-
tration of oxygen free radicals (OFR) and lipid peroxidation in skeletal
muscle resulting from exhaustive exercise. The effect of reducing oxidative
stress is attributable to decreasing the concentration of free radicals and the
level of lipid peroxidation (17). Other investigation demonstrated that acteo-
side at 20.0 AM resisted significantly Bufo gastrocnemius muscle fatigue
allowed electrically. This observation was attributed to the antioxidative
activity of the glycoside, which is in agreement with the role of reactive oxygen
species (ROS) in promoting fatigue in skeletal muscle (18).

B. Anti-Inflammatory Activity

The use of nonsteroidal antiinflammatory drugs (NSAIDs) is the main
therapeutic approach for the treatment of inflammatory diseases, in spite
of their renal and gastric side effects. Accordingly, there is a growing need
for new anti-inflammatory compounds. Several research groups have par-
ticularly focused on searching for anti-inflammatory natural compounds.

Some phenylethanoids have been previously shown to be anti-inflam-
matory. Acteoside had inhibitory effects on arachidonic-acid-induced mouse
ear and carrageenin-induced rat ankle edema when administered orally to the
test animals (19,20). Acteoside also inhibits histamine- and bradykinin-
induced contractions of guinea pig ileum. These results indicate that acteoside
has anti-inflammatory properties that seem to be due, at least partly, to its
action on histamine and bradykinin.

Pathogenically, inflammation is a complex process characterized by
the involvement of several mediators, including prostaglandins (PGs) and
nitric oxide (NO). The pivotal role of PGs in inflammation was firmly
established with the discovery that the anti-inflammatory action of drugs
was mediated by inhibition of the enzyme cyclooxygenase (COX), which
converts arachidonic acid to PGs. Biochemically COX has two isoforms,
COX-1 and COX-2. COX-1 is expressed constitutively in most mammalian
cells and regulates many physiological functions through the release of PGs,
while COX-2 is expressed at a very low level in most tissues, but much
higher at the inflammation site. COX-2 contributes to the development of
inflammation, suggesting that selective inhibition of the COX-2 isoform
could be relevant to the discovery of anti-inflammatory drugs devoid of the
typical side effects of most of the traditional NSAIDs (21). NO is a free
radical produced in mammalian cells constitutively or induced by various
cell activators through the oxidation of L-arginine by a family of isoen-
zymes known as nitric oxide synthases (NOS). Inhibition of NOS is effective
in reducing NO generation and therefore helpful in the treatment of
inflammation.
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In vitro screening for anti-inflammatory phenylpropanoid glycosides as
inhibitors of COX-2 and NO biosynthesis demonstrated that acteoside and
arenarioside exert their anti-inflammatory action through the inhibition of
COX-2 enzyme to prevent proinflammatory PG generation, as they have
greater inhibitory potency on COX-2 than on Cox-1 (22).

In the same experimental model, isoacteoside, acteoside, and 2V-O-
acetylacteoside were also found to be inhibitors of NO production. They
substantially reduced nitrite accumulation in lipopolysaccharide (0.1 Ag/mL)-
stimulated J774.1 cells at the concentration of 100–200 AM. Specically, they
inhibited at 200 AM by 32.2–72.4% nitrite accumulation induced by lipo-
polysaccharide (0.1 Ag/mL)/interferon-g (100 U/mL) in mouse peritoneal
exudates macrophages. However, these compounds did not affect the expres-
sion of inducible nitric oxide (iNOS) mRNA, the iNOS protein level, or the
iNOS activity in lipopolysaccharide-stimulated J774.1 cells. Instead, they had
a clear scavenging effect (6.9–43.9%) even at low concentrations (2–10 AM)
on nitrite generated from anNOdonor, 1-propanamine-3-hydroxy-2-nitroso-
1-propylhydrazino (PAPANONOate). These results indicate that the phenyl-
ethanoids have NO radical-scavenging activity, which possibly contributes to
their anti-inflammatory effects (23).

Acteoside was also found to be able to induce proinflammatory
cytokines interleukin (IL)-1, IL-6, and tumor necrosis factor-a (TNF-a) in
macrophage-like cell line J774.A1 at 1–100 ng/mL.Moreover, the stimulatory
action of acteoside was studied using the bovine glomerular endothelial cell
line GEN-T and it was found that it can stimulate IL-6 production. These
stimulatory activities cannot be abolished by treating with polymyxin B,
which is capable of inactivating lipopolysaccharide (LPS), indicating thereby
that the action was not a contamination of LPS (24).

C. Anticancer Activity

Antioxidants have been shown to inhibit both initiation and promotion in
carcinogenesis and counteract cell immortalization and transformation.
Caffeoylated phenylethanoid glycosides acteoside and isoacteoside were
cytotoxic and cytostatic, displaying in vivo anticancer activity against
murine P-388 (PS) lymphocytic leukemia. The ED50 values were found to
be 2.6 Ag/mL for the former and 10 Ag/mL for the latter (25). Acteoside had
cytotoxic and cytostatic activity against several kinds of cancer cells.
However, they did not affect the growth and viability of primary-cultured
rat hepatocytes. Attention to the structure-activity relationship dem-
onstrated that the effects of the compounds appear to be due to their
ortho-dihydroxylated aromatic systems (26). They also selectively inhibited
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the growth of murine melanoma B16F10 cells with the same IC50 value of
8 AM. Comparison of the action with inhibitory activities of their meth-
anolysis products showed that the 3,4-dihydroxyphenethyl alcohol group in
acteoside and isoacteoside might be more essential for the activity than the
caffeoyl group (27).

Acteoside remarkably decreased the growth curve and mitotic index of
human gastric adenocarcinoma MGc80-3 cells and delayed the cell-doubling
time in vitro. There was a 75% decrease of the tumorigenicity of the treated
cells compared to the untreated cells inoculated subcutaneously in BALB/C
nude mice. Scanning electron microscopy revealed that the microvilli on the
surface of treated cells had been reduced. It has been confirmed that acteoside
could reverse MGc80-3 cells’ malignant phenotypic characteristics and
induced redifferentiation of MGc80-3 cells (28).

Lung cancer is the third most common cancer in the United States and
the leading cause of cancer death. The mortality is high because systemic
therapies do not cure metastatic disease. The side effects and the development
of drug resistance colimit the use of conventional cytotoxic chemotherapeutic
agents for treating patients with lung cancer. An increase in the expression of
COX-2 may play a significant role in carcinogenesis in addition to its well-
known involvement in the inflammatory reaction (29,30) that is also fre-
quently noted in a specific type of lung cancer. Acteoside, with COX-2
inhibitory and cytotoxic activities, had suppressive effect on lung metastasis
of B16 melanoma cells. At a dose of 50 mg/kg acteoside was administered
intraperitoneally every other day from 13 days before B16 melanoma cell
injection until all mice had succumbed to the lung metastatic tumor burden in
the lung. Administration of acteoside significantly prolonged survival time;
the average survival time was 63.3F 3.4 days compared with 52.1F 2.5 days
in controlmice. The results suggest that effects of acteosidemay be involved in
the therapeutic effect on lung cancer (31).

Apoptosis is closely related to the development and homeostasis
of normal tissues. It has become evident that alterations in the apoptotic
pathways are intimately involved in a variety of cancer processes. The mech-
anism of cell death mediated by cytotoxic chemotherapy was once thought
to be through irreversible DNA damage with subsequent mitotic failure.
The spectrum of chemotherapeutic agents stimulating apoptosis suggests
that the programmed cell death pathway is a central mechanism of the
cytotoxic effects of current therapy. Acteoside can induce cell death in
promyelocytic leukemia HL-60 cells with an IC50 value of 26.7/AM.
Analysis of extracted DNA on agarose gel electrophoresis revealed that
acteoside induced the internucleosomal breakdown of chromatin DNA char-
acteristic of apoptosis. Apoptosis-specific DNA fragmentation was clearly
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detectable 4 hr after treatment with acteoside and was independent of the
cell cycle phase. These data indicate that acteoside induces apoptosis in HL-
60 cells (32).

Protein kinase C (PKC) represents a family of more than 11 phospho-
lipid-dependent ser/thr kinases that are involved in a variety of pathways.
They regulate various celluar processes including mitogenesis, cell adhesion,
apoptosis, angiogenesis, invasion, and metastasis (33–36). PKCs are the
major cellular targets that can be activated by tumor-promoting phorbol
ester, and consequently are thought to play an important role in carcinogen-
esis (37). Thus PKCs may be important for both oxidant-mediated tumor
promotion and antioxidant-mediated chemoprevention. Conceivably consist-
ent with the generalization that diverse tumor promoters are oxidants, a
variety of structurally related chemopreventive agents are antioxidants. These
facts demonstrate the functional significance of antioxidant activity in cancer
prevention and inhibition. Acteoside, with antioxidant activity, is a potent
inhibitor of PKC from the rat brain. Biochemically acteoside, interacting with
the catalytic domain of PKC, is a competitive inhibitor with the substrate
ATP and a noncompetitive inhibitor with respect to the phosphate acceptor
(histone IIIS). This effect was further evidenced by the fact that acteoside
inhibited native PKCwith an identical catalytic fragment. However, it did not
affect (3H)-phorbol-12,13-dibutyrate binding toPKC (38). In accordancewith
the above finding, it was observed that acteoside, and poliumoside showed
inhibitory activity against PKC-a with IC50 values of 9.3 and 24.4 AM, res-
pectively (39). These results suggested that phenolic antioxidants, being easily
converted to their oxidized state, may be inhibitory against tumor promotion.

Acteoside and arenarioside are capable of scavenging reactive oxygen
species such as superoxide anion, peroxide hydrogen, hypochlorous acid, and
hydroxyl radical. Moreover, the use of different stimuli having various
pathways of action on polymorphonuclear neutrophils (PMN) oxidative
metabolism permits the establishment of the hypothesis that each phenyl-
propanoid ester has its own particular mechanism of action through protein
kinase C or phospholipase C pathways (40).

In recent years, telomerase has emerged as a highly promising novel
target for therapeutic intervention in the treatment of cancer. In approxi-
mately 85% of human cancers, however, telomerase is reactivated and acts to
maintain telomere length. Acteoside has been identified as a potent inhibitor
of telomerase in the human gastric carcinoma cells MKN45. Modeling and
biophysical studies suggest that acteoside-mediated cell differentiation and
apoptosis may be based on telomere-telomerase-cell-cycle-dependent modu-
lation. Thus, the antitumor mechanism of acteoside is demonstrated once
more to be due to its inhibition of telomerase in tumor cells (41).
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D. Hepatoprotective Activity

Chemicals such as CCl4-catabolized radicals induce lipid peroxidation,
damage the membranes of liver cells and organelles, cause the swelling and
necrosis of hepatocytes, and result in the release of cytosolic enzymes such as
AST, ALT, and LDH into the blood. Therefore, CCl4-induced liver injury has
been employed as a convenient model for investigating radical-induced
damage and its prevention in animals.

Acteoside, 2V-O-acetylacteoside, and isoacteoside inhibited both hepa-
tocyte lipid peroxidation and AST release to the medium, alleviating the
CCl4-induced cell death. Furthermore, acteoside efficiently suppressed ALT
release into blood circulation induced by CCl4. At the dose of 30 or 100 mg/
kg, it gave almost the same protective potency as 100 mg/kg of glycyrrhizin, a
positive control substance. These results demonstrated that the compounds
were potent hepatoprotective agents against CCl4 intoxication. The anti-
CCl4-toxicant activity of phenylethanoids was believed to be partly based on
their free-radical-scavenging activity and antilipid peroxidative effect. They
could prevent hepatocyte damage by scavenging radicals such as those
involved in the process of lipid peroxidation on the cell membrane and
subcellular organelle-like microsome. The phenylethanoids affected CCl4-
induced lipid oxidation in hepatocytes to an extent equivalent to that of
silybin. Addition of them to cultured rat hepatocytes efficiently prevented cell
damage induced by exposure to CCl4 or D-galactosamine (D-GalN). More-
over acteoside had pronounced antihepatotoxic activity against CCl4 intox-
ication in vivo (42).

Preadministration of acteoside at 10 or 50 mg/kg subcutaneously at 12
and 1 hr prior to D-galactosamine and lipopolysaccharide (D-GalN/LPS)
intoxication significantly inhibited hepatic apoptosis, hepatitis, and lethality.
Tumor necrosis factor-a (TNF-a) secreted from LPS-stimulated macro-
phages is an important mediator for apoptosis in this model. Acteoside
showed no apparent effect on the marked elevation of serum TNF-a, but it
partly prevented in vitro TNF-a-induced cell death in D-GalN-sensitized
hepatocytes at the concentrations of 50, 100, and 200 AM. These results
indicate that D-GalN/LPS-induced hepatic apoptosis could be blocked by an
exogenous antioxidant, suggesting the involvement of reactive oxygen inter-
mediates (ROIs) in TNF-a-dependent hepatic apoptosis (43).

E. Antinephritic Activity

It has been postulated that leukocytes play an important role in the
pathogenesis of nephritic disease. Acteoside given p.o. at a dose of 30 mg/
kg once a day for 15 consecutive days after treatment with antiglomerular
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basement membrane (GBM) serum markedly suppressed the urinary protein
as well as glomerular histological changes. Acteoside administered p.o. for 5
or 15 consecutive days remarkably retarded accumulation of total leukocytes
as well as ED1-positive, CD4-positive, CD8-positive, interleukin-2-receptor-
positive, and Ia-positive cells in the glomeruli. However, acteoside, unlike
cyclosporin A, did not significantly suppress plasma antibody level against
rabbit g-globulin at this dose. Thus, acetoside may exert its antinephritic
action by suppressing the accumulation of leukocytes in the glomeruli (44).

Further researches were carried out. Aceteoside, given from the first day
after i.v. injection of anti-GBM serum, inhibits protein excretion into urine on
crescentic-type anti-GBM nephritis in rats. In the acteoside-treated rats,
cholesterol and creatine contents and antibody production against rabbit g-
globulin in the plasmas were lower than those of the nephritic control rats.
Histological observation demonstrated that this agent suppresses hyper-
cellularity and crescent formation, adhesion of capillary wall to Bowman’s
capsule, and fibrinoid necrosis in the glomeruli. Furthermore, rat IgG and C3
deposits on the GBM were significantly less in the acteoside-treated group
than in the control nephritic group. When the treatment was started from
the twentieth day after i.v. injection of anti-GBM serum, by which time the
disease had been established, aceteoside resulted in a similar effect on the
nephritic rats as stated above. These results suggest that aceteoside may be a
useful medication against rapidly progressive glomerulonephritis, which is
characterized by severe glomerular lesions with diffuse crescents (45).

It is known that adhesion molecules play a crucial role in the develop-
ment of glomerulonephritis. Aceteoside treatment significantly decreased the
upregulation of intercellular adhesion molecule-1 (ICAM-1) expression in
nephritic glomeruli as well as in human umbilical vein endothelial cells
(HUVECs) and rat mesangial cells, mediated by inflammatory cytokines or
phorbol 12-myristate 13-acetate. Adhesion of neutrophils and macrophages
to acteoside-treated HUVECs was suppressed to one-half of that in untreated
HUVECs. Additionally, it is suggested that the antinephritic action of
acteoside is due to the inhibition of intraglomerular accumulation of leuko-
cytes through prevention of the upregulation of ICAM-1 (46).

The development of new antinephritic agents on the basis of inhibiting
mesangial matrix expansion and mesangial cell proliferation in mesangio-
proliferative anti-Thy 1 nephritis may open new options for treatment of the
disease. Acteoside treatment performed in either the early or late period
significantly reduced proteinuria, mesangial matrix expansion, andmesangial
proliferation. Acteoside also reduce glomerular macrophage infiltration and
ICAM-1 expression in glomeruli of anti-Thy 1 nephritic rats. Furthermore,
acteoside treatment markedly increased the activities of matrix metalopro-
teinases (MMP) in glomeruli. These results suggest that acteoside can inhibit
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mesangial cell proliferation and extracellular matrix overproduction by either
inhibiting ICAM-1 expression or increasing activities of MMP (47).

F. Cardioactive Effects

It has been confirmed that acteoside has cardioactive effects (48). Intravenous
administration of acteoside resulted in a significant decrease in blood pressure
in Wistar rats (49). In the Langendorff rat heart preparation, acteoside
induces a significant dose-dependent increment in chronotropism, inotro-
pism, and coronary perfusion (50). These cardioactive effects appear to be
associated with a striking increase in the level of intracellular cyclic 3,5-
adenosine monophosphate (cAMP) (51).

Acteoside also significantly increased chronotropism, inotropism, and
CPRwhen tested against the competitive a-adrenergic blocker phentolamine.
It was found that acteoside induced significant increases in the levels of 6-
keto-PGF1a, a rapidly formed by-product of postacyclin (PGI-2) widely used
as an index of prostacyclin production. Acteoside can significantly increase
prostacyclin levels (142%) (52). An increase in the prostacyclin level in
Langendorff rat hearts may be responsible for stimulating cAMP production
and thus account for the positive cardioactive effects mediated by acteoside.

The four purified B. hancei phenylethanoids exerted antiproliferative
effect on culturedA7r5 rat aortic smooth-muscle cells. The rank order of effec-
tiveness for inhibition of the cell proliferation was: brandioside z poliumo-
side > 2V-acetylacteoside z acteoside in the presence of 2% or 5% fetal
bovine serum. Either brandioside or poliumoside has one additional rham-
nose molecule attached to position 6V of the glucose chain, thereby enhancing
its hydrophilic property. This may partially explain why both agents were
threefold more effective in the inhibition of cell proliferation. The 2V-O-acetyl
group in those molecules is unlikely to be involved in the antipoliferative
activity since acteoside and 2V-O-acetylacteoside (with acetyl group) or
poliumoside and brandioside (with acetyl group) exhibited the same potency.
The hydroxy groups on the aromatic rings seem to play a role in the inhibitory
effects of the four glycosides on cell proliferation (53). These results indicate
that B. hancei phenylethanoids may have a potential for prevention of vas-
cular-wall-thickening-related pathological processes such as arteriosclerosis.

As described in another report, acteoside can relax rat aortic rings
preconstricted by 9,11-dideoxy-11a,9a-epoxymethanoprostaglandin F2a
(U46619) with IC50 value of 0.22 F 0.01 mg/mL, but it causes an increase
inK+-induced tone. Removal of endothelium enhanced the relaxing effect of
acteoside. In addition, pretreatment with acteoside inhibited endothelium/
nitric-oxide-mediated relaxation induced by acetylcholine. Acteoside relaxed
the preconstricted aortic rings probably through multiple mechanisms by
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acting on smooth-muscle cells (54). The cardioactive effects of phenyletha-
noids may be partly mediated through suppression of vascular smooth-
muscle-cell proliferation.

G. Microbiological Effects

There has been interest over the years in the effects of phenylethanoid
glycosides onmicroorganisms. Although acteoside exertedweak antibacterial
effects on Escherichia coli, it had antiplasmid effects, including FVlac plasmid
elimination, and inhibited kanamycin resistance transfer in E. coli (55).
Similar results were observed with its isomer isoacteoside (56,57). In addition,
acteoside and arenarioside exhibited a moderate antimicrobial activity
against Proteus mirabilis and Staphylococcus aureus including one methicil-
lin-resistant strain (58,59). The mode of action of acteoside toward Staph.
aureus is related to the inhibition of leucine incorporation required for its
protein synthesis. With regard to the killing kinetics, it is recognized that
acteoside affects several important sites in some metabolic or structural
targets on the bacterial cell (60).

Antiviral activity is a topic of wide interest, especially activity against
human immunodeficient virus type 1 (HIV), which is receiving worldwide
attention. Acteoside had potent inhibitory activity against HIV-1 integrase
with IC50 values of 7.8 F 3.6 AM (61).

Acteoside was tested in vitro against herpes simplex type I (HSV-1),
vesicular stomatitis virus (VSV), and poliovirus type 1, and it had antiviral
activity only against VSV. At 500 Ag/mL the percentage of cellular viability at
the nontoxic limit concentrations of acteoside was found to be 53.6%.
However, it did not inhibit poliovirus in this survey (62).

H. Other Effects

Xanthine oxidase (XO, EC 1.2.3.2) is a key enzyme associated with the
incidence of hyperuricemia-related disorders. Among the five phenyletha-
noids arenarioside, brandioside, acteoside, 2V-O-acetylacteoside, and isoac-
teoside, only isoacteoside competitively inhibited xanthine oxidase and
substantially decreased the formation of uric acid. The IC50 and Ki values
are 45.48 and 10.08 AM, respectively. Furthermore, it was suggested that
caffeoylation of the 6V-hydroxyl group of the phenylethanoids was essential
for the enzyme inhibitory action (5).

Acteoside has a significant inhibitory effect on toxicity or lethality in the
KCN-induced anoxia model (63). Acteoside showed very strong inhibition of
rabbit lens aldose reductase (AR), being about 2.5 times more potent than
baicalein, a known natural inhibitor of AR (IC50 = 9.8 � 10�7 M) (64).
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Acteoside and arenarioside are able to bind to benzodiazepine, dopa-
minergic, and morphine receptors. The corresponding EC50 values were
determined and ranged from 0.4 to 4.7 mg/mL. This action may be related
to the neurosedative activities, rationalizing the traditional use of the herb as a
neurosedative drug (65,66).

IV. HEALTH EFFECTS

A detailed clinical trial took place in 1998 with use of crude extract prepared
from whole herb of B. hancei against chronic hepatitis (67). A total of 174
patients with chronic hepatitis B were treated thrice daily with 5 g of the
extract at Yunnan Nanjiang Hospital, Yunnan Province, China. All patients
were diagnosed with chronic hepatitis B based on the clinical criteria. Of 174
patients aged 7–65 years, 116, 73, and 29 patients have had the disease for 6–
12, 18–24, andmore than 24months, respectively. A total of 146 patients were
successfully treated (67%), 70 felt better, but 2 showed no therapeutic effect.
It was demonstrated that the extract could significantly inhibit HBV replica-
tion and decrease HBsAg, HBeAg, HBV DNA, and IgM anti-HBc levels by
32.6%, 38.5%, 61.0%, and 48.4%, respectively. The extract also significantly
reduced SGPT and modulated the immunological function of the treated
patients. Moreover, the extract was confirmed to have anti-inflammatory,
anti-infective, immunomodulatory, and antivirus activities in animal models.
No toxic effect was observed in the patients and animals treated with the B.
hancei extract at the same doses.

V. CONCLUSION AND COMMENT

Modern physical and chemical analyses as well as in vitro and in vivo
bioassays provide powerful tools for a better understanding of the chemical
and biological aspects ofB. hancei. Phenylpropanoid glycosides are the major
constituents of B. hancei and are believed to be responsible for the various
actions of this herbal medicine. Although acteoside is a representative main
constituent of the phenylethanoids present in the species, the efficacy of B.
hancei is ascribable to a complex mixture of phytochemicals in the herb.

In follow-up biomedical research of B. hancei aimed at finding new
drug(s), the following fundamental issues must be considered:

1. Source materials: Each batch of B. hancei must be properly iden-
tified by botanically well-trained personnel; it is important to set
up quality standards for the herb including morphological in-
spection, microscopic examination, chemical and physical analyses
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as well as quantification of major and preferably activity-related
component(s).

2. Standardization: B. hancei contains many phytochemicals, some of
which such as phenylpropanoid glycosides are known to be
associated with activities of the herb extract. However, some minor
constituents of the species remain to be characterized. It is thus
recommended that the levels of active or key components such as
acteoside, preferably along with a chemical fingerprint, be used as
indicators of the herb extract for quality and consistency controls.

3. Biological assays: The chemical profile derived from the species
by itself is insufficient for the understanding of its efficacy. This is
where biochemistry, molecular biology, and cell biology are invalu-
able in establishing quantifiable and reproducible assays.Moreover,
the chemical fingerprint is important to link these biological assays
and provide assurance of efficacy and consistency. In addition, it
must be kept in mind that the in vitro and in vivo assays may not be
consistent with the clinical results.

4. Clinical studies: It is important that clinical trials for the herb be
designed in a manner that reflects the above requirements. The
acceptable standard for clinical tests recommends a randomized
and double-blind placebo trial with clinical indicators showing
statistically significant differences between treatment and placebo
groups.
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I. INTRODUCTION

Ephedra may be the herbal medicine that best illustrates the challenges faced
today in incorporating traditional remedies, used for thousands of years in
Eastern cultures, into modern Western societies in which the context of use
may be very different.Ephedra is a common plant genus that growsworldwide
in temperate climates. The Chinese herbal medicine ma huang is derived from
the dried above-ground parts of several Ephedra species found in China,
primarily E. sinica, E. equisetina, and E. intermedia (1–5). E. gerardiana is the
species utilized as a traditional medicine in India and Pakistan (3). Ma huang
has been traditionally used in Chinese medicine for the short-term treatment
of bronchospasm, cough, and nasal congestion associated with colds, aller-
gies, and asthma (1,3,5). Ephedra has also been used medicinally for its
diaphoretic, vasopressant, antipyretic, and antitussive properties (3,5). Be-
cause of the risk of development of tachyphylaxis and dependence, long-term
use of ma huang has not been traditionally advocated (2,4,5).

Ma huang is primarily available today in the United States in the form
of dietary supplements that contain concentrated extracts of E. sinica. It is
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rarely found as a single formulation, but is most commonly marketed as a
primary active ingredient in multicomponent dietary supplements promoted
for weight reduction and athletic and energy enhancement. Ma huang is most
commonly combined with botanical sources of caffeine, such as guarana,
yerba mate, or kola nut, and other herbal constituents intended to intensify
the desired effects of Ephedra. There are few published data on the potential
pharmacological interactions between Ephedra and the various herbal con-
stituents in multicomponent dietary supplements.

II. CHEMISTRY

The medicinal effects of the Ephedra species are attributed to the stimulant
and vasoconstrictive properties of (�)ephedrine and several related alkaloids.
Three diastereoisomeric pairs of h-phenylethylamines are found in Ephedra,
collectively referred to as ephedra alkaloids. (�)-Ephedrine is the alkaloid
found in greatest concentration, followed by (+)-pseudoephedrine and lesser
quantities of their structural relatives, including (�)-norephedrine, (+)-
norpseudoephedrine, (�)-methylephedrine, and (+)-methylpseudoephed-
rine (Fig. 1) (6,7). The alkaloids differ only in the number of methyl groups
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attached to the amine terminal, with one methyl group on ephedrine and two
methyl groups on methylephedrine. Norephedrine lacks any methyl group on
the amine terminal, with the prefix ‘‘nor’’ meaning ‘‘no methyl.’’ The
‘‘pseudo’’ alkaloids differ from their isomeric partners only in the stereo-
chemical configuration of the chiral h-carbon.

The content and concentration of the ephedra alkaloids varies between
plant species, and also depends on growing conditions and plant processing.
For ma huang derived from E. sinica, the dried, unprocessed herb contains 1–
2% total alkaloids consisting of approximately 60–80% ephedrine and 10–
20% pseudoephedrine (8,9). Concentrated extracts, however, may contain as
much as 4–8% total ephedra alkaloids (9). Most commercially available
dietary supplements contain extracts of E. sinica with an average of 6% total
alkaloids. (�) Ephedrine and (+)-pseudoephedrine are FDA-approved drugs
for the treatment of nasal congestion, bronchoconstriction, and cough due to
colds, allergies, and asthma. The racemic form of norephedrine was formally
available as the over-the-counter drug phenylpropanolamine (PPA) for nasal
decongestion and as a weight loss aid. PPA-containing products were volun-
tarily withdrawn from the market in November 2000 because of a reported
increased risk of hemorrhagic stroke (10). Norpseudoephedrine and methyl-
ephedrine are not approved drugs in the United States. In fact, (+)norpseu-
doephedrine, also known as cathine, is a constituent of khat (Catha edulis), a
plant abused in eastern Africa for its psychoactive effects. It is classified as
Schedule IV controlled substance in the United States because of its potent
central nervous system effects and high abuse potential (11).

III. PHARMACOLOGY

Ephedrine and its related alkaloids have similar pharmacokinetic properties,
which are summarized in Table 1 (12–15). The ephedra alkaloids are well
absorbed orally with an average time tomaximumplasma concentration of 1–
2 hr. The duration of action of the ephedra alkaloids is approximately 3–5 hr
after oral administration. Recent studies have found that the pharmacoki-
netics of the alkaloids in the form of ephedra extracts are similar to those of
pharmaceutical forms (16–18). One study showed a slower rate of absorption
and longer time to maximum plasma concentration (tmax) of ephedrine
derived from powdered ma huang compared to synthetic ephedrine or ma
huang extract (18).

The ephedra alkaloids are largely excreted unchanged in the urine, and
may accumulate to toxic levels in cases of significant renal insufficiency (19).
Because they are weak bases, the rate of elimination depends on the degree of
ionization, which is a function of urine pH. In an alkaline urine environment,
the alkaloids are largely un-ionized, and are easily reabsorbed across the
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cellular membranes in the distal renal tubule. Previous work shows that the
elimination half-life of ephedrine is 3 hr at a urine pH of 5, but increases to 6.3
hr at a urine pH of about 6 (13,20). In one study, the half-life of pseudoephed-
rine was as long as 21 hr at a urine pH of 7.8 (19). This study also showed that
when the urine pH is higher than 7, the elimination half-life depends on the
urine flow rate. At high flow rates, the time for reabsorption in the renal
tubule is diminished and the rate of clearance of pseudoephedrine is increased.
Therefore, in the setting of high urine pH and low urine output, the half-life of
the ephedrine alkaloids may be significantly prolonged. This could be
clinically important in the setting of dehydration related to fever or strenuous
exercise.

A minor elimination pathway for ephedrine and pseudoephedrine is by
N-demethylation in the liver. Approximately 8–20% of ephedrine is metab-
olized to norephedrine, which is then primarily eliminated in the urine (14).
About 4% of norephedrine is metabolized to 4-hydroxynorephedrine and
hippuric acid (14). Less than 1% of pseudoephedrine is metabolized to
norpseudoephedrine (21). (�)-Methylephedrine is more extensively metabo-
lized than the other alkaloids, partly by N-demethylation to ephedrine, and
then to norephedrine (20). In alkaline urine when reabsorption is high, (�)
methyephedrine appears to be nearly completely metabolized (20).

IV. PHYSIOLOGICAL ACTIONS

Ephedrine and the other alkaloids are sympathomimetic amines that have
both direct and indirect actions at a- and h-adrenergic receptors in the brain
and peripheral nervous system (12). The physiological actions of the ephedra
alkaloids depend on their relative affinities for these receptors, which provide
a molecular basis to explain their different profiles of action and adverse
effects. For example, (�)-ephedrine appears to have relatively more direct
agonist effects and greater central nervous system affinity than either pseu-
doephedrine or norephedrine (22–24).

The primary action of the ephedra alkaloids is as indirect sympathetic
nervous system stimulants acting to increase release of stored norepinephrine
in sympathetic nerve terminals, which then diffuses into the synapse and binds
to postsynaptic a- and h-adrenergic receptors (Fig. 2). These agents also can
have direct agonist actions at both central and peripheral a1, h1, and h2

postsynaptic receptors (22–24). Their a1-adrenergic agonist activity produces
vascular smooth-muscle contraction that results in vasoconstriction and
increased peripheral vascular resistance. Stimulation of a1 receptors in the
radial pupillary muscle of the eye results in mydriasis. There are also a1

receptors in the urethral sphincter, bladder base, and prostate that promote
urinary continence. Stimulation of a1-adrenergic receptors in the appetite
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FIGURE 2 Schematic of molecular mechanisms of action of ephedra alkaloids.
(a) Indirect release of stored neurotransmitters, primarily norepinephrine. (b)
Direct action at postsynaptic a1-adrenergic receptors in the brain and peripheral
nervous system. (c) Direct action at postsynaptic h1-, h2-, and h3-adrenergic
receptors in the heart, smooth muscle, liver, and adipose tissue. NT=
neurotransmitter, including norepinephrine, dopamine, and serotonin. A=
agonist. G= membrane-bound G protein. AC= membrane-bound adenyl
cyclase enzyme. cAMP= cyclic adenosine monophosphate. ATP= adenosine
triphosphate.
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center of the hypothalamus is believed to be responsible for the anorexigenic
effects of the centrally acting ephedra alkaloids (25).

Stimulation of h1-adrenergic receptors, found mostly in the heart,
results in increased rate and force of contraction, leading to greater cardiac
output. To a lesser extent, stimulation of a1-receptors in the heart contributes
to increased cardiac contractility. Stimulation of h2-adrenergic receptors
relaxes vascular, respiratory, and uterine smooth muscle, and increases liver
glycogenolysis. h3-Adrenergic receptors are located primarily in white adi-
pose tissue, liver, and skeletal muscle, and activation of these receptors will
increase lipid oxidation (26).

Agents with both a- and h-adrenergic stimulant actions will generally
have a net effect of increasing blood pressure because the a1 vasoconstrictive
action typically supersedes h2-mediated vascular relaxation. However,
h2-mediated bronchial smooth-muscle relaxation is not opposed by a1-ago-
nist activity, and therefore, ephedra alkaloids with h2 activity will relieve
bronchoconstriction.

V. CLINICAL USES

Discovery of the sympathomimetic effects of the phenethylamines led to
pharmaceutical development of (�)-ephedrine, (+)-pseudoephedrine, and
(+) norephedrine as nasal decongestants for allergic rhinitis. The vasocon-
strictive actions of ephedrine have also been employed in the treatment of
shock due to vascular collapse. Ephedrine has been used to treat hypotension
and bradycardia following epidural anesthesia, particularly in obstetrics.
Ephedrine has been employed as a bronchodilator because of its h2-recep-
tor-mediated relaxation of bronchial smoothmuscle. Ephedrine has also been
used to treat nocturnal enuresis due either to its relaxation effect on the
detrusor muscle of the bladder or to its tendency to cause nighttime
awakening (22). The racemic form of (+)-norephedrine has also previously
been formulated as an over-the-counter weight loss aid, and its anorexigenic
effects are theorized to be due to a1-receptor activity in the hypothalamus
(25).

Ephedra is currently marketed and used primarily in slimming regimens
and athletic-performance-enhancing supplements. Under the Dietary Sup-
plement Health and Education. Act of 1994, ephedra was classified as a
dietary supplement, and therefore is not subject to the same stringent
regulatory requirements as drugs. Use of ephedra has grown dramatically
in the United States with sales figures and market surveys estimating that as
many as 12 million Americans have used ephedra-containing products
(27,28). One recent survey of patients scheduled for elective surgery found
that 11% reported current use of ephedra (29).
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VI. EFFECTS ON THE CARDIOVASCULAR SYSTEM

Only a few small clinical investigations have been published that describe the
cardiovascular effects of ma huang, with some studies showing significant
increases in heart rate and blood pressure after oral administration (17,18),
and other studies showing that tolerance develops to these effects (30,31). In
general, the cardiovascular response of combinations of sympathomimetic
stimulants would be expected to be additive or synergistic. Because ephedrine
and pseudoephedrine are present in greatest concentration in Ephedra, and
ephedrine has relatively greater hemodynamic potency than pseudoephedrine
(23), the pharmacodynamic response of ephedra supplements would be
anticipated to be closest to the effects of ephedrine.

All of the ephedra alkaloids are pressor agents through their actions at
a1-adrenergic receptors on vascular smooth muscle. Experimental evidence
shows that ephedrine has 4–5 times greater pressor potency and chronotropic
effect on the heart than pseudoephedrine (23,24). In addition, dog studies
have shown that at equipressor doses, ephedrine exhibits less tachyphylaxis
than pseudoephedrine, with only minimal diminution of the pressor response
after 10 repeated doses of ephedrine compared to complete tachyphylaxis
after just two doses of pseudoephedrine (23). In a human investigation of the
cardiovascular responses of pseudoephedrine, tachyphylaxis was observed to
the pressor effect, but the heart rate remained significantly elevated after 14
days of treatment (32).

Ephedrine has been shown in a number of studies to produce clinically
significant increases in heart rate, systolic and diastolic blood pressure, and
cardiac output (23,24). In one study of 11 patients after major vascular
surgery, ephedrine was infused at a rate of 2–6 Ag/kg/min and produced
means changes of 18.1 mmHg in systolic blood pressure, 8.1 mmHg in
diastolic blood pressure, heart rate increase of 9 beats per minute, with no
change in systemic vascular resistance (33).

Hypertension due to a1-adrenergic activity is believed to be the mech-
anism for cases of subarachnoid and intracerebral hemorrhage reported with
ephedrine and phenylpropanolamine (PPA) (34). In some cases, this might
involve rupture of a preexisting aneurysm. Intracerebral hemorrhage related
to cerebral vasculitis has been reported with a variety of sympathomimetic
drugs, including amphetamine, ephedrine, and PPA (35,36). A recent case-
control study linked the use of appetite suppressants and cough or cold
remedies containing PPA to a higher risk of hemorrhagic stroke in women,
resulting in a voluntary recall of all PPA-containing products in November
2000 (10).

Ephedrine and related alkaloids are capable of inducing arterial vaso-
spasm, similar to other sympathomimetic agents such as cocaine. This
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mechanism may cause or contribute to acute ischemic injury in some
individuals. There are several reported cases of myocardial infarction and
ischemic strokes in users of ephedra-containing supplements (37–39). This
may be due to severe vasospasm alone, or the result of the additive effects of
reduced blood flow and preexisting atherosclerosis in the setting of increased
tissue oxygen demands. In addition, sympathomimetics such as ephedrine
appear to promote thrombus formation via vasocontriction with stasis, and
through their platelet stimulant actions (40). Cases of myocarditis related to
ephedra alkaloids are most likely due to small-coronary-artery vasoconstric-
tion producing myocyte necrosis, although there is also a report of hyper-
sensitivity myocarditis (41).

Compensatory mechanisms are active in opposing the hemodynamic
effects of ephedrine and related alkaloids. An increase in systolic blood
pressure is accompanied by decreased central sympathetic outflow, and
baroreceptor-mediated reflex slowing in heart rate. These mechanisms serve
to normalize hemodynamic function, without which dramatic increases in
blood pressure and heart rate would result. However, parasympathetic
activity not only suppresses heart rate, but also shortens the atrial refractory
period, facilitating reentrant arrhythmias. With the added h1-adrenergic
stimulation from ephedrine, the arrhythmogenic potential is increased, and
may be further exacerbated by additional demands on the heart such as
myocardial ischemia, strenuous exercise, or coronary vasospasm. This may
explain why adverse cardiac events such as sudden death occur on rare
occasions in apparently healthy individuals taking ephedra alkaloids (42).

VII. CENTRAL-NERVOUS-SYSTEM EFFECTS

The actions of the ephedra alkaloids on the central nervous system depend on
their ability to penetrate the blood-brain barrier. Ephedrine, similar to
amphetamine, readily crosses the blood-brain barrier, and produces a range
of central nervous system effects from increased alertness andmood elevation
to euphoria, insomnia, and even psychosis. Studies in humans and animals
have shown that (�)-ephedrine is a more potent central nervous system
stimulant than (+)-pseudoephedrine (24,43). The anorexigenic effects of
ephedrine and norephedrine are believed to be related to a1 activity in the
satiety center of the hypothalamus. The mechanism of action of the other
central nervous system effects is not entirely clear, but may be related to
indirect release of brain norepinephrine and dopamine (44).

Insomnia is a well-known side effect of ephedrine taken by patients with
asthma. Chronic use and misuse of ephedrine to ‘‘get high’’ has also been
associated with addictive behavior (45), and cases of mania and psychosis
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similar to amphetamine-related psychotic syndromes have been described
(46,47). Several cases of acute psychosis have recently been reported in
persons taking ‘‘herbal ecstasy,’’ a term coined for ephedra-containing
products that were formally marketed as legal stimulants (48). Herbal
products labeled, marketed, and sold under this name or for the purpose of
getting high are now illegal. The use of ephedra for weight loss and athletic
performance enhancement may also result in significant central-nervous-
system effects, possibly associated with long-term use. A recent study of 36
female weight lifters found that 19% displayed signs of ephedrine dependence
(49).

Ephedrine has also been reported to cause seizures in apparently healthy
persons (50). This would be an expected adverse outcome of any central-
nervous-system-stimulant drug, particularly if taken in high doses.

VIII. METABOLIC/THERMOGENIC EFFECTS

Ephedra is promoted as a ‘‘fat burner’’ or thermogenic agent because of its
reported effectiveness in increasing basal metabolic rate and contributing to
weight loss. Several small studies have documented that the combination of
ephedrine and caffeine increases oxygen consumption and lipid oxidation,
raises resting energy expenditure (REE), and promotes weight loss (51–54). In
contrast, there is no experimental evidence that caffeine or ephedrine alone is
more effective than placebo in producing weight loss, despite demonstrated
increased thermogenesis of the individual agents (55,56). Studies involving
ephedra- and caffeine-containing dietary supplements have also shown
modest weight loss compared to placebo (30,31).

Some published data show that the basal metabolic rate remains ele-
vated by an average of 10% with chronic treatment, suggesting a sustained
thermogenic effect of ephedrine without development of tolerance (57,58).
However, persistent long-term weight reduction maintenance after ephedra
is stopped would not be anticipated without adjuvant dietary/lifestyle
modification.

Astrup has proposed that the thermogenic response induced by ephed-
rine is a result of increased energy expenditure in resting skeletal muscle. (59)
The mechanism is hypothesized to be a result of indirect norepinephrine
release in peripheral sites and h2-adrenergic-mediated increased blood flow
that raises the resting energy expenditure of skeletal muscle (59). Thermogenic
responsiveness in brown and white adipose tissue, splanchnic organs, and
cardiac and respiratory tissue appears to account for only a small portion of
the increased resting energy expenditure. Ephedrine increases plasma insulin
and glucose, but consistent effects on plasma lactate, glycerol, or nonesterified
fatty acids (NEFA) have not been seen (51,60). This raises the question about
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the significance of the metabolic effects of ephedrine in contributing to weight
loss.

It appears that, through several mechanisms, including metabolic
actions, increased peripheral sympathetic tone, and centrally mediated effects
on appetite, ephedrine and caffeine interact synergistically to produce weight
loss.

IX. ERGOGENIC EFFECTS

Substances that increase the time to exhaustion during strenuous exercise are
termed ergogenic, which means ‘‘energy-producing.’’ One of the major
purported claims of ephedra-containing dietary supplements is their ability
to boost energy and increase exercise tolerance, thereby improving athletic
performance. These effects would theoretically be of benefit in sports that rely
on stamina such as running, cycling, and swimming. Athletes involved in
sports that require specialized skill, physical strength, or agility would not be
expected to benefit from ephedra use. Ephedra alkaloid use is currently
banned by the National Football League, the National Collegiate Athletic
Association, and the International Olympic Committee. However, ephedra is
still a frequently used performance-enhancing supplement, as reported in
surveys of amateur athletes from the junior high school to the collegiate level
(61–63).

To date, there have been no published trials investigating the effects of
ephedra-containing dietary supplements as ergogenic aids, but there are
several reported exercise studies involving pharmaceutical ephedrine (63–
66). Studies of healthy individuals have shown that oral ephedrine use
decreases the run time in 5-km and 10-km distance events, and increases the
time to exhaustion after cycling at maximal effort in a controlled laboratory
setting (63,64,66). However, the mean decrease in 10-km run time between
ephedrine and placebo groups was 48 secs, which represents only a 1.75%
reduction in total run time. Pseudoephedrine used in modest doses prior to
40-km cycling trials has not been found to have the same ergogenic effect as
ephedrine (67). Caffeine appears to enhance the ergogenic effect of ephedrine
in short-duration exercise tests lasting 10–20 mins, but not in activities of
longer duration (64,65).

The mechanism for the ergogenic action of ephedrine is thought to be
related either to CNS stimulation or to favorable alterations in peripheral
substrate utilization (65). It has been postulated that the ergogenic effect may
depend on the type of exercise activity (65). For example, in tests that involve
strenuous exertion to the point of exhaustion, increased motivation may be
the ergogenic effect mediated through heightened CNS arousal. Favorable
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changes in skeletal muscle metabolism may be the ergogenic effect in tests of
short-duration, intense exercise lasting 10–20 min. The finding that pseudoe-
phedrine, with less CNS activity than ephedrine, has no demonstrated
ergogenic effect in endurance cycling supports the hypothesis that the
mechanism is primarily centrally mediated (67). In addition, most exercise
studies have shown that blood levels of lactate, glucose, and NEFA do not
differ significantly between ephedrine and placebo groups. Thus, it appears
that the mechanism of ephedrine’s ergogenic effect is primarily CNS stimu-
lation rather than alterations in substrate utilization.

X. REGULATORY/POLICY ISSUES

The increasing number of adverse events reported in association with use of
ephedra-containing dietary supplements has raised some concerns among
health care professionals (68,69) about the accessibility and widespread use of
these products by the general population. In addition, highly publicized
reports of catastrophic adverse outcomes associated with ephedra use have
drawn the attention of concerned lawmakers at the state and national levels.
Indeed, several states, including Texas, New York, Hawaii, Florida, and
California, have passed laws restricting the use of ephedra, required warning
statements on product labels, and mandated an adverse-event reporting
system. And, more recently, the FDA has announced a ban on all dietary
supplements that contain ephedra alkaloids. Ephedra will remain legal as a
traditional Chinese herbal medicine.

Inarguably, ephedra is a drug with pharamacological actions that
mirror the clinical effects of pharmaceutical grades of ephedrine, pseudo-
ephedrine, and phenylpropanolamine. The prior classification of ephedra as a
nutritional product was inappropriate and potentially dangerous to consum-
ers who view such products as the same as multivitamin or mineral supple-
ments. Because of their easy availability on health food and drugstore shelves
and via the Internet, many ephedra products were used without consultation
with a physician or pharmacist. Some consumers may have underlying
diseases, whether known or unknown, that can be exacerbated by the
sympathomimetic actions of ephedra alkaloids, such as the relatively com-
mon conditions of hypertension, diabetes, hyperthyroidism, psychiatric and
seizure disorders, coronary and cerebral artery disease, renal dysfunction,
glaucoma, and prostatic hypertrophy. In fact, many of these conditions are
comorbidities of obesity, which is one of the principal uses for which ephedra-
containing supplements were promoted.

A key challenge for regulators is to enact change that will adequately
protect consumers from preventable adverse outcomes, without restricting
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free access to alternative therapies that have been clearly mandated by the
public. Perhaps an appropriate approach would be to classify natural
products with established pharmacological actions and acceptable evidence
of safety and efficacy as neither food nor drugs, but as a third category of
‘‘traditional or alternative medicines,’’ with regulatory requirements that are
intermediate between drugs and nutritional supplements. This approach
could be modeled after alternative medicine regulatory frameworks in other
countries such as Germany and Japan, where herbal medicines are commonly
prescribed and used.

REFERENCES

1. Schulz V, Hansel R, Tyler VE. Rational Phytotherapy: A Physician’s Guide to
Herbal Medicine. 4th ed. Heidelberg, Germany: Springer-Verlag, 2001.

2. Blumenthal M, et al., eds. The Complete German Commission E Monographs.

Boston, MA: Integrative Medicine Communications, 1998.
3. Fleming T, ed. Physician’s Desk Reference for Herbal Medicines. 2d ed.

Montvale, NJ: Medical Economics Company, 2000.

4. McGuffin M, Hobbs C, Upton R, Goldberg A, eds. American Herbal Products
Association’s Botanical Safety Handbook. Boca Raton, FL: CRC Press, 1997.

5. Jellin JM,Gregory PJ, Batz F,HitchensK, et al. Pharmacist’s Letter/Prescriber’s

Letter Natural Medicines Comprehensive Database. 4th ed. Stockton, CA:
Therapeutic Research Faculty, 2002.

6. Zhang JS, Tian Z, Lou ZC. Quality evaluation of twelve species of Chinese
ephedra (ma huang). Acta Pharm Sin 1989; 24(11):865–871.

7. Liu YM, Sheu SJ, Chiou SH, Chang HC, Chen YP. A comparative study on
commercial samples of ephedrae herba. Planta Med 1993; 59:376–378.

8. Betz JM, Gay ML, Mossoba MM, Adams S. Chiral gas chromatographic

determination of ephedrine-type alkaloids in dietary supplements containing ma
huang. J AOAC Int 1997; 80(2):303–315.

9. Hurlbut JA, Carr JR, Singleton ER, Faul KC, Madson MR, Storey JM, et al.

Solid-phase extraction cleanup and liquid chromatography with ultraviolet
detection of ephedrine alkaloids in herbal products. J AOAC Int 1998;
81(6):1121–1127.

10. Kernan WN, Viscoli CM, Brass LM, Broderic JP, Brott T, et al. Phenyl-
propanolamine and the risk of hemorrhagic stroke. N Engl J Med 2000;
343:1826–1832.

11. Kalix P. The pharmacology of psychoactive alkaloids fromEphedra andCatha. J

Ethnopharmacol 1991; 32:201–208.
12. Hardman JG, Limbird LE, Molinoff PB, Ruddon RW, Gilman AG, eds.

Goodman and Gilman’s The Pharmacological Basis of Therapeutics. 9th ed.

New York: McGraw-Hill, 1995.
13. USP DI Volume I - Drug Information for the Health Care Professional. 21st ed.

Englewood, CO: Micromedex, 2001.

5436-0_Packer_Ch33_R2_061804

MD: PACKER, JOB: 03277, PAGE: 715

Ephedra 715



14. Kanfer I, Dowse R, Vuma V. Pharmacokinetics of oral decongestants.
Pharmacotherapy 1993; 13(6):116S–128S.

15. Sinsheimer JE, Dring LG,Williams RT. Species differences in the metabolism of

norephedrine in man, rabbit, and rat. Biochem J 1973; 136:763–771.
16. Gurley BJ,Gardner SF,White LM,WangPL. Ephedrine pharmacokinetics after

the ingestion of nutritional supplements containing Ephedra sinica (ma huang).

Ther Drug Monit 1998; 20(4):439–445.
17. Haller CA, Jacob P, Benowitz NL. Pharmacology of ephedra alkaloids and

caffeine after single dose dietary supplement use. Clin Pharmacol Ther 2002;

71(6):421–432.
18. White LM, Gardner SF, Gurley BJ, Marx MA, Wang PL, Estes M.

Pharmacokinetics and cardiovascular effects of ma huang (Ephedra sinica) in

normotensive adults. J Clin Pharmacol 1997; 37:116–122.
19. Brater DC, Kaojarern S, Benet LZ, Lin ET, Lockwood T,Morris RC,McSherry

EJ, Melmon KL. Renal excretion of pseudoephedrine. Clin Pharmacol Ther
1980; 28(5):690–694.

