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INTRODUCTION

>\

his is an exciting and very challenging time to be

I involved in herbal medicine. There is a growing

openness to the insights of clinical herbalism

from practitioners of other health care modalities, and a

plethora of peer-reviewed work on herbs being published

by the research community. Many new insights have been

put forth, and many traditional ideas are being reassessed
and either rejected or embraced anew.

Above all, this is a tme of change for Western
medicine, both holistic and orthodox. While herbs have a
unique and valuable contribution to make, no clear con-
text has yet been defined for Western holistic medicine.
In such a rapidly evolving clinical and research milieu, a
book of this sort can at best serve as a building block, a
step on the road toward a more cohesive vision for the fu-
ture of Western holistic healing.

With this book I have endeavored to lay a foundation
for the skilled use of herbal medicine within a holistic
practice by bringing together the modern scientific
movement with traditional herbal practice. The book is
intended for practitioners and students of medical herbal-
ism, as well as practitioners of other modalities who are
interested in the principles and practice of Western
herbal medicine.

A cursory look at the contents reveals two distinct
sections of the book.

Part 1 surveys the scientific underpinnings of medical
herbalism, the chemistry and pharmacology that may
help clarify the mechanisms of herbal activity and clinical
efficacy. While this information may be unfamiliar and
challenging for many herbalists, I feel it is important for
traditional practitioners to have at least a rudimentary
grasp of this subject as we move into the 21st century.

Part 2 deals with the practical therapeutics of the
major body systems and the pathologies that affect them.
It is based on my own 25 years of clinical experience, the
experience and knowledge accrued by the Eclectic and
Physiomedical physicians of the United States, and the
practices developed by the National Institute of Medical
Herbalists in the United Kingdom.

Despite the seeming dichotomy of these two major
sections of the book, I have attempted throughout to
marry biomedical theory with the clinical experience of
the medical herbalist. As a clinician who began his own

herbal practice in 1978, I have seen that Western herbal
medicine is based upon a body of knowledge and experi-
ence that has as much clinical value as any other field of
medicine. Thus the guidelines for protocol development
given throughout the book are based firmly on this
bedrock of Western herbalism. I have not rejected the
clinical approaches of medical herbalism in favor of peer-
reviewed research. Even acknowledging the wealth of
research occurring, there is not yet enough clinically rel-
evant material to justify changing tried-and-true ap-
proaches, an issue that is explored throughout the book.

The focus of the medicinal plant research commu-
nity, however, is rarely on the protocols used in herbal
medicine, but instead on the plants themselves as sources
of novel (and thus patentable) chemical structures. A dis-
quieting trend in North American herbalism is the ten-
dency to be influenced by the marketplace and herbal
fashion. I have made a point of avoiding such hype in the
treatment section of the book. The following statement,
made by the 19th-century Eclectic physician John King in
writing about Grindelia squarrosa, is as relevant today as it
was 100 years ago:

The fact is, that many physicians have a great proneness
to run after new remedies, especially when introduced
under some pretentious name, and to place a marvelous
credulity in the statements of interested parties, who are
incapable of determining accurate conclusions as to the
value of a remedy.!

Herbalism is a fundamentally conservative activity, al-
though I must say it is the only aspect of my life where
any trace of conservative tendencies will be found!

OVERVIEW OF THE BOOK
PART 1

Chapter 1

Places Western herbalism in a philosophical, therapeutic,
ecological, and multicultural context. This chapter intro-
duces the relationship between science and herbal
medicine, looking at the scientific method and the lan-
guage of research. A discussion of pharmacognosy is fol-
lowed by a review of large-scale screening programs to as-
sess the therapeutic potential of the world’s flora. The
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importance of the conservation of medicinal plants and
the work of organizations such as United Plant Savers is
discussed.

Chapter 2

Explores the diversity of medicinal plants through taxon-
omy and the insights of the Linnaean system of nomen-
clature—actually much more interesting than is often
appreciated!

Chapters 3-8

Plant chemistry is the basis of the therapeutic uses of
herbs. In these chapters, I discuss the nature of primary
and secondary plant metabolites as a foundation for a re-
view of the main categories of constituents considered to
be of therapeutic importance. Each chapter includes an
overview of structure, botanical distribution, and general-
izations about pharmacology, followed by a discussion of
representative molecules described in the herbal litera-
ture. Important groups, such as sesquiterpene lactones,
saponins, and flavonoids, are covered in depth.

Chapter 9

An introduction to the principles of pharmacology rele-
vant to herbal medicine, covering the broad principles of
pharmacokinetics and pharmacodynamics. Using herbal
examples wherever possible, the chapter explores a range
of pharmacological actons.

Chapter 10

An introduction to the basics of toxicology as they re-
late to issues concerning the safety and toxicity of medic-
inal plants. A discussion of contraindications and
drug-herb interactions is followed by a review of toxic
plant constituents.

Chapter 11

Explores the formulation and preparation of herbal
medicines. The various pharmaceutical forms are dis-
cussed, with examples from official pharmacopoeias as
well as folk medicine.

PART 2
Chapter 12

Presents a model of holistic herbal medicine that is ap-
plied throughout the rest of the book, and describes the
process of developing a protocol that addresses specific
pathologies while supporting the unique individual in-

volved. The criteria for establishing dosage and formula-
tion specifics are given, along with an outline of the struc-
ture of the subsequent treatment chapters.

Chapters 13-24

The therapeutic approach to each body system is ex-
plored in turn, focusing on prevention and wellness but
also addressing a range of conditions that may be ap-
proached herbally. Phytotherapeutic approaches to the
health needs of the young and the elderly are also dis-
cussed. The holistic context is always emphasized. Where
lists or tables are given, the sequence of herbs reflects my
opinion of relative importance.

I must emphasize that the suggested prescriptions are
NOT to be considered “herbal formulae.” The impor-
tance of their inclusion lies in the process of developing a
treaunent program that takes advantage of the strengths
of herbalism in addressing individual needs, not simply
pathologies. I have emphasized the application of the
mode] and identification of any resulting patterns of rela-
tonship between plant and pathology in an attempt to
empower the reader as he or she faces clinical realities.

In practice, however, theory is often secondary to re-
ality. The suggested prescriptions come from personal
observation of many herbally treated cases. Any conclu-
sions or ideas presented come from an interpretation of
such observations and of the healing process in the peo-
ple who have honored me by allowing me to work with
them. In instances where I have no solid foundation in
practice, I have referred to colleagues who do.

Chapter 25

A review of the main herbal actions with an exploration of
the mechanisms underlying their activity (where known).
The primary herbal examples are given, along with a dis-
cussion of the other actions of these plants.

Chapter 26

An herbal materia medica, in the traditional sense, cover-
ing 150 of the plants most commonly used in European
and North American phytotherapy. A description of the
structure used throughout these entries is presented at
the beginning of the chapter. The traditional uses of the
plant are covered, along with relevant research data.

Appendices

* Glossary of herbal, medical, and phytochemical terms.

* Meanings of some Latin binomials. Here translations
can be found into English of the meanings of the Latin
or Greek words used in botanical binomials.



* Translation lists of the common names of herbs to their
Latin binomial and, similarly, the Latin binomial to
the common name.

* Pharmacy terms. A listing of Latin pharmacy terms and
their shorthand descriptors, which are often encoun-
tered when reading older books on herbal medicine.

* Weight and measure conversion tables.

* Taxonomic classification of medicinal plants.

* Information sources and useful URLs. A brief guide to
finding herbal information using modern biblio-
graphic databases, emphasizing the relevance of
Medline and MeSH terms. (The World Wide Web ad-
dresses given were current as of July 2003.)

* Bibliography. This select bibliography focuses on works

INTRODUCTION & 3

relevant to the practice of Western herbalism. T have
emphasized the writings of herbal clinicians who not
only present relevant information, but also place it
within the context of real clinical experience.
References are given for phytochemistry, pharmacol-
ogy, and toxicology. The suggested readings at the end
of each chapter are not meant to be a comprehensive
list of resources. Rather, they reflect my opinion of
what is most relevant to the clinical experience.

References
1. Felter and Lloyd, King’s American Dispensatory, vol. 1
and 2, 1892. Reprint. Sandy, OR: Eclectic Medical
Publications, 1983.
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HERBS, HOLISM, AND SCIENCE

hytotherapy is a thriving medical modality that uses

whole plants to treat whole people, facilitating the

healing process within the framework of holistic
medicine. It is both an art and a science. With its roots in
the past, itis still relevant and meaningful in the present, of-
fering great potential contributions to modern medicine.

Herbalism has a scope of use as wide as any form of
medicine, as herbs may be used for any condidon that is
medically treatable. This statement is not meant to imply
that herbs are a panacea for the ills of humanity!
However, the ecological integration of plant activity
with human physiology offers the potential for facilitat-
ing the healing process at any time in any situation.

A new understanding of health 1s dawning. This new
understanding reflects changes in both attitude and ap-
proach, and is often referred to as holistic medicine. This is
a small part of a profound transformation now taking
place in the way our culture views itself and the issues that
affect it. This has been called a paradigm shift: a change in
the patterns of belief and perception that our culture
holds about itself. Such shifts have happened many times
before. From a historical point of view, the transforma-
tion of society from the medieval worldview to what we
now call the Renaissance is strikingly clear. However, to
the people of the time, the process of change was either
imperceptible or totally confusing, except to those with
the vision of, for example, a Leonardo da Vinci.

The current development of new patterns of expecta-
ton and explanation is, of course, affecting the field of
medicine. Questions are being raised about every aspect
of medicine, from the nature of health and disease to ap-
propriate therapeutic techniques.

How, then, do we define health in the context of this
new paradigm? The World Health Organization (WHO)
provides the clearest definition. Its simplicity only serves
to highlight its profound relevance:

Health is a state of complete physical, emotional, mental
and social well being and not merely the absence of dis-

case or infirmity.

This is a wonderfully precise encapsulation of the
point of view of holistic medicine. The holistic approach
to medicine begins with the assumption that health is a
positive and active state, that it is an inherent characteris-
tic of whole and integrated human beings. From a holis-
tic standpoint, a person is not a patient with a disease syn-
drome, but a whole being. Acknowledgment of this
wholeness means that the therapist must appreciate the
mental, emotional, spiritual, social, and environmental as-
pects of his or her patients’ lives—not just the physical. A
holistic practitioner of any particular therapy has a deep
respect for the individual’s inherent capacity for self-
healing. This facilitates a relationship of active partnership
in the healing process, as opposed to an unequal dynamic
between expert healer and passive recipient.

The concept of relating to the whole person is, of
course, not new. It is an inherent part of the healer’s her-
itage. Beginning with Hippocrates, teachers through the
ages have guided every student doctor, herbalist, and
nurse toward a deeply caring support of the patient.
Today’s emphasis on holistic medicine is an attempt to
correct the tendency in modern medicine to equate
“health care” with the treatment of disease entities.

Holism is not limited to any medical technique or
theory. Rather, it provides a context in which the whole
person is considered—his or her physical as well as men-
tal and emotional health, including quality of life and re-
lationships. A medical doctor may be a holistic pract-
tioner, as can a medical herbalist or an osteopath. A
framework that embraces a whole range of therapeutic
modalities—whether labeled orthodox or alternative—
becomes apparent. These modalities may all be used in a
relevant and coherent way in the treatment of the whole
of a person, not just symptoms or syndromes.

Bearing in mind that this is a time of flux, we can ar-
ticulate some provisional ideas about holisdc medicine.
Holistic medicine emphasizes the uniqueness of the indi-
vidual coming to the healer for care. The importance of
tailoring treatment to meet the broad needs of each indi-
vidual is fundamental, as is the need to understand and



treat people in the contexts of their families, communi-
ties, and culture.

Because holistic medicine views health as a positive
state of well-being, not simply the absence of disease, it
emphasizes the promotion of health and the prevention of
disease. It employs therapeutic modalities that mobilize
the individual’s innate capacity for self-healing. Holistic
practitioners emphasize the role of the individual in their
own healing process, and much responsibility is handed
back to the patient. While swift and authoritative medical
or surgical intervention may still be necessary on occa-
sion, holism focuses on helping people understand health
in order to help themselves, stressing education and self-
care over treatment and the resulting dependency.
Holistic practitioners also recognize the social and eco-
nomic conditions that perpetuate ill health, and a commit-
ment to change these factors is as much a part of holistic
medicine as is the emphasis on individual responsibility.

A unique and important characteristic of any holistic
approach is the practice of viewing illness as an opportu-
nity for self-discovery. This has many significant implica-
tions for the caring professions, perhaps best exemplified
by the hospice movement. The holistic approach includes
a concern for the quality of life in each of its stages and a
commitment to improving this quality of life.

The therapeutic importance of the setting within
which health care takes place is also fundamental to holis-
tic practice. Part of the problem with medical care is the
alienation and dehumanization that tends to accompany
insdtutional and laboratory settings. When the healing
process becomes too far removed from the humanity of
the people involved, nothing is left but chemistry and
surgery. There must be a meeting of the hearts of doctor
and patent, not just skill and symptoms.

Taken together, all of this clearly shows why holistic
medicine transforms its practitioners as well as its pa-
tients. What, then, is the contribution of medical herbal-
ism within this healing framework and the emerging
holistic paradigm? As a healing technique, medical herbal-
ism is inherently in tune with nature. Because herbalism
works within the context of humanity’s shared ecological
and evolutionary heritage with the plant kingdom, it has
been described as ecological bealing.

Another of the enduring strengths of herbalism is
that it has solid foundations in traditional healing, but is
at the same time a part of modern science and medicine.
Paradoxically, herbalism is both a wonderfully simple and
a staggeringly complex therapy. It is as simple as picking
cleavers from the hedgerow or chewing on chickweed
stems, and as complex as the multitude of biochemical in-
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teractions that occur among all of a plant’s chemical con-
stituents and the various aspects of human metabolism
and physiology. The degree and depth of interaction is
breathtaking.

Practitioners of phytotherapy have the unique oppor-
tunity to introduce their patients to their medicine! A
bridge can be built between person and herb, empower-
ing the patient to be present and responsible in the heal-
ing process. A gift to a patient of a packet of herb seeds
encourages a direct experience of the life of the plant.
This experience of herbal vitality can turn an impersonal
medicine into a living entity with which the individual can
develop a deeper rapport. The patient will receive not
only the medicinal benefit of the herb, but also the en-
livening, empowering experience of growing and prepar-
ing his or her own healing medicine.

DEFINING HERBS AND HERBALISM

The word herb implies different things to different peo-
ple, and definitions varying according to area of interest
and personal bias. What, then, is herbalism? Simply
defining berbalism as “the study of herbs” begs the ques-
tion. This lack of clarity reflects the changing fortunes of
herbalism in English-speaking cultures over the centuries.

At one time, herbalism was an honorable profession
that laid the foundations of modern medicine, botany,
pharmacy, perfumery, and chemistry. As these areas of
study developed and the cultural infatuation with tech-
nology took hold, herbalism was relegated to history
books or the realm of pleasantly quaint country craft.
This left us with a word that has a variety of uses but no
cultural core. As herbalism develops anew, in what has
been called the “herbal renaissance,” it is time for us to
reclaim this little word.

Each usage of the word herb is relevant to a particu-
lar area of study, but this limits the applicability of the
word to herbalism in general. The Complete Oxford
Dictionary contains almost four pages (in very small print)
of words derived from herb and herbalist. The primary
definition of herb reads:

A plant of which the stem does not become woody or
persistent (as in a shrub or tree), but remains more or less
soft and succulent, and dies down to the ground (or en-
tirely} after flowering.

The second definition indicates that the term herb is

. applied to plants of which the leaves or stem and
leaves are used for food or medicine, or in some way for
their scent or flavor.
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The Merriam-Webster C'ollegiate Dictionary provides
the following entry:

herb (Grb, harb) n. 1. A plant whose stem does not pro-
duce woody, persistent tissue and generally dies back at
the end of each growing season. 2. Any of various often
aromatic plants used especially in medicine or as season-
ing. 3. Slang. Marijuana.

Botanists view herbs as nonwoody plants—that is,
plants that do not contain woody lignin fibers. Dorling’s
Medical Dictionary similarly defines an herb as “a plant
whose stems are soft and perishable, and which are sup-
ported chiefly by turgor pressure.” Of course, this then
implies that trees like witch hazel (Hamamelis virginiana),
ginkgo (Ginkgo biloba), and hawthorn (Craraegus laevigata)
are not herbs. And what about mushrooms?

The science of ecology, or the study of interrelation-
ships among plants, animals, and the environment, uses the
word berb in a very specific way. In descriptions of complex
communities such as forests, herbs are plants that are less
than 12 inches high that complete their life cycles in the
“herb layer.” Again, this suggests that trees and shrubs
like sarsaparilla (Smilax spp.) and cramp bark (Viburnum
opulus) are not herbs.

The culinary arts have explored the use of plants in
many delicious ways, but the understanding of what con-
stitutes an herb is restricted in this field to plants that
smell and taste wonderful. These are plants that are usu-
ally rich in pleasantly aromatic volatile oils, such as basil,
peppermint, and oregano. No chef would think of creat-
ing culinary delights with stinking iris (vis foetidissima),
skunk cabbage (Symplocarpus foetida), or goldenseal
(Hydrastis canadensis). This does not mean these plants are
not herbs, but simply that they are not appropriate for
cooking because they do not taste good.

In the various branches of medicine, the word herb
usually implies a plant that is a healing remedy, either in
its crude form or as a source of pharmacologically active
chemicals. This useful but limited interpretation leads
to a situation in which only pharmacologically potent
plants are recognized as herbs and gentle tonic remedies
are ignored.

One general definition often given states that an herb
is “any useful plant.” However, in return, an environmen-
talist might ask, What plant is zor useful? Indeed, it could
be argued that the Pacific poison oak (Toxicodendron di-
versilobum), for example, is exceptionally useful. In
California, it is one of the first plants to establish itself on
disturbed ground after disruption due to human activity.
In a way, we might view this plant as a type of vulnerary

(wound-healing) covering, as it tends to keep humans off
the land on which it grows! Because the wholeness of the
environment is vital for individual human health, all plants
in our environment have a medicinal role to play in plane-
tary terms.

From the perspective of phytotherapy, an herb is any
plant that may be used in the field of health and whole-
ness. Plants may be herbs in the strictly botanical sense,
such as remedies like white horehound (Marrubium vul-
gare). However, they may also be a part of a plant of any
kind, as with the flowers of marigold (Calendula offici-
nalis), the heartwood of the lignum vitae tree (Guaiacum
officinale), the seeds of chasteberry (Vitex agnus-castus), or
the roots of coneflower (Echinacea angustifolia).

As a subject, berbalism was once the descriptor for
what is now called botany, again pointing to the impor-
tant past role of herbalism. The Collins Dictionary of the
English Language defines an herbalist as a person who
grows, sells, collects, or specializes in the use of herbs, es-
pecially medicinal herbs. “Herbalist” was once the term
used to describe botanists, although modern botanists
would likely be offended!

Webster’s Revised Unabridged Dictionary defines
berbalism as the “knowledge of herbs” and an herbalist as
“one who grows, collects, or specializes in the use of
herbs, especially medicinal herbs.” A secondary definition
refers to the herb doctor: “One who practices healing
with herbs. Also called herbalist.”

From a very broad perspective, [ define an herb as a
plant in relationship with humanity. Thus, herbalism
becomes the study and exploration of the interactions
between humanity and the plant kmdom (see box on
page 9). Such a point of view highlights the range and
depth of human dependence on plants. This relationship
is at the core of agriculture, forestry, carpentry, construc-
tion, clothing manufacture, medicine, and so on. In fact,
as coal is geologically processed wood, this broad view
includes the petrochemical industry as a subset of mod-
ern herbalism!

THERAPEUTIC ECOLOGY

A common idea among holistically orientated practition-
ers of all modalities is that a human being is a self-healing
individual, and, at best, all a medical practitioner can do is
facilitate this profound inner process. Addressing pathol-
ogy is relatively straightforward, but, as emphasized in the
WHO?’s definition, health is much more an active state of
well-being than the absence of disease. Such vitalistic in-
sights do not negate the importance of medicine and the



healing arts, but rather provide a context within which to
view them.

A self-healing individual is enmeshed in a therapeutic
ecology, so called because the various components exist in
relatonship to each other and the wider world. The indi-
vidual is the core of this therapeutic ecology, embraced by
four groups or branches of therapies: medicine, body-
work, psychology, and spiritual techniques.

The term medicine is used here to mean anything
that is ingested for healing purposes. Medicinal ap-
proaches include medical herbalism, homeopathy, natur-
opathy, and drug-based orthodox medicine. All have in
common the use of some form of medicine that is taken
into the body to achieve the therapeutic goal. While the
specifics vary, all such medicines can be seen as fruits of
the earth. Whether herbs or synthetic drugs, they share
a common origin in the physical world.

Bodywork includes all approaches that do something
with or to the physical body. It focuses on structural fac-
tors as either causative of or contributing to illness. This
category includes the manipulative therapies, such as os-
teopathy, chiropractic, and the various forms of massage,
as well as surgery. Personal lifestyle ideally will also con-
tribute exercise, dance, or some other expression of bod-
ily vitality.

Therapies that work with rhe psyche embrace a whole
array of psychological techniques essential for identify-
ing and treating the emotional and mental factors that
contribute to health and disease. All the branches of psy-
chotherapy are involved here, but especially the more
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holistically oriented approaches of humanistic and
transpersonal psychology. A conscious and free-flowing
emotional life is fundamental to achieving inner har-
mony. This does not mean that everyone must undergo
in-depth psychotherapy, but that some attention should
be given in a form appropriate for each individual’s emo-
tional needs. Mental factors are critical, as we are what
we think.

Spiritual factors in human healing are increasingly
recognized by Western medicine. Meditative and prayer-
based techniques help the individual align their being
with higher spirit. Others involve interaction with a
practitioner who works with the energy body of the pa-
tent. Some openness to spirituality is vital in healing.
This might take the form of appreciating an uplifting
sunset, feeling touched by poetry or art, believing in an
established religion, or simply experiencing a dogma-
free joy in being alive.

Holism tells us to focus on an individual’s unique sit-
uation, not simply to treat a diagnosed disease syndrome.
In the context of therapeutic ecology, one person diag-
nosed with colitis might recuperate best when treated
with dietary advice, herbs, and osteopathic manipulation,
while another might respond better to drugs, psycho-
analysis, and surgery. Practitioners have firmly held
opinions about the pros and cons of one approach or an-
other, but the patient is always more important than the
doctor’s belief system.

Such therapeutic relationships point to the possibil-
ities for mutual support. Such support may come in the

dom, or, better yet, plant kindom?

expression of this cooperation.

The Plant Kindom

My use here of kindom, rather than kingdom, is deliberate. On a political level, | see the use of the
word kingdom—as in “plant kingdom”—as yet another example of the dominant culture’s linguistic
straitjacket. As | still hold a British passport, | know what a kingdom is like, and | can assure you that
the plants have no imperialist aspirations! If we must use such terms, then why not plant queen-

| feel strongly that the practice of holistic medicine is a culturally transformative act. One of
the names for an herbalist in ancient Greece was rhizotomoi, because herbalists collected rhizomes.
I've been suggesting to all my herbal friends that we should be called radicles, after the growing tip
of a plant’s root. A plant radicle is one of the strongest things in nature. Just think of little shep-
herd’s purse (Capsella bursa-pastoris) cracking through sidewalks!

The depth of this relationship goes far beyond social and economic issues to the actual life-
sustaining mechanisms of planetary ecology. The health and well-being of the biosphere is gov-
erned by the green mantle of the Earth. Humanity’s rapacious exploitation and destruction of the
forests and seas strike at the very core of the planet’s life-support mechanisms. It is becoming evi-
dent that in order to survive the multifaceted crisis at hand, humanity must learn some environ-
mental humility, including how to cooperate with nature. Herbalism is a unique and important
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form of compensation for the weaknesses inherent in a
particular therapy; for example, homeopathic remedies
cannot put a splint on a fractured arm. From a more pos-
itive perspective, cooperation can lead to the develop-
ment of a synergistic support system in which the whole
of any treatment program becomes more than the sum of
its parts. Cooperation among practitioners of different
therapeutic modalities can create a geodesic relationship
of extraordinary potential and strength. In such a sce-
nario, differences lead to a celebration of the richness of
therapeutic diversity and are no longer a cause for acri-
monious debate and conflict.

A key insight for practitioners is to understand the
limits of both their therapies and themselves. We can take
for granted that well-qualified practitioners will be skilled
in their chosen healing art, but true holistic healers will
think beyond their training to focus on the overall needs
of the sick person. This raises some questions about edu-
cational standards that cannot be meaningfully explored
here. However, the point must be made that a medical
doctor who completes a short training in acupuncture
does not suddenly become an acupuncturist, just as a chi-
ropractor who attends a brief workshop on herbs is not
transformed into a medical herbalist overnight.

COMPLEMENTARY, ALTERNATIVE,
OR ORTHODOX?

The terms alternative and orthodox are often applied in at-
tempts to differentiate among various therapeutic modal-
ities. However, given the rapidly changing cultural cli-
mate affecting the healing professions, it is a mistake to
talk of phytotherapy as a form of “alternative” medicine.
Is it an alternative to acupuncture, osteopathy, or psychi-
atry? Of course not. These different therapeutic modali-
ties complement one another, creating a complex of rela-
tionships in which the whole is much more than the sum
of the parts. In light of the unique strengths and weak-
nesses offered by each approach, mutual support and co-
operation is the way toward truly holistic health service.
Within the context of the patient’s needs, all medical
modalities are complementary.

Shared medical endeavors are often frustrated by
communication blocks, some of which stem from differ-
ences in the language used by practitioners of various
modalities. Apparent disparities in vocabulary and jargon
may mask fundamental agreement in ideas and approach.
On the other hand, lack of clarity can obscure important
differences in both guiding principles and techniques. All
too often, dogmatic attachments to words and specific

formulations of belief, opinion, and theory exist. If the
“correct” words or phrases are not used, then the speaker
must be wrong!

Entrenched disagreement between dedicated ortho-
dox and holistic practitioners becomes irrelevant when
seen in the context of therapeutic ecology. Characteristics
of open-mindedness and tolerance should be common to
all involved in health care, whether practitioners, re-
searchers, or patents. Medical modalities with founda-
tions outside of the biomedical model should not be ig-
nored or discounted simply because they exemplify a
different belief system. They should be respected because
they represent an enrichment of possibilities, not scorned
as a challenge to the status quo.

Such mutually supportive endeavors in health care
bear many kinds of fruit, and everyone involved will ben-
efit. Health service administrators will appreciate the eco-
nomic savings gleaned from a reduced dependence upon
costly medical technology. A proportion of procedures
and treatments that currently utilize expensive drugs or
surgery may be replaced by more appropriate techniques
from other healing modalities. For example, run-of-the-
mill gallbladder removal might be avoided through the
skilled use of appropriate herbs.

TYPES OF HERBALISM

Herbalism is common to all peoples and cultures of the
world. The shared experience of alleviating suffering
through the use of plant medicines bridges cultural di-
vides, religious differences, and racial conflicts. A rela-
tionship exists between each culture and its plant envi-
ronment, in which the herbalist plays a pivotal role.
Herbalism is more than knowledge about healing
plants—it encompasses all of the experience and wisdom
born of this relationship between humanity and plants.

As a number of modalities use plants in their healing
work, confusion exists as to their differences. Plant treat-
ments are at the core of many of the diverse medical sys-
tems of the world, including Indian ayurveda, traditional
Chinese medicine, and Islamic unani medicine. Among
Western therapies, homeopathy, aromatherapy, and the
Bach flower remedies also make extensive use of herbs.
Many drugs currently used in orthodox medicine were ei-
ther derived from plant constituents or are actual plant
products.

As affirmed by the WHO, all medicine is modern as
long as it is directed toward the goal of providing health
care. The essential differences among these various sys-
tems of medicine are related to their cultural contexts,



rather than their goals, techniques, or effects. The WHO
recognizes that all traditions have value and that any par-
ticular worldview is limited, as it operates only within the
belief system of one tradition. Thus, the view of reality
from the cloisters of a Western medical school is as lim-
ited and limiting as that from a shaman’s hut in West
Africa. All perspectives have value in any worldwide ap-
proach to enhancing health for all.

HERBALISM AND HOMEOPATHY

Homeopathy is an important system of medicine that uti-
lizes plants in the treatment of disease, though in a way
fundamentally different from that of medical herbalism.
There is a common misconception that these two healing
modalities are the same, because they both employ plants.
Indeed, herbs are used in both approaches, but in radi-
cally divergent ways that reflect differences in philosophy
and therapeutic technique. A holistic perspective can help
establish a complementary relationship between the two,
but only when the strengths and weaknesses of each are
acknowledged and understood. There is not sufficient
space here to give homeopathy the attention it deserves.
Instead, we will simply compare the use of herbs in these
two different approaches.

As with other approaches to holistic medicine, home-
opathy looks at the patient’s total picture, body and mind,
within the social setting of his or her life. The system
originated in Germany around 1800 with the work of
Samuel Hahnemann. He treated disease with very low
doses of drugs that at higher doses produce symptoms
similar to those of the disease itself. This is the basis of
the homeopathic principle that “like treats like.”

About 60% of homeopathic remedies are botanical in
nature; the rest are minerals, animal products, or nosodes
(highly diluted extracts of diseased tissue). The medicines
are administered in extremely diluted form and are
thought to work by influencing the vital force within the
human body. The more the dose of the remedy is re-
duced, the more its potency is enhanced. This is why the
homeopathic process of dilution is known as potentiation.
The dilation of 1 part of the active remedy in 10 parts of
the solvent (usually water) is known as a potency of 1X. A
1 in 100 dilution is 2X, and so on, up to a dilution of 200X.
A homeopathic mother tincture is similar to an ordinary
herbal tincture.

A problem that impedes mutual understanding be-
tween the two therapies is the application of the “like
treats like” concept. Many of the herbs in the homeo-
pathic materia medica are prescribed in dilution to treat
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symptom pictures that would supposedly be caused by
a full dose of the herb. This is easy to understand with
very strong or poisonous herbs, such as belladonna and
gelsemium.

However, the medical herbalist has more trouble
with the homeopath’s ideas about many of the remedies
shared by both systems. An example is the homeopathic
remedy pulsatilla, known as pasqueflower (Pulsatilla vul-
garis) to the herbalist. A comparison of the physical symp-
tom picture given for the homeopathic remedy is very
similar to the herbal indications for the plant. The fact
that the herb is used to treat similar conditions in both
approaches would appear to contradict the core idea be-
hind homeopathy.

The value of homeopathy in health care is not in
question here, but its use of plants is in no way “herbal.”
A selection of one or the other therapeutic modality
should be based upon attraction to the philosophical con-
text, recognizing that there is little or no real sharing of
the principles of botanical medicine.

An interesting piece of lexicography becomes rele-
vant here. The word allopathic is increasingly applied to
orthodox medicine, even though the word is not found in
the textbooks used in medical schools. In fact, it is a word
coined by Hahnemann, partially to describe herbalism!
Webster’s Revised Unabridged Dictionary defines homeopathy
and allopathy thus:

homeopathy \ho-me-o-pa-thy\, n. [Gr. likeness of con-
dition or feeling; like (fr. same; cf. Same) + to suffer: cf. F.
hom[‘eJopathie.] The art of curing, founded on resem-
blances; the theory and its practice that disease is cured
{tuto, cito, et jucunde) by remedies which produce on a
healthy person effects similar to the symptoms of the
complaint under which the patient suffers, the remedies
being usually administered in minute doses. This system
was founded by Dr. Samuel Hahnemann, and is opposed
to allopathy, or heteropathy.

allopathy \al-lo-pa-thy\, n. [Gr. other + suffering, to suf-
fer: ¢f. G. allopathie, F. allopathie. See Pathos.] That sys-
tem of medical practice which aims to combat disease by
the use of remedies which produce effects different from
those produced by the special disease treated; a term in-
vented by Dr. Samuel Hahnemann to designate the ordi-
nary practice, as opposed to homeopathy.

A brief note on the history of this fascinating profes-
sion: Herbalism has thrived in all cultures of the world
and in all historical periods, even, until the very recent
past, in the industrialized West. The rich and colorful
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history of herbalism is the history of humanity itself. As a
constant and vital thread in human life, it is alive and well.
As a branch of medicine, it has occasionally found itself
on the wrong side of the establishment, but this ebb and
flow of acceptance is just an artifact of changing fashions
and opinions. No attempt will be made to explore the fas-
cinating history of herbalism here, as others have done it
extremely well. The interested reader should consult the
excellent Green Pharmacy, by Barbara Griggs, the best and
most comprehensive history of Western herbalism yet
written.

QUESTIONING AUTHORITY
IN HERBALISM

Herbalism is an aspect of human culture that takes many
forms. While this rich diversity is a gift deserving of cel-
ebration, it can also be a cause of much misunderstanding.
There appears to be an inherent antagonism between
those who see herbalism as an expression of a green flow-
ering in human consciousness and those who view it as a
vehicle for the pharmacology of secondary plant prod-
ucts. Differing worldviews obviously lead to divergent
goals, assumptions, and visions, but, more important, un-
less there is a recogniton and acknowledgment of the dif-
ferences among frames of reference, meaningful dialogue
becomes problematic.

For example, consider table 1.1, taken from the
November 15, 1998, edition of the American Medical
Association (AMA) journal Family Practice News, which is
sent regularly to general practitioners. In the journal’s
Clinical Rounds section, this table was presented under
the headline “Herbal Products Being Evaluated Under an
IND Investigation.” (IND stands for Investigational New
Drug Application, a request for authorization from the
Food and Drug Administration to administer an investi-
gational drug or biological product to humans.)

If the AMA considers sharks (an animal), zinc (a
metal), and arginine (an amino acid) to be herbs, there is
a profound educational discrepancy at work here.

It is time for herbalists to lose what might be de-
scribed as our ghetto mentality, a sense of inferiority de-
veloped through years of cultural disdain for and active
suppression of our therapeutic modality. However, this
will also entail abandoning our negative, knee-jerk reac-
tion to the “system,” which often takes the reprehensible
form of an arrogant condemnation of medical doctors and
a delusion of standing on higher moral ground. On the
other hand, those working within the established scien-
tific, medical, and legislative communites must acknow]-

Table 1.1. Herbal Products Being Evaluated Under an
IND Application [November 1998]

HERB INDICATIONS
Antineoplastons Cancer
Arginine Cancer

Chinese herbal HIV-associated chronic synovitis
Plantar warts

Postmenopausal hot flashes
Ginkgo biloba Cognitive impairment
Green tea extract Cancer
Melatonin Chronobiology, reproduction
Ozone therapy Transfusion-related diseases

Saw palmetto Benign prostatic hypertrophy

Shark cartilage Cancer

St. John's wort Depression

Vitamin D Cancer

Zinc Head and neck cancer

edge the need to apply scientific objectvity in assessing
the existing evidence about herbs. If phytotherapy is illu-
minated with the light of critical evaluation, much of
value will be found.

WHERE IS THE EVIDENCE?

Today, practitioners and consumers alike are being bom-
barded by claims and counterclaims, informatdon and
misinformation about herbs. The confusion is com-
pounded by different, often hidden, agendas. Explanations
for the actions of herbs range from mechanistic science to
channeled guidance, and creative advertising copy further
obscures the facts behind the rhetoric. Where is the road
map when we need it?

The only relevant question is whether any new ther-
apy actually works. What outcome will the patient ob-
serve? Is there evidence of any kind that real people will
experience real improvement? My intention here is not to
imply that herbs don’t work or to deny traditional experi-
ence. Rather, we must attempt to assess the validity of
claims, especially new claims emanating from marketers,
in order to facilitate the healing work that is central to
herbalism. It is time to apply some critical herbal think-



ing to the process of questioning authority—bearing in
mind that questioning is not the same thing as rejecting.

Among those who question almost anything they
hear from medical doctors, the pharmaceutical industry,
or the FDA, some appear willing to unquestioningly em-
brace any new idea or product that magazines advertise.
The existence of this kind of gullibility is lamentable.
Critcal thinking and some degree of discrimination are
needed to keep herbalism from drowning in the sea of
misrepresentation, spurious theorizing, and fraudulent
claims that characterize today’s herbal marketplace.
Natural medicine is not simply anything that does not re-
quire a prescription.

Particularly worrisome is the tendency among some
practitioners to embrace marketing trends and fashion-
able theories by rushing to try new protocols. I suggest
this is tantamount to experimenting with patents by
using them to perform field trials of new, unproven, and
nontraditional methods.

Let me make clear that in the material that follows,
I am not attempting to make judgments about right or
wrong or to promote my personal belief system. I am
simply encouraging phytotherapists to inquire about
the evidence behind new therapies and protocols, so
that we can make informed decisions based on some-
thing more substantial than marketing claims. One
must always bear in mind the basic principles of phar-
macology when considering research relevant to plants.
The complex interactions among the numerous con-
stituents in a medicinal herb must be taken seriously on
pharmacokinetic grounds.

Australian phytotherapist Kerry Bone, FINIMH, has
suggested some important guidelines.

Phytotherapists must avoid pseudoscience. If we intend to
incorporate scientific knowledge into our therapies, let it

be good science. Be on your guard for:

* Hypotheses presented as undisputed facts

* Hypotheses which can neither be proved nor dis-
proved, that s, circular arguments

* Conclusions based on insufficient evidence

* Extrapolating from a narrow context of results, e.g.,
from #n vitro data to the clinic, without consideration
of factors such as dose, metabolism, absorption and
distribution

* Claiming scientific persecution (this does occur, of
course, but is usually an excuse)

* Developing theories which bear no relationship to

experimental findings'
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Proanthocyanidins and Pycnogenol
Pycnogenol is a legal trademark that refers to a patented
process for extracting flavonoids and other substances
from pine bark. The product consists of 50% to 65%
proanthocyanidins. Although the proanthocyanidins pre-
sent in Pycnogenol likely have health benefits, not much
published research exists to support their use in specific
condidons. The evidence cited in the marketing of
Pycnogenol is largely extrapolated from more general re-
search on flavonoids and proanthocyanidins.

Is this appropriate? One can expect a wide range of
biological effects from the more than 4,000 individual
flavonoids and 250 proanthocyanidins that have been
identified. The plethora of literature on Pycnogenol cites
a number of medical studies that used this specific source
of proanthocyanidins. However, most of the claims made
for the product itself are extrapolations from research on
the general benefits of proanthocyanidins and flavonoids.
To some extent, the rationale for such extrapolation is
sound, as flavonoids do function as antioxidants.
However, individual flavonoids often display striking dif-
ferences in activity.

For example, pine bark has been called a “super an-
toxidant” 50 times more powerful than vitamin E. The
basis for this claim is a study that compared the antioxi-
dant properties of various proanthocyanidins. However,
these did not come from pine bark, but from green tea
leaves and persimmons.” While the marketers claim that
pine bark contains a unique mix of proanthocyanidins, so
do green tea and persimmons. Of the six proanthocyani-
dins analyzed in the study, only one was actually 50 times
more effective than vitamin E, and only in quenching one
type of free radical. Furthermore, proanthocyanidins are
water-soluble and vitamin E is oil-soluble, which invali-
dates the comparison from another angle. The body
needs both water- and fat-soluble antioxidants for effective
antioxidant protection. Also, a diverse intake of antioxi-
dants is far better than intake of only one or two isolated
antioxidants.?

An overemphasis on proanthocyanidins increases the
risk that other flavonoids and polyphenols will be under-
emphasized. As discussed in chapters 7 and 9, the
isoflavones genistein and daidzein appear to reduce the
risk of prostate and breast cancers. Ellagic acid, related
more closely to gallates than to proanthocyanidins, is also
a potent antioxidant and cancer inhibitor. The citrus
flavonoids, hesperidin, quercetin, rutin, and tangeretin,
are abundant and effective. Consider some recent re-
search findings:
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* Hesperidin raises blood levels of high-density lipo-
protein (HDL) and lowers levels of low-density
lipoprotein (LDL) and triglycerides. It also possesses
significant anti-inflatnmatory and analgesic properties.*

¢ Quercetin reduces inflammation associated with aller-
gies, can inhibit the growth of head and neck cancers,
and inhibits the activity of reverse transcriptase.’¢’

* Tangeretin induces apoptosis (programmed cell death)
in leukemia cells, but does not harm normal cells.?

In one Pycnogenol study, described as an investiga-
tion of the effects of the product on human immuno-
deficiency virus (HIV), mice were infected with a retro-
virus known to cause leukemia.” Pycnogenol improved
immune function in mice with depressed immune func-
tion. Pycnogenol also increased the activity of natural
killer cells, which attack both cancer cells and virus-
infected cells.

However, in this study, the researchers did not use
HIV, but a mouse retrovirus identified as LP-BM5. A study
involving mice and a leukemia virus cannot be accepted as
a model for an HIV study. The commonly accepted ani-
mal subject for HIV experiments is the monkey, and the
commonly accepted viral agent is simian immunodefi-
ciency virus. The antioxidant activity of Pycnogenol and
other types of proanthocyanidins may well have some
value in the treatment of AIDS. However, the insights
garnered from research to date are not specific to
Pycnogenol, but rather demonstrate that free radicals fuel
replication of HIV and antioxidants slow it.!?

Horsetail and Silica

Horsetail (Equisetum arvense) has been used to maintain
the health and vitality of skin, nails, and hair for many
generations in a number of world herbal traditions. The
explanation often given for the effectiveness of this appli-
cation is that the plant contains silica.

This raises a number of questions that I have seen ad-
dressed in very little objectve material. There are two
primary issues: bioavailabilty of silica and evidence for a
role played by silicon in the body. I emphasize evidence
here, rather than opinion or theory. I have found numer-
ous statements about a role in joint capsule physiology,
but no references directing me to research to back up this
claim. A review of the MedLine database and the standard
reference books on human physiology produced no liter-
ature identifying a role for silicon in human metabolism.

Even if there is a role for silicon, where is the evi-
dence that horsetail is a source? Silica itself is silicon diox-
ide, one form of which is quartz. Quartz, for all intents

and purposes, is insoluble in water or alcohol—after all, if
it were soluble in water, there would be no sand on the
beaches. Thus, it is appropriate to ask whether there is
any silica in horsetail tea or extract. A further twist in the
convolution of confusion is the way in which horsetail
formulations are sometimes sold as “vegetable silica,” im-
plying that the need for silica is an established fact and
that the traditional use of horsetail is as a source of silica.
Again [ ask, Where is the evidence?

This all becomes rather surreal with the invocation of
a singular process termed “biotransmutation,”
the silicon is supposedly transmuted into calcium in the
body. We are moving into the realm of alchemy here, but

whereby

I would have no problem with this if some evidence ex-
isted to support this claim. It strikes me as rather conve-
nient that silicon is the only substance for which I have
ever seen this aspect of human physiology invoked. If our
bodies can biotransform one element into another, why
limit the application of this process to silicon? Why, then,
are there are deficiency problems at all?

Let me reiterate here that I am questioning not the
efficacy of the herb but the explanation of mechanism
given to explain its actions. I have come across a purely
circular argument that comes to the conclusion that be-
cause horsetail works, it must be because it contains silica.
This is based on a simple lack of knowledge of phyto-
chemistry, as a much simpler hypothesis would invoke
flavonoid effects. Such attachment to hypotheses leads to
a dogmatic adherence to belief systems that is detrimen-
tal for all involved.

Why get enmeshed in bizarre intellectual convolu-
tions to attempt justifications for an outdated hypothesis?
It might be worth invoking Occam’s razor here. The
axiom states that

. entities should not be multiplied needlessly, giving
precedence to simplicity, so that of two competing theo-

ries, the simplest explanation is to be preferred.

This is interpreted to mean that the simplest of two
or more theories is preferable, and that any explanation
should first be attempted in terms of what is already
known. In other words, after all possibilities have been
considered, in all likelihood the correct answer to a prob-
lem is the simplest explanation.

Essiac, Safety, and Oxalic Acid

An herbal combination called Essiac has become well
known in the United States. It has gained a reputation as
a risk-free herbal approach to the treatment of cancer and
other chronic conditions. My intention here is not to dis-



parage its potential contribution to the treatment of can-
cer, but to highlight some of the challenges faced in mod-
ern herbal therapeutics by examining a largely overlooked
safety consideration.

There is an important contraindication to the use of
Essiac that is rarely mentioned, even by well-trained
herbalists who should be able to see it. Essiac consists of
a combination of four herbs, burdock root (Arctium
lappa), slippery elm bark (Ubmus rubra), sheep sorrel
(Rumex acetoselln), and turkey rhubarb (Rbewm palmatum,).
One of these components, sheep sorrel, is a rich source of
oxalic acid. Intake of oxalic acid or its salts increases the
risk of developirg kidney stones. In all of the propa-
ganda surrounding Essiac, I have seen no mention of
this problem.

HERBS AND PHYTOTHERAPY

A distincdon must be made between two separate but
overlapping issues: that herbs are relevant medicinal sub-
stances and that phytotherapy is a valid therapeutic
modality whose practitioners have unique skills and clin-
ical experience. The clinical issues faced by a practitioner
are not the same as the quality-control problems that con-
front product manufacturers and marketers. Different
concerns pertinent to each of these two issues will lead to
different but equally relevant insights.

The quality of attention now being given to medici-
nal plants by science and government must be expanded
to include an assessment of the insights and protocols of
the phytotherapist. A personal example may help clarify
this point. At the height of the media frenzy over the “dis-
covery” that St. John’s wort can help alleviate mild de-
pression, I was asked to present a paper on the topic of
“Herbal Alternatives to Prozac.” This quest to identify an
herbal alternative to Prozac is a perfect example of how
the real gifts of herbalism can be deflected by underlying
assumptions. By phrasing the topic in this way, we are
forced to respond to the issue in terms of the efficacy and
pharmacological mechanism of Prozac, rather than by
highlighting the potential contribution of phytotherapy
to the treatment of depression.

It would, in fact, be more appropriate to consider
holistic alternatives to the current vogue for psychophar-
maceutical solutions. The fact that Prozac (fluoxetine) is
an effective serotonin reuptake inhibitor has led to its use
as a pharmacological antidepressant, but its efficacy begs
the fundamental question about the cause of depression.

