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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-«B, 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 spontancously 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



Preface

The concept for this book arose during a visit by Lester Packer to the National
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, the United States has established new programs within
the National Institutes of Health by the Office of Dietary Supplements and the

vii
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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
Choon Nam Ong
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.

*This paper draws on work reported in two previous papers: “Planning for Cost-effective
Traditional Health Services,” WHO Kobe, Japan, for which support was received from
WHO Kobe Center; and Noller et al., 2001, for which support was received in part from the
Commonwealth Foundation.
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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.

ll. 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.

. 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).
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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.

e 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).

e “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.

e 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. Inthe 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
USS$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 Cote 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 housechold 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 I’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 I’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.
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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, ectc.) 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 available web-based resource on complementary 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 1993 Guidelines 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):

2.

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.

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
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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):

Policy, advocacy, and funding
Preclinical studies

Clinical development
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



Integrating Traditional and Complementary Medicine 25

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.
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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
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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
harmony with 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).

Il. 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 know more 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 (0).

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 the White 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).

lll. 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
(E2), 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 to modern man. 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 refers more 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

Alternative medicine 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 Chinese Medicine 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 is modern medicine. It might 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
Chinese medicine 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.

VIl. 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, the major obstacle would be the concept of forcibly marrying 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 seclectively 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.



42 Leung

VIIl. 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 Chinese medicine 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 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 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 Chinese medicinal
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 are most 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 in Western 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 simultancous
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 on materialism and dialectics. It might, however, take more 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.

53
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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.

ll. BLACK COHOSH (C/IMICIFUGA 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



Clinical Trials for Herbal Extracts 55

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.

lll. 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-



Clinical Trials for Herbal Extracts 57

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.

VIl. 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



Clinical Trials for Herbal Extracts 59

overall effectiveness of garlic probably revolves around the synergistic effect
of various organosulfur compounds produced from the metabolism of -
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).

VIll. GINKGO (G/INKGO 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).

Xll. 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, neither Hypericum 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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TABLE 1 Potential Herb-Drug Interactions Due to St. John's Wort

Reported clinical

Drug Effect complication
Cyclosporin Decreased Transplant graft rejection
drug levels
Digoxin Decreased None to date
drug levels
Indinavir Decreased Increase in HIV viral load
drug levels
Oral contraceptives Decreased drug Unplanned pregnancies
effectiveness
Theophylline Decreased drug None to date
levels
Selective serotonin Serotonin excess Serotonin syndrome —
reuptake inhibitors confusion, agitation,
(SSRIs) diaphoresis, tremor,
rhabdomyolysis
Warfarin Decreased drug Reduced INR value

effectiveness

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.

breakdown of a number of drugs through its activation of the cytochrome
P450 system (111). Clinically significant interactions have been documented
(Table 1).

Xlll. 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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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.

REFERENCES

1. Eisenberg DM, Davis RB, Ettner SL, et al. Trends in alternative medicine use in
the United States, 1990-1997. JAMA 1998; 280:1569—-1575.

2. Kennelly EJ, Baggett S, Nuntanakorn P, Ososki AL, Mori SA, Duke J, Coleton
M, Kronenberg F. Analysis of thirteen populations of black cohosh for for-
mononetin. Phytomedicine 2002; 9:461-467.

3. Kruse SO, Lohning A, Pauli GF, Winterhoff H, Nahrstedt A. Fukiic and
piscidic acid esters from the rhizome of Cimicifuga racemosa and the in vitro
estrogenic activity of fukinolic acid. Planta Med 1999; 65:763-764.

4. Liske E, Hanggi W, Henneicke-von Zepelin HH, Boblitz N, Wustenberg P,
Rahlfs VW. Physiological investigation of a unique extract of black cohosh
(Cimicifugae racemosae rhizome): a 6-month clinical study demonstrates no
systemic estrogenic effect. ] Women’s Health Gender-based Med 2002; 11:163—
174.

5. Kronenberg F, Fugh-Berman A. Complementary and alternative medicine for
menopausal symptoms: a review of randomized, controlled trials. Ann Intern
Med 2002; 137:805-813.



66

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

Ashar and Dobs

Jacobson JS, Troxel AB, Evans J, Klaus L, Vahdat L, Kinne D, Steve Lo KM,
Moore A, Rosenman PJ, Kaufman EL, Neugut Al, Grann VR. Randomized
trial of black cohosh for the treatment of hot flashes among women with a
history of breast cancer. J Clin Oncol 2001; 19:2739-2745.

Stoll W. Phytopharmacon influences atrophic vaginal epithelium—double blind
study—cimicifuga vs. estrogenic substances. Therapeutikon 1987; 1:23-31.
Vorberg G. Therapie klimakterischer Beschwerden. Erfolgreiche hormonfreie
Therapie mitt Remifemin R. Z Allgemeinmed 1984; 60:626—629.

Shuster J. Black cohosh root? Chasteberry tree? Seizures! Hosp Pharm 1996;
31:1553-1554.

Whiting PW, Clouston A, Kerlin P. Black cohosh and other herbal remedies
associated with acute hepatitis. Med J Aust 2002; 177:440—443.

Sobota AE. Inhibition of bacterial adherence by cranberry juice: potential use
for the treatment of urinary tract infections. J Urol 1984; 131:1013-1016.
Schmidt DR, Sobota AE. An examination of the anti-adherence activity of
cranberry juice on urinary and nonurinary bacterial isolates. Microbios 1988;
55:173-181.

Howell AB, Vorsa N, Der Marderosian A, Foo LY. Inhibition of adherence of
P-fimbriated Escherichia coli to uroepithelial-cell surfaces by proanthocyanidin
extracts from cranberries. N Engl J Med 1998; 339:1085-1086.

Jepson RG, Mihaljevic L, Craig J. Cranberries for treating urinary tract
infections (Cochrane Review). The Cochrane Library. Issue 4. Oxford: Update
Software, 2002.

Papas PN, Brusch CA, Ceresia GC. Cranberry juice in the treatment of urinary
tract infections. Southwest Med 1966; 47:17-20.

Haverkorn MJ, Mandigers J. Reduction of bacteruria and pyruia using cran-
berry juice [letter]. JAMA 1994; 272:590.

Avorn J, Monane M, Gurwitz JH, et al. Reduction of bacteriuria and pyuria
after ingestion of cranberry juice. JAMA 1994; 271:751-754.

Kontiokari T, Sundqvist K, Nuutinen M, Pokka T, Koskela M, Uhari M.
Randomised trial of cranberry-lingonberry juice and Lactobacillus GG drink
for the prevention of urinary tract infections in women. Br Med J 2001;
322:1571-1573.

Stothers L. A randomized trial to evaluate effectiveness and cost effectiveness of
naturopathic cranberry products as prophylaxis against urinary tract infection
in women. Can J Urol 2002; 9:1558-1562.

Jepson RG, Mihaljevic L, Craig J. Cranberries for preventing urinary tract
infections (Cochrane Review). The Cochrane Library. Issue 2. Oxford: Update
Software, 2001.

Foda MM, Middlebrook PF, Gatfield CT, Potvin G, Wells G, Schillinger JF.
Efficacy of cranberry in prevention of urinary tract infection in a susceptible
pediatric population. Can J Urol 1995; 2:98-102.

Schlager TA, Anderson S, Trudell J, Hendley JO. Effect of cranberry juice on
bacteriuria in children with neurogenic bladder receiving intermittent catheter-
ization. J Pediatr 1999; 135:698-702.



Clinical Trials for Herbal Extracts 67

23.

24.

25.

26.

217.

28.

29.

30.

31

32.
33.

34.

35.

36.

37.

38.

Terris MK, Issa MM, Tacker JR. Dietary supplementation with cranberry
concentrate tablets may increase the risk of nephrolithiasis. Urology 2001;
57:26-29.