20. Wilkinson GR, Beckett AH. Absorption, metabolism, and excretion of the
ephedrines in man. I. The Influence of urinary pH and urine volume output. J
Pharmacol Exp Ther 1968; 162(1):139–147.

21. Benezra SA, McRae JW. Pseudoephedrine hydrochloride. In: Florey K, ed.
Analytical Profiles of Drug Substances. New York: Academic Press, 1979:489–
507.

22. Bowman WC, Rand MJ, eds. Textbook of Pharmacology. 2d ed. London:
Blackwell Scientific Publications, 1980.

23. Patil PN, Tye A, LapidusM. A pharmacological study of the ephedrine isomers.

J Pharmacol Exp Ther 1965; 148(2):158–168.
24. Bye C, Dewsbury D, Peck AW. Effects on the human central nervous system of

two isomers of ephedrine and triprolidine and their interaction. Br J Clin
Pharmacol 1974; 1:71–78.

25. Bray GA. A concise review on the therapeutics of obesity. Nutrition 2000;
16:953–960.

26. Weyer C, Gautier JF, Danforth E. Development of beta 3-adrenoceptor agonists

for the treatment of obesity and diabetes—an update. Diabetes Metab 1999;
25(1):11–21.

27. Kanayama G, Gruber AJ, Pope HG, Borowiecki JJ, Hudson JI. Over-the-

counter drug use in gymnasiums: an underrecognized substance abuse problem?
Psychother Psychosom 2001; 70:137–140.

28. Dietary Supplement Market View. Chevy Chase, Md: FDC Reports, August
2000.

29. Kaye AD, Clarke RC, Sabar R, Vig S, Dhawan P, Hofbauer R, Kaye AM.
Herbal medicines: current trends in anesthesiology practice—a hospital survey. J
Clin Anesthesiol 2000; 12:468–471.

30. Boozer CN, Nasser JA, Heymsfield SB, Wang V, Chen G, Solomon JL. An
herbal supplement containing ma huang-guarana for weight loss: a randomized,
double-blind trial. Int J Obesity 2001; 25:316–324.

5436-0_Packer_Ch33_R2_061804

MD: PACKER, JOB: 03277, PAGE: 716

Haller716



31. Boozer CN, Daly PA, Blanchard D, Nasser JA, Solomon JL, Homel. Herbal
ephedra/caffeine for weight loss: a 6-month trial [abstr]. FASEB J 2001;
15(4):A403A403.

32. Bye C, Hill HM, Hughes DTD, Peck AW. A comparison of plasma levels of
L(+)pseudoephedrine following different formulations, and their relation to car-
diovascular and subjective effects in man. Eur J Clin Pharmacol 1975; 8:47–53.

33. Westman L, Hamberger B, Jarnberg PO. Effects of ephedrine on renal function
in patients after major vascular surgery. Acta Anaesthesiol Scand 1988; 32:271–
277.

34. Bruno A, Nolte K, Chapin J. Stroke associated with ephedrine use. Neurology
1993; 43:1313–1316.

35. Fallis RJ, Fisher M. Cerebral vasculitis and hemorrhage associated with

phenylpropanolamine. Neurology 1985; 35:405–407.
36. Wooten MR, Khangure MS, Murphy MJ. Intracerebral hemorrhage and

vasculitis related to ephedrine use. Ann Neurol 1983; 13:337–340.
37. Traub SJ, Hoyek W, Hoffman RS. Dietary supplements containing ephedra

alkaloids [letter]. N Engl J Med 2001; 344(14):1095–1096.
38. Vahedi K, Domigo V, Amarenco R, Bousser MG. Ischaemic stroke in a

sportsman who consumed mahuang extract and creatine monohydrate for body

building. J Neurol Neurosurg Psychiatry 2000; 68:112–113.
39. ZahnKA, Li RL, Purssell RA. Cardiovascular toxicity after ingestion of ‘‘herbal

ecstasy’’. J Emerg Med 1999; 17:289–291.

40. Schnetzer GW. Platelets and thrombogenesis—current concepts. Am Heart J
1972; 83:552–564.

41. Zaacks SM, Klein L, Tan CD, Rodriquez ER, Leikim JB. Hypersensitivity

myocarditis associated with ephedra use. J Toxicol Clin Toxicol 1999; 37(4):485–
489.

42. Theoharides TC. Sudden death of a healthy college student related to ephedrine
toxicity from a ma-huang containing drink. J Clin Psychopharmacol 1997;

17(5):437–439.
43. Lanciault G,Wolf HH. Some neuropharmacological properties of the ephedrine

isomers. J Pharm Sci 1965; 54:841–844.

44. Goldfrank LR, Flomenbaum NE, Lewin NA, Weisman RS, Howland MA,
Hoffman RS, eds. Goldfrank’s Toxicologic Emergencies. 6th ed. Stamford, CT:
Appleton and Lange, 1998.

45. Martin WR, Sloan JW, Sapira JD, Jasinski DR. Physiologic, subjective, and
behavioral effects of amphetamine, methamphetamine, ephedrine, phenmetra-
zine, and methyphenidate in men. Clin Pharmacol Ther 1971; 12(2):245–258.

46. Herridge CF, A’Brook MF. Ephedrine psychosis. Br Med J 1968; 2:160.

47. Bartoszewski J, Majewska E. A case of mental disorder due to chronic ephedrine
abuse. Psychiatr Pol 1972; 6:671–674.

48. Doyle H, Kargin M. Herbal stimulant containing ephedrine has also caused

psychosis. Br Med J 1996; 313:756.
49. Gruber AJ, Pope JG. Ephedrine abuse among 36 female weightlifters. Am J

Addict 1998; 7(4):256–261.

5436-0_Packer_Ch33_R2_061804

MD: PACKER, JOB: 03277, PAGE: 717

Ephedra 717



5436-0_Packer_Ch33_R2_061804

MD: PACKER, JOB: 03277, PAGE: 718

50. KocklerDR,McCarthyMW,LawsonCL. Seizure activity and unresponsiveness
after hydroxycut ingestion. Pharmacotherapy 2001; 21(5):647–651.

51. Astrup A, Toubro S, Cannon S, Hein P, Madsen J. Thermogenic synergism

between ephedrine and caffeine in healthy volunteers: a double-blind, placebo-
controlled study. Metabolism 1991; 40(3):323–329.

52. Horton TJ, Geissler CA. Post-prandial thermogenesis with ephedrine, caffeine,

and aspirin in lean, pre-disposed obese and obese women. Int J Obesity 1996;
20:91–97.

53. Dulloo AG, Miller DS. The thermogenic properties of ephedrine/methylxan-

thine mixtures: human studies. Int J Obesity 1986; 10:467–481.
54. Greenway FL, RaumWJ,DeLany JP. The effect of an herbal dietary supplement

containing ephedrine and caffeine on oxygen consumption in humans. J Alt

Comp Med 2000; 6(6):553–555.
55. Pasquali R, Baraldi G, Cesari MP, Melchondia N, Zamboni M, Stefanini C,

Raitano A. A controlled trial using ephedrine in the treatment of obesity. Int J
Obesity 1985; 9:93–98.

56. Astrup A, Breum L, Toubro S, Hein P, Quaade F. The effect and safety of an
ephedrine/caffeine compound compared to ephedrine, caffeine and placebo in
obese subjects on an energy restricted diet: a double blind trial. Int J Obesity

1992; 16:269–277.
57. Astrup A, Lundsgaard C, Madsen J, Christensen NJ. Enhanced thermogenic

responsiveness during chronic ephedrine treatment inman. Am JClinNutr 1985;

42:83–94.
58. Astrup A, Madsen J, Holst JJ, Christensen NJ. The effect of chronic ephedrine

treatment on substrate utilization, the sympathoadrenal activity, and energy

expenditure during glucose-induced thermogenesis in man. Metabolism 1986;
35(3):260–265.

59. Astrup A. Thermogenesis in human brown adipose tissue and skeletal muscle
induced by sympathomimetic stimulation. Acta Endocrinol 1986; 112:1–32.

60. Ramsey JJ, Colman RJ, Swick AG, Kemnitz JW. Energy expenditure, body
composition, and glucose metabolism in lean and obese rhesus monkeys treated
with ephedrine and cafeeine. Am J Clin Nutr 1998; 68:42–51.

61. Green GA, Uryasz FD, Petr TA, Bray CD. NCAA study of substance use and
abuse habits of college student-athletes. Clin J Sports Med 2001; 11:51–56.

62. Blue Cross Blue Shield National Performance-Enhancing Drug Study. Chicago,

IL: C&R Research Inc, 2001.
63. Bell DG, Jacobs I. Combined caffeine and ephedrine ingestion improves run

times of Canadian ForcesWarrior Test. Aviat Space EnvironMed 1999; 70:325–
329.

64. Bell DG, Jacobs I, Zamecnik J. Effects of caffeine, ephedrine, and their
combination on time to exhaustion during high-intensity exercise. Eur J Appl
Physiol Occup Physiol 1998; 77:427–433.

65. Bell DG,McLellan TM, Sabiston CM. Effect of ingesting caffeine and ephedrine
on 10-km run performance. Med Sci Sports Exer 2002; 344–349.

66. Bell DG, Jacobs I, Ellerington. Effect of caffeine and ephedrine ingestion on

anaerobic exercise performance. Med Sci Sports Exer 2001; 33:1399–1403.

Haller718



67. Gillies H, Derman WE, Noakes TD, Smith P, Evans A, Gabriels G.
Pseudoephedrine is without ergogenic effects during prolonged exercise. J Appl
Physiol 1996; 81:2611–2617.

68. Wolfe SM, Ardati A, Woolsley R. Petition to the FDA requesting the ban of
production and sale of dietary supplements containing ephedrine alkaloids. Pub-
lic Citizen Health Research Group Publication #1590. Available at http://

www.citizen.org/publications/release.cfm?ID=7053.
69. Association of Food andDrugOfficials letter to Food andDrugAdministration,

9/18/01. Available at http://www.afdo.org/posstatements.asp.

5436-0_Packer_Ch33_R2_061804

MD: PACKER, JOB: 03277, PAGE: 719

Ephedra 719



5436-0_Packer_Ch33_R2_061804

MD: PACKER, JOB: 03277, PAGE: 720



34

Echinacea and Immunostimulation

Lester A. Mitscher

The University of Kansas
Lawrence, Kansas, U.S.A.

Raymond Cooper

Pharmanex, LLC
Provo, Utah, U.S.A.

I. INTRODUCTION

A comparatively ancient folk remedy, echinacea preparations are among the
most widely used herbal preparations. Nevertheless the evidentiary basis for
the use of these materials as immunostimulants and for wound healing is
inconsistent. Although many studies have been performed, the results are
divided between those supporting significant activity and those that suggest
inactivity. No completely convincing evidence is yet in hand identifying any
active constituent. The problem is compounded by a collection of factors
decreasing confidence in the literature available: poor species identification,
adulteration, uncertain quality control, failure to indicate how the prepara-
tions have been processed and stored, unclear end points, and poorly con-
trolled clinical trials characterize many of the studies.

Evidence is accumulating in favor of the assertion that the primary
immunostimulant activity is associated with water-soluble polysaccharide
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fractions. There is, however, significant evidence supporting activity among
some of the solvent soluble low-molecular-weight components also. It seems
likely that activity lies in both classes but few data are available that compare
the potency of these preparations side by side. More research is required to
resolve this issue with confidence.

II. HISTORICAL ASPECTS

Use of echinacea for medicinal purposes by native cultures in the high plains
region of midcontinental North America long predates European contact.
Whereas echinacea readily flourishes in many countries when planted in
temperate climates, it is native only to the trans-Mississippian high plains
region of the United States. Native Americans belonging to at least 14
different tribes chewed the roots for toothaches and sore gums and employed
the juice and teas prepared from the leaves and roots to treat colds, stomach
problems, and a number of other health complaints. Poultices were also used
for treatment of arthritis, rheumatism, snakebite, and venereal diseases. Early
settlers of European origin following initial contact quickly took upmedicinal
use of echinacea and the plant was highly valued. European botanists became
aware of the genus in the 1700s and Moench named the genus Echinacea (in
1794) based on its spiny cone (1). Medicinal preparations (patent medicines)
containing echinacea, oftenmixed with other plant products, were introduced
by 1870 and by 1890 their use was common. Unruh apparently was the first to
describe its immune stimulatory properties (1915) (2). Its use in homeopathic
medicine dates from about 1902. Popular use in Germany dates from about
1930. It was officially recognized in the National Formulary, USA, from the
fourth to the eighth editions finally disappearing after 1950 along with many
other natural remedies. Despite fading official support, echinacea use has
remained popular with the domestic laity, especially in Europe. The early
history of the use of echinacea has been reviewed frequently (3–14).

Today the German Commission E approves echinacea preparations for
supportive treatment of flu symptoms and also for urinary tract infections.
External use of the juice for treatment of superficial wounds that heal slowly is
also supported. Canadian health authorities recognize its use for colds. The
World Health Organization monograph contains dosage recommendations
for it. No less than 17 books devoted to echinacea and its properties are
available (8,15–34). A number of more general monographs also provide
valuable background and insights (25,34–42). Nonetheless none of the official
medicinal compendia of the United States recognize echinacea at this time.
Consequently there is no consensus about what standards would be most
useful for quality assurance.
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Echinacea is the most popular herbal immunostimulant in Europe and
in the United States today (43). It is widely employed in oral form for the
treatment and/or prevention of the common cold as well as for upper- and
lower-respiratory-tract infections, and to a lesser extent, topically for skin
irritations and for the treatment of wounds and vulvovaginal candidiasis. The
market value of echinacea preparations is estimated to lie between $5 and $10
billion per year representing 12% of herbal supplement sales in herbal stores
in 1997, and sales are rapidly increasing. Including homeopathic prepara-
tions, more than 800 echinacea-containing drugs are currently on the market
in Germany. A recent survey by the FDA found that 16 million Americans
currently use botanical supplements and the industry has consistently grown
at a rate of 25% annually since 1990 (43). Supplements containing echinacea
are particularly popular based on a recent survey published in USA Today
indicating that 19% of adult Americans have used it for the treatment of cold
and flu symptoms.

Despite this level of popularity, the scientific support for these uses is
weak. Conclusions based on the technical literature fail to allow a convincing
choice of the best species, the best plant part, the best dosage forms, the most
appropriate dosing and schedule, and the best means of preparation (44,45).

Reliable scientific research into the purported medicinal uses of echi-
nacea is comparatively recent and mostly centered in a few German labora-
tories. Clinical studies are scattered, often poorly performed, and the results
are contradictory. In the early studies there is significant confusion about
which plant was being used, what part was involved, and how the preparation
was made. There is still no recognized method of therapeutic standardization
and experts differ on what active constituent, if any, is responsible for utility.
Adding to the confusion, the plant has been adulterated classically with
Eryngium praealtum and more recently with Parthenium integrifolium (‘‘Mis-
souri snakeroot’’), whose cut and sifted roots can easily be confused with
echinacea upon visual inspection (8,19,46). These adulterations are evenmore
troublesome to detect when the material is commercialized in the form of
hydroalcoholic tinctures. In addition, laboratory examination reveals all too
often that commercial preparations consist of mixtures of Echinacea pallida
and E. angustifolia. Early preparations frequently used more than one species
of echinacea and often the species under use was apparently misnamed. A
review of this early literature led to the conclusion that chemical analyses were
done withE. angustifolia, particularly the earliest ones, whereas the biological
activity was tested with E. purpurea (47). Even when particular constituents
are chosen against which to standardize, the results vary greatly from
medicament to medicament or even with different batches of the same
product. For example, analysis for cichoric acid and dodeca-2E,4E,8Z,10E/
Z-tetraenoic acid isobutylamide in 25 echinacea-containing commercial
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products revealed dramatic variations in quantity ranging from rich to zero
(48)! Thus the literature is hard to reconcile.

A wide range of natural products has been identified in the plants.
Opinion is divided as to whether any of these materials are immunostimulant
in the clinic and, if so, whether the active constituents are the solvent solubles,
the water solubles, or some combination thereof. Given this level of confu-
sion, it is not possible at present to devise suitable analytical means of
standardizing echinacea preparations to ensure purity, consistency, potency,
and stability. It seems probable that the confused state of the clinical literature
results from a combination of these causes.

Considering the widespread use of echinacea and the unsatisfactory
state of the scientific and clinical literature, additional and much more
systematic scientific examination is clearly needed.

III. SOME BOTANICAL CONSIDERATIONS

Botanically, the North AmericanEchinacea genus consists of nine species and
multiple varieties withE. purpurea,E. angustifolia, andE. pallida findingmost
use medicinally. The genus belongs to theHeliantheae, the largest tribe within
the family Compositae (Asteraceae). Various authorities have described this
genus and the presently accepted scheme is based on the comparative
morphological and anatomical studies of McGreggor (3,49). E. angustifolia
(Braumeria angustifolia), E. atrorubens (Rudbeckia atrorubens), E. laevigata
(B. laevigata), E. pallida (R. pallida, B. pallida), E. paradoxa (B. paradoxa), E.
purpurea (R. purpurea, R. hispida, R. serotina, E. speciosa, E. intermedia), E.
simulata (E. speciosa),E. sanguinea, and E. tennesseensis (B. tennesseensis) are
recognized. The genus is indigenous to Arkansas, Oklahoma, Missouri, and
Kansas although it grows well in a variety of temperate climates. While the
species are, in general, relatively distinct from one another, specific differences
are based on subtle morphological features and are often hard to discern in
the field. All taxa will hybridize when brought together and considerable
natural hybridization occurs (49). E. angustifolia and E. atrorubens show
geographic introaggression and exhibit considerable overlap in stem and
petiole structures.Hybrids ofE. simulata andE. sanguinea appear very similar
to the Arkansas race of E. pallida, and E. simula has been confused with E.
pallida. Further studies between E. simulata and E. pallida show differences in
pollen size andmorphology. Fortunately natural hybrids are sterile (49). Thus
studies performed in industrial laboratories find frequent confusion and
substitution of species.

The material used in commerce is often of uncertain provenance in part
because of field hybridizations producing plants whose external appearance is
often intermediate between E. pallida and E. angustifolia. Further, adulter-
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ation with Parthenium integrifolium and other unrelated plants has often
occurred (4,50,51).

IV. CULTIVATION

Expanding global demand for echinacea threatens to result in unsustainable
levels of wild harvest, and significant habitat destruction contributes to these
concerns. Worries about the presence of undesirable agricultural residues
such as herbicides, fertilizers, heavy metals, and pesticides also must be dealt
with. This suggests that cultivation under carefully controlled conditions
should be investigated to produce sustainable quantities of safe material of
high potency, yields, and purity. Cultivation is, in fact, easy from seeds, and
the perennial nature of the plant suggests that this should be economical.

Echinacea grows well under a variety of temperate conditions support-
ing the notion that cultivation in suitable regions of the Southern Hemisphere
would provide a continuous supply of plant material year-round.

Cultivation appears to be preferable to field collection to relieve
pressure on wild populations as long as the material can be shown to be
fundamentally equivalent. There is a vogue for natural materials, however,
and this results in a premium price to collectors for field-collected wild
material. Conservation concerns have been raised for nearly a century. It is
estimated that 50 tons have been harvested and shipped overseas for many
years and domestic demand is escalating. No systematic study of echinacea
availability over its range has been performed. Two species, E. tennesseensis
and E. sanguinea, are already protected under the Federal Endangered
Species Act partly owing to their overharvest for medicinal purposes.
Fortunately E. purpurea is relatively easy to cultivate. E. angustifolia appears
to be increasingly threatened but the evidence is at present anecdotal (9,52).

Study is required before one can establish with reasonable certainty
whether wild or cultivated material is to be preferred. The identification of an
active component and its quantitation is a necessary prerequisite before this
could be done. Failing this, bioassay should be performed. This is well within
technical capability now and can draw upon experience with antibiotics for
historical precedence and experience.

V. CHEMICAL CONSTITUENTS OF ECHINACEA

A. Lower-Molecular-Weight Components

At present the literature is divided as to whether the low-molecular-weight
alcohol-extractable materials or the high-molecular-weight oligosaccharides
of echinacea are responsible for the species’ immunostimulatory properties.
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There is evidence to support both views and it is quite possible that both
classes contribute. It is not clear, however, which may contribute the most or
whether they are additive or even synergistic.

The lower-molecular-weight secondary constituents of echinacea be-
long to several classes: caffeic acid analogs, phenolics, phenolic glycosides,
terpenes, polyunsaturated amides, polyunsaturated acetylenes, and alkaloids.

Chemical work on echinacea and its constituents began in the 1890s
(53) and the results reflect the comparatively crude methods available at that
time. For example, sugars, volatile oils, alkaloids, and such general plant
constituents were quantified but not identified at the molecular level. Much
of the early work is somewhat doubtful because of confusion about the iden-
tity of the plant material employed.

Solid modern work that connects specific echinacea compounds with
biological activity can be dated from the efforts of Stoll, who identified
echinacoside as a weak antibiotic (54), but the chemical structure of this
compound required three decades more to be settled (55). Echinacoside is
present inmany species of echinacea but apparently not inE. angustifolia, so it
is not a reliable genus marker. Verbascoside is an echinacoside analog lacking
a glucosyl residue (56). Descaffeoylechinacoside and desrhamnosylverbasco-
side have also been isolated from E. pallida (57). One also finds in echinacea
species a variety of caffeoyl cyclitol analogs including chlorogenic acid and
cynarin (58). Of the various caffeoyl-substituted tartrates, cichoric acid is
characteristic of E. purpurea but less so of E. angustifolia (59). Cichoric acid
occurs in several different plant species in which the optical isomer of the
tartaric acid component varies. That in Echinacea species appears to be
(2R,3R)-(+)-tartrate. Caftaric acid and a variety of other analogs of cichoric
acid have also been found in various echinacea species (56,57). (Formula
Charts 1 and 2).

Echinacea species are rich in flavonoids and flavonoid glycosides.
Luteolin, kaempferol, quercetin, quercetagetin-7-glucoside, luteolin-7-gluco-
side, kaempferol-3-glucoside, quercetin-3-arabinoside, quercetin-3-galacto-
side, quercetin-3-xyloside, quercetin-3-glucoside, kaempferol-3-rutinoside,
rutoside, isorhamnetic-3-rutinoside, and others have been found in the leaves
of E. angustifolia (3,60,61). Likewise, the leaves of E. purpurea were found to
contain quercetin, quercetin-7-glucoside, kaempferol-3-rutinoside, quercetin-
3-glucoside, rutin, quercetin-3-robinobioside, quercetin-3-xylosylgalactoside
(or an isomer thereof), and others.

Clearly quercetin and its glycosides are plentiful in these leaves. In addition
to these, Echinacea species were also found to contain cyanidin-3-O-(h-D-
glucopyranoside) and cyanidin-3-O-(6-O-malonyl-h-D-glucopyranoside (62).

Echinacea contains a variety of essential oils in quantities ranging from
0.1 to 4% depending on the plant part and the season. Notable among these
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are pentadeca-(1,8Z)-diene, 1-pentadecene diene (63) and echinolone ((E)-10-
hydroxy-4,10-dimethyl-4,11-dodecadien-2-one) (64). Among the nonvolatile
sesquiterpenes, four cinnamoyl esters of the germacrane and guaiane skeletal
types have been isolated from E. purpurea roots (65). Many other terpenes
have been found in echinacea oils (3). (Formula Chart 3).

Polyacetylenes are frequently found in the Compositae and the Aster-
aceae are not exceptional in this. These compounds are not stable, readily
undergoing air oxidation on standing, so it is doubtful that commercial
echinacea dosage forms contain much of them in native form. Schulte et al.
(66) determined the total and partial structures of 15 such compounds. The
first two of these were among those present in significant quantity and these

FORMULA CHART NO. 2 Cichoric acid analogs.
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showed mild antibacterial and antifungal activity. Many of the remaining
analogs were present in very small quantities allowing only partial charac-
terization. Later Bauer et al. (67) investigated the roots of E. pallida and
determined the structures of eight ketones and three hydroxylated analogs
that did not occur in E. angustifolia. In a similar work (68), two additional
hydroxylated acetylenes were characterized. Subsequently, many papers have
appeared that describe qualitative and quantitative investigation of these
analogs. (Formula Charts 4 and 5).

1. Unsaturated Alkyl Amides

Secondary substituents of this type have a somewhat restricted distribution in
higher plants. They are, however, fairly common in Echinacea species and are
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believed to be primarily responsible for the tingling and local anesthetic effects
observed on the tongue when these materials and plants are placed in the
mouth. Herbalists often use this effect as an indication that the plants are
mature enough to harvest. Interestingly, these kinds of compound are present
in spicy plants as well and a number of such species (pepper, containing
piperine and chavacine, for example, but not Echinacea species) are used in
cooking. Despite their evident ability to undergo Michael-type addition reac-
tions, they are apparently not especially toxic to humans in the doses normally
applied. The first of these to be characterized chemically from echinacea is
echinacein (69). It was shown to be toxic to houseflies. Subsequently a large
number of other polyunsaturated amides of echinacea have been character-
ized. Because they have excellent ultraviolet (UV) chromophores and their
specific distribution among the Echinacea species is characteristic, they have
been popular HPLC fingerprinting substances to demonstrate which species
of Echinacea is present (70). (Formula Charts 6 and 7).

2. Alkaloids

Early reports suggested the presence of alkaloids in Echinacea species but
several subsequent workers were unable to verify this. The common plant
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constituent glycine betaine, however, has been definitely identified as present.
Subsequently the pyrrolizidine alkaloids tussilagine and isotussilagine were
detected in E. purpurea and E. angustifolia (71). Some pyrrolizidine alkaloids
are known to produce oxidative metabolites following ingestion that are
carcinogenic. At present, however, there is no evidence of carcinogenicity for
the echinacea alkaloids. (Formula Chart 8).

B. Plant Identification via Analysis of Solvent Soluble
Components

Identification of echinacea material can be done conveniently even in
powdered form and in extracts by HPLC and TLC examination of the
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organic-soluble materials because they are easily separated and detected by
UV. Alcoholic tinctures of echinacea contain caffeic acid derivatives and
polyacetylenes (72). In particular, the roots of E. angustifolia and E. pallida
contain 0.3–1.7% echinacoside (65,73) while extracts of the two plants can be
distinguished in that 1,3- and 1,5-O-dicaffeoylquinic acids are present only in
the roots of E. angustifolia (67). Cichoric acid and caftaric acid are signifi-
cant E. purpurea root constituents but echinacoside is not present. Cichoric
acid is a prominent constituent in the aerial parts of most echinacea species
(57,75,76). The aerial parts of E. angustifolia and E. pallida also contain
verbascoside (57). Des-rhamnosylverbascoside and 6-O-caffeoylechinacoside
have been isolated from E. pallida (57). E. purpurea leaves also contain
cichoric acid methyl ester, 2-O-caffeoyl-3-O-feruloyltartaric acid and 2-O-
caffeoyl-3-O-cumaroyltartaric acid (54). Other work showed the presence of
2-O-caffeoyl-3-O-feruloyltartaric acid, 2,3-O-di-5-[a-carboxyl-h-(3,4-dihy-
droxyphenyl)ethylcaffeoyl] tartaric acid, and 2-O-caffeoyl-3-O-[5-{a-car-
boxy-h-(3,4-dihydroxyphenyl) ethyl}caffeoyll]tartaric acid in E. pallida (57).
These variations in the levels of caffeic acid derived constituents are not
regarded as being particularly meaningful in terms of immunostimulation but
they clearly have excellent potential value in distinguishing among the various
plants that might be commercialized under the name echinacea.

Numerous flavonoids, such as rutoside, have been identified in echina-
cea leaves (59,67,77). The general flavonoid content is about 0.38–0.48%.

Cichoric acid is especially abundant in the flowers of all Echinacea
species examined (1.2–3.1%) and in the roots of E. purpurea (0.6–2.1%).
Much less is present in the other aboveground parts (67). The content of
cichoric acid is quite variable based on the season and the state of develop-
ment of the plant. Quantitation is further complicated in that it is not stable
during preparation of alcoholic tinctures and in expressed juices (73,75).
Analysis of cichoric and caftaric acids by a micellar electrokinetic chromato-
graphic method (MECK) apparently works well for extracts of E. purpurea
(78). In this methodology a surfactant is used to produce micelles to facilitate
the separations.

The major 2-ketoalkenes and 2-ketoalkynes of E. pallida roots are
tetradeca-8Z-ene-11,13-diyn-2-one, pentadeca-8Z-11,13-diyn-2-one, penta-

5436-0_Packer_Ch34_R2_061804

MD: PACKER, JOB: 03277, PAGE: 733

FORMULA CHART NO. 8 Echinacea alkaloids.

Echinacea and Immunostimulation 733



deca-8Z,13Z-diene-11-yn-2-one, pentadeca-8Z-,13Z-diene-11-yn-2-one, pen-
tadeca-8Z,11E,13Z-triene-2-one, and pentadeca-8Z-11Z-diene-2-one (4,67).
These are found only in traces in E. angustifolia and E. purpurea. These
unsaturated compounds readily autooxidize on storage to h-hydroxylated
analogs even in root powder form (4). The differing concentration of these
auto-oxidation products would provide a suitable means of distinguishing
between E. pallida and E. angustifolia but their specific amounts would be
time-dependent.

As detailed above, many alkamides are present in E. angustifolia roots
where they are particularly abundant in quantity. Their structures are derived
from undeca- and dodecanoic acid and differ from one another in the degree
of unsaturation and the configuration of the double bonds (66). InE. purpurea
roots there are characteristic differences in that most of the 11 alkamides
possess a 2,4-dienemoiety. Thismakes a convenientmarker for distinguishing
the source of the material (4,75). The aerial parts contain similar constituents
(67,68). The concentration of most of these compounds is significantly less
than 1% (0.001–0.151%). Alkamide levels in various parts of E. purpurea
differ sufficiently to suggest that measurements of their distribution could be
used to determine the origin of extracts (79). The photochemical instability of
such compounds would require considerable caution in sample preparation
and handling (80).

Pyrrolizidine alkaloids (tussilagine and isotussilagine) have been
isolated from Echinacea species (81) but these seem to be of little interest
from a chemotaxonomic viewpoint since they do not have a convenient UV
chromophore.

A gas chromatographic method has been published that detects the
presence of uracil herbicides in the roots of E. angustifolia. This would be
useful in characterizing either cultivated or wild-picked echinacea materials
(82). The gas chromatographic–mass spectroscopic methodology has also
been applied to the analysis of echinacea mixtures themselves (83).

The variations in the kinds and amounts of solvent-soluble constituents
from plant to plant part make identification and standardization of commer-
cial preparations possible but their number and variationmake this a complex
undertaking. A recent study has analyzed the effect of some processing
variables on the content of solvent-soluble constituents. Chopping altered
the level of some alkamides slightly in E. purpurea roots but drying had no
significant effect on the amounts detected. Levels of all alkamides fell by over
80% on storage at room temperature for 16 months and also fell significantly
even when the plant material was stored at 18jC (82).

Adulteration by Parthenium can also be detected readily by chromato-
graphic methods based on the presence of sesquiterpene esters that are not
present in echinacea (46,65,68).
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In summary, despite the complexity of extracts, they are readily assayed
and such assays can serve as surrogate markers for species verification. The
lack of strong evidence supporting a causal relationship between an individual
constituent and its presence in extracts reduces the value of such determina-
tions. It seems prudent for the time being to perform biological assays as well.

C. Higher-Molecular-Weight Components

The presence of oligosaccharides in higher plants is common. Early studies
confirmed their presence in Echinacea species but, other than assigning
molecular weights of approximately 50 kDa to these, structural information
was limited (3). Pharmacological studies suggested that they possessed weak
antihyaluronidase activity (84, as synopsized in Ref. 3).

Studies of particular relevance to immunostimulation were reported by
the Wagner group starting in 1981 (85–87). Two immunostimulatory poly-
saccharides were isolated from the aboveground parts of E. purpurea, one
with an apparent molecular weight of 35 kDa and the other of 50 kDa. The
first, named PS 1, was a methylated polymer of glucuronic acid and arabinose
and the second, named PS 2, was an acidic polymer of galactose, arabinose,
and xylose. Partial structures of the repeating units of these materials were
assigned. A third polysaccharide of apparent molecular weight of about
80,000 kDa was shown to contain xylose and glucose. The expressed juice
contained a pectinoid that, however, had very weak immunostimulatory
power. The primary assay used in these studies was stimulation of macro-
phage ingestion of carbon particles. This method primarily measures the
speed and efficiency of macrophages in engulfing carbon particles. It is con-
venient but does not allow easy determination of all participating cells in the
immune system nor does it allow quantitative examination of the matura-
tion process and intercellular signaling between participating cells. The
carbon clearance tests present convincing evidence that the solvent-soluble
constituents, including cichoric acid, of echinacea, stimulate nonspecific im-
mune capacity (3,67,69,73,88,89). Echinacoside is not immunostimulatory
(56,90–92). These constituents would be present in hydroalcoholic extracts
and in juice preparations and indeed are routinely analyzed in marketed
products. (Formula Chart 9).

In later work, successful large-scale tissue culture work using E. pur-
purea resulted in isolation of three homogeneous polysaccharides whose
structures differ from those of the whole plants. Two of these are neutral
polymers of fucose, galactose, and glucose (of 10 kDa and 25 kDa, respec-
tively) and the third an acidic arabinogalactan of molecular weight about 75
kDa. Partial structures have been assigned to these as well (74,93,94). The
arabinogalactan was subsequently shown to activate macrophages against
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tumor cells and microorganisms. The material did slightly increase T-cell but
not B-cell proliferation. Themacrophageswere shown to produce IL-2, IFN-h,
and TNF-a (95). (Formula Charts 10 and 11).

D. Analysis of High-Molecular-Weight Constituents
of Echinacea

From the immediately preceding account, it can be seen that characteristic
water-soluble polysaccharides with immunostimulatory properties (a 4-O-
methyl-glucuronylarabinoxylan of average MW 35,000, an acidic arabi-
norhamnogalactan of MW 45,000 from the aerial parts of E. purpurea,
xyloglucan, MW 79,500, from the leaves and stems, and a pectin-like poly-
saccharide from the expressed juice) are present in echinacea but these are
more difficult to analyze chemically than the low-molecular-weight organics
because of their complexity and their lack of a suitable chromophore. On the
other hand, bioassay can be performed readily (4,85,88,92). The bioassays
have the virtue of reflecting the intended end product use of echinacea prep-
arations. The carbon clearance assays covered briefly above have greatly
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clarified the situation. The three glycoproteins (MW 17,000, 21,000, and
30,000; approximately 3% protein content) that have been isolated from E.
angustifolia and E. purpurea roots contain arabinose (64–84%), galactose
(1.9–5.3%), and glucosamine (6%) as well as large amounts of aspartate,
glycine, glutamate, and alanine (93) and an ELISA assay has been developed
for the glycoproteins (94,95). An arabinogalactan protein was isolated from
pressed juice of E. purpurea and shown to have a molecular weight of about
1,200,000 and to contain about 83% polysaccharide and about 7% protein.
The core saccharides are highly branched (92). Polysaccharides have also
been isolated and characterized from cell culture material but these are chem-
ically significantly different from those isolated from the field-grown plants
because of the intrinsic characteristics of plants grown in tissue culture (74,89).
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Capillary electrophoresis has been used for the analysis of Echinacea
species (96,97). The technique is particularly valuable for the analysis of high-
molecular-weight polysaccharides and glycoproteins (98,99).

1. In Vitro, Ex Vivo, and Animal Tests

Early pharmacological tests of echinacea preparations are not particularly
relevant to the question of immune stimulation as this activity was not
suspected before about 1960. Suitable pharmacological assays are asserted
to have been underdeveloped at that time and there is considerable doubt
about the specific plant material used. This work primarily focused on wound
healing, anti-inflammatory activity, and direct antimicrobial and antiviral
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activity and has been reviewed (3). This summary will focus on the immuno-
logical work. The available literature is now vast—amounting to about 200
papers. Most frequently used has been echinacin, an injectable commercial
product containing an extract of the juice of the aerial portions of E. purpurea
along with 22% of alcohol for preservative purposes. Oral versions are also
used. Esberitox has also been studied. This material contains extract of E.
purpurea along with Thuja orientalis and Baptisia tinctoria extracts.

The earliest study appears to have been the observation that use of a
commercial preparation led to an increase in properdin (the normal serum
globulin that stimulates the alternative complement pathway) levels following
i.v. use in rabbits (100). Similar findings were reported with spleen tissue
experiments (101) but the results of both studies were criticized because of
methodological flaws, and other explanations for the findings were advanced.
More recently, however, a study of healthy female volunteers (ranging from
22 to 51 years of age) who were administered standardized extracts in a
double-blind, placebo-controlled trial showed that the subjects had their
complement properdin increased by about 20% when a mixed E. purpurea/
angustifolia preparation was given orally for 4 weeks (102). Thus the original
work may have been valid after all.

Using isolated, perfused rat liver, an E. purpurea extract produced a
positive effect on phagocytosis. Several species, plant parts, and extracts were
involved in this study with the best phagocytosis enhancement being demon-
strated by ethanolic root extracts (73,103). Interestingly, chloroform extracts
prepared from the hydroethanolic extracts were more active than the aqueous
portions. A later study using chemiluminescence as an indicator for phago-
cytic activity of granulocytes induced by zymosan in whole blood gave results
that depended on the dose and methods of application. No clear conclusions
were drawn from this work (104). When the alcoholic extracts were admin-
istered orally to mice, a marked increase in phagocytosis was observed. These
data have been reviewed subsequently and it is concluded that both the
aqueous and the lipid fractions are active but that the lipid materials are more
active (3,105). A direct test of the purified alkamides and cichoric acid
demonstrated activity in the carbon clearance test but ecinacoside was not
active (73). The various fractions in this study contained only small amounts
of the polysaccharides. In another study, the alcoholic extracts from the aerial
parts and the roots ofEchinacea species were tested for phagocyte-stimulating
activity with the result that the lipophilic components showed the highest
activity (69,73). The ethanolic extracts of the aerial parts ofE. angustifolia and
E. purpurea demonstrated immunomodulating activity on the phagocytic,
metabolic, and bactericidal activities of peritoneal macrophages in mice
(67,73,106). Commercial preparations ofE. purpurea containing fresh pressed
or dried juice produced cytokines in the macrophages as measured by ELISA.
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After 18 hr of incubation IL-1 secretion increased. After 36 hr TNF-a, IL-6
and IL-10, were also secreted in increased amounts (107). The alkyl amides of
E. purpurea have been demonstrated to engender a significant stimulation of
phagocytic activity in alveolar macrophages when given orally by gavage to
rats. These results were measured by the carbon clearance method (108,119).
TNF-a and NO were both produced in increased quantity by these macro-
phages. This appeared to be superior to the effect of similar administration of
cichoric acid and the polysaccharides (120). Echinacoside has low antibacte-
rial and antiviral activity but does not have immunostimulatory activity
(109,110). Cichoric acid shows stimulation of phagocytosis in vitro and in
vivo but echinacoside, verbascoside, and 2-caffeoyltartaric acid do not (4).
Cichoric acid also inhibits hyaluronidase (111) and protects collagen III from
free-radical-induced damage (112). Purified alkamide fractions from E.
angustifolia andE. purpurea roots enhanced phagocytosis in carbon clearance
tests. The main component, dodecatetraenoic acid isobutylamide, showed
only weak activity, however. This finding suggests that the substances are
unstable or that other compounds are responsible for the bulk of this action.
The mixed alkamides also inhibited 5-lipoxygenase activity in porcine leuko-
cytes and cyclooxygenase in ram seminal vesicle microsomes (73).

Thus there is substantial evidence that the low-molecular-weight solvent
extractables enhance phagocytosis. Side-by-side comparisions with the poly-
saccharides in the water-soluble portions are, unfortunately, largely lacking.

Recently it was shown that a 14-day dietary intake of echinacea
preparations in aging mice stimulated the production of natural killer cells
as well as enhancing their function against tumors and virus-mediated
infections (113). Later it was shown that purpurea root extract was capable
of enhancing the number and activity of NK cells and prolonging the survival
time of leukemic mice (114). A study of the question of whether echinacea
preparations could produce antigen-specific in vivo immunomodulatory
action was made using rats exposed to antigen keyhole limpet hemocyanin
over time. The product was active suggesting that echinacea can enhance
immune function by increasing antigen-specific immunoglobulin production
(115).

The polysaccharides have been demonstrated to stimulate phagocytosis
and to enhance the production of oxygen radicals by macrophages in mouse
cells (85,87,94,96,116). Studies of the polysaccharides derived from the aerial
parts provide the strongest support for a useful immunostimulant action of
echinacea at present. The immunostimulatory action of the polysaccharides is
attributed to binding to cell surface receptors on the cell surface of macro-
phages and T lymphocytes (although some of the latter may be due to con-
tamination with proteinaceous materials) (3). Later, more purified materials
were shown to be active but at somewhat lower potency. Other workers have
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shown that the macrophages stimulated by the polysaccharides from tissue
culture release TNF-a, interleukins-1, -6, -10, and interferon-h2 (117,118).
Stimulation of the T cells is said to be nonspecific and result in trans-
formation, production of interferon, and secretion of lymphokines leading
to enhanced T-cell mitogenesis, macrophage phagocytosis, antibody binding,
natural killer cell activity, and increased numbers of circulating PMS cells
(3,36). There seems to be no toxicity to macrophages even at comparatively
high doses of polysaccharide preparations (3). These preparations did not
stimulate proliferation of T lymphocytes and had a small effect on B cells.
Mice infected with Candida albicans 24 hr after i.v. administration of echi-
nacea polysaccharides revealed lower levels of the yeast in their kidney cells
upon surgical removal. In addition, polysaccharides enhanced the survival
rate of mice against otherwise lethal C. albicans and Listeria infections (118,
119). The polysaccharides from E. angustifolia were shown to have anti-
inflammatory activity as well (120,121). Purified extracts containing the gly-
coprotein-polysaccharide complex exhibited B-cell stimulation and induced
the release of IL-1, TNF-a, and IFN-a,h. This effect was also seen in murine
studies (96,97,122). The mitogenic activity of crude polysaccharide mixtures
on T lymphocytes is thought probably to be due to nitrogenous impurities
as later work with purified polysaccharides failed to show this activity (88,
116,117).

Inulin is a major constituent in the roots of E. angustifolia and it
activates the alternative complement pathway and thus promotes chemotaxis
of neutrophils, monocytes, and eosinophils, solubilization of immune com-
plexes, neutralization of viruses, and bacteriolysis (3).

An ex vivo study has been reported using culture supernatants of
stimulated whole blood cells derived from 23 tumor patients treated over a
4-week period orally with a spagyric extract from a three-herb preparation
that included E. angustifolia (and Thuja orientalis plus Eupatorium perfolia-
tum). A wide range of cytokines was found in the treated and the control
group. After therapy with the herbal mixture, no significant alteration in the
production of the cytokines was observed and the leukocyte populations
remained constant (123). This result is considered to be negative.

In normal mice, administration of a commercial preparation of echi-
nacea root (not further identified) in the diet for 7–14 days resulted in
numerically increasedNK cells andmonocytes (bothmediators of nonspecific
immunity) in the bone marrow and the spleen about 1 week after treatment
was begun. Other hemopoietic and immune cell populations in bone marrow
and spleen remained essentially unchanged. These data would support a
prophylactic role for echinacea (124).

Despite the weight of all these mainly positive studies, there are contrary
reports. In a recent study rats were fed a commercial echinacea product and
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two extemporaneous tinctures marketed by local herbalists. No evidence of
altered NK cell activity, T-cell-mediated delayed-type hypersensitivity, or
specific antibody formation was seen at high doses over a 6-week period (125).
Uncertainty over the composition of these preparations lessens the impact of
this work.

Glycoproteins isolated fromE. purpurea andE. angustifolia increase the
production of IL-1 and interferons (100,126) as demonstrated by an antiviral
action against vesicular stomatitis virus. Insufficient research was done to
determine whether differences exist between immunostimulation by polysac-
charides and by glycoproteins.

In a brief recent report using flow cytometric measurements of human
leukocytes ex vivo and gene expression arrays, Wagner and Bauer’s results
with the water-soluble polysaccharides were confirmed and extended to
maturation of B, T, and NK cells. This work demonstrated that the water-
soluble extracts of plant material had pronounced immunostimulatory
activity. The activity of the low-molecular-weight organic constituents was
considerably weaker (127).

The general conclusion derived from these studies is that no single
echinacea constituent is responsible for the immunostimulant activity of
expressed juice or of extracts. Both the lipophilic constituents and the
aqueous-soluble constituents have demonstrated activity in immunostimu-
lant tests although it is difficult to decide based on the evidence available
which fraction is the more important. The methodologies employed differ
from study to study, complicating analysis. No single constituent stands
forth from all this work as predominantly active. There is also no decisive in-
formation favoring the use of one particular plant or plant part over another.

The most supportable conclusion is that certain echinacea products
promote nonspecific T-cell activation in the form of transformation, produc-
tion of interferon, and secretion of certain lymphokines. This results in
enhanced T-cell mitogenesis, macrophage phagocytosis, antibody binding,
natural-killer-cell activity, and increased numbers of circulating polymor-
phonuclear cells. This action is more closely tied to the polysaccharides than
to the other constituents (85,86,88,89,118). Comparatively few of the studies
involve purified components and combinations of these have never been
studied.

The predominantly active components of echinacea are complex poly-
saccharide functional moieties that make up the cell wall building blocks in
plant tissues or as the carbohydrate functional groups associated with
glycoproteins. Oral activity of such high-molecular-weight materials is gen-
erally attributed to contact withmucosa-associated lymphoid tissue of the gut
(GALT) because they are unlikely to be absorbed without digestion. Trans-
portation intact via M cells of the intestinal lumen would result in direct

5436-0_Packer_Ch34_R2_061804

MD: PACKER, JOB: 03277, PAGE: 742

Mitscher and Cooper742



contact with lymphocytes and macrophages in the Peyer’s patches. T lym-
phocytes are motile throughout the lymphatic system and can recruit other
cells through excretion of lymphokines. A transient tendency toward a
decrease in the ratio of T-helper cells to suppressor/cytotoxic T cells imme-
diately after treatment of human subjects with echinacea-expressed juice has
been attributed to emigration and redistribution of T cells throughout the
body (128).

VI. CLINICAL TESTS

Traditionally echinacea has been administered orally in the form of a tea or
fluid extract. The majority of the clinical data in the United States were
recorded between 1895 and 1930 although the topic has recently been taken
up again in a number of laboratories. The early studies more closely resemble
testimonials rather than careful scientific work and are not generally accept-
able by current standards. Indeed, they were strongly criticized at the time.
Studies in Germany date primarily from 1940 and continue to this date (3).
In recent years a number of North American and Australian studies have
appeared. Although, as has been seen, many laboratory studies have been
carried out on root-derived materials, in the clinic the most convincing
results have come with the expressed juice of the aerial parts. Most of the
earlier German studies represent therapeutic rather than prophylactic
applications.

The review that follows places primary emphasis on clinical studies
completed in the last 10 years but includes a few earlier studies that produced
particularly informative results. Much of this information represents use by
injection. The most consistently positive clinical results involving echinacea
preparations are those using the expressed juices, particularly using a
commercial product named Echinacin, which contains an extract of the juice
of the aerial portion of E. purpurea preserved by the addition of 22% of
ethanol (4). An adjuvant study of the use of expressed juice ofE. purpurea over
6 months on recurrent vaginal Candida infections showed that a 6-day local
treatment with Econazol led to a 60% recurrence rate contrasted with a 5–
16% rate with the expressed echinacea juice (128).

A retrospective study of 1280 children with acute bronchitis demon-
strated that treatment with the expressed juice led to faster healing than in the
cohort treated with an antibiotic (129). It is speculated that viral infections
partly account for this difference, for an antibiotic would not be expected to
be useful in such cases.

In a placebo-controlled, double-blind study of 108 patients given 2–4
mL of expressed juice orally over 8 weeks, fewer and less severe infections
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were noted and the duration of infection was decreased slightly (5.34 vs. 7.54
days) (130). The intensity of symptoms and the end point in such a study are
rather subjective.

A study in terminal cancer patients given Echinacin i.m., produced a
decrease in the absolute numbers of CD8+ cells whereas the CD4+ cells
increased in number. The number of natural-killer cells and peripheral
polymorphs increased (131). This degree of immunostimulation could have
been of some value at least in preventing opportunistic infections accompa-
nying the usual immunosuppression associated with cancer chemotherapy.

In another double-blind, placebo-controlled study including 180 vol-
unteers, it was found that 2 dropperfuls of unstandardized E. purpurea herb
hydroalcoholic extract was only as effective as a placebo preparation in
relieving the symptoms of and duration of flu-like infections. The improve-
ment with 4 dropperfuls was statistically better than placebo (132). The
uncertain description of the medication provided significantly decreases
confidence in this result.

Recently a study of 95 patients with the symptoms of an early flu
infection were treated in a double-blind, placebo-controlled manner with 5
daily cups of an echinacea compound herbal tea preparation (Echinacea Plus)
for 1–5 days. The patients reported improvement in their symptoms and a
shorter duration of discomfort with no reported adverse effects (133). The
testimonial-like character of the responses and the possibility of the operation
of a significant placebo effect diminish the value of this study.

In a randomized, double-blind, placebo-controlled study of 80 persons
with early cold symptoms, administration of Echinacein resulted in a short-
ening of symptoms from 9 to 6 days as compared to the placebo group (134).

In a multicenter (15) study of 263 patients who already exhibited cold
symptoms, three different echinacea-containing medicaments were used
resulting in definite shortening of the duration and intensity of symptoms
(135). A smaller study (of 32 subjects) came to a similar conclusion but the
nature of the echinacea preparation was only vaguely described (136).

In a study involving triathletes, daily oral treatments for 28 days using
pressed juice of E. purpurea or magnesium supplements and flow cytometry
measurements revealed slight changes in peripheral T lymphocytes but
enhanced exercise-induced increases in urinary IL-6 and serum cortisol. None
of the treated athletes developed upper-respiratory infections in contrast to
the control group (136). Interestingly, strenuous prolonged exertion and
heavy training by athletes are associated with depressed immune function.
Administration of vitamins laced with echinacea is undertaken to prevent this
problem but the evidence supporting this action is unconvincing (137). The
use of flow cytometry to measure the increase in immune system cells
enhances confidence in this work.
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In healthy volunteers, a commercial echinacea preparation was ad-
ministered i.m. on 4 successive days to 12 healthy men. Phagocytosis by gran-
ulocytes against C. albicans and the activity of natural-killer cells were
measured and correlated with echinacea administration. A definite increase
in cellular activity was seen and this declined when administration stopped
(138). The results of this study are encouraging but the comparatively small
number of patients involved weakens its value.