No herbal serotonin reuptake inhibitors of any con-
sequence have been identified, leading me to conclude
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that there are no herbal alternatives to Prozac. However,
this does not mean there are no herbal approaches to
treating depression. My point here is that a competent
herbal practitioner, trained to consider approaches to
maintaining wellness in addition to treating specific
pathologies, will be able to help an individual with de-
pression in a variety of ways. Articulating herbal ap-
proaches to depression in terms of alternatives to specific
drugs allows the drug companies to set the herbal agenda.

HERBAL IMPERIALISM

Attempts to bridge and integrate the various herbal tradi-
tions of the world can be problematic, and always require
a high level of critical thinking. Here are a couple of ex-
amples of what might be termed intellectual imperialism,
an assumption in the Western mind-set that we can spon-
taneously understand the concepts and visions of another
culture.

There is a wealth of knowledge and experience in the
traditional Chinese medicine (TCM) community, but not
all herbalists who use these insights have the necessary
training in the principles of TCM. For example, consider
the widely held idea in North American herbalism that,
according to TCM, dang gui (Angelica sinensis) is a
woman’s herb and ginseng (Panax ginseng) is a man’s herb.
This is nonsense! The assumption is a gross simplification
of the TCM concept that dang gui is one of the most
yielding yin tonics and ginseng is the strongest yang
tonic. Yin and yang do not translate simply as “woman
and man.”

In a similar vein, Western herbalists may try to inter-
pret the TCM concept of organs in terms of their under-
standing of anatomical organs, or according to the
Western biomedical model. However, the TCM concept
of organs is energetic and an expression of the TCM
five-element theory. To take a diagnosis of “insufficient
liver chi” to mean that dandelion root (Taraxacum offici-
nale) and milk thiste (Silybum marianum) are indicated
misses the point entirely.

HERBAL MARKETPLACE VERSUS
HERBAL MEDICINE

Another discomforting modern dynamic is that the herbal
tradition suddenly finds itself in an environment appar-
ently created and maintained for the benefit of the “mar-
ketplace.” The importance of critical thinking in the eval-
uation of herbs
information generated by marketers—has never been

information about

particularly
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greater. How else can practitioners and consumers make
decisions about protocol development or even which
products to buy?

I would argue that market forces and healing are mu-
tually exclusive. The rapidly growing industry addressing
the material needs of complementary medicine is a man-
ifestation of market forces—it is not a healing modality or
a “holistic” anything. It is merely an expression of the
same rapacious economic forces that treat nature as a re-
source to control and profit from, and will only serve to
obliterate cultural, biological, and herbal diversity.

Embracing economics as the driving force in herbal-
ism leads directly to standardization, not only in product
development, but also in the development of treatment
protocols. Regulators and manufacturers who want to
centralize control and standardize methods ignore indi-
vidual uniqueness, except as a complicating factor.
Practidoner knowledge and wisdom is rarely acknowl-
edged, so regulations, product lines, and research are
predicated on abstract theories and piecemeal informa-
tion. Thus, reductionist, product-based medicine relies
on controlling the patient’s healing process. Surely holis-
tic medicine would reject such an approach as a matter of
principle.

SAFETY, RISK, AND TOXICITY

Safety and all it entails are major concerns for anyone in-
volved in health care. Any meaningful discussion of safety,
risk, and toxicity must take into account pharmacology,
epidemiology, and statistics, as well as perceptual issues.
Chapter 10 addresses these issues in terms of the herbs
themselves, but here we will focus on the need for critical
thinking in assessing the safety of herbs.

Statements made by “experts” are often unquestion-
ingly accepted as insightful, considered opinion. But who
are the experts in these situations? As an example, con-
sider hawthorn (Crataegus laevigata), an invaluable herb
discussed in chapter 14 of this book. The German
Commission E Monograph cites no warnings, contraindi-
cations, side effects, or drug interactions for hawthorn.!!
Varro Tyler, Ph.D., Professor Emeritus of Pharmacog-
nosy at Purdue University, provides an excellent review of
the published studies on hawthorn in his best-selling
book, The Honest Herbal. However, at the end of his re-
view, he comes to a somewhat tangential conclusion.

Its toxicity is low as well, becoming evident only in large
doses. Undl additional research has been carried out,

prospective users of hawthorn for heart and circulation

problems should consider all the consequences. Users of
self-selected medicines almost always do so as a result of
self-diagnosis. This is a very dangerous practice when
such vital systems of the human body as the heart and
blood vessels are involved. For this reason, self-treatment

with hawthorn is neither advocated nor condoned.!?

Surely this conclusion concerns self-medication, not
any risk posed by hawthorn.

As another example, Dr. Ryan Huxtable, an expert on
the pharmacology of plant toxins, makes a very illuminat-
ing statement in a paper on neurotoxins in herbs.

The modern flora has evolved in the face of continual as-
sault from mammals, which are ultimately dependent on
the plant kingdom.*?

This comment highlights one of the fundamental
differences among the conceptual frameworks in which
these discussions take place. Some see the natural world
as a Darwinian battleground where natural selection en-
forces the concept of survival of the fittest. This, in turn,
leads to an emphasis on defense as the driving force be-
hind the diversity of secondary metabolites, as in “. . .
plants and those using them coexist in an uneasy balance
of chemical power.”* This is the antithesis of the vital-
ist worldview held by most herbalists and naturopaths,
who would rather see the relationship between “plants
and those using them” characterized as coevolutionary
mutualism.

THE HEALING POWER OF NATURE

In light of the issues just discussed, let us look at some of
the principles of naturopathic medicine. The bealing
power of nature is the inherent self-organizing and healing
process, present in all living systems, that establishes,
maintains, and restores health. The naturopathic physi-
cian’s role is to facilitate and augment this process by
identifying and removing obstacles to health and recovery
and by supporting the creation of a healthy internal and
external environment.

Identify and Treat the Causes

Illness does not occur without cause.

Underlying causes of illness and disease must be identi-
fied and removed before complete recovery can occur.
Symptoms may be caused by disease, but can also serve as
expressions of the body’s attempt to defend itself, to adapt
and recover, or to heal itself. The naturopathic physician



seeks to treat the causes of disease, rather than merely to
eliminate or suppress symptoms.

Treat the Whole Person

Health and disease result from a complex of physical,
mental, emotional, genetic, environmental, social, and

other factors.

Naturopathic medicine recognizes that the harmonious
functioning of all aspects of the individual is essential to
health.

The multifactorial nature of health and disease requires a
personalized and comprehensive approach to diagnosis
and treatment.

Such principles must be applied in practice and used
as a touchstone for interpreting the plethora of data and
theories we wade through. As powerful and enticing as
pharmacological reductionism is, it might also be seen as
“immunosuppressive” to the vitalist perspective!

A PLEA FOR HERBAL TRADITIONS

The perspectives of holism and wellness now entering the
practice of medicine must be taken seriously, not simply
used as marketing ploys. One of the implications of this
idea is that the holistic treatment of illness must encom-
pass a positive vision of wellness, at the same time ac-
knowledging that wellness is a process, not an endpoint.
A constellation of components contribute to wellness:

Social Physiological/metabolic
Work Genetic

Cultural Intellectual
Environmental Emotional

Behavioral Spiritual

Nutritional

As discussed earlier, each of these components has an
impact on the whole individual, and holistic medicine en-
deavors to address each within a therapeutic ecology. This
leads to some immediate implications for the herbalist.
Holism is a context, not a belief system or a specific phys-
ical form, and as such, herbal products are not and cannot
be holistic in their own right.

The mere use of herbal medicines does not make a
treatment holistic. In fact, using an herbal tincture as a
natural alternative to a prescription medication relegates
the herb to the status of an organic drug delivery system!
What makes herbs part of holistic treatment is the con-
text within which the herbs are prescribed and used.
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There is at least one clear conclusion that can be
drawn from the concept that holistic medicine treats the
whole person and not the disease. The use of commercial
formulas cannot be holistic, as these formulations do not
recognize the uniqueness of the individuals who will be
taking them. A formula may well be effective in address-
ing symptoms or even facilitating a cure, but that is not
the issue. This point is further reinforced by the belief
that holistic medicine doesn’t merely treat symptoms, but
addresses the underlying cause of disease. However, when
herbs are used as an adjunct to another therapeutic
modality, formulas may be appropriately used as support-
ive agents to treatment protocols that have been devel-
oped from a holistic perspective.

This all leads me to some specific conclusions about
the challenging interface that exists berween traditional
herbalism and the plethora of research findings now avail-
able. There is inherent value in traditional herbalism, and
we must not abandon traditional protocols and remedies
because of a lack of modern research. However, as
herbalists, we must familiarize ourselves with the lan-
guage and processes of research so that we can establish
a meaningfully dialogue with the scientific community.
This dialogue must take the form of a two-way exchange,
encompassing not only what we have to share, but also
what we need to learn.

SCIENCE AND PHYTOTHERAPY

Any conceptual framework for phytotherapy must be
broad enough to embrace the whole spectrum of human
knowledge. This is simply an acknowledgment of the fact
that any holistic approach to human health care must be
as expansive as humanity itself. However, for a moment,
let us limit our perspective to examine some of the ways
in which science can add to the practitioner’s understand-
ing of how herbs work.

Almost all branches of the biological sciences are rel-
evant to the phytotherapist, as is much of chemistry, and
the application of science to herbs is as relevant as it is to
any other Western healing modality.

The Scientific Method

Science is any system of knowledge concerned with the
physical world and its phenomena that entails unbiased ob-
servation and systematic experimentation. I general, a sci-
ence involves a pursuit of knowledge about general truths or
the operation of fundamental laws. The scientific method,
then, is part of the endeavor to construct an accurate,
reliable, consistent, and nonarbitrary representation of
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the world. It attempts to minimize the influence of the
bias or prejudice of the experimenter when a hypothesis
or theory is tested.

Hypotheses and Theories

In science, the words hypothesis and theory relate to the
stage of acceptance or knowledge about physical phe-
nomena. A hypothesis is an idea to work from. It forms
the basis of a preliminary explanation or line of reasoning,
and is a limited statement about cause and effect in spe-
cific situations. The word theory refers to an idea that is
widely accepted as a correct explanation. When a hypoth-
esis explains many observations and leads to predictions
that are continually supported by experiments, it may
then be called a scientific theory.

A scientific theory represents a hypothesis (or a
group of related hypotheses) that has been confirmed
through repeated experiments. The steps of the scientific
method may be described as follows.

Observation

Defining the problem or question

Formulating a hypothesis

Testing the hypothesis with a controlled experiment
Observing and recording results

o

Forming conclusions by confirming or modifying
the hypothesis
7. Reporting results

Experimental tests may lead either to the confirma-
tion or the ruling out of the hypothesis. The scientific
method requires that a hypothesis be ruled out or modi-
fied if its predictions are clearly and repeatedly incompat-
ible with the results of experimental tests. Because exper-
imentation is a necessary part of the scientific method, a
theory must be testable. If a theory cannot be tested be-
cause, for example, it has no observable ramifications, it
does not qualify as a scientific theory.

The Language of Research

In the language of research, otherwise familiar words
may take on entirely different and very specific mean-
ings. For example, the use of the words validity and reli-
ability in science can cause confusion if misunderstood.
In everyday language, validity implies legitimacy and re-
liability suggests stability and dependability. In the lan-
guage of research, these terms have a precise meaning. A
study has validity if it measures what it claims to mea-
sure. The reliability of a study is a reflection of the like-
lihood that subsequent experiments will yield the same
results.

A research sample is a small group of people (or ani-
mals, or objects) who are the subject of observation dur-
ing the process of research. Thus, each individual in the
study is called a research subject. The term sample means
exactly what it seems to mean: It is a group taken as a
sample of some larger group. This larger group is called
the research population. Researchers cannot study whole
populations, only samples. To this end, they target a pop-
ulation to study, but select a smaller sample from this tar-
get population to serve as the actual research subjects.

Sampling is the process of selecting a research sam-
ple. The results of a study cannot be generalized beyond
the boundaries of the sample. If women are studied, the
results of the research apply only to women. If men 40 to
60 years of age are studied, the results apply only to men
40 to 60 years of age. For this reason, it is important to
know the makeup of research samples in order to inter-
pret claims based on studies.

In scientific research, a variable is a condition in the
experiment that changes, or varies, while other conditions
remain constant. A dependent variable is usually the focus
in a research study that investigates how variables change
in response to one other.

The herbalist may come across a number of different
types of research studies.

Controlled study. The responses of one group (the exper-
imental group) are compared with a second, untreated
group (the control group).

Placebo-controlled study. Here, an experimental treat-
ment is compared with a placebo, an inert substance
that appears to be identical to the treatment. This rep-
resents an attempt to distinguish between the placebo
effect—the tendency of people to experience symp-
tomatic improvement even when nothing but a sugar
pill is taken—and the actual effects of treatment. If a
treatment works, the effects it produces should be
more pronounced than those seen in subjects receiving
a placebo.

Blinded studies. If subjects are “blind” to the nature of a
study and do not know whether or not they are receiv-
ing the active medication, the outcome is less likely to
be influenced by their expectations. This is a way to
work around research bias.

Double-blind studies. This means that neither patients
nor researchers know which treatment patients are re-
ceiving. This type of study also helps researchers avoid
special treatment of subjects based on whether they are
receiving the active or the placebo substance, as the re-
searchers do not know which subjects are which. Thus,



there is less chance that the results of these studies will
be influenced in an undesirable manner.

Randomized, double-blind, placebo-controlled, multi-
center trial. This is a clinical study that takes into ac-
count a number of potential bias factors. Randomized
means that the patients are randomly assigned to receive
either the study drug or a placebo. Because the study is
double blind, neither subjects nor researchers know who
is receiving what treatment. Multicenter means the study
was conducted at several different research centers.

PUBLISHED PHYTOTHERAPEUTIC
RESEARCH

The usual avenue for communicating experimental re-
sults is through publication in a peer-reviewed journal.
Peer-reviewed journals publish studies only after a thor-
ough review of those studies by a group of the re-
searcher’s peers, fellow researchers who are able to eval-
uate the merits of the research. However, publication
does not guarantee the quality of a study, and a published
study is not necessarily more reliable or valid than an un-
published one.
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A number of different kinds of articles may be found
in peer-reviewed journals. Journal articles are based on a
single investigation and published as a contribution to the
progress of science. Review articles and meta-analyses are
based upon analysis of existing literature on a given topic
and evaluate the research performed to date.

PHARMACOGNOSY AND WAYS TO
ASSESS HERB QUALITY

A number of options are available for the assessment of
herb quality. These range from the plethora of scientific
techniques used in pharmacognosy to the traditional skills
employed by the herbalist.

The term pharmacognosy is derived from two Greek
words, pharmakon (drug) and gnosis (knowledge). The
scope of this field encompasses the study of the physical,
chemical, biochemical, and biological properties of drugs,
drug substances, and potential drug substances of natural
origin, as well as the search for new drugs from natural
sources. At one time, it was necessary for oharmacists to
have extensive knowledge in this area, because many
medicinal products were obtained from plants. However,

abstracts select highlights only.

existing literature on the topic.

used to derive results.

the data.

the paper.

articles is invaluable.

Basic Structure of a Peer-Reviewed Journal Article

Summary or abstract: This includes a concise statement of the goal or hypothesis of the
study, explains how the endeavor was undertaken, highlights results of the study, and pro-
vides a concluding thought that puts it all into perspective. Because they must be concise,

Introduction: The introduction provides background information on the topic as well as the
rationale for undertaking the study. The introduction may also offer an extended review of

Methodology: This section details study design and the data-collection techniques that the
researchers employed, and also describes in detail the analytical and evaluative procedures

Results: This is where findings are presented, along with some analysis and interpretation of

Discussion, comments, or conclusion: Here, the study authors provide a further analysis of
the results, and may compare and contrast their results with the conclusions of other stud-
ies in order to place their results in perspective. This is usually the most speculative part of

References: The list of references gives an indication of how far the authors went in review-
ing published research. An extensive, well-done bibliography that provides access to other
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as the culturally dominant medical modality in the United
States moved away from natural products, most pharmacy
schools dropped their courses in pharmacognosy.

Methods Currently Utilized to Evaluate
Herbs and Extracts

A number of approaches to the evaluation of herb quality
are available, ranging from the use of human senses to the
application of advanced technology.

Organoleptic

Organoleptic analysis represents the simplest and the
most human form of evaluation. Organoleptic means “im-
pression of the organs.” Organoleptic analysis of plant
material involves the use of the senses, including sight,
smell, taste, touch, and occasionally even hearing, to
identify the plant and evaluate its quality. The appearance
of a plant or extract can be so specific that it practically
identifies itself, but identification may be difficult in other
cases—for example, if the herb is in powdered form. If vi-
sual analysis is not enough, perhaps the plant or extract
has a characteristic odor or taste that can assist in identi-
fication or help the herbalist assess freshness or quality.

Microscopic

Microscopic evaluation is valuable in the initial identifica-
tion of herbs. It is also an indispensable technique for
identifying the plant by characteristic tissue features, rec-
ognizing small fragments of crude or powdered herbs, or
detecting adulterants or contaminants, such as insects, an-
imal feces, mold, and fungi. Every plant possesses a char-
acteristic tissue structure, which can be demonstrated
through the study of tissue arrangement, cell walls, and
configuration when samples are properly mounted in
stains, reagents, and media.

Physical

In crude plant evaluation, physical methods are often
used to determine solubility, specific gravity, melting
point, water content, degree of fiber elasticity, and other
physical characteristics.

Chemical

Various chemical analysis methods are used to determine
percentages of active principles, alkaloids, flavonoids, en-
zymes, vitamins, essential oils, fats, carbohydrates, pro-
tein, ash, acid-insoluble ash, or crude fiber present. The
final analytical process relies on more precise assays for
determining quality. Sophisticated techniques, such as gas
chromatography (GC), thin layer chromatography (TLC),

and high-pressure liquid chromatography (HPLC), are
often used to separate out molecules to provide a chemical
“fingerprint” or profile of the constituents contained in
the plant or extract. These techniques are useful in identi-
fying herbs, but also invaluable in standardizing extracts to
chosen active ingredients or marker compounds.

Biological

The plant or extract may be evaluated by various biolog-
ical methods, mostly animal tests, to assess pharmaco-
logical activity, potency, and toxicity.

Official Standards

Official standards usually serve as the reference by which
the authenticity and quality of an herb is established.
These standards can be found in pharmacopoeias and
other official publications. Examples include The United
States Pharmacopoeia (USP), The National Formulary (NF),
The European Pharmacopoeia (EP), The British Pharma-
copoeia (BP), and The British Pharmacopoeial Codex (BPC).

The USP, which is published every five years by the
U.S. Pharmacopoeial Convention, describes and defines
approved therapeutic agents and sets standards for purity
and assays. Agents are included in the USP on the basis of
their therapeutic value. The NE, formerly published by
the American Pharmaceutical Association, contained
standards of purity and methods of assay for some drugs,
as well as formulae and methods of manufacture for a va-
riety of pharmaceutical preparations. Drugs were in-
cluded in the NF on the basis of demand as well as ther-
apeutic value. The U.S. Food and Drug Administration
recognizes the NF and the USP as official standards, and
the two are now published as a single volume.

The pharmacognosy literature contains precise de-
scripdons of dried plant material that follow an all-purpose
scheme for describing plant parts. The particulars of
these descriptions sometimes differ from purely biologi-
cal descriptions, because in pharmacognosy, one is fre-
quently concerned with dried structures that may have
been subjected to manipulation during preparation for
the market. In addition, certain points important in
pharmacognosy are of little value in descriptions of sys-
tematic biology.

SCREENING PROGRAMS

The pharmaceutical industry and academic institutions
both conduct screening programs to identify plants that
might be worthy of further study. The interdisciplinary
approach taken to obtain an exploitable pure plant con-
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Official Standards in Practice

Official standards provide qualitative and quantitative measures that must be met in order for
the quality of a medicinal plant or extract to be considered good enough for use.

Sampling. Official standards often specify the best technique for taking a representative sam-
ple of an herb from a large consignment.

Preliminary examination. This involves the use of human senses to assess characteristics such
as general appearance, presence of appropriate plant parts, odor, and taste.

Foreign matter. Because the natural world is not clean and tidy (thankfully!), official standards
state what percentage of foreign matter is allowed in each sample. For example, the hairy
leaves of mullein are allowed to contain more foreign matter than the smooth, shiny leaves of
bearberry.

Microbial contamination. For some herbs, official standards specify the allowable content of
microbes, such as Escherichia coli.

Toxic residues. Residues commonly found in herbs include pesticides and fumigants. In our all-
too-polluted world, it is next to impossible to obtain completely toxin-free herb or food ma-
terials, so standards have been set for “acceptable” levels of such residues.

Moisture content. Measuring the water content of dried herbs gives some indication of the
likelihood of spoilage. This consideration also has economic importance, as it affects the
weight of herbs in commerce. A whole array of methods have been developed to assess mois-
ture content. The most often cited is loss on drying, which measures the amount of weight lost
through water evaporation. More precise techniques involve the separation and measurement
of moisture, as well as chemical, spectroscopic, and electronic methods for measuring mois-
ture content.

Ash values. This is given as a percentage representing the amount of inorganic ash that should
remain after a sample of dried herb is incinerated.

Volatile oil content. This standard states the minimum acceptable standard for the percentage
of volatile oil that should be present in a sample of a given dried herb.

Swelling index. This is the volume in milliliters occupied by 1 gram of herb after it has soaked
in water for four hours.

Rr value. This is a measurement of the rate of flow that a compound has in specific chromato-
graphic analysis techniques.

Refractive index and optical rotation. These are measurements of the optical properties of
compounds and liquids. -

Quantitative chemical tests. These are analytical methods for measuring specific compounds
or groups of compounds.

stituent involves botany, pharmacognosy, pharmacology,
chemistry, and toxicology, as illustrated in the steps out-
lined here.

1. Selection, collection, botanical identification
2. Preparation of plant material

. Extraction with suitable solvents
4. Preliminary separations
. Biological and pharmacological screening of crude

extracts

. Chromatographic separation of pure bioactive con-

stituents, guided by bioassay
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7. Structure determination
8. Analysis and pharmacological profiling of pure
compounds
9. Toxicological testing
10. Pardal or total synthesis
11. Preparation of derivatives for the study of structure-
activity relationships

Selection of Plant Material

The basis upon which plants are selected for study is
often pivotal to the success of screening efforts. Random
collection is one possible method, but better results have
been achieved when selection is based on certain criteria.

* Plants used in traditional medicine are more likely to
yield pharmacologically active compounds.

* Chemotaxonomic insights are often valuable. For ex-
ample, if researchers are looking for xanthones, they
might best start by investigating families known to
contain this class of phenolics, such as Gentianaceae,
Polygalaceae, and Clusiaceae.

* Field observations are important. If a bush'or a tree
shows no signs of attack by pests or microorganisms,
there is a good chance that insecticidal or antimicro-
bial metabolites are present. Foaming in aqueous plant
extracts may indicate the presence of saponins.

Separation and Identification

To identify constituents, it is necessary to separate frac-
tions of the extract to find out where the biological activ-
ity lies. A range of chromatographic techniques are used
to facilitate this process.!* Chromatography separates
chemicals by taking advantage of the fact that mixtures of
substances in a moving stream of gas or liquid travel at
different rates through a stationary substance. This sta-
tionary substance is usually a finely divided solid, a sheet
of filter material, or a thin film of a liquid on the surface
of a solid. Very complex mixtures can be separated by this
method, making chromatography ideal for the separation
of chemicals found in herbs. It is impossible to achieve
complete separation with any single method, so a multi-
step process is often used.

Thin Layer Chromatography

In thin layer chromatography (TLC), an extract made
with an appropriate solvent is dropped onto a strip of fil-
ter paper. After drying, the paper is hung inside an air-
tight chamber with a liquid solvent at the bottom. The
bottom of the strip is in the solvent, and as the solvent
moves up the paper, the different constituents move at

different rates because of differences in their molecular
weight and shape. Compounds moving with the solvent
front have characteristic retention times (R values) that
facilitate identification of compounds. If the constituents
separated on the paper are colorless, the paper is re-
moved, dried, and treated to make specific chemicals vis-
ible. The main application of TLC is in separating out
samples for further analysis.

Column Chromatography

Column chromatography can improve separation of indi-
vidual components. The technique uses a glass column
packed with a resin that serves as the stationary phase,
through which a solvent, or the mwobile phase, passes.
Solutes in the solvent move through the column at differ-
ent rates, thus separating the compounds. If the station-
ary phase is a solid, the system is called adsorption chro-
matography, and if the stationary phase is a liquid, the
system is called partition chromatography.

High-Performance Liquid Chromatography
High-performance liquid chromatography (HPLC) oper-
ates on a principle similar to that of column chromatog-
raphy, but has advantages of high speed, resolution, sen-
sitivity, and ease of sample recovery. An HPLC detector
is used to monitor the concentration of solutes in the mo-
bile phase after separation. Detectors may measure refrac-
tive index, dielectric constant, molecular and atomic spec-
troscopy, electrochemistry, and electrolytic conductivity.

Gas Chromatography

Gas chromatography (GC) is a powerful analytical tool
for separating and identifying constituents in relatively
pure mixtures. The herbal extract is vaporized by heating
and then moved through the column in a stream of gas—
for example, helium, hydrogen, nitrogen, or argon. The
vapors move at different rates, separating into clear zones
as they move through the column and emerging via some
detector.

Gas Chromatography-Mass Spectrometry

Final identification of a constituent usually depends upon
gas chromatography-mass spectrometry (GC-MS). GC-
MS is a selective and sensitive method of analyzing com-
pounds. However, the compounds to be analyzed must
first be thoroughly purified.

Mass spectrometry itself is a powerful analytical tool
that yields structural information about unknown
molecules. GC-MS instruments combine the ability to
separate chemical mixtures (the GC component) with a



very sensitive detector of the molecules’ mass spectrum
(the MS component). The mass spectrum obtained is
compared with those of thousands of compounds in a
database. The ultimate goal is accurate identification of
a compound.

Bioassays

The availability of suitable bioassays, or biological test
methods, is central to any scientific investigation of plants
with biological activities. The majority of pharmaceuti-
cals have a known chemical composition that can be as-
sayed via quantitative analyses. However, herbs cannot be
assayed satisfactorily in this way, and so are tested by bio-
logical methods. These bioassays help investigators deter-
mine potency by observing the reactions of living organ-
Isms or tissues.

Investigators employ broad-based screening (screens
that cover a wide area of biological activity) to find out
if the plant has any pharmacological potential. Spe-
cialized screening utilizes one or two sufficiently accu-
rate bioassays to detect a particular property, such as
anti-inflammatory activity. In some cases, adequate in-
formation may be obtained through in vitro studies, but
additional tests may be undertaken in animals.

Primary Screening Bioassays

Brine Shrimp Lethality Test

The brine shrimp (Artemia salina) lethality bioassay is
sensitive to a broad spectrum of bioactivity, providing an
initial screen that can be backed up with more specific
bioassays.

Crown-Gall Tumor Bioassay

This test assesses inhibition of crown-gall tumor on
potato disks, and is fairly accurate in predicting in vivo
antileukemic activity in mice.

Starfish or Sea Urchin Assay

The eggs of the starfish, Asterina pectinifera, have perme-
able cell membranes, so exposure of fertilized eggs to
chemicals will lead to different outcomes. This assay can
help determine which substances should be investigated
as antineoplastic agents.

Bioassays for Antibiotic Activity

A range of simple tests have been developed to screen for
antibiotic activity. These will determine the strength or
activity of an herb or constituent in killing bacteria grown
in a laboratory.
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Plant Growth Regulator Activity

Tests for effects on the regulation of growth in plants can
provide insights into immunosuppressant and antifungal
activities of plants and extracts.

Specialized Screening Bioassays

Testing for Hepatoprotective Properties
Two approaches have been developed to screen for activity
relevant to the treatment of liver disease. In the first ap-
proach, investigators induce liver damage in experimental
animals and then estimate the beneficial effects of plant
extracts with liver function tests that measure factors such
as enzyme levels and hexobarbital sleeping times. The
other approach involves removing part of the liver by
biopsy and measuring the rate of regeneration after treat-
ment with a test substance. This test takes advantage of
the regenerative powers of the liver, as the liver has the
ability to recover completely even after surgical resection
of as much as 90% of the organ.

Because liver disease is often induced by drugs, tox-
ins, viral infections, or reactions to immunogenic agents,
appropriate test methods should mimic natural causes.

Chemical: Acetaminophen- or carbon tetrachloride—
induced damage

Immunological: Complement-mediated cytotoxicity in-
duced by immunization with specific antigens

Consider milk thistle (Silybum marianum) and its
complex of flavolignans known as silymarin. This herb is
used to treat many types of liver disease, including severe
toxicity related to ingestion of the death cap mushroom
(Amanita phalloides), which has a fatality rate higher than
50%. Treatment with silymarin (or its principal compo-
nent, silibinin) within 48 hours of mushroom ingestion
usually guarantees a satisfactory outcome.'é Milk thistle
and many other plants have demonstrated activity in
screening tests using mice with carbon tetrachloride-
induced hepatotoxicity.

Rapid Screening for Hepatoprotective Effects

For rapid screening, investigators employ an in vitro
method using cultured hepatocytes, a type of liver cell.
First, they isolate liver cells using collagerase, add a hep-
atotoxin, and culture the sample. They then assess liver
function by measuring transaminase activity in the hepa-
tocytes. After this initial screening, animals can be treated
or pretreated with plant extracts, and the results deter-
mined either by assessing liver function (for example, by
measuring enzyme levels) or by evaluating a parameter
that is affected by liver function.
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Hexobarbital Sleeping Time
Hexobarbital induces a consistent pattern of sleep in the
unfortunate experimental animals, so any change in sleep
time suggests a disturbance in metabolism of the sedative.
An increase in sleeping time implies a reduction in the
liver’s ability to metabolize hexobarbital. Carbon tetra-
chloride produces such a change, and is known to cause
dose-dependent acute hepatotoxicity. This hepatotoxicity
occurs because cytochrome Pysq enzymes transform car-
bon tetrachloride into free radicals, inducing lipid perox-
idation and eventual death of the hepatocytes.
Regardless of the hepatoxin employed, this basic test
method may be applied to assess hepatoprotection.!’
When milk thistle is added, the increase in sleeping time
normally produced by carbon tetrachloride is reduced by
up to 60%, suggesting that the herb defends the liver
against the toxin.

Assessment of Liver Enzyme Levels

Blood levels of the enzymes aminotransferase, aspartate
aminotransferase (AST), and alanine aminotransferase
(ALT) are useful indicators of liver disease. AST is pre-
sent in the liver, heart, muscle, kidney, and brain, and cat-
alyzes the conversion of aspartate to oxaloacetate and glu-
tamate. Necrosis or membrane damage releases the
enzyme into circulation, so it can be measured without
the need to resort to taking liver samples. Increases in
AST are seen in any condition involving necrosis of hep-
atocytes, myocardial cells, or skeletal muscle cells. High
levels indicate liver damage, including that due to viral
hepatitis and toxicity, as well as cardiac infarction and
muscle injury.

ALT catalyzes the conversion of alanine to pyruvate
and glutamate and is released in a similar manner, but is
more specific to liver functon. As with AST] increases in
serum levels of ALT" are seen in conditions involving
necrosis of hepatocytes, myocardial cells, erythrocytes, or
skeletal muscle cells. High levels of ALT usually indicate
acute hepatitis or other liver damage.

THE U.S. NATIONAL CANCER
INSTITUTE

Since 1955, the U.S. National Cancer Institute (NCI) has
carried out a search for potential cancer drugs, with a goal
of screening all the flowering plants of the world to iden-
tify antitumor activity! So far, NCI has screened 176,000
extracts from 41,000 plant samples collected from 25
countries. The University of Illinois obtains samples from
Southeast Asia, the Missouri Botanical Garden collects in

Africa, and the New York Botanical Garden gathers
plants from Central and South America. Each center col-
lects 1,200 samples per year, and different plant parts
constitute discrete samples.

Collectors submit detailed documentation for each
sample, including taxonomic details, plant part, date, site
of collection, habitat, and, if possible, medicinal uses and
methods of preparation employed by indigenous peoples.
Researchers determine the structures of extracts that
show significant activity and analyze them for active
chemicals. Chemicals showing sufficient anticancer activ-
ity are advanced to preclinical development.

Currently used test systems are classified as either
cytotoxicity-based bioassays or mechanism-based bio-
assays. Cytotosicity-based assays may indicate activity in
cancers that proliferate rapidly, such as leukemia, lym-
phoma, and a few rare tumors, but are inadequate indica-
tors of activity in slow-growing solid tumors of humans.
New in vitro screening strategies generally test 80 to 100
human cell lines of major tumors.!®

Mechanism-based assays are designed by analogy
with specific types of molecular responses mediated by
clinically effective antitumor agents. Bioassays have been
developed to recognize compounds that inhibit carcino-
genesis by preventing the formaton of carcinogens,
blocking binding of the carcinogen to its target, or pre-
venting tumor development. For example, one assay for
blocking agents examines the effect of compounds on the
detoxifying enzyme glutathione-S-transferase. Another is
a mutation assay known as the Ames test, which assesses
mutagenicity by assessing the effects of substances on the
mutation rate of the bacterium Salmonella ryphimurium.

Positive results in mechanism-based assays suggest
potential biological activity, but cannot determine
whether a substance will actually generate a clinical re-
sponse. Thus, final identification of anticancer agents re-
quires subsequent evaluation with advanced testing sys-
tems, followed by clinical trials.

Although many antitumor compounds have been iso-
lated through these screening procedures, few have been
found to be clinically effective against slow-growing solid
tumors. This is a consequence of using rapidly dividing
tumors in the primary screens. The development of
chemotherapy agents that destroy only fast-growing cells
grew directly out of the use of mouse tumor cell lines in
drug-screening assays. Fast-growing mouse tumor lines
provide quick turnaround times and minimize animal
handling costs. The agents most effective against these
cell lines are also most effective against fast-growing
human tumors. However, most solid cancers in humans



Taxonomic Distribution of Higher
Plants Containing Anticancer
Compounds”

Gymnosperm Families

Cephalotaxaceae, Podocarpaceae, and
Taxaceae

Angiosperm Orders and Families

Magnoliales: Annonaceae
Ranunculales: Menispermaceae
Myrtales: Thymelaeaceae
Celastrales: Celestraceae
Euphorbiales: Euphorbiaceae
Sapindales: Rutaceae, Simaroubaceae
Gentianales: Apocynaceae

Liliales: Liliaceae

grow relatvely slowly, and therefore do not respond well
to these agents.

Antitumor activity is a complex process, and it is well
known that isolated constituents may not elicit the same
clinical response as a preparation of the whole plant. The
total therapeutic activity is often greater than or at least
different from the activities of the individual chemicals. It
is common for a fraction from a plant extract with signif-
icant biological activity to contain no single constituent
that demonstrates the activity observed with the whole
plant.

Few compounds reach clinical trials. A low thera-
peutic index, a poor ratio of maximum tolerated dose to
minimum effective dose, undesirable side effects, or high
toxicity may outweigh beneficial antitumor activity. Of
25,000 screens of both synthetic and natural materials
conducted annually by the NCI, only 8 to 12 compounds
will be selected for preclinical testing, and only 6 to 8 of
these will actually enter clinical trials.?

THE WORLD HEALTH
ORGANIZATION AND HERBAL
MEDICINE

The World Health Organization (WHO) recognizes that
herbalism is common to all cultures of the world and ac-
tively promotes the development of what it calls tradi-
tional medicine. The Traditional Medicine Program was
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established by the WHO in 1977. The WHO Resolution
EB63.R4 of that year expressed the following idea:

.. . the need for the governments of the countries inter-
ested in the use of traditional medical practice to give
adequate support to engaging traditional medical pract-
tioners in primary health care teams as and when appro-
priate, to the utilization of appropriate technology in these
traditional medical practices and to undertake adequate
measures for effective regulation and control of tradi-

tional medical practices.?!

"This resolution led to a worldwide effort by the WHO
to enhance traditional medicine. To the WHO, traditional
medicine implies all of the knowledge and practices used in
the prevention, diagnosis, and eliminaton of physical,
mental, or social imbalance. This knowledge is based on
the experience and observation of generations. It includes
highly developed, complex systems such as ayurveda and
traditional Chinese medicine as well as collectons of sim-
ple, local home remedies.

Traditional medicine fits perfectly into the WHO’s
wonderfully holistic definition of health as a state of com-
plete physical, emotonal, mental, and social well-being,
not merely the absence of disease or infirmity. From this
perspective, one can begin to appreciate the potential for
open dialogue and integration between current scientific
approaches to health and the older traditional techniques.
All perspectives have value in any worldwide approach to
health for all. The WHO?’s role is not to endorse any and
all forms of traditional medicine, but instead to ensure
that traditional medicine is examined critically and with
an open mind.

In 1994, Resolution WHA47.27 called on the WHO
director general to

... consider the contribution WHO might make to pro-
moting respect for, and maintenance of, indigenous
knowledge, traditions and remedies, in particular, their
pharmacopoeia.

The WHO Rationale for Promoting
Traditional Medicine

* Traditional medicine has intrinsic value, and in recog-
nition of this fact, it should be promoted and its po-
tential developed for the wider use and benefit of
mankind.

* ‘Traditional medicine has certain advantages over im-
ported systems of medicine, because as an integral part
of the people’s culture, it is particularly effective in
solving certain cultural health problems.
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* Traditional medicine contributes greatly to scientific
medicine, thus justifying its development from the
Western biomedical perspective.

A number of countries are cooperating with WHO
through programs that integrate traditional approaches
with the scientific techniques of modern medicine. One
report from a WHO committee proposes some interest-
ing prerequisites for integration.

* Valid factual data must be provided to overcome the
current lack of information. This data may then be
used to help convince decision makers, health care
professionals, and the general population of the value
of integration.

* There must be legal recognition of traditional thera-
pies and practtioners to ensure sociopolitical accept-
ability and access to resources.

* Dialogue among practitioners of different systems
should be established early in any integrative effort.
This should eliminate prejudice and hopefully encour-
age the adoption of more acceptable attitudes.

THE CONSERVATION OF MEDICINAL
PLANTS

The WHO is among a number of international bodies
concerned with the protection of medicinal plants. In
March 1988, the WHO, the International Union for
Conservation of Nature and Natural Resources (UCN),
and the World Wildlife Fund (WWF) convened a con-
ference on medicinal plant conservation, which was held
in Chiang Mai, Thailand.??

The sumulus for this conference was the unprece-
dented loss of plant species observed by scientists world-
wide. Between 1600 and 1900, about 75 species of plants
and animals became extinct because of human activity.
During the first 70 years of this century, about the same
number of species became extinct. These numbers, how-
ever, are small when compared to the number of extinc-
tions that were projected to occur during the final 20
years of the last century. Earth is on the verge of experi-
encing an extinction of species unparalleled in human ex-
perience. The ITUCN estimated that if present trends
continue, 60,000 higher plant species could become ex-
tinct or near extinct by the middle of the twenty-first cen-
tury. The 60,000 figure accounts for approximately one in
four of all higher plants.

The core Chiang Mai Declaration is extremely sig-
nificant, especially if we remember that this came from
scientists and international bureaucrats.

The 2002 TUCN Red List
of Threatened Species

Biodiversity loss is one of the world’s most pressing
crises, and there is growing global concern about the sta-
tus of the biological resources on which so much of
human life depends. It has been estimated that the cur-
rent species extinction rate is between 1,000 and 10,000
times higher than it would naturally be. Many species are
declining to critical population levels; important habitats
are being destroyed, fragmented, and degraded; and
ecosystems are being destabilized through climate
change, pollution, invasive species, and direct human im-
pact. The IUCN Red List is the world’s most compre-
hensive inventory of the global conservation status of
plants and animals.

The updated 2002 TUCN Red List of Threatened
Species is available as a searchable database at
www.redlist.org. Users can search for species by common
or scientific name to find out about status, distribution,
habitats, threats, and other information that supports the
listing.

There are nine categories of threat in the IUCN Red
List system: extinct, extinct in the wild, critically endan-
gered, endangered, vulnerable, near threatened, least con-
cern, data deficient, and not evaluated. A species is listed
as threatened if it falls in the critically endangered, endan-
gered, or vulnerable category. Classification is accom-
plished through a set of five quantitative criteria that form
the heart of the system. These criteria are based on bio-
logical factors related to extinction risk and include rate of
decline, population size, area of geographic distribution,
and degree of population and distribution fragmentation.

The categories are defined as follows:

* A taxon is “extinct” when there is no reasonable doubt
that the last individual has died.

* A raxon is “extinct in the wild” when it is known to
survive only under cultivation, in captivity, or as a nat-
uralized population (or populations) well outside its
past range.

* A taxon is “critically endangered” when the best avail-
able evidence indicates that it meets any of the criteria
for critically endangered, and is therefore considered
to be facing an extremely high risk of extinction in the
wild.

* A taxon is “endangered” when the best available evi-
dence indicates that it meets any of the criteria for en-
dangered, and is therefore considered to be facing a
very high risk of extinction in the wild.

* A taxon is “vulnerable” when the best available evi-
dence indicates that it meets any of the criteria for vul-
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Saving Lives by Saving Plants

We, the health professionals and the plant conservation specialists who have come to-
gether for the first time at the WHO/IUCN/WWF International Consultation on
Conservation of Medicinal Plants, held in Chiang Mai, 21-26 March 1988, do hereby reaffirm
our commitment to the collective goal of “Health for All by the Year 2000” through the pri-
mary health care approach and to the principles of conservation and sustainable develop-
ment outlined in the World Conservation Strategy. We:

e Recognize that medicinal plants are essential in primary health care, both in self-
medication and in national health services

» Are alarmed at the consequences of loss of plant diversity around the world

» View with grave concern the fact that many of the plants that provide traditional and
modern drugs are threatened

 Draw the attention of the United Nations, its agencies and Member States, other inter-

national agencies and their members and nongovernmental organizations to:

— The vital importance of medicinal plants in health care

— The increasing and unacceptable loss of these medicinal plants due to habitat de-
struction and unsustainable harvesting practices

— The fact that plant resources in one country are often of critical importance to other
countries

— The significant economic value of the medicinal plants used today and the great po-
tential of the plant kingdom to provide new drugs

— The continuing disruption and loss of indigenous cultures, which often hold the key
to finding new medicinal plants that may benefit the global community

— The urgent need for international cooperation and coordination to establish pro-
grams for conservation:of medicinal plants to ensure that adequate quantities are
available for future generations

We, the members of the Chiang Mai International Consultation, hereby call on all peo-
ple to commit themselves to Save the Plants That Save Lives.

nerable, and is therefore considered to be facing a high The 1997 IUCN Red List of Threatened Plants was
risk of extinction in the wild. the first such comprehensive listing ever undertaken for
A taxon is “near threatened” when it has been evalu-  plants on a global scale. Analyses of the data in the*1997
ated against the criteria but does not qualify for criti-  Red List revealed the following unsettling information.

cally endangered, endangered, or vulnerable now, but OF the estimated 270,000 known species of vascular

is close to qualifying or is likely to qualify for threat- plants, 33,798 species were considered at risk of ex-

ened status in the near future.

. . « » . tinction. These plants are found in 369 plant families
A taxon is categorized as “least concern” when it has

scattered throughout 200 countries.

* Of these plants, 91% can be considered to be found
only in a single country (a statistical generalization). A
limited geographic distribution can raake a species
much more vulnerable and may reduce options for its

been evaluated against the criteria and does not qualify
for critically endangered, endangered, vulnerable, or
near threatened. Widespread and abundant taxa are in-
cluded in this category.

A taxon is “data deficient” when there is inadequate in-
formation to make a direct or indirect assessment of its
risk of extinction based on its distribution or popula-
tion status.

protection.
* A great number of species known to have medicinal
value are at risk. For example, 75% of species from the
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yew family, a source of important cancer-fighting
compounds, are threatened. In the willow family,
from which aspirin is derived, 12% of species are
threatened.??

Many herbalists are profoundly concerned about any
potential impact of their activities on natural communi-
ties. The term “wildcrafting” has been used to describe a
harvest of wild plants that takes into account ecological
balance so that it does not threaten the survival of the
plant species. Keeping in mind ecological principles, a
wildcrafter ideally harvests wild plants in a sustainable
manner, or with the goal of increasing their number and

health.

United Plant Savers

In the United States, a nonprofit organization called
United Plant Savers (UpS) is working to help protect
American medicinal plants.

The organization was formed in a spirit of hope, by
herbalists committed to protecting and replanting threat-
ened species and to raising public awareness of the plight
of wild medicinal plants. Its membership reflects the di-
versity of American herbalism and includes wildcrafters,
seed collectors, manufacturers, growers, botanists, practi-
tioners, medicine-makers, educators, and plant lovers
from all walks of life.

For further information contact United Plant Savers,
PO Box 77, Guysville, OH 45735, (740) 662-0041,
www.unitedplantsavers.org.

United Plant Savers publishes a list of herbs used in
commerce that, because of overharvesting or loss of habi-
tat, or by nature of their innate rareness or sensitivity, are
atrisk of a significant decline in numbers within their cur-
rent range. As of December 1998, this list included:

American ginseng (Panax quinquefolius)
Beth.root (Trillium spp.)

Black cohosh (Cimifuga racemosa)
Bloodroot (Sanguinaria canadensis)
Blue cohosh (Caulopbyllum thalictroides)
Echinacea (Echinacea spp.)

Goldenseal (Hydrastis canadensis)
Helonias root (Chamaelivium luteum)
Kava kava (Piper methysticum)

Lady’s slipper (Cypripedium spp.)
Lomatium (Lomatium dissectum,)

Osha (Ligusticum porterii)
Partridgeberry (Mitchella repens)
Peyote (Lophophora williamsii)

Slippery elm (Ulmus rubra)

Sundew (Drosera spp.)

True unicorn (Aletris farinosa)
Venus’s flytrap (Dionaea muscipula)
Wild yam (Dioscorea villosa)

Another list of wild medicinal plants indicates those
in need of attention and further research. United Plant
Savers is watching these herbs and collecting information
on levels of commercial usage while monitoring the via-
bility of these plants within their current range.