Luettig B, Steinmuller C, Gifford GE, Wagner H, Lohmann-Matthes ML.
Macrophage activation by the polysaccharide arabinogalactan isolated from
plant cell cultures of Echinacea purpurea. J Natl Cancer Inst 1989; 81:669-675.
Burger RA, Torres AR, Warren RP, et al. Echinacea-induced cytokine pro-
duction by human macrophages. Int J Immunopharmacol 1997; 19:371-379.
Schulten B, Bulitta M, Ballering-Bruhl B, Koster U, Schafer M. Efficacy of
Echinacea purpurea in patients with a common cold: a placebo-controlled,
randomized, double-blind clinical trial. Arzneimittelforschung 2001; 51:563—
568.

Brinkeborn RM, Shah DV, Degenring FH. Echinaforce and other echinacea
fresh plant preparations in the treatment of the common cold: a randomized,
placebo controlled, double-blind clinical trial. Phytomedicine 1999; 6:1-6.
Grimm W, Muller HH. A randomized controlled trial of the effect of fluid
extract of Echinacea purpurea on the incidence and severity of colds and
respiratory infections. Am J Med 1999; 106:259-260.

Melchart D, Walther E, Linde K, Brandmaier R, Lersch C. Echinacea root
extracts for the prevention of upper respiratory tract infections: a double-blind,
placebo-controlled randomized trial. Arch Fam Med 1998; 7:541-545.
Melchart D, Linde K, Fischer P, Kaesmayr J. Echinacea for preventing and
treating the common cold (Cochrane Review). The Cochrane Library. Issue 2.
Oxford: Update Software, 2001.

Vonau B, Chard S, Mandalia S, Wilkinson D, Barton SE. Does the extract of
the plant Echinacea purpurea influence the clinical course of recurrent genital
herpes? Int J STD AIDS 2001; 12:154-158.

Mullins RJ. Echinacea-associated anaphylaxis. Med J Aust 1998; 168:170-171.
Drew CD, Knight GT, Hughes DT, Bush M. Comparison of the effects of
D- (—)ephedrine and L-(+ )-pseudoephedrine on the cardiovascular and respi-
ratory systems in man. Br J Clin Pharmacol 1978; 6:221-225.

Boozer CN, Nasser JA, Heymsfield SB, Wang V, Chen G, Solomon JL. An
herbal supplement containing mahuang-guarana for weight loss: a randomized,
double-blind trial. Int J Obes Relat Metab Disord 2001; 25:316-324.

Boozer CN, Daly PA, Homel P, Solomon JL, Blanchard D, Nasser JA, Strauss
R, Meredith T. Herbal ephedra/caffeine for weight loss: a 6-month randomized
safety and efficacy trial. Int J Obes Relat Metab Disord 2002; 26: 593-604.
Malchow-Moller A, Larsen S, Hey H, Stokholm KH, Juhl E, Quaade F.
Ephedrine as an anorectic: the story of the “Elsinore pill.” Int J Obes 1981;
5:183-187.

Pasquali R, Baraldi G, Cesari MP, et al. A controlled trial using ephedrine in the
treatment of obesity. Int J Obes 1985; 9:93-98.

Pasquali R, Cesari MP, Melchionda N, Stefanini C, Raitano A, Labo G. Does
ephedrine promote weight loss in low-energy-adapted obese women? Int J Obes
1987; 11:163-168.



68

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ashar and Dobs

Krieger DR, Daly PA, Dulloo AG, Ransil BJ, Young JB, Landsberg L. Ephed-
rine, caffeine and aspirin promote weight loss in obese subjects. Trans Assoc Am
Physicians 1990; 103:307-312.

Astrup A, Buemann B, Christensen NJ, et al. The effect of ephedrine/caffeine
mixture on energy expenditure and body composition in obese women.
Metabolism 1992; 41:686-688.

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 Obes Relat
Metab Disord 1992; 16:269-277.

Toubro S, Astrup AV, Breum L, Quaade F. Safety and efficacy of long-term
treatment with ephedrine, caffeine and an ephedrine/caffeine mixture. Int J Obes
Relat Metab Disord 1993; 17:S69-S72.

Daly PA, Krieger DR, Dulloo AG, Young JB, Landsberg L. Ephedrine,
caffeine and aspirin: safety and efficacy for treatment of human obesity. Int J
Obes Relat Metab Disord 1993; 17:S73-S78.

Breum L, Pedersen JK, Ahlstrom F, Frimodt-Moller J. Comparison of an
ephedrine/caffeine combination and dexfenfluramine in the treatment of
obesity-a double-blind multi-centre trial in general practice. Int J Obes Relat
Metab Disord 1994; 18:99-103.

Molnar D, Torok K, Erhardt E, Jeges S. Safety and efficacy of treatment with an
ephedrine/caffeine mixture: the first double-blind placebo-controlled pilot study
in adolescents. Int J Obes Relat Metab Disord 2000; 24:1573-1578.

Haller CA, Benowitz NL. Adverse cardiovascular and central nervous system
events associated with dietary supplements containing ephedra alkaloids. N
Engl J Med 2000; 343:1833-1838.

Pugh WJ, Sambo K. Prostaglandin synthetase inhibitors in feverfew. J Pharm
Pharmacol 1988; 40:743-745.

Hayes NA, Foreman JC. The activity of compounds extracted from feverfew on
histamine release from rat mast cells. J Pharm Pharmacol 1987; 39:466-470.
Marles RJ, Kaminski J, Arnason JT, Pazos-Sanou L, Heptinstall S, Fischer
NH, Crompton CW, Kindack DG, Awang DV. A bioassay for inhibition of
serotonin release from bovine platelets. J Nat Prod 1992; 55:1044-1056.
Barsby RW, Salan U, Knight DW, Hoult JR. Feverfew extracts and
parthenolide irreversibly inhibit vascular responses of the rabbit aorta. J
Pharm Pharmacol 1992; 44:737-740.

Ernst E, Pittler MH. The efficacy and safety of feverfew (Tanacetum parthenium
L.): an update of a systematic review. Public Health Nutr 2000; 3:509-514.
Pittler MH, Vogler BK, Ernst E. Feverfew for preventing migraine (Cochrane
Review). The Cochrane Library. Issue 4. Oxford: Update Software, 2002.
Pfaffenrath V, Diener HC, Fischer M, Friede M, Henneike-von Zepelin HH.
The efficacy and safety of Tanacetum parthenium (feverfew) in migraine
prophylaxis—a double-blind, multicentre, randomized placebo-controlled
dose-response study. Cephalgia 2002; 22:523-532.

Gebhardt R, Beck H, Wagner KG. Inhibition of cholesterol biosynthesis by



Clinical Trials for Herbal Extracts 69

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.
67.

68.

69.

70.

71.

allicin and ajoene in rat hepatocytes and HepG?2 cells. Biochim Biophys Acta
1994; 1213:57-62.

Ali M, Al-Qattan KK, Al-Enezi F, Kanafer RM, Mustafa T. Effect of allicin
from garlic powder on serum lipids and blood pressure in rats fed with a
high cholesterol diet. Prostaglandins Leukot Essent Fatty Acids 2000; 62:253—
259.

Amagese H, Petesch BL, Matsuura H, Kasuga S, Itakura Y. Intake of garlic and
its bioactive compounds. J Nutr 2001; 131(3s):955S-962S.

Yeh YY, Liu L. Cholesterol-lowering effect of garlic extracts and organosulfur
compounds: human and animal studies. J Nutr 2001; 131(3s):983S-989S.
Steiner M, Li W. Aged garlic extract, a modulator of cardiovascular risk factors:
a dose-finding study on the effects of AGE on platelet functions. J Nutr 2001;
131(35):980S-984S.

Pedraza-Chaverri J, Tapia E, Medina-Campos ON, de los Angeles Granados
M, Franco M. Garlic prevents hypertension induced by chronic inhibition of
nitric oxide synthesis. Life Sci 1998; 62:71-77.

Ackermann RT, Mulrow CD, Ramirez G, Gardner CD, Morbidoni L,
Lawrence VA. Garlic shows promise for improving some cardiovascular risk
factors. Arch Intern Med 2001; 161:813-824.

Stevinson C, Pittler MH, Ernst E. Garlic for treating hypercholesterolemia: a
meta-analysis of randomized clinical trials. Ann Intern Med 2000; 133:420-429.
Hebert PR, Gaziano JM, Chan KS, Hennekens CH. Cholesterol lowering with
statin drugs, risk of stroke, and total mortality: an overview of randomized
trials. JAMA 1997, 278:313-321.