A second study with healthy volunteers involved use of an alcoholic
extract of E. purpurea roots whose constituents had been determined by
HPLC. This was given orally to 24 healthymen daily for 5 days. Phagocytosis
was stimulated and this decreased when administration stopped. These
preparations were well tolerated (139). Interestingly, oral administration
appeared to produce a greater rate of increase than did injection. This study
is one of the few chemically controlled clinical trials. As noted above, the
HPLC measurements of compounds of unestablished immunostimulant
properties is not particularly helpful but at least an attempt was made to
ascertain the identity and quality of the material used.

In an interesting recent study, 117 healthy volunteers were divided into
control and disease subjects and then subjected to deliberate infection with
rhinovirus type 23 or placebo and then treated with 900 mg daily of an
echinacea preparation shown by analysis to contain 0.16% cichoric acid and
almost no echinacosides or alkamides. This echinacea preparation (whichwas
not defined further) failed to decrease the incidence or severity of the infection
(140). The strength of this study lies in the use of a known pathogen and an
echinacea preparation that was standardized. The result casts doubt that
cichoric acid is of value as an immunostimulant but leaves the value of other,
largely unmeasured, components to be established.

In patients with acute viral and bacterial infections that had produced
inflammations, white cells proliferated while T-4 cells decreased whereas
T-8 cells did not. This study did involve pretreatment of controls with
phytohemagglutinin A and pokeweed mitogen but time courses were not
measured, so this study has been criticized. Comparable results were ob-
tained in another study involving patients with contact eczema, neuro-
dermatitis, herpes simplex, and Candida infection. Leukocytosis and
granulocytosis were recorded and the percentage of T-helper cells slightly
decreased. After 7 days of treatment, the percent of T-helper cells was down
and helper-suppressor-cell ratios were decreased. After 8 days, overall lym-
phocytosis was recorded (141).

In a study on patients with viral infections accompanied by leukopenia.
i.m. treatment once a day on 3 successive days improved significantly the
initial low leukocyte count in over half of the patients (142). On the other
hand, a study of 50 patients with genital herpes over a 1-year period revealed
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no statistically significant benefit with respect to the frequency or severity of
outbreaks associated with treatment with Echinaforce (143).

In a trial involving 108 patients having a history of susceptibility to
colds, treatment with a fluid extract ofE. purpurea twice daily bymouth failed
to be effective in decreasing the incidence, duration, or severity of colds (144).

A Swedish study of various fresh plant preparations of Echinacea
species against colds involved 246 patients. The results were generally positive
with respect to relief of symptoms and freedom from adverse effects (145).

In a Phase I clinical trial of the polysaccharide fraction isolated from E.
purpurea tissue culture, injection at 1mg and 5mg produced an increase in the
number of leukocytes, segmented granulocytes, andTNF-a production (146).
A recent clinical trial by this same group of investigators using ethanolic
extracts fromE. purpurea andE. angustifolia roots in fourmilitary institutions
and one industrial plant failed to reveal a useful prophylactic effect (148). An
ethanolic extract, depending on the concentration of the ethanol, might not
contain significant concentrations of the polysaccharides.

Extracts of E. purpurea were shown to enhance cellular immune
function of peripheral blood mononuclear cells from normal individuals
and patients with depressed cellular immunity (based on diagnosis of chronic
fatigue syndrome and AIDS) (147).

Treatment of advanced gastric cancer with etoposide, leucovorin, and 5-
fluorouracil usually produces a decrease in white blood cells. Treatment of a
group of such patients i.v. with a polysaccharide preparation isolated from
tissue cultures of E. purpurea resulted in a significant increase in leukocytes
14–16 days after chemotherapy (3630 cells/AL comparedwith the control level
of 2370 cells). This suggests that the polysaccharidesmight be a useful adjunct
to chemotherapy in reducing chemotherapy-induced leukopenia and cer-
tainly supports a positive immune-enhancing effect (148).

A placebo-controlled, double-blind study of the equivalent of 900 mg/
day in the form of an alcoholic extract of E. purpurea roots involving 180
patients with common cold symptoms led to a significant decrease in
symptoms with the extract as compared with placebo and a lower dosage
(equivalent to 450 mg/day) (149). A similar study on 160 patients with a
hydroalcoholic extract of E. pallida roots showed slightly quicker recovery
from an upper-respiratory-tract infection as compared to the placebo group
(150).

Homeopathic preparations are on the market also but there are no
comparative studies that could be used to decide which preparations, if any,
can be supported (3).

Clinical studies involving echinacea herbals combined with other
herbals have been performed but these are difficult to evaluate given the
complexities of judging the utility of echinacea by itself let alone what its
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clinical contribution might be when mixed with other complex substances.
Two examples of recent studies of this type claiming utility are available
(150,151).

A recent review of clinical studies of the use of echinacea in medicine
concludes that the available work does not convincingly establish the value of
echinacea in immunostimulation or the prevention/relief of colds. The review
suggests that a major source of the confusion stems from uncertain identity of
the material being evaluated and little information being provided that could
bear on the mechanism of action if a positive result were obtained. Some
preparations are definitely of value in reducing the severity of symptoms but
only some preparations. These appear to include mainly fresh juice and
isolated polysaccharides (152).

Another recent review evaluated clinical studies published between 1961
and 1997. These authors concluded that all of the studies had methodological
deficiencies ranging from too few participants to unknown sources of
medication. Twelve studies reported efficacy for treating the common cold.
Of five studies published since 1997, two showed lack of efficacy in upper-
respiratory-tract infections (URTI), and three reported utility. These studies
also were judged to have procedural inadequacies (153).

Another extensive recent review of clinical studies involving 3396
patients in eight prevention and eight treatment trials concluded that varia-
tions in preparations and the poor methodological quality of the trials
prevented drawing definitive conclusions (158).

A review of about 100 publications dealing with echinacea and its
putative value in preventing or treating URTI concludes that most of the
trials have deficiencies but that echinacea may indeed have value in early
treatment of URTI, but firm recommendations could not be made from the
data and little support for long-term ingestion for the prevention of URTI
exists (159).

Wagner has recently commented that more than 300 German clinical
trials have taken place utilizing various herbals that include echinacea in-
tended for immunostimulation. These studies have at least demonstrated
safety (25).

Most recent reviews are consistent with these conclusions (152,154–
157,160–164).

Despite lack of clear-cut evidence of efficacy, the apparent lack of
adverse effects suggests that the lay use of echinacea is probably harmless and
should not necessarily be discouraged (165).

Overall, some echinacea preparations appear to be helpful but no strong
recommendation can be made from the data available with respect to the
preparation whose use can be supported in the treatment or prevention of
common colds (166).
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VII. TOXICITY

There is comparatively little information in print about the side effects and
toxicity of echinacea preparations. The clinical studies rarely report side
effects or intolerance following oral use in ordinary doses although a number
of patients do not like the taste (160). This generally agrees with historic data.
Parenteral administration is comparatively less common but shivering and
other flu-like symptoms have been reported (perhaps resulting from macro-
phage stimulation resulting in release of interferon and interleukin I?). On
occasion, acute allergic reactions can be seen (160).

The LD�50 of intravenous Echinacin is 50 mL/kg in mice and rats. In
mice, LD�50 values of >2500 and >5000 mg/kg were found indicating very
low acute toxicity (163,167). A later study showed that oral administration to
rats andmice in single large doses or chronically in doses proportionally many
times those used in humans showed no significant toxicity even after necropsy.

The polysaccharides in E. purpurea aerial parts have an LD50 of 1000–
2500 mg/kg interperitoneally in rats. These doses are many multiples of those
intended for humans (163).

There is a report of a womanwho took a variety ofmedications andwho
developed an anaphylactic reaction while taking echinacea. Subsequent
skinprick and RAST testing revealed hypersensitivity (164). Later studies
also report hypersensitive reactions to echinacea preparations, including
anaphylaxis (165). Clearly one should be cautious in the use of echinacea in
individuals prone to allergy.

One also supposes that the use of echinacea preparations should be
avoided in cases where autoimmune diseases are likely. In those cases, an
effectively immunostimulent treatment would likely be harmful.

Mutagenicity studies failed to reveal any problem (162,166,167).
The question of the safety of using echinacea preparations during

pregnancy often comes up. As a general rule, ingestion of novel materials
during pregnancy should be minimized or avoided as a precaution against
birth defects. Furthermore, among other considerations, experience indicates
that a significant number of pregnancies are unplanned, so many instances of
coincidental echinacea use in the first trimester are likely. Examination of data
gathered from 112 women who used echinacea early in their pregnancies
revealed no obvious defects statistically significant over the control group
(168). This is comforting. There is no significant evidence that echinacea use in
pregnancy is harmful but not much direct study has been done as yet
(169,170).

In a recent study of antibiotic susceptibilities following neutraceutical
use, garlic, zinc salts, and echinacea were all reported to decrease the action of
antibiotics against ampicillin-resistant strains (171). The clinical meaning of
this is unclear.
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VIII. CHRONIC USE

One unanswered question that also requires more study relates to whether
echinacea should be used on a continual basis. Work in healthy individuals
indicates that a period of initial stimulation (typically 1–7 days) is followed by
a period (typically after about 11 days) when the immune system no longer
responds as before (3,8). Accordingly, echinacea is often prescribed in 10-day
treatment periods followed by 2 weeks of no administration. This appears to
be prudent but the evidence underlying this is flimsy.

A recent study evaluated the ability of E. angustifolia root preparations
to inhibit the action of cytochrome P450 isozyme CYP3A4 in vitro. Suppres-
sion of this important isoenzyme at high dilution indicates the potential for
significant drug-drug interactions that should, therefore, be guarded against
(173). Despite this potential concern, however, a review of the literature failed
to reveal any clear-cut cases of interactions between echinacea and other
drugs (174).

Mutagenicity tests in bacteria and in mice were negative, as were
carcinogenicity studies in hamster embryo cells (175).

IX. SUMMARY

In evaluating the literature on a herbal remedy one normally considers eight
questions.

1. Is there a history of human use? Clearly echinacea qualifies based on
written records extending back for 300 years and there is anecdotal
evidence considerably predating this.

2. What claims are made? Modern claims for the efficacy of echinacea
center about its purported immunostimulatory activity. In partic-
ular, it is claimed that consumption of various preparations prevents
or at least shortens the symptoms associated with colds and in-
fluenza. Topical use is claimed to be of benefit in wound healing.

3. What science backs these claims?Many in vitro, in vivo, ex vivo, and
clinical studies have been published on this topic.

4. Is the evidence credible? Does it link the claims and the results? Here
the evidence is contradictory owing to the often comparatively poor
quality of some of the studies.

5. Are there reliable sources of material? Botanical authentication is
not difficult although there are instances of adulteration and
contamination from time to time. Biological validation is possible
but the methodologies have yet to be perfected. Chemical validation
is only of value at present for species confirmation.
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6. Are the active constituents known? No. There is evidence for im-
munostimulatory properties for some of the low-molecular-weight
organic components but no single pure components have yet been
validated. There is evidence for immunostimulatory properties for
some of the high-molecular-weight water-soluble carbohydrates. A
consensus is presently lacking.

7. Are there suitable assays? Partially. Bioassays are presently possible
and these would reflect the end product uses intended. Chemical,
chromatographic, and spectroscopic assays are potentially avail-
able, but without knowledge of the active component(s) these can-
not be relied upon at present.

8. Is it safe? Generally, yes. Aside from allergy and bad taste, side
effects or toxic reactions have not been documented. Drug-drug
interactions based on competing metabolism are likely but as yet
this has not been satisfactorily delineated.

Thus a great deal of experimental evidence is now available bearing on
the question of whether echinacea preparations have immunostimulatory
properties and, if so, what constituents are primarily responsible. Unfortu-
nately no clear answer emerges from a study of these works. The weight of
evidence supports the notion that a positive effect is present and that the
polymeric carbohydrates possess the bulk of the activity. The clinical findings
are more equivocal primarily as a result of lack of standardization of
materials being marketed. More work is clearly called for using adequately
describedmaterials before the use of echinacea for immunostimulation can be
recommended without reservations.
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I. INTRODUCTION

St. John’s wort, known botanically as Hypericum perforatum, is a sprawling,
leafy herb that grows in open, disturbed areas throughout much of temperate
North America and Australia. St. John’s wort has been used as an herbal
remedy to treat a variety of internal and external ailments since ancient Greek
times. Since then, it has remained a popular treatment for anxiety, depression,
cuts, and burns. Sales of products made from St. John’s wort presently exceed
several billion dollars each year.

St. John’s wort produces dozens of biologically active substances, two
being the most clinically effective. Hypericin and its naphthodianthrone
analogs are produced by small, dark glands on the surfaces of the yellow
petals, constituting 0.1–0.3% of the dry mass of the foliage. Hyperforin is a
lipophilic phloroglucinol derivative derived from the buds and flowers,
constituting 2–4.5% of the mass of the foliage.
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H. perforatum has been intensively studied on isolated tissue samples,
using animal models, and through human clinical trials. The effectiveness of
St. John’s wort as an antidepressive agent has been particularly well studied.
At the cellular level, hypericin and hyperforin both inhibit uptake of key
neurotransmitters like serotonin (5-HT), dopamine, noradrenaline, GABA,
andL-glutamate at the synaptic cleft in the brain.Hyperforinmayalso increase
the density of 5-HT receptors, thus providing potential long-term benefits.

Meta-analyses of clinical trials conducted in Europe since the 1980s in-
dicated that St. John’s wort was more effective in alleviating depression than
placebo. Moreover, St. John’s wort was shown to be as effective in treating
depression as standard tricyclic synthetic drugs—with fewer adverse effects.
However, two multicenter studies conducted in the United States between
1998 and 2001 did not find any difference between St. John’s wort and pla-
cebo, especially in patients with moderate to severe depression. Taken
together the studies indicate that St. John’s wort appears to have some effi-
cacy in treating mild to moderate depression, but no proven value in treating
moderate to severe depression.

St. John’s wort has value as an antibacterial and antiviral agent. Hyper-
forin is particularly active against gram-positive bacteria, including metic-
illin-resistant and penicillin-resistant Staphylococcus aureus. Extracts have
been shown to be active against enveloped viruses, especially when activated
by light. In the 1990s, St. John’s wort was examined as a therapy for HIV,
though a Phase I clinical trial published in 1999 indicated no discernible effect
coupled with low tolerability.

Both hyperforin and hypericin show potential as anticancer therapies.
Hyperforin inhibits tumor cell growth in vitro by induction of apoptosis
through the activation of caspases. In the presence of light and oxygen, hy-
pericin kills tumors by generating superoxide radicals that yield cytotoxic
species. Hypericin has potential to be used in photodynamic therapy (PDT)
against a variety of neoplastic tissues. However, St. John’s wort extracts may
interfere with the success of treatments involving the anticancer agent
irinotecan.

Though generally well tolerated, especially at typically recommended
doses, St. John’s wort may produce adverse effects including gastrointestinal
symptoms, dizziness, confusion, restlessness, and lethargy. More significant-
ly, St. John’s wort can interact adversely with a wide range of prescription and
over-the-counter medications, as well as with other herbal remedies. Espe-
cially noteworthy are adverse interactions with standard antidepressants, and
with drugs that are metabolized by hepatic cytochrome enzymes. Individuals
taking other medications or suffering from moderate to severe psychological
or physical ailments should consult with their physician before taking extracts
of St. John’s wort.
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II. SPECIES DESCRIPTION

H. perforatum, commonly called the common St. John’s wort, klamathweed,
tiptonweed, goatweed, and enolaweed (1), is a native of Europe, but has
spread to temperate locations in Asia, Africa, North and South America, and
Australia (2,3). It thrives in poor soils, and is commonly found in meadows,
fields, waste areas, roadsides, and abandoned mines and quarries (1,2,4).

Individuals of St. John’s wort are freely branching perennials that
typically range from 40 to 80 cm tall (Fig. 1) (1,2). The stems are herbaceous,
though the bases are somewhat woody. The stems and branches are densely
covered by oblong, smooth-margined leaves that range from 1 to 3 cm long
and 0.3 to 1.0 cmwide. The leaves are interrupted byminute translucent spots
that are evident when held up to the light. The upper portions ofmature plants
can produce several dozen five-petaled yellow flowers that are typically 1.0–
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http://www.thorne.com/altmedrev/hypericum.jpg.)
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2.0 cmwide. The edges of the petals are usually black-dotted. Crushed flowers
produce a blood-red pigment. By late summer, the flowers produce capsules
that contain dozens of tiny dark-brown seeds. St. John’s wort reproduces
both by seed and by ground-level rhizomes.

Because of concerns over phototoxicity to livestock, H. perforatum is
listed as a noxious weed in seven western states in theUnited States. Programs
promoting its eradication are underway in Canada, California, andAustralia.
Some of those measures include use of theChysolina beetle, which is a natural
predator (3).

III. HERBOLOGY

St. John’s wort was been considered to be a medicinally valuable plant for
over 2000 years. The first-century Greek physicians Galen, Dioscorides, and
Hippocrates recommended it as a diuretic, wound-healing herb, as a treat-
ment for menstrual disorders, and as a cure for intestinal worms (3,5). In the
sixteenth century, the Swiss herbalist Paracelsus used St. John’s wort exter-
nally to treat wounds and alleviate pain (3).

The species gained a reputation during the Middle Ages as having
mystical properties, and plants were collected for use as a talisman to protect
one from demons and to drive away evil spirits. According to legend, the
greatest effect was obtained when the plant was harvested on St. John’s day
(June 24th), which is often the time of peak blooming (3). The generic name
Hypericum originated from the Greek name for the plant ‘‘hyperikon.’’
Literally translated, the name is an amalgamation of the root words ‘‘hyper’’
(meaning ‘‘over’’) and ‘‘eikon’’ (meaning ‘‘image’’) (3), though its meaning is
less clear.

St. John’s wort’s use as a medicinal herb continued in Europe through-
out the nineteenth and twentieth centuries. It was commonly made into teas
and tinctures for treatment of anxiety, depression, insomnia, water retention,
and gastritis. Externally, vegetable oil preparations have been used for
treatment of hemorrhoids and inflammation. Others have used St. John’s
wort extracts to treat sores, cuts, minor burns, and abrasions, especially those
involving nerve damage (3,6,7).

St. John’s wort enjoys a worldwide reputation as having therapeutic
value for treating depression and other mood disorders. Products containing
St. John’s wort in the form of tablets, capsules, teas, and tinctures accounted
for $400 million in sales in 1998 in the United States (8) and an estimated $6
billion in Europe (8,9).

As noted by Barnes et al. (10), St. John’s wort has been the subject of
several pharmacopoeias and monographs, including the British Herbal
Pharmacopoeia (11); European Scientific Cooperative on Phytotherapy
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(ESCOP) (12);American Herbal Pharmacopoea (13); Parfitt (14); Barnes et al.
(15); and the European Pharmacopoeia (16).

Pharmaceutical-grade preparations of St. John’s wort are typically
comprised of dried aerial parts. Onewidely available extract that is commonly
used in clinical trials, LI 160, is produced by Lichtwer Pharma. It is
standardized to contain 0.3% hypericin derivatives, and normally comes in
300-mg capsules (17). A second preparation, Ze 117 (Zeller AG, Switzerland),
is a 50% ethanolic extract with an herb to extract ratio of 4–7:1. The
hyperforin content of Ze 117 is 0.2%, lower than that of LI 160, whose
hyperforin content ranges between 1 and 4%. The dosage of Ze 117 is 500mg/
day (18). The German Commission E and ESCOP monographs recommend
900 mg of standardized extract per day (7,12). Clinical trials using variousH.
perforatum preparations have typical dosages in the range of 300–1800 mg/
day (10).

In the United States, St. John’s wort (like all herbal remedies) is listed as
a dietary supplement by the U.S. Food and Drug Administration (FDA).
Therefore, it is not subject to strict scrutiny for safety and efficacy that
standard pharmaceutical drugs must pass. The FDAmandates that all herbal
remedies must contain a disclaimer informing the consumer that any claims
about therapeutic value have not been evaluated by that agency.

IV. CHEMICAL CONSTITUENTS

Chemical investigations into the constituents of H. perforatum have detected
several classes of compounds. The most common classes include naphtho-
dianthrones, flavonoids, phloroglucinols, and essential oils (10,19–21). The
major active constituents are considered to be hypericin (a naphtodianthrone;
Fig. 2a), hyperforin (a phloroglucinol; Fig. 2b), rutin and other flavonoids,
and tannins (10). Approximately 20% of extractable compounds are consid-
ered biologically active, according to standard bioanalytical techniques (22–
24).

A. Naphthodianthrones

The most researched class of compounds isolated from H. perforatum is the
naphthodianthrones, which occur in concentrations ranging from 0.1% up to
0.3% (9,25,26). The most common naphthodianthrones include hypericin,
pseudohypericin, isohypericin, and protohypericin (10,21). Of those, hyper-
icin is the best known and, to date, the most studied. Hypericin is a reddish
pigment that is responsible for the red color of St. John’s wort oils. Hypericin
is found in greatest abundance in the flowers, particularly in the black dots
that are located on the petals of St. John’s wort flowers (3).

5436-0_Packer_Ch35_R2_061804

MD: PACKER, JOB: 03277, PAGE: 761

Medical Attributes of St. John’s Wort 761



Hypericin is highly photoreactive, owing to its chemical structure.
Biochemically, hypericin is a polycyclic quinone, having four hydroxyl groups
that lie adjacent to two carbonyl groups (Fig. 2a). Owing to resonance of the
molecule and the relatively short distance between oxygens (f2.5 ang-
stroms), the hydroxyl hydrogen is able to transfer back and forth from the
hydroxyl oxygen to the carbonyl oxygen when in the presence of fluorescent
light (27). Therefore, the hydrogen is in constant flux between both oxygens
when under fluorescent light (28). Studies examining the fluorescence spec-
trum of hypericin and its analogs have demonstrated the existence of a
‘‘protonated’’ carbonyl group, therefore proving the H-atom transition
(27). This hydrogen transfer causes acidification of the surrounding environ-
ment (29,30).

B. Flavonoids

Flavonoids found inH. perforatum range from 7% in stems to 12% in flowers
(21) and leaves (9). Flavonoids include flavonols (kaempferol, quercetin),
flavones (luteolin), glycosides (hyperside, isoquercitrin, rutin), biflavonoids
(biapigenin), amentoflavone, myricetin, hyperin, proanthocyanidins, and
miquelianin (10,20). Rutin concentration is reported at 1.6% (10).

C. Lipophilic Compounds

Extracts of St. John’s wort contain several classes of lipophilic compounds,
including phloroglucinol derivatives and oils, that have potential or demon-
strated therapeutic value. Acylated phloroglucinols are typically derived from
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FIGURE 2 Structures of chemically active constituents of St. John’s wort,
Hypericum perforatum. (a) Hypericin—a naphtodianthrone found primarily in
the black dots on the flower petals. (b) Hyperforin—an acylated phloroglucinol
typically derived from buds and flowers.
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buds and flowers of H. perforatum (16). Hyperforin, found in concentrations
of 2–4.5% (9,31), consists of phloroglucinol expanded into a bicyclo (2,1)
nonaendionol, substituted with several lipophilic isoprene chains. Other
phloroglucinols include adhyperforin (0.2–1.9%), furohyperforin, and other
hyperforin analogs (9,10,21,32).

Essential oils are found in concentrations ranging from 0.05% to 0.9%
(9). They consist mainly ofmono and sesquiterpines, mainly 2-methyl-octane,
n-nonane, a- and h-pinene, a-terpineol, geranil, and trace amounts of
myrecene, limonene, caryophyllene, and others (20,32).

D. Additional Compounds

Other compounds of various classes have been determined to occur in H.
perforatum. These include tannins (concentrations vary from 3% to 16%),
xanthones (1.28mg/100 g), phenolic compounds (caffic acid, chlorogenic acid,
and p-coumaric acid), and hyperfolin. Other compounds include acids (nico-
tinic, myristic, palmitic, stearic), carotenoids, choline, pectin, hydrocarbons,
and long-chain alcohols (21). Amino acids that occur include cysteine, GABA
(g-aminobutyric acid), glutamine, leucine, lysine, and others (9,19,32).

V. THERAPEUTIC USES OF ST. JOHN’S WORT

Thewidespread popularity of St. John’s wort’s use as an herbal remedy results
from studies that appear to verify its efficacy, especially in treating mild to
moderate depression. In return, its use has generated widespread interest
among scientists seeking to firmly evaluate its effectiveness. Such studies have
included in vitro analyses on the effects of St. John’s wort extracts on isolated
tissue samples, studies using animal models, and clinical analyses and meta-
analyses of humans given St. John’s wort extracts. Comprehensive reviews of
the research on St. John’s wort have been recently prepared by Greeson et al.
(9) and Barnes et al. (10).

A. St. John’s Wort and Depression

Mood disorders are common illnesses that force individuals to seek relief by
physicians and other health care providers. Worldwide, 3–5% of the world’s
population requires treatment for depression (33). The disorder brings with it
a series of symptoms such as strong feelings of sadness and guilt, a loss of
interest or pleasure, irregular sleeping patterns, a loss of energy, the decreased
ability to concentrate, and an increase or decrease of appetite. Even more
serious symptoms are repeating thoughts of suicide and death (34).

Depression is often viewed as originating from a disruption of the
normal brain neurochemistry. A primary cause is a deficiency of amine neuro-
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transmitters like acetylcholine, norepinephrine, dopamine, and serotonin [5-
hydroxytryptamine (5-HT)]. Drugs used to treat depression typically raise the
levels of those neurotransmitters, especially in nerve-nerve synapses (34).

Synthetic antidepressants widely used today fall into two categories:
tricyclics and selective serotonin reuptake inhibitors (SSRIs). Tricyclics
include amitriptyline (Elavil), desipramine (Norpramin), imipramine (Tofra-
nil), nortriptyline (Aventyl, Pamelor), and trimipramine (Surmentil). Com-
monly prescribed SSRIs include citalopram (Celexa), fluoxetine (Prozac),
paroxetine (Paxil), and sertraline (Zoloft). A third category of antidepres-
sants, not as commonly used as the tricyclics and SSRIs, are the monoamine
oxidase inhibitors (MAOI) such as phenelzine (Nardil) and tranylcypromine
(Parnate) (35).

1. Active Principles—In Vitro Studies

Early research suggested that hypericin was the main antidepressant constit-
uent ofH. perforatum. Those studies attributed hypericin’s mode of action as
increasing capillary blood flow (21). Later, studies on rat brain mitochondria
found hypericin to be a strong inhibitor of the enzyme of monoamine oxidase
(MAO) A and B (10,25,36). MAO is involved in the degradation of amine
neurotransmitters, and inhibiting their degradation boosts their levels in the
synapse. However, further studies determined that the ability of hypericin to
act as an inhibitor ofMAOwas not as high as originally estimated.Moreover,
the levels of hypericin necessary to obtain significantMAO inhibition were far
greater than those likely to be found in human brain tissue at normal doses
(36,37). Hypericin has been shown to have a strong affinity for sigma
receptors, which regulate dopamine levels. It also acts as a receptor antagonist
at adenosine, benzodiazepine, GABA-A,GABA-B, and inositol triphosphate
receptors, which regulate action potentials caused by neurotransmitters
(37,38). While hypericin has been shown to have antidepressant properties,
current thought is that hypericin alone cannot completely account for the
antidepressant activity of St. John’s wort.

Much recent research has focused on hyperforin as an active compound
in the antidepression pharmacology (39). Hyperforin has been demonstrated
to be a potent reuptake inhibitor of serotonin, dopamine, noradrenaline,
GABA, and L-glutamate from the synaptic cleft (21,40–43). IC50 values
(concentration resulting in 50% inhibition) of about 0.05–0.1 Ag/mL for
neurotransmitters were reported in synaptosomal preparations (44). Blocking
reuptake of serotonin (5-HT) from the synaptic cleft would alleviate symp-
toms of depression by allowing the serotonin to bind 5-HT receptors and elicit
a greater response (45,46). Studies show that hyperforin inhibits serotonin
reuptake by elevating intracellular Na+ levels (47,48). This is the first specific
serotonin reuptake inhibitor (SSRI) known to do this. More recently, Müller
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et al. (42) found that hyperforin is associated with changes of ionic conduct-
ance pathways.

Hyperforin has a second, and possibly additive, effect, by increasing the
number of 5-HT receptors, as demonstrated in studies on the brains of rats
(49). Studies have shown that the density of 5-HT receptors increased by 50%
over controls in the brains of rats treated with St. John’s wort extract (49).
This suggests a possible long-term therapeutic benefit of St. John’s wort
treatment. Results of clinical trials also demonstrated that the level of
therapeutic effects of St. John’s wort extract is directly dependent on the
concentration of hyperforin (50). Despite those findings, therapeutic effects of
St. John’s wort extracts may depend on other constituents besides hypericin
or hyperforin (31). This is still a topic of debate among St. John’s wort
advocates.

2. Clinical Studies

Clinical studies of the effectiveness of St. John’s wort have been conducted
since the 1980s. Some of the studies have compared populations receiving St.
John’s wort to controls. Others have compared populations receiving St.
John’s wort to those receiving standard antidepressants. Other studies are
three-legged, comparing populations receiving St. John’s wort to a second
population receiving a standard antidepressant and a third receiving a
placebo. Excellent reviews of the clinical literature through 2001 have been
provided by Greeson et al. (9) and Barnes et al. (10).

Several meta-analyses, integrating the results of numerous studies
mostly performed in Germany, have been conducted to help gain a broader
perspective on the efficacy of St. John’s wort (51–53). A study prepared by
Linde and Mulrow (53) was published as a Cochrane Review, and has
received considerable attention from individuals researching St. John’s wort.
Using computerized searches of several databases, Linde and Mulrow
investigated whether extracts of Hypericum were more effective than placebo
and as effective as standard antidepressants in the treatment of depressive
disorders in adults, and whether they have fewer side effects than standard
antidepressant drugs. To be included in their analysis, trials had to be
randomized; include patients with depressive disorders; compare prepara-
tions that included St. John’s wort with placebos or other antidepressants;
and include an objective clinical assessment of symptoms. The Linde and
Mulrow analysis included 27 trials containing a total of 2291 patients whomet
inclusion criteria. Seventeen trials with 1168 patients were placebo-con-
trolled, while 10 with 1123 patients compared Hypericum with other antide-
pressant or sedative drugs. Most trials were 4–6 weeks long. Participants
usually had ‘‘neurotic depression’’ or ‘‘mild to moderate severe depressive
disorders.’’ Linde and Mulrow (53) found that preparations containing H.
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perforatum extracts were significantly superior to placebo and as effective as
standard antidepressants. Only 26.6%of the patients takingHypericum single
preparations reported side effects, compared to 44.7% given standard anti-
depressants. Based on that evidence, the authors concluded that extracts of
Hypericum are more effective than placebo for the short-term treatment of
mild to moderately severe depressive disorders. However, they felt that the
evidence was inadequate to establish whether Hypericum is as effective as
other antidepressants, and suggested that additional studies be done (53).

Barnes et al. (10) reported on seven additional clinical studies examining
mono-preparations of St. John’s wort. Two compared St. John’s wort against
a placebo. Three studies compared St. John’s wort against each of one
standard antidepressant including fluoxetine, sertraline, and imipramine.
One study compared St. John’s wort to both a placebo and imipramine. St.
John’s wort extracts were standard preparations, including LI 160, ZE 117,
WS 5572, WS 5573, and LoHyp-57. Dosages varied from 500 to 900 mg/day,
and typically ran for 6 weeks. Outcomes were assessed by objective criteria,
typically through a Hamilton Depression Scale. In general, patients receiving
St. John’s wort extracts reported a higher reduction in depression scores than
those taking the placebo. Likewise, studies comparing St. John’s wort to
standard antidepressants found little difference between the two. Fewer side
effects were reported among the St. John’s wort group than the group taking
the synthetic antidepressants. One of the studies, conducted by Laakmann et
al. (50), found that individuals receiving preparations containing 5% hyper-
forin responded better than those receiving 0.5% hyperforin or a placebo.
Reports of adverse events were similar among the three groups, however.

Barnes et al. (10) note that the trials comparing St. John’s wort to
synthetic antidepressants have been criticized because the dosages of the latter
were unrealistically low (54). Other criticisms [e.g., Spira (55)] point to the
study’s usage of somewhat outdated tricyclics and a short (6-week) duration
of the analysis. Barnes et al. (10) acknowledged that trials comparing St.
John’s wort to more modern SSI antidepressants were also needed.

Two recent studies conducted in the United States did not support the
idea that St. John’s wort is effective in treating moderate to major depression.
The first was conducted between 1998 and 2000 by Shelton et al. (56). Their
study included 200 adult outpatients diagnosed as having major depression
[defined as having a baseline Hamilton Rating Scale for Depression (HAM-
D) score of at least 20] in 11 academic medical centers in the United States.
After a 1-week, single-blind run-in of placebo, participants were randomly
assigned to receive either St John’s wort extract (n = 98; 900 mg/day for 4
weeks, increased to 1200 mg/day in the absence of an adequate response
thereafter) or placebo (n = 102) for 8 weeks. Outcomes measured included
rates of change on theHAM-D over the treatment period, and four other tests
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as secondary determinants. The study found that significantly more patients
administered St. John’s wort reached remission of illness than those taking
placebo ( p=.02). Unfortunately, the rates were very low in the full-intention-
to-treat analysis 14.3% vs. 4.9%, respectively. Shelton et al. (56) agreed that
St. John’s wort was safe and well tolerated, with headache being the only
adverse reaction that was higher than with the placebo. The authors con-
cluded, however, that St. John’s wort was not effective for treatment of major
depression, and even called into question its efficacy for treating moderate
depression (56). The Shelton et al. study was critiqued by Hawley and Gale
(57), who expressed concern that the methodology did not use a three-arm
approach in which St. John’s wort would have been compared against both a
placebo and a reference agent of known efficacy.

A second study, conducted by the Hypericum Depression Trial Study
Group (58), was a double-blind multicenter investigation aimed at determin-
ing whether St. John’s wort (LI-160) was useful in treating major depression.
Their study had the benefit of being three-armed, involving comparisons
against a control group receiving a placebo and a second receiving the SSRI
sertraline. The study involved 340 adult outpatients at 12 academic and
community psychiatric research clinics in the United States. Patients were
randomly assigned daily doses ofH. perforatum that ranged from 900 to 1500
mg, sertraline from 50 to 100 mg, or a placebo for 8 weeks. The study found
that the overall response rates of patients receiving the St. John’s wort were
38.1%, actually lower than those receiving the placebo (43.1%) and the
sertraline (48.6%). Perhaps most noteworthy was the finding that neither H.
perforatum nor sertraline yielded response rates higher than the placebo. The
authors concluded that the findings failed to support any claims for efficacy of
H. perforatum in treating moderately severe major depression. They admitted
that their results might have been due to low assay sensitivity of the trial.
However, the three-armed design of the test was significant, because without a
placebo group, one might conclude that St. John’s wort was as effective as an
established synthetic antidepressant.

The lack of statistical difference between Hypericum and placebo
contrasted markedly with findings of previous studies that did find such a
difference (53). Likewise, the lack of difference between the sertraline and
placebo was also striking. Rather than showing a lack of efficacy for either the
St. John’s wort or the sertraline, Kupfer and Frank (59) attributed the lack of
statistical difference to an unusually high placebo response. They expressed
concerns that variability in placebo response from trial to trial may obscure
interpretation of controlled experiments on natural and synthetic antidepres-
sants alike.

Other critiques of the Hypericum Depression Trial Study Group
suggested that the study included individuals with untreatable, long-term
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depression (60,61), that an inappropriate placebo was selected because it did
not mimic the side effects of the treatments (especially the sertraline) (61), and
that bias on the part of clinicians confounded results (62). Linde et al. (63)
speculated that the difference between the U.S. and German studies may be
due to the latter’s focus on patients withmild tomoderately severe depression.
They suggested studies may be needed to determine whether St. John’s wort
appears to be particularly effective in Germany, but not elsewhere.

The research evidence to date indicates that the application of H.
perforatum for the treatment of depression can be helpful in cases that are
mild to moderate; however, it is still uncertain if using it to treat major
depression is appropriate. The consequences that may result from inadequate
therapies of major depression, like suicide, are too dangerous to risk. In the
case of severe depression, patients should stay with the traditional treatments
of synthetically derived prescription antidepressants.

B. Antibacterial and Antiviral Activities

As noted, extracts ofH. perforatum have been used for millennia to treat cuts,
abrasions, and other wounds. Its usefulness in reducing inflammation is well
known, and appears related, at least in part, to its ability to serve as an anti-
bacterial agent. Recent research also suggests that it is useful in combating
viruses.

1. Antibacterial

Antibacterial properties of H. perforatum extracts were reported by Russian
scientists in 1959 (64). The main antibacterial principle was determined to be
hyperforin and its chemical structure was elucidated in 1975 (65). Recent
studies have shown that hyperforin inhibited growth of certain types of
microorganisms. Growth inhibition occurred for all gram-positive bacteria
that were tested, though no growth-inhibitory effects were seen in the
gram-negative bacteria tested (65). Meticillin-resistant (MRSA) and penicil-
lin-resistant (PRSA) Staphylococcus aureus were especially susceptible to
hyperforin. The MRSA strain was shown to be resistant to several types of
penicillins, ofloxacin, clindamycin, erythromycin, cephalosporins, and gen-
tamicin (65). Little toxicity of purified hyperforin in vitro has been observed
in peripheral blood mononuclear cells (65). Oral administration of hyper-
forin-containing extract of St. John’s wort was well tolerated and this sup-
ports the potential systemic use of hyperforin (66).

In Russia, acetone extracts of St. John’s wort have been used to treat
bacterial infections. This extract, novoimanine, is commonly used as an
antibiotic preparation for treatment of gram-positive bacteria (67). Various
teas showed antibacterial effects against gram-positive bacteria, especially
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towardMRSAStaph. aureus (67). These results provide a rationale for topical
treatment of wounds and skin lesions with preparations of St. John’s wort.

2. Antiviral

Extracts of St. John’s wort have long been regarded as being effective against
various classes of viruses. Studies by Mishenkova et al. (68) indicated that
flavonoid- and catechin-containing fractions of St. John’s wort were active
against influenza virus. Since 1988, the virucidal activities of hypericin extract
have been investigated against many other forms of viruses (69). Two
common characteristics have been established for the antiviral activities of
hypericin compounds. First, these compounds are effective against enveloped
viruses, but have no effect against nonenveloped viruses (69). Second, the
virucidal potential of hypericin is greatly enhanced by light against certain
enveloped viruses (70–72). Studies have shown that hypericin inactivates
enveloped viruses at different points in the viral life cycle (73). Degar et al. (74)
suggested that the inactivation of enveloped viruses by hypericin was attri-
buted to alterations in viral proteins. This formof inactivation contrasts to the
antiviral nucleoside treatments that target viral nucleic acids (74). Other
studies suggest that the inactivation of enveloped viruses by hypericin is due to
the inhibition of fusion. Fusion is a membrane-specific process that all
enveloped viruses must perform and loss of the ability to fuse to may be a
direct result of hypericin (73,74). Lack of the fusion function may be the
reason that hypericin inactivates enveloped viruses rather than nonenveloped.

These promising in vitro results have begun to promote various in vivo
studies of certain viruses in mice. These include: LP-BMS murine immuno-
deficiency viruses, murine cytomegalovirus (MCMV), Sindbis virus, Friend
virus, andRanscher leukemia virus (75–77). Hypericin has also shown in vitro
activity against influenza and herpes viruses (78), vesiculostomatitis and
Sendai viruses (73), and duck hepatitis B virus (79).

Hypericin has been used to inactivate several enveloped viruses present
in human blood and to treat AIDS patients (76,80). AIDS is a retrovirus that
uses reverse transcriptase activity to replicate. Degar et al. (74) observed
changes in the p24 protein and the p24-containing gag precursor, p55, by
Western blot analysis. They also observed that a recombinant p24 formed an
anti-p24 immunoreactive material. This indicated that alterations of p24
occurred, and such alterations may be able to inhibit the release of reverse
transcriptase activity (74).

Gulick et al. (81) conducted a Phase I clinical trial of 30 HIV-infected
patients with CD4 counts less than 350 cells/mm3. Hypericin was adminis-
tered intravenously at doses of 0.25 or 0.5 mg/kg of body weight twice weekly,
or 0.25 mg/kg three times weekly, or orally at 0.5 mg/kg daily. Sixteen of the
thirty patients who were enrolled discontinued treatment early because of
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toxic effects, often due to severe cutaneous phototoxicity. None of the param-
eters examined, includingHIV p24 antigen level, HIV titer, HIVRNA copies,
and CD4 cell counts, showed improvement significant to warrant hypericin as
being effective in treating HIV, even for those patients who could tolerate the
side effects at the doses given.

Hypericin impacts other viruses. It completely inactivated bovine
diarrhea virus (BVDV) in vitro in the presence of light (82). BVDV, a
pestivirus, has structural similarities to hepatitis C virus (HCV) (83,84).
Jacobson et al. (85) examined the effects of hypericin on HCV, and found
that in the doses studied, hypericin demonstrated no detectable anti-HCV
activity. Plasma HCV levels were not lowered in HCV-infected patients nor
was any effect seen on improving serum liver enzyme levels in the patients
studied (85). These results provide significant evidence that, in the doses
administered, hypericin is not an effective treatment of HCV (85).While some
studies have shown that hyperforin and hypericin may be effective in treating
various microbial or viral infections, one should consult a physician before
taking these extracts to treat pathogen-induced disease.

C. Anticancer Properties

In addition to their use as antidepressants and antimicrobial compounds,
hyperforin and hypericin have been examined for their anticancer properties.
According to Schempp et al. (86), hyperforin inhibits tumor cell growth in
vitro by induction of apoptosis (programmed cell death) through the activa-
tion of caspases. Caspases are cysteine proteases that play a central role in the
apoptotic process and trigger a cascade of proteolytic cleavage occurrences in
mammalian cells. Hyperforin also causes the release of cytochrome c from
isolated mitochondria. Mitochondrial activation is an early event during
hyperforin-mediated apoptosis and hyperforin inhibits tumor growth in vivo
(86). Schempp and his colleagues agree that since hyperforin has significant
antitumor activity, is readily available in high quantities (since it is naturally
occurring in abundance), and has a low toxicity in vivo, hyperforin holds
‘‘promise of being an interesting novel antineoplastic agent.’’

Hypericin has also been investigated as an anticancer agent, owing
mainly to its photodynamic properties. In the presence of light and oxygen,
hypericin acts as a powerful natural photosensitizer, generating superoxide
radicals. In turn, those superoxide radicals often form peroxide or hydroxyl
radicals, or singlet oxygen molecules that kill tumor cells.

Photodynamic therapy (PDT) consists of systemic administration of a
photosensitizer and targeted delivery of light to tumor lesions. At first this
therapy was only used for skin lesions, but is becoming increasingly accepted
as treatment for many types of tumors. Reactive oxygen species lead to tumor
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destruction, as well as extreme changes in the vasculature of the tumor (87).
Since hypericin is photodynamic, its application as a potential photosensitizer
and cancer therapeutic agent has been investigated (87). Agostinis et al.
recommend that it be introduced into clinical trials because it has powerful
photosensitizing and tumor-seeking characteristics, as well as havingminimal
dark toxicity.

Fox et al. (88) found that hypericin inhibits the growth of cells derived
from a variety of neoplastic tissues including glioma, neuroblastoma, adeno-
ma, mesothelioma, melanoma, carcinoma, sarcoma, and leukemia. Photo-
activation of hypericin with white light and/or ultraviolet light promotes its
antiproliferative effect (88). Hypericin could induce near-complete apoptosis
(94%) in malignant cutaneous T cells and lymphoma T cells when photo-
activated with white or ultraviolet light (88).

Exposing tumors cells to hypericin in conjunction with laser irradiation
led to toxic effects on human prostatic cancer cell lines (89), human urinary
bladder carcinoma cells (90), and pancreatic cancer cell lines (91) in in vitro
systems. Experiments using nudemice receiving implants of pancreatic cancer
cells and human squamous carcinoma cells showed reductions in cancer pro-
liferation following laser photodynamic therapy using hypericin (10,91,92).

In contrast, extracts of St. John’s wort, when given in conjunction with
the anticancer drug irinotecan, reduces the plasma levels of the active
metabolite SN-38—a derivative of irinotecan (93). Reduction in the plasma
levels of SN-38 may have an adverse effect on irinotecan-based cancer
treatments. Treatments based on compounds similar to irinotecan may be
similarly compromised if St. John’s wort compounds are included.

While hyperforin and hypericin both show promise as anticancer
agents, more research is clearly needed to evaluate their efficacy, mode of
action, and deleterious interactions.

VI. ADVERSE EFFECTS/INTERACTIONS

As with any pharmacologically active substance, treatments involving St.
John’s wort may lead to adverse effects, either when used alone or in
conjunction with other medications.

A. Adverse Effects

As noted earlier, normal dosages of St. John’s wort have relatively few side
effects. Indeed many of the clinical trials indicated that rates of adverse effects
were lower than for patients using synthetic tricyclic or SSRI antidepressants.

Reviews of adverse drug reactions (ADR) were presented by Greeson
et al. (9) and Barnes et al. (10), and readers seeking a detailed account are
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referred to those sources. In general, the most common adverse effects include
gastrointestinal symptoms, dizziness, confusion, restlessness, and lethargy.
Woelk et al. (94) reported ADR rates of 2.4% for 3250 patients taking St.
John’s wort for mild depression. An analysis by Lemmer et al. (95) reported
an ADR rate of 0.125% among 6382 patients. Isolated instances of subacute
toxic neuropathy and induced mania have also been reported (96,97).

Extracts of St. John’s wort have been found to lack genotoxic potential
and mutagenic activity, based on in vivo and in vitro studies (10).

Hypericin has a unique phototoxic effect when taken in high doses. The
toxic effects are attributed to an acidification of the surrounding environment
caused by the transfer of hydrogen between hydroxyl groups upon receiving
light energy (98,99). A growing body of literature states that this drop in pH
affects viral replication (27). However, while phototoxicity is being studied for
its possible therapeutic benefits, excessive phototoxicity can result in photo-
dermatitis. Excessive phototoxicity is usually observed onlywith high doses of
hypericin (0.5 mg/kg of body weight) such as those associated with AIDS
treatments. As noted, clinical trials on high-dose hypericin AIDS treatments
resulted in 48% of the participants displaying severe cutaneous phototoxicity
(81). Normal doses of St. John’s wort taken for mild depression (300 mg
extract containing 0.3% hypericin taken 3 times daily) do not have any
significant associated phototoxic effects (21,38).

B. Drug Interactions

While adverse drug reactions are relatively rare for individuals taking St.
John’s wort extracts alone, interactions with other drugs are more commonly
reported, and should be a source of concern for those taking St. John’s wort
along with other medications. Greeson et al. (9) and Barnes et al. (10) provide
excellent reviews of drug interactions. The herb in some cases can increase the
effectiveness of other compounds when taken together. This increase may be
helpful to the individual or may increase the reaction of the compound to the
point of toxicity. Conversely, the herb may decrease or even cancel the
effectiveness of another compound (100).

The compounds thought to be effective in the treatment of depression
are believed to act similar to selective serotonin reuptake inhibitors as well as
monoamine oxidase inhibitors. The use of St. John’s wort in association with
other antidepressants containing the active ingredients sertraline or nefazo-
done, clorgyline, clomipramine, lithium, carbamazepine, benzodiazepine,
bromocriptine, L-dopa/carbidopa, levothyroxine, and others can create po-
tential serotonin syndrome (100). Typical symptoms include changes in
mental state and autonomic changes, as well as neuromuscular changes.
Clinical studies have shown an increased rate of hypersensitivity, nausea,
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vomiting, anxiety, confusion, dizziness, hyperactivity, lethargy, and diapho-
resis when St. John’s wort is taken concomitantly with synthetic antidepres-
sants (101).

St. John’s wort extracts may lead to an increase in hair loss when taken
in conjunction with other tricyclic antidepressants as well as selective SSRIs
(38). Microscopic examination of patients showing hair loss revealed a
mixed telogen and normal anagen morphology that suggests drug interaction
(100).

St. John’s wort extracts apparently induce some cytochrome (CYP)-
drug-metabolizing enzymes in the liver, while inhibiting others. Those
changes may lead to alterations in serum levels of a variety of drugs such as
calcium blockers, chemotherapeutic agents, antifungal agents, glucocorti-
coids, cisapride, fentanyl, losartan, midazolam, omeprazole, ondansetron,
and fexofenadine (38). Extracts of the herb have also been shown to induce
intestinal P-glycoprotein drug transporter, which would decrease oral bio-
availability of cyclosporine. The concomitant use can decrease plasma
cyclosporine levels by up to 61%. This decrease can cause the rejection of
organs during a transplant. Stopping St. John’s wort treatment and starting
antithymocyte globulin (ATG) will lead to a resolution of the rejection
episode (102).

St. John’s wort when taken with non-nucleoside reverse transcriptase
inhibitors (NNRTIs) can decrease serum levels of the NNRTIs, which in turn
decreases the plasma concentrations of the protease inhibitor indiavir. This is
associated with therapeutic failure, development of viral resistance, and
development of drug class resistance (38). St. John’s wort causes this to
happen by inducing intestinal and hepatic cytochrome 3A4 and intestinal P-
glycoprotein/MDR-1, a drug transporter (38).

Use of St. John’s wort concomitantly with other herbs taken as dietary
supplements may lead to other interactions. The documented cases of
concomitant use of St. John’s wort with herbs that have sedative properties
where the combination may have enhanced both the therapeutic and the
adverse effects include interactions with calamus, canendula, California
poppy, catnip, capsicum, celery, couch grass, elecampane, Siberian ginseng,
German chamomile, goldenseal, gotu kola, hops, Jamaican dogwood, kava,
lemon balm, sage, sassafras, scullcap, shepherd’s purse, stinging nettle,
valerian, wild carrot, wild lettuce, ashwaganda root, and yerba mensa (38).
Another herb known to show side effects when used in conjunction with St.
John’s wort is foxglove or members of the digitalis family of herbs. Concom-
itant use has been shown to decrease the therapeutic effects of the digitalis by
about 25% (38).

St. John’s wort usage along with oral contraceptive may decrease
steroid concentrations and induce the cytochrome P450 3A4 enzymes. This
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can result in breakthrough bleeding and irregular menstrual bleeding. When
use of the herb was discontinued, the menstrual cycles returned to normal
although alternate forms of birth control are suggested if the use of St. John’s
wort is continued (38).