Arnica (Arnica spp.)

Butterfly weed (Asclepias tuberosa)
Calamus (Acorus calamus)
Chaparro (Casatela emoryi)
Elephant wree (Bursera microphylla)
Eyebright (Euphrasia spp.)
Gentian (Gentiana spp.)
Goldthread (Coptis spp.)

Lobelia (Lobelia spp.)

Maidenhair fern (Adiantum pendatum)
Mayapple (Podophyllum peltatum)
Oregon grape (Mahonia spp.)
Pink root (Spigelia marilaandica)
Pipsissewa (Chimaphila wmbellata)
Spikenard (Aralia racemosa)

Stone root (Collinsonia canadensis)
Stream orchid (Epipactis gigantea)
Turkey corn (Dicentra canadensis)
Virginia snakeroot (Aristolochia serpentaria)
White sage (Salvia apiana)

Yerba mansa (Anemopsis californica)
Yerba santa (Eriodictyon californica)
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CLASSIFICATION OF MEDICINAL PLANTS

edicinal plants can be categorized in a variety

of ways, reflecting various interests and ful-

filling different purposes. Categorizations
may clarify potentially useful therapeutic relationships,
suggest avenues of research for the pharmacologist (for ex-
ample, in the screening of plants for anticancer activity),
and even provide the environmentalist with data for the
seemingly endless struggle to protect the environment
against the ravages of human activities. Here are some of
the more common methods by which plants may be
classified.

Alpbabetical

Plants may be listed alphabetically either by Latin bino-
mial or common name. While this method of classifica-
tion may facilitate access to information, it offers the
practitioner no therapeutic insights.

Taxonomic

Based upon botanical systematics, plants are arranged ac-
cording to botanists’ current opinions as to which class,
order, family, genus, or species they belong.

Morphologic

Here, remedies are grouped according to shared anatom-
ical features: leaves, flowers, fruits, seeds, aerial parts,
whole plant, rhizomes, bark, or roots. Such remedies are
known in pharmacognosy as organized drugs because they
are morphologically whole, or actual plant parts.
Unorganized drugs, on the other hand, are plant materials
that have no cellular structure, such as extracts, gums,
resins, oils, fats, and waxes.

Therapeutic

There are a number of different ways to classify plants ac-
cording to their pharmacological effects.

Action-based. Because an action-based arrangement pro-
vides some indication of the effect of a plant on the
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human body, this method of classification offers valu-
able information to the holistic practitioner.

Body system or organ affinity. This approach highlights
plants appropriate for different parts of the human
body.

Medical system. Herbs have different therapeutic indica-
tions depending upon the system within which the
practitioner is working, whether ayurveda, the
Western biomedical approach, or traditional Chinese
medicine.

Biochemical. This type of classification groups plants ac-
cording to their content of chemical constituents, such
as saponins, alkaloids, or flavones. The many limita-
tions of such an approach stem from the tendency of
some scientists to perceive plants merely as organic
drug sources.

Biogenetic. This approach categorizes plants by genetic
taxonomy and evolutionary relationships among plant
biochemicals. Other than academic, this categorization
is of little value to the phytotherapist.

Geographical. This type of classification is based on eth-
nobotanical uses, or ways in which plants are used by
people in different parts of the world.

PLANT TAXONOMY AND
PHYTOTHERAPY

The scientific name of a plant, or Latin binomial, can be
a great source of information. Scientific names are all too
often overlooked, as many people are intimidated by
Latin. However, if one gains a basic understanding of
how botanical names are derived and what they can tell
us about plants, intimidation can be transformed into
empowerment—or at least simple bewilderment!

There is at least one vitally important reason for
phytotherapists to be concerned with understanding how
plants are named. When using plants in medicine, it is
essential to know exactly which herb is being prescribed.
Botanical names are exact and internationally recognized,



and each Latin binomial refers to one plant and one plant
only. Common names, on the other hand, vary from
place to place, and much confusion can result when sev-
eral plants are called by the same common name.

The coining of botanical names occurs in the field of
taxonomy. This is the branch of science devoted to the ar-
rangement of living organisms into categories based on
natural similarities, such as structure, development, bio-
chemical or physiological function, and evolutionary his-
tory. Theoretically, this field of study helps scientists
identify relationships among different ancient and mod-
ern groups, can indicate the evolutionary pathways along
which present-day organisms may have developed, and
provides a coherent basis for comparing esxperimental
data about different plants and animals. As many charac-
teristics as possible are incorporated, including the or-
ganism’s anatomy, biochemistry, embryology, molecular
biology, behavior, and distribution.

Traditionally, organisms have been classified into
two kingdoms, plant and animal. Now, for a number of
practical and theoretical reasons, scientists utilize the
five-kingdom system. In this system, organisms are
classified according to whether they are prokaryotic
(single-celled, like bacteria, with no internal membranes
or organelles) or eukaryotic (composed of one or more
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cells containing membrane-bound nuclei and organ-
elles), and whether they obtain food by photosynthesis,
ingestion, or absorption of organic matter from their
surroundings.

Carolus Linnaeus, a Swedish botanist, introduced the
modern system of classification in 1753. The basic unit in
the Linnaean system is the species: a group of organisms
that resemble each other more closely than those of any
other group and are capable of mating with one another
to produce fertile offspring.

Species are arranged into higher groupings that are
progressively more inclusive. Species that are closely re-
lated are grouped together into a genus. Genera with sim-
ilar characteristics and origins are grouped into families.
Families, in turn, are grouped into orders, orders into
classes, and classes into divisions (if plants) or phyla (if an-
imals). Finally, related phyla or divisions are placed to-
gether into kingdoms.

Sometimes it is desirable to make a finer distinction
between two consecutive ranks. In that case, an additional
rank is inserted between the original two, and the prefix
sub- or super- added to one of the main ranks. Between
an order and a family, for example, there may be several
suborders. Each suborder may contain several superfami-
lies, and each superfamily several families.

molds, and mushrooms.

ferns and seed-producing plants.

reptiles, birds, and mammals).

The Five Kingdoms

The Monera. This group includes bacteria and blue-green algae, single-celled or colony-forming
prokaryotes. If colonial, no specialization or division of labor occurs among the cells. Organisms
are classified by the nature of their cell walls, type of motility, and mode of nutrition.

The Protista. These organisms have eukaryotic cell structures, as do all other living things except
those in the Monera. Two major subgroups are the algae, which photosynthesize, and protozoans,
which live by ingesting or absorbing organic matter.

The Fungi. These multicellular, plantlike organisms live by absorbing nutrients from their surround-
ings. Classified by body structure and type of reproduction, this group includes yeasts, molds, slime

The Plantae. These are many-celled organisms that usually live by photosynthesis. They have leaves
or leaflike structures adapted for photosynthesis, stems or stemlike structures that hold the leaves,
and roots specialized for anchoring the plant in a growth medium and absorbing water. The plants
fall into two groups: bryophytes (liverworts and mosses), which have no tissues for transporting
water and minerals from roots, and the more numerous vascular plants, a group that includes both

The Animalia. These are the organisms we know as animals, including sponges, coelenterates (such
as jellyfish), annelids (earthworms and leeches), mollusks (snails and squid), arthropods (insects,
spiders, and lobsters), echinoderms (starfish and sea urchins), and vertebrates (fish, amphibians,
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Refer to appendix 7 for a list highlighting some of the
kingdoms, classes, orders, families, and genera in which
major phytotherapeutic agents are found, with some ex-
amples of important species.

A plant is identified by a Latin binomial, or two-part
name. The first name identifies the genus, which is a group
of species more closely related to one another than to any
other group. The second, or specific epithet, identifies a
particular species within a genus. Binomials are written in
italics. The genus name always begins with a capital letter,
while the species epithet always begins with a small or low-
ercase letter. An example of a generic name is Eupatorium,
which is used for every species of Eupatorium.

Eupatorium cannabinum: hemp agrimony
Eupatorium perfoliatum: boneset
Eupatorium purpureum: gravel root

The specific epithet describes exactly which of all

species we are talking about. For example, Eupatorium
cannabinum is the Eupatorium with leaves resembling
those of Cannabis. Eupatorium perfoliatum is the Eupa-
torium with leaves that appear to be perforated by the
stem, and Eupatorium purpurewmn is the Eupatorium with
purplish flowers. The abbreviations sp. and spp. are used
to denote one specie or several species of a particular
genus, respectively. For example, “Eupatorium spp.” indi-
cates that we are talking about a number of species in the
Eupatorium genus.

Species are sometimes divided into subsets known as
subspecies (abbreviated as ssp.), varieties (abbreviated as
var.), and forms. For example, the name Lavandula angus-
tifolia ssp. amgustifolia differentiates this subspecies of
lavender from Lavandula angustifolia ssp. pyrenaica. Some
plants are bybrids of two other plants of the same genus,
which is denoted by an “x” between the genus and species
names, as in Mentha x piperita var. piperita. In these two

Kingdom: Plantae
Division: Magnoliophyta (angiosperms)

form the basis of the code.

rules, although there are some exceptions.
Scientific names are given in Latin.

o

The Linnaean System of Classification

As an example of how the system is applied, consider Salvia divinorum, the divine sage.

Class: Magnoliopsida (dicotyledons). Class names end in -opsida.
Subclass: Asteridae. Subclass names end in -idae.
Order: Lamiales. Order names usually end in -ales.
Family: Lamiaceae. Family names usually end in -aceae.

Genus: Salvia. The genus name should be capitalized and either italicized or underlined.
Species: Salvia divinorum Epling et Jativa. The species name is always preceded by its genus
name. Species names begin with a lowercase letter and, like genus names, are italicized or
underlined. For complete accuracy, the binomial is followed by the name of the botanical
authority who first described the species.

The International Code of Botanical Nomenclature (ICBN) governs the naming of plants. The ICBN, in
turn, is regulated by the Nomenclature Section of an International Botanical Congress. The current
botanical code is the Tokyo edition, revised in accordance with decisions made by the XV International
Botanical Congress, held in Yokohama in 1993 and published in 1994." A similar code has been devel-
oped for cultivated plants. The International Code of Nomenclature for Cultivated Plants is regulated
by the International Commission for the Nomenclature of Cultivated Plants (ICNCP).2 Six principles

1. Botanical nomenclature is independent of zoological nomenclature.

2. Names of taxonomic groups are determined through the use of nomenclatural types, or specimens.
3. Nomenclature of taxonomic groups is based on priority of publication.

4. Each taxonomic group can have only one correct name, the earliest that is in accordance with the

. With some exceptions, the rules are retroactive.




examples, the plants are so well known and distinguish-
able by scent and taste that they are usually written sim-
ply as Lavandula angustifolia and Mentha x piperita.

In this book, the full botanical name is usually given
in the text, so that if you need to verify botanical details,
you will be able to look up the correct plant. Otherwise,
please refer to appendix 3 for English common names for
Latin binomials and vice versa.

Plant and family names are occasionally changed to
reflect new discoveries or clarifications. Thus Roman
chamomile, formierly in the genus dnrhemis, is now a
member of the genus Chamaemelum. Family names have
changed too, and the major groups Compositae,
Cruciferae, Labiatae, Leguminosae, and Umbelliferae,
among others, have each been renamed after an impor-
tant genus of the family. Thus, the composite family has
become Asteraceae, named after the aster genus, and the
cruciferous or mustard family has been renamed Brassi-
caceae. The two-lipped flowers of the mint family are
now in Lamiaceae, the leguminous plants in Fabaceae,
and the umbelliferous plants in Apiaceae. Plants may be
reclassified into different families, too. For example,
Hypericumn has been moved from Hypericaceae to
Clusiaceae.

The botanical authority who named the species is
listed after the species name. The authority is usually ab-
breviated and the correct abbreviation can be found in
any flora, although abbreviations are not universally stan-
dardized. Parentheses have a special meaning in taxon-
omy. For exampie, the name Vernonia noveboracensis (L.)
Michx. reveals that André Michaux transferred to the
genus Vernonia a species originally included in another
genus (Serratula) by Linnaeus. The parentheses indicate a
corrected name. Other conventions include “Britt. et
Rose” or “Britt. & Rose” for N. L. Britton and J. N. Rose,
indicating that they published the name together. “Muhl.
ex Willd.” indicates that the name is ascribed to G. H. E.
Muhlenberg but was published by K. L. Willdenow.

Although some of these taxonomic details may seem
trivial, actually they are important. Except in the case of
“conserved names” officially designated by the ICBN, the
publication date of a botanical name determines its prior-
ity and hence which of several possible synonyms is most
valid. The ICBN provides rules to govern all possible sit-
uations related to nomenclature, but when one is prepar-
ing a taxonomic monograph, determining the correct
plant name can still require quite extensive historical and
botanical research.
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DERIVATION OF BOTANICAL NAMES

Botanical Latin is significantly different from classical
Latin. William Stearn provides a fascinating study of this
subject in his essential text, Botanical Latin (see Suggested
Reading). Stearn has succeeded in making Latin interest-
ing and engaging to this author—no mean feat!

The Latin names used in taxonomy can be grouped
into categories based upon their derivation. A few exam-
ples are given here.

Mythological Names

A variety of names are taken from classical mythology.

Nymphaea: the water lily, from the Latin Nympha, god-
dess of waters, meadows, and forest

Paeonia: from the Greek Paionia, physician of the gods

Achillea: from the Greek Achilles, hero of Homer’s lliad,
whose bleeding ankle was treated with yarrow

Geographical or Ecological Names
These may refer to the plant’s habitat or some other geo-
morphologic feature.

montana: growing in mountainous places

riparius: growing by rivers and streams

nivalis: from the Latin nivis, growing in or near snow
hydrocotyle: living in water

Place Names
These are often self-explanatory.

alabamensis: Alabama
californica: California
sinensis: China

Uses or Properties

As many early botanists were also doctors, some names
reflect their knowledge of the therapeutic uses of the
plants, or materia medica.

cardiaca: helps the heart
officinalis: once in the official pharmacopoeia
catharticus: a purgative or cathartic

Classical Names

Apparently every name of a plant used in classical Greek
has been used in modern nomenclature, and these have
been modified until they form a large number of the
designations in common use. Consider Psyllium from the
Greek word psylla, or flea. Psylla was the Greek name for
psyllium, the seeds of which resemble fleas.
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Betonica: from Vettonica, the name of a medicinal plant
from the region of Spain once called Vectones or
Vettones

Anethum: from the Greek anetbon, meaning anise or dill

Ligusticumn: from the Latin name of a plant growing in
Liguria, Italy

Names Commemorating People

Botanists have been ingenious in their use of binomials to
commemorate people. A botanist might name a plant
after the first botanist to describe the species for which a
genus is named, a respected teacher, or, it seems, just
about anyone else!

Lobelia: named for Matthias de ’Obel, a Flemish botanist
(1538-1616)

Eschscholzia: named after the 19th-century German
botanist Johann Friedrich von Eschscholtz

Larvea: named for Juan Antonio de la Larrea

Historical Names

These are derived from names of historical figures. For
example, Agrimonia euparoria is named for Eupator, also
known as Mithradates the Great, King of Pontus, north-
ern Anatolia (120-63 B.C.). Eupatoria was a city on the
west coast of the Crimean Peninsula, which legend lo-
cates as the place where Jason and the Argonauts re-
trieved the Golden Fleece.

Asclepias, named for Asklepios, Greek god of medicine
and healing

Artemisia, named for the Greek goddess Artemis, the vir-
gin goddess of the hunt

Nuarcissus, from the character of the same name in Greek
mythology, who was renowned for his beauty

Anatomical Names

These names highlight visible plant features, as in
Hypericum perforatum (St. John’s wort), which is charac-
terized by small perforations along the leaf edges.
Indications of size are also common. For example,
Plantago major describes the greater plantain.

millefolium: finely cut, from the Latin mille (thousand) and
folium (leaf)

erispus: from the Latin crispus, meaning curled

pendulus: from the Latin pendulus, meaning hanging down

Color Names

A rich vocabulary applies here, as is fitting for the wide
spectrum of color manifested in flowers and leaves.

Whites

niveus: snow white
galacto, lacteus: milk white
albidus: whitish

Blacks

ater, mela, or melano: pure black
niger: black

anthracinus: coal-black

Browns

fuscus, phaeo: brown
porphyreus: red-brown
bepaticus: liver-colored

Yellows

aureus, auratus, chryso: golden yellow
luteus, xantho: yellow
favus, luteolus, lutescens, flavidus, flavescens: pale yellow

Greens

viridis, chloro: green
glawcus, thalassicus, glaucescens: sea green
Sflavovivens: yellowish green

Blues

cyaneus, cyano: Prussian blue
caeruleus: blue

azureus: sky blue

Reds

ruber, erythro: red
roseus, rhodo: rosy
purpureus: purple

Aroma Names

Some binomials suggest that the plant has a strong odor,
either pleasant or unpleasant. [t must be remembered in
these days of fashionable aromatherapy that not all plants
have a sweet bouquet! Disagreeable odors are suggested

by such names as foetidus, as in Symplocarpus foetidus
(skunk cabbage).

odorata: from the Latin odoratus, meaning sweet-smelling
myroxylon: from the Greek myrom, meaning sweet-
smelling oil, and xylon, wood
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is natural is chemical, just as all that is artificial.!

The herbal remedies of the world vary in strength
from potentially lethal poisons to gentle tonics that might
be considered to be foods. This variation in the potency
of pharmacological impact is chemically based and has a
profound effect on the therapeutic selection of herbs for
any individual. Herbs may be loosely categorized into the
following broad groups.

Normalizers. These herbs gently nourish the body in
ways that support natural processes of growth,
health, and renewal. They are primarily tonics and
“herbal foods.” Nettles (Urtica dioica), cleavers
(Galium aparine), and chickweed (Stellaria media) are
good examples.

Effectors. Herbs that have an observable impact upon the
body are used in the treatment of specific illnesses.
Based on their mechanisms of action, the effects of
these herbs may in turn be divided into two groups.

* Whole plant actions are the result of some complex of
interactions between the chemistry of the whole
plant and the human body. Examples include echi-
nacea (Echinacea spp.) and meadowsweet (Filipendula
whnaria).

o Effects of specific active chemical(s) are generally strong
enough to mask any evidence of whole plant effects.
Because of the presence of these intense chemicals,
such herbs are potentially poisonous if taken at the
wrong dose or in the wrong way. The cardioactive
herb foxglove (Digitalis purpurea) and the opium
poppy (Papaver somniferum) are good examples.

As demonstrated in part 2 of this book, the herbalist
focuses on the use of mild normalizers and gentle effec-
tors, and uses strong effectors only if absolutely necessary.
In fact, potent effectors are hardly used at all in herbal-
ism. They are, however, the foundation of pharmacolog-
ical medicine.



The activity of most herbs is more complex than a
mere representation of the effects of an “active ingredi-
ent.” Nonetheless, a review of active plant constituents
can be illuminating for the phytotherapist. For example,
as seen in table 3.1, it is often possible to identify major

contributors to the known actions of an herb.

Table 3.1. Herbs and Constituents

CONSTITUENT GROUP

HERB EXAMPLES

Carbohydrates
Mycopolysaccharides
Inulin

Mucopolysaccharides

Shiitake mushroom (Lentinus edodes)
Elecampane {Inula helenium)

Marshmallow root and leaf
(Althaea officinalis)

Glycosides
Cardiac glycosides

Cyanogenic glycosides

Lily of the valley (Convallaria majalis)

Wild cherry bark (Prunus serotina)

Lipids

Fatty acids Evening primrose oil (Oenothera biennis)
Terpenes

Monoterpenes Peppermint oil (Mentha piperita)

Iridoid Gentian (Gentiana luteq)

Sesquiterpenes Clove (Syzygium aromaticum)

Sesquiterpene lactones

Feverfew (Tanacetum parthenium)

Diterpenes Horehound (Marrubium vulgare)
Triterpenes Wild yam (Dioscorea villosa)
Phenolics

Simple phenolics
Phenylpropanoids
Coumarins
Naphthoquinones
Anthraquinones
Flavonoids
Isoflavonoids
Lignans

Tannins

Meadowsweet (Filipendula ulmaria)
Turmeric (Curcuma longa)

Angelica (Angelica archangelica)
Sundew (Drosera rotundifolia)

Purging buckthom (Rhamnus cathartica)
Hawthorn (Crataegus laevigata)

Red clover (Trifolium pratense)

Milk thistle (Silybum marianum)

Agrimony (Agrimonia eupatoria)
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CONSTITUENT GROUP  HERB EXAMPLES

Alkaloids
Piperidines Lobelia (Lobelia inflata)
Tropanes Henbane (Hyoscyamus niger)
Purines Guarana (Paullinia cupana)
Isoquinolines Bloodroot (Sanguinaria canadensis)
Indoles Ma huang (Ephedra sinica)
Quinolizidines Scotch broom {Cytisus scoparius)

PRIMARY AND SECONDARY PLANT
METABOLITES

The chemical constituents found in plants are often clas-
sified as either primary or secondary metabolites. In all
living beings, chemical compounds are synthesized and
broken down via a series of chemical reactions, each me-
diated by an enzyme. This complex of processes is known
as metabolism, which comprises catabolism (breakdown)
and anabolism (synthesis).

All organisms possess similar metabolic pathways for
the synthesis and use of certain essential chemicals: sug-
ars, amino acids, common fatty acids, nucleotides, and the
polymers derived from them (including polysaccharides,
proteins, lipids, RNA, and DNA). This is primary
metabolism, and these compounds, which are essential
for the survival and well-being of the organism, are
primary metabolites. In plants, such compounds are re-
sponsible for the primary life processes of respiration,
photosynthesis, growth, development, and other essential
functions.

Plants also use other metabolic pathways to produce
compounds that often have no readily apparent function.
These are the secondary metabolites, anc their pathways
of synthesis and utilization constitute secondary
metabolism. Secondary metabolites are derived from pri-
mary metabolites but have a more limited distribution in
the wonderful diversity of plants, often being restricted to
a particular taxonomic group. These secondary com-
pounds appear to play no direct role in a plant’s primary
metabolism, but apparently have an ecological function.
They may attract pollinators, help the plant adapt to en-
vironmental stressors, or serve as chemical defenses
against microorganisms, insects and other predators, or
even other plants.

The dividing line between primary and secondary
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metabolism is not absolute. For example, many steroid
alcohols (sterols) have an essential structural role in or-
ganisms, and must therefore be considered primary
metabolites.? In addition, these two types of metabolism
are profoundly interconnected. Primary metabolism pro-
vides the small molecules that are employed as starting
materials for all of the important secondary metabolic
pathways.

Secondary metabolites can be broadly divided into
three groups, according to their route of biosynthesis:
terpenes, phenolics, and nitrogen-containing compounds.
Terpenes are lipids synthesized from acetyl coenzyme A
via the mevalonic acid pathway. Phenolic compounds are
aromatic substances formed in various ways via the shi-
kimic or malonic acid pathway. The nitrogen-containing
secondary products, such as alkaloids, are biosynthesized
primarily from amino acids.

A couple of fascinating unanswered questions arise
here. How many secondary plant metabolites are there,
and how many can occur in a single plant? New molecules
are being isolated and characterized at a rate of about
3,000 per year, and the best estimate of the total number
known appears to be 80,000 to 100,000 isolated com-
pounds of determined structure. The Dictionary of Natural
Products, by far the most comprehensive database of natu-
ral products, lists 170,000 compounds, but this covers all
natural sources, including marine and microbial.> How-
ever, the literature is unexpectedly lacking in estimates of
total numbers of constituents in a single plant cell.

The classes of plant constituents discussed in the
chapters that follow are those most strongly implicated in
the actvity of medicinal plants. The primary metabolites
are, of course, essential for health, as they form the basis
of the human diet. However, as already noted, there are
times when no clear division exists between primary and
secondary metabolites. This is the case with the funda-
mentally important primary metabolites known as carbo-
hydrates and lipids. These are discussed in this book from
the perspective of herbal pharmacological activity, not
nutrition.

The discussion of other phytochemicals focuses on
the three main groups of secondary metabolites: terpenes,
polyphenols, and alkaloids. These are pivotal to any
chemistry-based understanding of herb activity. Bear in
mind, however, that it is not always possible to identify
the chemical mechanisms that explain the actons of
herbs. This should not be interpreted to mean that the
herbs in question do not work, but rather implies a lack of
research. In turn, lack of research on a plant usually im-
plies that no one has received a research grant!

ORGANIC CHEMISTRY

This book is not intended to provide a foundation in
chemistry. It is assumed that the basics of chemistry and
the conventions of organic chemistry are familiar to the
reader. A brief glossary of relevant terms can be found at
the end of this chapter. However, a few words must be
said about the structures and formulas used in this book.

The molecules discussed in the following pages are or-
ganic. That is, they are compounds that contain carbon and
hydrogen. Compounds that are not organic are called inor-
ganic. Some very simple carbon compounds, partcularly
those that do not contain hydrogen (carbon dioxide, chalk,
and other carbonates, for example), are considered inor-
ganic compounds. The term organic does not mean that the
compounds are necessarily made by biological organisms
(although that was once thought to be the case), but indi-
cates that the compounds contain carbon and hydrogen.

Carbon plays a special role in the natural world be-
cause it has a unique ability to form links with itself. A few
other elements can link to themselves, but none as exten-
sively as carbon, and none yields as many stable struc-
tures. It may be helpful to think of the organic com-
pounds found in plants as chains or rings of carbon atoms
that form a carbon frame to which other groups of atoms
are attached. These functional groups are often the chemi-
cally active parts of organic molecules. Their addition to
a carbon frame results in the formation of a new com-
pound with different functions and reactions from that as-
sociated with the bare hydrocarbon. Some principal func-
tional groups are illustrated in table 3.2.

A carbon-carbon double bond is normally a chemi-
cally sensitive part of a molecule, one that is liable to
react. One of the bonds opens, and a group of atoms can
attach to each of the carbon atoms originally joined to-
gether by the bond. A double bond is also responsible for
holding a molecule in a rigid shape. Single bonds act like
hinges, enabling molecules to fold into many different
shapes, but a double bond is rigid and cannot be twisted.
A molecule will probably be more chemically actve if it
possesses double carbon-carbon bonds, and the absence
of multiple bonds is a sign that a molecule is flexible.

The variety of structures that carbon can form is due
In part to its ability to form single, double, and triple
bonds with other atoms, including carbon atoms. This
structural fecundity can give rise to very intricate net-
works. However, this also makes it difficult to create two-
dimensional representations of many bond orientations
around carbon atoms. Thus, the structure of secondary
metabolites as depicted on paper should always be taken
with a grain of salt.



Table 3.2. Representative Functional Groups

GROUP STRUCTURE
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The orientation of the bonds around a carbon atom
depends upon the number of bonds present. Thus, in a
three-dimensional representation, the usual four bonds
may be arranged as a tetrahedron, so thatall four bonds are
equally spaced about the central carbon atom, separated
by 109.5-degree angles. This means that strings of hy-
drocarbons appear to zigzag, regardless of whether or not
they contain double bonds.

Chemists often represent a molecular structure by a
line formula, which shows only the links and virtually ig-
nores the atoms. As an example, consider benzene. The
benzene molecule is a hexagonal arrangement of six car-
bon atoms and six hydrogen atoms.
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|
H\ﬂ/C\T/H
C o}
o \C/ ~,
|

Fig. 3.1. Benzene ring Fig. 3.2. Carbon-carbon bonds

in benzene molecule

In the line formula, the hydrogen atoms are ignored,
and only the carbon-carbon bonds are shown.
The related compound toluene is shown as:

H
H_:C_H
H\C/C\C/H
I |
C C
4 \C/ ~y
.L

Fig. 3.3. Toluene Fig. 3.4. Carbon-carbon bonds

of the toluene molecule

with the single spike representing a CH; group.
Atoms other than carbon are always shown explicitly,
as in allicin.

’O

\/\S/S\/\
Fig. 3.5. Allicin

This convention greatly simplifies the depiction of
organic structures. In the following chaprers, I have pro-
vided a line formula whenever it seems likely to be useful.
It is sometimes helpful to specify the kinds of atoms that
make up a molecule and the number of atoms of each
type. When such a molecular formula is written, the sym-
bol for each element is followed by a subscript numeral
indicating the number of atoms of that element in the
molecule. Again using allicin as an example, the formula
below shows that the compound consists of six carbon
atoms, ten hydrogen atoms, one oxygen atom, and two

sulfur atoms.
CeHi0S,
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However, one must realize that all of these formulas
represent nothing more than shorthand.

No one knows what atoms or molecules really look
like. This is the realm of quantum mechanics and the un-
certainty principle. The spherical shapes represent an at-
tempt to visualize probability spaces. This is a wonderful
level of reality to contemplate, but it is not herbalism!

COMMONLY USED TERMS AND
CONCEPTS

Here are some terms and concepts that the reader will en-
counter frequently in the phytochemical discussions.

aglycone: A molecule that can exist with or without a
sugar group attached. Without the sugar group, they
are known as aglycones. When they contain a sugar
group, they are known as glycosides.

aromatic ring: A carbon ring structure seen, for example,
in phenolic compounds, alkaloids, and terpenes. It
consists of 6 carbon atoms in a flat, hexagonal pattern.
Different functional groups may be attached to the
ring.

conformation: The three-dimensional arrangement of
the atoms of a molecule.

compound: A chemical composed of more than one type
of atom.

functional group: In organic molecules, these are partic-
ular groups of atoms in which characteristic chemical
reactions take place. Functional groups can be found in
many different kinds of molecules.

glucoside: A glycoside in which the sugar constituent is
glucose.

glycoside: Any compound that contains a carbohydrate
molecule. These can be converted into a sugar and a
nonsugar component (an aglycone), and are named
specifically for the sugar contained, as in glucoside
(named for glucose), pentoside (pentose), and fructo-
side (fructose).

hydrolysis: The splitting of a compound into fragments
by the addition of water.

isomers: Two or more compounds with the same molec-
ular composition. The number of possible structural
isomers increases with the size of the molecule.

ligand: An ion, a molecule, or a molecular group that
binds to another chemical entity to form a larger
complex.

optical isomerism: Compounds that have the same
molecular formula but differ in the way they rotate the
plane of polarized light.

oxidation: The process by which oxygen is added or elec-
trons removed from a molecule.

pH: A measure of acidity or alkalinity. Neutral pH is 7,
acidic is less than 7, and alkaline (or basic) is higher
than 7.

phenolic: A molecule containing an aromatic ring bearing
one or more hydroxyl groups.

precipitate: A solid that is separated from a solution.

R: Shorthand that stands for a variable group, meaning
that the group could have any of a number of structures.

reduction: The process by which electrons are added or
oxygen lost.

stereoisomer: Two molecules that contain the same
numbers and kinds of atoms bonded in the same order,
but differ in that certain bonds are oriented differently
in space.

structure-activity relationship: The relationship be-
tween chemical structure and pharmacological activity
for a series of compounds.
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CARBOHYDRATES

( : arbohydrates are primary metabolites universally

present in living beings on our planet. As the first
starting point for all phytochemicals, and also, by exten-
sion, for all animal biochemicals. More carbohydrates
occur in nature than any other type of natural compound.
The most abundant single organic substance on Earth is

product of photosynthesis, carbohydrates are the

cellulose, a polymer of glucose, which is the main struc-
tural material of plants.

Functions of Carbohydrates

* Primary nutritional components for all animals

¢ Nutritional energy sources for metabolism in both
plants and animals

¢ Sources of carbon in metabolic processes

¢ Forms of energy storage in the body

* Sources of flavor and sweetness in food

* Primary dietary fiber sources

* Important structural elements of cells and tissues (for
example, cellulose in plant cell walls)

e Components of cell-to-cell contact and biological
recognition processes

The name carbobydrate was originally assigned to
compounds believed to be hydrates of carbon, of the gen-
eral formula C,(H,0),. Of course, we now know that
many other molecules are also hydrates of carbon, so the
word has become an interesting reflection on the early
history of biochemistry. The definition of carbobydrate has
been modified and broadened to include polyhydroxy
aldehydes and ketones, alcohols and acids, and simple
derivatives of these compounds, as well as the products
formed by their condensation into oligosaccharides or
polysaccharides. In fact, many compounds of unusual
structure that do not conform to the general formula are
now included in the expanded group of compounds
known as carbohydrates.

The following material focuses upon carbohydrates
that play a role in the therapeutic activity of medicinal
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plants. Carbohydrates are also fundamentally important
in human nutrition, but this subject has been adequately
covered in many excellent nutrition textbooks.

CLASSIFICATION OF
CARBOHYDRATES

In biochemistry, sugars and carbohydrates are now com-
monly termed saccharides. The name is derived from the
Latin word saccharum, meaning “sugar.” Carbohydrates
are usually classified according to size and thus solubility.
For example, a monosaccharide contains one sugar, a dis-
accharide contains two, and a polysaccharide contains
many sugars. In general, the larger the molecule, the less
soluble it is in water. Most carbohydrates in plants are
bound as oligosaccharides or polysaccharides or attached
to a range of different aglycones as glycosides. Much vari-
ation occurs in the way they are linked in plant glycosides,
oligosaccharides, or polysaccharides.

Carbohydrates may be classified according to the
number and relationships of the monosaccharide groups
present.

Momnosaccharides have three to nine carbon atoms, al-
though five or six is most common.

Oligosaccharides are molecules formed by the combina-
don of 10 or fewer monosaccharides. The bond be-
tween them is called a glycosidal bond. Disaccharides, a
subcategory of oligosaccharides, are extremely impor-
tant in nutrition.

Polysaccharides have 10 or more monosaccharide units.
This group can be broken into subcategories of ho-
mopolysaccharides and beteropolysaccharides. Glycosides are
formed via a bond between a sugar (a monosaccharide
or oligosaccharide) and a nonsugar molecule (known as
the aglycone or genin). The numerous glycosides found
in plants are of great importance to herbal medicine
and are discussed later in this chapter.
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Major Categories of
Carbohydrates

Monosaccharides

Oligosaccharides
» Prebiotics

Disaccharides
e Lactose
* Maltose
s Sucrose

Polysaccharides (glycans)

Homopolysaccharides

¢ Glucans
o B-p-glucans

e Starches {(amylose and amylopectin)
e Glycogen
o Cellulose
e Dextrans
e Fructans
» Galacturonans
* Inulins

Heteropolysaccharides
» Arabinogalactans
+ Glucomannans
» Galactomannans
e Pectins
o Xyloglucans
¢ Glycosaminoglycans
» . Glycoproteins
» Mucopolysaccharides

Polysaccharides from fungi
(mycopolysaccharides)

Polysaccharides from algae

Glycosides
* Glucosinolates
» Cyanogenic glycosides
+ Flavonoid glycosides
» Anthraquinone glycosides
* Cardiac glycosides
* Saponin glycosides

MONOSACCHARIDES

Monosaccharides are described by the general formula
C,(H,0),. Each monosaccharide can exist as more than
one optically active isomer. However, only one form is
normally encountered. Glucose is usually the D-isomer,
rhamnose the L-isomer, and so on. Each sugar can theo-
retically exist in both a pyrano (6-membered) and furano
(S-membered) ring form, although one or the other is
usually favored. Glucose normally takes up the pyrano
configuration, whereas fructose usually occurs in the fu-
rano form.

g OH . o

HO
H o HO

OH

OH

H OH H

Fig. 4.1. Pyrano (6-membered) and furano (5-membered)
ring forms of p-glucose

To fully convey the chemistry and hence the bio-
chemical role of monosaccharides would necessitate an
exploration of technicalities that are beyond the scope of
this book. Please refer to Suggested Reading at the end of
this chapter for further reading on this topic.

Principal Plant Monosaccharides

Tetroses (C,H;O,)
These do not occur in free form in plants but play vital
roles in the biosynthesis of polyphenols. Threose and ery-
throse are examples.

Pentoses (C;H,,O5)

Ribose is a pentose monosaccharide that is found univer-
sally in nucleic acids. Arabinose and xylose are present in
a range of polysaccharides as well as various glycosides.

O

HO/%
HO (¢]

H OH
Fig. 4.2. Xylose C;H,;,O,

Hexoses (C(H,;,0q)

The hexoses glucose and fructose are the free sugars or
monosaccharides that are found most often in plants,
along with the disaccharide sucrose.



H OH
Fig. 4.3. Galactose C4H,,0;

Deoxysugars

In deoxysugars, one or two alcohol groups have been lost
via reduction.

2-deoxy-D-ribose (C;H,,0,)

L-rhamnose (C¢H,Oq)

Amino Sugars

Amino sugars are constituents of many polysaccharides,

glycolipids, and glycoproteins. More than 60 are known.

They contain from three to nine carbon atoms. Five-

carbon pentoses and 6-carbon hexoses are most abundant.
D-glucosamine (CsH;NOy)
D-galactosamine (CsH ;INOy)

Five sugars are commonly found as components of
glycosides and polysaccharides: two are hexoses (glucose
and galactose), two are pentoses (xylose and arabinose),
and one is a methylpentose (rhamnose). Fructose is a
common component of oligosaccharides, such as sucrose,
and of the polysaccharides known as fructans.

OLIGOSACCHARIDES

Oligosaccharides are composed of monosaccharides or
their derivatives linked together via glycosidal bonds. The
plant world contains a wide variety of oligosaccharides.
The term is derived from the Greek word o/igos, meaning
“few”; oligosaccharides contain between two and ten
sugar units. Their various names reflect the number of

Table 4.1. Disaccharides and Trisaccharides
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monosaccharides they contain, as in disaccharide (2 sac-
charides) and trisaccharides (3 saccharides).

CH,OH

h O_ OH

o N oH >{
OH

Fig. 4.4. Lactose

Prebiotics

A prebiotic is defined as an indigestible food ingredient
that selectively stimulates the growth or activity of certain
bacteria in the colon. To be effective, prebiotics must es-
cape digestion in the upper gastrointestinal tract and be
used by a limited number of the microorganisms that
make up the colonic microflora. Prebiotics are principally
oligosaccharides that stimulate the growth of
Bifidobacteria, and are referred to as bifidogenic factors.
Prebiotics may have anticarcinogenic, antimicrobial, hy-
polipidemic, and glucose-modulating activities.

POLYSACCHARIDES

Polysaccharides, also known as glycans, are defined as high
molecular-weight polymers created through the conden-
sation of a large number of monosaccharide molecules.
Like oligosaccharides, polysaccharides are built up of
monosaccharide units and their derivatives. They differ
from oligosaccharides in that their molecules contain
from 10 to as many as several thousand units. The most
frequently occurring building block is D-glucose, though
D-mannose, D- and L-galactose, D-xylose, L-arabinose,
uronic acids (D-glucuronic acid, D-galacturonic acid, and

TYPE NAME MONOSACCHARIDE COMPONENTS OCCURRENCE
Disaccharide Sucrose Glucose, fructose Sugarcane, sugar beet
Maltose Glucose, glucose Enzymatic breakdown of starch
Lactose Glucose, galactose Milk
Trisaccharide Gentianose Glucose, glucose, fructose Gentiana spp.
Planteose Glucose, fructose, glucose Psyllium seeds
Raffinose Rhamnose, glucose, fructose Many seeds (e.g., cottonseed)
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L-iduronic acid), and amino sugars (D-glucosamine and
D-galactosamine) also occur. Unlike oligosaccharides,
many polysaccharides are insoluble in water.

Polysaccharides fulfill a number of fundamental
functions. They act as structural substances: for example,
cellulose in plants, chitin in insects and crustaceans, and
chondroitin sulfate as a component of mammalian carti-
lage tissue.

They also serve as energy reserves, in the forms of
starch and inulin in plants and glycogen in animals. The
lubricant function of hyaluronic acid and the anticoagu-
lant activity of heparin provide some specific examples.

Polysaccharides can be subdivided according to

structure into homopolysaccharides and hetero-
polysaccharides.
Homopolysaccharides

Homopolysaccharides are composed of building blocks of
a single type of monosaccharide. Depending on the type
of monosaccharide they contain, homopolysaccharides
are given various names, such as glucans, fructans, man-
nans, and xylans.

Glucans

Although glucose is the most important sugar for energy
metabolism in most cells, it is not present to any great ex-
tent in the form of a free monosaccharide. Cells store glu-

cose for future use as polymers, and in this form, glucose
can be stored compactly until needed. The two major
polysaccharides used for energy storage are starch in
plants and glycogen in animals and bacteria.

Starch

Starch is a constituent of some algae and all higher plants.
It occurs both as amylose, an unbranched molecule, and
amylopectin, a branched molecule. Amylose consists
chiefly of linear chains of glucose and is water-soluble.
Amylopectin, also water-soluble, is a highly branched
molecule that is substantially larger than amylose. Starch
molecules contain between 100 and 6,000 units of glucose.

Cellulose

Cellulose is the most abundant organic compound in
plants and the most abundant single polymer in the bio-
sphere. Itis also a homopolymer of glucose (a large polymer
that consists entirely of a single monomer, in this case
glucose). However, the glycosidic linkages in cellulose are
in the B-configuration instead of the a-configuration of
starch and glycogen. Cellulose is insoluble in water be-
cause of the high affinity of the polymer chains for one
another. Its individual polymeric chains have molecular
weights of 50,000 or greater. Unlike those of amylose, the
linear chains are very rigid and lie parallel to each other,
stabilized by intra- and intermolecular hydrogen bridges.

Agaricus blazel (himematsutake)
Auricularia auricula (wood ear)
Flammulina velutipes (enoki)
Grifola frondosa (maitake)
Lentinus edodes (shiitake)

Coriolus versicolor (coriolus mushroom)

Please refer to chapter 9 for more information.

Mycopolysaccharides

Mycopolysaccharides and polysaccharide-protein complexes make up the cell walls of various
fungi. Their principal bioactive substances are believed to be the f-b-glucans.? The properties of
the various myco-f-p-glucans depend upon a range of chemical characteristics, such as molecu-
lar weight, branching patterns, solubility in water, and tertiary structure.

Edible Fungi Rich in B-glucans

Medicinal Fungi Rich in B-glucans

The mycopolysaccharides may have anticarcinogenic, immune-modulating, antimicrobial,
anti-inflammatory, cardioprotective, hepatoprotective, nephroprotective, hypoglycemic, and an-
ticaries effects.> An important example discussed elsewhere is lentinan, from Lentinus edodes.

Schizophyllum commune and

Sclerotina sclerotiorum (button mushrooms)
Tremella fuciformis (tremella)

Ustilago maydis (huitlacoche)

Wolfporia cocos (poria)

Ganoderma lucidum (reishi)




The chains interact in parallel bundles of about 2,000
chains. Each bundle constitutes a single microfibril. Many
microfibrils arranged in parallel bundles constitute a
macrofibril, which can be seen under the light microscope.
In higher plants, cellulose occurs in association with other
polysaccharides, with proteins, and also with lignin.

B-D-glucans

B-D-glucans, usually called B-glucans, comprise a class
of indigestible polysaccharides located primarily in the
cell walls. They are widely distributed in such sources as
oats, barley, yeast, bacteria, algae, and mushrooms. Oat f-
glucan is a soluble, viscous polysaccharide made up of
mixed-linkage units of the sugar D-glucose. The different
linkages break up the uniform structure of the B-glucan
molecule, increasing its solubility and flexibility.

Oat bran contains more than 5.5% f-glucan, and
rolled oats and whole oat flour about 4%. Oat B-glucan
has cholesterol-lowering effects.! It has demonstrated
some immune-enhancing effects and may be helpful for
some people with diabetes.?® Please refer to chapter 9 for
more information on B-glucans.

Dextrans

Dextrans are extracellular polysaccharides formed from
sucrose by certain species of bacteria. They consist of lin-
ear chains of D-glucopyranose units with occasional
branchings. Dextran-forming bacteria occur primarily in
the mouth and are the causative agents of plaque.

Fructans

Fructans are polymers of fructose stored in some plants as
reserve material instead of starch. They have a much
lower molecular weight than starch and are water-soluble.
The branched fructans are found mainly in grasses, while
linear fructans (for example, inulin) are particular com-
mon in Asteraceae plants.

Inulins

Inulins are composed mainly of fructose units and typi-
cally have a terminal glucose. The bond between fructose
units in inulins is a B-(2,1) glycosidic linkage. Plant in-
ulins contain 2 to 150 fructose units.
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Fig. 4.5. Inulin

Inulins are present in onions, leeks, garlic, bananas, as-
paragus, and artichokes, among other vegetables and
fruits. Because of their sweet taste and texture, inulins are
added to various foods in the form of powders produced
by the food chemical industry. They are only slightly di-
gested in the small intestine and fermented by a limited
number of colonic bacteria. The sources of inulins mar-
keted as nutritional supplements and functional foods are
the roots of chicory (Cichorium intybus) and Jerusalem ar-
tichoke (Helianthus tuberosus).

Inulins may have antitumor, antmicrobial, hypolipi-
demic, and hypoglycemic properties. They may also have
antiosteoporotic activity, as they appear to help improve
mineral absorption and balance.®

Herbs Containing Inulins
Arctium lappa (burdock)

Cichorium intybus (chicory)

Cynara scolymus (globe artichoke)
Echinacea spp. (echinacea)

Inula belenium (elecampane)
Tavaxacum officinale (dandelion root)

Heteropolysaccharides

Heteropolysaccharides are composed of building blocks
of two or three different types of monosaccharides. For
the most part, heteropolysaccharides are branched-chain
molecules linked to a protein framework by covalent
bonds.

Branched-chain polysaccharides linked to proteins
give the proteins unique molecular signatures that guide
them to their final destinations and facilitate specific in-
teractions among free proteins or proteins attached to
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cells. Cell-wall polysaccharides act as recognition signals,
so the sugar sequence of these heteropolysaccharides is
informational, not unlike that of the nucleic acids in
DNA. Heteropolysaccharides have become the focus of
much scientific interest, as researchers have discovered
that they have immunomodulatory properties.