Ross SD, Allen IE, Connelly JE, Korenblat BM, Smith ME, Bishop D, Luo D.
Clinical outcomes in statin treatment trials: a meta-analysis. Arch Intern Med
1999; 159:1793-1802.

Jepson RG, Kleijnen J, Leng GC. Garlic for peripheral arterial occlusive disease
(Cochrane Review). The Cochrane Library. Issue 4. Oxford: Update Software,
2002.

Rose KD, Croissant PD, Parliament CF, Levin MB. Spontaneous spinal
epidural hematoma with associated platelet dysfunction from excessive garlic
ingestion: a case report. Neurosurgery 1990; 26:880—882.

Fugh-Berman A. Herb-drug interactions. Lancet 2000; 355:134—138.

Piscitelli SC, Burstein AH, Welden N, Gallicano KD, Falloon J. The effect of
garlic supplements on the pharmacokinetics of saquinavir. Clin Infect Dis 2002;
34:234-238.

Boon HS, Smith M. The Botanical Pharmacy: The Pharmacology of 47
Common Herbs. Ontario, Canada: Quarry Press, 1999.

Kleijnen J, Knipschild P. Ginkgo biloba. Lancet 1992; 340:1136-1139.
LeBars PL, Katz MM, Berman N, et al. A placebo-controlled, double-blind,
randomized trial of an extract of Ginkgo biloba for dementia. JAMA 1997,
278:1327-1332.

Ernst E, Pittler MH. Ginkgo biloba for dementia: a systematic review of double-
blind placebo-controlled trials. Clin Drug Invest 1999; 17:301-308.



70

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

87.

88.

89.

Ashar and Dobs

Kleijnen J, Knipschild P. Ginkgo biloba for cerebral insufficiency. Br J Clin
Pharmacol 1992; 34:352-358.

Solomon PR, Adams F, Silver A, Zimmer J, DeVeaux R. Ginkgo for memory
enhancement: a randomized controlled trial. JAMA 2002; 288:835-840.
Pittler MH, Ernst E. Ginkgo biloba extract for the teatment of intermittent
claudication: a meta-analysis of randomized trials. Am J Med 2000; 108:276—
281.

Ernst E. The risk-benefit profile of commonly used herbal therapies: ginkgo, St.
John’s wort, ginseng, echinacea, saw palmetto, and kava. Ann Intern Med 2002;
136:42-53.

Drew S, Davies E. Effectiveness of Ginkgo biloba in treating tinnitus: double—
blind placebo controlled trial. Br Med J 2001; 322:1-6.

Gertsch JH, Seto TB, Mor J, Onopa J. Ginkgo biloba for the prevention of severe
acute mountain sickness starting one day before rapid ascent. High Alt Med
Biol 2002; 3:29-37.

Reisser C, Weidauer H. Ginkgo biloba extract EGb 761 or pentoxifylline for the
treatment of sudden deafness: a randomized, reference-controlled, double-blind
study. Acta Otolaryngol 2001; 21:579-584.

Rowin J, Lewis SL. Spontaneous bilateral subdural hematomas associated with
chronic Ginkgo biloba ingestion. Neurology 1996; 46:1775-1776.

Gregory PJ. Seizure associated with Ginkgo biloba? Ann Intern Med 2001;
134:344.

Blumenthal M. Herbal Medicine. Expanded Commission E Monographs. Aus-
tin, TX: American Botanical Council, 2000.

Yokozawa T, Seno H, Oura H. Effect of ginseng extract on lipid and sugar
metabolism. I. Metabolic correlation between liver and adipose tissue. Chem
Pharm Bull (Tokyo) 1975; 23:3095-3100.

Vogler BK, Pittler MH, Ernst E. The efficacy of ginseng: a systematic review of
randomized clinical trials. Eur J Clin Pharmacol 1999; 55:567-575.

Vuksan V, Sievenpiper JL, Koo VYY, Fancis T, Beljan-Zdravkoic U, Xu Z,
Vidgen E. American ginseng (Panax quinquefolius L) reduces postprandial
glycemia in dondiabetic subjects and subjects with type II diabetes mellitus.
Arch Intern Med 2000; 160:1009-1013.

Yun TK, Yun YS, Han IW. Anticarcinogenic effect of long-term oral admin-
istration of red ginseng on newborn mice exposed to various chemical carcin-
ogens. Cancer Detect Prev 1983; 6:515-525.

Yun TK, Choi SY. Non-organ specific cancer prevention of ginseng: a pros-
pective study in Korea. Int J Epidemiol 1998; 27:359-364.

Miller LG. Herbal medicinals: selected clinical considerations focusing on
known or potential drug-herb interactions. Arch Intern Med 1998; 158:2200—
2211.

Janetzky K, Morreale AP. Probable interaction between warfarin and ginseng.
Am J Health Syst Pharm 1997; 54:692—-693.

Davies LP, Drew CA, Duffield P, et al. Kava pyrones and resin: studies on
GABAA, GABAB and benzodiazepine binding sites in rodent brain.
Pharmacol Toxicol 1992; 71:120-126.



Clinical Trials for Herbal Extracts 71

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Jussofie A, Schmiz A, Hiemke C. Kavapyrone enriched extract from Piper
methysticum as modulator of the GABA binding site in different regions of rat
brain. Psychopharmacology 1994; 116:469—474.

Pittler MH, Ernst E. Kava extract for treating anxiety (Cochrane Review). The
Cochrane Library. Issue 4. Oxford: Update Software, 2002.

Lindenberg D, Pitule-Schodel H. D,L-Kavain in comparison with oxazepam in
anxiety disorders: a double-blind study of clinical effectiveness. Fortschr Med
1990; 108:49-50.

Meseguer E, Taboada R, Sanchez V, Mena MA, Campos V, Garcia De Yebenes
J. Life-threatening parkinsonism induced by kava-kava. Mov Disord 2002;
17:195-196.

Food and Drug Administration letter to health care professionals, December
19, 2001. Available at http://www.cfsan.fda.gov/~dms/ds-1tr27.html. Accessed
November 22, 2002.

Marks LS, Hess DL, Dorey FJ, Luz Macairan M, Cruz Santos PB, Tyler VE.
Tissue effects of saw palmetto and finasteride: use of biopsy cores for in situ
quantification of prostatic androgens. Urology 2001; 57:999-1005.

Marks LS, Partin AW, Epstein JI, Tyler VE, Simon I, Macairan ML, Chan TL,
Dorey FJ, Garris JB, Veltri RW, Santos PB, Stonebrook KA, deKernion JB.
Effects of a saw palmetto herbal blend in men with symptomatic benign
prostatic hyperplasia. J Urol 2000; 163:1451-1456.

Wilt T, Ishani A, Mac Donald R. Serenoa repens for benign prostatic hy-
perplasia (Cochrane Review). The Cochrane Library. Issue 4. Oxford: Update
Software, 2002.

Carraro JC, Raynaud JP, Koch G, Chisholm GD, Di Silverio F, Teillac P, Da
Silva FC, Cauquil J, Chopin DK, Hamdy FC, Hanus M, Hauri D, Kalinteris A,
Marencak J, Perier A, Perrin P. Comparison of phytotherapy (Permixon) with
finasteride in the treatment of benign prostate hyperplasia: a randomized
international study of 1,098 patients. Prostate 1996; 29:231-240.

Hamid S, Rojter S, Vierling J. Protracted cholestatic hepatitis after the use of
prostata. Ann Intern Med 1997; 127:169-170.

Cheema P, El-Mefty O, Jazieh AR. Intraoperative haemorrhage associated with
the use of extract of saw palmetto herb: a case report and review of literature. J
Intern Med 2001; 250:167-169.

Barnes J, Anderson LA, Phillipson JD. St. John’s wort (Hypericum perforatum
L.): a review of its chemistry, pharmacology and clinical properties. J Pharm
Pharmacol 2001; 53:583-600.

Shan MD, Hu LH, Chen ZL. Three new hyperforin analogues from Hypericum
perforatum. J Nat Prod 2001; 64:127-130.