St. John’s wort taken in conjunction with barbiturates and narcotics
may enhance sleep time. Likewise, when taken with foods containing try-
maine, hypertensive crisis may occur (38).

VII. CONCLUSIONS

St. John’s wort has a long history of use as an herbal treatment for a variety of
ailments. During the past 20 years, it has become a mainstream alternative
treatment for depression, as well as holding promise as a therapy for cancer,
bacterial and viral infections, and other disorders.

Thanks to its popularity, the effectiveness of St. John’s wort has been
intensively studied since the mid-1980s. Those studies have focused on the
pharmacology of its constituents, and on clinical trials. Pharmacological
investigations show that extracts of St. John’s wort do have neuroactive
properties. Interestingly, those properties appear to derive primarily from the
constituent hyperforin, rather than hypericin, which has been investigated for
a longer period of time.

A large number of studies conducted in Germany in the 1990s indicate
that individuals showing mild to moderate depression who take St. John’s
wort show improvement in mood at rates higher than those taking placebo.
Moreover, rates of improvement were seen as being similar to those experi-
enced by individuals taking synthetic antidepressants. Those clinical studies
comparing the effects of St. John’s wort against synthetics have been criti-
cized, however, on the basis of their short duration and a claim that the dosage
of the synthetics was below typical dosage. Two recent studies, conducted in
the United States, failed to show a clear benefit of St. John’s wort over a
synthetic antidepressant and a placebo. At least the latter study was criticized
because the response rate of the placebo seemed abnormally high.

Therefore, while a substantial body of literature points toward the
efficacy of St. John’s wort toward treating mild to moderate depression, more
recent studies argue that the case is far from conclusive. It is interesting to
note that the greatest clinical success for the herbal remedy was achieved in
Europe, where the use of herbal therapies is standard, compared to the find-
ings for the United States, where reliance on synthetic medicines is highest.

St. John’s wort does appear to be an effective treatment for other dis-
orders, particularly some skin ailments and possibly cancer. However, its
once-promising use as an anti-HIV therapy has not been borne out by clinical
studies.
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The preponderance of clinical studies point toward St. John’s wort as
being relatively safe, especially at typical dosages.However, high dosagesmight
lead to phototoxicity in susceptible individuals. Extracts of St. John’s wort do
appear to interact with other medications, especially owing to impact on liver
enzyme function. Therefore, individuals taking St. John’swort alongwith other
medications should be cognizant of such potential drug interactions.

As with any herbal remedy, any individual using St. John’s wort is
advised to consult with his or her physician to ascertain that is the best course
of action when seeking the most efficacious remedy for any condition.
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I. INTRODUCTION

Curcumin is a diferuloylmethane present in turmeric (Curcuma longa). This
nonnutritive phytochemical is pharmacologically safe, considering that it has
been consumed as a dietary spice, at doses up to 100 mg/day, for centuries (1).
Recent Phase I clinical trials indicate that people tolerate a dose as high as 8 g/
day (2,3). In the United States, curcumin is used as a coloring agent in cheese,
spices, mustard, cereals, pickles, potato flakes, soups, ice creams, and yogurts
(www.kalsec.com). Curcumin is not water-soluble but is soluble in ethanol or
in dimethylsulfoxide. Numerous studies indicate that this polyphenol has
antioxidant and anti-inflammatory properties.
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II. ANTICANCER PROPERTIES OF CURCUMIN

A. Curcumin Inhibits Tumorigenesis

Curcumin blocks tumor initiation induced by benzo[a]pyrene and 7, 12-
dimethylbenz [a]anthracene (4) and suppresses phorbol-ester-induced tumor
promotion (5,6). In vivo, curcumin was found to suppress carcinogenesis of
the skin (6–10), the forestomach (11,12), the colon (13–15), and the liver (16)
in mice. Curcumin also suppresses mammary carcinogenesis (17,18).

B. Curcumin Exhibits Antiproliferative Effects Against
Cancer Cells

Compounds that block or suppress the proliferation of tumor cells have
potential as anticancer agents. Curcumin has been shown to inhibit the pro-
liferation of a wide variety of tumor cells, including B-cell and T-cell leukemia
(19–22), colon carcinoma (23), and epidermoid carcinoma (24). It has also
been shown to suppress the proliferation of various breast carcinoma cell lines
in culture (25–27). We showed that the growth of the breast tumor cell lines
BT20, SKBR3, MCF-7, T47D, and ZR75-1 is completely inhibited by
curcumin as indicated by MTT dye uptake, [3H]-thymidine incorporation,
and clonogenic assay (25). We also showed that curcumin can overcome
adriamycin resistance in MCF-7 cells (25). Recently, we have shown that
curcumin can activate caspase-8, which leads to cleavage of Bid, thus resulting
in sequential release of mitochondrial cytochrome C and activation of
caspase-9 and caspase-3 (28).

C. Curcumin Downregulates the Activity of Epidermal
Growth Factor Receptor (EGFR) and Expression
of HER2/neu

HER2/neu and EGFR activity represent one possible mechanism by which
curcumin suppresses the growth of breast cancer cells. Almost 30% of the
breast cancer cases have been shown to overexpress the HER2/neu proto-
oncogene (29), and both HER2 and EGF receptors stimulate proliferation of
breast cancer cells. Overexpression of these two proteins correlates with
progression of human breast cancer and poor patient prognosis (for refer-
ences see Ref. 29). Curcumin has been shown to downregulate the activity of
EGFR (24,30) and HER2/neu (24,30) and to deplete the cells of HER2/neu
protein (31). Additionally, we have recently found that curcumin can down-
regulate bcl-2 expression, which may contribute to its antiproliferative
activity (32).
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D. Curcumin Downregulates the Activation of Nuclear
Factor-KB (NF-KB)

Curcuminmay also operate throughNF-nB.NF-nB is a nuclear transcription
factor required for the expression of genes involved in cell proliferation, cell
invasion, metastasis, angiogenesis, and resistance to chemotherapy (33). This
factor is activated in response to inflammatory stimuli, carcinogens, tumor
promoters, and hypoxia, which is frequently encountered in tumor cells (34).
Several groups, including ours, have shown that activated NF-nB suppresses
apoptosis in a wide variety of tumor cells (35–37), and it has been implicated
in chemoresistance (35).We have shown that cells that overexpressNF-nB are
resistant to paclitaxel-induced apoptosis (38). Furthermore, the constitutively
active form of NF-nB has been reported in human breast cancer cell lines in
culture (39), carcinogen-induced mouse mammary tumors (40), and biopsies
from patients with breast cancer (41). Our laboratory has shown that various
tumor promoters, including phorbol ester, TNF, and H2O2, activate NF-nB
and that curcumin downregulates the activation (42). Subsequently, others
showed that curcumin-induced downregulation of NF-nB is mediated
through suppression of InBa kinase activation (43,44).

E. Curcumin Downregulates the Activation of Activator
Protein-1 (AP-1) and c-Jun N-Terminal Kinase (JNK)

AP-1 is another transcription factor that has been closely linked with pro-
liferation and transformation of tumor cells (45). The activation of AP-1 re-
quires the phosphorylation of c-jun through activation of stress-activated
kinase JNK (46). The activation of JNK is also involved in cellular transfor-
mation (47). Curcumin has been shown to inhibit the activation of AP-1 in-
duced by tumor promoters (48) and JNK activation induced by carcinogens
(49).

F. Curcumin Suppresses the Induction of Adhesion Molecules

The expression of various cell surface adhesion molecules, such as intercel-
lular cell adhesion molecule-1, vascular cell adhesion molecule-1, and endo-
thelial leukocyte adhesion molecule-1, on endothelial cells is absolutely
critical for tumor metastasis (50). The expression of these molecules is in part
regulated by nuclear factor NF-nB (51). We have shown that treatment of
endothelial cells with curcumin blocks the cell surface expression of adhesion
molecules and this accompanies the suppression of tumor cell adhesion to
endothelial cells (52). We have demonstrated that downregulation of these
adhesion molecules is mediated through the downregulation of NF-nB
activation (52).
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G. Curcumin Downregulates Cyclooxygenase-2 (COX-2)
Expression

Overexpression of COX-2 has been shown to be associated with awide variety
of cancers, including colon (53), lung (54), and breast (55) cancers. The role of
COX-2 in suppression of apoptosis and tumor cell proliferation has been
demonstrated (56). Furthermore, celebrex, a specific inhibitor of COX-2, has
been shown to suppress mammary carcinogenesis in animals (57). Several
groups have shown that curcumin downregulates the expression of COX-2
protein in different tumor cells (44,58) most likely through the downregula-
tion of NF-nB activation (44), which is needed for COX-2 expression.

H. Curcumin Inhibits Angiogenesis

For most solid tumors, including breast cancer, angiogenesis (blood vessel
formation) is essential for tumor growth and metastasis (59). The precise
mechanism that leads to angiogenesis is not fully understood, but growth
factors that cause proliferation of endothelial cells have been shown to play a
critical role in this process. Curcumin has been shown to suppress the
proliferation of human vascular endothelial cells in vitro (60) and abrogate
the fibroblast growth-factor-2-induced angiogenic response in vivo (61), thus
suggesting curcumin is also an antiangiogenic factor. Indeed curcumin has
been shown to suppress angiogenesis in vivo (62).

I. Curcumin Suppresses the Expression of Matrix
Metalloproteinase (MMP)-9 and Inducible Nitric
Oxide Synthase (iNOS)

MMPs make up a family of proteases that play a critical role in tumor
metastasis (for references see Ref. 63). MMP-9 is one of the proteases that has
been shown to be regulated by NF-nB activation (64), and curcumin has been
shown to suppress its expression (64). Curcumin has also been demonstrated
to downregulate iNOS expression, also regulated by NF-nB and involved in
tumor metastasis (65). All these observations suggest that curcumin must
have antimetastatic activity. Indeed, there is a report suggesting that curcu-
min can inhibit tumor metastasis (66).

J. Curcumin Downregulates Cyclin D1 Expression

Cyclin D1, a component subunit of cyclin-dependent kinase (Cdk)-4 and
Cdk6, is a rate-limiting factor in progression of cells through the first-gap
(G1) phase of the cell cycle (67). Cyclin D1 has been shown to be overex-
pressed in many cancers including breast, esophagus, head and neck, and
prostate (68 –73). It is possible that the antiproliferative effects of curcumin
are due to inhibition of cyclin D1 expression. We found that curcumin can
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indeed downregulate cyclin D1 expression (32,74,75), and this downregula-
tion occurs at the transcriptional and posttranscriptional level.

Overall, numerous mechanisms, as indicated above, could account for
the tumor-suppressive effects of curcumin (Fig. 1). Curcumin also has modu-
latory effects in diseases besides cancer (Fig. 2). These effects are described
below.

FIGURE 1 Role of curcumin in prevention and therapy of cancer. Curcumin down-
regulates multiple pathways involved in tumor growth and metastasis. *Gene
expression inhibited by curcumin.

FIGURE 2 Effect of curcumin on various diseases.
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III. EFFECT OF CURCUMIN ON ATHEROSCLEROSIS
AND MYOCARDIAL INFARCTION

A. Curcumin Inhibits the Proliferation of Vascular Smooth-
Muscle Cells

The proliferation of peripheral blood mononuclear cells (PBMC) and
vascular smooth-muscle cells (VSMC) is a hallmark feature of atheroscle-
rosis. Huang et al. investigated the effects of curcumin on the proliferation of
PBMC and VSMC (76). Proliferative responses were determined from the
uptake of [3H]-thymidine. In human PBMC, curcumin dose-dependently
inhibited the response to phytohemagglutinin and the mixed lymphocyte
reaction at dose ranges of 1–30 AM and 3–30 AM, respectively. Curcumin
(1–100 AM) dose-dependently inhibited the proliferation of rabbit VSMC
stimulated by fetal calf serum. Curcumin had a greater inhibitory effect on
platelet-derived, growth-factor-stimulated proliferation than on serum-
stimulated proliferation. Analogs of curcumin (cinnamic acid, coumaric
acid, and ferulic acid) were much less effective than curcumin as inhibitors of
serum-induced smooth-muscle-cell proliferation. This suggested that curcu-
min may be useful for the prevention of the pathological changes associated
with atherosclerosis and restenosis.

Chen and Huang examined the possible mechanisms underlying
curcumin’s antiproliferative and apoptotic effects using the rat VSMC cell
line A7r5 (77). Curcumin (1–100 AM) inhibited serum-stimulated [3H]-
thymidine incorporation of both A7r5 cells and rabbit cultured VSMC. Cell
viability, as determined by the trypan blue dye exclusion method, was un-
affected by curcumin at the concentration range 1–10 AM in A7r5 cells.
However, the number of viable cells after 100 AM curcumin treatment was
less than the basal value. Following curcumin (1–100 AM) treatment, cell
cycle analysis revealed a G0/G1 arrest and a reduction in the percentage of
cells in S phase. Curcumin at 100 AM also induced cell apoptosis as dem-
onstrated by hematoxylin-eosin staining, TdT-mediated dUTP nick end la-
beling, DNA laddering, cell shrinkage, chromatin condensation, and DNA
fragmentation. The membranous protein tyrosine kinase activity stimulated
by serum in A7r5 cells was significantly reduced by curcumin (10–100 AM).
On the other hand, phorbol-myristate-acetate–stimulated cytosolic protein
kinase C (PKC) activity was reduced by 100 AM curcumin. The level of
c-myc mRNA and bcl-2 mRNA was significantly reduced by curcumin but it
had little effect on the p53 mRNA level. These results demonstrate that
curcumin inhibited cell proliferation, arrested cell cycle progression, and
induced cell apoptosis in VSMC. These results may explain how curcumin
prevents the pathological changes of atherosclerosis and postangioplasty
restenosis.
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B. Curcumin Lowers Serum Cholesterol Levels

Numerous studies suggest that curcumin lowers serum cholesterol levels
(78–84). Soudamini et al. investigated the effect of oral administration of
curcumin on serum cholesterol levels and on lipid peroxidation in the liver,
lung, kidney, and brain of mice treated with carbon tetrachloride, paraquat,
and cyclophosphamide (81). Oral administration of curcumin significantly
lowered the increased peroxidation of lipids in these tissues produced by
these chemicals. Administration of curcumin also significantly lowered the
serum and tissue cholesterol levels in these animals, indicating that the use
of curcumin helps in conditions associated with peroxide-induced injury
such as liver damage and arterial diseases. Soni and Kuttan examined the
effect of curcumin administration in reducing the serum levels of cholesterol
and lipid peroxides in 10 healthy human volunteers receiving 500 mg of
curcumin per day for 7 days (82). A significant decrease in the level of serum
lipid peroxides (33%), an increase in high-density-lipoproteins (HDL)
cholesterol (29%), and a decrease in total serum cholesterol (12%) were
noted. As curcumin reduced serum lipid peroxides and serum cholesterol,
the study of curcumin as a chemopreventive substance against arterial dis-
eases was suggested.

Curcuma xanthorrhiza Roxb., a medicinal plant used in Indonesia
(known as temu lawak, or Javanese turmeric), has been shown to have diverse
physiological functions. However, little attention has been paid to its effect on
lipid metabolism. Yasni et al. investigated the effects of C. xanthorrhiza on
serum and liver lipids, serum HDL cholesterol, apolipoprotein, and liver
lipogenic enzymes in rats. In rats given a cholesterol-free diet,C. xanthorrhiza
decreased the concentrations of serum triglycerides, phospholipids, and liver
cholesterol and increased serum HDL cholesterol and apolipoproteins (85).
The activity of liver fatty acid synthase, but not glycerophosphate dehydro-
genase, was decreased by the medicinal plant. In rats on a high-cholesterol
diet, C. xanthorrhiza did not suppress the elevation of serum cholesterol,
although it did decrease liver cholesterol. Curcuminoids prepared from C.
xanthorrhiza had no significant effects on the serum and liver lipids. These
studies, therefore, indicate that C. xanthorrhiza contains an active principle
other than the curcuminoids that can modify the metabolism of lipids and
lipoproteins.

In later studies Yasni et al. identified the major component (approx.
65%) of the essential oil as a-curcumene. Addition of essential oils (0.02%),
prepared by steam distillation, to a purified diet lowered hepatic triglyceride
concentration without influencing serum triglyceride levels, whereas addition
of the hexane-soluble fraction (0.5%) lowered the concentration of serum and
hepatic triglycerides (86). Rats fed the essential oil and hexane-soluble
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fraction had lower hepatic fatty acid synthase activity. The fraction con-
taining a-curcumene, prepared from the hexane-soluble fraction by silica gel
column chromatography, suppressed the synthesis of fatty acids from [14C]
acetate in primary cultured rat hepatocytes. Thus, a-curcumene is one of the
active principles exerting triglyceride-lowering activity in C. xanthorrhiza.

C. Curcumin Inhibits LDL Oxidation

The oxidation of low-density lipoproteins (LDL) plays an important role in
the development of atherosclerosis. Atherosclerosis is characterized by
oxidative damage, which affects lipoproteins, the walls of blood vessels, and
subcellular membranes. Several studies suggest that curcumin inhibits oxida-
tion of LDL (87–90). Naidu and Thippeswamy examined the effect of cur-
cumin on copper-ion-induced lipid peroxidation of human LDL by
measuring the formation of thiobarbituric acid reactive substance (TBARS)
and relative electrophoretic mobility of LDL on agarose gel. Curcumin
inhibited the formation of TBARS effectively throughout the incubation
period of 12 h and decreased the relative electrophoretic mobility of LDL
(90). Curcumin at 10 AMproduced 40–85% inhibition of LDL oxidation. The
inhibitory effect of curcumin was comparable to that of BHAbutmore potent
than ascorbic acid. Further, curcumin significantly inhibited both the initia-
tion and propagation phases of LDL oxidation.

Ramirez-Tortosa et al. evaluated the effect of curcumin on LDL
oxidation susceptibility and plasma lipids in atherosclerotic rabbits (88). A
total of 18 rabbits were fed for 7 weeks on a diet containing 95.7% standard
chow, 3% lard, and 1.3% cholesterol, to induce atherosclerosis. The rabbits
were divided into groups, two of which were also orally treated with turmeric
extract at doses of 1.66 (group A) and 3.2 (group B) mg/kg body weight. A
third group (group C) acted as a control. Plasma and LDL lipid composition,
plasma a-tocopherol, plasma retinol, LDL TBARS, and LDL lipid hydro-
peroxides were assayed and aortic atherosclerotic lesions were evaluated.
The low but not the high dosage of turmeric extracts decreased the suscep-
tibility of rabbit LDL to lipid peroxidation. Both doses produced lower levels
of total plasma cholesterol than the control group. Moreover, the lower dos-
age group had lower levels of cholesterol, phospholipids, and triglycerides
than the 3.2-mg-dosage group.

Quiles et al. evaluated the antioxidant capacity of a C. longa extract on
the lipid peroxidation of liver mitochondria and microsome membranes in
atherosclerotic rabbits (87).Male rabbits fed a 3% (w/w) lard and 1.3% (w/w)
cholesterol diet were randomly assigned to three groups. Two groups were
treated with different dosages of a turmeric extract (A and B) and the third
group (control) with a curcumin-free solution. Basal and in vitro 2,2V-azobis
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(2-amidinopropane) dihydrochloride-induced hydroperoxide and TBARS
production in liver mitochondria and microsomes was analyzed. Group A
had the lowest concentration of mitochondrial hydroperoxides. In micro-
somes, the basal hydroperoxide levels were similar in all groups but after the
induction of oxidation, group C registered the highest value; TBARS
production followed the same trend in mitochondria. These findings suggest
that active compounds in curcuma extract may be protective against lipo-
peroxidation of subcellular membranes in a dosage-dependent manner.

Asai and Miyazawa examined the effect of curcumin on lipid metabo-
lism in rats fed a control, moderately high-fat diet (15 g soybean oil/100 g diet)
and those given supplements of 0.2 g curcuminoids/100 g diet. Liver triacyl-
glycerol and cholesterol concentrations were significantly lower in rats fed
curcumin than in control rats (89). Plasma triacylglycerols in the very-low-
density lipoproteins fraction were also lower in curcumin-fed rats than in
control rats ( p < .05). Hepatic acyl-CoA oxidase activity of the curcumin
group was significantly higher than that of the controls. Furthermore,
epididymal adipose tissue weight was significantly reduced with curcuminoid
intake in a dose-dependent manner. These results indicated that dietary
curcuminoids have lipid-lowering potency in vivo, probably due to alterations
in fatty acid metabolism.

D. Curcumin Inhibits Platelet Aggregation

Platelet aggregation contributes to the pathway resulting in atherosclerosis.
There are reports that suggest that curcumin can inhibit platelet aggregation
(91–93). Srivastava et al. examined the effect of curcumin on platelet
aggregation and vascular prostacyclin synthesis (92). In vitro and ex vivo
effects of curcumin and acetylsalicylic acid (ASA) on the synthesis of
prostacyclin (PGI2) and on platelet aggregation have been studied in rat.
Both drugs inhibited adenosine diphosphate-epinephrine (adrenaline)- and
collagen-induced platelet aggregation in monkey plasma. Pretreatment with
ASA (25–100 mg/kg), but not curcumin (100–300 mg/kg), inhibited PGI2
synthesis in rat aorta. In the in vitro system, too, curcumin caused a slight
increase in the synthesis of PGI2, while ASA inhibited it. Curcumin may,
therefore, be preferable in patients prone to vascular thrombosis and re-
quiring antiarthritic therapy. Srivastava et al. showed that curcumin inhibited
platelet aggregation induced by arachidonate, adrenaline, and collagen (93).
This compound inhibited thromboxane B2 production from exogenous [14C]
arachidonate (AA) in washed platelets and concomitantly increased the for-
mation of 12 lipoxygenase products. Moreover, curcumin inhibited the incor-
poration of [14C] AA into platelet phospholipids and inhibited the deacylation
of AA-labeled phospholipids (liberation of free AA) on stimulation with cal-
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cium ionophore A23187. Curcumin’s anti-inflammatory property may, in
part, be explained by its effects on eicosanoid biosynthesis.

E. Curcumin Inhibits Myocardial Infarction

The effect of curcumin onmyocardial infarction (MI) in the cat and the rat has
been investigated (94–97). Dikshit et al. examined the prevention of ischemia-
induced biochemical changes by curcumin in the cat heart (94). Myocardial
ischemia was induced by ligation of the left descending coronary artery.
Curcumin (100 mg/kg, i.p.) was given 30 min before ligation. Hearts were
removed 4 hr after coronary artery ligation. Levels of glutathione (GSH),
malonaldelhyde (MDA), myeloperoxidase (MPO), superoxide dismutase
(SOD), catalase, and lactate dehydrogenase (LDH) were estimated in the
ischemic and nonischemic zones. Curcumin protected the animals against
decrease in the heart rate and blood pressure following ischemia. In the
ischemic zone, after 4 h of ligation, an increase in the level of MDA and
activities of MPO and SOD (cytosolic fraction) were observed. Curcumin
pretreatment prevented the ischemia-induced elevation inMDA contents and
LDH release but did not affect the increase in MPO activity. Thus curcumin
prevented ischemia-induced changes in the cat heart.

Nirmala and Puvanakrishnan investigated the effect of curcumin on
lysosomal hydrolases (h-glucuronidase, h-N-acetylglucosaminidase, cathep-
sin B, cathepsin D, and acid phosphatase) in serum and heart after isopro-
terenol (ISO)-induced MI (95). Rats treated with ISO (30 mg/100 g body
weight) showed a significant increase in serum lysosomal hydrolase activities,
which were found to decrease after curcumin treatment. ISO administration
to rats resulted in decreased stability of the membranes, which was reflected
by the lowered activity of cathepsin D in mitochondrial, lysosomal, and
microsomal fractions. Curcumin treatment returned the activity levels almost
to normal, showing that curcumin restored the normal function of the
membrane. Histopathological studies of the infarcted rat heart also showed
a decreased degree of necrosis after curcumin treatment. Nirmala and
Puvanakrishnan also examined the effect of curcumin on the biochemical
changes induced by ISO administration in rats (96). ISO caused a decrease in
body weight and an increase in heart weight and water content as well as in
the levels of serum marker enzymes, viz. creatine kinase (CK), LDH, and
LDH1 isozyme. It also produced electrocardiographic changes such as an
increased heart rate, reduced R amplitude, and elevated ST. Curcumin at a
concentration of 200 mg/kg, when administered orally, decreased serum
enzyme levels, and the electrocardiographic changes were restored toward
normalcy. MI was accompanied by the disintegration of membrane polyun-
saturated fatty acids expressed by an increase in TBARS, a measure of lipid
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peroxides, and by the impairment of natural scavenging, characterized by a
decrease in the levels of SOD, catalase, glutathione peroxidase, ceruloplas-
min, a-tocopherol, GSH, and ascorbic acid. Oral pretreatment with curcumin
2 days before and during ISO administration decreased the effect of lipid
peroxidation. Curcumin has a membrane-stabilizing action by inhibiting the
release of h-glucuronidase from nuclei, mitochondria, lysosome, and micro-
somes. Curcumin given before and during treatment decreased the severity of
pathological changes and thus could have a protective effect against the
damage caused by MI.

Nirmala et al. showed that curcumin treatment modulates collagen
metabolism in ISO-induced myocardial necrosis in rats (97). This study
evaluated whether curcumin had any specific role in the synthesis and
degradation of collagen in rat heart with myocardial necrosis induced by
ISO. The effect of curcumin (200 mg/kg) was examined on ISO-induced
myocardial necrosis and collagen metabolism. The incorporation of [14C]
proline into collagen was studied as an index of collagen synthesis. The heart
weight/body weight ratio, heart RNA/DNA ratio, and protein were found to
increase significantly in ISO-treated animals. Curcumin given before and
during treatment with ISO reversed these changes and attenuated the devel-
opment of cardiachypertrophy2weeks after the seconddoseof ISO. Increased
fractional synthesis rate and enhanced degradation of newly synthesized
collagen were observed in ISO-treated animals. Curcumin before and during
treatmentwith ISOdecreased thedegreeofdegradationof theexistingcollagen
matrix and collagen synthesis, 2 weeks after the second dose of ISO. The
observed effects could have been due to free-radical-scavenging capacity and
inhibition of lysosomal enzyme release by curcumin.

The SOD family of enzymes are key regulators of cellular oxidant stress
caused by ischemia-reperfusion. In particular, the mitochondrial-associated
Mn-SOD enzyme has been implicated in protection from ischemia-reperfu-
sion injury. Shahed et al. investigated the effect of curcumin compounds on
expression of antioxidant enzymes mRNA in vivo in rat kidney after ureteral
obstruction or ischemia/reperfusion injury (98). Curcumin exhibited reno-
protective properties by modulating the expression of Mn-SOD.

IV. CURCUMIN SUPPRESSES DIABETES

Arun and Nalini investigated the efficacy of turmeric and curcumin on blood
sugar and polyol pathway in diabetic albino rats (99). Alloxan was used to
induce diabetes. Administration of turmeric or curcumin reduced the blood
sugar, hemoglobin, and glycosylated hemoglobin levels significantly. Tur-
meric and curcumin supplementation also reduced the oxidative stress
encountered by the diabetic rats, as demonstrated by lower levels of TBARS,
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which may have been due to the decreased influx of glucose into the polyol
pathway leading to an increased NADPH/NADP ratio and elevated activity
of the potent antioxdiant enzyme GPx. Moreover, the activity of sorbitol
dehydrogenase, which catalyzes the conversion of sorbitol to fructose, was
lowered significantly by treatment with turmeric or curcumin. These results
also appeared to reveal that curcumin was more effective in attenuating
diabetes-mellitus-related changes than turmeric. Srinivasan investigated the
effect of curcumin on blood sugar in a diabetic subject (100).

Babu and Srinivasan also examined the influence of dietary curcumin on
the progression of experimentally induced diabetes induced by cholesterol
feeding in the albino rat (101). A 0.5% curcumin diet or 1% cholesterol diet
was given to albino rats that were rendered diabetic with streptozotocin
injection. Diabetic rats maintained on curcumin diet for 8 weeks excreted less
albumin, urea, creatinine, and inorganic phosphorus. Urinary excretion of
the electrolytes sodium and potassium was also significantly lowered under
curcumin treatment. Dietary curcumin also partially reversed the abnormal-
ities in plasma albumin, urea, creatine, and inorganic phosphorus in diabetic
animals. On the other hand, glucose excretion or the fasting-sugar level was
unaffected by dietary curcumin, so also the body weights were not improved
to any significant extent. The curcumin diet lowered liver weight and lowered
lipid peroxidation in plasma and urine at the end of the study compared to
controls. The extent of lipid peroxidation was still higher in cholesterol-fed
diabetic groups compared to diabetic rats fed with control diet. Thus, the
study reveals that curcumin feeding improves the metabolic status in diabetic
conditions, despite having no effect on hyperglycemic status or body weight.
The mechanism by which curcumin improves this situation is probably by
virtue of its hypocholesterolemic influence and its antioxidant and free-
radical-scavenging properties.

In another study, Babu and Srinivasan showed the hypolipidemic action
of curcumin in rats with streptozotocin-induced diabetes (102). Rats were
maintained on 0.5% curcumin-containing diet for 8 weeks. The diet lowered
blood cholesterol significantly exclusively by decreasing the LDL-VLDL
fraction. A significant decrease in blood triglyceride and phospholipids was
also brought about by dietary curcumin. In a parallel study, wherein diabetic
animals were maintained on a high-cholesterol diet, the extents of hypercho-
lesterolemia and phospholipidemia were higher than in those maintained on
the control diet. Curcumin lowered cholesterol and phospholipid levels in
these animals also. Liver cholesterol and triglyceride and phospholipid
contents were elevated under diabetic conditions. Dietary curcumin showed
a distinct tendency to counter these changes in lipid fractions of liver. This
effect of curcumin was also seen in diabetic animals maintained on a high-
cholesterol diet. Dietary curcumin significantly countered renal cholesterol
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and triglyceride elevation in diabetic rats. To understand the mechanism of
hypocholesterolemic action of dietary curcumin, activities of hepatic choles-
terol-7a-hydroxylase and HMG-CoA reductase were measured. Hepatic
cholesterol-7a-hydroxylase activity was markedly higher in curcumin-fed
diabetic animals, suggesting a higher rate of cholesterol catabolism.

Suresh and Srinivasan showed amelioration of renal lesions associated
with diabetes by dietary curcumin in Wistar rats with streptozotocin-induced
diabetes (103). For these studies, curcumin was fed at 0.5% in the diet for
8 weeks. Renal damage was assessed by the amount of proteins excreted in the
urine and the extent of leaching of the renal tubular enzymes NAG, LDH,
AsAT,A1AT, and alkaline and acid phosphatases. The integrity of the kidney
was assessed by measuring the activities of several key enzymes of the renal
tissue: glucose-6-phosphate dehydrogenase, glucose-6-phosphatase, and
LDH (carbohydrate metabolism); aldose reductase and sorbitol dehydrogen-
ase (polyol pathway); and transaminases, ATPases, and membrane polyun-
saturated/saturated fatty acid ratio (membrane integrity). Data on
enzymuria, albuminuria, activity of kidney ATPases, and fatty acid compo-
sition of renal membranes suggested that dietary curcumin significantly
inhibited the progression of renal lesions in diabetes. These findings were
corroborated by histological examination of kidney sections. This beneficial
influence was possibly mediated through curcumin’s ability to lower blood
cholesterol levels.

V. CURCUMIN STIMULATES MUSCLE REGENERATION

Skeletal muscle is often the site of tissue injury due to trauma, disease, de-
velopmental defects, or surgery. Yet to date no effective treatment is avail-
able to stimulate the repair of skeletal muscle. Thaloor et al. investigated the
kinetics and extent of muscle regeneration in vivo after trauma following
systemic administration of curcumin to mice (104). Biochemical and histo-
logical analyses indicated a faster restoration of normal tissue architecture in
mice treated with curcumin after only 4 days of daily intraperitoneal injec-
tion, whereas controls required >2 weeks to restore normal tissue architec-
ture. Curcumin acted directly on cultured muscle precursor cells to stimulate
both cell proliferation and differentiation under appropriate conditions. The
authors suggested that this effect of curcumin was mediated through
suppression of NF-nB; inhibition of NF-nB-mediated transcription was
confirmed using reporter gene assays. The authors concluded that NF-nB
exerts a role in regulating myogenesis and that modulation of NF-nB activity
within muscle tissue is beneficial for muscle repair. The striking effects of
curcumin on myogenesis suggest therapeutic applications for treating muscle
injuries.
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VI. CURCUMIN ENHANCES WOUND HEALING

Tissue repair and wound healing are complex processes that involve inflam-
mation, granulation, and remodeling of the tissue. Sidhu et al. examined the
wound-healing capacity of curcumin in rats and guinea pigs (105). Punch
wounds in curcumin-treated animals closed faster in treated than in untreat-
ed animals. Biopsies of the wound showed reepithelialization of the epider-
mis and increased migration of various cells including myofibroblasts,
fibroblasts, and macrophages in the wound bed. Multiple areas within the
dermis showed extensive neovascularization, and Masson’s trichrome stain-
ing showed greater collagen deposition in curcumin-treated wounds. Immu-
nohistochemical localization showed an increase of transforming growth
factor beta1 (TGF-h1) in curcumin-treated wounds as compared with
untreated wounds. In situ hybridization and polymerase chain reaction
analysis also showed an increase in the mRNA transcripts of TGF-h1 and
fibronectin in curcumin-treated wounds. Because TGF-h1 is known to
enhance wound healing, it possible that curcumin modulates TGF-h1

activity.
To further understand its therapeutic effect on wound healing, the

antioxidant effects of curcumin on hydrogen peroxide (H2O2) and hypoxan-
thine-xanthine-oxidase–induced damage to cultured human keratinocytes
and fibroblasts were investigated by Phan et al. (106). Cell viability was
assessed by colorimetric assay and quantification of LDH release. Exposure
of human keratinocytes to curcumin at 10 Ag/mL significantly protected the
keratinocytes from hydrogen-peroxide-induced oxidative damage. Interest-
ingly, exposure of human dermal fibroblasts to curcumin at 2.5 Ag/mL
showed significant protective effects against hydrogen peroxide. No protec-
tive effects of curcumin on either fibroblasts or keratinocytes against hypo-
xanthine-xanthine-oxidase–induced damage were found. These investigators
thus concluded that curcumin indeed possessed powerful inhibitory capacity
against hydrogen-peroxide-induced damage in human keratinocytes and
fibroblasts and this protection may contribute to wound healing.

VII. CURCUMIN SUPPRESSES SYMPTOMS ASSOCIATED
WITH ARTHRITIS

Deodhar et al. were the first to report on the antirheumatic activity of
curcumin in human subjects (107). They performed a short-term, double-
blind, crossover study in 18 patients with ‘‘definite’’ rheumatoid arthritis to
compare the antirheumatic activity of curcumin (1200 mg/day) with that of
phenylbutazone (300 mg/day). Subjective and objective assessment in
patients who were taking corticosteroids just prior to the study showed
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significant ( p < 0.05) improvements in morning stiffness, walking time, and
joint swelling, after 2 weeks of curcumin therapy.

Liacini et al. examined the effect of curcumin in articular chondrocytes.
Interleukin-1 (IL-1), the main cytokine instigator of cartilage degeneration in
arthritis, induces matrix metalloproteinase-3 (MMP-3) and MMP-13 mRNA
and protein in chondrocytes through activation of mitogen-activated protein
kinase (MAPK), AP-1, and NF-nB transcription factors (108). Curcumin
achieved 48–99% suppression of MMP-3 and 45–97% of MMP-13 in human
and 8–100% (MMP-3) and 32–100% (MMP-13) in bovine chondrocytes.
Inhibition of IL-1 signal transduction by these agents could be useful for
reducing cartilage resorption by MMPs in arthritis.

VIII. CURCUMIN REDUCES THE INCIDENCE
OF CHOLESTEROL GALLSTONE FORMATION

Hussain and Chandrasekhara studied the efficacy of curcumin in reducing the
incidence of cholesterol gallstones induced by feeding a lithogenic diet in
young male mice (83). Feeding a lithogenic diet supplemented with 0.5%
curcumin for 10 weeks reduced the incidence of gallstone formation to 26%,
as compared to 100% incidence in the group fedwith the lithogenic diet alone.
Biliary cholesterol concentration was also significantly reduced by curcumin
feeding. The lithogenic index, which was 1.09 in the cholesterol-fed group,
was reduced to 0.43 in the 0.5% curcumin-supplemented group. Further, the
cholesterol:phospholipid ratio of bile was also reduced significantly when
0.5% curcumin-supplemented diet was fed. A dose-response studywith 0.2%,
0.5%, and 1% curcumin-supplemented lithogenic diets showed that 0.5%
curcumin was more effective than a diet with 0.2% or 1% curcumin. How
curcumin mediates antilithogenic effects in mice was further investigated by
this group (84). For this purpose, the hepatic bile of rats was fractionated by
gel filtration chromatography, and the low-molecular-weight (LMW) protein
fractions were tested for their ability to influence cholesterol crystal growth in
model bile. The LMW protein fraction from the lithogenic-agent-fed control
group’s bile shortened the nucleation time and increased the crystal growth
rate and final crystal concentration. But with the LMWprotein fractions from
the bile of rats given curcumin, the nucleation times were prolonged and the
crystal growth rates and final crystal concentrations were decreased. The
LMW fractions were further purified into three different sugar-specific
proteins by affinity chromatography. A higher proportion of LMW proteins
from the control group bile was bound to Con-A, whereas higher proportions
of LMW proteins from the groups fed with curcumin were bound to wheat
germ agglutinin and Helix pomatia lectin. The Con-A-bound fraction
obtained from the control group showed a pronucleating effect. In contrast,

5436-0_Packer_Ch36_R2_061804

MD: PACKER, JOB: 03277, PAGE: 795

Therapeutic Potential of Curcumin 795



the WGA-bound fraction obtained from curcumin group showed a potent
antinucleating activity.

IX. CURCUMIN MODULATES MULTIPLE SCLEROSIS

Multiple sclerosis (MS) is an inflammatory disease of the central nervous
system (CNS) that afflicts more than 1 million people worldwide. The de-
struction of oligodendrocytes and myelin sheath in the CNS is the patholog-
ical hallmark of MS. MS is an inflammatory autoimmune disease of the CNS
resulting from myelin antigen-sensitized T cells in the CNS. Experimental
allergic encephalomyelitis (EAE), a CD4+ Th1-cell-mediated inflammatory
demyelinating autoimmune disease of the CNS, serves as an animal model for
MS. IL-12 plays a crucial proinflammatory role in the induction of neural-
antigen-specific Th1 differentiation and pathogenesis of CNS demyelination
in EAE and MS.

Natarajan and Bright investigated the effect of curcumin on the
pathogenesis of CNS demyelination in EAE (109). In vivo treatment of
SJL/J mice with curcumin significantly reduced the duration and clinical
severity of active immunization and adoptive transfer EAE (109). Curcumin
inhibited EAE in association with a decrease in IL-12 production from
macrophage/microglial cells and differentiation of neural-antigen-specific
Th1 cells. In vitro treatment of activated T cells with curcumin inhibited
IL-12-induced tyrosine phosphorylation of Janus kinase 2, tyrosine kinase 2,
and STAT3 and STAT4 transcription factors. The inhibition of Janus kinase-
STAT pathway by curcumin resulted in a decrease in IL-12-induced T-cell
proliferation and Th1 differentiation. These findings show that curcumin
inhibits EAE by blocking IL-12 signaling in T cells and suggest its use in the
treatment of MS and other Th1-cell-mediated inflammatory diseases.

X. CURCUMIN BLOCKS THE REPLICATION OF HIV

Transcription of type 1 human immunodeficiency virus (HIV-1) provirus is
governed by the viral long terminal repeat (LTR). Drugs can block HIV-1
replication by inhibiting the activity of its LTR. Li et al. examined the effect
of curcumin on HIV-1 LTR-directed gene expression and virus replication
(110). Curcumin was found to be a potent and selective inhibitor of HIV-1
LTR-directed gene expression, at concentrations that have minor effects on
cells. At the studied concentrations, curcumin inhibited p24 antigen produc-
tion in cells either acutely or chronically infected with HIV-1 through
transcriptional repression of the LTR. Sui et al. examined the effect of the
HIV-1 and HIV-2 proteases by curcumin and curcumin boron complexes
(111). Curcumin is a modest inhibitor of the HIV-1 (IC50 = 100 AM) and
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HIV-2 (IC50 = 250 AM) proteases. Simple modifications of the curcumin
structure raise the IC50 value, but complexes of the central dihydroxy groups
of curcumin with boron lower the IC50 to a value as low as 6 AM. The boron
complexes are also time-dependent inactivators of the HIV proteases. The
increased affinity of the boron complexes may reflect binding of the orthog-
onal domains of the inhibitor in interesecting sites within the substrate-
binding cavity of the enzyme, while activation of the a,h-unsaturated
carbonyl group of curcumin by chelation to boron probably accounts for
time-dependent inhibition of the enzyme.

Mazumder et al. examined the effect of curcumin analogs with altered
potencies against HIV-1 integrase (112). They reported the inhibitory activity
of curcumin against HIV-1 integrase. They also synthesized and tested
analogs of curcumin to explore the structure-activity relationships and
mechanism of action of this family of compounds in more detail. They found
that two curcumin analogs, dicaffeoylmethane and rosmarinic acid, inhibited
both activities of integrase with IC50 values below 10 AM. They demonstrated
that lysine 136may play a role in viral DNA binding. They showed equivalent
potencies of the two curcumin analogs against both this integrase mutant and
wild-type integrase, suggesting that the curcumin-binding site and the sub-
strate-binding site may not overlap. Combining one curcumin analog with the
recently described integrase inhibitor NSC 158393 resulted in integrase
inhibition that was synergistic, again suggesting that drug-binding sites may
not overlap. These authors also determined that these analogs could inhibit
binding of the enzyme to the viral DNAbut that this inhibition is independent
of divalent metal ion. Furthermore, kinetic studies of these analogs suggest
that they bind to the enzyme at a slow rate. These studies can provide
mechanistic and structural information to guide the future design of integrase
inhibitors.

The transcription of HIV-1 provirus is regulated by both cellular and
viral factors. Various pieces of evidence suggest that Tat protein secreted by
HIV1-infected cells may have additional activity in the pathogenesis of AIDS
because of its ability to also be taken up by noninfected cells. Barthelemy et al.
showed that curcumin used at 10–100 nM inhibited Tat transactivation of
HIV1-LTR lacZ by 70–80% in HeLa cells (113). To develop more efficient
curcumin derivatives, they synthesized and tested in the same experimental
system the inhibitory activity of reduced curcumin (C1), which lacks the
spatial structure of curcumin; allyl-curcumin (C2), which possesses a con-
densed allyl derivative on curcumin that plays the role of metal chelator; and
tocopheryl-curcumin (C3), which enhances the antioxidant activity of the
molecule. Results obtained with the C1, C2, and C3 curcumin derivatives
showed a significant inhibition (70–85%) of Tat transactivation. Despite the
fact that tocopheryl-curcumin (C3) failed to scavenge O2, this curcumin
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derivative exhibited the most activity; 70% inhibition was obtained at 1 nM,
while only 35% inhibition was obtained with the curcumin.

XI. CURCUMIN AFFECTS ALZHEIMER’S DISEASE

Inflammation in Alzheimer’s disease (AD) patients is characterized by
increased cytokines and activated microglia. Epidemiological studies suggest
reduced AD risk is associated with long-term use of nonsteroidal anti-
inflammatory drugs (NSAIDs). Whereas chronic ibuprofen suppressed in-
flammation and plaque-related pathology in an Alzheimer transgenic APPSw
mouse model (Tg2576), excessive use of NSAIDs targeting cyclooxygenase
can cause gastrointestinal, liver, and renal toxicity. One alternative NSAID is
curcumin, which has an extensive history as a food additive and herbal
medicine in India and is also a potent polyphenolic antioxidant. Lim et al.
found that curcumin reduces oxidative damage and amyloid pathology in an
Alzheimer transgenic mouse model (114). To evaluate whether it could affect
Alzheimer-like pathology in the APPSw mice, they tested the effect of a low
(160 ppm) and a high dose of dietary curcumin (5000 ppm) on inflammation,
oxidative damage, and plaque pathology. Low and high doses significantly
lowered oxidized proteins and IL-1h, a proinflammatory cytokine elevated in
the brains of these mice. With low-dose, but not high-dose, curcumin
treatment, the astrocytic marker glial fibrillary acidic protein was reduced,
and insoluble h-amyloid (Ah), soluble Ah, and plaque burden were signifi-
cantly decreased, by 43–50%. However, levels of amyloid precursor in the
membrane fraction were not reduced. Microgliosis was also suppressed in
neuronal layers but not adjacent to plaques. In view of its efficacy and
apparent low toxicity, this Indian spice component showed promise for the
prevention of Alzheimer’s disease.

XII. CURCUMIN PROTECTS AGAINST CATARACT
FORMATION

Age-related cataractogenesis is a significant health problem worldwide.
Oxidative stress has been suggested to be a common underlying mechanism
of cataractogenesis, and augmentation of the antioxidant defenses of the
ocular lens has been shown to prevent or delay cataractogenesis. Awasthi et
al. tested the efficacy of curcumin in preventing cataractogenesis in an in vitro
rat model (115). Rats were maintained on an AIN-76 diet for 2 weeks, after
which they were given a daily dose of corn oil alone or 75 mg curcumin/kg in
corn oil for 14 days. Their lenses were removed and cultured for 72 hr in vitro
in the presence or absence of 100 Amol 4-hydroxy-2-nonenal (4-HNE)/L, a
highly electrophilic product of lipid peroxidation. The results of these studies

5436-0_Packer_Ch36_R2_061804

MD: PACKER, JOB: 03277, PAGE: 798

Aggarwal et al.798



showed that 4-HNE led to opacification of cultured lenses as indicated by the
measurements of transmitted light intensity using digital image analysis.
However, the lenses from curcumin-treated rats were resistant to 4-HNE-
induced opacification. Curcumin treatment significantly inducted the gluta-
thione S-transferase (GST) isozyme rGST8-8 in rat lens epithelium. Because
rGST8-8 utilizes 4-HNE as a preferred substrate, we suggest that the
protective effect of curcumin may be mediated through the induction of this
GST isozyme. These studies suggest that curcumin may be an effective
protective agent against cataractogenesis induced by lipid peroxidation.

XIII. CURCUMIN PROTECTS FROM DRUG-INDUCED
MYOCARDIAL TOXICITY

Cardiotoxicity is one of the major problems associated with administration of
most chemotherapeutic agents. Venkatesan examined the protective effect of
curcumin on acute Adriamycin (ADR) myocardial toxicity in rats (116).
ADR toxicity, induced by a single intraperitoneal injection (30 mg/kg), was
revealed by elevated serum creatine kinase (CK) and LDH. The level of the
lipid peroxidation products, conjugated dienes and malondialdehyde, was
markedly elevated by ADR. ADR caused a decrease in myocardial glutathi-
one content and glutathione peroxidase activity and an increase in cardiac
catalase activity. Curcumin treatment (200 mg/kg) 7 days before and 2 days
(after administration of ) ADR significantly ameliorated the early manifesta-
tion of cardiotoxicity (ST-segment elevation and an increase in heart rate) and
prevented the rise in serum CK and LDH exerted by ADR. ADR-treated rats
that received curcumin displayed a significant inhibition of lipid peroxidation
and augmentation of endogenous antioxidants. These results suggest that
curcumin inhibits ADR cardiotoxicity and might serve as novel combination
chemotherapeutic agent with ADR to limit free-radical-mediated organ
injury.

XIV. CURCUMIN PROTECTS FROM DRUG-INDUCED LUNG
INJURY

Cyclophosphamide causes lung injury in rats through its ability to generate
free radicals with subsequent endothelial and epithelial cell damage. Venka-
tesan and Chandrakasan examined the effect of curcumin on cyclophospha-
mide-induced early lung injury (117). To observe the protective effects of
curcumin on cyclophosphamide-induced early lung injury, healthy, patho-
gen-free male Wistar rats were exposed to 20 mg/100 g body weight of
cyclophosphamide, given intraperitoneally as a single injection. Prior to
cyclophosphamide intoxication, curcumin was administered orallydaily for 7
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days. At various times (2, 3, 5, and 7 days postinsult) serum and lung samples
were analyzed for angiotensin-converting enzyme (ACE), lipid peroxidation,
reduced glutathione, and ascorbic acid. Bronchoalveolar lavage fluid was
analyzed for biochemical constituents. The lavage cells were examined for
lipid peroxidation and glutathione content. Excised lungs were analyzed for
antioxidant enzyme levels. Biochemical analyses revealed increased lavage
fluid total protein, albumin, ACE, LDH, N-acetyl-h-D-glucosaminidase,
alkaline phosphatase, acid phosphatase, lipid peroxide, GSH, and ascorbic
acid levels 2, 3, 5, and 7 days after cyclophosphamide intoxication. Increased
levels of lipid peroxidation and decreased levels of GSH and ascorbic acid
were seen in serum, lung tissue, and lavage cells of cyclophosphamide-treated
groups. Serum ACE activity increased, coinciding with the decrease in lung
tissue levels. Activities of antioxidant enzymes were reduced with time in the
lungs of cyclophosphamide-treated group, whereas a significant reduction in
the lavage fluid biochemical constituents and lipid peroxidation products in
the serum, lung, and lavage cells, with concomitant increase in antioxidant
defense mechanisms, occurred in curcumin-fed cyclophosphamide rats.
Therefore, the study indicated curcumin as an effective agent in moderating
the cyclophosphamide-induced early lung injury.

In another study, Venkatesan et al. investigated the effect of curcumin
on bleomycin (BLM)-induced lung injury (118). The data indicated that
BLM-mediated lung injury resulted in increases in lung lavage fluid bio-
markers such as total protein, ACE, LDH, N-acetyl-h-D-glucosaminidase,
lipid peroxidation (LPO) products, SOD, and catalase. BLM administration
also resulted in increased levels of malondialdehyde in bronchoalveolar
lavage fluid and bronchoalveolar lavage (BAL) cells and greater amounts
of alveolar macrophage (AM) superoxide dismutase activity. By contrast,
lower levels of reducedGSH were observed in lung lavage fluid, BAL cell, and
AM. Stimulated superoxide anion and H2O2 release by AM from BLM-
treated rats were higher. Curcumin treatment significantly reduced lavage
fluid biomarkers. In addition, it restorated the antioxidant status in BLM
rats. These data suggested that curcumin treatment reduces the development
of BLM-induced inflammatory and oxidant activity. Therefore, curcumin
offers the potential for a novel pharmacological approach in the suppression
of drug- or chemical-induced lung injury.