The myriad plant heteropolysaccharides are classified
according to the structure of the main chain, to which
side chains with one or more carbohydrate units are at-
tached. While the energy-storage polysaccharides and
cellulose are homopolymers composed exclusively of
glucose, a range of monosaccharides are used to build
heteropolysaccharides:

D-mannose

D- and L-galactose
D-xylose

L-arabinose

D-glucuronic acid
L-iduronic acid
N-acetyl-D-glucosamine
N-acetyl-D-galactosamine
N-acetylneuraminic acid

Glycosaminoglycans

In terms of structure, the simplest and best known of the
heteropolysaccharides are the glycosaminoglycans. These
are long, unbranched polysaccharides composed of repeat-
ing disaccharide subunits in which one of the two sugars is
either N-acetylglucosamine or N-acetylgalactosamine.
Glycosaminoglycans are negatively charged. This causes
the polymeric chains to adopt a stretched or extended con-
formation, which increases their spheres of influence and
generates a high viscosity in the surrounding region.

Glycosaminoglycans are usually found in extracellu-
lar spaces, where they produce a viscous matrix that re-
sists compression. This matrix confers many benefits: It
can allow a passageway for cell migration, create lubrica-
tion between joints, and provide rigidity to structures
such as cartlage and the eyeball.

Hyaluronic acid is a heteropolymer of D-glucuronic
acid and N-acetyl-D-glucosamine. It is considerably
larger than most glycosaminoglycans, reaching molecular
weights greater than one million. Hyaluronic acid is
formed by the successive addition of glucuronic acid and
N-acetylglucosamine residues to the ends of a growing
chain. Hyaluronic acid is usually found in a complex with
protein.

COOCH

OH

Fig. 4.6. Hyaluronic acid

Hyaluronic acid is a universal component of the ex-
tracellular fluid that fills the spaces between the cells of
body tissues. Extracellular fluid is packed with proteins
(collagen) and glycosaminoglycans. This forms a gel-like
matrix in which proteins are embedded and through
which water, oxygen, and solutes have to pass to get to the
cells. Hyaluronic acid is the main component of this ex-
tracellular matrix. Hyaluronic acid solutions have re-
markable viscosity and tensile properties. When no pres-
sure is applied to the solution, it is highly viscous and
rigid. If pressure is applied, the water is squeezed out and
the strands move past one another. Thus, hyaluronic acid
solutions behave as biological shock absorbers in connec-
tve tissue. Hyaluronic acid plays an important role in tis-
sue hydration, lubrication, and cellular function, and is
able to hold more water than any other natural substance.

Arabinogalactans

Arabinogalactans are water-soluble polysaccharides
widely found in plants, fungi, and bacteria. They are com-
posed of D-galactose and L-arabinose residues in the form
of a B-D-(1-3)-galactan main chain with side chains made
up of galactose and arabinose units of various lengths. In
plants, arabinogalactans occur as arabinogalactan pro-
teins. These proteins are proteoglycans involved in plant
growth and development; they may also be involved in
signal transduction in plants.

Dietary arabinogalactans come primarily from car-
rots, radishes, tomatoes, pears, and wheat, among other
plant foods. Gum arabic, 2 common food additive, is
composed of highly branched arabinogalactan. Arabino-
galactans are also found in medicinal plants, such as
Echinacea spp., and in the medicinal mushroom Gano-
derma lucidum. Arabinogalactans are thought to con-
tribute to the immune-enhancing activities of such herbs.

Larch arabinogalactan is a mixture of several different
arabinogalactans mainly derived from the wood of the
western larch (Larix occidentalis) but also present in other
species of larch. Research suggests that larch arabinogalac-



tan may have immune-enhancing activity; in vitro studies
revealed that it stimulated the activity of human natural
killer cells and enhanced the function of certain other im-
mune-system components. In other laboratory studies, it
inhibited the metastasis of tumor cells to the liver.”8

Glucomannans

A glucomannan is a hydrocolloidal polysaccharide com-
posed of D-glucose and D-mannose residues bonded to-
gether in B-1,4 linkages. Approximately 60% of the poly-
saccharide is D-mannose and approximately 40% is
D-glucose.

Dietary glucomannan is a soluble fiber derived from
konjac flour. Konjac flour itself comes from the tubers of
various Amorphophallus species, relatives of the philoden-
dron houseplant. When ingested, glucomannan swells
and causes an increase in stool bulk, making it useful as a
laxative. It may also help control serum glucose and lipid
levels.

Pectins

Pectins are linear polysaccharides containing about 300 to
1,000 monosaccharides, principally D-galacturonic acid.
The D-galacturonic acid residues are linked together by
o-~1,4 glycosidic linkages.

Pectins are found in the cell walls of many fruits but
are most concentrated in citrus and apples. As fruit ripens,
an insoluble precursor is converted to soluble pectin and
becomes gelatinous.

Pectin is widely employed in the food industry as a
gelling agent. It is also combined with the clay kaolin for
use in the management of diarrhea. Research suggests
that pectin has cholesterol-lowering and antithrombotic
properties and may help protect against colorectal cancer.

GLYCOPROTEINS

A rapidly advancing area in biochemistry is that con-
cerned with the structure and metabolism of saccharides
that are covalently attached to proteins (as in glycopro-
teins) and lipids (as in glycolipids). The carbohydrates in
these complexes vary in composition, in the way they are
linked, in their branching patterns, and in the type of sug-
ars that terminate each branch.

Glycoproteins are proteins to which carbohydrates
are linked by glycosidic bonds. The carbohydrates vary in
size, from mono- or disaccharides to polysaccharides, and
may be located at various positions on the polypeptide
chain. There is good reason to believe that most proteins
are, in fact, glycoproteins. In other words, there are more
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proteins that contain covalently bound carbohydrates
than proteins that are devoid of carbohydrates.

The molecular size of glycoproteins ranges from
15,000 to greater than one million. They differ not only
in the types and relative proportions of sugars they con-
tain, but also in the number of side chains present. Some
glycoproteins are of small molecular size and contain only
one carbohydrate chain per molecule. At the other ex-
treme, we have proteins that contain some 800 saccharide
chains in each molecule, such as sheep submaxillary
mucin. Attachment of sugars to proteins increases the sol-
ubility of proteins.

Glycoproteins cover the linings of the respiratory
and intestinal tracts, are responsible for the viscosity of
saliva and cervical mucus, and lubricate the eyeball in the
eye socket.

Mucopolysaccharides (Proteoglycans)

A group of compounds often classified as glycoproteins
are the mucopolysaccharides, or proteoglycans, of con-
nective tissue, including the chondroitin sulfates, heparin,
and keratan sulfate. To distinguish them from other gly-
coproteins, they are called proteoglycans and their carbo-
hydrate chains glycosaminoglycans.

Mucopolysaccharides differ from typical glycopro-
teins in that they contain long polysaccharide chains
made up of about 100 monosaccharide units. Mucopoly-
saccharides typically consist of a protein core to which
many long-chain linear heteropolysaccharides are cova-
lently linked. These are made up largely of repeating dis-
accharide units. In these disaccharides, one sugar is always
an amino sugar, either glucosamine or galactosamine.

Another constituent common to most mucopolysac-
charides is sulfate groups, linked by ester bonds to the hy-
droxyl groups of their monosaccharide constituents, and
in some cases also by amide linkages to the amino groups
of glucosamine. By virtue of their carboxyl and sulfate
groups, mucopolysaccharides are highly charged anions.

Mucopolysaccharides occur in many animal tissues
and fluids, including connective tissue, which is a partic-
ularly rich source. In skin, bone, cartilage, and ligaments,
mucopolysaccharides join with collagen or elastin fibers
to form the matrix or “ground substance” in which the
connective tissue cells (or fibroblasts) are embedded.

Postulated Functions of Protein-Bound
Carbobydrates
1. Physicochemical properties of glycoproteins

(viscosity)

* Activity of cells and tissues
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2. Molecule-membrane interactions
e Secretion
* Clearance of glycoproteins from plasma
* Reaction of cell surface with viruses, blood group
antisera, and lectins
3. Membrane-membrane interactions
¢ Secretion
* Differentiation and growth
* Contact inhibition
* Adhesion and aggregation of cells
* Segregation of cells within the organism—
for example, the homing of lymphocytes
* Gamete recognition

GLYCOSIDES

The multitude of glycosides found in plants are all com-
pounds that contain a sugar unit attached to a noncarbo-
hydrate molecule, which is called the aglycone.

Sugar + Aglycone = Glycoside

On first consideration, this seems straightforward
enough, until one considers the variety of both sugars and
aglycones found in nature. From a biochemical perspec-
tive, saponins, flavones, and cardiac glycosides might all
be grouped together in a single category—a situation
guaranteed to confuse the nonspecialist. The important
point for the practitioner to remember is that glycosides,
because of their sugar component, are more easily ab-
sorbable, and thus the aglycone is more readily bioavail-
able. This increased bioavailability appears to be the rea-
son that so many diverse molecules naturally occur as
glycosides.

A number of ways have been developed to categorize
glycosides, each of which reflects different interests.

Classification of Glycosides

By sugar unit. A glycoside based on glucose is called a
glucoside; rhamnose will produce a rhamnoside, and
so on. In nature, most glycosides are formed from $5-
carbon pentose sugars or 6-carbon hexose sugars. The
sugar may be a mono-, di-, or oligosaccharide.

According to the nature of the aglycone-sugar linkage.
Different chemical bondings are possible in the
aglycone-sugar linkage, each having potentially differ-
ent chemical and physiological effects. The most com-
mon are the O-glycosides, in which an oxygen atom
acts as the link. C-glycosides, with carbon links, play an
important role as anthraquinone laxatives, such as
aloin in aloe. Other linkages include sulfur-based

S-glycosides and nitrogen-based N-glycosides. As with
other carbohydrate-based molecules, the bond might
be either an a- or a -glycoside; B-glycosides are more
common.

By specific aglycone. This categorization is often the most
useful for the purposes of phytotherapy, as seen in the
following examples.

Simple Phenolic Glycosides: Arbutin and Salicin

Glucose
CH,OH
Glucose
OH
Fig. 4.7. Arbutin Fig. 4.8. Salicin

Flavonoid Glycoside: Rutin

HO

O—_Glucose-O-Rhamnose

Fig. 4.9. Rutin

Anthraquinone Glycoside: Sennoside A
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o
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o
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o
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Fig. 4.10. Sennoside A



Steroid and Saponin Glycoside: Ginsenosides

CH,OH

HO
OH ©

HeC CHy o oH
CH,OH
HsC o
oH
OH oH

Fig. 411. Ginsenoside Re

Many pharmacologically important constituents
occur in plants as glycosides. While modification by the
sugar component is possible, the effect of a glycoside is
mainly determined by the nature of its aglycone. Thus, in
this book, we will consider glycosides in the context of
their aglycones, not as a separate group. However, I will
discuss two unique groups here, namely the cyanogenic
and the isothiocyanate glycosides.

Cyanogenic Glycosides

Bitter almonds (Prunus dulcis var. amara) produce a poi-
son, hydrogen cyanide (HCN), a fact that has been
known since antiquity. Cyanide occurs in the intact nut in
a bound form as a cyanogenic glycoside. The plant re-
leases its characteristic smell of bitter almonds only when
the tissue is damaged, which causes either enzymatic or
nonenzymatic hydrolysis of the glycoside. The immediate
hydrolytic product is a cyanohydrin, which spontaneously
decomposes to HCN and an aldehyde or ketone.

R 0-Gluc R OH
\ / Glycosidase \ / Hydroxynitle o
C . C lyase . _
y — C==OH + HC=N
P

/ \ — / \ __ spontaneous R Hydrogen
R C=N R C=N Ketone cyanide
Cyanogenic Cyanohydrin
Glycoside

Fig. 412. Cyanogenic glycoside hydrolysis

At least 1,000 species representing 100 families and
500 genera have cyanogenic properties, but the aglycone
has only occasionally been characterized.” Thus, only
about 40 cyanogenic glycosides have been identified.
Cyanogens (substances that can release cyanide) also occur
in the defense secretions of centipedes, millipedes, and

moths.
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Amygdalin

Amygdalin was first isolated from bitter almonds, the
seeds of the tree Prunus dulcis var. amara. The sugar moi-
ety in this compound is gentiobiose, typical for many
members of Rosaceae, and trace amounts may be present
in the fleshy parts of fruits, in bark, and in leaves.

Amygdalin is responsible for the bitterness and toxi-
city of the seeds of bitter almond and of apricots. An
amygdalin-containing drug called laetrile has been used
as an anticancer medicine, though its use is now re-
stricted.!©

Prunasin

This compound occurs in the leaves and bark of Prunus
species, as well as some other vascular plants and some
ferns, such as bracken fern (Preridium aquilinum).'! In
small quantities, prunasin exhibits expectorant, sedative,
and digestive properties. Prunasin is the main active prin-
ciple of wild cherry bark (Prunus serotina), used as an ex-
pectorant, antitussive, and flavoring agent in cough

syrups.
o}
N N
\\C O——Glu—Glu \\C O—Glu
Amygdalase Prunase Benzaldehyde
_ —
water water +  Glucose
+ HCN
Fig. 4.13. Prunasin metabolism
Glucosinolates

The glucosinolates, also called isothiocyanates, are glyco-
sides that are not toxic per se but release the volatile oils
commonly known as mustard oils upon enzymatic hy-
drolysis. Release occurs when plant tissue is crushed,
through the reaction of the glucosinolate with the enzyme
thioglucosidase, which is always present in plants that
contain glucosinolates. Glucosinolates are fi-thioglucoside
N-hydroxysulfates, which are primarily found in crucifer-
ous vegetables, such as cabbage, broccoli, brussels
sprouts, cauliflower, bok choy, and kale.

Chemically, glucosinolates are nitrogen-sulfur com-
pounds with the same basic formula; one sulfur atom is
bonded to glucose as the S-glucoside and the other sulfur
is present as the oxygen-linked sulfate anion. About 80
glucosinolates are known. The majority of glucosinolates
are aliphatic, and the remainder are benzyl or indole
derivatives. The best-known aliphatic derivatives are
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sinigrin and glucocapparin. A typical benzyl derivative is
sinalbin, and an indole derivative is glucobrassicin.!?

I
o0—s—o7
/ 11

AN

C—R
Glucose—$8

Fig. 4.14. Basic structure of a glucosinolate

Glucosinolates are characteristic constituents of the
mustard family, Brassicaceae. They occur, for example, in
cabbage, cauliflower, cress, mustard, rape, and turnip.
These glycosides are also uniformly present in other fam-
ilies in the same order, Capparales, to which Brassicaceae
belongs: Capparidaceae, Moringaceae, Resedaceae, Steg-
nospermataceae, and Tovariaceae. There are several un-
related occurrences, notably in the genera Carica (Cari-
caceae), Limnanthes (Limnanthaceae), and Tropaeolum
(Tropaeolaceae). The seeds of these plants are often a rich
source of glucosinolates, although the compounds are
normally distributed throughout the plant.

The major functdon of glucosinolates in plants is to
deter predators. However, specialist insects, such as the
white cabbage butterfly, Pieris rapae, become adapted to
their toxic effects and use the presence of inustard oils in
host plants as feeding cues and oviposition guides. Regular
dietary intake of quantities of glucosinolates causes toxic
effects in farm animals, especially damage to the thyroid,
liver, and kidneys. The same effects may occur in humans,
although this has rarely been observed in practice.

Actions of Glucosinolates

When applied topically, mustard oils act as rubefacients,
causing local vasodilation. Thus, mustard poultices are
applied to break up congestion in the lungs and bronchi-
oles, although care must be taken not to irritate the skin.
Taken internally, the compounds serve as effective decon-
gestants for sinus conditions and also stimulate digestion.
Large doses may induce emesis.

As with all sulfur compounds, mustard oils exhibit
some antibiotic effects. Glucosinolates depress thyroid
function in animals; therefore, all plants in the genus
Brassica are potentially goitrogenic. This action may be har-
nessed therapeutically in cases of hyperthyroidism.

Dietary intake of glucosinolates (in the form of broc-
coli, cabbage, cauliflower, or brussels sprouts) may have a
protective effect against colon cancer. Experimental
tumor production is greatly inhibited by pretreatment
with isothiocyanates. The isothiocyanates interfere with
the metabolism of carcinogens by enhancing the activity
of several cytochrome Pu5 enzymes involved in the

detoxification processes. They inhibit procarcinogen acti-
vation and induce phase II enzymes, such as NAD(P)H
quinone reductase and glutathione-S-transferase, which
detoxify the electrophilic metabolites capable of altering
the structure of nucleic acids.!?

Sinigrin

Sinigrin is common in the Brassicaceae—for example, in
horseradish (Armoracia rusticana), mustard plants (Brassica
nigra, B. hirta, and B. juncea), and cabbage (B. oleracea var.
capitarg). Sinigrin and its breakdown product, allyl iso-
thiocyanate, which is formed during hydrolysis, are
volatile, intensely pungent, and responsible for the biting
taste of mustard.!*
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Fig. 4.15. Sinigrin and sinalbin
Indole-3-Carbinol

Indole-3-carbinol is a breakdown product of the glucosino-
late glucobrassicin, also known as indole-3-glucosinolate.
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Fig. 416. Glucobrassicin

While glucosinolates themselves have minimal anti-
cancer activity, indole-3-carbinol may have chemopre-
ventive properties.’s Indole-3-carbinol is produced from
indole-3-glucosinolate via the action of the enzyme my-
rosinase (thioglucoside glucohydrolase). This enzyme is
present in cruciferous vegetables and activated upon the
breakup of the vegetables during cooking or the grinding
action of teeth. Indole-3-carbinol may modulate estrogen
metabolism.!® It may also have antioxidant and anti-
atherogenic activities.

GUMS AND MUCILAGES

Gums, like acacia and tragacanth, and mucilages, such as
those from flaxseed, psyllium seed, and marshmallow
root, are found in many plants. They are usually formed
from the cell wall or deposited on it in layers. They con-
sist of monosaccharides and uronic acid units.



"The term mucilage is loosely used, often interchange-
ably with gum. Chemically, mucilage is closely allied with
gums and pectins, but differs in certain physical proper-
ties. While gums swell in water to form sticky, colloidal
dispersions and pectins gelatinize in water, mucilages
form slippery, aqueous colloidal dispersions that are opti-
cally active and can be hydrolyzed and fermented.

Mucilages are not pathological plant products, but
are formed within the plant during normal growth by
mucilage-secreting hairs, sacs, and canals. Gums, on the
other hand, are deposited on the surface of plants as exu-
dates, which are formed as a result of bacterial or fungal
action after mechanical injury.

Mucilage is a naturally occurring organic plant con-
stituent with a molecular weight of 200,000 or greater,
the detailed structure of which is unknown. Mucilages
occur in nearly all classes of plants in various plant parts,
usually in relatively small percentages. They are often as-
sociated with other constituents, such as tannins. The
most common sources are the root, bark, and seed, but
they are also found in the flower, leaf, and cell wall.

Plants Containing Mucilage

Acacia senegal (acacia or gum arabic)
Althaea officinalis (marshmallow root and leaf)
Astragalus gummifer (tragacanth)

Chondrus crispus (carrageen)

Cyamopsis tetragonolobus (guar)

Cydonia oblonga (quince seed)

Plantago ovata, P. arenaria (psyllium seeds)
Sterculia urens (sterculia)

Symphytum officinale (comfrey root and leaf)
Trigonella foenum-graecum (fenugreek)
Tussilago farfara (coltsfoot leaves)

Ulmus rubra (slippery elm bark)

Any biological functions of mucilage within the plant
are unknown, but it is thought that they may aid in water
storage, decrease diffusion in aquatic plants, help in seed
dispersal and germination, and act as membrane thicken-
ers and food reserves.

The chief industrial sources of mucilages are Icelandic
and Irish moss, flax or linseed, locust bean, slippery elm
bark, and quince seed. They are usually extracted with
water or a dilute sodium carbonate solution, purified by
precipitation with alcohol or salt solutions from the aque-
ous solution, and marketed as powders. Mucilages are used
in cosmetics, in medicine as laxatives and diuretics, as
pharmaceutical emulsifying agents, and as materials that
prevent precipitation of colloidal suspension.

Most mucilages are considered to be polysaccharides
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that contain the same group of sugars as gums and
pectins; they commonly occur as salts. The cations are
chiefly of calcium, magnesium, potassium, and sodium.
The most common acids are uronic acids, such as man-
nuronic acid. Hydrolysis of mucilages yields pentoses and
hexoses, the most common being arabinose, galactose,
glucose, mannose, rhamnose, and xylose.

COOH

H O OH
H
OH OH

OH H
H H

Fig. 4.17. d -mannuronic acid

The physical properties of mucilages are more im-
portant than their chemical properties. They are quite in-
digestible; however, even if polysaccharides were broken
down in the digestive tract, the breakdown products, sug-
ars and uronic acids, have little pharmacological effect
and are generally regarded as inert. Whether or not this
is the case in practice is not known.

Mucilage retains a large amount of water and hence
maintains an elevated temperature, which progressively
penetrates tissues. This makes mucilage useful in hot
compresses—for example, linseed compresses. Mucilage
also checks fermentation and bacterial growth, absorbs
toxins, and assists the body in eliminating wastes. Like
other water-soluble fibers, mucilage helps lower choles-
terol, and its hydrophilic properties produce a sensation
of fullness in the stomach without adding calories, mak-
ing it useful for appetite suppression. In addition, a blood
sugar-lowering effect has been observed in both diabetics
and normal subjects.

Mucilage acts primarily as a local demulcent or emol-
lient when it comes in direct contact with mucous mem-
brane surfaces or skin. Here they produce a coating of
“slime” that soothes and protects exposed or irritated sur-
faces of the gastrointestinal tract. They are used exten-
sively in the management of inflammatory digestive dis-
orders, especially when there is ulceration. Their relative
indigestibility and hydrophilic properties have important
influences on bowel behavior.

Laxative: The bulking effect of mucilage stimulates
peristalsis.

Antidiarrbeal: Small quantities of mucilage absorb excess
water in the colon.

Gum Arabic
Gum arabic, or acacia gum, is the gum obtained from
Acacia senegal and closely related species. A. senegal is a
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spiny tree up to 6 meters high that grows in the Sudan
and Senegal. Harvesting starts with an incision through
the bark to the cambium layer of the tree. The bark above
and below the cut is removed so that an area of the cam-
bium is laid bare. This injury stimulates the formation of
gum as droplets in the cut, which dry to opaque balls with
a crackled surface. The gum is collected 20 to 30 days
after the incision is made.

Arabic acid, made up of calcium, potassium, and
magnesium salts, is a major constituent of acacia gum.
This acid is a branched-chain polysaccharide, the build-
ing blocks of which are D-galactose, L-arabinose, L-rham-
nose, and D-glucuronic acid.'’

A—G A—G A—G A
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Fig. 418. General structure of arabic acid
(A = L-arabinose, R = L-rhamnose, G = p-galactose,
U = p-glucuronic acid)

Gum acacia also contains oxidizing enzymes, such as
peroxidases. For this reason, it should not be mixed with
easily oxidized compounds. In pharmaceutical manufac-
turing, gum acacia is used as an emulsifier, as a con-
stituent of suspensions, and in tablet production.

Tragacanth USP

Tragacanth is the gummy exudate from Astragalus gum-
mifer and other Asiatic species of Astragalus.'® When in-
troduced into water, tragacanth absorbs a certain propor-
ton of that liquid, swells greatly, and forms a soft
adhesive paste, but does not dissolve. If agitated with
water, this paste forms a uniform mixture, but in the
course of one or two days most of the tragacanth sepa-
rates out and is deposited, leaving a portion dissolved in
the supernatant fluid. Several days should be allowed in
order to obtain a uniform mucilage of the maximum gel
strength. Tragacanth is wholly insoluble in alcohol.

"Tragacanth powder is often used to stiffen a pill mass
and render it adhesive. In glycerite form, it affords an ex-
cellent pill excipient. Tragacanth is also used as a sus-
pending agent in lotions, mixtures, and various other
preparations and prescriptions. It is used with emulsifying
agents largely to increase consistency and retard cream-
ing. The jellylike product formed when the gum is al-
lowed to swell in water serves as the basis for pharmaceu-
tical jellies, such as ephedrine sulfate jelly.

The constituent tragacanthin yields glucuronic acid
and arabinose when hydrolyzed.

Guar Gum )
Guar gum is obtained from the endosperm of the seed of
Cyamopsis tetragonolobus, a plant cultivated in India,
Pakistan, and the United States. Guar flour, milled from
the seeds, contains about 86% water-soluble mucilage,
which can be extracted by precipitation with ethanol. The
main constituent is a galactomannan (with a molecular
weight of about 220,000), a B-1,4-linked D-mannose lin-
ear polysaccharide with an a-1,6-linked D-galactose
residue attached to every other D-mannose unit.

CH,OH CH,OH
OH oM OH o
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OH H 8
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R H H H
H H H H H H H H

Fig. 419. Guar gum (partial structure)

Guar gum is used in pharmacy as a disintegrator in
tablets, an emulsifier, and a thickener. It is also employed
as a laxative. Taking guar gum before meals may lower
blood glucose levels for diabetics. It also reduces the
cholesterol level in blood serum, both in healthy people
and in diabetics.!?

Psyllium Seed and Husk

Psyllium seed is the ripe seed obtained from several
Plantago species. The seeds are elliptical and 2 to 3 mm
long, odorless, bland-tasting, and mucilaginous when
chewed. The mucilages and hemicelluloses are located in
the seed coat, or husk, making the husks about five times
more active than the seeds. The mucilaginous husk of
P. ovata separates fairly easily from the rest of the seed, so
this is the species from which psyllium husk is derived.

To prepare psyllium for consumption, the whole
seeds or husks are soaked in water for several hours; they
are then taken with a large amount of liquid. The mu-
cilage retains the moisture during gastrointestinal transit,
promoting the passage of a soft stool after a transit time
of 6 to 12 hours.

Agar

Agar (or agar agar) is a dried, hydrophilic, colloidal sub-
stance obtained from various species of red algae, including
Gelidium amansii, G. cartilagineum, and G. divaricatum. The
main constituents of the product are two polysaccharides:2
agarose, a long-chain compound in which about 10% of



the chains are esterified with sulfuric acid; and agaropectin,
which differs from agarose in that significantly more
chains are esterified with sulfuric acid.

Agar is sold commercially in the form of pale yellow
strips or pieces or as a yellowish powder. Agar is indi-
gestible and passes through the gastrointestinal tract al-
most unchanged. [t undergoes little if any breakdown by
intestinal microorganisms, which may account for its rel-
atively low activity in the bowel. It acts solely through its
ability to absorb water and swell within the intestine.
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LIPIDS

ipids are a large and diverse class of organic
Lmolecules found in living systems. Most are insol-

uble in water but soluble in nonpolar solvents, such
as alcohol. (This definition excludes the mineral oils and
other petroleum products obtained from fossil material.)
In a physiological sense, lipids are fundamentally impor-
tant for both humans and plants.

Major classes of lipids include fatty acids, glycerol-
derived lipids (including fats, oils, and phospholipids), the
sphingosine-derived lipids (including ceramides, cereb-
rosides, gangliosides, and sphingomyelins), steroids and
their derivatves, terpenes and their derivatives, certain
aromatic compounds, and long-chain alcohols and waxes.
Often lipids are found conjugated with proteins or carbo-
hydrates, and the resulting substances are known as
lipoproteins and lipopolysaccharides. The fat-soluble vitamins
can also be classified as lipids. The material in this chap-
ter focuses on representative lipids found in medicinal
plants.

Important Functions of Lipids

Among many other functions, lipids serve as the basis of
cell membranes and as a form of fuel storage.

* Major structural components of all biological membranes

* Energy reserves and fuel for cellular activities

* Vitamins and hormones (lipids and lipid derivatives)

* Protective coatings with important immunological
functions for cells

* Waterproof protective coverings in plants and some
animals

* Blood-based carriers of fat-soluble vitamins such as A,
D,E,and K

CLASSIFICATION OF LIPIDS

Any classification of lipids, whether by physical proper-
ties, chemistry, biological function, or occurrence, is arbi-
trary. The classification of lipids can be based on their
physical properties, chemical structure, biological func-
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tion, or occurrence. This makes the choice of classifica-
tion arbitrary; ideally, it can be based on the interests of
the classifier. Structural variations within each class are
due to the different fatty acid residues that may be present.

Simple aliphatic (straight-chained) hydrocarbons act
as structural backbones to which functional groups can be
added to create various types of lipids. Those most often
encountered within the creative cornucopia of plant cells
include:

* Halogenated hydrocarbons
* Alcohols

e Sulfides

¢ Esters

* Fatty acids

Large, unsaturated hydrocarbons are common in
plant waxes. As chain length and number of unsaturated
bonds increase, the molecule becomes increasingly waxy
and then solid at room temperature. In their functional-
ized forms, these are the lipids we know as fatty acids.

FATTY ACIDS

Fatty acids are C, to Cy straight-chain compounds that
have a single carboxyl radical. They play a profound nu-
tritional role, supplying not only lipids to the diet but also
vitamin F, the essential fatty acids used by the body to
build and maintain membrane structures, among other
functions.

The numbering of carbons in fatty acids begins with
the carbon of the carboxyl group. Fatty acids that contain
no carbon-carbon double bonds are termed saturated fatty
acids; those that contain double bonds are unsaturated fatty
acids. The numbers used for fatty acids come from the
number of carbon atoms, followed by the number of sites
of unsaturation. For example, palmitic acid is a 16-carbon
fatty acid with no unsaturation and is designated by 16:0.
The site of unsaturation in a fatty acid is indicated by the
symbol A and the number of the first carbon of the dou-
ble bond. Thus, palmitoleic acid is a 16-carbon fatty acid



Structural Classification of Lipids

Fatty acids
 Saturated fatty acids
* Unsaturated fatty acids
 Branched-chain fatty acids
o Hydroxy fatty acids, including
prostaglandins

Lipids containing glycerol

* Mono-, di-, and triacylglycerols
(acylglycerols)

o Glyceryl ethers (alkoxydiglycerides)

e Glycosylmono- and glycosydiacyl-
glycerols

 Phospholipids (phosphatides)

o Plasmalogens (acetal phosphatides)

Lipids containing sphingosine
e Sphingomyelins
o Ceramides
» Neutral glycosphingolipids
{cerebrosides)
¢ Sialoglycosphingolipids {gangliosides)
« Sulfoglycosphingolipids (sulfatides)

Complex lipids ’
 Lipoproteins and proteolipids
* Lipopolysaccharides

Long-chain aliphatic alcohols and waxes

Hydrocarbons such as squalene and
carotene

Sterols and related compounds such as
vitamin D
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Most fatty acids come from the diet. However, the
body can make all the various fatty acid structures needed,
with two key exceptions. These are the highly unsatu-
rated fatty acids linoleic acid and linolenic acid, which
contain unsaturation sites beyond carbons 9 and 10.
Because these two fatty acids cannot be synthesized from
precursors in the body, they are known as essential farry
acids, as they must be provided in the diet. Since plants are
capable of synthesizing linoleic and linolenic acid, hu-
mans can acquire these fats either by consuming a variety
of plants or by eating the meat of animals that have con-
sumed these plant fats.

Classification of Fatty Acids

In saturated fatty acids, all the bonds are filled.
Unsaturated fatty acids contain double bonds, making
such molecules more biochemically active. Cyclic
monobasic fatty acids are less common, buz include such
clinically important molecules as chaulmoogric and hyd-
nocarpic acids, which are discussed later in this chapter.

Table 5.1. Saturated Straight-Chain Acids

with one site of unsaturation between carbons 9 and 10,
and is designated by 16:1A9. Saturated fatty acids that
contain fewer than eight carbon atoms are liquid at body
temperature, whereas those containing more than 10 are
solid. The presence of double bonds in fatty acids signif-
icantly lowers the melting point relative to that of satu-
rated fatty acids.

/\/\/\/\/\/\/\/C\o

Fig. 5.1. Palmitoleic acid

COMMON NAME  SYSTEMIC NAME ~ STRUCTURAL FORMULA
Butyric n-tetranoic CH;[CH,],COOH
Isovaleric 3-methy-butanoic  [CH,],CHCH,COOH
Caproic n-hexanoic CH,[CH,]4,COOH
Caprylic n-hexanoic CH;[CH,],COCH
Capric n-octanoic CH,{CH,],COOH
Lauric n-decanoic CH,{CH,),,COOH
Myristic n-tetradecanoic CH,[CH;,],,COCH
Palmitic n-hexadecanoic CH,[CH,],;COCH
Stearic n-octadecanoic CH,[CH,],COOH
Arachidic n-eicosanoic CH;[CH,],4COOH

Occurrence and Distribution

In plants, fatty acids occur mainly in bound form, esteri-
fied to glycerol, as fats or lipids. These lipids comprise up
to 7% of the dry weight of leaves in higher plants, and are
important as membrane constituents in chloroplasts and
mitochondria. Considerable quantities of lipids also occur
in the seeds or fruits of many plants, providing a stored
form of energy to use during germination. Seed oils from



56 < INTRODUCTION TO PRINCIPLES AND PRACTICES

Table 5.2. Unsaturated Straight-Chain Acids

COMMON NAME NUMBER OF LINSATURATED BONDS STRUCTLIRAL FORMULA

Patmitoleic 1 CH,[CH,]sCH=CH[CH,],COOH

Oleic 1 CH,[CH,],CH=CH[CH,],COOH

Linoleic 2 CH,[CH,],CH=CHCH,CH=CH-{CH,],COOH

Linolenic 3 (CH,CH,=CHCH,CH=CHCH,-CH=CH[CH,],COOH

Arachidonic 4 (CH;[CH,],CH=CHCH,CH=CHCH,-CH=CHCH,CH=CH[CH,;COOH

plants such as olive, palm, coconut, soy, sunflower, rape,
and peanut are exploited commercially as food fats, for
soap manufacture, and in the paint industry. Plant fats,
unlike animal fats, are rich in unsaturated fatty acids, and
there is now abundant evidence that some of these are es-
sential human dietary requirements.

Certain polyunsaturated fatty acids cannot be synthe-
sized by humans and therefore must be supplied in food.
These are the essential fatty acids, distinguished by dou-
ble bonds beyond the one in the C-9 position (counted
from the carboxyl end). Examples include omega-3 fatty
acids (linoleic acid, linolenic acid, gamolenic acid, and cis-
6, cis-9, and cis-12-octadecatrienoic acids) and the omega-
6 fatty acid gamma linolenic acid.

Gamma-Linolenic Acid

Gamma-linolenic acid (GLA) is an unusual constituent of
living matter that is found in very few plants. These in-
clude borage (Borago officinalis), evening primrose
(Oenothera biennis), black currant (Ribes nigrum), and
hemp (Cannabis sativg).!

GLA is an omega-6 (Q-6) polyunsaturated fatty acid
made up of 18 carbon atoms and three double bonds. It is
a precursor in the synthesis of the beneficial series-1
prostaglandins. Through the synthesis of these prosta-
glandins, GLA can play a role in lowering blood pressure,
making platelets less sticky, decreasing inflammation, and
enhancing immune function. It may also help lower
blood cholesterol and triglyceride levels.

CH,

[CHalp7——CHs
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Fig. 5.2. Gamma-linolenic acid

Black Currant Seed Oil

Black currant seed oil, from the seeds of Ribes nigrum,
contains about 15% to 20% GLA, making it a rich source
of omega-6 fatty acids. Black currant seed oil also con-
tains up to 20% of the omega-3 (Q-3) polyunsaturated
fatty acids alpha-linolenic (ALA) and linoleic acids.
Research suggests that black currant oil has antithrom-
botic and anti-inflammatory actions. 23

Borage Oil

Borage oil, from the seeds of Borago officinalis, is a rich
source of GLA. The amount of GLA in borage oil, mea-
sured as the percentage of total fatty acid content, ranges
from about 20% to 27%. Borage oil also contains ap-
proximately 10% alpha-linolenic acid (ALA).*

Evening Primrose Oil

Evening primrose oil, from the seeds of Oenothera biennis,
contains approximately 7% to 14% GLA and about 10%
linolenic acid.* According to research, evening primrose
oil has demonstrated anti-inflammatory actions in some
cases of rheumatoid arthritis. It may also be indicated in
other inflammatory disorders, such as Sjogren’s syndrome
and ulcerative colitis.® It is approved in the United
Kingdom as a pharmaceutical treatment for mastalgia and
for atopic dermaditis, particularly to help with itching.’

Alpha-Linolenic Acid

Alpha-linolenic acid (ALA) is an omega-3 (©-3) polyun-
saturated fatty acid containing 18 carbon atoms and three
double bonds. ALA is metabolized to eicosapentaenoic
acid (EPA), a precursor of the series-3 prostaglandins, the
series-5 leukotrienes, and the series-3 thromboxanes.
These eicosanoids have anti-inflammatory and an-
tiatherogenic properties. ALA metabolites may also in-
hibit the production of the pro-inflammatory eicosanoids,
prostaglandin E, and leukotriene By, as well as the pro-



inflammatory cytokines, tumor necrosis factor-a, and
interleukin B1.

The incorporation of ALA and its metabolites into
cell membranes can affect membrane fluidity, which may
play a role in the ant-inflammatory and antiplatelet ac-
tions of ALA. The Mediterranean diet, high in ALA, ap-
pears to lower the risk of coronary artery disease and cer-

tain types of cancer.?

Flaxseed Oil

Flaxseed oil, also known as flax or linseed oil, is made
from the seeds of Linum usitatissimum. Flax is a very rich
source of ALA, containing approximately 40% to 60% of
this essential fatty acid. Linoleic acid and oleic acid are
also present, but in smaller amounts (about 15% each). In
addition, flaxseed oil contains secoisolariciresinol diglyco-
side, a type of phytoestrogen known as a lignan, in varying
amounts. Flaxseed oil may have antd-inflammatory, an-
tithrombotic, and antiproliferative activities.’

Chaulmoogric acid

Chaulmoogric acid, or (5)-13-(cyclopent-2-enyl) tride-
canoic acid, is present in amounts of about 27% as the
glyceride ester in chaulmoogra oil, extracted from seeds
of Hydnocarpus wightiana. The ethyl ester has been used
in the treatment of leprosy.'?

QW\/\/C//O
\OH
Fig. 5.3. Chaulmoogric acid

Prostaglandins

Prostaglandins can be regarded as derivatives of prosta-
noic acid. Prostanoic acid is not found in living tssue, so
this is simply a chemical distinction. (Refer to chapter 9
for a detailed discussion on prostaglandin synthesis.)

All naturally occurring prostaglandins have a double
bond in the trans configuration between C-13 and C-14.
Additional double bonds in the cis configuration can occur
between C-5 and C-6, as well as between C-17 and C-18.
Depending on the substituents in the ring, prostaglandins
are assigned to series E, F, D, and so on. According to the
number of double bonds in the side chain, they are further
divided into subgroups, such as E, E,, F, I, and so on.

Prostaglandins occur in practically all tissues.
However, they are not stored, but synthesized from the
corresponding polyunsaturated C,q fatty acids only when
needed. Depending on the organ, they show a variety of
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physiological effects, discussed in detail in chapter 9. For
example, PGE, is a vasodilator and bronchodilator, and
PGF, is a vasoconstrictor and bronchoconstrictor.

Fig. 5.4. Prostaglandin E,

Thromboxanes and prostacyclins are related to the
prostaglandins. Thromboxane B, is the metabolic product
of the unstable thromboxane A;, which induces platelet
aggregation. The prostacyclin (also known as prosta-
glandin PGI,) formed in the blood vessel wall, on the
other hand, prevents platelet aggregation.

HOOC

CH

Fig. 5.5. Prostacyclin

Fig. 5.6. Thromboxane B,

In addition to prostaglandins, the monohydroxy-(e)-
icosatetraenoic acids (HETE) and the leukotrienes are
also derived from arachidonic acid. S-HETE and
leukotriene B, (UTB,) play a part in the regulation of neu-
trophil and eosinophil function, while the sulfidopeptide
leukotrienes (LT'C,, LTD,, LTE,, and LTF,) are impor-
tant smooth muscle antispasmodics.

OH
— COOH
— -~

Fig. 5.7. 5-hydroxy-(e)-icosatetraenoic acid
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LIPIDS CONTAINING GLYCEROL

These lipids are composed of a glycerol backbone to
which three fatty acids are esterified.

The fats occurring in nature consist almost exclu-
sively of triacylglycerols (neutral fats), along with traces of
mono- and diacylglycerols. The latter two esters, how-
ever, are formed in the intestine during digestion and ab-
sorption of triacylglycerols, and therefore may also be
found among circulating lipids in plasma.

Natural fats may be solid or liquid at room tempera-
ture. At least S and up to 12 or more different fatty acids
occur in these fats, which are a mixture of extremely di-
verse triacylglycerols. The fatty acids of most natural fats
consist of mixtures of saturated and unsaturated acids. In
general, the melting point of a fat increases with the pro-
portion of saturated fatty acids it contains.

LONG-CHAIN ALIPHATIC
ALCOHOLS

Aliphatic alcohols occur widely. Several alcohols belong
to aroma compounds that play a role in environmental
and food systems. They are found with normal, branched
(mono- or isoprenoid), saturated or unsaturated chains of
various length and sometimes with secondary or even ter-
tiary alcohol functons.

Waxes

Waxes, strictly speaking, are esters of fatty acids with
aliphatic straight-chain monohydric alcohols, usually
cetyl alcohol and octadecyl alcohol, but frequently also
with higher alcohols, up to C-30. Among the saturated
fatty acids, cerotinic acid occurs most frequently; occa-
sionally, hydroxy acids are also found. In many natural

waxes, the fatty acid and alcohol components have the
same chain length.

The epidermis of animals and plants excretes waxes
as protective films against water loss or wetting. For ex-
ample, the surface waxes of plants in very dry climates
help the plants conserve water. In humid climates, the
surface waxes of fruits and the lanolin found on the skin
and in the hair of most furry animals repel excess mois-
ture. In many zooplankton and other species of marine
animals, waxes serve as energy reserve materials.

Urushiols (Alkylcatechols)

Urushiols have a side chain containing 15 or 17 carbon
atoms; they may be saturated or unsaturated, with one to
three double bonds.!! These compounds, found in the oil
of poison ivy and poison oak, produce contact dermatitis
and are discussed in more detail in chapter 10.

OH

OH

Fig. 5.8. Urushiol 1|

HYDROCARBONS

Straight-chained, or aliphatic, hydrocarbons resulting
from decarboxylation of fatty acids are present in some
plants. That is, they are thought to be metabolic break-
down products of fatty acids. They may be saturated or
unsaturated, but unlike their fatty acid counterparts, they
usually have an odd number of carbon atoms.
Turpentine is a rich source of saturated hydrocarbons

or triacylglycerol, respectively.

2-acylglycerol
(B-monoacylglycerol)

1-acylglycerol
{a-monoacylglycerol)

1,2-diacylgycerol
(o, B-diacylglycerol)

Acylglycerols

Acylglycerols are formed by esterification of glycerol with one, two, or three fatty acids, yielding a mono-, di-,

CH,OCOR CH,OH CH,OCOR! CH,OCOR! CH,OCOR’
l | | |
CHOH CHOCOR CHOCOR? CHOH CHOCOR?
| I | I
CH,OH CH,OH CH,OH CH,OCOR? CH,OCOR}

1,2,3-triacylglycerol
(triacylglycerol)

1.3-diacylglycerol
(o, a-diacylglycerol)




such as heptane. Turpentine is the volatile fraction distilled
from the oleoresins of various pines, which is then further
processed. Sources include Pinus pinaster and P betero-
phylla.??* See chapter 6 for a detailed discussion on these
compounds.

P NN
Fig. 5.9. Heptane

The primary source of saturated hydrocarbons in liv-
ing plants is the waxy coating on some leaves and fruits. A
common leaf wax constituent is nonacosone, found in the
leaves of brussels sprouts (Brassica oleracea var. gemmifera).

Unsaturated hydrocarbons play a pivotal role in plant
metabolism. Ethylene is an important plant growth hor-
mone, and isoprene is the building block of the whole
gamut of terpenes, discussed in chapter 6.

CHy,—=CH, )\/

Fig. 5.10. Ethylene and isoprene

Polyacetylenes
These molecules contain a highly reactive triple bond, as
found in the gas acetylene. They often contain additional
functional groups, but can be conveniently classified here.
Many polyacetylenes are extremely toxic, such as the
compound cicutoxin found in cowbane and water hem-
lock (Cicuta virosa). Others, such as the antifungal com-
pound wyerone found in broad beans (Vicia faba), act as
phytoalexins that protect the plant against fungal

pathogens.
CH=——=CH
Fig. 511. Acetylene
OH
4 \ \ Wcm
FZ
OH
Fig. 512.
Cicutoxin
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Fig. 5.13. Wyerone

Alkamides

There are more than 140 closely related alkamides, all of
which have a more or less unsaturated aliphatic acid
residue linked with different amine parts. Apart from a
very few saturated derivatives from Piper amalago, the
alkamides fall into two groups.

Compounds with purely alkene patterns. Purely alkene
alkamides have been isolated from four plant families:
Piperaceae, Aristolochiaceae, Rutaceae, and Asteraceae.

Compounds with alkene and alkyne linkages. Alkyne
alkamides are restricted to the Asteracsae, and most
are found in the Anthemideae and Heliantheae tribes.
Eighty different acetylenic alkamides have been iso-
lated from these tribes. This structural diversity stems
from various combinations of 14 amine and 85 acid
moieties. Such diversity provides valuable chemotaxo-
nomic criteria.

Several alkamides, especially alkene isobutyl amides,
are known for their insecticidal activity as well as for their
pungent taste. They also produce local anesthesia of the
mucous membranes, accompanied by profuse salivation.
Plants that yield these substances have been used medic-
inally since ancient times, especially in cases of
toothache. The position of double bonds and isomerism
both play important roles in the physiological and insec-
ticidal activities of the alkamides. A representative alka-
mide is affinin, which is found in the roots of the Mexican
silagogue Heliopsis longipes."*

Most of the alkamides have been isolated from the
Anthemideae and Heliantheae tribes of the family
Asteraceae. Within these taxa, distribution is mainly con-
fined to a few closely related genera.

Fig. 5.14. Affinin.
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Halogenated Hydrocarbons

Marine organisms that produce secondary metabolites are
attracting increasing attention as sources of unique
molecules of pharmacological value. One such group is
the halogenated hydrocarbons, which are almost unknown
in land plants. An example is the bromine-containing
spirolaurenone from Laurencia, a genus of red algae.