Greeson JM, Sanford B, Monti DA. St. John’s wort (Hypericum perforatum): a
review of the current pharmacological, toxicological, and clinical literature.
Psychopharmacology 2001; 153:402—414.

Linde K, Mulrow CD. St. John’s wort for depression (Cochrane Review). The
Cochrane Library, Issue 4. Oxford: Update Software, 2002.

Stevinson C, Ernst E. Hypericum for depression: an update of the clinical
evidence. Eur Neuropsychopharmacol 1999; 9:501-505.



72

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

Ashar and Dobs

Gaster B, Holroyd J. St. John’s wort for depression: a systematic review. Arch
Intern Med 2000; 160:152-156.

Hypericum Depression Trial Study Group. Effect of Hypericum perforatum (St.
John’s wort) in major depressive disorder: a randomized controlled trial. JAMA
2002; 287:1807-1814.

Stevinson C, Ernst E. Safety of hypericum in patients with depression. CNS
Drugs 1999; 11:125-132.

Lane-Brown MM. Photosensitivity associated with herbal preparations of St.
John’s wort (Hypericum perforatum). Med J Aust 2000; 172:302.

Schulz V. Incidence and clinical relevance of the interactions and side effects of
Hypericum preparations. Phytomedicine 200; 8:152—-160.

Ernst E. Second thoughts about safety of St. John’s wort. Lancet 1999;
354:2014-2016.

Vorbach EU, Gortelmeyer R, Bruning J. Efficacy and tolerability of a Baldrian
preparation. Psychopharmacotherapie 1996; 3:109—115.

Leathwood PD, Chauffard F, Heck R. Aqueous extract of valerian root
(Valeriana officinalis L.) improves sleep quality in man. Pharmacol Biochem
Behav 1982; 17:65-71.

Dorn M. Efficacy and tolerability of Baldrian versus oxazepam in non-orgaic
and non-psychiatric insomniacs: a randomised, doubl-blind, clinical, compa-
rative study. Forsch Komplementarmed Klass Naturheilkd 2000; 7:79-84.
Stevinson C, Ernst E. Valerian for insomnia: a systematic review of randomized
controlled trials. Sleep Med 2000; 1:91-99.

Klepser TB, Klepser ME. Unsafe and potentially safe herbal remedies. Am J
Health Syst Pharm 1999; 56:125-138.



4

Herbal Medicine
Criteria for Use in Health and Disease

Eu Leong Yong and Yin Sze Loh

National University of Singapore
Singapore, Republic of Singapore

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.

ll. DIFFERENT MECHANISMS OF ACTION OF BIOACTIVE
CONSTITUENTS

Observed effects may be the sum total of different classes of compounds
having diverse mechanisms of action. The most widely used herbal medicine 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
and DNA 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.

lll. 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 [5S-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 for Ginkgo 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 1 month in 1994, 35 of whom were 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, and many other countries. Often, consumers can choose from more 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 the West, 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 documented mechanism by which 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 huangis 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 from which 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
AMGT76) 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 be met 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.

VIl. 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
York Heart Association (NYHA). This indication was limited in July 1994 for
Stage I 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).

VIIl. 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 Shen Nong 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, Ben Cao Gang Mu, first published in the Ming 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 the U.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

87



88 Williamson et al.

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 food was carried
out by Liin 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 from China 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 already many 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 CFl Used in Traditional Chinese Medicine to Treat Gut

Disorders and to Promote Digestion

TFI

Gut disorder

Agastache (Agastache rugosa)
Aloe (Aloe vera)
Amomum fruit (Amomum xanthiodes)

Apricot seed (Prunus armeniaca)
Bamboo leaf (Lophatherum gracile)
Bitter orange flower (Citrus aurantium)

Cassia tora seed (Cassia tora)
Chinese angelica (Angelica anomala)
Chinese yam (Dioscorea opposita)
Cinnamon (Cinnamomum cassia)

Clove (Eugenia caryophyllata)

Euryale seed (Euryale ferox)
Fennel seed (Foeniculum vulgare)

Ginger (Zingiber officinale)
Hawthorn (Crataegus cuneata)
Hemp seed (Cannabis sativa)
Honeysuckle (Lonicera japonica)
Job’s tears (Coix lachryma-jobi)
Kudzu root (Pueraria lobota)

Lesser galangal (Alpinia officinarum)

Licorice (Glycyrrhiza uralensis)

Lotus seed (Nelumbo nucifera)
Mandarine orange peel (Citrus reticulata)
Nutmeg (Myristica fragrans)

Pepper (Piper nigrum)

Perilla leaf (Perilla frutescens)
Purslane (Portulaca oleracea)
Safflower (Carthamus tinctorius)
Smoked plum (Prunus mume)

Star anise (/lliicum verum)
Sword bean (Canavalia gladiata)
Winter radish seed (Raphanus sativus)

Diarrhea

Laxative

Diarrhea, promote digestion,
excite smooth muscle

Constipation

Relieve vomiting

Diarrhea, against poor appetite,
bile secretion, constipation

Constipation, laxative

Constipation

Diarrhea, chronic enteritis

Diarrhea, promote digestion,
control smooth muscle

Promote digestion, relieve vomiting,
excite smooth muscle

Diarrhea

Promote digestion, control smooth
muscle

Diarrhea

Diarrhea, promote digestion

Constipation

Diarrhea

Diarrhea

Diarrhea, enhance appetite

Diarrhea, promote digestion,
control smooth muscle

Diarrhea, smooth muscle
control, mucosa protection

Diarrhea

Diarrhea, promote digestion

Chronic diarrhea, promote
digestion, control smooth muscle

Diarrhea, promote digestion

Diarrhea, excite smooth muscle

Diarrhea, bile secretion

Enhance appetite

Chronic diarrhea, enhance appetite,
control smooth muscle, bile secretion

Bile secretion

Relieve vomiting

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, since maximum doses 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.

Il. 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)

Amomum Fruit 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 related A. villosum were 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 leafis the young stem and leaf of L. gracile Brongn., 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 effective medicine, 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 of C. 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 related C. 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 related D. opposita, D. fordii, D. persimilis,
and D. alata are similar in content of polysaccharides, allatonin, and amino
acids but differ in the ratio of monosaccharides. 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 from C. morifolium have been found to
exhibit anti-HIV activity (44). Several active anti-HIV compounds, including
acacetin-7-O-p-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 of C. cassia is used in traditional medicine to treat hypertension and
indigestion. The growth-inhibiting activity of C. cassia—bark-derived materi-



Phytochemicals in CFl and Gut Health 97

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). 2’-Hydroxycinnaldehyde was
also isolated from the bark of C. cassia. 2'-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: B-caryophyllene, B-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 ng/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. vulgare Mill. 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 and methanol 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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0. 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 of ~0.1 mg/mL. The protection against DNA
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



Phytochemicals in CFl and Gut Health 99

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 E, 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 -3 polyunsaturated fatty acids suppress the risk of colon cancer (73).
In rats the ratios of ®-2 PUFA to -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 the medicinal 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).



100 Williamson et al.

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-B, IL-6, and TNF-«) but
suppressed the secretion of an immune suppressor (TGF-p), 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).

lll. 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 (thizome); 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 powdery mixtures, 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 in Korean 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, and Magnoliae cortex;
itis 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

The CFI discussed above consist of a complex mixture 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 of most flavonoids. It
induces UGT defense mechanisms in cells in vitro (90), inhibits cytochrome
P450s CYPIA and CYPI1BI1 (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, and MAPK-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. p-Caryophyllene

p-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

Chrysophanolis antifungal (105), inhibits cytochrome P450 (106), and has po-
tential antiallergic activity via inhibition of hyalonuridase and histamine re-
lease from mast cells (107).

G. Cinnamaldehyde, 2'-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
(~50hr) (111). Emodin exhibits a range of anticarcinogenic activities in vitro,
including inhibition of formation of DNA adducts induced by I-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 1Al and 1B1 in human lung cell lines
(116). Emodin also induced muscle contractions due to Ca®* release in skel-
etal muscle, as a result of influx of extracellular Ca®" through voltage-
dependent Ca®* 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-B-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 p-
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 some Western 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 Caco?2
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).