Punithavathi et al. also evaluated the ability of curcumin to suppress
BLM-induced pulmonary fibrosis in rats (119). A single intratracheal instil-
lation of BLM (0.75 U/100 g, sacrificed 3, 5, 7, 14, and 28 days post-BLM)
resulted in significant increases in total cell numbers, total protein, and ACE
and in alkaline phosphatase activities in bronchoalveolar lavage fluid.
Animals with fibrosis had a significant increase in lung hydroxyproline
content. AM from BLM-treated rats elaborated significant increases in
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TNF-a release, and superoxide anion and nitric oxide production in culture
medium. Interestingly, oral administration of curcumin (300 mg/kg) 10 days
before and daily thereafter throughout the experimental time period inhibited
BLM-induced increases in total cell counts and biomarkers of inflammatory
responses in BALF. In addition, curcumin significantly reduced the total lung
hydroxyproline in BLM-treated rats. Furthermore, curcumin remarkably
suppressed the BLM-induced AM production of TNF-a, superoxide anion,
and nitric oxide. These findings suggest curcumin as a potent anti-inflamma-
tory and antifibrotic agent against BLM-induced pulmonary fibrosis in rats.

Paraquat (PQ), a broad-spectrum herbicide, can cause lung injury in
humans and animals. An early feature of PQ toxicity is the influx of
inflammatory cells, releasing proteolytic enzymes and oxygen free radicals,
which can destroy the lung epithelium and result in pulmonary fibrosis.
Therefore, suppressing early lung injury before the development of irrevers-
ible fibrosis would be an appropriate therapeutic goal. Venkatesan showed
that curcumin confers remarkable protection against PQ-induced lung injury
(120). A single intraperitoneal injection of PQ (50 mg/kg) significantly
increased the levels of protein, ACE, alkaline phosphatase, N-acetyl-h-D-
glucosaminidase (NAG), TBARS, and neutrophils in the BALF, while it
decreased GSH levels. In PQ-treated rats BAL cells, TBARS concentration
was increased with a simultaneous decrease in glutathione content. In
addition, the data demonstrated that PQ caused a decrease in ACE and
glutathione levels and an increase in levels of TBARS and myeloperoxidase
activity in the lung. Interestingly, curcumin prevented the general toxicity and
mortality induced by PQ and blocked the rise in BALFprotein, ACE, alkaline
phophatase, N-acetyl glucosaminidase, TBARS, and neutrophils. Similarly,
curcumin prevented the rise in TBARS content in both BAL cell and lung
tissue andMPOactivity of the lung. In addition, PQ induced reduction in lung
ACE, and BAL cell and lung glutathione levels were abolished by curcumin
treatment. These findings indicate that curcumin has important therapeutic
implications in facilitating the early suppression of PQ lung injury.

XV. CURCUMIN PREVENTS ADRIAMYCIN-INDUCED
NEPHROTOXICITY

Nephroxicity is another problem observed in patients who are administered
chemotherapeutic agents. Venkatesan et al. showed that curcumin prevents
ADR-induced nephrotoxicity in rats (116,121). Treatment with curcumin
markedly protected against ADR-induced proteinuria, albuminuria, hypo-
albuminemia, and hyperlipidemia. Similarly, curcumin inhibited ADR-in-
duced increase in urinary excretion of N-acetyl-h-D-glucosaminidase (a
marker of renal tubular injury), fibronectin, glycosaminoglycan, and plasma
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cholesterol. Curcumin restored renal function in ADR-treated rats, as judged
by the increase in GFR. The data also demonstrated that curcumin protected
against ADR-induced renal injury by suppressing oxidative stress and
increasing kidney glutathione content and glutathione peroxidase activity.
In like manner, curcumin abolished ADR-stimulated kidney microsomal and
mitochondrial lipid peroxidation. These data suggest that administration of
curcumin is a promising approach in the treatment of nephrosis caused by
ADR.

XVI. CONCLUSION

From all these studies, it is clear that curcumin exhibits activities against
cancer, cardiovascular diseases, and diabetes, the major ailments in the
United States. This drug has also shown therapeutic effects against Alzhei-
mer’s disease, MS, cataract formation, HIV, and drug-induced nonspecific
toxicity in the heart, lung, and kidney. Several of the studies establishing
curcumin’s potential were carried out in animals. Further testing of curcumin
in human is required to confirm these observations. A clinical development
plan for using curcumin to treat cancer was recently described by theNational
Cancer Institute (3).

How curcumin produces its therapeutic effects is not fully understood,
but they are probably mediated in part through the antioxidant and anti-
inflammatory action of curcumin. It is quite likely that curcumin mediates its
effects through othermechanisms as well.More than a dozen different cellular
proteins and enzymes have been identified to which curcumin binds. High-
throughput, ligand-interacting technology can reveal more molecular targets
of curcumin. Microarray gene chip technology may in the future indicate
which genes are regulated by curcumin.
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ABBREVIATIONS

EGF, epidermal growth factor; EGFR, EGF receptor; NF-nB, nuclear
factor-nB; TNF, tumor necrosis factor; H2O2, hydrogen peroxide; AP-1,
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activating protein-1; JNK, c-jun N-terminal kinase; MMP, matrix metal-
loprotease; COX, cyclooxygenase; iNOS, inducible nitric oxide synthase;
PBMC, peripheral blood mononuclear cells; VSMC, vascular smooth muscle
cells; HDL, high-density lipoprotein; TBARS, thiobarbituric acid reactive
substance; LDL, low-density lipoprotein; VLDL, very-low density lipopro-
tein; ASA, acetylsalicylic acid; PGI2, prostacyclin I2; AA, arachidonic acid;
GSH, glutathione; MDA, malondialdehyde; SOD, superoxide dismutase;
LDH, lactate dehydrogenase; ISO, isoproterenol; NAG, N-acetyl glucosa-
minidase; TGF-h1 transforming growth factor beta1; IL, interleukin; MS,
multiple sclerosis; CNS, central nervous system; EAE, experimental allergic
encephalomyelitis; STAT, signal transducers and activators of transcription;
HIV, human immunodeficiency virus; LTR, long terminal repeat; LMW
proteins, low-molecular-weight proteins; NSAIDs, nonsteroidal anti-inflam-
matory drugs; APP, amyloid precursor; 4-HNE, 4-hydroxy-2-nonenal; GST,
gluthathione S-transferase; ADR, Adriamycin; LDH, lactate dehydrogenase;
BLM, bleomycin; BAL, bronchoalveolar lavage; ACE, angiotensin-con-
verting enzyme; PQ, paraquat.
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I. INTRODUCTION

Chromolaena odorata (L.) R. King and H. Robinson (formerly Eupatorium
odoratum L.), a perennial belonging to the plant family Asteraceae (= Com-
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positae), is a diffuse, scrambling shrub that is mainly a weed of plantation
crops and pastures of southern Asia and western Africa. It forms a bush 3–7
meters in height when growing in the open (Fig. 1). Native to Mexico, the
West Indies, and tropical South America, it was spread widely by early navi-
gators. It is a weed of 13 crops in 23 countries (Holm, 1977).

Traditionally, fresh leaves and a decoction ofC. odorata have been used
throughout Vietnam for many years as well as in other tropical countries for
the treatment of leech bites, soft-tissue wounds, burn wounds, skin infection,
and dentoalveolitis (Le, 1995). A number of studies demonstrated that the
extract of the leaves of C. odorata inhibited the growth of bacteria (Pseu-
domonas aeroginosa, Escherichia coli, Staphylococcus aureus, and Neisseria
gonorrhoeae) (Le, 1995; Akah, 1990; Irobi, 1992; Caceres, 1995). Enhance-
ment of hemostasis and blood coagulation with use of C. odorata extract has
also been reported (Akah, 1990; Triaratana et al., 1991). A clinical trial of C.
odorata extract was conducted in the National Institute of Burns in Hanoi,
Vietnam between 1987 and 1991 on 136 patients with full-thickness wounds
and an average wound size of 79.9 cm2. The stimulatory effects of aC. odorata
extract on the formation of granulation tissue and wound reepithelialization
were demonstrated clinically and histologically (Le, 1995).

Experiments were conducted to investigate the effects of the C. odorata
extract on wound healing using different methodologies. This work illustrates
that plant-based medicines that are used by folk practitioners to improve
wound healing can be examined via scientific methods using cell culture
technology and in vitro wound-healing models.
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II. METHODOLOGY

A. Preparation of Crude Total Ethanol Extract

Fresh leaves ofC. odorata (10 kg) were collected, washed, and dried in the sun
for 5 days and then in a 45jC incubator for another 3 days. A 1-kg amount of
clean, dried leaves was powdered, divided into three batches, and then
extracted with 4000 mL of absolute ethanol in a Soxhlet apparatus for 12
hr per batch. Twelve liters of the ethanol fraction was evaporated under
vacuum using a Rotary Vacuum Evaporator, RE 100, Bibby, UK Chloro-
phyll, resin, and lipids were removed by Whatman paper filtration and by
extraction of the residue with petroleum ether in a Pyrex separating funnel.
This yielded 50 g, considered as the total ethanol extract, which was
lyophilized until the weight did not change using Hetotrap FD. 1.060-e, Heto
Lab Equipment, Denmark. The extract was then dissolved in 1000 mL of
distilled water. The aqueous portion was shaken with five portions of diethyl
ether to extract lipophilic substances. The diethyl ether was evaporated under
vacuum to yield 5 g of a thick yellow solution. For cell culture experiments,
the lipophilic extract was reconstituted in dimethylsulfoxide (DMSO; Sigma,
USA) (Fig. 2),whichwas adjusted to afinal volume in culturemedium<0.1%
(v/v). Various dilutions of the extract in the mediumwere prepared on the day
of the experiment.

B. Fractionation by Column Chromatography

The dry residue obtained from the diethyl ether extraction was fractionated
by column chromatography on silica gel 60 (Merck), using different propor-
tions of ethyl acetate/methanol as eluting solvents (Fig. 2). Three of four
fractions were found to be strongly antioxidant when tested on the cell culture
system.

C. Component Separation by Semipreparative
High-Performance Liquid Chromatography

The three antioxidant fractions obtained by column chromatographic frac-
tionation were labeled A, B, and C. Further separation of these fractions was
performed by high-performance liquid chromatography (HPLC) (Fig. 2).
Hewlett-Packard HPLC equipment with Diode Array Detection was used
(HP-1100). Separation was carried out using a C18 semipreparative column
(Hewlett-Packard) at room temperature. A mixture of methanol and water
was used as the mobile phase with a flow-rate of 2 mL/min. Detection took
place at the wavelengths of 254, 290, and 335 nm, and for the separations, 100
AL of each fraction was injected. Different fractions were collected and
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lyophilized for chemical analysis by analytical HPLC coupled with a diode
array detection (DAD) and atmospheric pressure chemical ionization mass
spectrometry (APCI-MS).

D. Cell Proliferation Assay

Fibroblasts, endothelial cell, or keratinocytes were seeded in growth media in
96-multiwell plates at a density of 1 � 103 cells/well for fibroblasts and
endothelial cells or 2� 103 cells/well for keratinocytes and incubated at 37jC
in a 5%CO2/95% air atmosphere for 24 hr or 48 hr. In these conditions, cells
recover from trypsinization subculture. After 24 hr, cells were switched to
basal media for another 48 hr. Then various concentrations of the plant
extract diluted in basal media were added to the cells. Two sets of cells fed with
basal or growth media without addition of the extract were considered as
negative or positive control, respectively. Cell growth was estimated byMTT
or cell-counting assays at different time intervals.
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FIGURE 2 Overview of the fraction and identification of the C. odorata plant
extract.
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E. Antioxidant Assay

Cultured fibroblasts and keratinocytes were employed in the in vitro expe-
riments to assess the protective effects of the extracts on cells against
oxidative-induced damage. Commercial hydrogen peroxide (H2O2) or hypo-
xanthine-xanthine oxidase (HX/XO), strong oxidant agents, were prepared
for addition to cells. Cells were seeded in growth media in 96-well plates at
high densities of 6000 cells/well or 10,000 cells/well and incubated at 37jC in
a 5% CO2/95% air atmosphere. Cells were grown to confluence. To inves-
tigate the protective or scavenging activities of plant extracts, cells were
washed with a buffer solution and the different concentrations of the extracts
and hydrogen peroxide (H2O2) or hypoxanthine-xanthine oxidase in serum-
free media were simultaneously added to the cells. The controls were normal
cell cultures without addition of extracts or oxidant agents and cells exposed
to oxidative damage without the presence of extracts. Cells were then in-
cubated for another 3 hr, washed twice with buffer solution, and fresh serum-
free media were dispensed to the wells. The MTT and LDH assays were used
for the assessment of both cell damage and the effects of the extracts on the
extent of oxidative damage.

F. In Vitro Wound Assay

This assaywas carried out as previously described (Phan et al., 2000a). Briefly,
human keratinocytes, either second or third passage (P2 or P3), were
trypsinised, seeded into 32-mm tissue culture dishes at densities from 5 �
105 to 8 � 105 cells/dish in KGM, and fed every 2 days until they reached
100% confluence. Medium was then replaced with RPMI/10% FCS. After 4
hr a scratch was made with a micropipette tip and cells were washed with PBS
to remove loosened debris. RPMI/2%FCS medium with or without the
extract (1–300 Ag/mL) was added to sets of two dishes per dose. Each dish
was oriented on the bottom of a six-well plate lid and fixed using SuperGlue 3.
For each scratch four consecutive fields were selected using the following
criteria: relatively little cell debris within the scratch; even scratch, with
straight edges; both edges visible under a single field using the �10 objective;
fields not too close to either end of the scratch, where distortions uncharac-
teristic of the main part of the scratch could be seen to occur during the
‘‘healing’’ process. The coordinates on the vernier scales of the microscope
stage were noted for every field.

A fiber optic camera linked to a VDU monitor and a video recorder
were attached to the inverted microscope (Leitz Diavert) using a C mount
with a 0.63 lens so that size of image on the monitor corresponded to that in
the field of the microscope. The condition of each field was recorded on
videotape at various intervals over periods up to 72 hr, as long as there was
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still a denuded area. Photographs of each field were also taken at the same
time points.

Analysis of the videoed fields was carried out using the Microscan
system (Fibre Optics Research). The average percentage of the initial area still
denuded was calculated for each treatment set for the total of eight fields per
set.

G. In Vitro Study of Effects of the Extract on Adhesion
Molecule and Matrix Production by Keratinocytes

First- or second-passage keratinocytes were seeded onto 12-well slides at a
density of 2� 103 cells/well in keratinocyte growth medium (KGM). After 48
hr themediumwas replaced by keratinocyte basal medium (KBM) containing
various concentrations of the extract, with one set being maintained in KGM
as a control. At 70–80% confluence, the slides were washed three times in
PBS, air-dried, and stored at �70jC until required for indirect immunoflu-
orescence. A standard indirect immunofluorescent technique was used to
determine the expression of the adhesion complex components and fibronec-
tin by cultured human kearinocytes maintained in KBM and treated with the
extract. A rhodamine counterstain used at a 1:40 dilution was added to the
fluorescent-labeled antimouse secondary antibody to reduce the nonspecific
green fluorescent background staining. Using this counterstain, cells not
expressing the antigen were a dull orange-brown color, while cells expressing
the protein of interest fluoresced green. Monoclonal antibodies were used to
detect the expression of laminin 1, laminin 5, collagen IV, fibronectin, integrin
a6, h1, h4, and tenascin. The negative controls were L15 tissue culture
medium and nonimmune ascites control fluid. Eight-micrometer cryostat
sections of normal human skin served as the tissue control for the specificity of
the monoclonal antibodies.

III. RESULTS AND DISCUSSION

A. C. odorata Extract Enhances Proliferation of Fibroblasts,
Keratinocytes, and Endothelial Cells (Phan et al.,
1998, 2001b)

This study showed that the extract from the leaves of C. odorata at concen-
trations of 10 Ag/mL and 100 Ag/mL enhanced the growth of fibroblasts and
endothelial cells. The extract at concentrations from 0.1 to 5 Ag/mL signif-
icantly stimulated the expansion of human keratinocyte colonies in mono-
layer in basal medium as it did in growth medium (Fig. 3). With increasing
doses of the extract, from 50 to 300 Ag/mL, colonies did not further expand,
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but cells tended to differentiate and form layers. Fibroblasts, endothelial cells,
and keratinocytes are indispensable in cutaneous tissue repair. Fibroblasts
and endothelial cells play very important roles in the initial phase of wound
healing. Fibroblasts migrate into the wound site 24 hr after injury. During this
phase of healing (4–21 days), fibroblasts are activated and undergo a burst of
proliferative and synthetic activity, producing high amounts of fibronectin,
and then synthesizing the other protein components of the extracellular
matrix, including collagen, elastin, and glycosaminoglycans. Fibroblasts also
contribute to the contraction of the wound (Cherry et al., 1994; Singer and
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FIGURE 3 Growth of human dermal fibroblasts (a, c) and epidermal keratino-
cytes (b, d) in monolayer by C. odorata extract, monitored under the light
microscope in basal medium with or without C. odorata extract (100�) on day
5 (a, c) or day 2 (b, d). Cells were stained with MTT to visualize living cells.
Fibroblasts in basal medium (a) and basal medium plus 100 Ag/mL extract (c).
Keratinocytes in basal medium (b) and basal medium plus 1 Ag/mL extract (d).
(With permission for reprint from Wound Repair and Regeneration and Plastic
and Reconstructive Surgery.)
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Clark, 1999). Endothelial cells play a key role in angiogenesis and are critical
mediators of the repair reaction. Their proliferation and organization into a
vascular network at the wound site, as well as their biosynthetic capacity, are
essential for the successful completion of tissue repair (Cherry et al., 1994;
Amenta et al., 1996). Keratinocytes are very important in reepithelialization
and wound closure. Keratinocytes are also known to produce a vast array of
cytokines and growth factors as well as adhesion molecules that regulate
fibroblast proliferation, angiogenesis, and formation of the basement mem-
brane zone (Cherry et al., 1994; Singer and Clark, 1999).

The results of these studies demonstrated that the C. odorata extract
promoted fibroblast, keratinocyte, and endothelial cell growth, and this could
explain in part the beneficial effects that have been observed.

B. C. odorata Extract Enhances Keratinocyte Migration
in an In Vitro Model of Wound Reepithelialization (Phan
et al., 2001b)

In this study, the effect of C. odorata extract on keratinocyte migration, an
important phenomenon in wound healing, was investigated in vitro. It was
shown that concentrations of extract from 5 to 60 Ag/mL always led to faster
migration of keratinocytes and closure of the scratch although there was not a
clear dose-dependent relationship (Fig. 4).

Until the wound is resurfaced by epithelium and the protective stratum
corneum is reestablished, the patient remains at risk of infection, and
continues to suffer loss of water, heat, nutrients, and others components
from the wound surface. Understanding the way in which reepithelialization
occurs is therefore obviously one of the most important aspects of wound
healing science. Reepithelialization involves both locomotion and prolifera-
tion of keratinocytes remaining in or around the wound site. The most
important sources of keratinocytes are the remaining hair follicles, sebaceous
and sweat glands, or the wound edge (Woodley, 1996). The increased
migration of human keratinocytes demonstrated in vitro might explain in
part the reepithelialization and closure enhancement of wounds treated with
C. odorata extract.

C. C. odorata Extract Upregulates Adhesion Complex Proteins
and Fibronectin Production by Human Keratinocytes
(Phan et al., 2000b)

This study demonstrated that the C. odorata extract increased the expression
of several components of the adhesion complex and of fibronectin by human
keratinocytes. Using indirect immunofluorescence, an increased expression
(dose-dependent) of laminin 1, laminin 5, collagen IV, and fibronectin was

5436-0_Packer_Ch37_R2_061804

MD: PACKER, JOB: 03277, PAGE: 820

Phan et al.820



found (Fig. 5). The expression of the h1 and h4 integrins was upregulated by
the extract at low concentrations (0.1 and 1 Ag/mL), but the expression was
decreased at higher doses of the extract (10–150 Ag/mL) (Fig. 5).

Extracellular matrix (ECM) and basement membrane zone (BMZ)
components as ‘‘adhesion’’ molecules serve several critical functions for
effective wound repair and are crucial to basal cell regeneration and wound
reepithelialization. BMZ components serve as a scaffold for tissue organi-
zation and as a template for tissue repair. These components are produced
and regulated by keratinocytes, fibroblasts, and cytokines (Uitto et al.,
1996).
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FIGURE 4 Reepithelialization of in vitro scratch wounds by C. odorata extract.
Phase-contrast micrographs of a single representative field immediately after
wounding. (a) and (b) Control and C. odorata extract treatment at 0 hr. (c) and
(d) Control and C. odorata extract treatment at 34 hr after wounding. Wound
reepithelialization was faster in the group treated with 10 Ag/mL extract (d).
(With permission for reprint from Wound Repair and Regeneration.)
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The adhesion complex proteins are essential to wound healing, espe-
cially to stabilized epithelium, and this effect of the C. odorata extract could
contribute to the clinical efficacy of the extract used for the treatment of burns
and wounds.

D. Investigation of Antioxidant Effects of C. odorata Extract
on Cultured Skin Cells from Oxidative Damage:
Identification of the Extract Active Compounds
(Phan et al., 2001a,d)

Oxidants are involved in burn injury and tissue repair. Oxygen free radicals
may contribute to further tissue damage in the events following skin injury
and an overabundance is known to impair the healing process. Antioxidants,
on the other hand, significantly prevent tissue damage and stimulate wound
healing. H2O2 and HX/XO were applied to a skin cell culture to serve as an in
vitro wound-healing model for oxidative damage and the protective antiox-
idant effects of C. odorata were tested on this model. With the use of total
crude extract, the concentrations at 400 Ag/mL and 800 Ag/mL showed
maximum and consistent protective effects against the oxidant toxification
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FIGURE 5 Enhanced expression and secretion of adhesion complex proteins and
fibronectin by human epidermal keratinocytes treated with C. odorata extract.
Magnification is at 400�. In vivo skin localization (indicated by arrows; e =
epidermis, d = dermis, e-d j = epidermal-dermal junction) of laminin 1 (a),
laminin 5 (d), collagen IV (g), fibronectin (j), h1 integrin (m), and h4 integrin (p).
There was no expression of laminin 1 in keratinocytes maintained in basal
medium (b). There was expression of laminin 1 in cells treated with 50 Ag/mL
extract (c). A little extracellular secretion of laminin 5 was maintained in basal
medium (e), this extracellular secretion increased and became more dense and
extensive with 50Ag/mL of C. odorata extract in culture medium (f). Collagen
IV, a structural protein of the epiderm-dermal junction, was only weakly
expressed by keratinocytes maintained in basal medium (h), but there was
increased expression and extracellular secretion by cells treated with 50 Ag/mL
extract (i). Only a few keratinocytes expressed fibronectin when maintained in
the basal medium (k), but there was a high increase in the expression and
extracellular secretion of fibronectin by keratinocytes treated with 50 Ag/mL
extract (l). There was very weak expression of the h1 integrin in keratinocytes
cultured in basal medium (m), but it was stimulated by C. odorata extract at 0.1
Ag/mL (p). h4 integrin, an important component of epidemal-dermal junction,
was expressed by keratinocytes in basal medium (q), but increased by cells
treated with 0.1 Ag/ml C. odorata extract. (With permission for reprint from the
European Journal of Dermatology.)
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of cells in low or high doses of oxidants. The 50-Ag/mL concentration also had
significant and slightly protective effects on fibroblasts against both H2O2-
and HX/XO-induced damage. For keratinocytes, the dose-dependent rela-
tionship of oxidant toxicity was seen only in H2O2 but the protective strength
of the extract correlated with the oxidant dosage. The extract at 400 Ag/mL
and 800 Ag/mL showed dose-dependent effects on both low and high
concentrations of oxidants. The concentration at 50 Ag/mL had no effect
on keratinocytes (Phan et al., 2001a).

In this study, H2O2- and HX/XO- generated superoxides (O2�) were
employed as an in vitro model to cause cultured skin cell injury, on which the
protective effects of the C. odorata extract fractions were assessed.

The effects of column fractions from the extract on human dermal
fibroblasts and epidermal keratinocytes, which are pivotal and crucial in
cutaneous wound repair, were further evaluated. Hydrogen peroxide and
superoxide radicals generated by the HX/XO reactions were employed to
induce oxidative stress to in vitro cell cultures. The cytotoxicity of the
oxidants and the protective effects of the extracts were indirectly assessed
via cell viability. The most active antioxidant compounds were also identified
using HPLC and LC-MS technology. Fractions B and C consistently showed
the most protective effects on skin cell cultures injured by hydrogen peroxide
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FIGURE 6 Protective effect of the column fractions of C. odorata extract on
H2O2 and xanthine-oxidase-induced damage to human dermal fibroblasts. Cells
were incubated for 3 hr at 37jC with 2 � 10�4 mol/L H2O2 (6A) or 2 � 10�2

units/mL xanthine oxidase (b) with or without fractions. Cells were then
washed and assayed by the MTT assay. Bars represent mean F SEM of seven
wells. Comparison with cells exposed to generated oxidants with or without
fractions is indicated (p < .001). Fractions B and C show perfect protection on
fibroblasts injured by oxidants.

Protective effect of the column fractions of C. odorata extract on H2O2

and xanthine-oxidase-induced damage to human epidermal keratinocytes. Cells
were incubated for 3 hr at 37jC with 2 � 10�4 mol/L H2O2 (c) or 2 � 10�2

units/ml xanthine oxidase (d) with or without fractions. Cells were then washed
and assayed by the MTT assay. Bars represent mean F SEM of seven wells.
Comparison with cells exposed to generated oxidants with or without fractions
is indicated. Fractions A, B, and C show good or almost complete protection on
keratinocytes injured by oxidants (p < .001, .05, respectively).

Human keratinocytes exposed to hydrogen peroxide damage without
(e) or with (f) C. odorata protection. (e) Keratinocytes were killed under toxicity
of hydrogen peroxide. (f) Keratinocytes were protected by C. odorata extract
fraction. (With permission for reprint from the Biological and Pharmacological
Bulletin.)
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and superoxide radicals in vitro (Fig. 6). Chemical analysis of these fractions
(see Table 1) indicated that the major constituents in fraction B were p-
coumaric acid ( p-CA=4-hydroxycinnamic acid) and p-hydroxybenzoic acid
( p-HBA= 4-hydroxybenzoic acid) and that the major compound in fraction
C was protocatechuic acid (PCA = 3,4-dihydroxybenzoic acid). Minor
compounds in fraction B were ferulic acid (FA = 4-hydroxy-3-methoxycin-
namic acid) and vanillic acid (VA=4-hydroxy-3-methoxybenzoic acid) and a
tetrahydroxy-monomethoxyflavanone. The same flavanone, VA and p-CA,
were minor constituents in fraction C. p-HBA is an important natural
antioxidant. It is well established as an in vitro effective hydroxyl radical
scavenger and has Trolox equivalent antioxidant activity (TEAC) (Rice-
Evans et al., 1996; Ohsugi et al., 1999). Other published pharmacological
characteristics of p-HBA are antibacterial and hypoglycemic properties
(Orjala et al., 1993; Cho et al., 1998). The presence of p-HBA in the extract
can account for its bacterial-growth inhibition in human wounds observed
previously by clinical researchers.
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Another hydroxybenzoic acid, protocatechuic acid (PCA), was detected
in fraction C of the extract as a major compound. PCA also is a strongly
antioxidant phenolic acid. A number of reports described PCA as a potential
chemopreventive agent against carcinogenesis and tumor promotions
(Tanaka et al., 1995). PCA isolated from traditional herbal medicines showed
strong inhibitory activity against superoxide anion radical (O2�) (Ohsugi
et al., 1999). PCA was also found to have similar protective effects as caffeic
acid in terms of exhibition of potent protection on cultured endothelial cells
against oxidized low-density lipoproteins (Vieira et al., 1998). In the studies of
a polyphenolic extract from Cudrania cochinchinesis, another medicinal plant
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for wound healing, PCA was the major constituent and was speculated to be
responsible for protection of fibroblasts and endothelial cells against hydro-
gen peroxide– and HX/XO-induced damage and to be a stimulator of
fibroblast proliferation (Tran et al., 1997). A third hydroxybenzoic acid,
vanillic acid (VA), was found in both fractions B and C. This compound has
anti-inflammatory activity in vitro (Harborne et al., 1999).

The C. odorata extract also contains two hydroxycinnamic acid deriv-
atives, p-coumaric acid ( p-CA) and ferulic acid (FA). p-CA is a major
constituent in fraction B and a minor one in fraction C. Hydroxycinnamic
acids such as p-CA, FA, and caffeic and chlorogenic acids are among the
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most widely distributed phenylpropanoids in plant tissues (Rice-Evans et al.,
1996) and their biological activities have been widely investigated. They are
potential chemopreventive agents against carcinogenesis and tumor growth
(Rice-Evans et al., 1996) and they are also recognized to be strong free-
radical scavengers to hydroxyl radicals (Rice-Evans et al., 1996; Zang et al.,
2000).

Hydroxycinnamic acid derivatives were also found to be effective
inhibitors of xanthine oxidase. The phenolic OH group, present in their
molecules, displays an important contribution to the XO-inhibitory activities.
The absence of this group in the molecule induces the reduction of the
inhibition on XO (Chang et al., 1994; Chan et al., 1995). Other antioxidant
activities of hydroxycinnamic acid derivatives have been reported. They were
able to scavenge reactive species of oxygen and nitrogen (Nakayama, 1994;
Harborne et al., 1999). The presence of representatives of two groups of
antioxidant phenolic acids (hydroxybenzoic and hydroxycinnamic acids) in
fractions B and C can account for their strong inhibition of the cytotoxicity of
superoxide radicals and hydrogen peroxide (H2O2).

To investigate the synergistic effect of theC. odorata lipophilic fractions
on skin cells, solutions of pure p-HBA, PCA, p-CA, andFA (Sigma) in similar
concentrations to those of C. odorata fractions were applied on fibroblasts
and keratinocytes injured byH2O2 orHX/XO.No protection was observed in
these experiments, suggesting that the single compounds provided less effect
than themixture of compounds in theC. odorata fractions. On the other hand,
phenolic compounds in the extract worked in a synergistic manner to protect
skin cells from oxidative damage, leading to enhanced healing.

Two well-known antioxidant compounds, a-tocopherol and curcumin
(Sigma), were also tested in comparison with C. odorata fractions. The a-
tocopherol solution, at the same concentrations as the extract fractions,
showed about 50% less protective effects on skin cells than fractions B and
C. Curcumin has strong protective effect on fibroblasts and keratinocytes
against H2O2 damage. But there was no effect on HX/XO-induced damage
(Phan et al., 2001c).

Fraction A contained mostly methoxylated flavonoids (flavonols, fla-
vanones, flavones, and a chalcone, see Table 1). Although a variety of
different flavonoids had already been reported from C. odorata (Barua et
al., 1978; Triaratana et al., 1991), our present investigations revealed that
many more are present in the plant, especially flavanones. Some of the
compounds have been demonstrated earlier to be responsible for the hemo-
static effect of theC. odorata extract (Triaratana et al., 1991). The presence in
fraction A of tamarixetin and kaempferide, which are the 4V-methyl ethers of
the well-known antioxidant and anti-inflammatory flavonols quercetin and
kaempferol, and of small amounts of protocatechuic acid can explain some of
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the protective effects on keratinocytes injured by superoxide radicals and
H2O2. These mixtures of phenolic compounds in the lipophilic fractions ofC.
odorata are likely to be themajor contributors to the antioxidant properties of
this plant species. In addition, kaempferide has been reported to inhibit
inflammation induced by tumor-promoting phorbol esters, and the flavone
eupatilin, which is also present in fraction A, selectively inhibits 5-lipoxygen-
ase of cultured mastocytoma cells (Harborne et al., 1999).

It has been scientifically demonstrated that the extract ofC. odorata has
therapeutic properties in some aspects of wound healing. The results of this
study suggest that one of the possible mechanisms by which C. odorata
contributes to wound healing could be the antioxidant effect of the phenolics
present. PCA, p-HBA, also the p-CA, FA, and VA, the major constituents of
fractions B and C, are also the main active compounds of many medicinal
plants including plants for wound healing, and many biological activities and
potential therapeutic applications of these compounds have been reported.
Although these compounds are not new, this is the first time, to our
knowledge, that these acids were identified in an extract of C. odorata and
demonstrated to be responsible for the protection of cultured skin cells
against oxidative damage. The flavonoids identified in the various fractions
are likely to have a synergistic effect.

IV. CONCLUSION

Crude extract ofC. odorata has been used successfully for treating wounds. In
this study, the therapeutic properties of the C. odorata extract were demon-
strated scientifically with:

enhanced proliferation of fibroblasts, endothelial cell, and keratino-
cytes;

stimulation of keratinocyte migration;
upregulation of keratinocyte production of extracellular matrix
proteins and basement membrane components;

protection of skin cells against oxidative damage;
antioxidant effects of a mixture of phenolic compounds found in the
extract

The activities shown in this study provide an important scientific basis for
understanding how theC. odorata extract could have benefitedwound healing
in vivo and leads to further speculation that these properties could explain the
observed enhancement of wound healing. These findings also provide a
rationale for the wide use of C. odorata preparations in tropical countries
to treat burns and wounds, regardless of income and status, with the potential
to improve the quality of life of patients at low cost.

5436-0_Packer_Ch37_R2_061804

MD: PACKER, JOB: 03277, PAGE: 833

Chromolaena odorata Extract 833



The clinical efficacy of this plant extract or its preparations should be
further investigated by prospective, randomized, controlled trials. Perhaps a
new potent agent for wound healing could be developed from this plant
extract.

ABBREVIATIONS

APCI-MS Atmospheric pressure chemical ionization mass spectrom-
etry

ChA Chlorogenic acid
CID Collision induced dissociation
DAD Diode array detection
DMF N,N-Dimethyformamide
DMEM Dulbecco’s modified eagle medium
FA Ferulic acid
FCS Fetal calf serum
HBSS Hanks’ balanced salt solution
HPLC High-performance liquid chromatography
H2O2 Hydrogen peroxide
HX-XO Hypoxanthine-xanthine oxidase
KBM Keratinocyte basal medium
KGM Keratinocyte growth medium
MTT [3-(4,5-Dimethylthiazol-2-yl)2,5-diphenyltetrazolium bro-

mide]
PBS Phosphate-buffered saline
PCA Protocatechuic acid
p-CA para-Coumaric acid
p-HBA para-Hydroxybenzoic acid
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Medicinal Properties of Eucommia
Bark and Leaves
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I. INTRODUCTION

Eucommia ulmoidesOliver (Du-Zhong) (EU), of the family Eucommiacaea, is
a large deciduous tree originating in China. The bark of the tree (commonly
referred to as cortex eucommiae) has been used as a natural medicine since
ancient times in China (1,2). Currently, the herb is widely used as decoctions
or commercially manufactured pills, essences, and extracts in Chinese com-
munities worldwide especially in mainland China, Taiwan, Hong Kong, and
Singapore. In Japan, dried eucommia leaves are consumed commonly as
Tochu tea. The trunk bark of E. ulcommia ulmoidesOli is produced mainly in
the Sichuan, Yunnan, Guizhou, Hubei, and Shanxi provinces of China. The
bark is stripped off between April and June. After the coarse outer corky layer
is scraped off, the bark pieces are piled up until the inner surface becomes
purplish-brown and then dried in the sun. The large bark is cut into segments
and stir-baked with salt. This herb is called fried ‘‘eucommia bark’’ or
‘‘eucommia bark charcoal.’’ The herb appears as flattened pieces that are
3–7 mm thick. The outer surface of the bark is fissured longitudinally. Pieces
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are easily broken from the bark and such pieces are linked by fine, dense
silvery and elastic rubber bands. The tree has been cultivated for its rubber.

II. CLASSIC ACTION AND USES

In ancient pharmacopoeia, the herb is used to tonify the liver and kidney, to
strengthen bones and tendons, and to prevent miscarriage (1,2). Decoctions
of eucommia bark have been used for, among other things, the relief of back
pain, to increase strength, to make bones and muscles strong, to increase
recovery from fatigue, to increase ability to remember, and to induce an
antiaging effect. It is prepared as Du-Zhong tincture (5 or 100%), 1–5 mL
taken orally thrice daily. It is frequently formulated with ginseng, Cordyceps,
angelica root, and many other herbs (3). Ingestion of EU bark and leaves and
their extracts has not been reported to induce any known side effects.

A. Formulation

A synergistic effect by using the leaves of E. ulmoides Oliver, Eucomiaceae
(Du-Zhong leaf) and the roots of Panax ginseng C. A. Meyer (Ginseng) has
been reported (4). The formula consists of amounts that exert no effect when
used individually. Several formula ratios of ginseng and Du-Zhong leaf, 1:1,
1:2, 1:3, and 1:4, were tested. It was demonstrated that the formula ratio of
ginseng to Du-Zhong leaf of 1:3 was the most effective for stimulation of col-
lagen synthesis and prevention of decreased protein metabolism in aging (4).

III. CHEMISTRY

The herb contains irridoids, phenols (pyrogallol, protocatechuic acid, and p-
trans-coumaric acid), tannins, coumarin, lactones and their glycosides,
alkaloids, triterpenes, saponins, (+)-pinoresinol-di-O-h-D-glucopyranoside,
catechol, 3-(3-hydroxyphenyl)propionic acid, dihydrocaffeic acid, guiacygly-
cerol, trans-4-hydroxycyclohexane-1-carboxylic acid resins, long-chain poly-
trans prenols (>9mers), ajugoside, reptoside, harpagide acetate (C26H32O12),
other organic acids, and some alkaloids (5–9). Among the constituents, irri-
doids are considered to be bioactive; these include geniposidic acid, genipo-
side, asperulosidic acid, deacetyl asperulosidic acid, asperuloside, and their
glycoxylated derivatives such as encommiol (C9H16O4) and 1-deoxyeucom-
miol and aucubin (C15H22O9). Three percent of the leaf contains cholorogenic
acid. The biological actions of many of these compounds have not been
investigated.
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A. Effect of Processing

Processing affects the chemical composition of the herb. Concentrations of
compounds in eucommia are influenced by the area where it is produced,
harvest time, and treatment after harvesting. Thus the content of pinoresinol
diglucoside in postprocessed bark is higher than that in preprocessed bark
(10). Leaves collected from June to September had an aucubin content that
was 2.5% higher than at other times (11). On the other hand, geniposidic acid
concentration was 5.5% higher in June and July. Since leaves are usually
harvested in October and November, the levels of the suspected bioactives,
aucubin and geniposidic acid, are actually lowest in marketed Tochu leaves.

IV. TOXICITY AND DRUG METABOLISM

When the dose of geniposide was higher than 50 mg/kg/day, toxicity was
encountered in rat models (12). Eucommia leaf extracts also increased the
activities of cytochrome P450 and carboxylesterase and accelerated detoxifi-
cation of an organophosphorus insecticide, chlorpyrifos, in the livers of mice
pretreated with the herbal extract (13). This increase in liver metabolism may
have implications for other ingested drugs that are metabolized in the liver.

V. BIOLOGICAL ACTIONS

Modern research on the mode of action of eucommia has been performed in
only limited number of laboratories, most notably from the group at Nihon
University, Chiba, Japan (4,5,12,14–18). Efforts have focused on verifying the
basis of the herb’s traditional use to strengthen bone and muscles. More
modern approaches include studies on its potential applications as an
antimutagenic agent, as an antioxidant, antihypertensive, hypocholesterole-
mic agent, and also as an antibiotic against bacteria, fungi, and viruses.

A. Muscle Strength, Stamina, Collagen Metabolism

It has been noted that themuscles of eels fed Tochu leaf powder were 1.8 times
harder than those of the controls (19). Although the component analysis
showed no difference in moisture, lipid, or protein content between the mus-
cles of control and Tochu-fed eels, there was a great difference in the amount
of muscle protein stroma fraction that consisted of collagen. The perimysium
and endomysium of the muscle was observed microscopically to be firm and
thick compared to control. The administration of E. ulmoides Oliver leaf
along with light intensity training was reported to enhance the ability of a
muscle to resist fatigue in rat studies (16). Mechanical training and the use of
EU leaf extracts cooperatively can increase the ability of rats to avoid lactate
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accumulation in skeletal muscle, and the administration of the EU leaf along
with light intensity training enhances the ability of a muscle to resist fatigue.
EU leaves contain compounds similar to the bark and are reported to have
similar pharmacological effects. Since irridoid monoglycosides, such as
geniposidic acid and aucubin, in EU can stimulate collagen synthesis in aged
model rats (15), it is thought that the active compounds are actually
geniposidic acid or aucubin (17).

Granuloma maturation and deposition of collagen in the granuloma of
rats were also reported to be improved by the oral administration of E.
ulmoides Oliver leaf (12). Granuloma formation, induced by the formalin-
soaked filter-paper-pellet method, was significantly increased owing to inges-
tion of the dried leaf at a dose of 1.8 g/kg of body weight/day. The collagen
content in the granuloma was also significantly increased. In the case of the
collagen profile, the pepsin-solubilized collagen content and its relative
percentage of the total collagen were significantly higher than in the control.
Histochemical examination showed that the granuloma tissues were well
developed and displayed many newly synthesized capillary vessels and a
greater quantity of fibroblasts and monocytes in the 1.8-g-leaf group. High-
density-lipoprotein (HDL) cholesterol and triglyceride content in the blood
plasmawere significantly higher than in the control. These results suggest that
granuloma maturation was accelerated and the energy was supplied from
fatty acidmetabolism. Eucommiol, amain component in the water fraction of
the methanol extract, was found to be the effective compound and geniposidic
acid and aucubin were the main effective compounds in the leaf for collagen
synthesis. The administration of geniposidic acid or aucubin stimulated
collagen synthesis in aged model rats (18) Thus administration of E. ulmoides
Oliver leaf may be effective in speeding up the wound-healing process.

B. Antimutagenic Activity

Crude extracts of Tochu tea were able to suppress the induction of chromo-
some aberrations in CHO cells and mice (7). When CHO cells were treated
with Tochu tea crude extract after MMC treatment, the frequency of
chromosome aberrations was reduced. Of 17 Tochu tea components, five
irridoids (geniposidic acid, geniposide, asperulosidic acid, deacetyl asperulo-
sidic acid, and asperuloside) and three phenols (pyrogallol, protocatechuic
acid, and p-trans-coumaric acid) were found to have anticlastogenic activity.
Since the anticlastogenic irridoids had an a-unsaturated carbonyl group, this
structure was considered to play an important role in the anticlastogenicity
(protective effect against chromosomal aberrations). Themutagenic potential
of eucommia was studied with the Ames test (20). E. ulmoides Oliver was
found to significantly induce His+ revertants in Salmonella typhimurium
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TA98 and/or TA100. The mutagenicity of Tochu tea in the urine before and
after ingestion of raw fish and cooked beef had been studied using S.
typhimuriumYG1024 (21). Urine samples were examined from seven healthy,
nonsmoking Japanese women before and after ingestion of raw fish and
cooked beef. The mutagenicity of urine from the Tochu-tea-drinking group
was much lower. Similar results were observed when the women switched
groups; the tea-drinking group became the control group, and the control
group became the Tochu-tea-drinking group. Again, the mutagenicity of
urine collected from the Tochu-tea-drinking group was much lower. These
results suggest that the decrease in the mutagenicity of the urine from the
Tochu-tea-drinking group was due to the intake of Tochu tea, suggesting that
the ingestion of Tochu tea may reduce human exposure to dietary mutagens.

C. Antioxidant Action

The molecular mechanism of this antimutagenic activity may be related to its
reported antioxidant properties. Leaf extract of Du-Zhong had an inhibitory
effect on oxidative damage in biomolecules such as deoxyribose, DNA, and
2V-deoxyguanosine (2V-dG) as induced by the Fenton reaction (22). All of the
Du-Zhong extract inhibited the oxidation of deoxyribose induced by Fe(3+)-
EDTA/H2O2/ascorbic acid in a concentration-dependent manner. At a
concentration of 1.14 mg/mL, the inhibitory effect of the extracts of leaves,
roasted cortex, and raw cortex was 85.2%, 68.0%, and 49.3%, respectively.
The extract of leaves inhibited the strand breaking of DNA induced by the
Fenton reaction at concentrations of 5 and 10 Ag/AL. The leaf extract had a
marked inhibitory effect on Fenton-reaction-induced oxidative damage in
biomolecules. The extract of roasted cortex exhibited modest inhibition while
the extract of raw cortex had the least inhibitory effect on oxidative damage in
biomolecules. This is in contrast to gallic acid in the same reaction system,
whose higher reducing power and weaker chelating ability may contribute to
its pro-oxidant effect. Biologically active compounds from Du-Zhong leaves,
raw cortex, and roasted cortex demonstrated free-radical or reactive oxygen
species (ROS)-scavenging effect (23). The hot-water extract of Du-Zhong
leaves showed marked activity as a ROS scavenger, and the scavenging effect
was concentration-dependent. The extract of roasted cortex exhibited a
modest scavenging effect on ROS, while the extract of raw cortex had the
weakest scavenging effect. The scavenging activity of Du-Zhong extract on
ROS was correlated to its protocatechuic acid (PCA) content. The content of
PCA in Du-Zhong determined by HPLC followed the order of leaves (17.17
mg/g)> roasted cortex (2.99 mg/g)> raw cortex (1.16 mg/g). The inhibitory
activity of leaf extract of Du-Zhong was stronger than that of PCA on the
peroxidation of linoleic acid at the same concentration of 0.1 mg/mL. The
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results indicate that extract of Du-Zhong could possibly act as a prophylactic
agent to prevent free-radical-related diseases. Therefore, drinking of Du-
Zhong tea over a long period of timemay have anticancer potential because of
this antioxidant activity.

D. Lipid Metabolism

Du-Zhong leaf extract can suppress significantly the high-fat-diet-induced
increases in serum cholesterol and serum triacyglyerol in animal models. The
herb was able to suppress diet-induced increases in VLDL and LDL lipol-
proteins, suggesting the leaf extract may be beneficial for the regulation of
hyperlipedimia (14). In another study, administration of 5% Tochu leaf
powder was reported to markedly prevent the elevation of serum total
cholesterol in a stroke-prone, spontaneously hypertensive rat fed a high-fat-
and-high-cholesterol diet (24). High-density lipoprotein (HDL) cholesterol
and triglyceride content in the blood plasma were significantly higher than in
the control.

E. Antihypertensive Effect

The herb has reported antihypertensive effects that are mild but long in
duration (25). It acts centrally and its effects can be reduced by atropine or
vagotomy. In low doses it can dilate the peripheral vessels while in high doses
it causes vasoconstriction. The herb also has a diuretic effect. The major
antihypertensive principle was thought to be pinoresinol diglucoside (26).

F. Antiviral

The alkaline extract of Du-Zhong tea leaves was reported to suppress HIV-
induced cytopathicity using HIV (HTLV-III)-infected MT-4 cells, having
extremely low cytotoxicity (27). Its 50% effective concentration (EC50) was
12–67 Ag/mL, while 50% cytotoxic concentration (CC50) was higher than 1.0
mg/mL. The authors suggest that HIV infection may be suppressed by daily
intake of the alkaline extract of Du-Zhong tea.

G. Antifungal Activity

Antifungal peptides have been purified from the bark of E. ulmoides Oliver
(28). Their primary structures consists of 41 residues with a N-terminal
blockage by pyroglutamic acid and all contain 10 cysteines, which are
cross-linked to form five disulfide bridges with a pairing pattern (C1–C5,
C2–C9, C3–C6, C4–C7, C8–C10). They exhibit relatively broad spectra of
antifungal activities against eight pathogenic fungi from cotton, wheat,
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potato, tomato, and tobacco. Their inhibition activity can be effective on both
chitin-containing and chitin-free fungi. The values of IC50 range from 35 to
155 Ag/mL for EAFP1 and from 18 to 109 Ag/mL for EAFP2. Their
antifungal effects are strongly antagonized by calcium ions. Five active
principles against yeast enzyme were isolated and characterized. Among
them, quercetin was considered to contribute mostly to the activity of the
Tochu leaves (29).

H. Other Effects

a-Glucosidase inhibitory activity was found in aqueous methanol extracts of
Tochu-cha, (29) and anticomplementary activities of its constituents have
beendescribed (30). Inhibition of adenosine 3V,5V-cyclicmonophosphate phos-
phodiesterase by lignan glucosides of eucommia bark had been reported (31).

VI. SUMMARY

Although Du-Zhong and Tochu tea have been used for millennia alone, and
as part of complex formulations with other herbs, no clinical studies on their
effects have been conducted using modern scientific methods. Some of their
chemical constituents have been characterized, and a limited number of cell
and animal studies have been performed to establish their physiological
effects. These animal models suggest that crude extracts of these herbs may
increase muscle bulk and stamina and improve collagen deposition and
maturation. Antimutagenic, antioxidant, antihypertensive, antiviral, and
antifungal properties have been reported in cell and animal studies. The lack
of modern human studies makes it difficult to comment on the safety and
efficacy of these herbs when used as medicinal drugs.
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Systematic Reviews of Herbal
Medicinal Products
Doing More Good Than Harm?
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Devon, England

I. INTRODUCTION

Herbal medicinal products (HMPs) are medicines that exclusively contain
plant material. Single chemicals isolated from plants (e.g., morphine) are not
considered to be HMPs. HMPs usually contain several pharmacologically
active constituents, and most herbalists believe that they act synergistically to
achieve healing.WithmanyHMPs it is not knownwhat these constituents are.

Between 1990 and 1997, the usage of HMPs by the general U.S.
population increased by 380%—in 1990 the 1-year prevalence was 2.5%
and in 1997 it had risen to 12.1% (1). According to these survey data, HMPs
were most commonly employed for allergies, insomnia as well as respiratory
and digestive problems. In 1997, the out-of-pocket expenditure in the United
States was estimated at $5.1 billion (1). In 1999, the North American market
for supplements amounted to $14.5 billion and the global market for HMPs
was around $19 billion (2). In England, medical herbalism is one of the most
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popular forms of all complementary medicine (3), and in Germany some 65%
of the general population use HMPs each year (4).

These data clearly show that the acceptance of herbal medicine is again
high. But acceptance must not be confused with evidence of efficacy or safety.
Herbalists sometimes assume that no scientific evidence is required and claim
that the remarkable popularity of HMPs is sufficient proof of their effective-
ness and safety. The public is often led to believe that ‘‘the test of time’’ has
proven HMPs to be effective and safe: could the use of HMPs otherwise have
survived for hundreds, even thousands, of years? Yet we know that the ‘‘test
of time’’ is less than reliable (5):

A treatment might have changed over time (e.g., a change in the source
of raw material or production process can impact on the pharmaco-
logical properties of an HMP).