Br

Fig. 5.15. Spirolaurenone

Alcohol Hydrocarbons

These are hydrocarbons that contain a hydroxyl group as
part of the molecule. If biosynthetically derived from iso-
prene, alcohol hydrocarbons may be considered acyclic
terpenes (for example, geraniol), which are discussed in
chapter 6. A nonterpenoid example is octanol (caprylic al-
cohol). This volatile substance is a component of many
orchid flower scents and is used in perfumery.

CH, CH,

)\/\/K/\
HsC

Fig. 5.16. Geraniol

OH

Hydrocarbon Sulfides

Hydrocarbon sulfides are relatively uncommon in plants
but of great importance in human diet and health care.
These are odoriferous molecules (perhaps better termed
odious, if one is English!) such as those found in garlic
(Allium sativum) and skunk cabbage (Symplocarpus foetidus).

Allicin

"The major odor principle of garlic, allicin is produced from
the amino acid alliin by the enzyme alliinase when exposed
to air. In both laboratory and clinical studies, allicin has
demonstrated antdiabetic, antihypertensive, antibiotic,
and hypolipidemic actvides. It also enhances fibrinolytic
activity in the blood and inhibits platelet aggregation.!*

°| COOH it

\/k allinase
S _— s
/\/ NH, \/\S/ \/\
Allin Allicin
(odorless)

Fig. 517. Allicin

Hydrocarbon Esters

These condensation products of hydrocarbon alcohols
and acids tend to have pleasant aromas. This reaction is
fundamental to biochemistry, so a wide variety of esters
exist. See chapter 6 for more information.
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TERPENES

he terpenes, also known as isoprenoids, are the

largest group of secondary plant metabolites.

More than 20,000 structures have been de-
scribed.! The name rerpene comes from rurpentine, which
in turn comes from the old French rer(e)binth, meaning
“resin.” They are all derived chemically from S5-carbon
isoprene units assembled in different ways.

Terpenes of different sizes and composition are found
throughout all classes of organisms. Larger terpenoid
molecules are essential components of human meta-
bolism and include the adrenal hormones, the membrane
component cholesterol, and the lipid soluble vitamins A,
E, and K. An even greater variety of terpenoid molecules
exist as secondary metabolites in plants and fungi, as well
as some bacteria and insects.

While not essential for viability, terpenes enable
plants to prosper in their specific environments. They
have a variety of natural functions. They may be flavors
or scents or act as growth regulators, defense secretions,
or pollinator attractants. Terpenes appear to have evolved
quite separately within small groups of organisms, and
therefore comprise a great diversity of structures capable
of specific interactions with a range of biological receptors.

Plants with distinctive terpenes provide many of the
compounds used as research leads for pharmaceutical,
agricultural, and other commercial applications.

* Paclitaxel (taxol) from yew trees inhibits mammalian
cell division and is used clinically in cancer treatment.

* a-santonin is one of the anthelmintic components of
Artemisia spp.

* Artemisinin, from Artemisia annua, is active against
malaria, including strains that have developed resis-
tance to quinine derivatives.

* Pyrethrins from Tanacetum cinevariifolium provide
biodegradable insecticides.

* Stevioside, a compound that is hundreds of times
sweeter than sucrose, is a valuable sweetener.

CLASSIFICATION OF TERPENES

The molecules in this diverse group are all biosynthesized
from the 5-carbon precursor isoprene, and so are also
known as isoprenoids. The isoprene units can be assem-
bled and modified in thousands of different ways, allow-
ing plants to produce a seemingly endless number of
chemical variations based on the simple unit. Most are
multicyclic structures that differ from one another not
only in functional groups, but also in their basic carbon
skeletons. This group includes essential oils and resins,
steroids, carotenoids, and rubber.?

Major Groups of Terpenoids
)\/

Fig. 6.1. Isoprene
NAME NUMBER OF CARBONS EXAMPLE
Monoterpenes 10(2x5) Volatile oils
Sesquiterpenes 15(3x5) Volatile oils
Diterpenes 20 (4 x5) Resins
Triterpenes 30(6x5) Saponins, sterols, steroids
Tetraterpenoids 40 (8 x 5) Carotenoid pigments
Polyprenes (Nx5) Rubbers

MONOTERPENES

Monoterpenes, the C,, representatives of the terpenoid
family, are derived from the union of two isoprene pre-



cursors joined head to tail. Monoterpenes and the related
sesquiterpenes are important components of plant essen-
tial oils, or volatile oils. Monoterpenes tend to occur in
members of certain plant families, such as Lamiaceae,
Pinaceae, Rutaceae, and Apiaceae, from which many es-
sential oils are commercially produced.’ Some of these
compounds, such as geraniol, are almost ubiquitous and
can be found in small amounts in the volatile secretions of
most plants.

Volatile oils occur in plants that have specialized se-
cretory structures, such as oil cells, glandular hairs, and
resin ducts. In plants, they are believed to help attract pol-
linators to flowers, defend green tissues from predation by
herbivores, and protect against microbial infection.

Monoterpenes are volatile, aromatic, colorless, oily
substances, although a few (such as camphor) are crys-
talline. They are not soluble in water, but some contain
polar groups that facilitate the formation of emulsions in
which the oil disperses in droplets.

Classification of Monoterpenes
Monoterpenes may be classified either by their structures
or according to their functional groups.

Table 6.1. Functional Classification

FUNCTIONAL GROUP EXAMPLE
Unsaturated hydrocarbons Limonene
Alcohols Linalool

Alcohol esters Linalyl acetate

Aldehydes Citronellal

Ketones Carvone
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Optical isomerism is a common feature of monoter-
penes, and some compounds, such as carvone, can occur
in more than one optically active form. Although any
given plant rich in essential oils may have only a few
major constituents, it may contain up to 50 other
monoterpenes in smaller amounts.

In some plants, there may be considerable chemical
variation within the species; different plant populations
contain different mixtures of monoterpenes. Plants dis-
playing these chemical variations are called chemotypes.
For example, 13 different chemotypes of thyme have been
recognized among populations growing in France.

Hydrocarbons
These are monoterpenes with a purely hydrocarbon-
based functional group.

Limonene

(+)-Limonene is the main constituent of volatile oils from
the fresh peel of Citrus fruits, such as lemon, tangerine,
bitter orange, and sweet orange. It also occurs in neroli
oil (orange flower oil, from Citrus surantium var. amara)
and in oils of caraway (Carum carvi) and dill (Anetbum
graveolens). (-)-Limonene is present in oil of fir, made
from the needles and young twigs of Abies alba, and in
mint oils, from Mentha species.

Limonene has expectorant and sedative activities.
Various essential oils containing limonene are used to fla-
vor foods and beverages. In addition, this molecule has
attracted much research attention as a representative mono-
terpene.* It has demonstrated potential cancer-preventive
properties, antineoplastic activity in both pancreatic and
breast cancer, and clinical application as a solvent of gall-
stones. >%’ Pure limonene may be irritating to the skin.?

Structural Classification of Monoterpenes

ACYCLIC MONOCYCLIC

CH, CHj

Hsc/]\/\/K/\

OH

Fig. 6.2. Geraniol Fig. 6.3. Limonene

BICYCLIC IRREGULAR
CH,
HO : HC,
Hy' o HC™ CHy
Fig. 6.4. Borneol Fig. 6.5. Pyrethrin
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CH,
HoC
CH3 CHa
Fig. 6.6. Fig. 6.7. Fig. 6.8.
Limonene B-phellandrine a-pinene

B-phellandrene

B-phellandrene is a very common constituent of essential
oils. One isomeric form occurs in the volatile oils of sev-
eral fir (Abies), spruce (Picea), and pine (Pinus) species,
while another is the main constituent of the essential oil
from the seeds of the water fennel (Oenanthe aquatica).? It
has expectorant properties and is abundant in pharma-
ceutical pine needle oil.

a-pinene

This is an important constituent of many essential oils,
especially oil of turpentine, which is distilled from the
oleoresin of Pinus palustris and other Pinus species. Other
examples include many oils from Pinaceae, Cupressaceae,
Myrtaceae, and Lamiaceae and oils made from the peel of
Citrus species.

Pinene is an irritant that can cause skin eruption,
delirium, ataxia, and kidney damage.!® It is used in the
manufacture of camphor, insecticides, perfume bases, and
synthetic pine oil.!!

Alcohols

These are monoterpenes with a hydroxyl group attached.

Borneol
The (+) form of borneol is the main constituent of
Borneo camphor, distilled from Dryobalanops aromatica,
and is also present in oils of spike lavender (Lavandula
latifolia), rosemary (Rosmarinus officinalis), and nutmeg
(Myristica fragrans).

Borneol is used mainly for the manufacture of its es-
ters, which are widely used in cosmetics. However, some
free borneol is used in perfumery. It has toxic effects in

the central nervous system of mammals.!?
CH,

CH, x

OH

HaC CHy

Fig. 6.9. Borneol Fig. 6.10. Geraniol

Geraniol
Geraniol is the main constituent of a number of essential
oils, including palmarosa oil (Cymbopogon martinii) and
oils from allied species, such as lemongrass (C. citratus)
and citronella (C. nardus). It is also found in oil or attar of
rose from Rosa centifolia, R. damascena, and other roses.
Geraniol has strong antiseptic activity, which is seven
times stronger than that of phenol. It has a sweet rose
odor, and is used in perfumery and as an insect attractant
in traps.’

Linalool

This is the main constituent of oil of coriander
(Coriandrum sativum). It also occurs in lavender oils (from
the flowering tops of Lavandula spp.), in oil of bergamot
(Citrus aurantium ssp. bergamia), orange flowers (C. auran-
tium var. amara), and many other essential oils.

Linalool is antiseptic and fungistatic; it also has seda-
tive properties.'* It is used in perfumery as a substitute for

bergamot and French lavender oils.?®
CH,

CH, HO CHs OH

CHy CHy
Fig. 6.11. Linalool Fig. 6.12. Menthol

Menthol

Menthol occurs in both free and ester forms as the main
constituent of peppermint oil, the steam-distilled volatle
oil from Mentha piperita and other Mentha species.

Used as an inhalant, menthol helps to relieve symp-
toms of bronchial and nasal congestion, and acts as a
carminative and gastric sedative when used internally.
Applied topically, it has antipruritic, analgesic, and anti-
septic effects.’ However, it can give rise to rare hyper-
sensitivity reactions, such as contact dermatitis.

Esters

Monoterpene esters have a general formula of R-C-O-R1.
R and R1 may be the same or different, and may be either
aliphatic (straight-chained) or aromatic (cyclic).

Bornyl Acetate (borneol acetate)
Bornyl acetate occurs in volatile oils from the needles of
many pine and fir species, including Pinus pinaster, P.
sylvestris, Abies alba, and A. sibirica, and also certain Lamia-
ceae plants, such as rosemary (Rosmarinus officinalis) and
thyme (Thymus vulgaris).

Bornyl acetate smells like pine needles. Bornyl esters



of acetic, formic, and isovaleric acids occur in the
volatile oil from the rhizome and root of valerian
(Valeriana officinalis).

Pine needle oil has expectorant properties and is used
as a bronchial and nasal inhalant. (+)-Bornyl isovalerate is

sedative.!”
CH,
OYO
CHs
Fig. 6.13. Bornyl| acetate
Aldehydes

Aldehydes are compounds that contain the carbonyl
group CO, and in which the carbonyl group is bonded to
at least one hydrogen. The general formula for an alde-
hyde is RCHO, in which R is hydrogen or an alkyl or aryl
group. Low-molecular-weight aldehydes, such as form-
aldehyde and acetaldehyde, have sharp, unpleasant odors.
Higher-molecular-weight aldehydes, such as benzalde-
hyde and furfural, have pleasant, often flowery odors and
are found in essential oils.

CHs CH

HCM

3 o}

Fig. 6.14. Citronellal

Citronellal

Citronellal is the main constituent of citronella oil, made

from the fresh leaves of Cymbopogon nardus. It also occurs in

the volatile oils of Eucalyptus species, lemon balm (Melissa

officinalis), lemon (Citrus limon), and various other plants.
Oil of lemon balm has antiseptic and sedative proper-

ties. It is used in soap, perfumes, and as an insect repellent.!®

Ketones

Monoterpene ketones are compounds that contain the
carbonyl group CO, and in which this carbonyl group is
bonded only to carbon atoms. The general formula for a
ketone is RCOR".

Camphor

The (+) form of camphor is found in rectified or Japanese
oil of camphor, made from the camphor tree
(Cinnamomum camphora). The (-) form occurs in feverfew
(Tanacetum parthenium) and various species of Artemisia
and Lavandula.

Camphor is irritating to the skin and has been used as

TERPENES & 65

a rubefacient. It is initally cooling to the skin and has
mild anesthetic and antipruritic actions. It is used as a
moth repellent and as a preservative in pharmaceuticals

and cosmetics.!?
CH,

CHs

CHy CH,

Fig. 6.15. Camphor Fig. 6.16. Carvone
Carvone

Carvone is the main constituent in oil of spearmint
(Mentha spicata), and (+)-carvone is the major constituent
of oils of caraway and dill, from the dried ripe fruits of
Carum carvi and Anethum graveolens, respectively.
Carvone has carminative and antiseptic actions.?® It is
used in the manufacture of liqueurs, for flavoring confec-
tioneries, and in perfumes and soaps.

Phenols

The isoprene units in monoterpene phenols are assem-
bled so that there is a benzene ring in the molecule to
which a hydroxyl group is attached.

CHj CH,

OH

HiC CHs HaC CH,

Fig. 6.17. Carvacrol Fig. 6.18. Thymol

HsC CH, CHy

CHa HaC CH,

Fig. 6.19. 1,8-cinecle Fig. 6.20. Thujone

Carvacrol
This constituent is found in a number of oils from
Lamiaceae plants, including oregano oil, distilled from
the flowering tops of Origanum vulgare, and thyme oil,
from the leaves and tops of Thymus vulgaris.

Carvacrol is strongly antiseptic, demonstrating one and
a half dmes the activity of phenol. It also shows antifungal
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and anthelmintic properties. It is used commercially in
mouthwashes.?!

Thymol

The best sources of thymol are the essential oils of some
Lamiaceae plants, such as Thymus vulgaris and Monarda
punctata. Thymol is antiseptic and antifungal. It is used
to destroy mold, for preserving botanical and biological
specimens, and also in dentistry as an antiseptic.?? It may
irritate gastric mucosa.

1,8-cineole (eucalyptol, cajeputol)

This is the main constituent in oil of eucalyptus
(Eucalyptus globulus and some other Eucalyptus spp.), oil
of cajeput (Melaleuca leucadendron and other Melaleuca
spp.), and many other essential oils. It has anthelmintic,
expectorant, and antiseptic activites, and also shows
cockroach-repellent activity.??

Thujone (thujan-3-one)

Thujone occurs as a mixture of two stereoisomers that
differ in the stereochemistry of the 4-methyl group. It is
found in many essential oils, such as white cedar oil from
the leaves of Thuja occidentalis, tansy oil from the leaves
and tops of Tanacetum vulgare, and, together with thujyl
alcohol and acetate, in wormwood oil from the aerial
parts of Artemisia absinthium.

Thujone is highly toxic; ingestion may cause convul-
sions.’* (Please see chapter 10 for more information.)
Wormwood oil has been used as an anthelmintic agent
and cedar leaf oil as a rubefacient.

Iridoids
Iridoids are bitter-tasting monoterpenoid lactones de-
rived from monoterpene precursors. They are found in
about 70 families of flowering plants distributed in 13 or-
ders.” They are characterized by a cyclopentanodihy-
dropyran ring, shown below with the numbering system
used in iridoid nomenclature.?¢

The term #ridoid comes from iridodial, a compound
first found in the defense secretions of the fire ant, Irido
myrmex. Similar structures occur in the defense secre-
tions of other ants, stick insects, and beetles.

CHy
A
[¢]
CHy OH
Fig. 6.21. Fig. 6.22.
Cyclopentanodihydropyran Iridodial

ring

There is no consensus on the classification of iri-
doids, of which more than 1,000 have been identified. In
The Dictionary of Natural Products, three subcategories are
described.?’

Iridoid Glycosides

Iridoid glycosides, or iridoids proper, are lactones, often
with glucose attachment to the hydroxyl group of the
Jactone ring. The aglycones are usually highly unstable,
and herbarium specimens containing iridoid glucosides
also often turn dark as they dry.?® A good example of this
group is aucubin (below).

Simple Iridoids

Simple iridoids are volatile aglycones. An example is
nepetalactone, the psychoactive constituent of catnip
(Nepeta cataria), the plant so loved by members of the
cat family.?® The valepotriates, such as valtrate from
Valeriana officinalis, also possess this action. These mainly
nonglucosidic iridoids are sedatives.*

OoH CHy
AN
AN
o
o
CH,OH 5
CHs i

glucose

Fig. 6.23. Aucubin Fig. 6.24. Nepetalactone
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O-isovalerianyl

Fig. 6.25. Valtrate

Secoiridoids

Secoiridoids are distinguished by an open S-membered
ring. They are biosynthetic precursors of terpene alka-
loids, and often occur with their related alkaloids.
Gentiopicrin is a good example.’!

HOH,C,

OH

Fig. 6.26. Gentiopicrin



Pharmacological Activity of Iridoids

Plants containing iridoids play a central role in herbalism,
as they are often the basis of what is known as the bitter
principle. 3 Iridoids are the bitterest of plant compounds,
with a taste perceptible at a dilution as high as 1:50,000.
Bitters are known to stimulate the release of gastrin in the
gastrointestinal tract, leading to an increase in digestive
secretions, including bile. Many are used as bitter tonics,
such as bogbean (Menyanthes trifoliata), and others as
anti-inflammatory agents, including eyebright (Euphrasia
officinalis).

Tridoids that are found as glycosides, such as fulvo-
plumierin and allamandin, have demonstrated antimicro-
bial or antileukemic activities in laboratory studies.’®
Aucubin and various other iridoid glucosides show laxa-
tive and diuretic properties, while the valepotriates are
sedative. In large concentrations and in the presence of
acids, iridoid glycosides are toxic.

Asperuloside

This compound is found in many species of the Rubiaceae
family—for example, sweet woodruff (Galium odorata) and
cleavers (G. aparine). It has a laxatve action.*

OH

Fig. 6.27. Asperuloside

Aucubin

Common in many families of dicotyledons, aucubin has
laxative and diuretic properties. The aglycone, aucubi-
genin, shows antimicrobial and antiturnor activities, but is
toxic to mammals.**

Gentiopicrin (gentiopicroside)

This is found in the roots of Gentiana lutea and in other
plants of the Gentianaceae family. It has demonstrated
antimalarial activity.’

Harpagoside

Found in the roots of devil’s claw (Harpagophytum procum-
bens), in the rhizomes of Chinese figwort (Scropbularia
buergeriana), and in some Lamium species, harpagoside
demonstrates analgesic activity.*’ It is also extremely bitter.
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Fig. 6.28. Harpagoside

F

COH

Fig. 6.29. Valerenic acid

Valerenic Acid

This compound is well known because of its occurrence
in Valeriana officinalis, in which it contributes to the herb’s
antispasmodic activity.’®

[¢) OCH3

Fig. 6.30. Verbenalin

Verbenalin

Verbenalin is found in Verbena officinalis. Its activity
weakly resembles that of ergot in promoting uterine con-
tractions. It is also a mild parasympathomimetic agent,
gently relaxing the autonomic nervous system.*”

SESQUITERPENES

The sesquiterpenes are derived from three isoprene units.
Based on biogenetic origin, there are more than 200 dif-
ferent structural types of sesquiterpenes, and several
thousand such compounds are known.*

Classification of Sesquiterpenoids
These compounds can be conveniently classified into
three main groups according to structure: acyclic (e.g.,
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farnesol), monocyclic (e.g., bisabolol), and bicyclic (e.g.,
caryophylene).

CHa CH, CHy
CH,OH
AN X AN e
HaC
Fig. 6.31. Farnesol

CHs
OH CH,

CHy

CHj
Fig. 6.32. Bisabolol

One large group of sesquiterpenes, made up of those with
an additional lactone function, is discussed later in this
chapter under the heading Sesquiterpene Lactones.

In addition to higher plants, sesquiterpenes are well
represented in bryophytes, fungi, microorganisms, and
some marine animals and insects. It appears that this class
of molecules fulfills a number of ecological roles.

* A number of sesquiterpenes are involved in allelopathic
plant-plant interactions. This is a chemical process by
which plants attempt to keep other plants from com-
peting for growing space and resources. Plants that
employ allelopathy include black walnut, Artemisia
species (wormwood and various sagebrushes), sun-
flower, and tree of heaven.

* Sesquiterpenes can act as fungal pheromones, or chemi-
cal attractants. For example, sirenin is involved in the
attraction of gametes in fungi of the genus Allormyces. In
addition, a number of sesquiterpenes have roles as
pheromones in insects.

* Several sesquiterpenoid phytoalexins have been found,
mostly in the Solanaceae family. Phytoalexins are
formed as chemical responses to infection or infesta-
tion in plants.

* Many sesquiterpenes play a defensive role as allomones
in plant-insect and plant-fungal interactions. Alormones
are chemicals produced by one species that act on an-
other species.

B-caryophylene

p-caryophylene occurs as a mixture of a-caryophylene
and isocaryophylene in many essential oils, such as oil of
clove, prepared from the dried flower buds of Syzygium
aromaticum, and oil of copaiba, the oleoresin from species

of Copaifera. a-caryophylene is synonymous with humu-
lene. B-caryophylene is widely used in perfumery.*!

CHj;
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H,C——CHj,
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H,C HaC

Fig. 6.33. Caryophylene Fig. 6.34. Chamazulene

Chamazulene

Chamazulene is a component of the blue oil produced by
steam distillation of chamomile Marricaria recutita),
wormwood (Artemisia absinthium), and yarrow (Achillea
millefolium). In addition, sesquiterpene lactones found in
these plants are converted to matricin and achillin during
distillation. Chamazulene has anti-inflammatory and anti-
pyretic activities.*

Gossypol

Gossypol occurs in a racemic form in the seeds of cotton
(Gossypium spp.), meaning that it is a mixture of dextroro-
tatory and levorotatory isomers in such proportions that
the mixture has no optical activity.

Gossypol has demonstrated antifungal and antitumor
activities. However, it is toxic to nonruminant mammals,
birds, insect larvae, nematodes, and other animals. In
mammals, it causes loss of body weight, diarrhea, cardiac
irregularity, hemorrhage, edema, and other ill effects.
Because it can block sperm formation, it may act as a male
contraceptive.®
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Fig. 6.35. Gossypol Fig. 6.36. Guaiazulene
Guaiazulene

Guaiazulene is a component of the blue oil produced dur-
ing the steam distillation of chamomile (Matricaria recu-
tita) and guaiac wood (Guaiacum officinale or G. sanctum),
formed from structurally related substances present in
these plants. It has anti-inflammatory activity.*

Humulene

This is a constituent of many essential oils, including hops
(Humulus lupulus). Humulene is used in perfumery.®
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Fig. 6.37. Humulene

Fig. 6.38. Zingiberene

Zingiberene

Zingiberene occurs in the rhizomes of ginger (Zingiber of-
ficinale) and in the related Curcuma species. Oil of ginger
has a carminative activity. It is used as a flavoring agent.%

SESQUITERPENE LACTONES

Sesquiterpene lactones are a class of natural sesquiter-
penes, distinct from other members of the group because
of the presence of an a-lactone system.

Fig. 6.39. Sesquiterpene lactone skeleton

Sesquiterpene lactones are biologically very active.
Some are highly toxic to mamnmals, and others can cause
allergic contact dermatitis in humans handling the plants
in which they occur. Many have antitumor activity, but
their considerable cytotoxicity has prevented any specific
medicinal application.

At least 3,000 lactones have now been described. The
great majority of these have been obtained from a single
plant family, Asteraceae, in which they are characteristic
constituents. Lactone constituents have been reported
occasionally in plants from 16 other angiosperm families,
most notably Apiaceae.?’

In Asteraceae plants, sesquiterpene lactones are
found mainly in the aerial parts of the plant (the leaves
and flowering heads) in concentrations of about 5% of
the dry weight. Certain species store large amounts of
sesquiterpene lactones in glandular hairs called trichosmnes.
When touched, the glands release the sesquiterpene lac-
tones, which then elicit their various biological or phar-
macological effects.

Sesquiterpene lactones are frequently present in mix-
tures of up to 15 components per plant species. Infra-
specific variations can occur, notably in some Artemisia
and Ambrosia species.

TERPENES > 69

Classification of Sesquiterpene Lactones

Sesquiterpene lactones are classified into four major
groups.

* Germacranolides, with a 10-membered ring (e.g., ala-
tolide, the largest class)

* Eudesmolides, with two fused 6-membered rings (e.g.,
alantolactone)

* Guaianolides, with a S-membered ring fused to a 7 and
a methyl substituent at C-4

* Pseudoguaianolides, which have the same characteris-
tics as guaianolides, but with a methyl substituent at
C-5 (e.g., ambrosin)

o} [¢]

Fig. 6.40. Germacranolide Fig. 6.41. Eudesmanolide

0.
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Fig. 6.42. Guaianolide

Pharmacology and Uses
The antineoplastic activity of sesquiterpene lactones in
the Asteraceae has led to the identification of structure-
activity relationships that show that all cytotoxic, anti-
leukemic, tumor-inhibiting, and immunostimulating
sesquiterpene lactones have an a,B-unsaturated exocyclic
lactone.*®

Various sesquiterpene lactones exhibit antibacterial,
antifungal, anthelmintic, antihyperlipidemic, and cardio-
vascular properties, and some show anti-inflammatory ac-
tivity.*? Judaicin, found in Artemisia judaica, has demon-
strated potential as a digitalis-like cardioactive agent.

The migraine-preventive activity of feverfew has
been attributed to its content of sesquiterpene lactones, of
which parthenolide is the major component. Parthenolide
comprises 85% of the total sesquiterpenes in feverfew. All
of the feverfew sesquiterpenes that demonstrate anti-
migraine activity are classified as germacranolide-type
sesquiterpenes.
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Toxicity

The sesquiterpene lactones are highly irritating to the
nose, eyes, and gastrointestinal tract of sheep and goats.
Plants that contain sesquiterpene lactones kill thousands
of sheep each year in the United States. Among the toxic
sesquiterpene lactones identified are tenulin in Helenium
(bitter and hymenoxon in
Hymenoxys odorata (bitter rubberweed). Mammalian toxi-
city has also been attributed to alantolactone from ele-

amarum sneezeweed)

campane (Tnula helenium).’® For more information on the
toxicity of sesquiterpene lactones, see chapter 10.

Ranunculosides

Ranunculosides are sesquiterpene lactone glycosides that,
upon hydrolysis, split up into ranunculin and glucose.
Ranunculin is then converted into an unsaturated lactone,
protoanemonin. Protoanemonin is very unstable, but on
drying it is converted into anemonin, which is further
converted into anemonic acid. Protoanemonin is toxic; its
derivatives are not.’! Ranunculin, protoanemonin, and
anemonin have medicinal properties; anemonic acid does
not. Please refer to chapter 10 for a discussion about the
toxicity of ranunculosides.

Plants Containing Ranunculosides
Christmas rose (Helleborus niger)
Field buttercup (Ranunculus acris)
Globe flower (Tiollius europacus)
Marsh marigold (Caltha palustris)
Pasqueflower (Pulsatilla vulgaris)
Wood anemone (Anemone nemorosa)

Absinthin (absinthiin)
This is the main bitter principle in wormwood, Artemisia
absinthium.

Wormwood is used as an anthelmintic, as a bitter
tonic, and for flavoring vermouth.>?

HyC OH

Fig. 6.43. Absinthin

Fig. 6.44. Achillin

Achillin (santolin)
Achillin is found in yarrow (Achillea millefolium and other
Achillea spp.) and in several Artemisia species. It functions

as a plant growth inhibitor. During steam distillation,
achillin is converted into chamazulene, which has ant-
inflammatory properties.*®

CH,

CH CH,

Fig. 6.45. Alantolactone Fig. 6.46. Artemisinin
Alantolactone

Alantolactone occurs in oil of elecampane (Inula belenium)
and other Inuia species. Helenin (a mixture of alantolac-
tone and isoalantolactone) has antibacterial and antifun-
gal activities. Although alantolactone causes allergic con-
tact dermatitis in humans, it has been employed as an
expectorant, a cholagogue, and a urinary tract antiseptic.
It has also been used to stimulate intestinal secretion and
as a vermifuge against the liver fluke (Fasciola hepatica).>*

Artemisinin (qing hau sau, quinghaosu)

Artemisinin, an antimalarial agent, occurs in Artemisia
annua (ging bau or sweet Annie). It has demonstrated tox-
icity against chloroquine-resistant strains of various
species of mosquito (Plasmodium falciparum, P. vivax, and
P ovale) in in vitro and in vivo tests. Artemisinin is used
clinically in China for the treatment of malaria.” It also
has potential as an anticancer agent.

Eupacunin

Eupacunin is found in the stems, leaves, and flowers of
Uncasia cuneifolia and Eupatorium lancifolium. It has
demonstrated cytotoxic and antitumor activities.’

Fig. 6.47. Eupacunin

Inulicin

Occurring in Inula japonica (Japanese elecampane), in-
ulicin has antiulcer actions as well as capillary-strength-
ening and diuretic properties. Inulicin also stimulates the
activity of the central nervous system and the smooth
muscles of the intestine.’’
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Fig. 6.49. Lactucin

Fig. 6.48. Inulicin

Lactucin

Lactucin occurs in various wild letruce species, including
Lactuca serriola and L. virosa, and in chicory (Cichoriums in-
tybus). It demonstrates cytotoxic and antitumor activi-
ties.*® Lactucin has a sedative action and is a bitter tonic.

Matricin
Matricin is found in chamomile (Matricaria recutita) and
in several Achillea species. It is a precursor of chamazu-
lene, an anti-inflammatory compound formed from ma-
tricin and achillin during steam distillation of the plant
material.

H,C

Fig. 6.50. Matricin

Fig. 6.51. Parthenolide

Parthenolide

This compound is found in glands on the leaf surface of
feverfew (Tanacetum parthenium), in several Ambrosia and
Arctotis species, and in other members of the Asteraceae
family.”

Parthenolide has demonstrated cytotoxic, antitumor,
antibacterial, and antifungal activities. It is a primary ac-
tive principle of feverfew, which is used in the treatment
of migraine.

DITERPENOIDS

The diterpenoids are C,; molecules derived from four iso-
prene units, but modifications during the later stages of
synthesis produce a wealth of different structures. Diter-
penes share many chemical properties with sesquiterpenes,
but are usually crystalline solids rather than liquids.

Classification of Diterpenes

Diterpenes are classified according to the number of ring
systems present.® In addition, they form either acyclic or
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macrocyclic substances. Many diterpenes have additional
ring systems, which occur in side chains, in ester substi-
tutions, or as epoxides. Some have 6-membered rings that
have undergone aromatization, while others have fused 5-

and 7-membered rings.

Acyclic Diterpene

PG PP

Fig. 6.52. Phytane

Bicyclic Diterpenes

sl

Fig. 6.53. Labdane Fig. 6.54. Clerodane

Tricyclic Diterpenes

ssi-<d

Fig. 6.55. Primarane Fig. 6.56. Abiatane

Tetracyclic Diterpenes

Fig. 6.58. Gibberellane

Fig. 6.57. Kaurane

Macrocyclic Diterpenes

C 0

Fig. 6.59. Cembrane Fig. 6.60. Lathyrane
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Fig. 6.61. Tigliane Fig. 6.62. Taxane
Occurrence and Distribution

Diterpenes are principally found either in higher plants
or in fungi. Phytol is universal in higher plants, where it
is associated with chlorophyll. Practically all other diter-
penes, however, are of very restricted distribution. They
are rarely found as glycosides, so the triglucoside stevio-
side, from Stevia rebaudiana, is exceptional. This remark-
ably sweet-tasting compound is marketed in Japan as a
sweetening agent.

General Properties of Diterpenes

Like all groups of terpenes, diterpenes have demonstrated
a range of pharmacological properties:4:¢2

* Analgesic

* Antbacterial

e Andfungal

* Anti-inflammatory
* Antineoplastic

* Antiprotozoal (active against Leishmania)
* Cardiotonic

¢ Cytotoxic

* Enzyme inhibitor
* Insecticidal

e Skin irritant

* Sweetening agents

While few diterpenes are currently used in orthodox
medicine, they may be pivotal to the efficacy of a number
of medicinal plants.

* The expectorant properties of Grindelia spp. and hore-
hound (Marrubium vulgare) may be attributed to their
diterpene content.

* A range of cardiovascular activities has been demon-
strated for forskolin from Coleus forskoblii, as discussed
in detail in chapter 9.® Diterpenoid quinones from
Salvia miltiorrhiza have also demonstrated cardiovas-
cular acuvities.

* A unique and very active hallucinogen found in the
leaves of Salvia divinorum is a nonnitrogenous diter-
pene, salvinorin A. Since all other molecules that have
this property contain nitrogen, this finding is very
intriguing.

Fig. 6.63. Salvinorin A

A number of diterpenoids are very toxic, especially
the tigliane-type phorbol esters of croton oil and
Euphorbia latex, which are notable for their irritant and
cocarcinogenic properties. The phorbol esters are being
actively studied for insights that might be gained into the
cancer process.®

Cafestol

This is the main constituent of the nonsaponifiable por-
tion of coffee bean oil, from Coffea spp. Cafestol has anti-
inflammatory properties and induces the activity of the
detoxifying enzyme glutathione-S-transferase.®’

OH CH,
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Fig. 6.64. Cafestol Fig. 6.65. Carnosol
Carnosol

Carnosol is found in sage (Salvia officinalis) and in rose-
mary (Rosmarinus officinalis). It was traditionally used as an
aromatic bitter.%

Coleonol
Coleonol, from the leaves of Coleus forskohlii, has demon-
strated hypotensive activity.%’ (See chapter 9 for a detailed
discussion of the cardiovascular properties of Coleus
Sorskohlii.)
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Fig. 6.66. Coleonol

HsC CHy  OH o
Fig. 6.68. Forskolin

Columbin

This very bitter substance is found in columba root
(Fateorbiza palmata). The roots of 7. palmata are used for
the preparatdon of a bitter tonic, called Radix Columba in
various European pharmacopoeias.

Forskolin

Found in the roots of Coleus forskohlii, forskolin demon-
strates cardiovascular activity.®®

Geranylgeraniol
Found in flax or linseed oil (Linum wusitatissimum), the
diphosphate of geranylgeraniol is the biogenetic precur-
sor of diterpenes.

CH, CHy CH, CHy
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Fig. 6.69. Geranylgeraniol

Ginkgolide A
Found in the root bark and leaves of Ginkgo biloba,

ginkgolide A and related ginkgolides are bitter substances
with bronchodilating and antiasthmatic properties.®
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Fig. 6.70. Ginkgolide A

Grindelic Acid
This labdane skeleton-based diterpene found in Grindelia
spp. may be implicated in the herb’s respiratory properties.

CO,H

Fig. 6.71. Grindelic acid

Fig. 6.72. Marrubiin

Marrubiin

A bitter principle found in horehound Marrubium vul-
gare), marrubiin is generated from premarrubiin as an ar-
tifact of the extraction process. M. vulgare is used as an
expectorant.””

Phytol

Phytol occurs in all chlorophyll-containing plants as an
ester of the propionic side chain of chlorophyll. Phytol is
used in the preparation of vitamins E and K.7!

CHy CHy CH CHy
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Fig. 6.73. Phytol

Premarrubiin

Premarrubiin, which occurs in horehound Marrubium
vulgare), is converted into marrubiin during the extrac-

7 No

tion process.
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Fig. 6.74. Premarrubiin
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Stevioside

Found in the leaves of Stevia rebaudiana, stevioside is a
glycoside that is about 300 times sweeter than sucrose.
The aglycone steviol shows a gibberellin-like growth hor-
mone activity.’?

Fig. 6.75. Stevioside

Zoapatanol

Zoapatanol is found in the leaves of the Mexican zoapatle
tree (Montanoa tomentosa). The compound possesses anti-
fertility activity, and has been used in Mexico to prepare a
tea to induce menses and labor.”?

CH,-OH
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Fig. 6.76. Zoapatanol

SAPONINS

‘The saponins are a group of plant glycosides in which
water-soluble sugars are attached to either a lipophilic
steroid (C,;) or triterpenoid (Csg).”* This hydrophobic-
hydrophilic asymmetry means that these compounds have
the ability to lower surface tension, and are soaplike.
They form foam in aqueous solutions and cause hemoly-
sis of blood erythrocytes in vitro. The aglycone portion of
the saponin molecule is called the genin or sapogenin.

Classification of Saponins

Depending on the type of genin present, the saponins fall
into three major classes.”

¢ Triterpene glycosides
* Steroid glycosides
e Steroid alkaloid glycosides

The aglycones normally have a hydroxyl group at C-3,
and certain methyl groups are frequently oxidized to

hydroxymethyl, aldehyde, or carboxyl groups. The sugar
component may be linear or branched, and the largest
number of monosaccharides found in any saponin is 11
(in clematoside C, from Clematis manshurica). However,
most saponins have relatively short, unbranched sugar
chains containing two to five monosaccharides. Common
monosaccharides found include D-glucose, D-galactose,
D-glucuronic acid, D-galacturonic acid, L-rhamnose,
L-arabinose, D-xylose, and D-fructose.

The types of saponin glycosides are further classified
as follows.

* Monodesmosidic saponins have a single sugar chain, nor-
mally attached at C-3.

® Bidesmosidic saponins have two sugar chains, often with
one attached through an ether linkage at C-3 and an
ester linkage at C-28 (triterpene saponins) or an ether
linkage at C-26 (furostanol saponins).

o Tridesmosidic saponins have three sugar chains and are
seldom found.

A striking feature of saponins is the great difference in
the type of propertes displayed by mono- and bidesmo-
sidic saponins. The bidesmosides either lack or show
much less activity than the corresponding mono-
desmosides. However, the surface activities of the saponins
(their ability to lower surface tension) remain unchanged
whether they are bidesmosides or monodesmosides.

Biosynthesis of Saponins

Saponins are built up of six isoprene units and have a
common origin in that they are all derived from squalene.
Other important classes of secondary metabolites, such as
phytosterols, cardenolides, cucurbitacins, quassinoids,
and limonoids, are also derived from squalene.’

H;Cw ‘\)\//\/ WW e
Fig. 6.77. Squalene

Herbs Containing Saponins

Achillea millefolium (yarrow)

Aralia nudicaulis (wild sarsaparilla)

A. racemosa (spikenard)

Arctium lappa (burdock)

Astragalus membranaceus (astragalus)

Calendula officinalis (calendula or pot marigold)
Caulophyllum thalictroides (blue cohosh)
Chionantbus virgimicus (fringetree)

Codonopsis spp. (codonopsis)



Digitalis purpurea (foxglove)
Dioscorea villosa (wild yam)
Eleutberococcus senticosus (Siberian ginseng)
Gentigna lutea (gentian)
Glycyrrbiza spp. (licorice)

Panax ginseng (Korean ginseng)

P. quinquefolius (American ginseng)
Phytolacca americana (poke)
Polygala senega (Seneca snakeroot)
Rumex crispus (yellow dock)

Salvia officinalis (sage)

Swmilax spp. (sarsaparilla)
Symphytum officinale (comfrey)
Taraxacum officinale (dandelion)
Verbascum: thapsis (mullein)

Occurrence and Distribution

Saponins are extremely widely distributed in flowering
plants and have been identified in more than 100 fami-
lies.”” They are found in many plants that are used as
human food, including soybeans, chickpeas, peanuts,
mung beans, broad beans, kidney beans, lentils, garden
peas, spinach, oats, eggplant, asparagus, fenugreek, garlic,
sugar beets, potatoes, green peppers, tomatoes, onions,
tea, cassava, and yams. They also occur in leguminous
forage species, such as alfalfa.

The actual saponin content of a plant depends on
many factors, including the cultvar, age, physiological
state, and geographical location of the plant. There can
be considerable variation in the composition and quantity
of saponins in plants growing in different places. Saponin
distribution among the organs of a particular plant also
varies considerably. The flowers of Calendula officinalis
contain 3.57% saponins, and the roots 2.55% (dry
weight). Ginsenoside levels in Panax ginseng are lowest in
the leafstalks and stem (0.77%), higher in the main root
(1.3%) and lateral roots (3.5%), and highest in the Jeaves
(5.2%) and root hairs (6.1%).7®

The fact that saponins are localized in organelles that
have a high metabolic turnover rate implies that they are
not simply ballast material, but may be physiologically
significant constituents that play important regulatory
roles in the metabolism and development of the organism.

There is not always a clear explanation for the high
saponin content of some plants, which may consist of up
to 30% saponins. One theory is that they serve as protec-
tion for the plant against fungal attack, as there is often an
increase in saponin content in the part of the plant under
microbial attack.

Researchers have proposed that bidesmosidic sapo-
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nins, which are soluble in water but frequently lack some
of the other typical properties of saponins, serve a trans-
port function between the organs not at risk (e.g., leaves)
and those parts of the plant (e.g., roots, bark, seeds) under
attack by microorganisms. When plant tissue is damaged,
the enzymes released act on the bidesmosidic saponins.
Once transformed into their monodesmosidic derivatives,
the saponins can provide a defense against microbial in-
vasion at the threatened area.

General Properties of Saponins

The material that follows on general and more specific
properties of this large group of secondary plant con-
stituents was derived from two primary references:
Saponins, by Hostettmann and Marston, and an extensive
review of saponin research by Lacaille-Dubois and
Wagner.”% Refer to these works for more details.

Saponins have three comumon properties: bitter taste,
hemolytic activity, and an ability to form stable foams
when shaken in water. This latter surface-acting or “de-
tergent” effect may be a key to their physiological prop-
ertes. They are typical glycosides, with the aglycone (the
sapogenin) occurring as a polycyclic ring.

Saponins have demonstrated numerous pharmaco-
logical properties. However, it is important to remember
that the specific actions enumerated below do not occur
in a vacuum, but rather are interrelated at the metabolic
level in both the plant and the person. The list of biolog-
ical activities associated with saponins is also very long.
Some of these characteristics, such as fungicidal and pis-
cicidal effects, have been known for many years, and new
activities are continually being discovered. However, cau-
tion is needed when extrapolating from in vitro or in vivo
studies to human applications.

Pharmacological and Biological Properties
of Saponins

* Adaptogenic

* Alterative/tonic

* Anthelmintic

* Antifungal

* And-inflammatory

* Antimicrobial

* Antulcerogenic

* Capillary-strengthening
* Cholesterol-lowering
* Diuretic

¢ Expectorant

* Hemolytic

* Hepatoprotective
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* Hormone-modulating

* Immunomodulating

* Molluscicidal

¢ Piscicidal

* Spermicidal and contraceptive

Pharmacological Properties
Local Effects

The detergent effect is important in understanding the ac-
tions of saponins upon skin and membranes. Many wound-
healing herbs are rich in saponins, including Calendula
officinalis. The expectorant and diuretic properties of
saponin-rich herbs such as Polygala senega and Primula spp.
may be related to the saponins’ irritant effects on mucous
membranes of the respiratory and urinary tracts.

Hemolytic Effects

Saponin aglycones can increase the permeability of mem-
branes. They bring about hemolysis by destroying the
membranes of red blood cells, thus releasing the
hemoglobin. When saponins are taken orally, this effect is
nullified in the stomach before the aglycones enter the
bloodstream. Low concentrations of saponins are capable
of destroying (lysing) erythrocyte membranes, causing a
release of hemoglobin. This phenomenon occurs through
a reduction of surface tension between the aqueous and
lipid phases of the erythrocyte membrane, which causes
emulsion of the lipids and their subsequent departure
from the membrane. Na" and water are able to enter the
cell through the holes in the membranes, while K* exits
the cell. This flux occurs until the membrane ruptures
and hemoglobin is shed into the plasma.

Cholesterol Metabolism

Saponins reach the human body in relatively large
amounts as a result of the intake of foods rich in these gly-
cosides. The cholesterol-lowering effects of saponins are
well documented but poorly understood. One theory is
that they form insoluble complexes with cholesterol in
the gut, thus limiting assimilation. New research suggests
that they may have an effect (or effects) upon systemic
cholesterol metabolism.

Triterpene glycosides given to hens in their feed ap-
pear to decrease the amount of cholesterol in both blood
and tissues. One possible explanation for this effect is that
the triterpene glycosides form an insoluble complex with
cholesterol in the digestive tract; this complex is subse-
quently eliminated from the body. It is also possible that
the glycosides exert a direct effect on cholesterol
metabolism.

Cardiovascular Activities

Saponins are able both to increase the permeability of cell
plasma membranes and to cause positive inotropic effects
in isolated cardiac muscles. Panaxatriol saponins from
Panax notoginseng have demonstrated antiarrhythmic ac-
tions in rats and rabbits. The antihypertensive activity of
some ginseng saponins is attributed to a vascular relaxant
effect; they appear to block Ca?" channels without affect-
ing voltage-operated Ca?’ channels or Ca?" release from
the intracellular store. Crude saponins from Panax noro-
ginseng have also shown vasodilatory effects.

Effects on the Adrenocorticotropic System

Many saponins can induce the release of adrenocorti-
cotropic hormone (ACTH), but this is not considered to
be a general property of triterpene saponins. The gin-
senoside Rbl both induces corticosterone release and
stimulates ACTH secretion in cultures of pituitary cells.

Anti-Inflammatory Activities

Substances with anti-exudative and anti-edematous prop-
erties form a subgroup of anti-inflammatory agents in
that they influence the earlier stages of inflammation. In
some cases, the anti-inflammatory action of these sub-
stances seems to be independent of the pituitary-adrenal
axis, while in other cases, the drugs appear to exert a di-
rect action on the adrenal cortex (for example, gly-
cyrrhetinic acid).

When given parenterally, the saponin mixture aescin,
from horse chesmut (Aesculus hippocastanum), has been
shown to be 600 times more effective than rutin in re-
ducing rat paw edema. No effect was observed, however,
after oral applicadon.