0. Rosmarinic Acid

Rosmarinic acid is one of the most effective antioxidants, and it induced phase
I 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 of most 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 how Western 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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Tea and Health

John H. Weisburger
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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 the DNA and generate a mutation.
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.

. 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 40°C 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 Polyphenon Polyphenon

60 100 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

TABLE 2 Prevention of Oxidation of LDL-C by
P60 and ML-1?

Group (n = 10) Mean + SE

1. Blank 0.0002 + 0.0001
2. Control 0.3759 + 0.0133
3. Low-dose P60AP 0.0154 + 0.0026
4. High-dose P60A° 0.0127 + 0.0018
5. Low-dose ML-1 0.0211 + 0.0025
6. High-dose ML-1 0.0308 + 0.0306

@ MitoLife (ML) was acommercial product containing fruit
juices, including green tea, the effect of which was com-
pared to a positive control, polyphenon 60A, a poly-
phenolfromgreentea, providedby Dr.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 significantatp < 0.0001.

b Low-dose PBOA (group 3) versus low-dose ML-1 (group
5) was significant. The low dose of PEOA was 20 uM, or
1 mg, and the high dose was 40 pM, or 2 mg; with ML-1,
the low dose was 1 pL, and the high dose 2 puL of a
saturated solution of commercial MitoLife product.

® High-dose P60A (group 4) versus high-dose ML-1
(group 6) was significantatp < 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 a more 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.

This method 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 J[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 are more cigarette smokers in Japan than in the United
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 “spontanecous” 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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TABLE 5 MNU-induced Colon Tumors in F344 Rats Ingesting Green Tea
Extract (GTE)

No. of No. of rats No. of tumors No. of tumors
Groups® rats examined with tumors per rat per tumor-bearing rat
Control 39 26 (67%) 1.2 £ 0.2° 1.8 + 0.2°
HGTE 30 13 (43%)° 0.8 £ 0.2 1.8 £ 0.3
MGTE 30 12 (40%)° 0.5 + 0.1° 1.2 +0.1°
LGTE 30 10 (33%)° 0.5 + 0.2° 1.5+ 04

@ 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% (hGTE group), 0.01% (mGTE group), or 0.002%
(1GTE group) water solution of GTE as drinking water throughout the experiment. The
experiment was terminated at week 35.

® Mean = SEM.

¢ Significantly different from the control group: p < 0.05 or less.

Source: Ref. 37.

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 (59).

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, Jagerstad: namely, meats contain creat-
inine, which forms the 2-aminomethylimidazo part of the heterocyclic amines.
Jagerstad’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
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the formation of mutagenic heterocyclic amines, which seems to be a practical
way to cook ““safe” hamburgers (65,60).

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 weeks modifies the metabolic 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 Il 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).

TABLE 6 Effects of Green or Black Tea Drinking on Phase | and Il Enzymes of Male
F344 Rat Liver?®

Predominant P450

Parameter isozymes monitored Water Green tea Black tea

Phase | 1A1 435+0.83 7.12+0.31" 8.01+0.42

Ethoxyresorufin 1A2 1A2 1.87+0.39 10.10+0.86" 11.66+ 2.13'
dealkylaseb

Methoxyresorufin 2B1 2.17+0.49 3.20+0.15" 3.36+0.25
dealkylase®

N-nitrosodimethylamine 2E1 0.40+0.06 0.49+0.15 0.43+0.11
demethylase®

Erythromycin 3A4 0.49+£0.10 0.46+0.11 0.54 £0.10

demethylase®
Phase Il enzymes
UDP-glucuronyltransferase® 12.00+1.22 15.61+1.12" 17.74 + 0.84
Glutathione 0.21+0.02 0.23+0.03 0.24 +£0.02
S-transferase®

@ Data represent mean + SD of four determinations, each derived from four different animals in each
treatment group.

b Resorufin (pmol) produced/min/mg protein.

¢ Formaldehyde (nmol) consumed/min/mg protein.

d p-Nitrophenol (hmol) consumed/min/mg protein.

° CDNB-GSH (umol) formed/min/mg cytosolic protein.

fp < 0.01 with respect to the control water group.

Source: Ref. 67.
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TABLE 7 UDP-GT Activity in Liver Microsomes
from Water- and Tea-Drinking Rats®

p-NP consumed/min/mg protein

Sample Controls Tea-drinking animals
1 10.8 21.8

2 1.7 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 £0.9 16.7 £ 3

? Mean + standard deviation; p < 0.05 for rats on tea
compared to controls.
Source: Ref. 68.

Weisburger

TABLE 8 Effect of Green Tea on Percent of the Total Urinary Radioactivity as
Metabolites of 2-Amino-3-methylimidazo[4,5-flquinoline (1Q) in Male and Female

F344 Rats
Percent of metabolites recovered
Males Females

Metabolites Control Tea Control Tea

1. 1Q-N-glucuronide 6.7 £ 0.1 7.0 £ 0.2 3.2+ 0.2 2.8 £0.3
2. 5-OH-1Q sulfate 13.5 + 16.0 £ 0.3* 10.7 £+ 0.2 14.1 +£0.2°
3. N-OH-1Q-N-glucuronide  21.8 £ 0.3 24.0 £ 0.4®* 15.4+ 0.3 20.3 +£0.4°
4. 1Q sulfamate 31.0 £ 3.0 20.24+0.2* 50.2+ 1.1 35.3 + 0.4°
5. 5-OH-1Q-glucuronide 240+ 1.0 30.0+ 3.0° 18.0+ 0.2 25.1+0.2°
6. 1Q 3.0 £ 0.2 2.8 +0.1 2.5+ 0.3 2.4 + 0.4

@ Student’s t-test, p < 0.05, tea versus control. The data are the mean + 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 '#C-1Q 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.
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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 cyclin D1 protein, increased p21,
p27 Bcel-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 kB 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-kB, in turn controlling the activity of trans-
forming growth factor TGF-y. 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 y-6 lym-
phocytes and in turn of y-interferon, reflecting a raised immune response (113).

F. Effect of Tea Polyphenols on ROS and Aging

Premature aging may 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
there was methylation of 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 was made, namely that decaffeinated tea was somewhat
less active than regular tea and that caffeine itself displayed an inhibiting effect

TABLE 10 Inhibition by Black and Decaffeinated Black Tea of the
Mutagenicity Caused by PhIP in the Sa/imonella typhimurium TA98
Assay with S9 Activation

Black tea (mg/pl) Regular tea (rev/pl) Decaffeinated tea (rev/pl)
1 275 + 22 424 + 35
0.5 609 + 22 726 + 76
0.25 775 + 143 845 + 53
0.125 697 + 258 798 + 59

All values are for black or decaffeinated black tea with 2.5 ug PhIP. PhIP only gave 1113
+ 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
IDgo for black tea was 0.57 mg, and for decaffeinated tea 0.76. Each set of data is the
mean * SD from three plates. The background of 35 + 2.3 rev/pl was subtracted from
the gross data.

Source: Ref. 64.
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TABLE 11 Inhibition of the Mutagenicity of PhIP by

Caffeine (C)

ug Revertants per plate
PhIP +C 65 850 + 166
PhIP +C 125 639 + 47
PhIP +C 250 651 + 21
PhIP +C 500 473 £ 17

With 2.25 ug PhIP, there were 1570 = 126 rev/pl with S.
typhimurium TA98 with S9, using three plates per point. The
data indicated a linear dose-response. The |IDgq for caffeine
was 126 pg. The background was 40 + 0.8 rev/pl.

Source: Ref. 64.

(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 observed with 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 and mode of action, and on
development in childhood, on human behavior on withdrawal, action on bone
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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-

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 (um)

Tumor Noncaffeinated

diameter plus caffeinated  Noncaffeinated Caffeinated Percent
(mm) beverages® beverages® beverages®  decrease
<0.5 58 + 3 (202) 70 + 4 (100) 45 + 2 (102) 36
0.5-1 49 + 3 (204) 63 £+ 3 (12b) 27 £ 2 (79) 57
1-2 43 + 3 (177) 54 + 3 (125) 16 + 2 (52) 70
2-3 31 £ 5 (56) 39 + 5 (42) 4 +1(14) 90
>3 24 + 5 (50) 34 + 6 (35) 1+ 1(15) 97
Mean value 47 £ 1 (689) 58 + 2 (427) 29 + 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 + Se is given for tumors of different sizes.
@ 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.