New routes of administration may be associated with new risks.
Interactions could exist with new conventional treatments.
A given HMP may have been used safely for one indication but current
use for other conditions may not necessarily be risk-free.

Today’s users of HMPs may have different characteristics than people
hundreds of years ago (e.g., different lifestyles, diets, or concomitant
diseases).

Proof of efficacy should come from (placebo-controlled, double-blind)
randomized clinical trials (RCTs). Many such tests of HMPs are now
available. Unfortunately, their results are rarely totally uniform. The best
way to generate an unbiased overall finding is to conduct systematic reviews
and meta-analyses of RCTs, an approach that minimizes both random and
selection biases.

This chapter is an attempt to conduct risk-benefit assessments based on
such evidence. It will be confined to a selection of HMPs only. For more
extensive analyses, the reader is referred to other sources (6,7).

II. ECHINACEA (E. PURPUREA, E. PALLIDA,
E. AUGUSTIFOLIA)

Today oral HMPs of echinacea are used predominantly for the prevention
and treatment of the common cold. A systematic review (8) included 16RCTs
with a total of 3396 participants. Five of the RCTs were placebo-controlled.
Their methodological quality was variable but, on average, satisfactory.
Results suggested that some echinacea preparations have an effect over and
above that of placebo. Unfortunately, the trials were highly heterogeneous in
many respects. No clear evidence emerged for one echinacea species being
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superior to another. The authors of the systematic review concluded that
‘‘there is, to date, insufficient evidence to recommend a specific Echinacea
product, or Echinacea preparation, in the treatment or prevention of the
common cold’’ (8).

No systematic review of the safety of echinacea has yet been published.
Few adverse effects are on record. The most frequent ones relate to allergic
reactions, which can occasionally be severe (anaphylactic shock) but are
probably rare. As an immunostimulant, echinacea could theoretically de-
crease the effects of immunosuppressants (7), but no case reports have been
published where this has resulted in clinical problems.

Weighing the known risks against the benefits, it is concluded that some
encouraging, albeit not compelling, evidence supports the use of echinacea
HMPs for the treatment and prevention of the common cold. Its use seems
most promising in the very early stages of the condition. In view of its
apparent safety, echinacea seems worthy of further research. To date the
evidence is, however, not strong enough to recommend any echinacea HMP
for routine use.

III. GARLIC (ALLIUM SATIVUM )

Traditionally garlic has been used for a wide range of conditions, e.g., the
common cold and other infections. Today, the main indication for garlic is
hypercholesterolemia. A recent meta-analysis (9) included 13 placebo-con-
trolled, double-blind RCTs with a total of 806 patients with hypercholester-
olemia. The methodological quality of these studies was good (Jadad score
3–5). The results of the meta-analysis demonstrated a weighted mean
difference of�15.7 mg/dL (95% CI=�25.6 to�5.7). For the most rigorous
RCTs, the effect size was only �9.4 mg/dL and not any longer statistically
significant. Our overall conclusion therefore was ‘‘garlic is superior to
placebo. . .but the effect is modest and of debatable clinical relevance’’ (9).

No systematic review of the safety of garlic is currently available. The
most frequent adverse effects are mild and transient; they include body
odor, allergic reactions, nausea, heartburn, and flatulence. Garlic has
antiplatelet activity and can therefore increase the effect of anticoagulants,
which, in rare cases, has been associated with bleeding. For the same reason,
it seems prudent to discontinue garlic medication several days before major
surgery (7).

Despite the relatively small effect on total cholesterol the benefits of
garlic may well outweigh its risk. This is true particularly because garlic has a
range of further beneficial actions on the cardiovascular system, including
effects on blood pressure, coagulation factors, and arterial compliance (7).

Systematic Reviews of HMPs 849



5436-0_Packer_Ch39_R2_061804

MD: PACKER, JOB: 03277, PAGE: 850

IV. GINKGO (GINKGO BILOBA)

Ginkgo is used for a range of indications, most importantly perhaps for
vascular dementia and Alzheimer’s disease. A systematic review (10) included
nine double-blind RCTs with a total of 606 patients suffering from dementia.
Themethodological quality of these studies was on average good (Jadad score
3–5). The dosage regimen varied by more than 100%. All but one of the nine
trials yielded positive findings, and our overall judgment was therefore
optimistic: ‘‘findings are encouraging and warrant independent, large scale
confirmatory and comparative trials’’ (10). The question whether ginkgo
enhances cognitive function in healthy subjects where it is not impaired, is still
controversial. Both positive and negative answers have so far been provided
by RCTs.

No systematic review of the safety of ginkgo has yet been published.
Adverse effects are rare, usually transient, and mild; they include gastroin-
testinal disturbances, diarrhea, vomiting, allergic reactions, pruritus, head-
ache, dizziness, and nosebleeds. Ginkgo also has antiplatelet effects and
therefore the same cautions apply as for garlic (7).

On balance, this collective evidence suggests that the risk-benefit profile
of ginkgo is encouraging. There are few risks with proper use and the potential
benefit for dementia patients is substantial.

V. HAWTHORN (CRATAEGUS)

A recent meta-analysis pooled data from 13 placebo-controlled, double-
blind RCTs of hawthorn as a treatment of congestive heart failure (CHF)
(11). Eight trials could be submitted to a meta-analysis. They included a total
of 632 patients suffering from CHF, NYHA Class I–III. A significant
differential effect was found for maximal workload in favor of hawthorn
compared to placebo (weighted mean difference 6.9 WaH, 95% confidence
interval = 2.6–11.1). The pressure–heart rate product and subjective symp-
toms showed similar positive effects. Our conclusion therefore was that ‘‘the
best evidence available to date suggests significant positive effects compared
with placebo in patients receiving hawthorn extract as an adjunctive
treatment for CHF.’’

No systematic review of the risks of hawthorn is currently available. The
adverse effects include nausea, dizziness, fatigue, and sweating. Hawthorn
contains cardiac glycosides; thus it may cause problems when combined with
other such drugs, e.g., digitalis. In high doses sedation, hypotension, or ar-
rhythmias can occur. With excessive doses respiratory failure may develop
(7).

On balance, hawthorn is a powerfulmedicinal herb that can both benefit
and harm patients. CHF is a serious condition that is not normally self-
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diagnosable. Hawthorn extracts should therefore be prescribed only by
doctors experienced in using this herbal medicine.

VI. HORSE CHESTNUT SEED EXTRACT
(AESCULUS HIPPOCASTANUM)

Horse chestnut seed extracts are often used for chronic venous insufficiency
(CVI). A systematic review (12) included eight placebo-controlled trials and
five trials conducted against reference treatments. They included a total of
1083 patients with CVI of moderate severity. The methodological quality of
these trials was on average good (Jadad score = 3–5). The overall results
indicated that active treatment is significantlymore effective than placebo and
equivalent to reference treatments. Both objective signs and subjective
symptoms responded to treatment. On the basis of these findings we con-
cluded that ‘‘horse chestnut seed extract is superior to placebo and as effective
as reference medications in alleviating the objective signs and subjective
symptoms of CVI’’ (12).

To date no systematic review has addressed the safety of horse chestnut
seed extract. Adverse effects include pruritus, nausea, gastrointestinal upset,
bleeding, nephropathy, and allergic reactions. Horse chestnut seed extract
may increase the effects of anticoagulants and should therefore be discon-
tinued before major surgery (7).

On balance, the benefits of horse chestnut seed extracts seem to
outweigh its risks, which are rare and usually minor. The standard treatment
for CVI is, of course, external compression (i.e., compression stockings).
Compliance with this treatment is, however, notoriously poor. Thus horse
chestnut seed extracts could play an important role in the treatment of this
condition.

VII. KAVA (PIPER METHYSTICUM FORST)

Kava is used mostly for the symptomatic treatment of anxiety. A systematic
review (13) included seven placebo-controlled, double-blind RCTs with a
total of 477 patients. The methodological quality of these studies was on
average good (Jadad score= 2–5). All trials yielded positive results (weighted
mean difference was 9.69, 95% CI= 3.54–15.83). Comparative trials suggest
therapeutic equivalence with synthetic anxiolytics. Our overall conclusion
was that ‘‘kava extract is superior to placebo as a symptomatic treatment for
anxiety’’ (13).

A systematic review of the safety of kava has been published (14). It
revealed a range of mild and transient adverse effects. However, the suspicion
has recently arisen that kava might cause liver damage. As of August 2002, 68
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such cases had been reportedworldwide. Some of these cases were serious, but
causality is difficult to establish on the basis of such (mostly incomplete)
reports. Based on this evidence, kava has been taken off the market in several
European countries (15). Until further data become available, the use of kava
should not be recommended.

VIII. SAW PALMETTO (SERENOA REPENS)

Saw palmetto is used for benign prostate hyperplasia (BPH). Ameta-analysis
(16) of 18 RCTs included 2939 patients with this condition. The methodo-
logical quality of these studies was variable but some were of the highest
standard. The results of the meta-analysis revealed a weighted mean differ-
ence in symptom score of �1.41 points (95% CI = �2.52–0.30). This
corresponds to a statistically significant and clinically relevant improvement
of BPH symptoms compared to placebo. One important caveat is the lack of
long-term data, particularly as the treatment of BPH is by definition long-
term. The authors of this meta-analysis concluded that ‘‘Serenoa repens
improves urologic symptoms and flow measures’’ (16).

No systematic review of the safety of saw palmetto is available at
present. Adverse effects include breast tenderness, gastrointestinal com-
plaints, constipation, diarrhea, dysuria, and decreased libido (7). Saw pal-
metto has hormonal effects and could therefore interact with hormone
therapies.

One can conclude from this collective evidence that the risk-benefit
profile of saw palmetto is encouraging. Its adverse effects are rare and usually
mild; its therapeutic potential to relieve the symptoms of BPH is considerable.
It can therefore be recommended for BPH patients who prefer a herbal to a
synthetic drug treatment.

IX. ST. JOHN’S WORT (HYPERICUM PERFORATUM)

St. John’s wort is used mostly for mild to moderate depression. There are
numerous systematic reviews of St. John’s wort. The first meta-analysis (17)
included 23RCTswith a total of 1757 patients. Themethodological quality of
trials was variable but some were excellent. The results of the meta-analysis
clearly showed that St. John’s wort is more effective than placebo or as
effective as synthetic antidepressants. This finding has been confirmed by
several subsequent systematic reviews. The evidence comparing St. John’s
wort with conventional antidepressants is, however, still relatively weak.
Recently, several RCTs have produced negative results. It is important to note
that these related to severe rather than mild to moderate depression. The
authors of the original meta-analysis (17) concluded that ‘‘extracts ofHyper-
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icum are more effective than placebo in the treatment of mild to moderate
depression.’’ This conclusion still holds and is corroborated by new trial data
that have become available since then (18).

A systematic review of the safety of St. John’s wort (19) pooled all
relevant data from case reports, clinical trials, postmarketing surveillance,
and drug-monitoring studies. Collectively this evidence suggested that St.
John’s wort is well tolerated with an incidence of adverse effects similar to that
of placebo. The most common adverse effects were gastrointestinal symp-
toms, dizziness/confusion, and tiredness/sedation. A potentially serious
adverse effect is photosensitivity, but this appears to occur extremely rarely.
Since the publication of this review we have learned much about the
interactions between St. John’s wort and other drugs (20). Extracts of St.
John’s wort activate enzymes of the cytochrome P450 system, namely
CYP3A4. It can therefore lower the plasma levels of a range of drugs given
concomitantly; cyclosporin, oral contraceptives, phenoprocoumon, warfarin,
amitriptyline, indinavir, and digoxin. When used with other SSRIs it can
cause a serotonin syndrome.

On balance, the benefits of St. John’s wort as a symptomatic treatment
of mild to moderate depression outweigh its risks—provided, of course, that
these risks are managed adequately. Essentially St. John’s wort should not be
combined with drugs metabolized via the cytochrome P450 enzyme system.

X. DISCUSSION

Systematic reviews (including meta-analyses) represent the most conclusive
evidence for or against efficacy and safety. This holds for all medical
interventions, and HMPs are no exception. However, this approach is not
totally free of limitations. For instance, if one submits flawed RCTs to a
systematic review, the result will necessarily be flawed aswell. Publication bias
is another important problem. We know that negative trials tend to remain
unpublished (21). Thus the published evidence might, in some cases, be biased
toward a false-positive overall result.

The English medical literature is demonstrably biased toward positive
results, and negative trials thus tend to emerge in journals published in other
languages (22). It is therefore important to not restrict systematic reviews to
the English literature. In herbal medicine this is perhaps more important than
in other areas since much of the primary trial data used to be published in
German.

Further problems with systematic reviews of HMPs relate to the (lack
of) standardization of extracts. If one preparation of a given herb is shown
to be effective, this does not necessarily apply to another preparation of the
same herb. Systematic reviews are therefore at risk of generating a mislead-
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ing overall result. There is no easy way around this problem except insisting
that all HMPs, particularly those used in clinical trials, are adequately
standardized.

The evidence summarized in this chapter clearly shows that not all
HMPs have been demonstrated to do more good than harm. It is simply not
possible to generalize across different HMPs, and every set of data has to be
evaluated on its own merit. On the other hand, the evidence also clearly
demonstrates that not all HMPs are clinically useless. In fact, most of the
HMPs discussed above are powerful drugs. It is therefore obvious that they
should be adequately regulated. In many countries (e.g., United States and
England), HMPs are marketed as dietary supplements, a status that invites
suboptimal quality as well as multiple other problems and therefore does not
provide a regulatory framework for the adequate protection of the consumer.

In conclusion, some HMPs have been investigated in sufficient depth to
allow tentative risk-benefit assessments. In doing this, each HMP has to be
judged on its own merit—generalizations about the risks or benefits of HMPs
are counterproductive.
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4. Häusermann D, Heptinstall S, Groenewegen WA, Spangenberg P, Loesche W.

Wachsendes Vertrauen in Naturheilmittel. Extracts of feverfew may inhibit

platelet behavior via neutralization of sulphydryl groups. Dtsch Ärzteblatt 1997;
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I. INTRODUCTION

Traditional Chinese medicine (TCM) is widely used in Asia, especially in
China, and plays an important part in the health care of overseas Chinese
worldwide. Their methods, processing, and formulations have been worked
out over the last 2000 years (1). TCM prescriptions and preparations are
derived from natural sources; about 80% of the total is derived from plants,
and the rest includes minerals or animal parts. Even though the effectiveness
and safety of TCM have been documented by controlled clinical studies,
several cases of severe or even fatal poisoning are reported every year.Most of
the poisoning cases are reported after ingestion of Chinese medicine prepa-
rations that contain aconitine, anticholinergics, or podophyllin (2–4). The
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preparations commonly used to treat chronic illnesses such as rheumatism or
arthritis, as well as for bruises, fractures, and cardiac complaints, may contain
species of Aconitum (A. carmicaelli, A. kusnezofii, A. brachypodum, A. pendu-
lum, A. nagarum, or A. coreanum), which are considered highly toxic (4–6).
Species of the genus Datura (D. innoxia, D. metel ) are regularly used for
treatment of bronchial asthma, chronic bronchitis, pains, and flu symptoms
(7). Moreover, there are reports on poisoning caused by adulterants or
erroneous substitutes involving species of Podophyllum emodi (7) and by the
ingestion of dried venom from Bufo gargarizans or Bufo melanostictus used as
an aphrodisiac (8).

Occasionally there may be cases of acute poisoning with other Chinese
medicines such as Huechys sanguinea, Lytta caraganae, Mylabris phalerata,
Mylabris chicorii,Rhododendron molle,Croton tiglium, Euphorbia fischeriana,
Stellera chamaejasme, Euphorbia kansui, Dyosma versipellis, Dyosma pleian-
tha, Sophora tokinensis, Garcinia morella, Arisaema amurense, Pinellia ter-
nate, Pinellia cordata, Pinellia pedatisecta, Typhonium giganteum, Allocasia
macrorrhizos, Euphorbia lathyris, Hyoscyamus niger, Strychnos nux-vomica,
and Strychnos pierriana. This situation prompted the Hong Kong Special
Administrative Region (HKSAR) to implement legal controls for dispensing
and use of Chinese medicines as described in the ‘‘HKSAR in Ordinance No.
47, 1999’’ (9). Table 1 lists the regulated TCM used. These regulations will be
useful not only for Hong Kong physicians, but for anyone who practices
TCM. When dealing with natural resources from either animal or plant
origin, it is crucial to perform an accurate identification of the material in
used. Today the identification of TCM depends largely on expert morpho-
logical and chemical characterization. After collection and identification of
the fresh medicinal products, these medicines are highly processed, making
their identification a challenge for the untrained eye.

This chapter describes the fabrication and characterization of a silicon
(Si)-based chip as an alternative solid support for the fabrication of novel
DNA microarrays used for identification of toxic Chinese medicinal herbs.
Briefly, genomicDNA is extracted fromTCMmaterial. The spacer domain of
the 5S-rRNA gene is amplified by the polymerase chain reaction (PCR),
cloned, and sequenced. The sequences obtained are then analyzed and used
to identify species-specific variable regions of the gene. Based on these se-
quences three types of oligonucleotides are designed and synthesized: (1)
disulfide-modified probes for immobilization, (2) sense PCR primers, and (3)
fluorescent-labeled antisense primers used in subsequent asymmetrical PCR
reactions. Self-assembled layers of MPTS (3-mercaptopropyl)trimethoxysil-
ane were formed as a bifunctional linker on the surface of 1 cm2 silicon chips
and 5V-thiol-modified oligonucleotides were deposited on the surface in a
microarray. Asymmetrical PCR is performed and products obtained are then
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TABLE 1 HKSAR-Regulated Chinese Medicines

Chinese name Scientific name Action

Sophora tonkinensis Remove toxic heat, promote
subsidence of swelling, soothe
sore throat, antipyretic

Euphorbia lathyris Drastic purgation for treating
edema, eliminate blood stasis
for treating masses

Aconitum carmicaelli Relieve rheumatic conditions and
alleviate pain by warming the
channels

Aconitum carmicaelli Relieve rheumatic conditions and
alleviate pain by warming the
channels

Aconitum pendulum Relieve rheumatic conditions and
alleviate pain by warming the
channels

Podophyllum emodi Regulate menstruation and
promote the flow of blood

Dysosma versipellis Regulate menstruation and
promote the flow of blood

Dysosma pleiantha Regulate menstruation and
promote the flow of blood

Strychnos nux-vomica Promote flow of qi and blood
in the collaterals, relieve pain,
subsidence of swelling

Hyoscyamus niger Relieve spasm and pain,
cause tranquilization

Arisaema amurense Remove swelling, damp phlem,
dispel wind, and arrest
convulsions.

Croton tiglium Cauterization by external use

Euphorbia kansui Drastic purgation and expel
retained water

Typhonium giganteum Eliminate blood stasis, promote
the flow of qi, remove
undigested food, relieve pain

Pinellia ternata Remove damp, phlegm, nausea,
vomiting, stuffiness in chest
and epigastrium

Pinellia cordata Remove damp, phlegm, nausea,
vomiting, stuffiness in chest
and epigastrium

Si-Based Chip to Authenticate TCM 859



used for hybridization with the immobilized species-specific probes. Contact-
angle measurements, XPS, VASE, and AFM were used to characterize and
optimize the process and fabrication of TCM microarrays. Si-based TCM
microarrays provide fast, economical, and reliable methods for identification
of toxic Chinese medicines, as described elsewhere (10).

II. FABRICATION OF Si-BASED TOXIC TCM MICROARRAYS

There are currently two main types of microarrays: c-DNA- and oligonucle-
otide-based arrays. These arrays may bemade using different surfaces as solid
supports. Glass and nitrocellulose are the still the most commonly used owing
to their low cost and general availability (11–13), but they lack the versatility
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TABLE 1 Continued

Chinese name Scientific name Action

Pinellia pedatisecta Remove damp, phlegm, nausea,
vomiting, stuffiness in chest
and epigastrium

Rhododendron molle Relieve rheumatic conditions,
eliminate blood stasis,
alleviate pain

Aconitum kusnezoffi Relieve rheumatic conditions,
warm the channels, alleviate
pain

Datura metel Relieve asthma and cough,
alleviate pain, and arrest
spasm

Datura innoxia Relieve asthma and cough,
alleviate pain, and arrest
spasm

Datura tatula Relieve asthma and cough,
alleviate pain, and arrest
spasm

Bufo gargarizans Counteract toxicity, relieve pain,
restore consciousiness,
aphrodisiac

Bufo melanoctictus Counteract toxicity, relieve pain,
restore consciousiness,
aphrodisiac
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of Si surfaces such as the possibility of integration with other Si-based
components such as micro PCR reactors (14), microfluidic transport, micro-
capillary electrophoresis (15) and detection systems (16), uniformity of DNA
deposition, and low signal-to-noise ratio (17,18).

A. Methods

The reagents used were of analytical grade purchased from Fluka and Sigma-
Aldrich (Milwaukee, WI, USA). Modified oligonucleotides were purchased
from Synthetic Genetics (San Diego, CA, USA). PCR primers were made in-
house in a PE 8909 nucleic acid system. Experts in the field from different
provinces of China collected and identified all TCM material used for this
project.

1. Extraction of Genomic DNA

Plant DNA was extracted as described previously (19,20) with slight mod-
ifications. Briefly, about 0.2 g of fresh leaves from TCM was frozen in liquid
nitrogen and ground into a fine powder using a mortar and pestle (Table 1).
The powder was mixed with extraction buffer (25 mM Tris-HCl, pH 8.0, 50
mM EDTA, 0.5% SDS, 10 Ag/mL RNA A, 0.2% h-mercaptoethanol), and
then incubated at 58jC for 1 hr, then centrifuged at 10,000 g for 10 min. The
supernatant was recovered, mixed with equal volume of phenol:chloroform:
isoamyl alcohol (1:24:1) by inversion, and centrifuged at 14,000 g for 10 min,
2 times. The supernatant was transferred to a new tube, mixed with chlo-
roform:isoamyl alcohol, and centrifuged as above. The supernatant was
recovered, mixed with 1/10 of 3M sodium acetate, pH 5.2 and 2.5 volumes
of 95%ethanol, placed at�20jC for 1hr and centrifuged for 10min at 14,000 g.
The DNA pellet was washed twice with 70% ethanol and resuspended in
double-distilled autoclaved water.

2. Design and Fabrication of Probes

Species-Specific Oligonucleotide Probes. DNA-polymorphism-based
analyses have been successfully used for the identification of herbal medicines
(19,21,22).We chose the 5S-rRNAgene as our probe normally used asmarker
for phylogenetic analysis (23) because of its dual properties: it is widely
conserved throughout prokaryotes and eukaryotes, but it is also highly
variable at the internal transcribed spacer region within species (24). The
5S-rRNAgene from the TCMplants was amplified by PCR. The primers used
for the amplification of the 5S- rRNA gene were: sense primer: 5VGGA TCC
GTG CTT GGG CGA GAG TAG TA 3V and antisense: 5V GGA TCC TTA
GTGCTGGTATGATCGCA 3V (19). PCR products were subcloned using
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the TA Cloning Kit (Invitrogen) and electroporated into Escherichia coli
XL-1 blue. PlasmidDNA from positive clones was extracted by alkaline lysis,
digested with restriction enzymes, analyzed by gel electrophoresis, and sub-
jected to DNA sequencing using the AutoRead Sequencing Kit (Amersham
Pharmacia Biotech). Oligonucleotide probes used for the microarrays de-
scribed here were designed and fabricated based on the variable sequences
obtained from the internal transcribed spacer (ITS) domain of the gene. The
probes used for immobilization had a 5V disulfide modification, a carbon
spacer (6–18 carbons), and 20–26 base sequences.

3. Development of Toxic TCM DNA Microarrays

Silicon surface modifications included a methodical cleaning procedure, a
thermal oxidation process, and the self-assembly of thiol layers used as het-
erofunctional linkers for immobilization of disulfide-modified probes. Initial
cleaning, as well as thermal oxidation procedures, was performed in a class
1000 clean room using CMOS-compatible processing. Briefly, all n-type
Si(100) wafers were immersed in a ‘‘piranha’’ bath (90% H2SO4, 10%
H2O2; 125jC) for 10 min followed by 1-min treatment with 2% solution of
hydrofluoric acid (HF). Then the wafers were rinsed 10 times with double-
distilled water and blow-dried. A 1000-Å layer of dry silicon dioxide was
grown in an oxidation furnace at 1100jC, followed by 4000 Å of wet oxide
(Fig. 1). The wafers were cut into 1-cm2 chips using a Disco automatic dicing
saw DAD341.
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FIGURE 1 Fabrication of TCM chip. Schematic diagram showing the steps fol-
lowed during fabrication of the Si-based TCM chip.
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4. Hydroxylation of the Surface and Formation
of Self-Assembled MPTS Layer

Organic contaminants were removed by immersing the 1-cm2 chips in a
potassium permanganate–sulfuric acid solution (0.5 g KMNO4 in 15 mL
H2SO4) for 30 sec, then rinsed with copious amounts of water. The cleaned
chips were incubated for 35 min in 3.3% of ammonium hydroxide solution at
60jC to restore the OH groups in the surface, rinsed with isopropanol, and
dried under nitrogen gas. The chips were placed in a heat-resistant container
with a solution consisting of 100 mL isopropanol p.a., 800 AL (3-mercapto-
propyl)trimethoxysilane (MPTS), and 200 ALH2O, then placed in the oven at
80jC for 35 min. The chips were then rinsed first with isopropanol, then with
water, and blow-dried withN2 gas. Finally, the chips were heated at 115jC for
30 min to remove H2O traces.

5. Printing the Arrays

Species-specific thiol-modified oligonucleotide probes were diluted with so-
dium chloride/sodium citrate buffer (SSC; 3MNaCl, 0.3MNa citrate�2H2O,
pH 4.5) and 5% DMSO to a final concentration of 20 AM and spotted (100-
Am diameter) in 5� 25 arrays onto the silicon surface to form disulfide bonds
with the free thiol groups of the MPTS layer on the surface (Fig. 1). The
microarrays were incubated overnight at room temperature in a humidified
chamber, then washed in washing solution (2X SSC, 1%SDS) for 10min on a
shaker and rinsed 3 times with water. They were blow-dried with nitrogen gas.
The tip was rinsed 3 times with station washing buffer (10 mM Tris-HCl pH
7.0, 0.5%Tween 20) between samples. DNAmicroarrays were printed using a
Cartesian PixSys 7500 arrayer (Fig. 1).

6. Asymmetrical PCR Reactions, Hybridization and Detection

A 50-AL total asymmetrical PCR reaction consisted of 20–100 ng DNA tem-
plate, PCR buffer to a final concentration of 1.5 mM magnesium chloride,
2.5 units of Taq Polymerase (GIBCO/BRL), 0.4 AM dNTPs (GIBCO/BRL),
0.4 AM antisense Texas Red–labeled primer, and 0.004 AM sense primer.
The reactions were performed using the following profile: 94jC/4 min
(94jC/1 min; 53jC/30 sec; 72jC/30 sec) � 45 cycles. Asymmetrical PCR
products were speed-vacuumed for 2 hr and resuspended in 12 AL of
hybridization buffer [6x SSC pH 7, 5x Denhardt’s solution (1% BSA (bovine
serum albumin), 2% Ficoll 400, 2% polyvinylpyrollidone (PVP)], 0.5 %
sodium dodecylsulfate (SDS), sheared salmon sperm DNA (5 Ag/mL)). A
schematic drawing of the hybridization procedure is shown in Figure 2. The
arrays were covered with a cleaned microscope slide cover glass, filled with
the PCR reaction by capillary force, and incubated in a hybridization
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chamber at 53jC overnight. Then the chips were washed 3 times with
washing solution in a shaker for 10 min, then with water, and blow-dried
with nitrogen gas. Hybridization was detected using a GSI Lumonics
scanner 5000 and its software was used for detection and analysis of the
data acquired from the microarrays.

III. CHARACTERIZATION OF Si AS SOLID SUPPORT FOR DNA
MICROARRAYS

The characterization of Si as support for TCM microarrays included several
physical measurements performed after every step in the process, from
cleaning to immobilization of oligonucleotides.

A. Contact Angle Measurements, XPS, VASE, and AFM

A Kruss Contact Angle Measuring System, Model G-10 was used for all
contact angle measurements. Amass of approximately 20 mgH2O was depos-
ited onto the surface; the readings were taken 30 sec after deposition at room
temperature. X-ray photoelectron spectroscopy (XPS) spectra were acquired
using Physical Electronics 5600 multitechnique system with monochromatic
AlKaX-ray source (1486.6 eV). The radiationwas focused on the sample at an
electron takeoff angle (TOA) of 45F 3j relative to the substrate surface. The
spectra for sulfur, S (2p); oxygen, O (1s); carbon, C (1s); and silica, Si (2p) were
acquired using the respective Physical Electronics software. An electron flood
gun was used to compensate for the insulating properties of the sample. The Si
(2p) peak was chosen as the reference binding energy (103.3 eV). Variable-
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FIGURE 2 Schematic representation of hybridization assays used to identify
regulated TCMs. The immobilized probe is 20–26 bases long and contains a
5V-thiol modification and an 18-carbon chain between the thiol group and the
first base. This physical separation is needed for successful hybridization.
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angle spectroscopic ellipsometry (VASE) measurements were acquired using
Variable Angle Ellipsometry SystemH-VASEGE005 (Woollam). The optical
constant for the MPTS layer was set to 1.4420 (25jC) (25). Scanning Probe
Microscope-NanoScope (Digital Instruments) was used for atomic force
microscopy (AFM). Data were acquired in tapping mode using a resolution
of 512 pixels per line and analyzed using Digital Instrument software.

IV. RESULTS AND DISCUSSION

A. Surface Characterization of the Si-Based TCM Chip

Initial experiments showed the need for a thorough cleaning pretreatment as
well as rehydroxylation of the Si surface before the formation of the MPTS
layer and deposition of the DNA. It has been shown that adequate substrate
rehydration is crucial for self-assembly of MPTS layer (26). The surface
characteristics were monitored during processing of the Si surface by goni-
ometry, XPS, VASE, and AFM. The information obtained included: thick-
ness of the layers deposited on the surface, their arrangement, and their
possible orientation.

B. Contact Angle Measurements

Changes in contact angle measurements were monitored during the pro-
cessing of the silicon chips. The mean values are listed in Table 2. A contact
angle of 3j after the treatment of the chips in NH4OH indicated almost
complete hydroxylation of the surface (27). After formation of the self-
assembled layer of MPTS, the contact angle increased from 3j to 81.13j.
The hydrophobicity imparted to the surface facilitated the deposition of the
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TABLE 2 Physical Measurements Taken During Fabrication of the TCM Chip

Surface Treatment
Contact
angle (j)

VASE
(thickness)

AFM
(particle size)

Native Si n/a 69.35 0.5 mm n/a
SiO2 5000 Å Piranha and HF 58.43 4972.1 Å 44 nm2

SiO2 5000 Å Re-OH 3.00 n/a n/a
SiO2 5000 Å Roughness layer n/a 16.8 Å n/a
SiO2 5000 Å MPTS layer 81.13 38.8 Å 89 nm2

SiO2 5000 Å MPTS-DNA layer 42.90 250 nm2

SiO2 5000 Å DNA-DNA layer n/a 29.0 Å 1500 nm2

n/a: measurements were not taken or they do not apply to the instrument used; Re-OH:
rehydroxylated.
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oligonucleotide while printing the array. After immobilization of DNA the
contact angle decreased to 42.90j as expected owing to the hydrophilic
properties of the DNA itself.

C. X-ray Photoelectron Spectroscopy (XPS)

The XPS spectrum based on the unique electron binding energies allowed us
to analyze the elements present in the surface during cleaning rehydroxylation
and self-assembly of the thiol layer used as heterofunctional linker to
immobilize the DNA to the Si surface of the TCM chip. The XPS spectrum
taken immediately after cleaning indicated a low carbon content of 4.08% on
the surface. The amount of carbon recorded on the surface was likely due to
the deposition of contaminants present in the ambient air. This indicated that
it is preferable to deposit the MPTS layer immediately after cleaning. The
XPS spectra of theMPTS layer of the sulfur peak (S 2p) was detected at 163.7
eV, which indicated that all of the sulfur was present as thiol or disulfide (28)
and ready for immobilization of the oligonucleotide probes.

D. Atomic Force Microscopy (AFM)

Surface changes that occur during the processing of the chips were also eval-
uated by AFM. During the cleaning and rehydroxylation process some
material appeared to be removed by desorption of Si(OH)4 into the solution,
leading to an increase in roughness of the surface (data not shown). The
formation of MPTS layers led to an increase in the grain size from 44 nm2 to
89 nm2 and a small change in the topography (Fig. 3a). TheAFM image of the
immobilized oligonucleotide layer (Fig. 3b) showed a controlled pattern on
the arrangement of the molecules on the surface. A dense coverage may cause
steric hindrance during hybridization (29). AFM data obtained after hybrid-
ization revealed that big clusters of hybridized oligonucleotides were distrib-
uted over the surface. The mean grain size of these spots as calculated from
AFM data increased from 250 nm2 (immobilized oligonucleotide layer) to
1500 nm2 (hybridized layer), as shown in Figure 3c. A summary of the values
obtained is shown in Table 2.

E. Variable-Angle Ellypsometry (VASE)

VASE measurements generated estimated thickness values for the layers
formed on the chip surface during processing. A summary of the values
obtained is shown in Table 2. Based on the topography detected by AFM, a
roughness layer was calculated (16.8 Å) and included in the calculated spectra.
The thickness of the MPTS layer, 38.8 F 7 Å was larger than expected for a
monolayer, suggesting the formation of multiple layers of MPTS during the
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FIGURE 3 AFM images of Si-based TCM microarray. (a) MPTS, (b) immobilized
oligo, (c) hybridized oligo.
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self-assembly process owing to the amount of water present in the reaction.
The hybridization layer was not uniform and yielded a thickness of 29.0 F 5
Å, suggesting that the oligonucleotides do not stand at 90j angle to the
surface.

F. Immobilization and Analysis of TCM Oligonucleotide Probes

Dithiol bonds formed during immobilization are heat-stable at least to 95jC
(17,30). The 5V-thiol-modified oligonucleotide probes were covalently bound
to the MPTS layer by direct disulfide bond formation.

G. Regulated TCM Microarray

Species-specific probes derived from the intragenic spacer domain of the 5S
rRNA, 12S rRNA, chloroplast t-RNA genes were designed for 24 species
listed in the HKSAR Ordinance 47, 1999. The oligonucleotide probes were
immobilized via disulfide bond to the silicon oxide surface of the chip in
arrays of 5 x 25. These arrays were printed in the following order: (1) positive
immobilization control; (2) Bufo melanostictus; (3) B. gargarizans; (4)
Strychnos nux-vomica; (5) Hyoscyamus niger; (6) Typhonium diverticatum;
(7) T. giganteum; (8) Pinellia pedatisecta; (9) P. cordata; (10) P. ternate; (11)
Arisaema amurense; (12) Dysosma pleiantha; (13) D. versipellis; (14) Euphor-
bia kansui; (15) Allocasia macrorrhiza; (16) Stellera chamaejasme; (17)
Aconitum carmicaelli; (18) A. carmicaelli; (19) A. kusnezoffii; (20) A. pendu-
lum; (21) Croton tiglium; (22) Rhododendron molle; (23) Datura innoxia; (24)
D. tatula; (25)D. metel. Each of the species-specific probes had five replicas in
each array. There were 25 arrays in total and each of them was hybridized
with their respective asymmetrical PCR product. Figure 4 shows a represent-
ative example for successful dentification of regulated TCMs. Figure 4
contains three microarrays. Each of them was hybridized individually to
an asymmetrical PCR product from three species of the genus Datura;
Datura metel, Datura tatula, Datura anoxia. Figure 4 shows low cross-
reactivity between species from the same genus and in some cases from a
different genus, but the signal is strong enough to differentiate a positive
identification to the species level. The Si chip shows almost no background
fluorescence, allowing an effective and reliable method for the identification
of toxic TCM material.

V. SUMMARY

We have developed a CMOS-compatible (complementary metal oxide semi-
conductor processes) Si-based chip for authentication and identification of
regulated Chinese medicines. The Si-based chip was characterized using
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FIGURE 4 Regulated TCM microarrays corresponding to 24 species of toxic
traditional Chinese medicines. The chip was hybridized to the symmetrical PCR
product of (a) Datura metel, (b) Datura tatula, (c) Datura innoxia. The order of
the array was as follows: (1) positive immobilization control; (2) Bufo mela-
nostictus; (3) B. gargarizans; (4) Strychnos nux-vomica; (5) Hyoscyamus niger;
(6) Typhonium diverticatum; (7) T. giganteum; (8) Pinellia pedatisecta; (9) P.
cordata; (10) P. ternate; (11) Arisaema amurense; (12) Dysosma pleiantha; (13)
D. versipellis; (14) Euphorbia kansui; (15) Allocasia macrorrhiza; (16) Stellera
chamaejasme; (17) Aconitum carmicaelli; (18) A. carmicaelli; (19) A.
kusnezoffii; (20) A. pendulum; (21) Croton tiglium; (22) Rhododendron molle;
(23) Datura innoxia; (24) D. tatula; (25) D. metel. Each of the species-specific
probes had five replicas in each array. PMT/laser gain for (a, b) is 70/70 and for
(c) it is 60/60.
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physical methods allowing us to optimize the conditions used during the
manufacturing of the regulated TCM chip. Species-specific probes were im-
mobilized via disulfide bonds making a sturdy, heat-stable, reusable, and
economical chip and can be incorporated into many other applications.
Regulated Chinese medicines listed in Table 1 were successfully identified
using the regulated TCM chip. This method proves useful as a first step in the
authentication of TCM material. It should not replace chemical finger-
printing or any other traditional characterization methods. Keep in mind
that using this method one can only certify that toxic species are present in the
sample, not the toxins produced by specific species. Additional efforts should
be directed to obtaining sequence information for the major TCM used and
sold to make a comprehensive database and ease their initial identification.
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Traditional Chinese Medicine
Problems and Drawbacks

Barry Halliwell

National University of Singapore
Singapore, Republic of Singapore

I. INTRODUCTION

Traditional Chinese medicine (TCM) is one of a range of complementary
treatments that are widely used in Asia, but are also becomingly increasingly
popular in Western countries. This popularity is growing even in countries
such as England where conventional medical treatment is free to the end-user,
whereas TCM rarely is (1). Annual sales of herbal remedies in the United
States exceed US$350 million (2) and the global market for all herbal and
homoeopathic remedies has been estimated at over US$4 billion in the United
States, over US$6 billion in Europe (3), and over US$2 billion in Asia (4).
TCM encompasses several different treatments, including acupuncture, mox-
ibustion, medicinal food, herbs, traditional massage, and qigong, but I will
concern myself here only with herbal therapies. These ‘‘natural’’ remedies are
widely perceived as safer than pharmaceutical company drugs, more ‘‘natu-
ral,’’ ‘‘gentle,’’ and less likely to cause side effects. In fact, just because a
product is natural does not mean it is safe: examples of plant-produced toxins
include cyanide (5), many carcinogens, a prime example being the powerful
carcinogen aflatoxin (6), digitalis, ergot, and belladonna. Indeed the use of
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selected plant extracts to eliminate enemies and induce abortion has been
widespread throughout the centuries. In general also, the more effective a
drug, the more side effects might be predicted. Thus by reasoning from first
principles, the safest medicine might be homoeopathic, although its effective-
ness is as yet uncertain.

Despite the rising popularity of TCM and the setting up of a Center for
Alternative Medicine (CAM) at the prestigious National Institutes of Health
in the United States, TCM is still regarded skeptically by the Western medical
profession, because in general its effectiveness has not been proved by
rigorous clinical trials. However, the same is true for several commonly used
medical and surgical procedures, and the impact of some ‘‘trial-confirmed’’
procedures such as chemotherapy on the patient’s quality of life can be
devastating (7). The fact that TCM practitioners often tailor treatment (or
claim to do this) to each patient makes it difficult to do conventional
controlled clinical trials. However there is growing evidence that conventional
treatments developed for, for example, white European or American men (on
whom the majority of published trials have been done) are not optimal for
other races (8).

In approaching the area of TCM, there seem to be several different
standpoints taken by various parties:

1. Accept TCM as a ‘‘given,’’ known to be effective and useful,
popularize it and set up courses to teach it in the West

2. Take a skeptical view and attempt to used evidence-based medicine
to establish whether or not TCM is effective

3. Take TCM that are thought to be effective for a particular condition
and use conventional pharmacology to isolate effective ingredients.
For example, the cholinesterase inhibitor huperzine was isolated
from a plant thought to improve memory (9). The antimalarial
artemisinin was evolved from Artemisia annua, an ancient Chinese
herb (quinghao) used to treat fevers (10). Plants have been the origin
of some of our most helpful medicines, including taxol, vincristine,
aspirin, and morphine.

However, several other key issues must be addressed (Table 1), most of
them focused around the issue of quality control. To quote Lee (1), ‘‘As TCM
is winning support, it must demonstrate that its products are both safe and of
high quality. . . and safe from contaminants.’’ This is rarely the case today.
Indeed the U.S. Alpha–National Association Newsletter recommends,
‘‘Don’t use herbal remedies for serious illnesses, don’t give herbs to children
and don’t use them if you are pregnant or trying to get pregnant. Also, tell
your doctor about all products that you take.’’

Let us examine these issues in turn.
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II. PROBLEM 1: THE PRODUCT IS TOXIC

As Paracelsus said, ‘‘The right dose differentiates a poison from a remedy.’’
For example, the balance of clinical evidence favors the view that Hypericum
perforatum (St. John’s Wort) is effective in treating mild to moderate
depression (2,3), although not all studies support this (11). Its mechanism
of action appears to involve monoamine oxidase inhibition (2) and so
excessive doses, or coadministration with synthetic MAO inhibitor antide-
pressants, are likely to cause side effects. Absinthe was a popular emerald
green liqueur in the nineteenth and early-twentieth centuries in Europe, but
was eventually banned because of its dose-dependent and progressive toxic-
ity, due to constituents of the wormwood oil used to make it (12). Wormwood
extracts were used in antiquity to kill intestinal worms, and are still used now
for gastrointestinal and liver problems in some countries (12,13).

Several problems have arisen with various herbal products that induce
hepatotoxicity. Herbal teas from germander (Teucrium chamaedrys) have
been widely used throughout antiquity, but several cases of germander-
induced hepatitis with periportal inflammation and centrilobular necrosis
associated with consumption of capsules containing germander extract led to
the banning of all germander products in France (14). Jin bu huan (JBH) has
been used in TCM as a sedative, analgesic, and decongestant, but chronic
consumption of some products can cause hepatotoxicity (14). One problem is
that a variety of herbs are marketed as JBH, although the offending one was
labeled as an extract of Polygala chinensis (14). Indeed it is common in TCM
for one name to apply to a group of botanically unrelated materials. Other
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TABLE 1 Problems with TCM

Toxicity of the product (just because it is natural does not mean it is safe).
Is it what it is supposed to be?
Often no established quality control tests.
When established tests exist, they are rarely simple to use.
Variable potency (part of plant, stage in growth cycle, time of year, year to

year, different soil composition in different areas).
Contamination with toxins (microbial, chemical, e.g., pesticides, metal from

containers, elements from soil, e.g., selenium).
Deliberate adulteration.
Deterioration on storage.
Perception of safety encourages excessive use.
Coprescription of several products, possibility of interactions with other TCM

ingredients or conventional drugs.
Placental transport, excretion into breast milk, possible teratogenicity.
Toxicity to growing children?
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organ damage can also occur. In Taiwan, consumption of extracts from leaves
of Sauropus androgynus as a slimming aid produced lung damage resembling
bronchiolitis obliterans (15). Whereas hepatotoxicity often resolves on dis-
continuing the offending product (14), the lung damage induced by S.
androgynus appeared to be permanent (15).

The gallbladders of animals are used in TCM in some countries, but bile
constituents can be variably toxic: the grass carp bile appears especially so and
cases of human hemolysis and renal failure have been reported (16). On a
related topic, a case of parasitic infestation after consumption of snake bile
and blood has occurred (17).

III. PROBLEM 2: THE PRODUCT IS NOT WHAT IT IS
SUPPOSED TO BE

The essential basic requirement for any herbal product is that the correct
plant(s) are used. Even then there can be differences: the chemical composi-
tion of plants varies enormously depending on developmental stage, soil
composition, amount of water and sunlight, etc. (Table 1). Nevertheless,
occasionally the wrong plant is used and sometimes the same name in TCM
can encompass several different plants (see above). Two patients consuming a
range of herbal products ‘‘to cleanse the body’’ presented with digitalis
poisoning, due to the use of Digitalis lanata instead of plantain in the
formulation. Investigation revealed that approximately 2700 kg of this
product had been imported into the United States, and only vigorous action
by the Food and Drug Administration in recalling supplies prevented more
problems (18).

In Belgium, over 40 patients consuming products allegedly containing
the Chinese herbs Stephania tetrandra and Magnolia officinalis developed
interstitial fibrosis and progressive renal failure. Chemical analysis revealed
that a nephrotoxic herb, Aristolochia fangchi, had, apparently accidentally,
been substituted for S. tetrandra. Aristolochia species contain powerful
carcinogens and indeed patients with the above ‘‘Chinese herb nephropathy’’
are at high risk of urothelial carcinoma (19). Cases have also been reported in
England and a local British newspaper (20) commented: ‘‘There are now more
than 3000 clinics prescribing 400 unlicensed Chinese herbal treatments and
no-one really knows what’s being prescribed.’’

Ginkgo biloba leaf extract is widely consumed to improve mental
function (11), but of 14 products tested by the Hong Kong Consumer
Council, none of them met the specifications recommended by the World
Health Organization (WHO). Eleven had insufficient active ingredients
overall, and 13 had an excess content of gingkolic acid (21). In the United
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States, analysis of commercial ginseng preparations showed that 25%
contained no ginseng at all (22).

In fact, authentication of the starting plant material is a key problem.
Detailed reference standards (e.g., herbarium-authenticated specimens, de-
scriptive illustrated monographs) are not available for the majority of plants
used in TCM. DNA fingerprinting of plant material may make some
contribution, but once powders and extracts have been generated it becomes
difficult. NMR-, HPLC-, and LC-MS-based analysis of chemical composi-
tion is a valuable tool, as illustrated by its use in the digitalis poisoning cases
(18), examination of the authenticity of Ginkgo and ginseng preparations
(21,22), identification of toxic components of grass carp bile (16), and
investigation of JBH-induced hepatotoxicity (14). However, in the frequent
absence of official standards and given the natural variation in chemical
composition of even the same plant at different times (Table 1), the use of
analytical techniques can be limited. Examples of their value include the
HPLC method specified by the British Pharmacopeia for the evaluation of the
active constituents of licorice (22), a common ingredient in herbal prepara-
tions. Much more work is yet to be done.

IV. PROBLEM 3: THE PRODUCT MAY HAVE DETERIORATED
OR BECOME CONTAMINATED

A pharmaceutical product is described as stable if it meets the five elements of
stability: physical, chemical, microbial, toxicological, and therapeutic. Many
natural compounds readily oxidize and degrade, giving products with differ-
ent properties. For example, the carotenoids h-carotene and lycopene may
have antioxidant properties as intact molecules, yet their degradation prod-
ucts can be cytotoxic in cell cultures (23). Flavonoids and other plant
polyphenolics are also easily oxidizable (24). Plant materials contain enzymes
that affect their constituents; for example, the difference between green tea
and black tea is the inactivation of an enzyme that oxidizes phenols during the
preparation of the former but not the latter (25). Drying of plant material can
cause loss of thermolabile constituents and further loss can occur on storage,
especially if storage conditions are moist or too hot. However, shelf lives of
TCM are rarely given on the packaging.

Microbial contamination from soil and during handling of plants, or
bacterial and fungal infection during storage, is a potential problem. Plant
materials are especially susceptible because of their organic nature, being
good substrates for bacterial/fungal growth, especially if the moisture level in
the environment is high. Aflatoxins are among the noxious products that
can be generated (6,26). Medicinal plant materials can also contain pes-
ticide residues (27) and sometimes toxic elements from the soil including

5436-0_Packer_Ch41_R2_061804

MD: PACKER, JOB: 03277, PAGE: 877

Problems and Drawbacks of TCM 877



5436-0_Packer_Ch41_R2_061804

MD: PACKER, JOB: 03277, PAGE: 878

arsenic, cadmium, and selenium (11,28,29). Metals can also be introduced
during processing, e.g., by the preparation of medicines in lead containers
(28,29).

V. PROBLEM 4: THE PRODUCT MAY HAVE BEEN
DELIBERATELY ADULTERATED

The deliberate addition of compounds to herbal preparations is an even more
worrisome problem. Adulterants include phenylbutazone, indomethacin,
dexamethasone, prednisolone, acetaminophen, fenfluramine, and aminopy-
rine (11,22,30). Phenylbutazone can cause severe agranulocytosis, which is
why its use as a drug is now very limited, but several cases of damage by herbs
containing it as an adulterant have been reported (22,31,32). In 2002 in
Singapore the Health Sciences Authority identified phenylbutazone in the
herbal remedy serbuk jarem (encok), used to treat rheumatism and ‘‘body
aches.’’ In England, herbal creams prescribed by TCM practitioners to treat
facial and other eczema were analyzed and eight were found to be adulterated
with dexamethasone, in some cases at a level that should not be used on the
face (33). Yet another example is PC-SPES (see below).

VI. PROBLEM 5: THE PRODUCTS MAY PRODUCE HARM
BY INTERACTING WITH EACH OTHER OR WITH
PHARMACEUTICALS TAKEN CONCURRENTLY

TCM prescriptions may contain multiple different products whose ingre-
dients can interact with each other in unexpected ways, or can influence the
effects of Western drugs taken concurrently. TCM is often used by subjects
with chronic diseases, who are likely to take Western drugs at the same time.
For example, PC-SPES is allegedly a combination of eight herbs sometimes
used by patients with prostate cancer. It was found to have potent oestrogenic
activity (34). Coadministration of PC-SPES with estrogens might thus cause
overdose problems, and PC-SPES in high doses may itself produce side effects
such as breast tenderness and loss of libido (34). PC-SPES was banned in 2002
in the United States after chemical analysis showed it to be adulterated with
diethylstilbestrol (a known carcinogen) indomethacin and warfarin (35). The
action of St. John’s wort in inhibiting monoamine oxidase can potentiate the
effects of serotonin-reuptake inhibitors (3,36). It also induces hepatic
enzymes, accelerating the clearance of several drugs including theophylline,
cyclosporin, and warfarin and decreasing their plasma levels (36). Garlic
extracts affect the metabolism of paracetamol and warfarin, and kava can
interact with drugs used in the treatment of Parkinson’s disease (3). The
Lancet recently discussed the need for surgeons to monitor intake of herbal
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products and to recommend that ingestion of such products as ginseng, kava,
St. John’s wort, and valerian should stop several days before surgery (37). It is
well known that grapefruit juice contains agents that inhibit intestinal
cytochrome P450 (CYP3A4) and result in higher blood levels of certain drugs
(e.g., amiodarone, cyclosporin, benzodiazepines, nifedipine, lovastatin,
saquinavir), possibly to a toxic level (38). It seems likely that many similar
phenomena involving ingredients in TCM remain to be discovered.