Effects on Capillary Fragility and Venous
Insufficiency

Saponins that decrease capillary fragility also have a ben-
eficial effect on capillary permeability. Weakness of the
blood vessels (especially veins) can lead to several compli-
cations. Enlarged veins can contribute to the develop-
ment of hypertension. Increased blood vessel permeabil-
ity can result in edema or reduced blood flow, increasing
the risk of thrombosis. Related disorders include hemor-
rhoids and varicose veins.

Certain saponin-containing plants, such as horse
chestnut (esculus hippocastanum,), have capillary-protective
properties that reduce capillary fragility.

Substances that affect the veins can be divided into
three major categories of activity.



1. Substances that strengthen the veins by either re-
ducing or increasing venous cross-sectional area
Diuretic agents

3. Agents that protect against edema, thus decreasing
capillary permeability

Antiulcer Activity

Pharmacologically, the best known saponin-containing
antiulcerogenic herbs is licorice (Glycyrrhiza glabra), al-
though we now know that active constituents other than
glycyrrhizin also contribute to its antiulcer effects. These
are flavonoids, such as licoflavonol, licoricone, and ku-
matekenin. Flavonoids do not inhibit gastric acid secretion,
but are instead believed to exert their antiulcerogenic ef-
fects by promoting mucus formation, directly activating
gastric membrane protective factors, or stimulating in-
herent protective mechanisms via irritation of the gastric
mucosa.

Immunomodulation

Saponins belong to the classes of substances that have an
effect on the human immune system. (Other important
immunomodulators are lipids, lectins, polysaccharides,
and fungal polysaccharides.) Immunomodulating saponins
enhance both humoral and cellular immune responses; the
immunostimulant effects of saponins used as adjuvant
therapies do not depend solely on an increased uptake of
antigen.

Saponins can form ordered, particulate structures
around 35 mm in diameter (about the size of a virus par-
ticle) with the surface protein from enveloped viruses.
These have been named imsnunostimulating complexes
(ISCOMs). ISCOM vaccines have been developed against
a number of viruses, including influenza, measles,

Epstein-Barr, and HIV-1.%!
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Some of the nonspecific effects of immunostimulant
saponins may occur as a result of their irritant properties.
This so-called induction of paramunity can be provoked
via the oral route or through the mucous membranes of
the respiratory, digestive, and urogenital systems.

Since saponins taken by mouth have low bioavailability,
itis unclear how they work to stimulate the immune system,
whether through enhanced cell proliferaton, induction of
helper T' cell activity, or B cell activation. One theory sug-
gests that an initial impact on mucosal immune system
components leads to secretion of immune system media-
tors, which then initiate a multitude of cellular events.

Fig. 6.78. Triterpene class

Expectorant and Antitussive Activities
Saponins possess a general and nonspecific ability to pro-
duce local irritation, especially of mucous membranes.
"This can take place in the nasal cavity, the throat, the
bronchi, the lungs, and in kidney epithelia.

The expectorant activity of saponin-containing herbs
such as Polygala semega, Primula spp., and Glycyrrbiza
glabra is attributed at least in part to local irritation of
mucous membranes, although their mechanism of action
is not clear. The irritation of the throat and respiratory
tract caused by these saponins may increase respiratory
fluid volume by drawing more water into the bronchial

Immunomodulators

The category of agents known as immunomodulators includes immunostimulants, which boost the ac-
tivity of an organism'’s immune system, and immunosuppressive factors, which block the activity of the
immune system. Immunostimulants are employed during chemotherapy, in the treatment of infec-
tious diseases, and to stimulate the immune response after vaccination. Immunosuppressive agents are
used in the treatment of autoimmune diseases and allergies and to help prevent transplant rejections.

Immunomodulators can be further divided into two categories, specific and nonspecific. Specific
immunomodulators are generally used as adjuvant therapy, while nonspecific immunostimulants are
administered on their own in order to elicit a generalized state of resistance to pathogens or tumors.

Immunostimulants work by increasing phagocytosis by granulocytes and macrophages, activating
helper T cells, and stimulating cell division and transformation in lymphocytes. Immunosuppressive
agents activate suppressor cells and have cytotoxic effects on other cells.
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secretions, thus diluting the mucus and reducing its vis-
cosity. Alternatively, the surface activity of the saponins
may render the sputum less viscid, making it more mobile
and easier to eject. Another possibility is that the am-
phiphilic nature of saponins causes them to spread out as
a monomolecular film at the back of the throat and sub-
sequently aid elimination of mucus. Saponins are consid-
ered amphiphilic because one end of the molecule is hy-
drophilic (water loving, or polar) and the other is
hydrophobic (water bating, or nonpolar).

Diuretic Activity

The diuretic action of many saponins can be traced back
to local irritation of kidney epithelia. Plants with diuretic
activity due at least in part to their content of saponins
include Astragalus membranaceus, Herniara glabra, H. bhir-
suta, Solidago virgaurea, S. gigantea, S. canadensis, Elymus
repens, Betula pendula, B. pubescens, Equisetum arvense, and
Viola tricolor.

The diuresis caused by some saponin-containing
plants, such as Ononis, Herniara, Berula, and Solidago
species, is relatively mild. In these plants, the effect may
originate from the combined influence of saponins,
flavonoids, and essential oils.

Antbelmintic Activity

Some saponin preparations have a practical use as an-
thelmintics in traditional medicine systems. In fact, a
large number of saponins exhibit anthelmintic activities,
but many find no practical application because of the par-
allel irritation of mucous membranes.

Spermicidal and Contraceptive Activities

In the ongoing effort to find new sources of contraceptive
agents, numerous medicinal plants have been investigated
for antifertility effects. Saponins have a variety of impor-
tant activities in this area, including spermicidal effects.
The mechanism of action here probably involves a dis-
ruption of the spermatozoid plasma cell membrane, sim-
ilar to the action of the commercially available spermicide
nonoxynol-9.

Other Effects

Saponins may help protect the liver through some impact
upon the Kupffer’s cells, immune system cells found in
the liver. Saponins from Panax ginseng, Buplewrum falcatum,
licorice (Glyeyrrhiza spp.), alfalfa (Medicago sativa), and soy
(Glycine max) have all demonstrated this property.?
Saponins appear to have a profound yet little under-
stood stimulating effect upon the reticuloendothelial

system and the white cell macrophages of the mononu-
clear phagocyte system (MPS). In biochemical terms, the
MPS removes a great deal of waste martter from the
blood—in other words, it “cleanses” the blood. This
sounds a bit like classic alterative activity! Some saponin-
containing herbs have also been shown to stimulate the
production of interferon in the body. In addidon, exam-
ples of saponins with adaptogenic properties are found in
Eleutherococcus senticosus and Panax species.

Saponins have a reputation for bitterness. For exam-
ple, the seed coat of quinoa (Chenopodium quinoa) contains
bitter saponins that must be removed before cooking.
Similarly, partially acetylated soyasaponins are responsi-
ble for the bitter and astringent taste of soybeans (Glycine
max). Saponins also impart a bitter taste to asparagus
(Asparagus officinalis) so that the bottom cut must be dis-
carded during processing. However, there are exceptions.
For example, glycyrrhizin, the principal saponin in
licorice, is about 50 times sweeter than sucrose.

Biological Effects
Molluscicidal Activity

Saponins have a pronounced action against mollusks. The
mechanism of this toxicity is thought to involve the bind-
ing of the saponin to the gill membranes, which causes an
increase in their permeability and a subsequent loss of im-
portant electrolytes. Saponins are also toxic to insects.

The toxicity of saponins to snails has stimulated great
interest in their potential for controlling schistosomiasis,
a tropical parasitic disease affecting approximately 250
million people worldwide. Snails are directly implicated
in the transmission of this disease, as they act as interme-
diate hosts during the life cycle of the parasite.

Plants that contain saponins are among the most
promising for large-scale application against the schisto-
somiasis parasite for a number of reasons.

* High molluscicidal activity

* Low oral toxicity

* Wiater soluble

Widely distributed in the plant kingdom
Frequently occur in large amounts in plants

Piscicidal Activity

The ability of some plants to act as fish poisons has been
exploited for many hundreds of years. Death of fish re-
sults from damage to the gill capillaries. The gills not
only are respiratory organs, but also play a crucial role in
the regulation of ion balance and osmotic pressure.



Fungicidal Activity

The strongest fungicidal activities have been found in
monodesmosidic saponins. Those with four or more sug-
ars in the chain show the greatest degree of activity;
shorter carbohydrate chains lead to lower water solubility
and weaker antifungal activity. One mechanism proposed
to explain the antifungal activity of saponins suggests that
the saponins form complexes with sterols in the plasma
membrane of the fungi, thus destroying the cellular
semipermeability and leading to death of the cell.
Another theory holds that the saponins themselves are in-
active and comprise only water-soluble transport forms.
The aglycone, or active membranolytic component,
forms only in the presence of cell membrane glycosidases.

Triterpenoid Saponins

Triterpenoid sapogenins have S-ring structures. Sugars
are commonly attached at the 3-hydroxyl position. They
are frequently present in plants as a complex mixture of
closely related glycosides based on one or more triter-
penoid sapogenins. They are usually found in all parts of
the plant, with some concentration in root, foliage, or
seed. Recently, triterpene saponins have been isolated
from marine organisms.

Table 6.2. Pentacyclic Triterpenoid Saponin Herbs
and Actions

HERB ACTIONS

Aesculus hippocastanum Vascular tonic, anti-inflammatory

{horse chestnut)

Bupleurum falcatum (bupleurum)  Anti-inflammatory, antihepatotoxic

Ca/en.dula officinalis {calendula) Vulnerary, lymphatic, anti-

inflammatory

Glycyrrhiza glabra (licorice) Anti-inflammatory, demulcent,

expectorant, antiulcerogenic
Guaiacum officinale (guaiacum) Anti-inflammatory, diaphoretic
Polygala senega (Seneca snakeroot)  Expectorant
Primula spp. (primrose) Vary among species

Quillaja saponaria (quillaja) Emulsifying agent
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General Properties of Triterpenoid
Saponins

Triterpenoid saponins share the general properties of
saponins, with the addition of an ability to form com-
plexes with cholesterol.

¢ Bitterness

* Hemolytic activity

* Decrease surface tension (i.e., form stable foams)
¢ Formation of complexes with cholesterol

Triterpene saponins (especially bidesmosides) have
the ability to increase the solubility of water-insoluble
compounds. In addition, the saponins of Bupleurum falca-
tum can be solubilized by ginseng saponins. Saikosaponin A
is normally soluble at 0. 1 mg/ml in water, but when gin-
senoside Ro is added, this increases to 3.4 mg/ml.

Biological and Pharmacological Properties
of Triterpenoid Saponins

Antibacterial Activity

Although strongly antifungal, triterpene saponins have
virtually no antibacterial activity.

Antiviral Activity

Some antiviral actvity has been reported in in vitro stud-
ies. However, the therapeutic index is unfortunately low,
limiting the usefulness of triterpene saponins as isolated
constituents in humans.

Cytotoxic and Antitumor Activity

Cytotoxic activity has been documented in vitro for many
triterpenoid saponins, but their high toxicity has inhibited
their use in therapy. It must be remembered that there is a
big difference between whole plant activity and research on
isolated constituents. Please see chapter 9 for a discussion
on the effects of plant constituents on cancer processes.

Aescin

Found in the seed of the horse chestnut (desculus bippocas-
tanumy), aescin is also the collective name for the complex
mixture of more than 30 different saponins present in
horse chestnut. The main component (shown on page
80) makes up about 20% of the saponin content of the
complex.

Aescin has strong hemolytic activity and shows anti-
inflammatory and anti-exudative actions. It also inhibits
fungal growth and has demonstrated anticancer cancero-
static properties.®’
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Fig. 6.79. Aescin
Glycyrrhetic Acid

A sapogenin from the dried roots and rhizomes of
licorice (Glycyrrhiza glabra), glycyrrhetic acid has anti-
inflammatory and antiulcerogenic properties. It pos-
o sesses mineralocorticoid action, which can result in in-
by creased renal sodium resorption, leading to an increase

in blood pressure, hypokalemia, and water retention.®
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Fig. 6.80. Avenacin
Avenacin A-] CHs
Avenacin A-l is found in oats (Avena sativa). It demon- CH

strates hemolytic activity in animals and strongly inhibits on

pathogenic fungi in plants.
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Fig. 6.82. Glycyrrhetic acid
Cucurbitacin E

The cucurbitacins are triterpenoid saponins predomi- Glycyrrhizin

nantly found in the Curcubitaceae family, but also present ;¢ saponin from the roots and rhizomes of Glycyrrhiza

glabra induces the actvity of interferons. It is intensely
sweet, with a taste about 50 times sweeter than sucrose. It

in the Begoniaceae, Brassicaceae, Scrophulariaceae, and
others. They are a group of extremely bitter-tasting, oxy-
genated saponins derived from the cucurbitane skeleton.
They cannot be considered steroidal, since the methyl
from C-10 has moved to C-9. Pharmacological effects of

also has antiulcerogenic and expectorant properties.®®

the cucurbitacins and the plants containing them are very
varied:3!

* Andfertility (in female mice) o
* And-inflammatory
* Bitter stimulant

CH3
* Cytotoxic, antitumor o ‘
. 0,
¢ Hepatoprotective /%o
¢ DPurgative M on o e S
OH o

e Stomachic

CHy

They may also play other biological roles as plant
growth regulators and insect feedants or antifeedants.
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OR

Fig. 6.83. Glycyrrhizin



Saikosaponin A
Saikosaponin A occurs in the roots of Bupleurum falcatum
and B. chinense.

The saponin fractions of these herbs demonstrate
anti-inflammatory and immunomodulatory activities.®’

Senegin I

This compound is found in the roots of Polygala senega. A
mixture of senegin II and related saponins from P. senega
shows anticancer and expectorant activities.®

Steroid Saponins

These saponins are similar to the triterpenoid saponins in
structure, biogenesis, and biological activity, but have
four rings. They also bear structural similarities to the
cardiac glycosides. The first natural source of steroid
saponins was foxglove (Digitalis purpurea), in which digi-
togenin co-occurs with the cardiac glycosides digitalin
and digitoxin.

Fig. 6.84. Steroid structure
and numbering system

Occurrence and Distribution

Steroid
Dioscoreaceae, Liliaceae, and Scrophulariaceae plant

saponins are present in the Agavaceae,
families. They resemble the triterpenoid saponins in the
number and location of their sugar components. The gly-
cosides can be difficult to purify, so sapogenins such as
diosgenin and yamogenin are better known than the cor-
responding saponins. Diosgenin, isolated from Dioscorea
roots, is a starting material for the partial synthesis of sex
hormones used in contraceptive pills, but does not act as a
precursor of “natural progesterone” in the human body—
an important distinction.

Steroid saponins are used as detergents, as foaming
agents in fire extinguishers, and as fish poisons. Their lack
of human toxicity is apparent in the fact that such saponins
occur in a number of food plants, such as asparagus.
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Table 6.3. Industrial Sources of Steroidal Saponins

HERB SOURCE MATERIAL FOR

Agave sisalana (sisal) Saponins for pharmaceuticals

Dioscorea spp. {wild yam) Saponins for pharmaceuticals

Glycine max (soy) Phytosterols

Ruscus aculeatus (butcher’s broom)  Cardiovascular, anti-inflammatory,

vasoconstrictor drugs
Smilax spp. (sarsaparilla) Saponins for pharmaceuticals

Trigonella foenum-graecum
{fenugreek)

Anti-inflammatory, hypotensive

drugs
Trillium erectum (beth root) Saponins for pharmaceuticals*

Yucca spp. {yucca) Saponins for pharmaceuticals

*Trillium erectum is unfortunately now an endangered species and should not be used.

Table 6.4. Sources of Cardioactive Saponins

HERB ACTIONS

Convallaria majalis (lily of the valley)  Cardioactive, diuretic

Digitalis spp. {foxglove) Cardioactive, diuretic

Helleborus niger (hellebore) Cardioactive, diuretic

Nerium oleander (oleander) Cardioactive, diuretic

Strophanthus kombe (strophanthus)  Cardioactive, diuretic

Urginea maritima (squill) Expectorant, cardicactive,

diuretic

General Properties of Steroidal Saponins
Many steroidal saponins share the core properties of the
larger class of saponins:

e Antifertlity

* Antihepatotoxic

* Anu-inflammatory

* Antimicrobial (fungicidal, anubacterial, antiviral)
* Capillary-strengthening

* Cytotoxic, antitumor

* Insecticidal and antifeedant

* Molluscicidal

* Piscicidal

* Plant growth inhibitors
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Astragaloside III

This compound from the roots of Astragalus mem-
branaceus has been shown to inhibit the formation of lipid
peroxidase induced by intraperitoneal administration of
adriamycin in rats. This suggests antioxidant activity.®

CHj

H,COH

OH
OH

Fig. 6.85. Astragaloside Il

Cimicifugoside

Found in some Cimicifuga spp., this has been found to be
a potent and selective inhibitor of nucleoside transport at
the plasma membrane site of mammalian cells in vitro.*°

/ye/o
OH
OH OH HyC CHy

Fig. 6.86. Cimicifugoside

Diosgenin

Diosgenin is obtained through acid hydrolysis of many
different saponins (for example, dioscin, deltonin, and
gracillin), from Dioscorea, Costus, Trillium, and Trigonella
species. It is used in the partial synthesis of hormones
having a steroid structure, such as pregnenolone and
progesterone.’!

HO

Fig. 6.87. Diosgenin

CH,

OH
OH

HOCH;' OH OH

OH

Fig. 6.88. Dioscin

Ginsenoside Re

Ginsenoside Re is found in Panax pseudoginseng and P. gin-
seng. Ginsenoside Re causes analgesic effects in mice at
doses of 10 mg /kg.”?

OH
M cHy,  O~Llo oH
CH,0H
HyC~7 0
OH
oH oH

Fig. 6.89. Ginsenoside Re

Ginsenoside Rf
This is found in the roots of Korean ginseng (Panax
ginseng).

C Lo
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Chy 0 Onad 1,01

H,COH OH

OH
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Fig. 6.90. Ginsenoside Rf



Ginsenoside Rg
This is another ginsenoside found in the roots of Korean
ginseng (Panax ginseng).

OH

OH
CHZOH

Fig. 6.91. Ginsenoside Rg

Ruscogenin

This compound, found in the rhizomes of butcher’s
broom (Ruscus aculeatus), is used in the treatment of hem-
orrhoids. Ruscosides A and B, partly identfied glycosides
of ruscogenin, decrease the cholesterol content of blood,
reduce lipid deposition in the aorta, and lower liver arte-
rial tension. They also show antiarteriosclerotic and hy-

potensive actions.”

CARDENOLIDES AND
BUFADIENOLIDES

The cardenolides and bufadienolides are two related
groups of Cy; and C,; steroids of triterpenoid origin. The
cardenolides are heart poisons that, when used in small
doses, are extremely valuable clinically for controlling
congestive heart failure.

Cardiac glycosides occur principally in the closely re-
lated families of the Apocynaceae and Asclepiadaceae.”
In the milkweed genus, Asclepias, the compounds are se-
creted in the latex, and virtually every species that has
been examined contains them. Cardiac glycosides are also
found in a number of other dicotyledon families, such as
Brassicaceae, Moraceae, and Scrophulariaceae (notably
Digitalis), and in monocotyledon groups, especially
Liliaceae. Cardenolides are remarkably nontoxic to lepi-
doptera. Some species of danaid butterflies store them in
their bodies and wings to protect themselves from birds,
as the cardenolides have an emetic effect on birds that
prey on these butterflies.

Bufadienolides can be distinguished from cardeno-
lides by the fact that the lactone ring substituting at C-17
in the steroid nucleus is 6-membered, rather than 5-
membered. Bufadienolides were first identified in toad
venom.

TERPENES . 83

Convallatoxin

This is the major cardiac glycoside from the flowers and
leaves of lily of the valley (Convallaria majalis). While it is
very toxic to vertebrates, it has been used in minute doses
as a cardiotonic.”

Digoxin

Digoxin is found in Digitalis lanata and D. orientalis.
While toxic to vertebrates, derivatives of digoxin are used
as cardiotonic agents.

OH

OR

Fig. 6.92. Digitalin

PHYTOSTEROLS

Phytosterols are characterized by the presence of a hy-
droxyl group attached at C-3 and an extra methyl or ethyl
substituent in the side chain, which is not present in ani-
mal sterols.? At one time, all sterols were believed to be
animal products, but an increasing number of such com-
pounds have been detected in plant tissues.

Three phytosterols are ubiquitous in higher plants, as
they are all essential components of plant membranes:
sitosterol, stigmasterol, and campesterol. These occur
both in free form and as 3-glucosides.” A less common
phytosterol is o-spinasterol, an isomer of stigmasterol
found in spinach.

Occurrence and Distribution

In spite of the structural differences between plant and
animal sterols, certain animal sterols have been found in
plants. Estrone, for example, has been found in trace
amounts in date palm seed (Phoenix dactylifera), while
testosterone is present in the pollen of Scotch pine (Prnus
sylvestris) 8 A large number of insect molting hormones
have also been found in plants. These are known as phy-
toecdysones, and some 100 structures have been described.
Ecdysone, the molting hormone of many insects, itself
occurs in plants, but many of the other structures, such as
prodecdysone B, are recorded only in the plant kingdom.
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Commiphora mukul

Known as guggul in India, the resin contains steroids
(called guggulsterones) that lower blood cholesterol and
triglycerides via stimulation of thyroid function.”

CH,

Fig. 6.93. Guggulsterone Z

Androstenedione (androtex)
This phytosterol is found in the pollen of Scotch pine, Pinus
sylvestris. It has demonstrated androgenic activity.!%

Cholesterol

Cholesterol occurs in the pollen of the date palm (Phoenix
dactylifera) and in many marine red algae. It is a common
sterol of animal tissues.

Fig. 6.94. Cholesterol

p-sitosterol

B-sitosterol has a widespread occurrence in higher plants.
Among many others, it is found in wheat germ (Triticum
spp.) and in corn (Zea mays). It is an essential component of
plant cell membranes. (-sitosterol has shown ant-
hyperlipoproteinemic activity.'"!

Fig. 6.95. B-sitosterol

Stigmasterol

Found in many higher plants, including soybeans (Glycine
max), sigmasterol plays a vital structural role in plant cell
membranes.

Fig. 6.97. Withanolide

Fig. 6.96. Stigmasterol

Withanolide D
Found in the leaves of ashwagandha (Withania som-
nifera), withanolide D has shown antibiotic and antitu-
mor activities.!%

NORTRITERPENOIDS

Nortriterpenoids are formed from triterpene precursors
through oxidation and degradation, so they contain fewer
than the 30 carbon atoms typically present in triter-
penoids. There are two main groups: the limonoids (C,4)
and the quassinoids (C,, and C) triterpenoids).

More than 75 quassinoids have been described, all
from the same plant family, Simaroubaceae, to which the
genus Quassia belongs. Limonoids are also found in
Simaroubaceae, but are more abundant in three related
families: Rutaceae, Meliaceae, and Cneoraceae.!%

Limonoids and quassinoids are notable for having
very bitter tastes. Quassinoids have demonstrated antitu-
mor activities in vitro, but none has yet been developed as
an anticancer drug because of the toxicity. Some quassi-
noids show antiamoebic properties, and glaucarubin is
used as a medicinal preparation for this purpose in France.
Limonoids are of interest chiefly because of the need to
counteract the bitter taste they impart to citrus drinks.
However, they also hold commercial promise as the first
members of a new generation of natural insecticides.

Limonin

Limonin is found in navel and Valencia oranges (Citrus

spp.) during ripening. It is used to delay the development
5 104

of bitterness in certain citrus fruit juice

CHY CHy

Fig. 6.98. Limonin Fig. 6.99. Neoquassin



Neoquassin

"This very bitter compound occurs in the wood of Quassia
amara and in various Picrasma species. It may have poten-
tial as a natural insecticide.!% :

TETRATERPENOIDS

This class of molecules with 40 carbon atoms includes
carotenes, xanthophylls, and retinoids. Here we will dis-
cuss the carotenoids.

Carotenoids

Carotenoids, Cy tetraterpenoids, are lipid-soluble pig-
ments found in all plants. In animals, several carotenoids
(especially B-carotene) are metabolized to vitamin A.
Carotenoids appear to have two principal functions in
plants: They supply accessory pigments during the pro-
cess of photosynthesis and serve as coloring matter for
flowers and fruits. In flowers, they mostly appear as yel-
low colors, as in daffodils, pansies, and marigolds. In
fruits, they may be orange or red (for example, rose hips,
tomatoes, and peppers). Dietary carotenoids also provide
many brilliant animal colors, seen in flamingos, starfish,
lobsters, and sea urchins.

Only a few carotenoids are common in higher
plants.’% Well-known carotenoids are either simple un-
saturated hydrocarbons based on lycopene or oxygenated
derivatives of unsaturated hydrocarbons known as xan-
thophylls. The chemical structure of lycopene consists of
a long chain of eight isoprene units joined head to tail.
This completely conjugated system of alternate double
bonds becomes the chromophore that gives the compound
its color, or the part of the molecule responsible for a
given spectral band. The term arose in the dye industry
and referred originally to the groups in the molecule that
are responsible for a dye’s color.

Capsanthin
Capsanthin occurs in the ripe fruits of sweet red pepper
or paprika (Capsicum annuum) and in some barberries
(Berberis spp.), and in the petals of orange lilies (for exam-
ple, Lilium pumilum) and the anthers of other lilies, such
as the tiger lily (Lilium lancifolium).

Capsanthin is used commercially to provide orange-
red food colorings and as flavoring in sauces, salad dress-
ings, sausages, and other foods.'%’

Carotene
pB-carotene occurs in almost all green leaves of higher
plants and in many lower plants, including ferns, mosses,
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and algae, as well as in fungi and some bacteria. It is
widely found in roots, such as carrot (Daucus carota) and
sweet potato (Ipormoea batatas), and in the yellow and or-
ange flowers of many plants, including gorse (Ulex spp.).
It also occurs in seeds, such as oats (dvena sativa) and
fruits, including sweet red pepper (Capsicum annuum),
yams (Dioscorea spp.), and rose hips (Rosa spp.).
-carotene is the most important of the carotenoid
vitamin A precursors. It is used commercially as a yellow
food coloring for fats (for example, margarine) and as a
sunscreen agent to prevent the photosensitivity reaction

of erythropoietic protoporphyria.

Fig. 6.100. B-carotene

Lycopene
Lycopene occurs in the ripe fruits of tomatoes (Lyco-
persicon esculentum), Citrus species, persimmon (Diospyros
kaki), dog rose (Rosa canina), and numerous other fruits
and berries. It also occurs in the petals of many orange
flowers (for example, Calendula officinalis), in very large
amounts in the ripe seeds of bitter melon (Mormordica cha-
rantia), in rutabagas (Brassica napus), and in red varieties
of carrot (Daucus carota).'%®

Dietary intakes of tomatoes and products containing
lycopene are associated with decreased risk of chronic ill-
nesses such as cancer and cardiovascular diseases.!%
Serum and dssue lycopene levels have also been shown to
be inversely related to the risk of lung and prostate can-
cers. Lycopene is a potent antioxidant, which is clearly
one of its major mechanisms of action. As an antioxidant,

lycopene traps singlet oxygen and reduces mutagenesis in
the Ames test.

PLANT EXUDATES

Plant exudates are chemically complex, solid or semisolid
mixtures of vegetable origin, such as balsams, gums, ole-
oresins, and resins. The proportions of their constituents
vary with climate, season of the year, and other factors.

Resins

A resin is a natural or synthetic organic compound con-
sisting of a noncrystalline or viscous liquid substance.
Most natural resins are exuded from trees, especially pines
and firs. Resin forms in response to injury to the bark
from wind, fire, lightning, or other cause. The secretion
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usually loses some of its volatile components through
evaporation, leaving a soft, initially soluble residue that
becomes insoluble as it ages.

Resins are characteristically insoluble in water and
mostly soluble in alcohol; because of their chemical com-
plexity, they often will not crystallize, but instead soften or
melt at moderate heat. They are usually the oxidized ter-
penes of volatile oils, and, because they are insoluble in
water, have little taste. When pure, resins are generally
transparent, but when water is added they become opaque
and lose their hard or brittle qualities. They do not conduct
electricity, but when rubbed do become negatively charged.

As complex mixtures that may include lignans, resin
acids, resin alcohols, resinotannols, esters, and resenes,
resins have an amorphous nature that makes them diffi-
cult to classify. They may occur in mixtures with other
plant constituents, as in gum resins, oleogum resins, and
glycoresins.

One way in which to classify natural resins is to de-
termine whether they are alcohol- or oil-soluble. Among
the alcohol-soluble resins are balsams, long popular as
healing agents; turpentines, used as solvents; and mastic,
dragon’s blood, damar, sandarac, and lac, all used as com-
ponents of varnishes. The oil-soluble resins include rosin,
derived along with turpentine from the long-leaf pine;
copal, used in varnishes; amber, the hardest natural resin,
which is fabricated into jewelry; and cashew nutshell oil.

In addition, a distinction must be made among natu-
ral resins, prepared resins, and synthetic resins.

A natural resin is one that occurs as a plant exudate.
Mastic, formerly an official medicine in The United
States Pharmacopoeia, is a good example.

A prepared resin can be made by exhausting a drug that
owes its activity to resinous constituents with alcohol—
in other words, by pouring the concentrated alcoholic
percolate into water and collecting, washing, and dry-
ing the precipitate. The resin made from Podophyllum
is an example of this class. A prepared resin may also be
derived from a natural oleoresin by driving off the
volatile oil with heat, as in Rosin NF.

Synthetic resins are polymeric substances that are formed
either by condensation or by the addition of readily
available common chemicals. Phenol and formalde-
hyde serve as examples. These compounds interact
initially to produce hydroxybenzyl alcohols, which
then condense to yield a large series of phenol-
formaldehyde (Bakelite) resins. These and many other
synthetic resins constitute the foundation of the mod-
ern plastics industry.

Table 6.5. Herbs Containing Resins

HERB COMMON USES

Boswellia serrata (frankincense) Perfurnery

Cinnamomum camphora (camphor)  Rubefacient

Commiphora molmol (myrrh) Antimicrobial, vulnerary,

rubefacient

Daemonorops draco (dragon's blood)  Antimicrobial

Eriodictyon californicum (yerba santa} Expectorant

Grindelia spp. (grindelia) Relaxing expectorant,

anti-inflammatory

Guaiacum officinale (guaiacum) Anti-inflammatory,

diaphoretic

Ipomoea purga (jalap) Powerful cathartic

Turnera diffusa var. aphrodisiaca Nervine

(damiana)

Rosin

Rosin, also called colophony, is a type of resin used for
varnish and in manufacturing many products. It becomes
sticky when warm and has a faint pinelike odor. Gum
rosin is the residue produced through distillation of the
oleoresin from pine trees, the volatile component of
which is spirit of turpentine. Wood rosin, obtained by sol-
vent extraction of stumps, is usually a darker color. Rosin
and its chemical derivatives are used chiefly in the manu-
facture of soaps, varnishes, sealing wax, printing inks,
dryers, size for paper, adhesives, binders, soldering fluxes,
gloss oils for paints, and pitch for casks.

Guaiac

This resin from the wood of Guaiacum officinale or G. sanc-
tum is reported to contain about 70% a- and B-guaiaconic
acids; 11% guaiacic acid, related compounds, and gua-
iaretic acid; and 15% vanillin, guaiac yellow, and guaiac
saponin. It is insoluble in water but freely soluble in alco-
hol, chloroform, ether, creosote, and alkali.

In medicine, it is used as a reagent in tests for occult
(hidden) blood. It is also employed to test for the presence
of oxidizing enzymes or cyanogenetic glycosides in vari-
ous materials.

Oleoresins

Oleoresins are liquid preparations that consist of natural
volatile oils and resins extracted from plants by percola-



ton with a menstruum of acetone, alcohol, or ether. As
with resins, a distinction must be made between natural
and prepared oleoresins.

Natural oleoresins are mixtures of volatile oils and resin,
generally obtained by incising the trunks of trees in
which they occur. Turpentine and copaiba are natural
oleoresins formerly recognized as official preparations
in the National Formulary of the United States.

Prepared oleoresins are concentrated liquid preparations
made by percolating drugs that contain both volatile
oils and resin with an appropriate solvent (acetone,
ether, or alcohol), and concentrating the percolate
until the solvent dissipates.

Balsams

Balsams are aromatic resinous plant exudates that consist
of a resin dispersed in benzoic or cinnamic acid esters.
Balsams are difficult to distinguish from oleoresins, which
are resins dissolved in essential oils, but in general, oleo-
resins are slightly more fluid. Examples include Peru bal-
sam, a true balsam from a tropical tree (Myroxylon balsa-
mum var. pereirae), which provides a fragrant, thick, deep
brown or black fluid used in perfumery; and Tolu balsam,
an even thicker brown balsam used in cough syrups and
lozenges. The latter, made from Myroxylon balsamum var.
balsamum, becomes solid over time.

Gum Resins
These are natural mixtures of gum and resin, usually ob-
tained as exudations from plants, such as myrrh.

Myrrh

Myrrh is the air-dried oleo-gum resin obtained from
Commiphora molmol and closely related species, trees na-
tive to northeast Africa and Arabia. Myrrh contains 2% to
10% essential oil, 25% to 45% alcohol-soluble resins, and
30% to 60% a water-soluble gum. The essential oil is
thick, with a yellow- to reddish brown color. Myrrh resin
collects in canals in the inner bark of the tree. It is se-
creted through fissures, wounds, or incisions made in the
bark. Ground myrrh quickly loses its essential oil and
cakes easily due to moisture absorption, so it should be
stored in a sealed container.

References
1. Harborne JB, Baxter H. Phytochemical Dictionary:
A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

2. Ibid.

w

10.
1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,
22.

TERPENES .o 87

. Ihid.
. [No authors listed] d-limonene. IARC monographs on the

evaluation of carcinogenic risks to bumans 1999; 73:307-27.

. Crowell PL,, Gould MN. Chemoprevention and therapy

of cancer by d-limonene. Critical Reviews in Oncogenesis
1994 5(1):1-22.

Crowell PL, Siar Ayoubi A, Burke YD. Antitumorigenic
effects of limonene and perillyl alcohol against pancre-
atic and breast cancer. Advances in Experimental Medicine
and Biology 1996; 401:131-6.

Igimi H, Tamura R, Toraishi K, et al. Medical dissolu-
tion of gallstones. Clinical experience of d-limonene as a

simple, safe, and effective solvent. Digestive Diseases and
Sciences 1991 Feb; 36(2):200-8.

. Budavari S, ed. The Merck Index,12th edition.

Whitehouse Station, NJ: Merck, 1996.

. Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

Budavari S, ed. The Merck Index, 12th edition.
Whitehouse Station, NJ: Merck, 1996.

Tbid.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

Budavari S, ed. The Merck Index, 12th edition.
Whitehouse Station, NJ: Merck, 1996.

Eccles R. Menthol and related cooling compounds. The
Fowrnal of Pharmacy and Pharmacology 1994 Aug;
46(8):618-30.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Budavari S, ed. The Merck Index, 12th edition.
Whitehouse Station, NJ: Merck, 1996.

Goodman LS, Gilman A. The Pharmacological Basis of
Therapeutics, 7th edition. New York: Macmillan, 1985.
Budavari S, ed. The Merck Index, 12th edition.
Whitehouse Station, NJ: Merck, 1996.

Thid.

Matthijs S, Adriaens PA. Chlorhexidine varnishes: a re-
view. Journal of Clinical Peridontology 2002 Jan; 29(1):1-8.

. Harborne JB, Baxter H. Phytochemical Dictionary:

A Handpook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.



88 < INTRODUCTION TO PRINCIPLES AND PRACTICES

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
3s.

36.

37.

38.

39.

40.

41.

42.
43.

45.

Ibid.

Ibid.

Bianco A. The chemistry of iridoids. In: Atta-Ur
Rahman HEJ, ed. Studies in Natural Products Chemistry,
vol. 7. Amsterdam: Elsevier, 1990.

Buckingham J. Dictionary of Natural Products. London;
New York: Chapman & Hall, 1994.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Robles M, Aregullin M, West ], et al. Recent studies on
the zoopharmacognosy, pharmacology and neurotoxicol-
ogy of sesquiterpene lactones. Planta Medica 1995 Jun;
61(3):199-203.

Houghton PJ. Valerian. Amsterdam: Harwood Academic
Publishers, 1997. )

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bivactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Evans WC. Trease & Evans’ Pharmacognosy, 13th edition.
London: Baillere Tindall, 1989.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bivactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

Mackenzie MA, et al. The influence of glycyrrhetinic
acid on plasmol cortisol and cortisone levels in healthy
young volunteers. The Fournal of Clinical Endocrinology
and Metabolismm 1990; 70:1637-43.

Budavari S, ed. The Merck Index, 12th edition.
Whitehouse Station, NJ: Merck, 1996.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bivactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Houghton PJ. Valerian. Amsterdam: Harwood Academic
Publishers, 1997.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bivactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

Ibid.

Ibid.

Coutinho EM. Gossypol: a contraceptive for men.
Contraception 2002 Apr; 65(4):259-63.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

46.
47.

48.

49.

50.

S1.

52.

53.

54.
55.

56.

57.
58.
59.

60.

61.

62.

63.

64.

65.

66.
67.

Ibid.

Bruneton J. Pharmacognosy, Phytochemistry, Medicinal
Plants. Hampshire, UK: Intercept, 1999.

Robles M, Aregullin M, West J, et al. Recent studies on
the zoopharmacognosy, pharmacology and neurotoxicol-
ogy of sesquiterpene lactones. Planta Medica 1995 Jun,
61(3):199-203.

Hausen BM. Sesquiterpene lactones. In: DeSmet, ed.
Adverse Effects on Herbal Drugs, vol 1. Berlin: Springer-
Verlag, 1992.

Ibid.

Lovell CR. Plants and the Skin. Oxford, Boston:
Blackwell Scientific Publications, 1993.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Wiashington, DC: Taylor & Francis, 1993.

Ibid.

Ibid.

Frederich M, Dogneacute JM, Angenot L, et al. New
trends in anti-malarial agents. Current Medicinal
Chemistry 2002 Aug; 9(15):1435-56.

Harborne JB, Baxter H. Phytochemnical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

Ibid.

Bruneton J. Pharmacognosy, Phytochemistry, Medicinal
Plants. Hampshire, UK: Intercept, 1999.

Hanson JR. Diterpenoids. Natural Product Reports 1998;
1:93-106.

Alcarez M]J, Rios JL. Pharmacology of diterpenoids. In:
Harborne JB, Toma-Barberan FA, eds. Ecological
Chemistry and Biochemistry of Plant Terpenoids. Oxford:
Clarendon Press, 1991.

Singh M, Pal M, Sharma RP. Biological activity of the
labdane diterpenes. Planta Medica 1999 Feb; 65(1):2-8.
de Souza NJ, Dohadwalla AN, Reden J. Forskolin:

a labdane diterpenoid with antihypertensive, positive
inotropic, platelet aggregation inhibitory, and adenylate
cyclase activating properties. Medicinal Research Reviews
1983 Apr-Jun; 3(2):201-19.

Evans ¥J. Naturally Occurring Phorbol Esters. Boca Raton,
FL: CRC Press, 1986.

Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

Ibid.



68.

69.

70.
71.
72.
73.
74.

75.

76.
77.
78.
79.
80.

81.

82.

83.

84.

85.

86.
87.
88.
89.

de Souza NJ, Dohadwalla AN, Reden J. Forskolin:

a labdane diterpenoid with antihypertensive, positive
inotropic, platelet aggregation inhibitory, and adenylate
cyclase activating properties. Medicinal Research Reviews
1983 Apr—Jun; 3(2):201-19.

Harborne B, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

Ibid.

Ibid.

Ibid.

Lacaille-Dubois MA, Wagner H. A review of the biolog-
ical and pharmacological activitities of saponins.
Phytomedicine: International Journal of Phyrotherapy and
Phytopharmacology 1996; 2(4):363-86.

Hostettmann K, Marston A. Saponins. Cambridge, New
York: Cambridge University Press, 1995.

Ibid.

Ibid.

Ibid.

Ibid.

Lacaille-Dubois MA, Wagner H. A review of the biolog-
ical and pharmacological activitities of saponins.
Phyromedicine: International Journal of Phytotherapy and
Phytopharmacology 1996; 2(4):363-86.

Watanabe, et al. Solubilizing of saponins of Bupleuri

radix with ginseng saponins: cooperative effect of
dammarane saponins. Planta Medica 1988; 54:405-9.

Sjolander A, Cox JC, Barr IG. ISCOMs: an adjuvant
with multiple functions. Journal of Leukocyte Biology 1998
Dec; 64(6):713-23.

Harborne B, Baxter H. Phyrochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Miro M. Cucurbitacins and Their Pharmacological
Effects. Phytotherapy Research 1995; 9:159-68.
Harborne JB, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

Ibid.

Ibid.

Ibid.

He K, Wang HK. Recent development of chemical

studies on some medicinal plants of Astragalus spp. Yao
Xue Xue Bao 1988 Nov; 23(11):873-80.

90.

TERPENES .= 89

Lacaille-Dubois MA, Wagner H. A review of the biolog-
ical and pharmacological activitities of saponins.
Phytomedicine: International Fournal of Phytotherapy and
Phytopharmacology 1996; 2(4):363-86.

91. Hostettmann K, Marston A. Szponsns. Cambridge, New
York: Cambridge University Press, 1995.

92. Harborne JB, Baxter H. Phyrochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

93. Ibid.

94. TIbid.

95. Ibid.

96. Ibid.

97. Ibid.

98. Ibid.

99. Satyavad G. Guggulipid: a promising hypolipidaemic
agent from gum guggul (Commiphora wightii). In:
Wagner H, Farnsworth NR, Economic and Medicinal Plant
Research, vol.5. San Diego: Academic Press, 1991.

100. Harborne JB, Baxter H. Phyrochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

101. Ibid.

102. TIbid.

103. Ibid.

104. Ibid.

105. Ibid.

106. Ibid.

107. Duke JA. Promising phytomedicinals. In: Janick J,
Simon JE, eds. Advances in New Crops. Portland, OR:
Timber Press, 1990.

108. Harborne B, Baxter H. Phytochemical Dictionary:

A Handbook of Bioactive Compounds from Plants. London;
Washington, DC: Taylor & Francis, 1993.

109. Heber D, Lu QY. Overview of mechanisms of action of
lycopene. Experimental Biology and Medicine (Maywood)
2002 Nov; 227(10):920-3.

Suggested Reading

Bruneton, J. Pharmacognosy, Phytochemistry, Medicinal Plants.

Hampshire, UK: Intercept, 1999.

Evans WC. Trease & Evans’ Pharmacognosy, 13th edition.

London: Baillere Tindall, 1989.

Harborne JB, Baxter H. Phytochemical Dictionary: A Handbook of

Bioactive Compounds from Plants. London; Washington,
DC: Taylor & Francis, 1993.



POLYPHENOLS

bout 8,000 naturally occurring plant phenolics
A have been identified, and about half of these are

flavonoids. There are many structurally simple
phenols, such as phenolic acids, phenylpropanoids, and
phenolic quinones. Several important groups of plant
polymeric materials are phenolic: the lignins, melanins,
and tannins. Finally, phenolic groups are occasionally
found in alkaloids and terpenoids.!

Phenolics contribute significantly to the color, taste,
and flavor of many herbs, foods, and drinks. Some flavonoids
are valued pharmacologically for their anti-inflammatory
activities (such as quercetin) or antihepatotoxic properties
(for example, silybin).? Certain isoflavonoids, such as
genistein and daidzein, are phytoestrogens, while others
are insecticidal or piscicidal. The anthocyanins have a
clearly defined function in flowers and fruits in attract-
ing pollinators and as seed dispersal agents. Many of
these phenolic molecules are also effective antioxidants
and free radical scavengers, especially the flavonoids.
As discussed later, they are also the basis of most flower
colors.

Table 7.1. Major Classes of Phenolics in Plants

Major Functions of Polyphenols

Polyphenols have in common an aromatic benzene ring

bearing one or more hydroxyl groups.
OH

Fig. 7.1. Phenol

The majority of polyphenols are water-soluble; they
usually occur naturally as glycosides, located within the
plant cell in the central vacuole. Other phenolics are
lipophilic and are present in the cell cytoplasm or at the
surface of plants in waxes and bud exudates.

CLASSIFICATION OF PHENOLICS

Phenolics are classified according to their structure or
biosynthetic origin, but no ideal system is available. Their
great diversity makes simple classification extremely

NUMBER OF BASIC SKELETON CLASS EXAMPLE

C ATOMS

6 G Simple phenolics Arbutin
OH

7 GG Phenolic acids Salicylic acid (°H
e]

8 GG, Benzofurans Usnic acid
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NUMBER OF BASIC SKELETON CLASS EXAMPLE
C ATOMS
9 GG Cinnamic acids Caffeic acid \
o P
Phenylpropenoids Myristicin <o
OCH,
AN
Coumarins Umbelliferone
/
HO (o] o
10 CeCy Naphthoquinones Juglone | ]
HO. o] OH
13 C-C-C Xanthones Mangiferin - o
OH [e]
14 GG Stilbenoids Resveratrol O \ O
Z
Anthraguinones Emodin “
15 Ce GGy Flavonoids Kaempferol “"q‘;/@”
18 (Ce.Ghy Lignans Dihydroguaiaretic acid °"
30 (C-C-Cy), Biflavonoids Ginketin .
n (GG, Lignins

(Ce GGl

Flavolans {condensed tannins)
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problematic. What follows is a system that proves most
relevant to the needs of the herbalist.

SIMPLE PHENOLS AND
PHENOLIC ACIDS

Phenolic acids (C4-C)) are ubiquitous among plants, but
free phenols (Cy) are rare. The pharmacological proper-
ties of these widely found constituents are probably best
demonstrated by the urinary tract antimicrobial arbutin
and the anti-inflammatory salicylates. A property shared
by all phenols is antimicrobial activity. In fact, phenol it-
self was the first antiseptic used in surgery.
Hydroquinone is probably the most widely dis-
tributed of the simple phenols, occurring in a number of
plants as the glucoside arbutin. Simple phenols with side
chains are often skin irritants, such as urushiol III from
the poison ivy plant. Urushiol IIT may be classified as a
phenol or a terpene, depending upon the focus of interest.