P 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
arelatively simple means of assisting control of body weight with an otherwise
healthy nutritional tradition.

lll. 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 in most 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 w-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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NOTE ADDED IN PROOF
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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—EGD 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 n°761).

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.

Il. 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.

lll. WHAT IS G/INKGO 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). Modern Western usage of Ginkgo 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 are much more 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, SODI1), 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
EGDb 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 increase mean
and especially maximum longevity in rats (19), which means a species of mam-
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 ¢ 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 only mRNA 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 new means of approaching this complexity, since
DNA arrays make 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).

Vil. 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 the most 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 1is 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). That means that it could be physiologically possible to mimic the effect of
calorie restriction. EGb 761 could influence the metabolism in this way.

Vill. 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 what we might 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 cope with a situation—yvery 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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I. INTRODUCTION

The use of “natural” or alternative medicines 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 officinale Roscoe, 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.

ll. 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 the mechanism 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.

(a)
O OH

H3C—O0

[6] -gingerol

HO

(b)
0)

H3C—O
[6] -paradol

HO

FIGURE 1 Chemical structure of (a) [6]-gingerol and (b) [6]-paradol.
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The oleoresin from the root of ginger contains [6]-gingerol (1-[4'-
hydroxy-3’-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-[4’-hydroxy-3’-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-4’-O-p-glu-
curonide, was detected in the bile and several minor metabolites were found in
B-glucuronidase-treated urine, indicating that orally administered [6]-gin-
gerol undergoes conjugation and oxidation of a phenolic side chain (16). This
study may mark 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.

lll. 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 dictary 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, including mioga 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



168 Bode and Dong

activity in vivo is not clear and more 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-promotion mouse
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 (P7) 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 of AP-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 uM) 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 and may 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 (95).
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).

VIl. 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 in mice (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).

VIll. SUMMARY AND CONCLUSIONS

Ginger is recognized by the Food and Drug Administration 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 from North America and Europe, give credibility to some of the
ancient claims of its biomedical benefits. G. lucidum is reputed to extend life

FIGURE 1 The Lingzhi mushroom (Ganoderma lucidum). (Courtesy of North
American Reishi/Nammex.)
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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 genus Ganoderma of which G. 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 extracellular melanin matrix (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).

lll. 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 as Classic of the Materia Medica
or Shen-nong’s Herbal Classic and describes botanical, zoological, and min-
eral substances. It was composed in the second century under the pscudonym
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,”
AD. 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. LUC/IDUM 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
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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 Yangetal. (41) reported
that polysaccharide production by fermenter-grown mycelia of G. lucidum
was optimum at 30-35°C 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
Dictary 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’s monograph (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 of G. 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 the G. lucidum mushroom 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 B, and «-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, and mycelia (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 a metabolite 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 and molecular 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 in G. [ucidum 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 heavy metals lead, cadmium,
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Lanosterol Ganoderic acid B

COOH

Lucidenic acid B Ganoderiol A

FIGURE 2 Chemical structure of lanosterol and three of the many triterpenes
isolated from Ganoderma lucidum. (Modified from Refs. 72,74,75,81.)

and mercury (91). Freeze-dried fruit bodies of unidentified Ganoderma spp
collected from the wild were reported to have a mineral 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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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 pg/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 of G. 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
the mycelium (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, showing G. 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 D,), nucleosides, and nucleotides such as adenosine and guano-
sine (13,16,32,49,85,109,110).

VIl. 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 of G. 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
(ICs0) of <70 uM. 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 pM to >1000 pM (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
of G. lucidum with 34 other Chinese herbs on HIV-1-infected individuals (n =
68) with CD4 cell count <0.5 x 10?/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 of G. 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 whether G. 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 a G. lucidum water
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 against Micrococcus
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 pg/mL range. Low MICs for antibiotic drugs are important to avoid their
cytotoxic side effects. However, G. lucidum has no known toxicity, and the
problem of a relatively high MIC 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 from mushroom, 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 the most potent
mushroom-derived compounds with antitumor activity. It is generally ac-
cepted that some B-D-glucans, especially 3-(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 mushroom was 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)
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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 -
(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 the G. 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)-
1B, tumor necrosis factor (TNF)-a, and IL-6 in the culture medium. Cytokine
levels in cultured cells treated with G. lucidum polysaccharides were 5-29-fold
higher than in controls. The proliferation of leukemic cells (HL-60 and U937)
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—activated MNCs 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)-y 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-13 and TNF-«, with a
small amount of IFN-y. 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-



Lingzhi Polyphorous Fungus (Ganoderma lucidum) 197

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 Il 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 Il 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 pg/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 body was found to have synergistic effect with linoleic acid
on inhibition of rat DNA polymerase 3, but was not effective against calf
polymerase «. 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), and G. lucidum specifically has a reputation for immunomod-
ulatory effects.

An a-1,2 polysaccharide (58 % glucose) from G. lucidum was reported to
increase the proliferation of Con A—stimulated mouse spleen cells as shown by
MTT test in vitro, and to increase expression of cytokines IL-I and IL-2 and
IFN-v (55). This activity was abolished after treatment with «-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 y-irradiated mice were investigated by Chen et al. (138). Mice
were treated with whole-body exposure to 4 Gy y-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 allografted mouse 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
peripheral mononuclear cells, cells were incubated with methanolic 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 of G. 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 uM (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).

Suectal. (149-151) showed that the triterpene ganodermic acid S (GAYS),
isolated from the mushroom’s mycelia, 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 A,(TXA,)-dependent signaling pathways.
TXA, is a potent inducer of platelet activation, and agents, such as GAS, that
inhibit the action of TXA,, 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 body water 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 a mouse model, ganoderan B was 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 for G. 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 A, (PLA,) from pig
pancreas. PLA, catalyzes the rate-limiting step in the release of arachidonic
acid, and mediates the inflammatory response. In addition, extracellular
PLA,, 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-PLA, 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 PLA, 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 PLA; from pig pancreas and bee venom (162). Giner-Larza et al.
(158) also studied the PLA, inhibitory effect of G. lucidum. Mice were given
G. lucidum extract orally 90 min before being injected in the paw with snake
venom PLA?2 (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 PLA, inhibition by G. lucidum is not clear. Analytical methods for
testing PLA, 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 PLA,; this deserves further study.



204 Wachtel-Galor et al.

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 from G.
lucidum were 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) of G. lucidum was also found to markedly protect DNA from damage
induced by hydrogen peroxide (171). However, it must be noted that the
concentration of G. 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 the G. 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 pmol, 272—-1144 pmol, and
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360 umol 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-cther extracts of the fruit body of G. lucidum were found
to have a potent hepatoprotective effect against carbon tetrachloride (CCly)-
induced liver injury in rats when given orally and intraperitoneally (176,177).
The measured markers for liver injury included asaparate and alanine trans-

Change in FRAP value
o

)
)
]

-304

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. /ucidum administration compared with the placebo
intake, indicating an absorption of antioxidant compounds into plasma.
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FIGURE 4 Effect of preincubation with Lingzhi (G. /ucidum) 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.

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 3-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 to mice 30 min before administration of ethanol. The extract was found
to show an inhibitory effect against malodialdehyde (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 CCl, 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 CClg-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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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 during mycelium fermentation was administered orally to
rats for 4 days prior to CCl, intoxication. Serum ALT 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).

VIill. 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 of G. 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).



uoloelsalul a|gissod jo
90UdpINS |eJUBWIIBAXSD
LzL'ell
‘papasu aie

S[el} |eoIul|d PaJj0JIu0D
‘pauue|d-|lom

{UO013094Ul [BJIA WOUY
Atanooas Bunowoud ui
wnpian| ‘5 10} 92UBPIAD
214131U819s BuldUIAUOD
apinolid jou op pue
SaIpn1s pa||oJuooun
pue ‘paubisap Ajjood
‘|lews alam asay) ‘a1ep

Wachtel-Galor et al.