VII. CONCLUSION: THE WAY FORWARD

The data reviewed above show that TCM cannot at present be taken as an
acceptable given body of knowledge. Practitioners need to be licensed and
subject to quality control checks on their prescriptions to deter adulteration.
They should participate in national or international adverse-event-reporting
networks. They should be monitored by a disciplinary body. Better monitor-
ing of prescribed and ‘‘over-the-counter’’ TCM products for adulterants and
contaminants is needed. Products should be registered and evidence that the
manufacturer complies with GMP should be available. The labels should
specify the composition of the product, both active and ‘‘inactive’’ ingre-
dients, the supplier, and the country of origin. Data on stability should be
obtained and used to provide ‘‘sell by’’ and ‘‘use by’’ dates. Much more work
needs to go into genetic and chemical methods to identify and quality-control
TCM, and standards need to be established. Finally, the public needs to be
educated to be prudent in what they take, not to overdose, to buy from
reputable suppliers, to patronize only licensed TCM practitioners, and to
alert their doctors to any TCM that they are taking. The use of TCM in
infants, pregnant women, and nursing mothers cannot be considered safe,
since present data are insufficient to establish or rule out teratogenic actions or
adverse effects on children. Work to address some of the above problems is
already underway (4,39–42).
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I. INTRODUCTION

In recent years herbal medicines and other forms of complementary or
alternative medicine (CAM) are being chosen with increasing frequency in
Western countries (1,2). Conversely, in many parts of developing countries,
traditional medicines may be the only form of health care readily available or
affordable to the majority of the population. Chinese herbal medicine (CHM)
is a major component of traditional Chinese medicine (TCM), which has a
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history in China of several thousand years and is a highly developed, well-
documented system with its own theoretical background. Neighboring
countries, such as Japan, Korea, Vietnam, and Taiwan, have developed their
own variants of TCM and TCM is readily available throughout the world in
Chinese communities and is now also used by many other ethnic groups.

One of the perceived advantages of these forms of therapy is an
apparent lack of side effects compared with the drug therapies used in
allopathic medicine (3). While it is true in most circumstances that side effects
are infrequent, there are a number of situations in which adverse effects occur.
The safety of the materials employed in CHM or the other herbal medicine
systems has generally been established by their empirical usage over many
centuries, but they have not been studied in the systematic way that is applied
to modern pharmaceutical drugs. This review will draw on examples from
experience of adverse effects of CHM from Hong Kong. Similar problems
have been encountered inmainlandChina and otherAsian countries but these
are generally less well documented in the English-language literature.

Most of the ingredients in CHM have a high therapeutic index and are
unlikely to cause toxicity even if used in considerable excess, but a few
materials with well-recognized toxicity are still in common usage or may be
given erroneously (4–7). In CHM, the raw materials are commonly used in
combinations, which may allow the use of smaller doses of herbs with
synergistic beneficial effects, and somematerials may counteract the potential
toxicity of others. Some herbal combinations that may potentiate toxicity
have been recognized and can usually be avoided but interactions between
herbal materials and standard drug treatments have not been widely studied
and represent an area of increasing concern. Also, some forms of TCM,
particularly Chinese proprietary medicines, have been implicated in causing
toxicity because of adulteration with heavy metals or Western drugs.

Serious side effects from herbal medicines are still relatively rare in
Western countries, especially compared with those from pharmaceutical
drugs. In fact, many cases of herbal adverse reactions have been the result
of inexperience or negligence. Herbal medicines contain an array of chem-
icals, the relative concentration of which varies considerably depending on the
genetics of the plant, the growing conditions, the plant parts used, the time of
harvesting, the technique of preparation, and the storage (8). Lack of
standardization and differences in composition between products or even
between different batches of the same product lead to difficulty in making
generalizations about both efficacy and safety. In TCM if contraindications
are ignored, processing procedures inadequately completed, dosages liberally
assigned, combinations of herbs ill-conceived, dispensing carelessly handled,
decoctions improperly prepared, and diagnosis erroneously made, adverse
reactions might easily occur (9).
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When a case of adverse reaction to CHM is suspected, the difficulty in
establishing the diagnosis is well recognized. Each preparation (herbs or
compound medicines) typically is made up of a number of ingredients that in
turn consist of many different chemicals. Very often, the chemical nature and
pharmacological actions of these ingredients and their constituents are largely
unknown. If the actual prescription cannot be traced, chemical analysis of
each ingredient is not possible. On the other hand, success in making the
diagnosis to some extent will also depend on the clinician’s suspicion and an
awareness of particular patterns of clinical features that may suggest CHM
toxicity rather than being features of the underlying disease or being related to
toxic effects of pharmaceutical drugs (10).

CHM involves the prescription of combinations of herbs for topical
application or ingestion. Topical applications appear more likely to result in
allergic reactions than those ingested. Toxicity from ingestion of herbs can
occur for a variety of different reasons or sometimes a combination of
reasons. The examples described are grouped under the most common
reasons for toxicity occurring with that material.

II. MISIDENTIFICATION, SUBSTITUTION,
OR CONTAMINATION

Misidentification or mislabeling of herbs may result in unexpected adverse
clinical effects. One problem in the identification of herbal ingredients is that
the plant materials can be named in four different ways—the commonEnglish
name, the transliterated name, the Latinized pharmaceutical name, and the
scientific name. The Chinese names of different substances are sometimes
similar and a raw material may have several Chinese proprietary names. It is
desirable that plants are referred to by their binomial Latin names for genus
and species; misidentification is more likely to occur when other names are
used. Furthermore, plant material can be misidentified when wild plants are
harvested or at the time of the manufacturer’s bulk purchase.

A. Guijiu

One tragic example occurred in HongKong when the toxic herb guijiu, which
is derived from the root and rhizome of Podophyllum hexandrum (P. emodi),
was found as an adulterant of the herb longdancao (Gentiana rigescens) in
1989, which led to two cases of serious and permanent neuropathy and
encephalopathy (11). Subsequent investigations revealed that the adultera-
tion was made by the supplier in mainland China, but no one in the supply
chain noticed the error until the occurrence of the adverse event. This same
toxic herb also appeared as a contaminant in samples of the herb weilingxian
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(Clemetis sp.) resulting in miniepidemics of three and nine cases of neurop-
athy in 1995 and 1996, respectively (12).

The products of the rootstock of P. emodi are generally too toxic to be
used other than for external application. The toxic constituent of guijiu is
podophyllotoxin, which is predominantly a neurotoxin but it can also damage
the liver, intestine, and pancreas. It appears to inhibit protein synthesis and
mitosis (13). The symptoms of toxicity include nausea, vomiting, diarrhea,
and abdominal pain and in severe cases neuropathy and encephalopathy may
develop and result in permanent neurological damage. Abnormal liver
function tests, thrombocytopenia, and leukopeniamay also occur. Bajiaolian,
the root ofDysosma pleianthum, one of the species in themayapple family, has
been widely used in mainland China and Taiwan as a TCM remedy for
snakebites, general weakness, poisoning, condyloma acuminatum, lymph-
adenopathy, and certain tumors. Toxic effects have resulted from accidental
ingestion or topical application and some cases occurred when some people
took what they thought were therapeutic doses, resulting in podophyllotoxin
toxicity (14).

B. Anticholinergic Toxicity

Likewise, the erroneous dispensing of yangjinhua (the flowers ofDatura metel
L.) instead of the prescribed lingxiaohua (flower of Campsis grandiflora) has
led to four cases of drowsiness or acute confusion due to the anticholinergic
effects of this herb (15). Herbs such as yangjinhua or naoyanghua (flowers of
Rhododendron molle) may be used for upper-respiratory problems such as
chronic bronchitis or asthma or various painful conditions but in excessive
dosage they may result in an acute confusional state with signs of central
nervous system and peripheral anticholinergic toxicity (16). The typical
features include confusion or coma, fever, tachycardia, flushed dry skin,
dilated pupils, dry mouth, and urinary retention. The herbs contain scopol-
amine, hyoscyamine, and atropine. Datura species were the most common
causeof plant poisonings in a series ofTCMpoisoning cases fromTaiwan (17).

C. Aristolochic Acid

Another case of erroneous substitution occurred in Belgium when guang-
fangji (Aristolochia fangchi) was used instead of fangji (Stephania tetrandra) in
a combined slimming regimen that included some Western medications (18).
A. fangchi contains the nephrotoxin aristolochic acid; this resulted in a
number of cases of renal toxicity with rapidly progressive fibrosing interstitial
nephritis and some patients developed irreversible end-stage renal failure or
carcinoma in the urinary tract (19,20). The toxic effect could have been
potentiated by the other drugs used such as acetazolamide (18,19).
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D. Chansu

Chansu, or toad cake, is made from the dried venom of the toad Bufo bufo
gargarizans or B. melanostictus. This is prepared from the skin and venom
glands of the toad. It is stored in a disc shape of dry material, which has been
mistaken for another innocuous material prepared from the hide of the ass.
Chansu is used for its anti-inflammatory analgesic and anesthetic properties.
It contains bufotoxins, which have a digoxin-like effect, and excessive doses
may cause cardiac arrhythmias that may be fatal. Chansu was the most
common cause of fatal toxicity due to TCM in a series reported from Taiwan
where over 14 years there were 7 deaths related to this of a total of 43 (17). It
is also found in the proprietary Chinese medicine lushenwan, which is a
popular remedy for upper-respiratory symptoms or used as a topical prep-
aration for skin infections. Overdosage of lushenwan pills can cause cardiac
glycoside toxicity in children and topical applications may cause local skin
inflammation.

E. Ginseng

In TCM ginseng is considered a panacea and has been attributed with many
activities, including as an adaptogen, antistress, antifatigue, anticancer,
antiaging, immunomodulating, as well as a performance enhancer, and
aphrodisiac, although scientific evidence to support such claims is limited
(21–23). Ginseng is generally regarded as safe but a number of adverse effects
have been reported with ginseng products including central-nervous-system
excitatory effects, hypertension, insomnia, tachycardia, and hormonal effects
resulting from corticosteroid-, estrogen-, or androgen-like actions (21,22,24–
26). Some of the adverse effects attributed to ginseng preparations may have
been due to misidentification or substitution and there is a great variation in
the quality of different products (27). Ginseng historically refers to the
products from the Panax species. Chinese and Korean ginsengs come from
Panax ginseng C.A. Meyer whereas American ginseng is prepared from
Panax quinquefolius L. These have different combinations of chemical
components and different uses but all the Panax species products should
contain ginsenosides, the steroidal saponins with a 4-trans-ring steroid
skeleton that are associated with pharmacological activities and are used as
markers of quality control (28).

Siberian ginseng is prepared from the roots of Eleutherococcus sentico-
sus, which is from the same family (Araliaceae) but a different genus than the
Panax species. It does not contain ginsenosides but has eleutherosides, which
are used as quality control markers for these products. These are chemically
related to cardiac glycosides and may interact with some digoxin assays. This
may have been responsible for a case of apparent elevation of serum digoxin
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levels with no signs of toxicity when Siberian ginseng and digoxin were taken
together (29) although it was also suggested that the herb may have been
misidentified (30). Another case involving neonatal androgenization associ-
ated with maternal use of Siberian ginseng (31) appears to have been due to
misidentification of the herb involved as it was later identified as Chinese silk
vine (Periploca sepium) (24). Studies in rats showed Siberian ginseng was not
associated with androgenicity (32).

Estrogenic effects have been attributed to ginseng in both oral and
topical preparations resulting in postmenopausal bleeding (25,33) or mastal-
gia (34) but the source and purity of the products involved were not specified.
Likewise, the ‘‘ginseng abuse syndrome,’’ which involved elevation of mood,
hypertension, nervousness, sleeplessness, skin eruptions, diarrhea, and ede-
ma, was attributed to long-term usage of ginseng with other stimulants such
as coffee but the origin, composition, and dosages of the products involved
were not specified (35).

Interactions with other drugs have been reported with ginseng therapy.
Ginseng has been reported to interact with phenelzine and other MAOIs to
have a stimulatory effect on the central nervous system inducing headache
and tremor (36,37) An interaction with warfarin was apparent as the
International Normalised Ratio (INR) clotting index fell from 3.1 to 1.5
while the combination was taken and normalized after withdrawal of the
ginseng (38). This interaction has not been confirmed by other studies and one
study in rats showed no significant impact of ginseng on the pharmacokinetics
or pharmacodynamics of warfarin given in single or multiple doses (39). In
healthy human subjects P. ginseng acute or 28-day supplementation had no
significant effect on the activity of CYP1A2, CYP2D6, CYP2E1, or CYP3A4
measured by a cocktail of probe drugs (40). Studies in rabbit platelets showed
that some components of ginseng had antiplatelet activity (41).

III. LACK OF STANDARDIZATION OR INADEQUATE
PROCESSING

Poor quality of herbs that require proper curing and of proprietary medicines
is also found to be amajor cause of herbal poisoning. The relative proportions
of therapeutic and toxic components of plants vary depending on the part of
the plant used, stage of ripeness, geographic area where the plant is grown,
and storage conditions. Therefore, batch-to-batch reproducibility of active
chemical ingredients should ideally be assessed in the production of marketed
products, but in practice the active ingredients are often not known and most
herbal suppliers and practitioners do not have the facilities or training to
undertake chemical standardization, so product variation in herbal medicines
can be significant.
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A. Aconites

One of the major causes of serious and sometimes fatal toxicity in HongKong
has been the use of aconites from the dried rootstocks ofAconitum carmichaeli
and A. kusnezoffii (5–7). These preparations are commonly used in TCM for
their anti-inflammatory analgesic effects. They contain C19-diterpenoid
esters, aconitine, mesaconitine, hypaconitine, and other derivatives, which
activate sodium channels resulting in neurological and cardiac toxicity.
Aconitine was previously popular in Western medicine but fell into disrepute
toward the end of the nineteenth century when cases of toxicity were
recognized, and its only role in Western medicine now is in experimental
pharmacology to induce arrhythmias in animal preparations.

The initial symptoms of toxicity include paresthesias in the mouth and
tongue with progression to involve the extremeties. Nausea and vomiting are
common and there may be muscle weakness, hypotension, and dizziness (42–
44). Themost serious effects are arrhythmias, which include both bradycardia
and tachyarrhythmias such as ventricular flutter or fibrillation (45–48). A
number of deaths have occurred from these ventricular arrhythmias (49).

Toxicity was often related to the use of excessive doses of these herbs or
to inadequate processing. Like most herbs in CHM the aconites are subjected
to a process of ‘‘curing,’’ which in this case involves steaming or boiling in
water to reduce the toxicity by converting aconitine alkaloids to aconines and
benzoylaconitines. The processed herb is supplied to the patient with a
combination of other herbs and the patient is instructed to prepare a
decoction by boiling the herbs for a certain period of time. This will further
reduce the toxicity of the aconites. Thus there are a number of stages in this
process where variations in technique may lead to excessive amounts of the
toxic ingredients remaining in the preparation that the patient ingests. In
some cases the dosage prescribed was too high. The recommended dosage in
thePharmacopoeia of the People’s Republic of China is 1.5–3 g for both caowu
(main root of A. kusnezoffii) and for chuanwu (main root of A. carmichaeli)
and 3–5 g for fuzi (lateral root of A. carmichaeli). Some prescriptions have
included 6 g or more of each of the first two aconite preparations. Other
factors that may contribute to toxicity include differences in the amount of
alkaloids present in the plant roots at the time of harvest and the use of
inappropriate combinations with other herbs.

IV. HEAVY METAL CONTAMINATION

Heavy metals have been used over the centuries for their medicinal effects
although they have largely been replaced in allopathic medicine by less toxic
pharmaceuticals. In the theory of TCM heavy metals may be used as active
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ingredients of some herbal prescriptions and Chinese proprietary medicines
often contain cinnabar (mercuric sulfide), realgar (arsenic sulfide), or litharge
(lead oxide) as part of the traditional formula. Furthermore, during growth
and storage, crude plant material can become contaminated by pesticide
residues, microorganisms, aflatoxins, radioactive substances, and heavy
metals; lead, cadmium, mercury, arsenic, and thallium have been reported
as contaminants of some herbal preparations (50). In a case series of five
patients in England with lead poisoning from Asian traditional remedies, the
preparations implicated contained 6–60% by weight of lead (51).

A proprietary medicine, ‘‘Niuhuang Jiedu Pian,’’ was incriminated in a
fatal case in Macau (52). The patient, a 13-year-old girl had taken a high
dosage of this proprietary medicine and developed an illness involving
multiorgan failure, which was considered to be compatible with arsenic
toxicity. When the tablets were analyzed they were found to contain excessive
amounts of arsenic and this product and other similar ones were withdrawn
from the market in Macau until they were proven to free of arsenic
contamination. A number of cases of acute or chronic arsenic poisoning were
reported from Singapore in children and adults taking ‘‘Sin Lak Pill’’, ‘‘Lu
Shen Wan,’’ and other ‘‘antiasthma’’ preparations (53). These proprietary
medicines, which were manufactured in China, Hong Kong, and other Asian
countries, were found to contain levels of inorganic arsenic ranging from 25 to
107,000 ppm. In Taiwan, heavy-metal poisoning of newborn infants fed ‘‘Ba
Pao Neu Hwang San’’ is reported annually (54). In 1983, the death of a 5-
month-old female infant resulted from consumption of the drug, which was
found to have contained lead at 44,000 ppm. Despite such cases this TCM is
still widely used. In 1992, a survey revealed mercury contamination of this
product ranging from 34,500 to 65,700 ppm (54).

V. ADULTERATION WITH WESTERN DRUGS

Data from Taiwan have highlighted the widespread use of adulterants in
TCM preparations. Examination of 2,609 products found 23.7% were
adulterated and of these 52.8% contained two or more adulterants (55). Of
the adulterants 34.5% contained caffeine, 27.0% paracetamol, 24.6% indo-
methacin, 20.6% hydrochlorothiazide, and 14.8% prednisolone (55). TCM
hospitals had the lowest rates of adulteration (9.0%)with herbalists providing
the least authentic preparations, with 34.6% containing adulterants (55).
Ginseng preparations in theUnited States were found to be adulterated with a
number of different components including Mandragora officinarum (scopol-
amine), Rauwolfia serpentia (reserpine), and Cola species.
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VI. HERB-DRUG INTERACTIONS

Interactions between herbs and drugs have been the subject of a number of
reviews (21,22,26,56–60). However, data regarding interactions with CHM
are relatively few and the subject has not been studied systematically although
attempts are being made to remedy this (40). The study of some of these
interactions has provided insights into the mechanisms involved and helps to
predict what other problems may occur. Problems are most likely to be
encountered with drugs that have a narrow therapeutic window such as
warfarin, digoxin, or cyclosporin. Much of the evidence of interactions of
CHM with such drugs comes from anecdotal reports and the true risk is
difficult to assess (61).

A. Grapefruit Juice

Drug interactions with grapefruit juice serve as a good example of how an
apparently innocuous dietary constituent can interact with potent drugs,
which could result in serious toxicity. A number of Chinese herbal medicines
are derived from citrus fruits such as chen pi (rind of Citrus reticulata) or zhi
shi (unripe fruits of Citrus aurantium) and these could have similar effects
although it has been suggested that the interaction is specific for grapefruit
products and in vitro findings suggested the flavonoid, naringenin, or the
furanocoumarin, 6V,7V-dihydroxybergamottin, were the active components
causing drug interactions (62).

The serendipitous finding that grapefruit juice increased the oral
bioavailability of felodipine and to a lesser extent nifedipine provided the
instigation for a series of investigations to explore the mechanism of this effect
(63). Lown and colleagues reported that grapefruit juice decreased small-
bowel epithelial cell CYP3A4 concentration by 62%, but did not alter
CYP3A4 mRNA levels or the concentrations of small-bowel CYP1A1,
CYP2D6, or P-glycoprotein, or colonic CYP3A5, or the activity of hepatic
CYP3A4 (64). They concluded that grapefruit juice caused selective post-
translational downregulation of CYP3A4 expression in the intestinal wall.
This interaction is likely to have the greatest effect in individuals with the
highest inherent baseline enteric CYP3A4 and with drugs with innately low
oral bioavailability because of substantial presystemic metabolism mediated
by CYP3A4 (62). Clinically relevant interactions are likely with cyclosporin,
terfenadine, saquinavir, some HMGCoA reductase inhibitors, and a number
of other drugs. Understanding this mechanism should help to limit possible
adverse drug interactions and might also be useful to develop possible
beneficial drug combinations that could lower treatment costs or increase
efficacy.
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B. St. John’s Wort

St. John’s wort, derived from the flowering tips of Hypericum perforatum,
provides another example where a herbal drug that has gained considerable
popularity in Western countries proved to be capable of causing important
herb-drug interactions. It appeared to be a safe alternative antidepressantwith
an efficacy similar to low-dose tricyclic antidepressants or selective serotonin
reuptake inhibitors (65–69) apart from the risk that it might interact with the
serotonin reuptake inhibitors to produce a mild serotonin syndrome
(26,56,70,71). However, in 1999 reports started to appear of interactions
between St. John’s wort and a variety of drugs and it was shown to reduce
theplasmaconcentrations ofdigoxin (72) and theophylline (73) and to result in
breakthrough bleeding during oral contraceptive use (74). Case reports then
emerged suggesting interactions with cyclosporin could reduce the immuno-
suppressive effect resulting in rejection of transplanted organs including heart
(75,76), liver (77), and renal (78–80) transplants. It was also shown to decrease
plasma levels of theHIVprotease inhibitors indinavir (81) andnevirapine (82),
as well as amitriptyline (83) and some HMG CoA reductase inhibitors (84).

Studies examining the mechanism of these interactions showed that
administration of St. John’s wort extract to rats for 14 days resulted in a 3.8-
fold increase in expression of the intestinal drug efflux transporter P-glyco-
protein, the product of the multidrug resistance (MDR) gene 1, and in a 2.5-
fold increase in hepatic CYP3A2 expression (85). In healthy volunteers
administration of St. John’s wort extract for 14 days resulted in 1.4- and
1.5-fold increased expressions of duodenal P-glycoprotein/MDR1 and
CYP3A4, respectively, and in a 1.4-fold increase in the functional activity
of hepatic CYP3A4 assessed by 14C-erythromycin breath test (85). Likewise,
St. John’s wort given for 16 days produced a 4.2-fold increase in expression of
P-glycoprotein and enhanced the P-glycoprotein-mediated drug efflux func-
tion in peripheral blood lymphocytes of healthy volunteers (86).

Another study using an in vivo probe drug cocktail approach showed
that short-term administration of St. John’s wort had no effect on CYP
activities whereas long-term (2 weeks) administration decreased the bioavail-
ability of oral midazolam by >50% but when midazolam was given intra-
venously there was only a 20% decrease, indicating relatively selective
induction of CYP3A activity in the intestinal wall (87). There was no change
in CYP1A2, CYP2C9, or CYP2D6 activities as a result of St. John’s wort
administration (87). However, in the LS180 intestinal cell model St. John’s
wort increased the expression of CYP1A2 in a concentration- and time-
dependent manner (88). Conversely, incubation of St. John’s wort in vitro
with a panel of recombinant human CYP isoforms showed inhibition of the
1A2, the 2C6, and especially the 2C19 isoforms (89).
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Amolecular mechanism for the interaction was demonstrated as hyper-
forin, a constituent of St. John’s wort with antidepressant activity, was found
to be a potent ligand for the pregnane X receptor, an orphan nuclear receptor
that regulates expression of the cytochrome P450 (CYP) 3A4 (90). Treatment
of primary human hepatocytes with hypericum extracts or hyperforin results
in a marked induction of CYP3A4 expression. Activation of this nuclear
receptor would lead to upregulation of the expression of P-glycoprotein/
MDRI and CYP3A4 expression in the intestinal wall and to a lesser extent
CYP3A4 in the liver.

C. Danshen

Danshen, the root of Salvia miltiorrhiza, is a herb commonly used in TCM
for the treatment of atherosclerotic cardio- and cerebrovascular diseases. It
has been reported to have a number of anticoagulatory effects, including
inhibition of platelet aggregation, antithrombin III–like activity, antagonism
of extrinsic blood coagulation, and profibrinolytic properties (91). One study
showed some components may have scavenging effects on free radicals (92).
When taken in combination with the anticoagulant warfarin, excessive
anticoagulation has been reported in a number of cases (93–96). This could
represent a pharmacodynamic interaction on different coagulation mecha-
nisms, but as danshen does not usually affect the PT directly the increases
seen in prothrombin time suggests a pharmacokinetic effect and danshen
has also been reported to increase plasma concentrations of both R- and
S-warfarin and decrease clearance in a rat model (97). Much of the activity
of danshen has been attributed to the tanshionone components that can
be identified following hydrophobic extraction, and include tanshionone
IIA and sodium tanshionone sulfonate. Recently, the sulfonate has been
reported to be a noncompetitive inhibitor of CYP2C9 in human hepatic mi-
crosomes (98).

D. Dong Quai

Dong quai, or danggui, is the Chinese herb prepared from the dried root of
Angelica sinensis. It is used as an antispasmodic, a ‘‘blood purifier,’’ and a
tonic and as a treatment for various gynecological disorders including
menstrual cramping, irregular menses, and menopausal symptoms. Phyto-
chemical analyses showed it contains coumarin derivatives and other con-
stituents possessing antithrombotic and antiarrhythmic effects (99) and it is
recommended to avoid using it in patients with coagulation disorders (100).
Some of the pharmacological effects may be related to the phytoestrogen
content and gynecomastia has been reported in a man taking a dong quai
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preparation (101) although no evidence of an estrogen effect was seen in a
study in postmenopausal women (102), and in an in vitro study it did not have
an estrogen effect but it did increase the growth of a human breast cancer cell
line (103). A case was described of a patient stabilized on warfarin who
showed an increase in prothrombin time and INR after taking dong quai
(104). The exact mechanism of the interaction is not known although one
study showed that dong quai affected the pharmacodynamics but not the
pharmacokinetics of warfarin in rabbits (105).

E. Ginkgo (Ginkgo biloba)

The fruits and seeds of ginkgo have been used in TCM for thousands of years
and leaf extracts are one of themost commonly used European herbal extracts
(22,106). The active components have been attributed with a number of
activities that promote small-vessel blood flow, including that in the cerebral
arteries, as well as antiplatelet and other hemorrheological actions, antihy-
poxic, neuroprotective, membrane-stabilizing, and capillary-fragility-de-
creasing effects (21,22,106). Ginkgo has been reported to provide moderate
improvements in symptoms of intermittent claudication (107) and a stan-
dardized form of the leaf extract (EGb761) has been approved inGermany for
the treatment of dementia (21,22).

Ginkgo appears to be relatively safe with side effects that are usually
mild and limited to gastrointestinal complaints, headache, nausea, and
vomiting (22,106). However, a small number of serious bleeding problems
have been reported for subjects taking ginkgo preparations, who inmost cases
were receiving concurrent anticoagulant drugs. These have included two
subdural hematomas (108,109), one in a patient who was taking paracetamol
and an ergotamine-caffeine preparation (109), one intracerebral hemorrhage
when ginkgo was taken with warfarin (110), one subarachnoid hemorrhage
(111), and a case of hyphema resulting from combination with aspirin (112).
The significance of these reports is uncertain but it seems advisable for
patients taking anticoagulants or antiplatelet drugs not to take ginkgo (22).
A study using probe drugs for CYP1A2, CYP2D6, CYP2E1, and CYP3A4
activity showed no significant effect on CYP activity with 28-day supplemen-
tation with a G. biloba preparation (40).

F. Other Herbs

Garlic or dasuan, the tuber of Allium sativum L., is used in TCM both orally
and topically for various effects including as an anthelmintic, antiseptic,
antidote, and tonic. Various preparations of garlic exhibited an inhibitory
effect on human CYP-mediated metabolism of marker substrates for 2C9*1,
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2C19, 3A4, 3A5, and 3A7 but not 2D6, whereas extracts of fresh garlic
stimulated CYP2C9*2 metabolism of the marker substrate in an in vitro
system (113). Using the probe drug approach, in vivo garlic oil reduced
CYP2E1 activity after 28 days but had no effect on CYP1A2, CYP2D6, or
CYP3A4 activity (40).

Piperine, a major component of black pepper, inhibitedP-glycoprotein-
mediated digoxin and cyclosporin A transport in Caco-2 cells and CYP3A4-
mediated verapamil metabolism in human liver microsomes, so it could affect
plasma concentrations of drugs subject to first-pass elimination by these
mechanisms (114).

VII. CONCLUSIONS

When used asmonotherapy or in appropriate combinations recommended by
an experienced TCM practitioner, most of the herbal preparations used in
CHM obtained from reliable sources are relatively safe with minor adverse
effects. However, when obtained from unscrupulous sources there is an
increased chance of misidentification, adulteration, or contamination that
may be associated with serious adverse events. Additionally, concomitant use
of pharmaceutical drugs may lead to herb-drug interactions that may be
potentially fatal. Studies with grapefruit juice and St. John’s wort have
demonstrated some mechanisms by which pharmacokinetic interactions
may occur. However, despite clear evidence that herbal preparations may
lead to severe interactions, information regarding possible and proven
interactions is very limited. Care should be taken when herbal preparations
are given with pharmaceutical drugs and physicians must identify the use of
such herbal preparations to reduce the chances of these interactions occurring.
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of eucommia (Eucommia ulmoides

Oliver), 841–842

of ginger (Zingiber officinale Roscoe,
Zingiberacae), 167–168

of hawthorn (Crataegus), 476–480,
477f–480f

of licorice (Glycyrrhiza glabra,
Glycyrrhiza inflata), 600–605,
601f–604f

of prickly pear (Opuntia ficus indica),
543–551, 543t, 545t, 546f–547f,
548t

of rosemary (Rosmarinus officinalis
L.), 459–460

of RSV (reseratol), 493–496
of schisandrin B and dibenzocy-

clooctadiene lignans, 296–300
of scrophulariaceae (Brand hancei

Hook. f.), 687–689

of SMS (Shengmai San), 635–641
of spirulina, 318–321

Antiparasitic activities, 350

5436-0_Packer_Index_R1_070104

MD: PACKER, JOB: 03277, PAGE: 905

Index 905



Antiplatlet effects, 253, 529–530
of ginseng, 529–530
of Ligusticum chuanxiong Hort., 253

Antiproliferation activities, 418–420,
419f

Antispasmodial effects, 567

Antitumor effects, 338–342, 526–527,
667–668

of Cordyceps sinensis (Berk.) Sacc.,

667–668
of ginseng, 526–527
of shiitake mushrooms (Lentinus

edodes), 338–342, 340t,
341f–342f

Antiviral effects, 240, 296, 768–770, 842
of eucommia (Eucommia ulmoides

Oliver), 842
of horny goat weed (Epimedium

species), 240

of schisandrin B and
dibenzocyclooctadiene
lignans, 296

of St. John’s wort (Hypericum
perforatum), 768–770

Aphrodisiac properties, 647–651

Apoptosis, 127–129, 388–391, 423–425,
503–506, 527, 690–692

chrysanthemum (Chrysanthemum
morifolium Ramat) and,

423–425
cruciferous vegetables (Brassicaceae)

and, 388–391

ginseng and, 527
RSV (reseratol) and, 503–506
scrophulariaceae (Brand hancei

Hook. f.) and, 690–692
tea (Camellia sinensis) and, 127–129,

128t
Appel, Elizabeth, 134

Apricot seed (Prunus armeniaca), 94
Aristolochia fanchi, 886
Aristolochia indica, 648

Aristolochic acid, 886
Aromatic amines, heterocyclic, 118
Arsenic sulfide, 890

Arthritis symptom suppression,
794–795

Arthrospira plantensis, 315–326. See

also Spirulina
Ashar, Bimal H., 53–72
Aspirin, 46t

Asteracaea family, 813–836. See also
Chromolaena odorata (L.)
R. King and H. Robinson

Atherogenic LDL (low-density
lipoprotein) modifications,
595–597

Atherosclerosis effects, 273–274,
595–597, 599–600, 786–791

of curcumin (Curcuma longa),
786–791

of Dan Shen (Saliva miltiorrhiza
Bunge), 273–274

of licorice (Glycyrrhiza glabra,

Glycyrrhiza inflata), 595–597,
599–600

Averrhoa bilimbi Linn, 327–334

chemical components and structures
of, 328–329, 329f

illustrations of, 328f

overviews of, 327–328, 333
RCTs (randomized clinical trials)

and research studies of,
328–333

reference resources about, 333–334
therapeutic uses of, 328–333
antidiabetic properties, 329–333

ethnopharmacological uses,
328–329

hypoglycemic activities, 329–333

Aviram, Michael, 595–614

Ba Pao Neu Hwang San, 890
Bacterial infections, 745–746

Bamboo leaf (Lophatherum gracile), 94
Banlangen, 47t
Bao, Yongping, 87–115

Basidiomycoto mushrooms, 355–363.
See also Shiitake mushrooms
(Lentinus edodes)
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Bastard cardamom (Amomun
xanthioides), 93–94

Bear paws, 648

Bedara pahit, 643–656. See also
Tongkat Ali (Eurycoma
longifolia Jack)

Beer Sheva, 457
Ben Cao Bei Yao, 657–658
Ben Cao Cong Xin, 657–658

Ben Cao Gang Mu, 182
Benzie, Iris F. F., 179–228
Berberidaceae, 229–246. See also

Horny goat weed (Epimedium
species)

Berk Sing, 335–363. See also Shiitake
mushrooms (Lentinus edodes)

Beta-Caryophyllene, 103
Betalain pigments, 539–543,

540f–542f

Betanin, 537–556. See also Prickly pear
(Opuntia ficus indica)

Bharti, Alok chandra, 781–812

Bhuvana, R. K., 354
Bibliographies. See Reference

resources

Bilbow, Emily, 757–780
Biomedical Research Council of

Singapore, 507
Bitter melon, 47t

Black cohosh (Cimicifuga racemosa),
54–55

Black pepper, 894

Black tea, 117–144. See also Tea
(Camellia sinensis)

Blood glucose level reduction, 520–522

Bode, Ann M., 165–177
Bodeker, Gerard, 1–31
Brand hancei Hook. f., 685–702. See

also Scrophulariaceae (Brand

hancei Hook. f.)
Brassicaceae, 365–405. See also

Cruciferous vegetables

(Brassicaceae)
British Herbal Pharmacopoeia,

760–761

Broccoli and brussel sprouts, 365–405.
See also Cruciferous
vegetables (Brassicaceae)

Bronchitis, 743–744
Bucheli, Peter, 87–115
Bufo bufo gargarizans, 887

Bupleurum root, 573–593. See also
Sho-saiko-to

Buswell, John A., 179–228

Cabbage, 365–405. See also
Cruciferous vegetables

(Brassicaceae)
Caffeic acid, 103
Caffeine, 130–132, 130t–132t, 890
CAM (Center for Alternative

Medicine), 874
CAM (complementary and alternative

medicine). See TCM

(traditional Chinese medicine)
Camellia sinensis, 117–144. See also

Tea (Camellia sinensis)

Campsis grandiflora, 886
Cancer prevention, 121–125, 122t–124t
Candida infections, 743

Cantharsis vesicatoria, 648
Capacity development issues, 17–24
Carbohydrate absorption, 521–522
Carcinogenesis, hepatic, 584–586

Cardioactive effects, 695–696
Cardioprotective effects, 271–276,

292–293, 492–494

of Dan Shen (Saliva miltiorrhiza
Bunge), 271–276

of RSV (reseratol), 492–494

of schisandrin B and
dibenzocyclooctadiene
lignans, 292–293

Cardiovascular system effects, 171–172,

241, 251–253, 481–487, 595–614,
672, 710–711

of Cordyceps sinensis (Berk.) Sacc.,

672
of ginger (Zingiber officinale Roscoe,

Zingiberacae), 171–172
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[Cardiovascular system effects]
of hawthorn (Crataegus), 481–487,

482f

of horny goat weed (Epimedium
species), 241

of licorice (Glycyrrhiza glabra,

Glycyrrhiza inflata), 595–614
of Ligusticum chuanxiong Hort.,

251–253

of ma huang (Ephedra species),
710–711

Cariophyllalae, 537–556. See also

Prickly pear (Opuntia ficus
indica)

Carles, Maria C., 857–871
Cassia tora L., 557–572

chemical components and structures
of, 563–565, 564f

future perspectives of, 568

overviews of, 557–559, 568
RCTs (randomized clinical trials)

and research studies of,

559–568
reference resources about, 568–572
therapeutic uses of, 559–568

antibacterial effects, 567–568
antifungal effects, 567
antigenotoxic activities, 561–563,

565–566

antihypotensive effects, 566
antioxidant activities, 559–561
antispasmodial effects, 567

lipid-lowering effects, 566–567
Cataract formation protection, 798–799
Cauliflower, 365–405. See also

Cruciferous vegetables
(Brassicaceae)

Cauwu, 889
Cay ba binh, 643–656. See also

Tongkat Ali (Eurycoma
longifolia Jack)

CBD (Convention on Biological

Diversity), 6–7
Cell cycle arrest induction, 420–423
Cell growth control, 127–129, 128t

Cell proliferation regulation, 503–506
Center for Alternative Medicine, 874
Central nervous system effects, 250,

254, 711–712
Cerebral ischemia, 268–271
Cerebrovascular effects, 254–255

CFIs (Chinese functional ingredients),
93–105. See also HMPs
(herbal medicinal products)

acacetin, 102
active ingredients of, 101–105
agastinol/agastenol, 102

almond (Prunus amygdalus), 94
Aloe vera, 93
apricot seed (Prunus armeniaca), 94
bamboo leaf (Lophatherum gracile),

94
bastard cardamom (Amomun

xanthioides), 93–94

beta-Caryophyllene, 103
caffeic acid, 103
Cassia obtusifolia seed, 95–96

Cassia tora seed, 95–96
chicory, 96
Chinese yam (Dioscorea opposita),

96
chlorogenic acid, 103
Chrysanthemum morifolium flower,

96

chrysophanol, 103
cinnamaldehyde, 103
cinnamon (Cinnamomum cassia),

96–97
clove (Eugenia caryophyllata), 97
emodin, 103

fennel seed (Foeniculum vulgare), 97
ginger (Zingiber officinale), 97
glycyrrhizin acid, 104
hawthorn (Crataegus cuneata), 98

hesperidin/hedsperitin, 104
Korean mint (Agastache rugosa), 93
licorice (Glycyrrhiza glabra,

Glycyrrhiza inflata), 98–99
linalool, 104
nobiletin, 104
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[CFIs (Chinese functional ingredients)]
orange oil (Phyllanthus emblica),

99–100

Perilla frutescens, 99
Poria cocos, 100
proanthocyanidins, 104

rhein, 104
rosmarinic acid, 104
sea buckthorn (Hippophae

rhamnoides), 98
tangeretin, 104

Chan, Sui-Yung, 813–836

Change, Q., 484
Chansu, 887
Chelidonium majus, 648
Chemical components and structures.

See also under individual topics
product-related problems of,

876–877

of specific HMPs (herbal medicinal
products). See also under
individual products

Andrographis paniculata (Burm. f )
Nees (Acanthaceae), 443–444,
443f

Averrhoa bilimbi Linn, 328–329,
329f

Cassia tora L., 563–565, 564f
Chromolaena odorata (L.) R. King

and H. Robinson, 813–833,
830t–831t

chrysanthemum (Chrysanthemum

morifolium Ramat), 427–430
Cordyceps sinensis (Berk.) Sacc.,

663–665, 664f, 674t

of cruciferous vegetables
(Brassicaceae), 365–367, 366f

Dan Shen (Saliva miltiorrhiza
Bunge), 262–264, 263f–264f

echinacea (Echinacea augustifolia,
Echinacea purpurea, Echinacea
pallida), 725–743, 727f–738f

eucommia (Eucommia ulmoides
Oliver), 838–839

ginseng, 518–520, 519f

[Chemical components and structures]
horny goat weed (Epimedium

species), 231–232, 232f

licorice (Glycyrrhiza glabra,
Glycyrrhiza inflata), 618–628,
618f, 621f, 623f–624f

Ligusticum chuanxiong Hort.,
248–249, 248f

Lingzhi polyphorous fungus

(Ganoderma lucidum), 186–187,
187f

ma huang (Ephedra species),

704–704, 704f
prickly pear (Opuntia ficus indica),

539–543
rosemary (Rosmarinus officinalis

L.), 458–459, 458f
RSV (reseratol), 490–493, 492f
schisandrin B and

dibenzocyclooctadiene
lignans, 289–292, 290f

scrophulariaceae (Brand hancei

Hook. f.), 686–687, 686f
shiitake mushrooms (Lentinus

edodes), 336–337, 350–351

sho-saiko-to, 573–577, 575t, 576f
SMS (Shengmai San), 637–638
St. John’s wort (Hypericum

perforatum), 761–763, 762f

tea (Camellia sinensis), 119f
use criteria and, 74–75

Chemopreventive and chemoprotective

effects, 276–279, 365–405,
410–427, 460–462

of chrysanthemum (Chrysanthemum

morifolium Ramat), 410–427
of cruciferous vegetables

(Brassicaceae), 365–405
of Dan Shen (Saliva miltiorrhiza

Bunge), 276–279
of rosemary (Rosmarinus officinalis

L.), 460–462

Chen, Keli, 87–115
Chen pi (Citrus reticulata), 891
Chen, Zhen Yu, 471–487
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Cherry, George W., 813–836
Chestnut, horse, 851
Chicory, 96

China blister beetles, 648
Chinese functional ingredients. See

CFIs (Chinese functional

ingredients)
Chinese medicine, traditional. See

TCM (traditional Chinese

medicine)
Chinese yam (Dioscorea opposita), 96
Chlorogenic acid, 103

Chlorpropamide, 47t
Cho, Kyung-Joo, 517–536
Cho-To-San, 637–638
Chow, M., 484

Christen, Yves, 145–164
Chromatographic analyses, 453
Chromolaena odorata (L.) R. King and

H. Robinson, 813–836
chemical components and structures

of, 813–833, 830t–831t

future perspectives of, 833–834
illustrations of, 814f
overviews of, 813–814, 833–834

preparation of, 815–818
RCTs (randomized clinical trials)

and research studies of,
813–833

reference resources about, 834–836
therapeutic uses of, 813–833

antioxidant effects, 814–833

overviews of, 813–814
Chronic diseases, 117–118
Chrysanthemum (Chrysanthemum

morifolium Ramat), 407–439
bioavailability of, 427–428
chemical components and structures

of, 427–430

overviews of, 407–408, 429–430
RCTs (randomized clinical trials)

and research studies of, 408–409

reference resources about, 430–439
therapeutic uses of, 408–430

antiangiogeneis, 417–418

antihypertensive activities, 409

[Chrysanthemum (Chrysanthemum
morifolium Ramat)]

anti-inflammatory activities, 415

antimutagenic activities, 415–416
antioxidant activities, 409–410,

428–430

antiproliferation activities, 418–420,
419f

apoptosis, 423–425

cell cycle arrest induction, 420–423
chemopreventive activities,

410–427

enzyme inhibition, 426–427
estrogenic vs. antiestrogenic

activities, 415–417
eye irritation, 409

MARK pathway kinease
inhibition, 425–426

overviews of, 408

triterpenoids and, 411–427
ulcerative colitis, 409

Chrysophanol, 103

Chuan xin lian, 441–455. See also
Andrographis paniculata
(Burm. f.) Nees (Acanthaceae)

Chuan Xiong, 247–259. See also
Ligusticum chuanxiong Hort.

Chuanwu, 889
Chung, An-Sik, 517–536

Cimicifuga racemosa, 54–55
Cinnamaldehyde, 103
Cinnamomum cassia, 96–97

Cinnamon (Cinnamomum cassia),
96–97

Cinnebar (mercuric sulfide), 890

Cirrhosis, 577–580, 578f–579f
Citations. See Reference resources
Citrus aurantium, 891
Citrus reticulata, 891

Clavicipitaceae, 657–684. See also
Cordyceps sinensis (Berk.)
Sacc.

Clayton Foundation for Research, 802
Clinical trials. See RCTs (randomized

clinical trials) and research

studies
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Clove (Eugenia caryophyllata), 97
CNS (central nervous system) effects,

250, 254, 711–712

of Ligusticum chuanxiong Hort., 250,
254

of ma huang (Ephedra species),

711–712
Coagulation effects, 254–255
Cochrane Collaboration, 54

Coexistance-related issues, 33–52
AMA (American Medical

Association) and, 36–37

efficacy-driven approaches, 42
future perspectives of, 48–49
health care systems, 33–52
health definitions and, 33–34

HMPs (herbal medicinal products),
associated problems of, 43–48

adverse effects, 43–44

interactions, 43–45, 46t–47t
product sources, 45, 48

hospital services, 39–40

integrated settings, 1–48. See also
Integrated settings

medical education, 41

modern health science and, 34–37
NCCAM (National Center for

Complementary Alternative
Medicine) and, 37, 42, 48

NIH (National Institutes of Health)
and, 36–37, 42, 48

overviews of, 39, 48–49

RCTs (randomized clinical trials)
and research studies, 42

reference resources about, 49–52

COHRED (Council on Health
Research for Development), 4

Cola species, 890
Collagen metabolism, 839–840

Combinatorial effects, 75–76
Complementary and alternative

medicine. See TCM (tradi-

tional Chinese medicine)
Components and structures, chemical.

See Chemical components and

structures

Compositae family, 407–439.
See also Chrysanthemum
(Chrysanthemum morifolium

Ramat)
Comu cervi pantotrichum, 47t
Contamination, misidentification, and

substitution, 885–890. See also
Adverse effects; Toxicity

Contraceptives, oral, 47t, 64

Convention on Biological Diversity, 6–7
Cooper, Raymond, 721–756
Cordyceps sinensis (Berk.) Sacc.,

657–684
chemical components and structures

of, 663–665, 664f, 674t
future perspectives of, 678

illustrations of, 658, 660
life cycle of, 659–663
overviews of, 657–659

RCTs (randomized clinical trails)
and research studies of,
665–678

reference resources about, 678–684
therapeutic uses of, 665–678
antioxidant effects, 670–671, 671t

antitumor activities, 667–668
cardiovascular system effects, 672
hypoglycemic activities, 672–676
immune system effects, 665–667

kidney function effects, 668–669
liver function effects, 669–670
quality control and, 676–678

Council on Health Research for
Development, 4

Cranberry (Vaccinium macrocarpon),

55–56
Crataegus, 471–487. See also

Hawthorn (Crataegus)
Criteria for use, 73–86. See also Use

criteria
Crocus sativus, 648
Cruciferous vegetables (Brassicaceae),

365–405
chemical components and structures

of, 365–367, 366f

future perspectives of, 404–405
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[Cruciferous vegetables (Brassicaceae)]
overviews of, 365–367, 404–405
RCTs (randomized clinical trials)

and research studies of,
365–405

epidemiological evidence, 373–374

GSLs (glucosinolates), 367–373,
368t

mammalian detoxification, 381–387

overviews of, 365–367
in vivo evidence, 374–381

reference resources about, 392–405

therapeutic uses of, 365–404
apoptosis, 388–391
detoxification, 381–387
isothiocyanate-mediated

chemoprotection, 365–405
overviews of, 365–366

Curcumin (Curcuma longa), 781–812

future perspectives of, 802–803
overviews of, 781, 802–803
RCTs (randomized clinical trials)

and research studies of,
782–802

reference resources about, 803–811

therapeutic uses of, 782–802
adriamycin-induced nephrotoxicity

prevention, 801–802
Alzheimer’s disease affects, 798

anticancer properties, 782–785
arthritis symptom suppression,

794–795

atherosclerosis effects, 786–791
cataract formation protection,

798–799

diabetes suppression, 791–792
drug-induced lung injury

protection, 799–801
drug-induced myocardial toxicity

protection, 799
gallstone formation reduction,

795–796

HIV replication effects, 796–798
MI (myocardial infarction) effects,

786–791

[Curcumin (Curcuma longa)]
MS (multiple sclerosis)

modulation, 796–797

muscle regeneration stimulation,
792–793

wound healing enhancement, 794

Cyclosporin, 47t, 64
Cytokine secretion regulation, 496–498

Dan Shen (Saliva miltiorrhiza Bunge),
261–288

chemical components and structures

of, 262–264, 263f–264f
overviews of, 262–264, 263f–264f
water-soluble, 263–264

illustrations of, 262

overviews of, 261–262
RCTs (randomized clinical trials)

and research studies of,

264–279
reference resources about, 279–288
therapeutic uses of, 264–279

acute liver injuries, 267
atherosclerosis, 273–274
cardiovascular disease actions,

271–276
cerebral ischemia, 268–271
chemopreventive effects, 276–279
gene expression inhibition, 269–270

lipid peroxidation, 268
liver disease actions, 264–267
liver fibrosis, 264–267

MI (myocardial infarction),
271–272

myocardial ischemia, 272–273

nitric oxide reduction, 269
nitric oxide synthase inhibition,

269
oxygen free radical scavenge, 268

reperfusion injuries, 268–273
restenosis, 274–276
VIP (vasoactive intestinal peptide)

dysfunction, 270–271
toxicity of, 279

Danggui, 46t
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Danshen, 46t
Dasuan, 894–895. See also Garlic

(Allium sativum L.)

Datura species, 886
Deafness, sudden, 151t
Depression, 627, 763–768

Deterioration, 877–878
Detoxification actions, 125–127,

296–300, 381–387

of cruciferous vegetables
(Brassicaceae), 381–387

of schisandrin B and

dibenzocyclooctadiene
lignans, 296–300

of tea (Camellia sinensis), 125–127,
125t–126t

Diabetes-related actions, 520–522,
791–792

of curcumin (Curcuma longa),

791–792
of ginseng, 520–522

Diabetic retinopathy, 151t

Dibenzocyclooctadiene lignans,
289–314. See also Schisandrin
B and dibenzocyclooctadiene

lignans
Dietary Supplement Health and

Education Act, 1994, 53–54,
73–74, 79, 183–184, 709

Differentiation effects, 522
Digestion modulation, 521–522
Digoxin, 47t, 64

Dioscorea opposita, 96
Dioscorides, 760–761
Disease use criteria, 73–86. See also

Use criteria
Diuretic effects, 463
Dobs, Adrian S., 53–72
Dong Chong Xio Cao, 657–684. See

also Cordyceps sinensis (Berk.)
Sacc.