Table 7.2. Herbal Activities Related to Content of
Simple Phenolics

HERB ACTIVITY

Arctostaphylos uva-ursi (bearberry)  Antimicrobial, diuretic

Capsicum spp. (cayenne) Food, circulatory stimulant,

rubefacient, analgesic
Cynara scolymus (artichoke) Digestive bitter, cholagogue
Dryopteris filix-mas (male fern) Anthelmintic
Filipendula ulmaria (meadowsweet)  Anti-inflammatory, analgesic
Gaultheria procumbens (wintergreen)  Anti-inflammatory, analgesic
Salix spp. (willow) Anti-inflammatory, analgesic
Solidago virgaurea (goldenrod) Anticatarrhal, diuretic
Vanilla planifolia (vanilla) Food, perfumery

Viburnum prunifolium [black haw) Antispasmodic

Arbutin

Found in the leaves of Arctostaphylos uva-ursi (bearberry),
Vaccinium myrtillus (bilberry), and Origanum majorana
(marjoram), arbutin demonstrates diuretic, antitussive,
and urinary antimicrobial properties. Tt is easily hy-
drolyzed into hydroquinone and glucose; however, the
gallotannins in simple plant extracts prevent hydrolysis,
preserving the effectiveness of such extracts.’

Glucose OH
HO

OH

OH 'OH

Fig. 7.2. Arbutin Fig. 7.3. Gallic acid

Gallic Acid

This phenolic acid is the parent compound of the gal-
lotannins and is relatively widespread. Gallic acid is well
known for astringent properties, but has demonstrated
many other activities in vitro, including antibacterial, an-
tiviral, antifungal, ant-inflammatory, antitumor, anti-
anaphylactic, antimutagenic, choleretic, and bronchodila-
tory actions. It also inhibits insulin degradation and
promotes smooth muscle relaxation.*

Guaiacol

Guaiacol occurs in creosote made from beechwood tar, in
guaiac resin, and in various plant oils and saps—for ex-
ample, celery seed oil (Apium graveolens). Guaiacol is used
as an expectorant in veterinary practice, mostly in the
form of esters. In huinans, it has been applied externally
to treat eczema and other skin diseases.’

Salicin and Salicylates

This widely distributed group of simple phenolics ap-
pear to play a defensive role in plant ecology.® The
‘type example of the class, salicin, was first identified
in the bark of willow (Salix spp.). This class of simple
phenolics is widely distributed in flowering plant
families, including Salicaceae (Populus spp. and Salix
spp.),. Rosaceae (Filipendula ulmaria), and Capri-
foliaceae (Viburnum prunifolium). Salicin and salicy-
lates have a long history of use in folk medicine for
relief of headaches and musculoskeletal pain.

Properties of Salicin and Salicylates
e Analgesic

¢ Antipyretic

* Anti-inflammatory

Salicin does not demonstrate the anticlotting
effect that is seen with aspirin. On the other hand,
aspirin has a well-known tendency to cause gastric
ulceration and hemorrhage, and there is no evidence
that saficin-containing herbs have the same adverse
effects.




Hydroquinone

Upon hydrolysis in the body, arbutin releases a diphenol,
which is immediately oxidized to hydroquinone. For this
release of antseptic properties, an alkaline environment
in the urine is needed. It has antibacterial, antitumor, an-
timitotic, and hypertensive actions.’

Salicin

Salicin occurs in the bark of poplar (Populus spp.) and wil-
low (Salix spp.), and in the female flowers of Salix
species. It is also found in the root bark of black haw
(Viburnum prunifolium) and the aerial parts of meadow-
sweet (Filipendula ulmaria). Salicin is used as an analgesic,
anti-inflammatory, and antirheumatic agent.?

OH
CH,0H
Glucose
OH
Fig. 7.4. Hydroquinone Fig. 7.5. Salicin

A’-tetrahydrocannabinol

This compound occurs in the resin and the tips of shoots
of Cannabis sativa. This, the active principle of marijuana,
demonstrates anti-inflammatory, antiemetic, and hallu-
cinogenic properties.’

Vanillin

Vanillin is widespread in plants, but is generally found in
small amounts. It is commercially important and is pre-
sent in the pods of the tropical orchid Vanilla planifolia,
where it occurs with its glucoside, vanilloside. Vanillin
also occurs in the sprouts of Asparagus spp. and in the es-
sential oils of Ruta and Spirea species. It is antifungal !

CHy
OH
X /O
HO
HiC P
(o}
H3C

CHyO

Fig. 7.6. A’-tetrahydrocannabinol Fig. 77. Vanillin

Benzofurans

The benzofuran nucleus (C4-C,), in which a benzene ring
and a furan ring are fused, is present in many secondary
plant metabolites, some of which are classified as
coumarins and flavonoids.
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o)
Fig. 7.8. Benzofuran nucleus

The simple benzofurans, such as usnic acid, have two
benzene rings fused on either side of a central furan ring.
They are characteristically present in lichens. A biologi-
cal property many benzofurans share is antifungal activ-
ity. Antifungal substances may either occur naturally in
the plant or as phytoalexins formed after plants have suf-
fered microbial infection. Other benzofurans are toxic to
insects, fish, cattle, and humans.

Lithospermic Acid

Lithospermic acid is found in the roots of various plants
in the Boraginaceae family, including Lycopus europaeus, L.
virginicus, Lithospermum ruderale, L. officinale, and Sym-
phytum officinale. There have been unconfirmed reports of
contraceptive properties in humans.!!

OH
(o}
HO.
HO
OH
Fig. 7.9. Lithospermic acid
Usnic Acid

Usnic acid is found in a number of lichens—for example,
Usnea, Ramalina, Evernia, Paymelia, Lecanora, and Cladonia
species. Usnic acid demonstrates antibacterial activity,
especially against the tuberculosis bacterium, Myco-
bacterium tuberculosis."?

CH,

Fig. 710. Usnic acid
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PHENYLPROPANOIDS AND
CINNAMIC ACIDS

Phenylpropanoids (C¢-Cs) are phenolic compounds that
have an aromatic ring to which a 3-carbon side chain is at-
tached. The most widespread are the hydroxycinnamic
acids, such as p-coumaric acid and caffeic acid. Another
group in this class is made up of the phenylpropenes,
which contribute to the volatile flavors and odors of
plants (for example, anethole). Glycosides of some
phenylpropanoids have been shown to inhibit the en-
zymes cAMP-specific phosphodiesterase, aldose reduc-
tase, and 5-lipoxygenase. The lignins, random polymers
that contribute universally to the structure and rigidity of
plant cell walls, are also phenylpropanoid in origin.

Anethole

Anethole is found in essential oils of plants such as anise
(Pimpinella anisum) and fennel (Foeniculum vulgare).
Anethole demonstrates spasmolytic activity and has been
shown to stimulate hepatic regeneration in rats.?

CH,0 \

Fig. 711. Anethole

CHs

B-asarone

Occuring in the essential oil of calamus root (Acorus cala-
mus) and in Piper angustifolium, B-asarone has spasmolytic
properties. However, the compound is carcinogenic in an-
imals, and calamus oil has been banned in the United
States.!*

CH30 N
m \
CH30 OCH;

Fig. 712. B-asarone Fig. 713. Caffeic acid

Caffeic Acid

Caffeic acid has a widespread occurrence in plants and is
found in coffee beans (Coffea arabica) and in the root
bark of Cinchona cuprea, as well as in Conium maculatum,
Digitalis purpurea, Papaver somniferum, Taraxacum offici-
nale, Chamaemelum nobile, Achillea millefolium, and the
resin of various conifers. Caffeic acid has analgesic, anti-
inflammatory, antibacterial, antifungal, antiviral, and an-
tioxidant properties. It also demonstrates antihepatotoxic
and antiulcerogenic activitdes."

p-coumaric Acid

p-coumaric acid has a very widespread occurrence in the
plant world. It shows antifungal and antihepatotoxic ac-
tivities, and some cytotoxicity in vitro.!

OH

HO
Fig. 714. p-coumaric acid

Curcumin

Curcumin is found in the roots of certain tropical spice
plants in the Zingiberaceae family, including turmeric
(Curcuma longa) and the related C. aromatica and C. xan-
thorrbiza. Curcumin and the other curcuminoids have
been found to have antioxidant and anti-inflammatory
activities and have been entered into Phase I clinical tri-
als by the National Cancer Institute to investigate their
cancer-preventive activities.!”

o} OH

HyCO N = = OCH,

HO OH

Fig. 715. Curcumin

Myristicin

Myristicin is found in essential oils made from the seeds
of nutmeg (Myristica fragrans), celery (Apium graveolens),
parsley (Petroselinum crispum), and carrot (Dawucus carota)
and the bark of cinnamon (Cinnamomum glanduliferum,).
In vitro studies have shown that myristcin inhibits
monoarmnine oxidase and platelet aggregation in rabbit
blood.'® It has psychotropic properties.

CH
0 ks

<

OCHs

Fig. 7.16. Myristicin



Coumarins

The 700 or more plant coumarins (C4-C;) are derived
from the parent compound coumarin, which has a charac-
teristic odor of freshly mown hay. The compound occurs
widely in plants, usually in bound form. Coumarin has
been found in 150 plant species in more than 30 families.
The richest sources of coumarin itself are sweet clover or
melilot (Melilotus spp.), tonka bean (Dipteryx odorata), and
sweet woodruff (Galium odoratum).

The name coumarin is derived from the French ver-
nacular name for tonka bean. The word tonka comes from
the language spoken by the indigenous peoples of the for-
mer French West Africa colony, now the independent
Republic of Guinea. Another language of the same region,
Tupi, gave rise to the old genus name, Courmnarouna, from
their name for the tonka tree, kumari. This led to the
derivation of the name of tonka’s main constituent,
coumarin.

In almost all cases, with coumarin itself serving as an
exception, coumarins have a hydroxyl group in position 7,
according to the structural substitution system delineated
here.

Fig. 717. Coumarin structure

Based upon structural substitutions, there are three
major classes of coumarins:

* Simple hydroxycoumarins, such as umbelliferone and es-
culetin

e Furanocoumarins, typified by angelicin

* Pyranocournarins, such as psoralen

Simple hydroxycoumarins and their glucosides,
prevalent in higher plants, have been identified in about
100 families. The furano- and pyranocoumarins, which
usually occur in a free state in fruits and roots, are mainly
restricted to the Apiaceae and Rutaceae families.

Most simple coumarins are substituted with OH or
OCH; at positions C-6 and C-7. They often occur in gly-
cosidic form; for example, aesculin is the glycoside of aes-
culetin. Furanocoumarins, also called furocoumarins,
have a furan ring at C-6 and C-7 {psoralen) or C-7 and
C-8 (angelicin) of the coumarin ring system; however,
these are not phenolic in structure.
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Fig. 718. Psoralen Fig. 719. Angelicin

The furanocoumarins psoralen and bergapten have
photosensitizing properties that are exploited in treat-
ments for vitiligo and psoriasis in which the patient is
concurrently exposed to solar radiation. This is discussed
in more detail in chapter 10. Such coumarins are found in
Ammi majus, Angelica archangelica, Ruta graveolens, and
Citrus species.

The furanochromone khellin is the active constituent
of khella (Ammi visnaga), an herb used for its antispas-
modic and antiasthmatic properties in North African tra-
ditional medicine. Pyranocoumarins, which contain a
pyran ring fused at C-7 and C-8, are also present in Ammi
visnaga.

The International Agency for Research on Cancer
(TARC), part of the World Health Organization, found
coumarin itself to be noncarcinogenic in humans. For hu-
mans, the most dangerous coumarins are the hepatotoxic
aflatoxins and the substance dicoumarol, a potent antico-
agulant. Please refer to chapter 10 for more information.

Table 7.3. Herb Activities Related to Coumarin
Content

HERB ACTIVITY

Aesculus hippocastanum Anti-inflammatory, vascular tonic

{horse chestnut)

Ammi visnaga (khella) Antispasmodic, coronary

vasodilator

Angelica archangelica (angelica) Antispasmodic

Melilotus officinalis (sweet clover)  Anti-inflammatory,

anti-edematous, vascular tonic

Bergapten

Bergapten is widespread among plants in the Rutaceae
family, such as bergamot (Citrus aurantium ssp. bergamia).
Itis also common in Apiaceae plants, including Ligusticum,
Angelica, Ammi, Levisticum, Pimpinella, and Petroselinum.
While less effective than psoralen, bergapten is also used
in the treatment of vitiligo and psoriasis.
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In combination with ultraviolet radiation, bergapten
may cause impairment of DNA synthesis. It is also toxic
to fish, toads, and the snails that carry the Schistosoma par-
asite responsible for the tropical disease schistosomiasis.'

OCH; o)

Fig. 7.21. Cimicifugin

Fig. 7.20. Bergapten

Cimicifugin

Cimicifugin occurs in the roots and rhizomes of
Cimicifuga species, such as C. racemosa, and as a glucoside
in Angelica japonica. The compound demonstrates hypo-
tensive activity in animals; it has been shown to increase
coronary blood flow in isolated guinea pig hearts.?

Coumarin

One of the most widespread of all coumarins, coumarin is
present in most families of angiosperms. In gymnosperms,
it is found in Pinaceae, and, among ferns, in Polypodi-
aceae. It often occurs in glucosidic form; free coumarin is
released during tssue damage. Coumarin has hemor-
rhagic effects and for this reason is used as a rat poison; it
also causes liver damage in rats and dogs. In addition, it
has piscicidal, antifungal, and antitumor properties.?!

OCH,4 o
/
© o CH,
o o OCHy
Fig. 7.22. Coumarin Fig. 7.23. Khellin

Khellin

This coumarin, found in the seeds of khella (Ammi vis-
naga), exhibits antviral phototoxicity. This is an intrigu-
ing property by which the molecule kills viruses when ac-
tivated by certain wavelengths of ultraviolet light. Khellin
is a vasodilator and phosphodiesterase inhibitor; it has
also demonstrated anthelmintic, antispasmodic, antiarte-
riosclerotic, antiasthmatic, bronchodilatory, antidiabetic,
and andulcerogenic properties.”?

Psoralen

Psoralen, which occurs in the seeds of Psoralea species,
possesses photosensitizing activity. This constituent is an
essential component of PUVA treatment of psoriasis and
vitiligo. In PUVA, a combination treatment used in der-
matology, the patient takes psoralen (P) and then exposes
the skin to long-wave ultraviolet radiation (UVA).
Psoralen is also active against Mycobacterium tuberculosis,
the pathogen that causes tuberculosis. In the presence of
ultraviolet light, psoralen impairs DNA synthesis.?*
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Fig. 7.24. Psoralen Fig. 7.25. Umbelliferone

Umbelliferone

Umbelliferone is widespread in the resin of various
Apiaceae plants, including Ferula, Apium, Pimpinella, and
Heracleuwm species. It has antifungal and antibacterial
properties. It is used in sunscreen lotions and creams be-
cause of its UV-adsorbing properties.*

QUINONES

Quinones, of which at least 1,200 have been identified,
provide pigments that range in color from yellow to al-
most black, but most are yellow, orange, or red.
Although many quinone-containing plants have been
used as dyes, they actually contribute little to plant color.
They are usually hidden in bark, heartwood, or roots, or
else occur in tissues where their colors are masked by
other pigments.

Among quinones that have been used as dyes, madder
root (Rubia tinctorum) contains anthraquinones that are
the source of the orange-red pigment alizarin, and alka-
net (Alkanna tinctoria) contains the naphthoquinone red
dye alkannin.

Quninones are classified into three groups according
to increasing molecular size: benzoquinones, naphtho-
quinones, and anthraquinones. Many are substituted by
isoprenyl groups and hence are lipophilic. Others are hy-
droxylated, with phenolic properties, and may occur both
in free form and as glycosides. Here are representative
structures with the numbering system used for each type.
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Fig. 7.29. Naphthodianthone
structure

Fig. 7.28. Anthraquinone

structure

Naphthoquinones
Naphthoquinones (C4-C,) are dark yellow pigments with
a range of pharmacological properties. The dye henna is
derived from the plant Lawsonia inermis, which contains
the naphthoquinone lawsone as a glycoside. Other naph-
thoquinones have antimicrobial and antifungal properties,
including juglone from walnut (Fuglans regia) and butter-
nut (7. cineraria). Juglone is a laxative and vermifuge.
Other naphthoquinones with antimicrobial proper-
ties are plumbagin from sundew (Drosera rotundifolia) and
lapachol from pau d’arco (Tabebuia spp.).

Table 7.4. Herb Activities Related to
Naphthoquinone Content

HERB ACTIVITY
Drosera rotundifolia (sundew) Antispasmodic, antitussive
Juglans regia (walnut) Antiparasitic, astringent

Lawsonia inermis (henna) Dye plant

Juglone

Juglone, found in the stem bark of Fuglans nigra, is the al-
lelopathic agent of the walnut tree, meaning that the tree
releases the chemical into the soil to prevent other plants
from growing too close. Juglone demonstrates activity
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against fungi, mollusks, and herpes simplex virus type 1.%°
It also has sedative properties in fish and mammals.

o o

Fig. 7.30. Juglone Fig. 7.31. Lawsone

Lawsone (henna)

Lawsone occurs in the leaves of Lawsonia inermis, the
henna plant. It is used as a cosmetic and hair dye, and
also as a sunscreen agent because of its UV-adsorption
properties.’S

Plumbagin

Found in the roots of Plumbago europaea and in various
species of carnivorous plants, including sundew (Drosera
rotundifolia), plumbagin enhances the phagocytotic activ-
ity of human granulocytes in vitro. It is cytotoxic at high
doses and immunostimulating at Jow doses.?” In addition,
it has molluscicidal properties.

OH o

Fig. 732. Plumbagin

Anthraquinones

Anthraquinones (C4-C,-Cy) constitute the largest group
of naphthoquinones, and are often red or purple, rather
than yellow. They are widely distributed in plants, espe-
cially in the families Fabaceae (Senna), Liliaceae (Aloe),
Polygonaceae (Rheunz), and Rhamnaceae (Rbhamnus). The
anthraquinone class contains many important laxative
compounds, including aloe-emodin and emodin, from
Aloe species. Dimeric anthraquinones, also known as an-
thrones, include such compounds as cassiamin C, senno-
side A, and the bianthraquinone hypericin, from St. John’s
wort (Hypericum perforatum,).

Among anthraquinone-containing laxatives, the
gentlest-acting compounds belong to the buckthorns
(Rbamnus cathavticus and R. frangula) and Chinese
rhubarb (Rbeum palmatum). These herbs are aged for at
least one year, during which the more irritant an-
thraquinones are converted to milder compounds. The
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presence of tannins in these plants also tends to moderate
the laxative effect. Alve and Senna species are the other
commonly used laxative agents in this class. Their onset of
action occurs around eight hours after ingestion.

Senna syrup is commonly prescribed for children and
may be used during pregnancy and lactation for limited
periods of time. Otherwise, anthraquinone-containing
laxatives are contraindicated during pregnancy. Due to
the stimulant effect of these laxatives, they are also con-
traindicated in spastic colon conditions. A slight overdose
can produce griping, which can be counterbalanced with
carminatives, such as peppermint and coriander oils. All
the anthraquinone-containing laxatives can lead to de-
pendency. These important herbs are discussed in more
depth in chapters 10 and 13.

Herbal Laxatives Containing Anthraquinones
Aloe spp. (aloe)

Rhbamnus cathartica (purging buckthorn)

R. frangula (buckthorn)

R. purshiana (cascara sagrada)

Rhbeum spp. (Chinese rhubarb)

Senna alexandrina (senna)

Aloe-emodin

Aloe-emodin is found in the leaves of Aloe, Senna, and
some Rbewm species. In addition to its well-known cathar-
tic action, aloe-emodin has demonstrated antileukemic
activities.?®
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Fig. 7.34. Barbaloin
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Fig. 7.33. Aloe-emodin

Barbaloin

This C-glucoside of aloe-emodin occurs in the leaves of
several Aloe species cultivated as medicines, including A4.
vera, A. ferox and A. perryi. It is used commercially as a

purgative.?’

Emodin

Emodin occurs in Rumex and Rbheum species, in the root

bark of Rhamnus frangula, and in some lichen genera.’
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Fig. 7.35. Emodin Fig. 7.36. Pseudohypericin

Pseudohypericin
Found in Hypericum species, pseudohypericin demon-
strates antiretroviral activity both in vitro and in vivo.?!

Rhein

Rhein is found in all parts of Scrophularia nodosa and in
the roots of Rumex, Rheum, and Senna species. Rhein dis-
plays moderate antifungal activity against dermatophytes.*?
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Fig. 7.38. Sennoside A

Sennoside A

Sennoside A is found in the leaves of Senna, where it is
formed during drying, as well as in the fruit of S. alexan-
drina and in rhizomes of Rbeum palmatum. This cathartic
agent is used for the treatment of chronic constipation,
and is found in many stmulating herbal laxatives.*?



Hypericin

Found in St. John’s wort (Hypericum perforatum) and other
Hypericum species, hypericin shows activity against retro-
viruses in vitro and in vivo.** The compound is photosen-
sitizing and may have antidepressant effects in mammals,
although it is unlikely that hypericin is the constituent re-
sponsible for the herb’s mild antidepressant effects.’’

OH o] oH

Fig. 7.39. Hypericin

Fig. 740. Hyperforin

Hyperforin

This is a derivative of phloroglucinol found in the flowers
and fruits of St. Johns wort (Hypericum perforatum).
Currently, hyperforin is thought to be pivotal to the mild
antidepressant properties of this herb.

XANTHONES

Xanthones are related to flavonoids, as they share precur-
sors, but xanthones have a single carbon bridge (C4-C,-
C,) instead of the 3-carbon bridge of the flavonoids. A bi-
ologically active yet taxonomically restricted group,
xanthones demonstrate a range of effects in living organ-
isms. Compounds such as bellidifolin inhibit monoamine
oxidase activity, while psorospermin exhibits both cyto-
toxic and antitumor properties. Many other xanthones
are recorded as having antimicrobial, insecticidal, anti-
inflammatory, or tuberculostatic effects. They are found
in herbs such as gentian (Gentiana lutea), swertia (Swertia
spp.), and mango (Mangifera indica).
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Gentisein

Gentisein is found in the roots of Gentiana lutea, and is
considered antibacterial and antitubercular.?¢
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Fig. 741. Gentisein

STILBENOIDS

"This group of compounds is based on a structure of two
benzene rings bridged by a chain of two carbons. Limited
in distribution, they are common in the Orchidaceae fam-
ily and also found in liverworts. They are constituents of
the heartwood of both gymnosperm and angiosperm
trees. Stilbenoids have been found in plants in the free
state, as glycosides, and as oligomers. Many are strongly
antifungal and serve as phytoalexins.’’
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Fig. 7.42. Resveratrol

Resveratrol (¢rans-3,5,4’-trihydroxystilbene)
Found in many plants as a phytoalexin, resveratrol is
abundant in the skins of red grapes (Vitis vinifera). It has
been suggested that resveratrol underlies the phenomenon
known as the “French paradox,” which is discussed in
more detail later in this chapter. Wine is the most notable
dietary source of this compound; a fluid ounce of red wine
contains an average of 160 pg of resveratrol.’®

Physiological concentrations of resveratrol can mod-
ulate multiple molecular pathways thought to be associ-
ated with the development and progression of cardiovas-
cular disease and cancer, including Phase II drug
metabolism, cyclooxygenase, lipid metabolism, nitric
oxide, DNA synthesis, inflammation, cell survival, cell
death, and cell division cycle pathways.*?

Research highlights a number of resveratrol effects
relevant to the cardiovascular system:

* Antioxidant®
* Inhibits peroxidation of low-density lipoprotein
(LDL)*

* Reduces platelet aggregation®
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Resveratrol has also been shown to function as a can-
cer chemopreventive agent. Such agents reduce the inci-
dence of tumorigenesis by intervening at one or more of
the stages of carcinogenesis.” In research, resveratrol
demonstrated chemopreventive activity in assays repre-
senting three major stages of carcinogenesis: initiation,

promotion, and progression. %

Initiation: antioxidant and antimutagenic effects; induced
Phase II drug-metabolism enzymes

Promotion: inhibited cyclooxygenase and hydroperoxidase

Progression: induced human pro-myelocytic leukemia cell
differentiation; inhibited the growth of leukemia cells
in vitro

FLAVONOIDS

The term flavonoid describes all the polyphenolic plant
pigments that have a C4-C;-Cg skeleton analogous to that
of the flavones—that is, two substituted benzene rings
connected by a 3-carbon chain. All of the approximately
4,000 flavonoids that have been identified possess this
same basic structural makeup.

Fig. 743. Flavonoid core
structure

Fig. 7.44. Flavonoid
structure

However, as an example of the many subtleties that
can prove so confusing in phytochemistry, flavone, the
parent substance of the flavonoids, occurs naturally but is
not itself a phenolic compound, as it lacks a hydroxyl

group.

Taxonomic Distribution

Molecules in this group are very widely distributed in
higher plants as components of leaves and pigments in
flowers. No flavonoids have been found in algae, but
some are common in Bryophytes. In Pteridophytes, the
Psilotales and Selaginellales are characterized by the pres-
ence of biflavonoids, and Equisetales by proanthocyanins.

Anatomical Distribution of Flavonoids

Flavonoid glycosides are water-soluble and accumulate in
plant cell vacuoles. Depending on the species, they either
concentrate in the leaf epidermis or are dispersed in both
the epidermis and the mesophyll. In flowers, they are

concentrated in epidermal cells. Whenever flavonoids are
present in the leaf cuticle, they are almost always free
aglycones, made even more lipophilic by the partal or
total methylation of their hydroxyl groups.

Plant Pigmentation

Flavonoids are plant pigments, responsible for the color
of flowers, fruits, and sometimes leaves. When not di-
rectly visible, they often act as co-pigments. For example,
colorless flavone and flavonol co-pigments protect plant
tissues and compounds such as anthocyanins against dam-
age from ultraviolet (UV) radiation. In some cases, the
molecule absorbs near-UV radiation, and this color is
perceived only by insects.

Names of many categories of flavonoids have their
roots in Greek or Latin color terms; the word flavone it-
self comes from flavus, the Latin word for “yellow.”
Antbocyanin comes from the Greek anthos (flower) and
kyanos (blue). The word is used broadly, as in “antho-
> without regard for whether they are
glycosides (anthocyanins) or aglycones (anthocyanidins).

Anthocyanins generate petal colors; red flower colors
are usually based on cyanidin and blue on delphinidin.
The yellow anthochlor pigments, chalcones and aurones,
are so named because the color of yellow flowers that

cyanin pigments,’

contain these pigments changes to red when the flowers
are fumed with ammonia. (Yellow flowers containing only
carotenoids are unchanged after this treatment.)

Chalcones are readily oxidized both in vivo and in
vitro to aurones, and both classes of pigment are often
found together in yellow flowers. The word chaicone is de-
rived from the Greek words chalcos, meaning copper, and
aurone, from the Latin gurum, meaning gold. The obso-
lete name leucoanthocyanin was once used to denote all
substances that could be converted into anthocyanins
when heated with mineral acid.

While flavonoids are responsible for most plant pig-
ments, pigments may also be provided by members of
some, but not all, families of the Caryophyllidae, in which
betalain alkaloids contribute color. These families include
the Phytolaccaceae, Cactaceae, Chenopodiaceae, and

Amaranthaceae.
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Fig. 7.45. Betadinin



Variations in the structure of anthocyanins generate
the wonderful diversity of hue and tone in the colors of
flowers and fruits. A number of factors are believed to
contribute to this kaleidoscopic abundance of color:

* Differences in electron charge

e Number of methoxyl and hydroxy! groups

e Number and type of sugars attached to the aglycone
e Presence of metal ions

e Presence of other pigments

Acertaining the specific effects of anthocyanin struc-
ture on plant color is not straightforward. For example,
when anthocyanins are heated, they may become either
paler in color or rore stable in structure, as heating may
cause them to polymerize. Anthocyanins are generally
colorless in neutralized pH, redder in an acid medium,
and bluer in an alkaline medium and in certain other
circumstances—for example, when they form complexes
with metals.

Classification of Flavonoids

Numerous variations on the basic Cg-C;-Cy structure
occur in flavonoids, which has led to the development of
various systems for classifying this diverse and abundant
group of secondary metabolites. Unfortunately, these sys-
tems do not always correlate with one another, and unless
this fact is recognized, much confusion may result. Of the
systems described here, that based on degree of oxidation
is the one used throughout this discussion.

The sugar most likely to be present is D-glucose, but
L-rhamnose, D-galactose, L-arabinose, and D-xylose are
also found. This means that for every aglycone, there may
be many different glycosidic combinations. Structural
variability expands further in glycosides formed with a
disaccharide or a trisaccharide, in which a linear or
branched structure may be seen.

Each class of flavonoids contains molecules with dif-
ferent substituents on the structural skeleton that they
have in common. In addition, each flavonoid may be pre-
sent as a glycoside or as a simple aglycone. To facilitate
nomenclature, a numbering system that describes variants
in each class has been developed.

REPRESENTATIVE CLASSES OF
FLAVONOID AGLYCONES

Flavones and Flavonols

In these molecules, which represent about 80% of known
flavonoids, ring A is substituted by two hydroxyl groups
at C-5 and C-7. These groups may be free, etherified, or
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linked glycosidally. However, other substitutions are also
possible.

Flavones and flavonols are universally distributed in
plants, but some of the substitution patterns are restricted
to certain families or groups of families—hence their in-
terest to chemotaxonomists. They often occur as pig-
ments associated with anthocyanins in petals and leaves of
higher plants. They are found most frequently in the
form of glycosides, but they may also be present as

Flavonoid Classification Systems

Degree of Saturation

Two major categories encompass flavonoids in
which the central heterocyclic ring is either sat-
urated or unsaturated. i saturated, as in fla-
vanols, the molecule will be planar, and thus
non-optically active. Flavonoids with unsatu-
rated rings, such as flavones, are defined by
stereoisomerism.

Biosynthetic Origin

in this classification scheme, one group of
flavonoids includes those that are both inter-
mediate steps in biosynthesis and end products,
such as chalcones and flavanones. The other
flavonoids constitute a second group in that
they are known only as end products. These in-
clude anthocyanins and flavonols.

Molecular Size

This scheme differentiates among monomeric,
dimeric, trimeric, and polmeric flavonoid
structures.

Conjugates

Flavonoids normally exist in conjugate or com-
bined forms, also known as glycosylflavonoids.
These conjugates are commonly glycosides, in
which a bond (-C-O-C-) is formed between a hy-
droxyl of the flavonoid and a sugar. The bond-
may be established with any of the hydroxyl
groups on the aglycone, but the groups involved
are generally the hydroxyls in the 7-position of
the flavones and in the 3-position of the
flavonols. The sugar may be a mono-, di-, or
trisaccharide.
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Table 7.5. Flavonoid Categories

CLASS STRUCTURE OF CENTRAL C-3 UNIT EXAMPLE
O\ e oH
CH
Catechins {flavan-3-ols) ;[ CL Catechin " ° O
= °
H1 ‘OH
OH oH
@ 9
Dihydrochalcones IC _CHe Phloretin O
|
© OH o
P o
HC oH
| I i ) [
Chalcones " Butein w AN
|
: Y
| O\C|H/ -
Flavanones (dihydroflavones) o Naringenin )
|
e oH =}
O = | -
I o o
Flavones IC/CH Apigenin | \
I
o OH [+]
| 0\|TH HO. o. ‘
Isoflavones N Genistein \Q; ' R
I oo A
¢
N o ; ‘
Anthocyanidins | ] Pelargonidin O o
c/c\oH Z o
H oH
o on
N
C=—=C—— oH
Aurones IC/ H Sulfuretin w X Q
] ®
° o
Flavanols N Taxifolin .
I o
° on (<]
NI /H o
|
Flavonols | PN Quercetin




aglycones on leaf surfaces, in fruits, and in bud exu-
dates. Flavones differ from flavonols in that they lack a
3-hydroxyl substitution, which changes their spectro-
scopic properties. Apigenin and luteolin are the only
common flavones.

Several hundred flavone and flavonol aglycones are
known, but only three are common: kaempferol, quercetin,
and myricetin. Quercetin has the widest distribution in na-
ture of all phenolic compounds, and 135 different glyco-
sides of quercetin have been described. The most common
is quercetin-3-rutinoside, commonly known as rutin,
which is used in the treatment of capillary fragility.

Many different saccharides may serve as the sugars in
flavone and flavonol glycosides. Ten monosaccharides are
known: D-apiose, L-arabinose, L-rhamnose, D-xylose, D-
allose, D-galactose, D-glucose, D-mannose, and D-galac-
turonic and D-glucuronic acids. Disaccharides are associ-
ated with flavones; rutnose is particularly widespread.
Trisaccharides, linear or branched, are also known, and
one branched tetrasaccharide has been identified.

In addition, there are a number of flavones with var-
ious other substituents, Among the flavones with isoprene
substitution, the linkage is generally observed at the C-6
and/or C-8 position of the flavone. About 100 flavone and
flavonol sulfates and some flavone alkaloids have also
been reported.

Oxidation or Substitution

Here the various classes of flavonoids are distin-
guished by the degree of oxidation of the C-3
chain. This is the system used throughout the dis-
cussion of flavonoids in this chapter. The follow-
ing illustrates the hierarchy of flavonoids accord-
ing to increasing degree of oxidation.
catechins—>»
dihydrochalcones—:
proanthocyanidins—>
flavanones—>
flavanols—>»
flavones—>
anthocyanidins—>»
flavonols
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Kaempferol (3,5,7,4’-tetrahydroxyflavone)
Kaempferol is very widespread, both free and in glycosides.*

OH

Fig. 746. Kaempferol

Consider table 7.6, which lists commonly used plants
that are sources of kaempferol.

Table 7.6. Plant Sources of Kaempferol

PLANT PLANT PART
Allium cepa (onion) Bulb
Althaea officinalis (marshmallow) Leaf
Anethum graveolens (dill) Seed
Calendula officinalis {calendula) Whole plant
Camellia sinensis (tea) Whole plant
Centella asiatica (gotu kola) Whole plant
Equisetum arvense (horsetail) Whole plant
Eupatorium perfoliatum (boneset) Whole plant
Ginkgo biloba (ginkgo) Leaf

Harpagophytum procumbens (devil's claw)  Root

Lactuca sativa (lettuce) Whole plant
Matricaria recutita (chamomile) Whole plant
Ocimum basilicum (basil) Leaf
Passiflora incarnata (passionflower) Whole plant
Sambucus nigra (black or European elder) Flower
Silybum marianum (milk thistle) Seed
Thymus vulgaris (thyme) Whole plant

Viola odorata (sweet violet) Whole plant
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Fig. 747. Quercetin

Quercetin (3,5,7,3’,4’-pentahydroxyflavone)

This is the flavonoid most commonly found in higher
plants, usually in one of its many glycosidic forms.
However, it may also occur in free form in Asteraceae,

Passifloraceae, Rhamnaceae, and Solanaceae plants.*

Table 7.7. Plant Sources of Quercetin

PLANT PLANT PART AMOUNT

Oenothera biennis (evening primrose)  Leaf

Podophyllum peltatum (mayapple) Resin, sap

Allium cepa (onion) Bulb
Camellia sinensis (tea) Leaf
Azadirachta indica (neem) Flower
Helianthus annuus (sunflower) Flower
Malus domestica (apple) Pericarp

Vaccinium macrocarpon (cranberry)  Fruit

91,000~
207,000 ppm

50,000 ppm
0-48100 ppm
10,000 ppm
1,000 ppm
100-400 ppm
58~263 ppm

100-250 ppm

The Use and Abuse of Quercetin

Quercetin has gained the attention of the supplement industry, and is now widely promoted as a nat-
ural anti-inflammatory and antioxidant magic bullet. This has the effect of confusing both the public
and practitioners as to the difference between whole plant and active ingredient herbalism. An ac-
knowledgment of the role of an isolated constituent in health maintenance should emphasize the im-
portance of the many herbal and dietary sources of the compound, rather than focus on “natural
magic bullets” available only in dietary supplement form.,

Quercetin affects a whole array of enzyme systems. There appears to be a theme of involvement
in inflammatory processes that partially explains the anti-inflammatory action of many quercetin-con-
taining plants.

Enzyme Systems Modified by Quercetin®®

Transport ATPases Lipoxygenase

Protein kinases Aldose reductase
Cyclic nucleotide phosphodiesterases Xanthine oxidase
Catechol-O-methyl-transferase Hyaluronidase
Phospholipase A, Histidine decarboxylase
Cyclooxygenase Estrogen synthetase

There are a number of specific indications typically given for quercetin, but they do not always
take into account the richness of the compound’s therapeutic possibilities when it is used in the bio-
evolved complex of its herbal sources. Quercetin finds its main use as a safe systemic anti-inflamma-
tory, indicated in most cases of allergy or inflammation-based pathology.*® This application stems
from the impact of quercetin on the biochemical processes that influence these physiological re-
sponses in the body. Such therapeutically valuable responses will, of course, also occur when the
flavonoid is taken in the form of a whole plant preparation.

Growing evidence indicates that quercetin has antiviral activity, both in vivo and in vitro, most
markedly against herpes simplex type 1, parainfluenza type 3, polio virus type 1, and respiratory syn-
cytial virus.° It is interesting to note that boneset (Eupatorium perfoliatum) is both a rich source of
quercetin and a traditional treatment for flu. Quercetin may also play a role in tumor inhibition.”
Please see chapter.9 for more details on the anticancer effects of flavonoids.




PoLyPHENOLS = 10§

PLANT PLANT PART AMOUNT HERB PLANT PART
Allium sativum (garlic) Bulb 200 ppm Allium cepa (onion) Bulb
Brassica oleracea var. capitata Leaf 2-100 ppm A. sativum (garlic) Whole plant
(cabbage) )
Apium graveolens (celer) Whole plant
Capsicum annuum (cayenne) Fruit 63 ppm . o
Artemisia absinthium (wormwood) Whole plant
Brassica oleracea var. acephala (kale)  Leaf 7-50 ppm L
Asparagus officinalis (asparagus) Root
Pyrus communis (pear Pericar 28 ppm
Y (pear) P PP Azadirachta indica (neem) Leaf
Brassica oleracea var. gemmifera Axillar 25 ppm
& y PP Calendula officinalis {calendula) Flower
{brussels sprouts) bud
Camellia sinensis (¢
Brassica oleracea var. gongylodes Shoot 20 ppm amellia sinensfs {tea) Leaf
(kohlrabi) Capsella bursa-pastoris (shepherd's purse) Whole plant
Spinacia oleracea (spinach) Leaf 19 ppm Coriandrum sativum {coriander) Fruit
Crataegus laevigata (hawthorn) Leaf
Isorhamnetin Ervthrox Leaf
) rythroxylum coca (coca ea
This flavonol has a very widespread occurrence, both free e fcoca]
and in the form of glycosides. Eschscholzia californica (california poppy) Flower
oo Eupatorium perfoliatum {boneset) Plant
o o Filipendula ulmaria (meadowsweet) Plant
" ° “ W " Foeniculum vulgare (fennel) Fruit
“on 0—Ghc.0-Rham Hypericum perforatum (St. John’s wort) Plant
le) (e}
Fig. 7.48. Isorhamnetin Fig. 749. Rutin llex paraguariensis (mat¢) Leaf
Leonurus cardiaca (motherwort) Whole plant
Rutin (quercetin-3-rutinoside)
First isolated from rue (Ruta graveolens), rutin is Matricaria recutita {chamomile) Whole plant
widespread in higher plants. It demonstrates many of the  pfentha piperita (peppermint) Whole plant
general actions of quercetin and other flavones and o ‘
flavonols. (Please see chapter 9 for more information,) ~ Fassifloraincamata (passionflower) Whole plant
Rutin has anti-inflammatory activity because of an ability  pimpinelia anisum (anise) Seed
to inhibit the action of the enzyme lipoxygenase. It is
specifically recognized as a free radical scavenger and has ~ Rheum officinale {chinese rhubarb) Root
been used clinically against capillary fragility and vari-  p .- graveolens (rue) Whole plant
cosities. In vitro studies show that it also has antiviral and
antibacterial properties.S2 Salix alba (white willow) Bark
Sambucus nigra (black elder) Flower, leaf
Table 7.8. Herbs Containing Rutin Solidago virgaurea (goldenrod) Leaf
HERB PLANT PART Spinacia oleracea (spinach} Leaf
Achillea millefolium (yarrow) Whole plant Viola odorata {sweet violet] Flower

Agathosma betulina (buchu) Leaf V. tricolor {pansy) Flower
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Apigenin

The aglycone of apigenin is occasionally found on leaf
surfaces and on fern fronds. Many glycosides are known.
Research has shown that it has anti-inflammatory, an-

tibacterial, diuretic, and hypotensive properties.*®

OH

OH
Ho o Ho o
| I "
CH
OH o] (
CH [0)

Fig. 7.50. Apigenin Fig. 7.51. Luteolin

Luteolin

"This aglycone is common, especially in leaf exudates. Lute-
olin often occurs as the 7-glucoside and 7-glucuronide.™

Anthocyanins and Anthochlors

There are two main classes of flavonoid pigments that
provide flower color:

Amnthocyanins (red to blue colors)
Anthochlors, including chalcones and aurones (yellow petal
colors)

The most common anthocyanidin (anthocyanin agly-
cone) is cyanidin. The other 15 known anthocyanidins, 6
of which are widely distributed, differ only in the number
and position of methoxyl or hydroxyl groups. The gly-
cosidal anthocyanins are incredibly numerous; cyanidin
alone is found in 76 different glycosidic combinations.*’

Anthocyanidin pigments are responsible for the wide
array of pink, scarlet, red, mauve, violet, and blue colors
in flowers, leaves, fruits, fruit juices, and wines. They are
also responsible for the astringent taste of fruit and wines.
Genera that contain yellow anthochlor pigments include
Dianthus, Dablia, Potentilla, and Antivrhinum.

Cyanidin

Cyanidin is found in glycosidic form in nearly all green
plants. Elderberries and red cabbage, which each contain
many different cyanidin glycosides, are potental sources
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of natural red food colorings.’

OH

Fig. 7.52. Cyanidin

ISOFLAVONOIDS

The more than 600 isoflavonoids are divided into sub-
classes according to the oxidation level of the central
pyran ring. They differ from other flavonoids in that they
display greater structural diversity and are usually present
in the free state, rather than as glycosides. Isoflavones are
the most abundant subclass; other subclasses include
isoflavanones, ptevocarpans, coumestans, isoflavans, votenoids,
and neoflavonoids.

Isoflavones are isomeric with the more widely occur-
ring flavones. They are more restricted in distribution
than flavones and flavonols, found regularly in only one
subfamily of Fabaceae, the Papilionoideae. Widely occur-
ring isoflavones include daidzein, genistein, formono-
netin, and biochanin A, which are noted for their estro-

genic properties.
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Fig. 7.54. Genistein

Fig. 7.53. Daidzein

Daidzein

Daidzein is a widely distributed isoflavone that is espe-
cially abundant in the Lamiaceae. As discussed in chapter
9, it is an effective phytoestrogen.

Table 7.9. Plants Containing Daidzein

PLANT PLANT PART
Genista tinctoria (dyer’s broom) Shoot
Glycine max (soy) Seed
Phaseolus coccineus (scarlet runner bean) Whole plant
Psoralea corylifolia (babchi) Root
Pueraria lobata, P. phaseoloides (kudzu) Root
Trifolium pratense (red clover) Flower

Ulex europaeus (gorse) Aerial parts

Genistein

This isoflavone occurs in clover (Trifolium spp.), soy
(Glycine max), and many other Fabaceae plants, as well as
in the wood of Prunus species.’’



Table 7.10. Herbs Containing Genistein

HERB PLANT PART
Baptisia tinctoria (wild indigo) Leaf

Cytisus scoparius (Scotch broom) Flower
Genista tinctoria (dyer's broom) Flower
Glycine max {soy) Seed
Glycyrrhiza glabra (licorice) Shoot
Lupinus albus (white lupine) Hypocoty!
Medicago sativa (alfalfa, lucerne) Leaf
Phaseolus coccineus (scarlet runner bean) Whole plant
P. lunatus (butter bean, lima) Leaf

P. vulgaris (kidney bean) Fruit

Pisum sativum {garden pea) Shoot
Prunus cerasus (sour cherry) Fruit
Pueraria lobata (kudzu) Leaf

P. phaseoloides (kudzu} Root
Stellaria media (chickweed) Whole plant
Trifolium pratense (red clover) Leaf

T. repens (white clover) Leaf

Vigna angularis (adzuki bean) Seed

Pterocarpans

Pterocarpans are significantly antifungal and are found in
the heartwood of many legume trees, but are also induced
as phytoalexins in some plants in response to fungal in-
fection. The rotenoids have a common tetracyclic ring
system, as in rotenone, and are distinguished by their in-
secticidal and piscicidal properties.

Rotenone inhibits the electron transport pathway in
mitochondria and is therefore toxic to all forms of life.
However, it can be used safely as a fish poison because the
oral toxicity in humans is very low. Powdered derris root
contains rotenone and is a well-known insecticidal dust.

Rotenone (tubotoxin)
Major sources of rotenone include derris root (Derris el-
liprica) and Jamaica dogwood (Piscidia erythring). It is also
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found in the leaves of mullein (Verbascum thapsus).
Rotenone demonstrates insecticidal and antiprotozoal ac-
tivity. It is toxic, with an intraperitoneal 1.Ds; in mice of
2.8 mg/kg. While the toxicity in humans is low, it is more
toxic when inhaled than when ingested.®

Minor Flavonoids

Harborne and Baxter use the term minor flavonoid to de-
scribe flavonoids that have a limited distribution (as opposed
to the more widespread anthocyanins, flavones, and flavo-
nols) and a central pyran ring at a higher level of oxidation.