L1L'9LL'9Y

‘papaau
ale salpn1s 0JlIA

ul Jayuny ‘Buirsaiaiul

s| sbnup |eaininue

paysliqeisa Yim 198449

onsibiauAs s|qissod

ay1 pue ‘uoiiesajijoid

GlLl-cll [eJIA UO 103}48 Alowqiyul
‘98'v8°09

‘alep 01 s|eul uewny o

01 paysiiqnd sjeul ¢ Ajlug

ue aney Aew wnprony "o

10 aAnIppe ‘elB1oeq
awos 1sulebe paliodai
109448 Alonqiyul OJ1A U|
‘1yz6bul yum 1ayzabol
sqJay asauly) 4o Xiw e
uanlb (89 = u) siuaned
AIH Ul usas sem
sSNjels aunuwiwli 10 84l| Jo
Anjenb ui yuswanoidwi
ON ‘siuaned g snieday
uo |eul (f = u) |jews
e ul AJanooal paple os|e
Alpauiodal pue (4 = u)
eibjeinau onadiayisod
wou) AJono2al pajowolid
‘asealoud pue
ose1diosuel] 8sIanal
L-(AIH) pe1qiyul
sauadiall] pale|osl awos
‘pariodas sbnup |esiniue
UM S108448 SAllippe
10 onsiBiauAs xajdwis
sadiay Apenoned
‘S9sSNJIN dWos
1suiebe 1098440 Alonqiyu|

salpnis
|ewiue
pue oJ}iA U]

s|euy
UoIIUBAISIUI
uewny

03N Ul
pue ain}na [|89

uonessayijolrd

|elaloRyg  UOIDBLUI [eLBlORY

uoI[1994ul |BJIA
J0 uoissaiboud

10 woly Alanooay uoIoa4ul [edIp

uorieiayljoid esip uoIoa4ul [edIp

‘10y JuswwWwo)

1098440 pauoday

Apnis jo adA]

pailsal 1084}3

(wnprony

ew/apouen) woolysnip 1yzBur] ayl Jo 109443 onnadesay] aAeINg 8yl UO ,S8Ipnig |eluawiadxy jo Alewwnsg g 319V

210



21

Lingzhi Polyphorous Fungus (Ganoderma lucidum)

*1eg|0 10U sI sjuaned

ul Juswanoidwil

paiiodai o1 wnpiony

‘D JO uonINQgIU0D

‘Adeiayy piepuels

yim uonounfuod

ul uaAIb sem wnpiony 5

pue ‘ssauj|l padueApe

PaA|OAUI ‘pajj0JIuOOUN

pue (§ = upue = U

|lews a1am alay] ‘a1ep

01 pajlodal sjely uewny

om1 AjuQ woouaysnuw Jo

Jualuo9 apleyooesAjod

01 paie|aJ sieadde
AliAnoe Jowninuy

‘Inyasn aq

pINOM SuleJ}S luelsisal

oljoigiue jsuiebe

1094} |eld10BqIIUE

a|qissod 10} Buirsal

pue ‘paljue[o ag 1snw

$10984J0 olisiuobeiue

‘19naMOH *sbnip

01X0101A0 Ajjennuaiod

10 sanjen JJIN

Jamo| djay Aew wnpirony

‘D se ‘Bunsalelul

S| sdnoiqiiue yum

8zL-9zlL'LelL
‘0L’€5-1G'9Y

*Adesayy
|[EUOIIUSAUOD UYLM
UOI1BUIWOD Ul 10BI1XD
wnpron; -5 asop-ybiy
yum paleas sjuaied
ul Juswanoidwl
paliodas ewouloled
jeabuAieydoseu
paoueApe pue
BIWAYNY| d13Se|qoaAW
21Noe JO SaIpNnis UBWNH
(L @|qel @9s) siown)
paonpul/pajuejdwi jo
yimoub pauqiyui (d-o 1o
d-1) sjewiue o3 wnprony
"D }O uoneASIUIWPY

s|eu} [eo1uo
uewny pue
saIpnis |ewiuy

'u9as 0s|e 199}48
onsiuoBejue awos

J0 uonesipul Ing ‘sbnip
onoiqiue yum payodal
1098448 211S1618UAS

yimoub Jown|



Wachtel-Galor et al.

212

ovL-LEL
‘90L-v0L
'69'8G°959-€9

Gel—6cl
‘ozlL’LzL'60L
'88-98'25°'05'8Y

Ajood usaljo saipnig
"S1UBN1IISUOD JUBIBYIP
yuM usas—uoissaiddns
pue uolnealjoe

—s198448 Buisoddp

's|199
aunwwi Uo S198}}9
paonpul-apueyooesAjod
Aq pajeipaw

pue paounououd aiow
aq 01 Jeadde s109440
10841pu| ‘aselsswA|jod
VNQ@ }0 uoniqiyul pue
UOISIAIP |90 0 uoniqiyul
paleipaw-auadialiil

031 anp aq Aew s||99

180ued U0 S1084}8 103l1g

palelpeut Ul walsAs
aunwuwi 8y} Jo Alanodal
pue ‘uonronpoud
Apoquiue ‘uoijesajijoid

a1AooydwA| paosueyug

"0J}A Ul
aselsawAjod yYNQ HgIyul
01 panlodal wnprony

‘D woly sauadial !s||9d
painynd ul sawAzua ||
aseyd paonpul wnprony
‘D ‘auole wnpion|

‘D yum 1o sabeydoioew
palealiun YHm uaas jou
S[|90 182UBd U0 S108}49
‘uolleIluaIaIp pue
sisoldode pajowouid
‘s||90 192ued pain}no
4o yimoub panuqiyul
sabeydoioew pajenioe
‘uononpoud auyolAo ul
asealoul ‘sajAooydwA|
1 pue sabeydoioew
pain}jnd JO uolleA}OR
pasned wnprony

‘D yuM uolzeqnou|

OAIA
X9 S||90 pue

saIpnis [ewiuy

0J1IA UI pue
OAIA X3 S[|92
pue ain}na [|8)

uole|npowounww|

snjels aunwuwyi

s||82 aunwiwi
pue 1aoued
JO uoIneAlOE

pue yimoln 1aoue)

‘$od

juswwo)

10848 parioday

Apnis jo adA]

pa1se} 109443

panunuo) g 31avl



213

Lingzhi Polyphorous Fungus (Ganoderma lucidum)

"a1ep 01 paysiignd

|ell uewny auo

Aluo se ‘papaau Apnis
Jayun4 "jo191sajoyd
pue sauadial panlsp
-|0J91soue| usamiaqg
Aje|iwis [ean1onuys

03 Buimo 1oe13

|D ul s101dadal |0Ja1s JO
Buyoo|q pue sisayiuAs
|0Ja1sa|oyo Jo uoniqgiyul
JO uoIleUIqWOD

e Aq pajeipaw

ag Aew |o191s9|0Yd UO
S108448 ‘uoniqiyul 30V
01 anp aq Aew ainssaid
poo|q U0 S198})d ‘luabe
olwa|0J91sajoysodAy
pue anisuslodAy e se
Svl-cvl |enusyod sey wnp/ony

‘6LLLL ‘D 1BY} 80USPIAS BWOS

‘papaau s| Apnis
Jayying ‘pajjosuodun
Jeadde pue paquosap

‘Syuow 9 Joy wnpron|
‘D Ylm paleall s109lgns
anlsuauadAy O J0
|ell} uonUaAIa1UI UeWNY
ul pajiodau 109})0
Buliemo|-|o191s9|0yd
|lews pue aAlsuajodAy
sSaIpn1s |ewiue awos ul
u99s 1098440 anIsualodAy
{0J1IA Ul paleiisuowap
30V pue sisayluAs

|0Ja1s8|oyo Jo uonqiyu|
*90Iw ul syelboje jo
awil uonoalal BuiAe|ap
Se yons ‘s1094}0
aAIssaiddnsounwiwil
pamoys wnpionj ' Jo
S10BI1X8 OljoURyloW pue
(8-21) uieloid paje|os!
uy ‘pauodal aoiw

SISAYlUAs
|oJ91s8]0Yd
pue ainssaid poo|g

daAnd



Wachtel-Galor et al.