Dong Quai (Angelica sinesis), 893–894

Dong, Tina, 678
Dong, Zigang, 165–177
Dose-response relationships, 76–77

Drug-herb interactions. See
Interactions (herb-drug,
herb-herb)

Drug-induced injuries, 799–801
lung, 799–801
myocardial toxicity, 799

DSHEA (Dietary Supplement Health
and Education Act), 1994,
53–54, 73–74, 79, 183–184, 709

Du-Zhong, 837–845. See also
Eucommia (Eucommia
ulmoides Oliver)

Echinacea (Echinacea augustifolia,
Echinacea purpurea, Echinacea
pallida), 721–756

botanical considerations of, 724–725
chemical components and structures

of, 725–743, 727f–738f

higher-molecular-weight
components, 735–743

low-molecular-weight

components, 725–732
solvent soluble components,

732–735

cultivation of, 725
extracts of, 56–57
future perspectives of, 749–750
historical perspectives of, 722–724

National Formulary, USA and, 722
overviews of, 721–722, 749–750
RCTs (randomized clinical trials)

and research studies of,
721–750

reference resources about, 750–756

therapeutic uses of, 721–749
anticancer effects, 721–746
bacterial infections, 745–746
bronchitis, 743–744

flu and flu-like infections,
744–745

immunostimulation, 721–749

overviews of, 721–722
recurrent vaginal Candida

infections, 743
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[Echinacea (Echinacea augustifolia,
Echinacea purpurea, Echinacea
pallida)]

URTIs (upper-respiratory tract
infections), 747–748

viral infections, 745–746

toxicity of, 748–749
WHO (World Health Organization)

and, 722

Efficacy-related issues, 3, 43, 78,
149–163

Eleutherococcus senticosus. See Ginseng

Emodin, 103
Endocrine effects, 237
Engler’s Syllabus, 644
Enzyme-related effects, 125–127,

125t–126t, 426–427
induction, 125–127, 125t–126t
inhibition, 426–427

Ephedra species, 703–719. See also
Ma huang (Ephedra species)

Ephedrine, 703–719. See also Ma

huang (Ephedra species)
Epicauta funebris, 648
Epimedium species, 229–246. See also

Horny goat weed (Epimedium
species)

Equity-related issues, 4–5
Ergogenic effects, 713–714

Ernst, Edzard, 847–855
ESCOP (European Scientific

Cooperative on Phytotherapy),

760–761
Estrogen-related activities, 415–417,

615–634

of chrysanthemum (Chrysanthemum
morifolium Ramat), 415–417

of licorice (Glycyrrhiza glabra,
Glycyrrhiza inflata), 615–634

Ethics-related issues, 5–8
Ethnopharmacological uses, 328–329
Eucommia (Eucommia ulmoides

Oliver), 837–845
chemical components and structures

of, 838–839

formulation of, 838

[Eucommia (Eucommia ulmoides
Oliver)]

metabolism of, 839

overviews of, 837–838, 843
processing of, 839
RCTs (randomized clinical trials)

and research studies of,
839–843

reference resources about, 843–845

therapeutic uses of, 839–843
anticomplementary activities, 843
antifungal activities, 842–843

antihypertensive effects, 842
antimutagenic activities, 840–841
antioxidant activities, 841–842
antiviral activities, 842

collagen metabolism, 839–840
lipid metabolism, 842
muscle strength, 839–840

overviews of, 839
stamina effects, 839–840

toxicity of, 839

Eucommia ulmoides Oliver, 837–845.
See also Eucommia
(Eucommia ulmoides Oliver)

Eugenia caryophyllata, 97
Eupatorium odoratum L., 813–836. See

also Chromolaena odorata (L.)
R. King and H. Robinson

Extracts, 53–65
interactions of, 64
overviews of, 53–54, 65

RCTs (randomized clinical trials)
and research studies of, 53–72

reference resources about, 65–73

of specific HMPs (herbal medicinal
products), 53–72

black cohosh (Cimicifuga
racemosa), 54–55

cranberry (Vaccinium
macrocarpon), 55–56

echinacea (Echinacea augustifolia,

Echinacea purpurea, Echinacea
pallida), 56–57

feverfew (Tanacetum parthenium),

58
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[Extracts]
garlic (Allium sativum), 58–59
ginkgo (Ginkgo biloba), 59–60, 148

ginseng, 60–61
kava (Piper methysticum), 61–62
ma huang (ephedra), 57–58

saw palmetto (Serenoa repens),
62–63

St. John’s wort (Hypericum

perforatum), 63–64
valerian (Valeriana officialis),

64–65

Extremity vasomotor changes, 151t
Eye irritation, 409

FDA (Food andDrugAdministration),

53–54, 73–74, 79, 81–84, 172,
183–184, 714–715, 761

Fennel seed (Foeniculum vulgare), 97

Feverfew (Tanacetum parthenium), 58
Financing-related issues, 9–10
Flu and flu-like infections, 744–745

Foeniculum vulgare, 97
Food and Drug Administration,

53–54, 73–74, 79, 81–84, 172,

183–184, 714–715, 761
Forest Research Institute Malaysia,

646
FRIM (Forest Research Institute

Malaysia), 646
Fructus crataegi, 47t
Fructus Schisandrae, 289–314.

See also Schisandrin B and
dibenzocyclooctadiene lignans

Fuhrman, Bianca, 595–614

Functional ingredients. See
CFIs (Chinese functional
ingredients)

Fungus and mushrooms. See also

under individual topics
Cordyceps sinensis (Berk.) Sacc.,

657–684

Lingzhi polyphorous fungus
(Ganoderma lucidum), 179–228

shiitake mushrooms (Lentinus

edodes), 335–363

Future perspectives. See also under
individual topics

of adverse effects, 895

of integrated settings, 7–8
of national health care integration,

7–8

of phytochemicals and gut health,
105–106

of specific HMPs (herbal medicinal

products). See also under
individual products

Andrographis paniculata (Burm. f )

Nees (Acanthaceae), 453
Cassia tora L., 568
Chromolaena odorata (L.) R. King

and H. Robinson, 833–834

Cordyceps sinensis (Berk.) Sacc.,
678

cruciferous vegetables

(Brassicaceae), 404–405
curcumin (Curcuma longa), 802–803
echinacea (Echinacea augustifolia,

Echinacea purpurea, Echinacea
pallida), 749–750

ginseng, 530

horny goat weed (Epimedium
species), 242–243

licorice (Glycyrrhiza glabra,
Glycyrrhiza inflata), 607–608,

628–630
Lingzhi polyphorous fungus

(Ganoderma lucidum), 208, 217

ma huang (Ephedra species),
714–715

prickly pear (Opuntia ficus indica),

552
rosemary (Rosmarinus officinalis

L.), 464–465
RSV (reseratol), 507

schisandrin B and
dibenzocyclooctadiene
lignans, 303

scrophulariaceae (Brand hancei
Hook. f.), 697–698

shiitake mushrooms (Lentinus

edodes), 354

Index 915



5436-0_Packer_Index_R1_070104

MD: PACKER, JOB: 03277, PAGE: 916

[Future perspectives]
SMS (Shengmai San), 641
spirulina, 323–326

St. John’s wort (Hypericum
perforatum), 774–775

tea (Camellia sinensis), 133–134

of TCM (traditional Chinese
medicine), 879

of use criteria, 83–84

Fuzi, 889

Galen, 760–761

Gallstone formation reduction, 795–796
Ganoderma lucidum, 179–228. See also

Lingzhi polyphorous fungus
(Ganoderma lucidum)

Gao Ben, 247–259. See also Ligusticum
chuanxiong Hort.

Garlic (Allium sativum L.), 46t, 58–59,

894–895
extracts of, 58–59
interactions of, 46t, 894–895

Gene expression regulation, 269–270,
498–503

Gentiana rigescens, 885–886

German model, use criteria, 80–81.
See also Use criteria

Ginger (Zingiber officinale Roscoe,
Zingiberacae), 165–177, 573–593

chemical components and structures
of, 173–174

as component of Sho-saiko-to,

573–593. See also Sho-saiko-to
introduction to, 165–166, 172
metabolism of, 173–174

RCTs (randomized clinical trials)
and research studies of,
165–172

references resources about, 172–177

therapeutic uses of, 167–171
anticarcinogenic effects, 168–169
anti-inflammatory effects, 169–170

antinausea effects, 170–171
antioxidant properties, 167–168
cardiovascular system effects,

171–172

Ginkgo (Ginkgo biloba), 145–164
action mechanisms of, 153–154
adaptive effects of, 154–155

bottom-up vs. top-down effects of,
155–157

description of, 147–148

effects of, 150t–152t
efficacy of, 149–153
extracts of, 59–60, 148

ginkgology of, 147
overviews of, 145–147
RCTs (randomized clinical trials)

and research studies of, 148–156
reference resources about, 157–164
therapeutic uses of, 148–149,

150t–152t

ALS (amyotrophic lateral
sclerosis), 150t

altitude sickness, 152t

Alzheimer’s disease, 150t
diabetic retinopathy, 151t
glaucoma, 151t

hearing loss, 151t
ionizing radiation protection, 152t
macular degeneration,

age-related, 151t
memory impairment, 150t
MS (multiple sclerosis), 150t
overviews of, 148–149

Parkinson’s disease, 150t
peripheral arterial occlusive

disease, 151t

PMS (premenstrual syndrome),
152t

sexual dysfunction, 152t

stroke, 150t
sudden deafness, 151t
tinnitus, 151t
trophic disorders, 151t

vasomotor changes, extremity,
151t

vertigo, 151t

Ginseng, 517–536, 573–593, 635–642
adverse effects of, 887–888
Aging and Apoptosis Research

Center Program and, 530
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[Ginseng]
chemical components and structures

of, 518–520, 519f

as component, 573–593, 635–642.
See also Sho-saiko-to; SMS
(Shengmai San)

of sho-saiko-to, 573–593
of SMS (Shengmai San), 635–642

extracts of, 60–61

future perspectives of, 530
interactions of, 46t
Korea Science and Engineering

Foundation and, 530
overviews of, 517–518, 530
RCTs (randomized clinical trials)

and research studies of,

520–530
reference resources about, 530–536
therapeutic uses of, 520–530

agent combinations and, 525–526
antiatherosclerosis effects, 529–530
anticarcinogenic activities,

522–527
antihypertensive effects, 527–530
antimetastatic effects, 522–525

antiplatlet effects, 529–530
antitumor activities, 526–527
apoptosis, 527
blood glucose level reduction,

520–522
carbohydrate absorption, 521–522
diabetes treatment, 520–522

digestion modulation, 521–522
immunomodulatory activities,

526–527

insulin secretion modulation, 521
MDR (multidrug resistance)

effects, 522–525
synergistic effects, 525–526

tumor cell cytotoxicity and
differentiation effects, 522

vasorelaxation, 528–529

Glabridin, 622–627
Glaucoma, 151t
Glucose level reduction, 520–522

Glucosinolates, 367–373, 368t

Glycyrrhiza glabra and Glycyrrhiza
inflata, 573–593, 595–634.
See also Licorice (Glycyrrhiza

glabra, Glycyrrhiza inflata)
Glycyrrhizin acid, 104
Governance-related issues, 8–9

Grapefruit juice, 891
Grasso, David, 757–780
Grayer, Renée J., 813–836

Green tea, 117–144. See also Tea
(Camellia sinensis)

GSLs (glucosinolates), 367–373, 368t

Guangfangji (Aristolochia fanchi), 886
Guiji, adverse effects of, 885–886
Gut health and phytochemicals,

87–115. See also

Phytochemicals and gut health

Haller, Christine A., 703–719

Halliwell, Barry, 873–881
Harvesting-related issues, 77–78
Hawthorn (Crataegus), 471–487

overviews of, 471–472
RCTs (randomized clinical trials)

and research studies of,

472–487
reference resources about, 484–487
therapeutic uses of, 472–482
antioxidant activities, 476–480,

477f–480f
cardiovascular system effects,

481–487, 482f

hypocholesterolemic activities,
472–476, 472t–474t, 476f

HBV (hepatitis B virus) infections,

584–586
HCCs (hepatocellular carcinomas),

577–580, 578f–579f
HCV (hepatitis C virus) infections,

577–580, 578f–579f
Health use criteria, 73–86. See also

Use criteria

Hearing loss, 151t
Heart disease prevention, 120–121,

120t

Heat shock proteins, 301
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Heavy metal contamination, 889–890
Helsinki Declaration, 5–6
Hempedu bumi, 441–455. See also

Andrographis paniculata
(Burm. f.) Nees (Acanthaceae)

Hepatic carcinogenesis, 584–586

Hepatic fibrosis, 580–584, 583f
Hepatitis virus infections, 577–580,

584–586

hepatitis B, 584–586
hepatitis C, 577–580, 578f–579f

Hepatocellular carcinomas, 577–580,

578f–579f
Hepatocyte injuries, 577–580,

578f–579f
Hepatoprotective effects, 291–292, 463

of rosemary (Rosmarinus officinalis
L.), 463

of schisandrin B and dibenzocyclo-

octadiene lignans, 291–292
Hepialus amoricanus Oberthur larva,

657–684. See also Cordyceps

sinensis (Berk.) Sacc.
Heracleum sphondylium, 648
Herba Epimedii, 229–246. See also

Horny goat weed (Epimedium
species)

Herbal extracts. See Extracts
Herb-drug and herb-herb interactions.

See Interactions (herb-drug,
herb-herb)

Hesperidin/hedsperitin, 104

Heterocyclic aromatic amines, 118
Hippocrates, 39, 760–761
Hippophae rhamnoides, 98

HIV replication effects, 796–798
HMPs (herbal medicinal products).

See also under individual
products and topics

Andrographis paniculata (Burm. f )
Nees (Acanthaceae), 441–455

Averrhoa bilimbi Linn, 327–334

Cassia tora L., 557–572
CFIs (Chinese functional

ingredients) of, 93–105

[HMPs (herbal medicinal products)]
chemical components and structures

of. See Chemical components

and structures
Chromolaena odorata (L.) R. King

and H. Robinson, 813–836

coexistance-related issues of, 43–48
Cordyceps sinensis (Berk.) Sacc.,

657–684

cruciferous vegetables (Brassicaceae),
365–405

curcumin (Curcuma longa), 781–812

Dan Shen (Saliva miltiorrhiza
Bunge), 261–288

Echinacea (Echinacea augustifolia,
Echinacea purpurea, Echinacea

pallida), 721–756
Eucommia (Eucommia ulmoides

Oliver), 837–845

extracts of, 53–65
ginger (Zingiber officinale Roscoe,

Zingiberacae), 165–177,

573–593
ginkgo (Ginkgo biloba), 145–164
ginseng, 517–536, 573–593, 635–642

hawthorn (Crataegus), 471–487
licorice (Glycyrrhiza glabra,

Glycyrrhiza inflata), 595–634
Ligusticum chuanxiongHort., 247–259

Lingzhi polyphorous fungus
(Ganoderma lucidum), 179–228

ma huang (Ephedra species), 703–719

phytochemicals, 87–115
prickly pear (Opuntia ficus indica),

537–556

product-relatedproblemsof, 875–878
RCTs (randomized clinical trials)

and research studies of. See
RCTs (randomized clinical

trials) and research studies
reviews of, 847–855. See also

Reviews, systematic

rosemary (Rosmarinus officinalis L.),
457–469

RSV (reseratol), 489–515
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[HMPs (herbal medicinal products)]
schisandrin B and

dibenzocyclooctadiene

lignans, 289–314
scrophulariaceae (Brand hancei

Hook. f.), 685–702

shiitake mushrooms (Lentinus
edodes), 335–363

sho-saiko-to, 573–593

SMS (Shengmai San), 635–642
spirulina, 315–326
St. John’s wort (Hypericum

perforatum), 757–780
tea (Camellia sinensis), 117–144
therapeutic uses of. See Therapeutic

uses

Tongkat Ali (Eurycoma longifolia
Jack), 643–656

Ho, Walter K. K., 471–487

Hong Kong Jockey Club, 484
Hong Kong Polytechnic University, 217
Hormone placement therapy, 615–634

Horny goat weed (Epimedium species),
229–246

adverse effects of, 242

chemical components and structures
of, 231–232, 232f

dosage of, 231
future perspectives of, 242–243

overviews of, 229–230, 242–243
Pharmacopoeia of the People’s

Republic of China and, 230

preparation and processing issues of,
229–230

RCTs (randomized clinical trials)

and research studies of,
230–242

reference resources about, 243–246
Shen Nong Ben Cao Jing and, 230

species determinations of, 230–231
therapeutic uses of, 230–242
antibacterial effects, 240

anticancer effects, 240
antihepatotoxic effects, 240
antioxidant effects, 237, 240

[Horny goat weed (Epimedium species)]
antiviral effects, 240
cardiovascular system effects,

241
endocrine effects, 237
hot flash treatments, 242

immune effects, 233–236,
234t–236t

neurite outgrowth activity effects,

242
overviews of, 233
reproductive system effects, 241

respiratory system effects, 242
skeletal system effects, 233,

237–239, 238t–239t
urinary and renal effects,

241–242
toxicity of, 242

Horse chestnut (Aesculus

hippocastanum), 851
Hospital services, 39–40
Hot flash treatments, 242

HRT (hormone placement therapy),
615–634

Hsps (heat shock proteins), 301

Huang, Yu, 471–487
Hughes, Margaret A., 813–836
Human serum paraoxonase (PONI)

activities, 598–599

Hydrochlorothiazide, 890
Hypericum perforatum, 757–780. See

also St. John’s wort

(Hypericum perforatum)
Hyperuricemia-related disorders,

696–697

Hypocholesterolemic activities,
472–476, 472t–474t, 476f

Hypoglycemic activities, 329–333,
672–676

of Averrhoa bilimbi Linn, 329–333
of Cordyceps sinensis (Berk.) Sacc.,

672–676

Ichikawa, Haruyo, 635–642
Identification-related issues, 77–78
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Illustrations, herbs. See also under
individual herbs

of Andrographis paniculata (Burm. f )

Nees (Acanthaceae), 442
of Averrhoa bilimbi Linn, 328f
of Chromolaena odorata (L.) R. King

and H. Robinson, 814f
of Cordyceps sinensis (Berk.) Sacc.,

658, 660

of Dan Shen (Saliva miltiorrhiza
Bunge), 262

of Lingzhi polyphorous fungus

(Ganoderma lucidum), 180f
of St. John’s wort (Hypericum

perforatum), 759
Immunomodulatory effects, 129,

233–236, 343–349, 496–498,
526–527, 665–667

of Cordyceps sinensis (Berk.) Sacc.,

665–667
of ginseng, 526–527
of horny goat weed (Epimedium

species), 233–236, 234t–236t
of RSV (reseratol), 496–498
of shiitake mushrooms (Lentinus

edodes), 343–349, 345f–346f,
347t, 348f–349f

of tea (Camellia sinensis), 129
Immunostimulation, 721–749

Indicaxanthin, 537–556, 540f–542f.
See also Prickly pear (Opuntia
ficus indica)

Indinavir, 64
Indomethacin, 890
Ingredients, functional. See CFIs

(Chinese functional
ingredients)

Innovation Technology Commission
of Hong Kong, 484

Insulin secretion modulation, 521
Integrated settings, 1–31, 40–48. See

also Coexistance-related issues

access-related issues of, 3
capacity development issues of, 17–24
CBD (Convention on Biological

Diversity) and, 6–7

[Integrated settings]
COHRED (Council on Health

Research for Development)

and, 4
efficacy-related issues of, 3
equity-related issues of, 4–5

ethics-related issues of, 5–8
financing-related issues of, 9–10
future perspectives of, 7–8, 28–29

governance-related issues of, 8–9
Helsinki Declaration and, 5–6
intellectual property issues of, 6

knowledge management,
production, and utilization
issues of, 14–17

national health care and, 1–31

overviews of, 1–2, 28–29, 40–48
policy frameworks of, 3–28
quality-related issues of, 3

reference resources about, 29–31
relational use-related issues of, 3
research environments of, 24–28

resource allocation issues of, 10–14
safety-related issues of, 3, 17–24
traditional origins of, 2

TRIPS (Trade Related Aspects of
Intellectual Property Systems)
and, 6–7

WHO (World Health Organization)

and, 2–6
Intellectual property issues, 6
Interactions (herb-drug, herb-herb),

43–47, 78–79, 882–901
adverse effects and. See Adverse

effects

coexistance-related issues of, 43–45,
46t–47t

of extracts, 64
product-relatedproblemsof, 878–879

of specific products. See also under
individual products

adrenomimetic, 47t

alcohol, 46t
angelicae, 46t
aspirin, 46t–47t

Banlangen, 47t
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[Interactions (herb-drug, herb-herb)]
bitter melon, 47t
black pepper, 894–895

chlorpropamide, 47t
citrus fruits, 891
Comu cervi pantotrichum, 47t

cyclosporin, 47t
Danggui, 46t
Danshen (Salvia miltiorrhiza), 46t,

893
digoxin, 47t
Dong Quai (Angelica sinesis),

893–894
extracts, 64
fructus crataegi, 47t
garlic (Allium sativum L.), 46t,

894–895
ginkgo (Ginkgo biloba), 46t, 894
ginseng, 46t

grapefruit juice, 891
levodopa, 47t
liquorice, 47t

listings of, 46t–47t
Liu Shen pill, 47t
ma huang (Ephedra species), 46t

opium, 47t
oral contraceptives, 47t
overviews of, 891
piperine, 895

polygoni multiflori, 47t
St. John’s wort (Hypericum

perforatum), 47t, 892–893

tamarind, 47t
TMP (trimethoprin), 47t
tricyclic antidepressants, 47t

warfarin, 46t–47t
Yohimbe, 47t

toxicity and. See Toxicity
use criteria and, 78–79

International Olympic Committee,
713–714

International Scientific Symposium on

Tea and Human Health, 134
Intestinal microflora defense, 129
Intestinal peptide dysfunction, 270–271

Ionizing radiation protection, 152t

Ip, Nancy Y., 857–871
Isothiocyanate-mediated

chemoprotection, 365–405

James, A., 484
Jones, Kristin, 757–780

Jue-ming-zi, 557–572. See also Cassia
tora L.

Jujube fruit, 573–593. See also

Sho-saiko-to
Justicia paniculata Burm f., 441–455.

See also Andrographis

paniculata (Burm. f.) Nees
(Acanthaceae)

Kalsec, Inc., 457

Kava (Piper methysticum), 61–62
KCN-induced anoxia, 696–697
Keishi-Bukuyro-Gan, 637–637

Kidney function effects, 668–669
Klemow, Kenneth M., 757–780
Knowledge management, production,

and utilization issues, 14–17
Ko, Robert Kam-Ming, 289–314
Ko-jo-kon, 489–515. See also RSV

(reseratol)
Kong, Ling Dong, 685–702
Konishi, Tetsuya, 635–642
Korea Science and Engineering

Foundation, 530
Korean ginseng, 517–536. See also

Ginseng

Korean mint (Agastache rugosa), 93
Kumar, Anushree, 781–812
Kuroyanagi, Masanori, 453

LDL (low-density lipoprotein), 595–600
modifications of, 595–597
oxidation of, 597–600

Le, The-Trung, 813–836
Lead oxide, 890
Lechtins, 188

Lee Kum Lee Group Ltd., 304
Lee, Seng-Teik, 813–836
Lentinan, 335–363. See also Shiitake

mushrooms (Lentinus edodes)
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Lentinus edodes, 355–363. See also
Shiitake mushrooms (Lentinus
edodes)

Leung, Ping Chung, 33–52
Levodopa, 47t
Li, Shaoping, 657–684

Licorice (Glycyrrhiza glabra,
Glycyrrhiza inflata), 595–634

chemical components and structures

of, 618–628, 618f, 621f,
623f–624f

as component of Sho-saiko-to,

573–593. See also Sho-saiko-to
future perspectives of, 607–608,

628–630
glabridin and, 622–627

overviews of, 595–597, 607–608,
615–617, 628–630

RCTs (randomized clinical trials)

and research studies of, 604–607
animal (mice), 605–607, 605f
human, 602–605

structure-activity relationships
studies, 617–618, 618f

reference resources about, 608–614,

630–634
therapeutic uses of, 595–605

antioxidant effects, 600–605,
601f–604f

atherogenic LDL (low-density
lipoprotein) modifications,
595–597

atherosclerosis effects, 595–597,
599–600

cardiovascular system effects,

595–614
estrogen-related activities, 615–634
HRT (hormone placement

therapy) and, 615–634

macrophage-mediated LDL
(low-density lipoprotein)
oxidation, 597–600

phytoestrogen-related activities,
619

PONI (human serum paraoxonase)

activities, 598–599

[Licorice (Glycyrrhiza glabra,
Glycyrrhiza inflata)]

postmenopausal depression, 627

serotonin reuptake inhibition, 627
Lignans, dibenzocyclooctadiene,

289–314. See also Schisandrin

B and dibenzocyclooctadiene
lignans

Ligusticum chuanxiong Hort., 247–259

chemical components and structures
of, 248–249, 248f

overviews of, 247, 255–256

pharmacokinetics of, 249–250
RCTs (randomized clinical trials)

and research studies of,
248–255

recognition of, 247–248
reference resources about, 256–259
therapeutic uses of, 248–255

antibacterial effects, 254
anticoagulation effects, 255
anticonvulsive effects, 254

antifungal effects, 254
anti-inflammatory effects, 253
antiplatlet properties, 253

cardiovascular system effects,
251–253

cerebrovascular effects, 254–255
CNS (central nervous system)

effects, 250, 254
coagulation effects, 254–255
efficacy and, 250–252

muscle function effects, 250
respiratory system effects, 251
skin permeability, 251

urinary and renal effects, 251
uterine effects, 253–254

toxicity of, 255
Linalool, 104

Lingxiaohua (Campsis grandiflora), 886
Lingzhi polyphorous fungus

(Ganoderma lucidum), 179–228

Ben Cao Gang Mu and, 182
bioactive components of, 184–188
chemical components and

structures of, 186–187, 187f
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[Lingzhi polyphorous fungus
(Ganoderma lucidum)]

enzymes, 188

lechtins, 188
metals, 186–188
microbial content, 186–188

minerals, 186–188
overviews of, 184
polysaccharides, 185

proteins, 188
triterpenes, 185–186

cultivation of, 182–183

dosages of, 183–184
DSHEA (Dietary Supplement

Health and Education Act),
1994 and, 183–184

FDA (Good and Drug
Administration) and,
183–184

future perspectives of, 208, 217
global usage of, 182–183
historical perspectives of, 182

illustrations of, 180f
overviews of, 179–181, 208–217
Pharmacopia of the People’s

Republic of China and,
182–184

RCTs (randomized clinical trials)
and research studies of,

210t–216t
reference resources about, 217–228
Shen Nong Ben Cao Jing and, 182

Shin-Zhen, Li and, 182
taxonomy of, 181–182
therapeutic uses of, 188–208

health benefits, 209f
overviews of, 209f

Lion-tailed macaque, 648
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reference resources about, 354–363
Ri Yong Ben Cao and, 336

therapeutic uses of, 338–350
antibacterial effects, 350
anticancer and antitumor effects,

338–342, 340t, 341f–342f

[Shiitake mushrooms (Lentinus
edodes)]

antiparasitic activities, 350

antiviral effects, 347–353
immune-modulating effects,

343–349, 345f–346f, 347t,

348f–349f
mycovirus properties, 351–353
overviews of, 338

Wu-Rui and, 336
Shimizu, Ichiro, 573–593
Shin-Zhen, Li, 182

Shisandra chinensis, 635–642. See also
SMS (Shengmai San)

Sho-saiko-to, 573–593
chemical components and structures

of, 573–577, 575t, 576f
future perspectives of, 586
overviews of, 573–577, 586

RCTs (randomized clinical trials)
and research studies of,
557–586

reference resources about, 586–593
therapeutic uses of, 557–586
cirrhosis, 577–580, 578f–579f

HBV (hepatitis B virus) infections,
584–586

HCCs (hepatocellular
carcinomas), 577–580,

578f–579f
HCV (hepatitis C virus)

infections, 577–580, 578f–579f

hepatic carcinogenesis, 584–586
hepatic fibrosis, 580–584, 583f
hepatocyte injuries, 577–580,

578f–579f
WHO (World Health Organization)

and, 574
Simaroubaceae, 643–656. See also

Tongkat Ali (Eurycoma
longifolia Jack)

Sin Lak Pill, 890

Sivakami, Subramanian, 315–326
Skeletal system effects, 233, 237–239,

238t–239t

Skin permeability, 251
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chemical components and structures

of, 637–638

future perspectives of, 641
overviews of, 635–636, 641
RCTs (randomized clinical trials)

and research studies of,
637–641

reference resources about, 641–642

therapeutic uses of, 635–641
antioxidant properties, 635–641
overviews of, 635–636

oxidative stress-related diseases,
635–641

Snake bile, 648
Somjen, Dalia, 615–634

Spanish fly, 648
Spirulina, 315–326
future perspectives of, 323–326

overviews of, 315–316, 323–326
RCTs (randomized clinical trials)

and research studies of,

316–321
reference resources about,

323–326

therapeutic uses of, 316–321
antioxidant properties, 318–321
health benefits, 316–318

SSRIs (selective serotonin reuptake

inhibitors), 64
St. John’s wort (Hypericum

perforatum), 757–780

adverse effects of, 771–774
British Herbal Pharmacopoeia and,

760–761

chemical components and structures
of, 761–763, 762f

acids, 763
flavonoids, 762

lipophilic compounds, 762–763
napthodianthrones, 761–762
overviews of, 761

phenolic compounds, 763
tannins, 763
xanthones, 763

Dioscorides and, 760–761

[St. John’s wort (Hypericum
perforatum)]

ESCOP (European Scientific

Cooperative on Phytotherapy)
and, 760–761

extracts of, 63–64

FDA (Food and Drug
Administration) and, 761

future perspectives of, 774–775

Galen and, 760–761
herbology of, 760–761
Hippocrates and, 760–761

illustrations of, 759
interactions of, 47t, 771–774,

892–893
overviews of, 757–758, 774–775

Paraclesus and, 760–761
RCTs (randomized clinical trials)

and research studies of,

763–771
reference resources about, 775–780
species description of, 759–760

therapeutic uses of, 763–771
antibacterial activities, 768–770
anticancer properties, 770–771

antiviral activities, 768–770
depression and mood disorders,

763–768
overviews of, 763

Standardization-related issues,
888–889

Stroke, 150t

Structures and components, chemical.
See Chemical components and
structures

Studies, research. See RCTs
(randomized clinical trials)
and research studies

Substitution, 885–890. See also

Adverse effects; Toxicity
Sudden deafness, 151t
Summer-grass and winter-worm,

657–684. See also Cordyceps
sinensis (Berk.) Sacc.

Sun Simiao, 303–304

Synergisms, 75–76, 525–526
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Systematic reviews, 847–855. See also
Reviews, systematic

Systolic blood pressure effects, 444–446

Tamarind, 47t
Tamir, Snait, 615–634

Tan, Benny Kwong-Huat, 327–334,
441–455

Tan, Chee-Hong, 327–334

Tan, Ren Xiang, 685–702
Tanacetum parthenium, 58
Tangeretin, 104

Tannins, 763
TCM (traditional Chinese medicine).

See also under individual topics
Alpha-National Association and, 874

CAM (Center for Alternative
Medicine) and, 874

coexistance-related issues of, 33–52

future perspectives of, 879
HMPs (herbal medicinal products)

for

adverse effects of, 857–901
Andrographis paniculata (Burm. f )

Nees (Acanthaceae), 441–455

Averrhoa bilimbi Linn, 327–334
Cassia tora L., 557–572
CFIs (Chinese functional

ingredients) of, 93–105

Chromolaena odorata (L.) R. King
and H. Robinson, 813–836

chrysanthemum (Chrysanthemum

morifolium Ramat), 407–439
Cordyceps sinensis (Berk.) Sacc.,

657–684

cruciferous vegetables
(Brassicaceae), 365–405

curcumin (Curcuma longa), 781–812
Dan Shen (Saliva miltiorrhiza

Bunge), 261–288
echinacea (Echinacea augustifolia,

Echinacea purpurea, Echinacea

pallida), 721–756
eucommia (Eucommia ulmoides

Oliver), 837–845

[TCM (traditional Chinese medicine)]
extracts of, 53–65
ginger (Zingiber officinale Roscoe,

Zingiberacae), 165–177,
573–593

ginkgo (Ginkgo biloba), 145–164

ginseng, 517–536, 573–593,
635–642

hawthorn (Crataegus), 471–487

horny goat weed (Epimedium
species), 229–246

licorice (Glycyrrhiza glabra,

Glycyrrhiza inflata), 595–634
Ligusticum chuanxiong Hort.,

247–259
Lingzhi polyphorous fungus

(Ganoderma lucidum),
179–228

ma huang (Ephedra species),

703–719
prickly pear (Opuntia ficus indica),

537–556

product-related problems of,
875–878

adulteration, 878

chemical components and
structures, 876–877

contamination, 877–878
deterioration, 877–878

interactions (herb-drug,
herb-herb), 878–879

listing of, 875t

overviews of, 875
toxicity, 875–876

rosemary (Rosmarinus officinalis

L.), 457–469
RSV (reseratol), 489–515
schisandrin B and

dibenzocyclooctadiene

lignans, 289–314
scrophulariaceae (Brand hancei

Hook. f.), 685–702

shiitake mushrooms (Lentinus
edodes), 335–363

sho-saiko-to, 573–593
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[TCM (traditional Chinese medicine)]
SMS (Shengmai San), 635–642
spirulina, 315–326

St. John’s wort (Hypericum
perforatum), 757–780

tea (Camellia sinensis), 117–144

Tongkat Ali (Eurycoma longifolia
Jack), 643–656

use criteria for, 73–86

mixtures for, 100–101
Chunpesagan-tang, 101
early-weaning diarrhea control

mixture, 101
Jeong Dan Whan, 101
Shi-Quan-Da-Bu-Tang (Ten

Significant Tonic Decoction),

100
Xiao Chen Qi Tang, 101

overviews of, 873–874, 879

phytochemicals and gut health and,
87–115

reference resources about, 879–881

use criteria for, 73–86
Tea (Camellia sinensis), 117–144
chemical components and structures

of, 119f
chronic diseases and, 117–118
cancer mechanisms, 117
heterocyclic aromatic amines and,

118
salt and, 118

future perspectives of, 133–134

health-promotion properties of,
118–133

absorption and, 129–130

antiaging effects, 130
apoptosis, 127–129, 128t
caffeine roles and, 130–132,

130t–132t

cancer prevention, 121–125,
122t–124t

cell growth control, 127–129,

128t
detoxification enzyme induction,

125–127, 125t–126t

[Tea (Camellia sinensis)]
heart disease prevention, 120–121,

120t

immune defense, 129
intestinal microflora defense, 129
metabolism and, 129–130

overviews of, 118–120
thermogenesis and weight control,

132–133

International Scientific Symposium
on Tea and Human Health
and, 134

National Cancer Center and, 118
overviews of, 133–134
reference resources about, 134–144
therapeutic uses of, 117–144

Ten Significant Tonic Decoction, 100
Tesoriere, Luisa, 537–556
Theophylline, 64

Therapeutic uses. See also under
individual topics

ACE (angiotensin-converting

enzyme) activities, 444–446
acute liver injuries, 267
adriamycin-induced nephrotoxicity

prevention, 801–802
agent combinations and, 525–526
ALS (amyotrophic lateral sclerosis),

150t

altitude sickness, 152t
Alzheimer’s disease effects, 150t, 798
antiaging effects, 130, 463

antiangiogeneis, 417–418
antiatherosclerosis effects, 529–530
antibacterial effects, 240, 254, 350,

567–568, 768–770
anticancer effects, 240, 338–342,

340t, 341f–342f, 690–692,
721–746, 770–771, 782–785

anticarcinogenic effects, 168–169,
294–295, 522–527

anticlooxygenase activities, 496–498

anticoagulation effects, 255
anticomplementary activities, 843
anticonvulsive effects, 254
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[Therapeutic uses]
antidiabetic properties, 329–333
antiephritic activities, 693–695

antifungal effects, 254, 567, 842–843
antigenotoxic activities, 561–563,

565–566

antihepatotoxic effects, 240
antihypertensive effects, 409,

527–530, 842

antihypotensive effects, 566
anti-inflammatory effects, 169–170,

253, 415, 689–690

antilipoxygenase activities, 496–498
antimetastatic effects, 522–525
antimutagenic activities, 415–416,

840–841

antinausea effects, 170–171
antioxidant effects, 167–168,

296–300, 318–321, 459–460,

476–480, 477f–480f, 493–496,
543–551, 543t, 545t, 546f–547f,
548t, 559–561, 600–605,

601f–604f, 635–641, 670–671,
671t, 687–689, 814–833,
841–842

antiparasitic activities, 350
antiplatlet effects, 253, 529–530
antiproliferation activities, 418–420,

419f

antispasmodial effects, 567
antitumor activities, 526–527, 667–668
antitumor effects, 338–342, 340t,

341f–342f
antiviral effects, 240, 296, 768–770,

842

aphrodisiac properties, 647–651
apoptosis, 127–129, 128t, 388–391,

423–425, 503–506, 527, 690–692
arthritis symptom suppression,

794–795
atherogenic LDL (low-density

lipoprotein) modifications,

595–597
atherosclerosis effects, 273–274,

595–597, 599–600, 786–791

[Therapeutic uses]
bacterial infections, 745–746
blood glucose level reduction,

520–522
bronchitis, 743–744
cancer prevention, 121–125,

122t–124t
carbohydrate absorption, 521–522
cardioactive effects, 695–696

cardioprotective effects, 292–293,
493–492

cardiovascular disease actions,

271–276
cardiovascular system effects,

171–172, 241, 251–253,
481–487, 482f, 595–614, 672,

710–711
cataract formation protection,

798–799

cell cycle arrest induction, 420–423
cell growth control, 127–129, 128t
cell proliferation regulation, 503–506

cerebral ischemia, 268–271
cerebrovascular effects, 254–255
chemopreventive effects, 276–279,

410–427
chemoprotective effects, 365–405,

460–462
chronic diseases, 117–118

cirrhosis, 577–580, 578f–579f
CNS (central nervous system)

effects, 250, 254, 711–712

coagulation effects, 254–255
collagen metabolism, 839–840
cosmetic benefits, 463

cytokine secretion regulation,
496–498

depression, 763–768
detoxification actions, 125–127,

125t–126t, 296–300, 381–387
diabetes suppression, 520–522,

791–792

diabetic retinopathy, 151t
digestion modulation, 521–522
diuretic effects, 463
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[Therapeutic uses]
drug-induced lung injury protection,

799–801

drug-induced myocardial toxicity
protection, 799

endocrine effects, 237

enzyme induction, 125–127, 125t–126t
enzyme inhibition, 426–427
ergogenic effects of, 713–714

estrogen-related activities, 415–417,
615–634

ethnopharmacological uses, 328–329

extremity vasomotor changes, 151t
eye irritation, 409
flu and flu-like infections, 744–745
gallstone formation reduction,

795–796
gene expression regulation, 269–270,

498–503

glaucoma, 151t
gut health and phytochemicals,

87–115

HBV (hepatitis B virus) infections,
584–586

HCC (hepatocellular carcinoma),

577–580, 578f–579f
HCV (hepatitis C virus) infections,

577–580, 578f–579f
hearing loss, 151t

heart disease prevention, 120–121,
120t

hepatic carcinogenesis, 584–586

hepatic fibrosis, 580–584, 583f
hepatocyte injuries, 577–580,

578f–579f

hepatoprotective effects, 291–292,
463

HIV replication effects, 796–798
hot flash treatments, 242

HRT (hormone placement therapy),
615–634

Hsps (heat shock proteins)

induction, 301
hyperuricemia-related disorders,

696–697

[Therapeutic uses]
hypocholesterolemic activities,

472–476, 472t–474t, 476f

hypoglycemic activities, 329–333,
672–676

hypotensive effects, 566

immunomodulatory effects, 129,
233–236, 234t–236t, 343–349,
345f–346f, 347t, 348f–349f,

496–498, 526–527, 665–667
immunostimulation, 721–749
insulin secretion modulation, 521

intestinal microflora defense, 129
ionizing radiation protection, 152t
isothiocyanate-mediated

chemoprotection, 365–405

KCN-induced anoxia, 696–697
kidney function effects, 668–669
lipid metabolism, 566–567, 842

lipid peroxidation, 268
liver disease actions, 264–267
liver fibrosis, 264–267

liver function effects, 300–301,
669–670, 799–801

liver injuries, 267, 799–801

macrophage-mediated LDL
(low-density lipoprotein)
oxidation, 597–600

macular degeneration, age-related,

151t
MARK pathway kinease inhibition,

425–426

MDR (multidrug resistance) effects,
522–523

memory impairment, 150t

metabolic effects, 712–713
MI (myocardial infarction) effects,

271–272, 786–791
mood disorders, 763–768

MS (multiple sclerosis) modulation,
150t, 796–797

muscle function effects, 250

muscle regeneration stimulation,
792–793

muscle strength, 839–840
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[Therapeutic uses]
mycovirus properties, 351–353
myocardial toxicity protection, 799

neurite outgrowth activity effects,
242

neuroprotective effects, 293–294

nitric oxide reduction, 269
nitric oxide synthase inhibition, 269
oxidative stress-related diseases,

635–641
oxygen free radical scavenge, 268
Parkinson’s disease, 150t

performance-enhancing effects,
295–296

peripheral arterial occlusive disease,
151t

phytochemicals and gut health,
87–115

phytoestrogen-related activities, 619

PMS (premenstrual syndrome), 152t
PONI (human serum paraoxonase)

activities, 598–599

postmenopausal depression, 627
quality control and, 676–678
radical-scavenging activities,

549–552, 550t
recurrent vaginal Candida infections,

743
reperfusion injuries, 268–271

reproductive system effects, 241
respiratory system effects, 242, 251
respiratory tract infections, 747–748

restenosis, 274–276
retinopathy, diabetic, 151t
serotonin reuptake inhibition, 627

sexual dysfunction, 152t
skeletal system effects, 233, 237–239,

238t–239t
skin permeability, 251

of specific HMPs (herbal medicinal
products)

Andrographis paniculata (Burm. f )

Nees (Acanthaceae), 444–453
Averrhoa bilimbi Linn, 328–333
Cassia tora L., 559–568

[Therapeutic uses]
Chromolaena odorata (L.) R. King

and H. Robinson, 813–833

chrysanthemum (Chrysanthemum
morifolium Ramat), 408–427

Cordyceps sinensis (Berk.) Sacc.,

665–678
cruciferous vegetables

(Brassicaceae), 365–404

curcumin (Curcuma longa),
782–802

Dan Shen (Saliva miltiorrhiza

Bunge), 264–279
echinacea (Echinacea augustifolia,

Echinacea purpurea, Echinacea
pallida), 721–749

eucommia (Eucommia ulmoides
Oliver), 839–843

ginger (Zingiber officinale

Roscoe, Zingiberacae),
167–171

ginkgo (Ginkgo biloba), 148–149,

150t–152t
ginseng, 520–530
hawthorn (Crataegus), 472–482

horny goat weed (Epimedium
species), 230–242

licorice (Glycyrrhiza glabra,
Glycyrrhiza inflata), 595–605

Ligusticum chuanxiong Hort.,
248–249

Lingzhi polyphorous fungus

(Ganoderma lucidum), 188–208
ma huang (Ephedra species),

709–714

prickly pear (Opuntia ficus indica),
543–552

rosemary (Rosmarinus officinalis
L.), 459–463

RSV (reseratol), 493–507
schisandrin B and

dibenzocyclooctadiene

lignans, 291–303
scrophulariaceae (Brand hancei

Hook. f.), 687–697
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[Therapeutic uses]
shiitake mushrooms (Lentinus

edodes), 338–350

sho-saiko-to, 557–586
SMS (Shengmai San), 635–641
spirulina, 316–321

St. John’s wort (Hypericum
perforatum), 763–771

tea (Camellia sinensis), 117–144

Tongkat Ali (Eurycoma longifolia
Jack), 647–651

stamina effects, 839–840

stroke, 150t
sudden deafness, 151t
synergistic effects, 525–526
systolic blood pressure effects,

444–446
thermogenesis, 132–133, 712–713
tinnitus, 151t

trophic disorders, 151t
tumor cell cytotoxicity and

differentiation effects, 522

ulcerative colitis, 409
urinary and renal effects, 241–242,

251

URTIs (upper-respiratory tract
infections), 747–748

uterine effects, 253–254
vasomotor changes, extremity, 151t

vasorelaxation, 528–529
vertigo, 151t
VIP (vasoactive intestinal peptide)

dysfunction, 270–271
viral infections, 745–746
weight control, 132–133, 712–713

wound healing enhancement, 794
Thermogenesis and weight control,

132–133, 712–713
Thin-layer chromatographic analyses,

453
Tiger penis, 648
Tinnitus, 151t

TLC (thin-layer chromatographic)
analyses, 453

TMP (trimethoprin), 47t

Toad cake, 887
Tochu tea, 837–845. See also

Eucommia (Eucommia

ulmoides Oliver)
Tomlinson, Brian, 179–228, 484
Tongkat Ali (Eurycoma longifolia

Jack), 643–656
Engler’s Syllabus and, 644
FRIM (Forest Research Institute

Malaysia) and, 646
habitat of, 644–645
overviews of, 643–644

production, 645–646
RCTs (randomized clinical trials)

and research studies of, 646–
647

biological activities, 647
phytochemistry, 646–647

reference resources about, 651–656

therapeutic uses of, 647–651
aphrodisiac properties, 647–651
overviews of, 647–648

WHO (World Health Organization)
and, 643

Toxicity. See also under individual

topics
anticholinergic, 886
authentication and, 857–871
product-related problems and,

875–876
of specific HMPs (herbal medicinal

products), 242, 255, 302–303,

748–749, 839
echinacea (Echinacea augustifolia,

Echinacea purpurea, Echinacea

pallida), 748–749
eucommia (Eucommia ulmoides

Oliver), 839
horny goat weed (Epimedium

species), 242
Ligusticum chuanxiong Hort., 255
schisandrin B and dibenzocyclo-

octadiene lignans, 302–303
Trade Related Aspects of Intellectual

Property Systems, 6–7
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Traditional Chinese medicine. See
TCM (traditional Chinese
medicine)

Trials, clinical. See RCTs (randomized
clinical trials) and research
studies

Tricholomataceae fungus, 335–363.
See also Shiitake mushrooms
(Lentinus edodes)

Tricyclic antidepressants, 47t
Trimethoprin, 47t
TRIPS (Trade Related Aspects of

Intellectual Property Systems),
6–7

Triterpenes, 185–186
Triterpenoids, 411–427

Trophic disorders, 151t
Tsim, Karl W. K., 657–684
Tumeric curcumin derivatives,

781–812. See also Curcumin
(Curcuma longa)

Tumor cell cytotoxicity and

differentiation effects, 522

University of Shizuoka, 453

Urinary and renal effects, 241–242, 251
of horny goat weed (Epimedium

species), 241–242
of Ligusticum chuanxiong Hort., 251

URTIs (upper-respiratory tract
infections), 747–748

U.S. FDA (Food and Drug

Administration), 53–54,
73–74, 79, 81–84, 172,
183–184, 714–715, 761

Use criteria, 74–86
action mechanisms, 74–75
associated problems of, 77–81

adulteration, 78–80

efficacy-related issues, 78
harvesting-related issues, 77–78
identification-related issues, 77–78

interactions, 78–79. See also
Interactions (herb-drug,
herb-herb)

[Use criteria]
manufacturing-related issues,

77–78

overviews of, 77
RCTs (randomized clinical trials)

and research studies, 78,

80–81
regulation-related issues, 79–81
safety-related issues, 78

chemical components and, 74–75
combinatorial effects, 75–76
dose-response relationships, 76–77

DSHEA (Dietary Supplement
Health and Education Act),
1994, 79

FDA (Food and Drug

Administration) and, 81–84
future perspectives of, 83–84
German model for, 80–81

NYHA (New York Heart
Association), Stages I and II
and, 82

overviews of, 73–74
reference resources about, 84–86
synergisms and, 75–76

Uterine effects, 253–254

Vaccinium macrocarpon, 55–56
Vaginal Candida infections, 743

Valerian (Valeriana officialis), 64–65
Valeriana officialis, 64–65
Vasoactive intestinal peptide

dysfunction, 270–271
Vasomotor changes, extremity, 151t
Vasorelaxation, 528–529

Vaya, Jacob, 595–634
Vertigo, 151t
VIP (vasoactive intestinal peptide)

dysfunction, 270–271

Viral infections, 745–746. See also
Antiviral effects

Wachtel-Galor, Sissi, 179–228
Wang, XueJiang, 635–642
Warfarin, 46t–47t, 64
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Watercress, 365–405, Cruciferous
vegetables (Brassicaceae)

Weight control and thermogenesis,

132–133, 712–713
Weisburger, John H., 117–144
Whiteman, Matthew, 365–405

WHO (World Health Organization),
2–28, 574, 643, 722

Williamson, Guy, 87–115

World Health Organization, 2–6
Wound healing enhancement, 794
Wu, Chi-Hao, 557–572

Wu-Rui, 336
Wu-Wei-Zi, 289–314. See also

Schisandrin B and
dibenzocyclooctadiene lignans

Xanthones, 763
Xiao-chai-Hu-Tang, 573–593. See also

Sho-saiko-to

Yangjinhua (Datura species), 886
Yap, Ann-Teck, 355–363
Yap, Sook Peng, 229–246

Yen, Gow-Chin, 557–572
Yiluo, Wu, 657–658
Yinyanghuo, 229–246. See also

Horny goat weed (Epimedium
species)

Yohimbe, 47t, 648

Yokuinin, 637–637
Yong, Eu Leong, 229–246, 837–845
Yong, Eu Yong, 73–86

Yunnan Nanjiang Hospital, 697

Zhang, Amy C. Y., 441–455
Zhang, Z. S., 484

Zhao, K. J., 678
Zhi shi (Citrus aurantium), 891
Zhu, Min, 484

Zokumei-To, 637–637
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