214

‘a1ep 01 paysiignd s|eul uollellll paonpul Ul salpnis
uewny ou ‘Janamoy umoys alam saijradoud jewiue asuodsal
8G1'9Gl'¢2E ‘synsaJ Bunsaiolu| Alojewwe|jul-nuy pue oJlIA u| Alojewiwe|ju| uolewwe|ju|
's109[gns onagelp
|0J1U0D pajealun
{ 01 pajedwod
‘sjuaned snyjaw
sal8qelp (z = u)
Il 8dA1 pue (g = u) |
adA1 ul [013U0D D1WBDA|B
anoidwi 03} pauodal
‘wiefo sem uoijeiuswsa|ddns
siyl uoddns 01 s|eul wnpon| " ‘|el |eoIUlD
uewny paubisap-|jom paj||0J3u09 Ajood ‘|lews
woJj elep 4o >oe| e sl B U] 991w ul 1084}8 |eu
alay}l ‘Janamoy salpnis olwaoA|BodAy aney o1 uolluaAIaUl
|ewiue ul s}nsal UMOYS Wnpion| "5 wouiy uewny pue
YGL19'LG'9Y o1wadA|BodAy annsod paie|os| saplieyooesAjod SaIpNis |ewiuy ]0J1U0D O1WadA|D and
*aw} Builolo
pasealoul wnprany
‘D WoJ) pale|os!
aseajoldojjelaw
‘uonebaibbe 19)01e|d
pauqiyut wnpiony
‘D WoJ) pale|os!
S ploe olwiapoueb salpnis Bumo|o
*a1ep 01 paysijgnd pue ‘aAneAlap |lewiue poo|q pue
ZGL-L¥Ll ‘OLL SaIpN1S OAIA Ul ON aulsouape ‘sulsousapy pue oJuA U]  uonebaibbe 1aje1e|d and
W] uswwo) 1094}0 pauoday Apnis jo adA] pai1sal 109443

psnujuoy ¢ 31av]



215

Lingzhi Polyphorous Fungus (Ganoderma lucidum)

‘uonjeoljdde
|eoidol yum uoneroosse
ul 10 siapJlosip
o1619)|e 10 Alojeuidsal
yum siuaiied ul
Ajje1oadsa ‘paiapisuod
aq p|noys wnpion|
‘D 01 uonoeal o1big|e
a|qissod ‘JanamoH
‘papaau Apnis
Jayuny ‘saiadoud
oluabus|enue
}0 9ouapina Buouls oN
*SIYl JO s108))0
Alojewwejjuiiue
weaJisumop
8yl pue uoniqiyutl ¢vd
10 sjgpow oij109ds
ul palpnis Jayuny
aq p|noys sauadialll
oij109ds "Zv1d
J0 sadAy uiepad isuiebe
Aluo annoe aq Aew
soauadiallil 1uaIaIp
1eyl 91e2Ipul S}Nsay

G9L-€91
‘LGLLLTL

¢91-861

‘pajuasald sauadialil
10 19984}8 Alojewwe|jul
-ljue o wsiueyoaw
uo elep ou pue

‘s109[gns oidole
ul UOI1BZI}ISUBSOIaE
}0 suodai 931y} Inq
‘wnprony 5 Jo uonsabul
01 asuodsai 21619|e
JO s1i0dal O "OJUA
ul aseajal aulweisly
palqiyul aney
01 panodals wnprony

‘D wouy sauadiall]

¢Vd
1UBUIqWODaI uewNy
1qiyul o1 payiodal
(L p1oe ouepoueb)
auadiallll sUQ "WOUdBA
9yeus pue ‘seasoued
Boy ‘wousn 8aq woly
paile|os! ZV¥1d ewAzus
ay3 1suiebe s10984)0
Alongiyur pamoys
sauadiall] pale|os| swos
's10e1X9
(Buruieluoo-sauadial)
ojuebio jo uoneoidde
|eaidol pue |eio
Ja1je 90lw Ul (ewspa)

s|eu1 uewny

pue oJlA u|

OJYIA U]

asuodsai 21619||y

Aunnoe zy1d



Wachtel-Galor et al.

216

‘wJoy 10eJISCe 1Se9| 1e ul ysiBug ul paysiignd asoyl aie d|gel SIYl Ul PazZIBWWNS SBIPN1S Y]

‘palebiisanul Jaynny
aqg p|noys Ainlul Janj|
J0 siadjiewolq ewse|d
Jo Bunea|o panosdwi 1o
‘abewep wolj Alanooal
laise} sa1eolpul
‘annoalold Anay

S| wnpion| 5 J0 198448
ay1 Jaylaym :pajuasaid

*Ainful

J9A1| pa2NpuUIl sjapow
lewiue uj joueyia

10 $|DD 1914e S109}40
annoaloidoleday
pue 2110iqiIlue MOYs

081L-9/1'Cv1L elep |eoibojoisiy oN 01 pawodals wnpron| o salpnis |ewiuy  Aunful Jaall paonpu| Ainlur sann
9y elul wnpron|
‘D J91je pasealdul
Jamod juepixoijue
ewse|d ‘(L = u) Apnis
Aljigejieaeolq uewny
e u| ‘uonepixosad
‘papaau pidi| aseaidap pue
Apnis Jayung "109)40 SOY wouy yYNQ 199104d
aA1199104d OAIA Ul 01 ‘|eoipeu |AxoupAy pue
Aue aney sjuepixonue apixoladns abuaneos
pagJlosqe ay1 JI 01 pauodal ‘sjgpow |euy
10 paquosqe aie wnpion| 0J1A ul ul saiuadoud uoljuaAIalUI Aujigejieaeoiq
‘D Wol) sluepixolue 1uepixoljue ssassod uewny 1uepixoljue pue
G/1-691 Uolym umouy| 10A 10N 01 puNo} wWnpIon| ‘o pue oJlA u| Buibuaness SOy 1uepixonuy
‘Joy uswwo) 109}40 paloday Apnis jo adA paisal 108443

psnunuo) ¢ 31avl



Lingzhi Polyphorous Fungus (Ganoderma lucidum) 217

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.
wushanense T.S. Ying, and E. brevicornum Maxim (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.

Il. DETERMINATION OF EPIMEDIUM SPECIES

Classically, the species of Epimedium herb 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-1TS2-28S (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.

lll. 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 7,4’-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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FIGURE 1 Chemical structures of bioactive compounds isolated from Epime-
dium: (a) icariin and (b) baohuoside I.

A, B, and C, p-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
alittle 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 Chinese Pharmacopoeia were 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.

O Me
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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 of E. brevicornum may exert an unfavorable effect on normal
rats, such as reducing natural weight gain and serum triiodothyronine (T3),
but increasing r'T3 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 FE.
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
50°C (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. koreanum Nakai 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 FE.
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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 12
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, ~'Cr-release, and growth inhibition. The ICs, on the cells tested
ranged from 2.8 to 7.5 pg/mL. At tumoricidal concentrations, inhibition of
DNA and RNA synthesis, but not protein synthesis, was observed (45).
Investigators at the University of Heidelberg published provocative results on
herba Epimedii 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
CCly-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 (TFQG) 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 (1 mg/kg) and water 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 enhance male 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 Ca®" 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



242 Yap and Yong

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 11, 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. koreanum Nakai and Magnolia officinalis Rehd,
as well as a mixture of their glucosides, showed dose-dependent neurito-
genesis in a concentration range from 0.24 to 24 uM in PC12h cells (595). 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
pharmacopocia. In Japan, Senkyu is obtained from the dried rhizome of L.
officinale Kitagawa (also known as C. officinale Makino). 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.

Il. 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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FIGURE 1 Structures of compounds isolated from Ligusticum chuanxiong: (a)
senkyonolide A, (b) perulic acid, and (c) tetramethylpyrazine.

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).

lll. 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 with L. 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 with L. 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)
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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 of most 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 (K»;), 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 t