¢ Flavanones

* Dihydrochalcones

* Dihydroflavonols (flavan-3-ols)
* Flavan-3,4-diols

The best-known minor flavonoids are the flavanones
and the flavanon-3-ols or dibydroflavonols.

Flavanones

Two flavanones, naringenin and eriodictyol, are relatively
common. Flavanone glycosides are often notable for their
taste; naringin and eriocitrin contribute to bitterness in
citrus fruits. However, not all flavanones are bitter. Some
are sweet; for example, neohesperidin dihydrochalcone, a
compound related to neohesperidin, is used in the food in-
dustry as a nonsugar sweetener.

Naringenin

This compound has a widespread occurrence in plants,
especially in the Asteraceae family (for example, Artemisia
spp.). Naringin, the glycoside of naringenin, is widely dis-
tributed in Rutaceae. Naringenin has antibacterial, anti-
fungal, anthepatotoxic, antoxidant, antispasmodic, and
antiulcerogenic properties.*®
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Fig. 7.55. Naringenin

Dibydrochalcones

Flavonoids in this group have an open central ring. They
are structurally related to the flavanones, but are not as
widely distributed.
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Phloretin
Phloretin occurs as a glycoside, especially in Rosaceae and
Ericaceae. The compound demonstrates antibacterial and

anti-inflammatory actions.®
oR
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Fig. 7.56. Phloretin

Dibydroflavonols

Here, the molecule has a closed central ring. These rela-
tively common compounds are also known as flavan-3-ols.
Catechin, a dihydroflavonol, and silybin, a flavo-
lignan from milk thistle (Silybum marianum), are used
therapeutically because of their anti-inflammatory and
antihepatotoxic properties. Many of these structures have
antimicrobial activity, and several are phytoalexins.

(+)-Catechin

Catechin is very widespread, especially in woody plants.
Examples of medicinal plants that contain this dihy-
droflavonol are provided in table 7.11.

Table 7.11. Catechin-Rich Herbs and Actions

HERB ACTION

Agrimonia eupatoria (agrimony}  Bitter, astringent

Crataegus laevigata (hawthorn) Cardiotonic, hypotensive
Humulus lupulus (hops) Bitter, hypnotic, antispasmodic
Leonurus cardiaca (motherwort)  Relaxing nervine, antispasmodic
Quercus alba (white oak) Astringent
Salix alba (white willow) Anti-inflammatory, analgesic

Vaccinium myrtillus (bilberry) Antihepatotoxic, antioxidant

HO l
OH

CH

Fig. 7.57. Catechin

Silybin

Silybin occurs in the seeds of milk thistle (Silybum mar-
ianum) as a component of “silymarin,” a complex of
S. marianum flavanolignans that possess antihepatotoxic
activity. Silybin was formerly called silymarin.!

o CH,OH
HO o O OCHy
O O
OH OH
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Fig. 7.58. Silybin

Biflavonoids

Another variant in the flavone series is the biflavonyl.
These dimeric compounds are formed by carbon-carbon
or carbon-oxygen couplings between two flavone units
(usually apigenin). Methyl ethers are common, for exam-
ple, ginkgetin, which occurs in the autumnal leaves of
Ginkgo biloba. Biflavonyls occur almost exclusively in

gYImnosperms.

OH

Fig. 7.59. Ginkgetin

Ginkgetin
This dimethyl ether of amentoflavone occurs in autumnal
leaves of Ginkgo biloba.

PHARMACOLOGY AND
THERAPEUTIC POTENTIAL OF
FLAVONOIDS

Flavonoids have become the focus of much attention
within the research community. Both in vitro and in vivo
studies attest to their potential in modern medicine.®
However, this potential simply mirrors the therapeutic
strengths of the whole plants, long recognized in tradi-
tional herbal medicine and its modern manifestation,
phytotherapy.

While new research that points to potental applica-
tions for isolated flavonoids is exciting, it should not de-



flect the attention of the practitioner from the therapeu-
tic cornucopia offered by the plants themselves.5t
Traditional herbal and naturopathic protocols, often the
cues that inspired the research in the first place, have
great inherent value based on generations of observation
and use. This is a time to affirm their value, not to belit-
tle their lack of statistical validity or bemoan the dearth of
double-blind, placebo-controlled studies. After all, where
is the controlled study that validates Vis Medicatrix
Naturae (the healing power of nature)?

Flavonoids have many properties, but to individually
list the physiological effects of isolated chemicals can ob-
scure the fact that they work in complex, synergistic ways.
It is vital to differentiate between effects of whole plants
and research on specific molecules. In the case of herbs
used in phytotherapy, it is generally inappropriate to
speak of “flavonoid-containing herbs,” because while
flavonoids probably contribute to the activity of drugs,
they only rarely act alone. Essential oils, other phenolic
compounds, minerals, and saponins, to name just a few,
are also essential components of their activity.

From a traditional herbal perspective, many links
can be made between research-based reports of flavonoid
activity and the well-known actions of plants in our mate-
ria medica. The following list highlights some of these
correlations.

Actions of Flavonoids

* Antoxidant

* Hypoglycemic

¢ Stabilize capillary permeability
e Anti-inflammatory

* Immunomodulatory

* Antihepatotoxic

* Antneoplastic

* Hypotensive

* Regenerate connective tissue
* Sedative

* Regulate cardiac function

* Weakly estrogenic

¢ Antimicrobial

* Antispasmodic

* Diuretic

* Cholagogue

Because these ubiquitous phytochemicals have a gen-
tle impact on a whole range of organs, tissues, and physi-
ological processes, they are sometimes described as bzolog-
ical vesponse modifiers. The heart, blood vessels, liver,
immune system, connective tissue, adrenal glands, kid-
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neys, musculature, and nervous system may all benefit
from herbs containing these constituents.

The following material focuses largely on research on
specific chemicals. It is important to remember that the
specific effects enumerated below do not occur in isola-
tion, but are interrelated at the metabolic level in both
plants and people. Not all flavonoids or plants that con-
tain them demonstrate all of the properties discussed here
and, similarly, this is far from a complete listing of re-
ported effects.

A comprehensive review by Middleton and Kanda-
swami of the impact of flavonoids on immune system
function and the inflammatory response illuminated a
wide range of effects.®” Please refer to this review for
complete citations.

* Flavonoids have profound effects on immune system
and inflammatory cells.

* Certain flavonoids, depending on structure, can affect
(usually inhibit) secretory processes, mitogenesis, and
cell-cell interactions, including effects on adhesion
molecule expression and function.

* The etfects of flavonoids on secretory processes sug-
gest that they may influence the function of cytoskele-
tal elements, supporting cellular health and activity
through some positive effect on the microfilaments
that make up the elements of the cytoskeleton.

* Certain flavonoids may affect gene expression and the
activity of cytokines and cytokine receptors.

¢ Flavonoids can stimulate or inhibit protein phosphory-
lation and thereby regulate cell function.

* Flavonoids are recognized antioxidants and free radical
scavengers.

* Resting cells are not significantly affected by flavo-
noids, but once activated by a physiological stmulus
may generate a flavonoid-sensitive substance. The in-
teraction of flavonoids with that substance dramati-
cally alters the outcome of the activation process.

Possible Biological Response

Modification Mechanisms

Flavonoids appear to modify the body’s reaction to other
substances, such as allergens, viruses, and carcinogens, as
evidenced by their ant-inflammatory, antiallergenic, an-
tiviral, and anticancer properties. As antioxidants, flavo-
noid molecules are unique in that they are active against a
wide variety of oxidants and free radicals. Among their ef-
fects is an ability to increase vitamin C levels within cells,
decreasing breakage and leakage of small blood vessels,
protecting against free radical damage, and supporting
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joint structures. Many flavonoids modulate prostaglandin
synthesis and are powerful enzyme inhibitors. These
properties have profound physiological implications.

Flavonoids as Enzyme Inhibitors

As a general rule, flavonoids are enzyme inhibitors in
vitro. Several flavonoids (such as cirsiliol and hypolaetin)
are potent inhibitors of S-lipoxygenase; therefore, they
inhibit the production of the leukotrienes that mediate
inflammation and allergic reactions. In additon, several
flavonoids (luteolin, apigenin, and chrysin) inhibit cy-
clooxygenase and platelet aggregation. These properties,
which have been demonstrated in vitro, may in part ex-
plain the anti-inflammatory and antiallergic properties
commonly attributed to various drugs known to contain
flavonoids.%

Absorption of Flavonoids in the
Gastrointestinal Tract

The absorption of flavonoid glycosides is poor, although
trace amounts of intact glycosides can sometimes be de-
tected in bile or urine. Usually, the glycosides are initially
broken down to their aglycones and, subsequently, to ring
fission products. Flavonol aglycones, free flavones, and
flavonols, such as quercetin, tend to be poorly absorbed,
but the more saturated flavonoids, such as flavonones and
flavonols like (+)catechin, are more readily absorbed. The
exposure of gastric mucosa to glycosides may raise levels
of cytoprotective prostaglandins, which may help explain
how glycosides exert their protective effects on gastroin-
testinal mucosa. Flavonoids are metabolized by a variety
of cells, especially liver cells, and since the metabolites are
excreted in urine, there is no accumulation of metabolites
in the body.

forms.

Flavonoids and the French Paradox

Red wine is a rich source of flavonoids, and regular red wine consumption is associated with a de-
creased risk of coronary heart disease (CHD). French epidemiological studies show an association be-
tween increased wine consumption and reduction in death from heart disease. This phenomenon has
come to be known as “the French paradox,” as the French diet is characteristically high in animal fats
and other factors associated with heart disease.”

investigators have now concluded that wine and fruit consumption both correlate with reduced
mortality from heart disease.®® Several mechanisms have been suggested to explain the protective ef-
fect of wine, of which the best known is the ability of alcohol to alter blood lipid levels by lowering
total cholesterol and raising levels of high-density lipoprotein (HDL). However, if the findings con-
cerning fruit are taken into account, other mechanisms must be considered.

Wine is rich in flavonoids. Phenolics are well known for the sensory subtleties they impart to
wine, and for this reason, French researchers have been investigating their chemistry for decades.
Since they are antioxidants, these substances are at the foundation of the long aging process under-
gone by some wines. Wines low in flavonoids, such as white wines, rarely age gracefully.

Might phenolic antioxidants influence the development of atherosclerosis in humans? A study at
the University of California, Davis, showed that they inhibit the oxidation of low-density lipoprotein
(LDL) in vitro. If this effect occurs in vivo, it could slow the development of arterial plaque. In addi-
tion, since the aggregation of platelets (thrombosis) is an important factor in precipitating a heart at-
tack, compounds that reduce platelet aggregation could also lower CHD mortality. Wine flavonoids
have been shown to decrease platelet aggregation, apparently by inhibiting oxygenase enzymies.

Wine is not the only dietary source of phenolic compounds. Fresh fruits are a rich source, and fruit
consumption correlates highly with reduced CHD mortality. Tea is another source of phenolics, but
green and black tea have quite different compositions. Green tea contains mainly monomeric cate-
chins—for example, epigallocatechin 3-gallate—while black tea possesses oligomeric and polymeric

The results of a Finnish study on the association between dietary flavonoid intake and subse-
quent CHD mortality suggest that people with very low intakes of flavonoids have higher risks of
heart disease.®” Taken together, this combination of epidemiological and laboratory research clearly
suggests that flavonoids are beneficial nutrients that can reduce CHD mortality.”




Anti-Inflammatory Actions

Many different mechanisms may contribute to the anti-
inflammatory properties of flavonoids, including effects
on prostaglandin synthesis and arachidonic acid
metabolism, enzyme inhibition, and antioxidant activities.
The effects of flavonoids on collagen and on the function

of immune cells may also play a role.

Effects on Prostaglandin Synthesis

The well-recognized anti-inflammatory actions of many
flavonoids are due in part to their ability to modulate
prostaglandin synthesis. Some flavonoids inhibit prosta-
glandin synthesis, while others stimulate the production
of prostaglandins. Research on flavonoids with the ability
to inhibit prostaglandin synthetase (PGS) has identified
certain common structural features.

However, inhibition of PGS is only a partial answer
as to why flavonoids suppress inflammation. Leuko-
trienes, products of arachidonic acid produced by the 5-
lipoxygenase pathway, are also involved in the inflamma-
tory process, and some flavonoids, such as quercetin, can
inhibit lipoxygenase.

Flavonoids appear to have an important advantage
over nonsteroidal anti-inflammatory drugs (INSAIDs) in
that they are largely free of adverse effects. NSAIDs
work in part by inhibiting the synthesis of prosta-
glandins, not only those that cause inflammation, but
also the cytoprotective prostaglandins that help prevent
ulceration of the gastric mucosa. Thus, by inhibiting
prostaglandin formation, NSAIDs also cause gastric
ulceration.

Flavonoids do not cause gastric ulceration and, as a
class, are remarkably free of side effects. Why flavonoids
do not damage gastric tissues is not fully understood, but
it may be because their ant-inflammatory actions are
based on several mechanisms rather than on a single
mechanism, like inhibition of prostaglandin synthesis.

Effects on Arachidonic Acid Metabolism

Flavonoids, particularly quercetin, are inhibitors of aller-
gic, IgE-mediated release of histamine and other chemi-
cals from mast cells and basophils, via inhibition of
lipoxygenase and other enzymes involved in the meta-
bolism of arachidonic acid in cells. Quercetin exhibits
both allergic-mediator release activity and selective inhi-
bition of the biosynthesis of pro-inflammatory arachi-
donic acid metabolites, which may help explain its antial-
lergic and anti-inflammatory actions.”! Animal studies
have demonstrated that endogenous prostaglandins are
involved in mucosal injury produced by absolute ethanol
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and that quercetin has antiulcer and cytoprotective prop-
erties in such situations.”?

Antioxidant Effects

Active oxygen species, or free radicals, cause considerable
damage in inflammation. These include hydrogen perox-
ide, hypochlorous acid, hydroxyl radicals, and possibly
other species, such as singlet oxygen and hydroperoxy
radicals. These species are derived from superoxide an-
ions liberated from stimulated phagocytic cells. Many
flavonoids are powerful antioxidants and scavengers of
free radicals. In addition to removing free radicals, they
may also suppress their formation, since many flavonoids
have the ability to bind heavy metal ions that are known
to catalyze the production of free radicals.

Inbhibition of Enzymes

One enzyme that is strongly inhibited by flavonoids is
phosphodiesterase, which catalyzes the breakdown of
cyclic adenosine monophosphate (cAMP). Cyclic AMP is
a fundamentally important regulatory molecule in cellular
activity. As discussed in detail in chapter 9, cAMP can
trigger a range of intracellular effects by activating vari-
ous enzymes. High cAMP levels are anti-inflammatory,
since cAMP tends to decrease the secretion from cells of
destructive agents, such as lysosomal enzymes and
prostaglandins. In the presence of inflammation, drugs
that elevate intracellular cAMP levels have some anti-
inflammatory action, which is probably related to the rise
in ¢cAMP. Thus the anti-inflammatory action of flavo-
noids may be due in part to the fact that they inhibit the
breakdown of cAMP.

Effects on Collagen

Many flavonoids have a beneficial effect on collagen,
which is responsible for maintaining the integrity of the
ground substance in connective tissue. Collagen is de-
stroyed during inflammatory processes that occur in
rheumatoid arthritis, gout, and other conditions involv-
ing bones, joints, cartilage, and other connective tissue.
Anthocyanidins and other flavonoids affect collagen
metabolism in many ways:”®

* Cross-link collagen fibers, reinforcing the collagen
matrix of connective tissue (ground substance or
cartilage)

* Prevent free radical damage with potent antioxidant and
free radical scavenging actions

* Inhibit destruction of collagen structures by enzymes
secreted during inflammation
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* Prevent the release and synthesis of compounds that
promote inflammation, such as histamine

Overall Antioxidant Activities

Flavonoids can inhibit formation of superoxide anions and
the generation of hydroxyl radicals. With the new insights
concerning the role of free radicals in aging, autoimmune
diseases, and many other health issues, the antioxidant
potential of flavonoid-containing herbs suggests exciting
therapeutic possibilities. Perhaps more important, this is
simply the affirmation of tradidonal herbal practice,
which makes extensive use of many flavonoid-rich herbs.

Flavonoids are potent antioxidants, free radical scav-
engers, metal chelators, and inhibitors of lipid peroxida-
tion. The structural requirements for these functions in-
clude a hydroxyl group in carbon position 3, a double
bond between carbon positions 2 and 3, a carbonyl group
in carbon position 4, and polyhydroxylation of the A and
B aromatic rings.

These structural features prevent the formation of
free radicals and the leukotrienes that promote inflamma-
tion. In a general sense, many polyphenols scavenge reac-
tive chemical radicals formed under various circum-
stances (for example, anoxia, inflammation, and lipidic
autoxidation). Normally, the cascade of reactions involved
in the inflammatory response is interrupted by enzymic
systems, such as superoxide dismutases, catalase, and glu-
tathione peroxidase, which reduce peroxides, and, later
on, hydroperoxides.

Many polyphenols and flavonoids react with free rad-
icals to prevent the degradation caused by the intense ac-
tivity of these pro-oxidants on membrane phospholipids.
It has been hypothesized that the capacity of flavonoids
to modify membrane-dependent processes, such as free-
radical-induced membrane lipid peroxidation, is related
not only to their structural characteristics, but also to their
ability to interact with and penetrate the lipid bilayers.”*

Researchers have begun to elucidate the antioxidant
mechanisms underlying the clinical applications of
oligomeric procyanidins (OPCs) as vascular protective
agents. (For more information on OPCs, see the discus-
sion on Tannins later in this chapter.) Studies have shown
that OPCs inhibit xanthine oxidase (a generator of free
radicals) and the activity of the lysosomal enzyme system.
This system governs the release of enzymes that can dam-
age the connective tissue surrounding capillary walls.”> In
these studies, OPCs demonstrated a wide range of an-
tioxidant abilities, summarized below.

Antioxidant Effects of OPCs

¢ Trap hydroxyl free radicals

* Trap lipid peroxides and the free radicals that initiate
their formation

* Markedly delay the onset of lipid peroxidation

¢ Chelate free iron molecules, preventing iron-induced
lipid peroxidation

¢ Inhibit production of free radicals by inhibiting xan-
thine oxidase

* Inhibit the damaging effects of enzymes (e.g.,
hyaluronidase, elastase, collagenase) that can degrade
connective tissue structures

Effects on Immunological Processes

No doubt can remain that flavonoids have profound ef-
fects on the function of immune and inflammatory cells,
as confirmed by a large number and variety of observa-
tions from in vitro and some in vivo studies. That these
ubiquitous dietary chemicals may have significant in vivo
effects on homeostasis within the immune system and on
the behavior of secondary cell systems that comprise the
inflammatory response seems highly likely, but more
work is required to strengthen this hypothesis.

Evidence also indicates that certain flavonoids may
affect gene expression and the elaboration and effects of
cytokines and cytokine receprors. How all of these effects
are mediated is not yet clear, but one important mecha-
nism may be the capacity of flavonoids to stimulate or in-
hibit protein phosphorylation and thereby regulate cell
function.’”

LIGNANS AND NEOLIGNANS

These are dimeric compounds in which phenylpropane
(Cs-C;) units are linked to form three-dimensional net-
works.”” Dimers are molecules formed from two similar
constituents, called monomers. They are chemically re-
lated to the polymeric lignins that make up the plant cell

wall and are found mainly in woody tissues.”®

CH,OH

Fig. 7.60. Cinnamate monomer



The Five Structural Classes of Lignans™
* Simple lignans

* Lignanolides with lactone substitution

* Monoepoxylignans

* Diepoxylignans
* Cyclolignans

Fig. 7.61. Simple lignan

Fig. 7.62. Lignanolide

° l
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Fig. 7.64. Diepoxylignan

Fig. 7.63. Monoepoxyllgnan

Fig. 7.65. Cyclolignan

There is also a small group of related neolignans
formed by asymmetrical carbon-carbon links in the side
chains.

Lignans occur widely in the wood of gymnosperm
trees, and they have also been recorded in some 50 an-
giosperm families, where they can be found in both the
wood and the bark. The majority of the more than 200
naturally occurring lignans are found in the free state in
the heartwood of trees. Some have been isolated from
other plant parts, where they may be present as glyco-
sides. In plants, lignans have antibacterial, antifungal, and
antifeedant properties.

Lignans have attracted the attendon of the research
community because they have shown antitumor and antivi-
ral activities, among many other actions. Some cyclolignans
and lignolides have cytotoxic and antimitotic properties, al-
though toxicity has limited their therapeutic application.

Flavolignans of milk thistle (Silybum marianum) and
the schisandrins from Schisandra chinensis have valuable
hepatoprotective attributes. Schisandrins reverse destruc-
tion of liver cells by inducing cytochrome Pysq activity.®
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For more information on the hepatoprotective acavity of
milk thistle flavolignans, see chapter 9.

OCH,

CHy0 OH

Fig. 7.66. Schisandrin Fig. 7.67. Dihydroguaiaretic acid

Dihydroguaiaretc acid from chaparral (Larrea spp.) is
a potent antioxidant, and other lignans display allergenic,
cathartic, and cardiovascular effects. Lignans such as en-
terolactone, matairesinol, and enterodiol are excreted in
human urine, and are believed to be formed through bac-
terial degradation of dietary plant lignans in the gut.
These lignans are phytoestrogens that appear to exert
weak effects on estrogen receptors, improving female
menstrual functon. The overall cancer risk reduction may
also work through this mechanism. A role for lignans has
also been proposed in colon cancer prevention.®!

Fig. 7.68.
Enterolactone

Fig. 7.69.
Matairesinol

Fig. 770.
Enterodiol

Podophyllotoxin
Podophyllotoxin (podofilox) and its derivatives, etoposide
and teniposide, are all antimitotic glucosides.

CHy0 OCH,

OCH,

Fig. 7.71. Podophyllotoxin

Podofilox is an extract of mayapple (Podophyllum pelta-
tum), which generally acts as a poison to cells undergoing
mitosis. Podofilox itself is not used as a chemotherapy
agent; instead, it is applied as an ingredient in creams for the
treatment for genital warts. Genital warts, which are caused
by the human papillomavirus (HPV), have been associated
with squamous cell carcinomas of the genital organs.

The synthetic analogues etoposide and teniposide
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block the cell cycle in two specific places: between the last
cell division and the start of DNA replication (the G1-
phase) and at the beginning of DNA replication (the S-
phase). However, researchers do not yet have a clear un-
derstanding of how the compounds exert this effect.

Silymarin

The seeds of milk thistle (Silybum marianum) contain a
mixture of hepatoprotective flavolignans known collec-
tively as silymarin. Silybin is the major component; other
flavolignans in the mixture include silychristin and taxifo-
line. The pharmacology of hepatoprotection is discussed
in chapter 9.

o CH,0H
HO o OCH,
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Fig. 7.72. Silybin

HO.

OH

Fig. 7.73. Silychristin

TANNINS

The word tannin has long been used to describe organic
substances present in water-soluble plant extracts that are
capable of converting animal hide to leather. The appli-
cation of the term to specific groups of structurally char-
acterized chemicals is relatively recent. Tannins are
polyphenolic compounds (C4-C;-Cg)n that precipitate
proteins and form complexes with polysaccharides, and
are composed of a very diverse group of oligomers and
polymers. There is, however, some degree of confusion
about the terminology, because other phenolics, such as
pyrogallol and resorcinol, also bind and precipitate pro-
teins. In addition, not all polyphenols precipitate proteins
or form complexes with polysaccharides.

A technical definition in current use describes a tan-
nin as any phenolic compound that has a sufficientdy high
molecular weight and contains enough hydroxyls and
other suitable groups to form strong complexes with pro-
tein and other macromolecules under the particular envi-
ronmental conditions being studied.

Tannins are widely distributed among plants and are
common in both gymnosperms and angiosperms, al-
though they are more frequently found in dicotyledons
than in monocotyledons. They are sequestered in various
plant tissues so that they do not interfere with normal plant
metabolism. Only after cell breakdown and death do they
exert their metabolic effects.

Occurrence and Functions of Tannins in Plants

Buds: Most common in the outer part of the bud, tannins
are probably present to protect against freezing.

Leaves: Tannins are most common in the upper epidermis;
however, in evergreen plants, they are evenly dis-
tributed in all leaf tissues, protecting against predation
by reducing palatability.

Roots: Most commonly found in the hypodermis, tannins
probably act as chemical barriers to penetration and
colonization by plant pathogens.

Seeds: Located mainly in a layer between the outer in-
tegument and the aleurone layer, tannins may help
maintain dormancy and provide allelopathic and bac-
tericidal protection.

Stems: Tannins are often found in the active growth areas
of trees, such as the secondary phloem and xylem and
the layer between epidermis and cortex, where they
may have a role in growth regulation. They are also
found in the heartwood of conifers and may contribute
to the natural durability of wood by inhibiting micro-
bial activity.

There are two main types of tannin, condensed
(proanthocyanidins) and hydrolyzable tannins. These are
unevenly distributed in plants; the condensed tannins
occur almost universally in ferns and gymnosperms and
are widespread among angiosperms, especially trees and
shrubs. By contrast, hydrolyzable tannins are limited to
dicotyledonous plants. Both types of tannin can occur to-
gether in the same plant.

Hydrolyzable Tannins

Hydrolyzable tannins are soluble in water and alcohol.
There are two types, based on either gallic or epigallic
acids. In the presence of acids or enzymes, proantho-
cyanidins (condensed tannins) do not hydrolyze.
Gallotannins hydrolyze to gallic acid and glucose.
OH
HO

OH

OH

Fig. 774. Gallic acid



The phenolic groups in gallotannins are sometimes
dimers or higher oligomers of gallic acid; each single
monomer is called a galloyl. Gallotannins are found in
rhubarb (Rbeusn spp.), cloves (Syzygium aromaticum),
petals of red roses (Rosa spp.), bearberry (Arcrostaphylos
wva-ursi), witch hazel (Hamamelis virginiana), sweet chest-
nut (Castanea sativa), and maple (Acer spp.).

Ellagitannins hydrolyze to ellagic acid and glucose.

Fig. 7.75. Ellagic acid

The phenolic groups in ellagitannins consist of hex-
ahydroxydiphenic acid, which spontaneously dehydrates
to ellagic acid. They are found in pomegranate (Punica
granatum), eucalyptus leaves (Eucalyptus spp.), kousso
(Brayera anthelmintica), sweet chestnut (Castanea sativa),
oak bark (Quercus spp.), and agrimony (Agrimonia spp.).
An example is agrimoniin from Agrimonia eupatoria.

Ellagic acid is one of the products of ellagitannin hy-
drolysis, which occurs upon storage, drying, extraction, or
digestion of plants containing ellagitannins. Therefore, el-
lagic acid is taken in by everybody who ingests ellagitannin-
containing plants as foods or drugs, although ellagic acid
itself is not usually present in living plants.

Fig. 7.76. Agrimoniin

Condensed Tannins (Proanthocyanidins)
Condensed tannins, or flavolans, are formed biosyntheti-
cally by the condensation of flavan-3-ols, such as catechin
and epicatechin, into dimers and then higher oligomers.
The name proanthocyanidin is used alternatively for con-
densed tannins because, on treatment with hot acid, some
of the carbon-carbon linking bonds are broken, and an-
thocyanidin monomers may be formed.
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When two proanthocyanidin molecules are linked to-
gether, the result is called a dimer; a linkage of three forms
is a trimer and four a tetramer. Collectively, mixtures of
proanthocyanidin dimers, trimers, tetramers, and larger
molecules are known as oligomeric procyanidins (OPCs).

Fruit-bearing plants are high in oligomeric procyani-
dins, and heartwood and bark are rich sources of unusual
proanthocyanidins. OPCs, called “pycnogenols” in the
commercial supplement market, are available in extracts
of grape seeds and the bark of the maritime pine.8 It
should be noted that the word pycnogenol is a commercial
term and not an accepted chemical descriptor.

oR
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Fig. 7.77. (-)-Epicatechin

Proanthocyanidins are more widely distributed than
are hydrolyzable tannins. The commonest anthocyani-
dins produced are cyanidin (from procyanidin) and del-
phinidin (from prodelphinidin). Proanthocyanidins may
contain 2 to 50 or more flavonoid units; proanthocyani-
din polymers have complex structures because the
flavonoid units can differ for some substituents and be-
cause the sites for interflavan bonds vary.

Interactions with Other Macromolecules
Tannins have a major impact on animal nutrition because
of their ability to form complexes with numerous types
of molecules.®* These molecules include but are not lim-
ited to:

* Carbohydrates

* Proteins

* Polysaccharides

* Bacterial cell membranes

* Enzymes involved in protein and carbohydrate digestion

Carbobydrates

Both starch and cellulose are complexed by tannins.
"Tannin-carbohydrate interactions are increased in the
presence of carbohydrates with high molecular weight,
low solubility, and conformational flexibility. These inter-
actions are probably based on hydrophobic and hydrogen
linkages.
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Starch-tannin interaction: Starch has the ability to form
hydrophobic cavities that allow inclusion complexes
with tannins and many other lipophilic molecules.
The hydrophobic molecules are, in effect, encapsu-
lated in the cavity formed by the complexes.

Cellulose-tannin interaction: Cellulose has a direct sur-
face interaction with tannins.

Cell-wall carbobydrate-tannin interaction: This associa-
tion is less understood. One explanation is that tannins
associate with plant cell walls in a manner similar to
that of lignin. However, it is also possible that this as-
sociation occurs as an artifact when tannins are isolated
from nonliving cells.

Proteins

The capacity of tannins to bind proteins has been recog-
nized for centuries, as this is the basis of leather tanning.
Tannin-protein interactions are specific and depend on
the structure of both the protein and the tannin. Protein
characteristics that favor strong bonding include large
molecular size, open and flexible structures, and a high
content of proline. Tannin characteristics that favor
strong bonding are high molecular weight and high con-
formational mobility.

Properties of Tannins

One of the most important properties attributed to tan-
nins is astringent action. Astringents cause contraction of
tissue, blanching and wrinkling of mucous membranes,
and diminished exudations. When applied to wounds,
they form a thin protective surface, cutting down on the
secretion of exudates. Precipitation of surface proteins
and/or polysaccharides results in hardening of the epider-
mis, which lessens the absorption of toxins and protects
against irritants. Tannins also display antimicrobial prop-
erties. Many are able to constrict blood vessels, thereby
reducing bleeding.

Applications of Tannins

* Protect inflamed mucous membranes

* Exerta drying effect on mucous membranes, reducing
hypersecretion

* Reduce the inflammation and swelling that accompany
infection

* Prevent bleeding from small wounds

* Reduce uterine bleeding (for example, in menorrhagia)

* Relieve symptoms of diarrhea or dysentery through
binding eftects in the gut

* Used externally for astringent action in douches,
snuffs, and eyewashes

Biological and Other Activities

of Isolated Tannins

Since tannins are polyphenols, and are fairly large
molecules containing several phenolic hydroxyl groups
located mostly on the molecule surface, phenolic groups
have a strong influence on the properties and biological
activities of tannins.®* Radical scavenging is an important
activity of tannins. This kind of activity is due to the for-
mation of stable free radicals from the tannin molecules
after hydrogen radicals are donated to radicals formed
from a coexisting compound.

Effects Induced by Binding with Protein

and Other Substances

The binding of tannins with, for example, proteins and
other large molecules or basic compounds is thought to
be key to the various biological activities of tannins. Such
binding plays a role in the antidiarrhetic activity of tan-
nins (one of the most widely exploited effects of tannin-
containing medicinal plants) by protecting digestive or-
gans from injurious attack. It also contributes to the
antthemorrhagic eftects of tannin-rich drugs.

Effects on Enzymes

At relatively high concentrations, tannins usually inhibit
the activity of enzymes, but at low concentrations they
often stimulate enzyme activity. The extent of inhibition
and stimulation varies, depending on the enzyme and the
structure and concentration of the tannin. Oligomeric hy-
drolyzable tannins inhibit reverse transcriptase isolated
from RINA tumor virus more potently than do other types
of tannins.¥

Inbibition of Mutagenicity and Tumor Formation
Ellagic acid has been found to inhibit the mutagenic and
carcinogenic action of 7f-,8a-dihydroxy-9a,10a-epoxy-
7,8,9,10-tetrahydrobenzola]pyrene, a potent experimental
carcinogen. The fact that tannins inhijbit the mutagenic-
ity of several other carcinogens can be partly attributed to
the binding of tannins with these compounds.

Oral administration of epigallocatechin gallate has
been found to inhibit duodenal cancer induced by N-ethyl-
N’-nitro-N-nitrosoguanidin, suggesting that oral admin-
istration may be useful for the treatment of duodenal
tumors.%

Inbibition of Viruses

Although the inhibitory actions of tannins against bacte-
ria and fungi are not strong, researchers have observed re-
markable inhibition of certain viruses by several tannins



and related polyphenols.®” In studies, tannins inhibited
the replication of human immunodeficiency virus (HIV)
and herpes simplex viruses (HSV).

Procyanidin B, (catechin-(4a-8)-epicatechin)

Procyanidin B4 has a widespread occurrence in plants. It

is found, for example, in the leaves of the raspberry (Rubus

idaeus). An infusion of raspberry leaves containing pro-

cyanidin B, and hydrolyzable tannins is used as a gargle

and for treating wounds and ulcers.®®

OH o] QH

OH o} OH

Fig. 7.78. Procyanidin B,
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ALKALOIDS

Jkaloids are organic compounds with at least one
nitrogen atom in a heterocyclic ring. Their defi-

A

homogeneous group of compounds from any standpoint,

nition is problematic, as they do not represent a

whether chemical, biochemical, or physiological. Except
for the fact that they are all nitrogen-containing com-
pounds, no general definition fits all alkaloids. They dis-
play great structural diversity and physiological activity.
More than 10,000 have been identified, and about one new
alkaloid is described in the scientific literature every day.

Despite the difficulty in defining alkaloids, they do
share some physical and chemical properties. They are
usually insoluble or sparingly soluble in water, and their
salts are sparingly soluble. Most alkaloids are crystalline
solids, although a few are amorphous. A few that lack oxy-
gen in their molecules (coniine, nicotine, and sparteine)
are liquids. Most, but not all, are alkaline, owing to the
presence of an amino nitrogen, and many possess physio-
logical activity.

Much has been written about why alkaloids occur in
plants and what functions they may serve.

Postulated Functions of Alkaloids

* Poisonous agents that protect the plant against insects
and herbivores

* End products of detoxification reactions that sequester
compounds that might otherwise harm the plant

* Regulatory growth factors

* Reserves of nitrogen or other elements necessary to
the plant

OCCURRENCE AND DISTRIBUTION

Although found in some animals, such as fire ants and
toads, most alkaloids occur in flowering plants, with 40%
of plant families containing at least one alkaloid-bearing
species. Alkaloids accumulate in 15% to 20% of vascular
plants, mostly dicotyledons, but also in the monocot fam-
ilies Liliaceae, Amaryllidaceae, and Poaceae. Their distri-
bution is uneven: They are universal in some families (for
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example, Papaveraceae), common in others (Amarylli-
daceae and Rutaceae), and rare in others (Apiaceae). They
occur only rarely in gymnosperms, club mosses, and
horsetails, and although uncommon in fungi, there are
exceptional cases, such as the ergot fungus (Claviceps) and
“magic” mushrooms (Psilocybe spp.).!

In general, annual plants contain larger amounts of
alkaloids than do perennials. Trees tend to have small
amounts of alkaloids, usually of simpler structure. The
compounds may be present throughout the plant or re-
stricted to certain tissues, such as root or bark.
Concentration can vary from a small fraction of 0.01% to
as much as 12% of the dry weight of a plant. Any plant
that accumulates more than 0.05% dry weight of alkaloids
is considered an alkaloid-bearing plant.

Alkaloid content can vary among members of a given
plant species, and also changes depending upon where the
plant is growing. Cultivated varieties of wild plants con-
tain different proportions of alkaloids than their wild
counterparts, but the alkaloids found in the parent plant
are usually present in the cultivar. The alkaloid content of
different parts of an individual plant varies also. For ex-
ample, nicotine is produced in the root of the tobacco
plant but accumulates in the leaves, so more alkaloid will
be found in the leaves.

CLASSIFICATION AND
NOMENCLATURE

Classification of alkaloids is usually based on the type of
ring system present {for example, pyrrolidine or piperi-
dine) and on their biosynthetic origin from one or an-
other of the protein amino acids. Some structures fit into
more than one category, making a rigid hierarchical clas-
sification inappropriate. Some groups are defined by their
chemistry, such as the peptide, pyrrolizidine, quino-
lizidine, and tropane classes. Some groups are partly ter-
penoid in origin, and others are defined by their botani-
cal distribution.

Common names for alkaloids, such as nicotine, usually



terminate in -ine. Many of these names are derived from
the plant genus in which the alkaloid occurs, such as at-
ropine from Atropa, or from the plant species, such as co-
caine from Erythroxylum coca. Other alkaloid names are
derived from the name of a plant drug (for example, er-
gotamine from ergot) or from a physiological activity
(emetine, named for its emetic effects). Occasionally a
name is coined to commemorate the person who discov-
ered the compound, such as lobeline, named after the
French botanist DObel. All alkaloids also have scientific
names derived by the systematic nomenclature rules of
organic chemistry.

Table 8.1. Major Classes of Alkaloids

CLASS OF ALKALOID STRUCTURAL TYPE
Pyrrole Z/ \§
N
Pyrrolidine Z )}
N
Piperdine O
N
Tropane
Pyrollizidine CE§
A
Isoquinoline
= N
Indole ©i>
i
[3-carboline CCO‘
A
Quinoline
7
Quinolizidine OO
N

PHARMACOLOGICAL PROPERTIES

Alkaloids pose major cultural issues because of their prop-
erties. This group of constituents provides humanity with
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challenges such as nicotine, heroin, and cocaine, as well as
the profound gift of visionary entheogens, such as psilo-
cybin and mescaline. Some alkaloids are extremely toxic,
such as coniine and strychnine, while others, including at-
ropine, codeine, morphine, and vincristine, are used as
pharmaceuticals.

While not all alkaloids have a major impact on the
functioning of the body, the diverse array of pharmaco-
logical actions demonstrated by various alkaloids includes
analgesia, local anesthesia, cardiac stimulation, respira-
tory stimulation and relaxation, vasoconstriction, muscle
relaxation, and toxicity, as well as antineoplastic, hyper-
tensive, and hypotensive properties.

Morphine and codeine are analgesics and narcotics,
and cocaine is a central nervous system stimulant.
Atropine has mydriatic effects, while physostgmine is
miotic. Ephedrine causes a rise in blood pressure, but
reserpine decreases blood pressure. Some alkaloids are
entheogens, psychoactive plants or chemical substances
taken to facilitate the religious experience—for example,
peyote cactus as used by the Native American Church.

Without claiming to be comprehensive, the follow-
ing table provides examples of the reported effects of var-
ious alkaloids on enzymes. The scientific literature cites ef-
fects on a range of cellular membrane transport processes,
subcellular structures, and nucleic acids, as well as various
components of protein synthesis. Effects on numerous
neuroreceptors have also been reported, including
cholinergic, adrenergic, opiate, and serotonergic recep-
tors. Inhibition or activation of enzymes is also common,
as illustrated in table 8.2.

Table 8.2. Reported Effects of Alkaloids on Enzymes

ALKALOID ENZYME

Theophylline Alkaline phosphatase

Protoberberines Liver alcohol dehydrogenase

Colchicine Various phosphatases
Mimosine Pyridoxal phosphate enzymes
Quinidine Several glycolytic enzymes
Isoquinolines Tyrosine hydroxylase

d-Tubocurarine Several dehydrogenases

Indolizidines a-mannosidase

Methylated xanthines Xanthine oxidase
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PYRROLIDINE AND PIPERIDINE
ALKALOIDS

The nitrogen atom of a pyrrolidine alkaloid is in a 5-
membered ring and piperine alkaloids have 6-membered
rings. Indolizidine alkaloids, those with a nitrogen atom
shared between a 5- and a 6-membered ring, are also in-
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Fig. 8.2. Pyrrolidine

cluded in this category.
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Fig. 81. Piperidine

Piperidine alkaloids are identified by their saturated
heterocyclic ring (the piperidine nucleus). Pyrrolidine al-
kaloids are similar to piperidine alkaloids except that the
heterocyclic-ringed, nitrogen-containing nucleus is un-
saturated. Perhaps the best-known piperidine alkaloids
are the poisons in Conium maculatum, commonly known
as poison hemlock.

Betonicine

Found in Stachys officinalis, S. sylvatica, Marrubium vul-
gare, and Achillea millefolium, betonicine demonstrates
anti-inflammatory activity.’

Coniine

Coniine occurs in the leaves and seeds of poison hemlock
(Conium macularumy), and is produced by the carnivorous
pitcher plant (Sarracenia flava) to paralyze insect prey.
This extremely toxic compound, which causes paralysis of
motor nerve endings, occurs in all parts of the plant as a
colorless oil with a mild pepper odor and a burning taste.
It reportedly causes teratogenic effects.*

CHy

Fig. 8.3. Coniine Fig. 8.4. Lobeline

Lobeline

The alkaloid lobeline, found in Lobelia inflata, L. nicoti-
naefolia, and L. basslers, is similar to nicotine.’ The race-
mate, known as lobelidine, is an analeptic. Lobelia inflata
contains 14 alkaloids, of which lobeline is the most im-
portant. Lobeline produces pharmacological effects simi-
Jar to but weaker than those of nicotine on peripheral cir-
culation, neuromuscular junctions, and the central
nervous system. It stimulates the respiratory center and
induces coughing.

Lobelia inflata is a relaxant and bronchodilator and is
used in phytotherapy to treat asthmatic conditions.
Because lobeline is similar to nicotine, Lobelia has been
added to commercial preparations intended to help with
tobacco withdrawal.

Nicotine

Found in the tobacco plant (Nicotiana tabacum) and other
Nicotiana species, nicotine has tranquilizing properties
and is the addictive component of tobacco. It is also ex-
tremely toxic, causing respiratory paralysis at high doses.
As the major source is Nicotiana tabacum, nicotine and re-
lated structures are referred to as “tobacco alkaloids.”
Anabasine is a tobacco alkaloid in which a pyridine ring is
linked to a piperidine rather than a pyrrolidine nucleus. ¢

Nicotine is a ganglion (nicotinic) cholinergic-receptor
agonist with complex pharmacological actions, including
effects mediated by binding to receptors in the autonomic
ganglia, the adrenal medulla, the neuromuscular junction,
and the brain.

Nicotine is lethal to all animal life; it is commonly used
as a horticuleural insecticide. The fatal human dose is about
50 mg.” A small amount of nicotine stimulates breathing,
but a Jarger amount depresses respiratdon. Death from
overdose results from respiratory failure. Addiction to to-
bacco smoking (and to nicotine) can be addressed to some
extent by taking the piperidine derivative lobeline.

Fig. 8.5. Nicotine Fig. 8.6. Anabasine

TROPANE ALKALOIDS

These condensed derivatives of pyrrolidine-piperidine al-
kaloids include atropine, hyoscyamine, and scopolamine.
Highly toxic, they are found in Solanaceae plants, such as
thornapple and jimsonweed (Datura stramonium), angel’s
trumpets (Brugmansia spp.), henbane (Hyoscyamus niger),
belladonna or deadly nightshade (Atropa belladonna), and
European mandrake (Mandragora officinarum). A promi-
nent feature of the tropane alkaloids is their ability to pro-
duce hallucinations and delirium.
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Fig. 8.7. Tropane




A second family rich in tropanes is Erythroxylaceae,
which includes coca (Erythroxylum coca), the major source
of cocaine. Tropane alkaloids have a limited occurrence in
at least eight other unrelated plant families: Convol-
vulaceae, Brassicaceae, Dioscoreaceae, FElaeocarpaceae,
Euphorbiaceae, Orchidaceae, Proteaceae, and Rhizo-
phoraceae. They occur rarely in algae.®

Awopine and scopolamine compete with acetylcholine
at the postganglionic synapse of the parasympathetic ner-
vous system. Clinically useful properties include antispas-
modic effects, employed principally in the treatment of
spastic colitis, gastroenteritis, and peptic ulcer to relieve
spasms of the bowel. They also have andsecretory effects
and are used to reduce respiratory secretions in patients
undergoing anesthesia, suppress gastric secretions during
peptic ulcer therapy, and decrease nasal and sinus secre-
tions caused by the common cold and allergies. In addition,
their mydriatic (pupil-dilating) effects help prevent adhe-
sions between the iris and lens of the eye in cases of iritis.
Toxicity symptoms that can occur during the therapeutic
use of atropine, scopolamine, or belladonna tincture in-
clude skin rash and flushing, mouth dryness, difficult uri-
nation, eye pain, blurred vision, and light sensitivity.

The name Atropa alludes to the toxicity of the herb;
it is derived from Atropos, the name of the Greek Fate
who cuts the thread of life. Belladonna comes from the
Ttalian bella, meaning beautiful, and donna, meaning lady.
(When placed in the eyes, the juice of the berry causes di-
lation of the pupils, affording a striking appearance.)
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Fig. 8.8. Atropine

Atropine
Atropine is a highly toxic compound that occurs in Atropa
belladonma, Datura stramonium, and other Solanaceae plants,
especially in the roots.” As figure 8.9 shows, atropine is a
structural rearrangement of hyoscyamine.

Atropine demonstrates anticholinergic activity, caus-
ing blurred vision, suppressed salivation, vasodilation, ex-
citement, and delirium. It is used in anesthesia and as an
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antidote in cases of poisoning caused by cholinesterase in-
hibitors, such as physostigmine and organophosphate in-
secticides. The lethal dose in humans is 100 mg.
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Fig. 810. Scopalamine

Fig. 8.9. Hyoscyamine

Hyoscyamine

Hyoscyamine is an anticholinergic agent that helps con-
trol gastric secretions, visceral spasms, hypermotility in
spastic colids, and abdominal cramps. In Parkinson’s dis-
ease, it is used to reduce rigidity and tremors.!°

Scopolamine

Scopolamine, also called hyoscine, occurs along with hyo-
scyamine in members of the Solanaceae family. Scopol-
amine is widely used to help prevent motion sickness.

Cocaine

This alkaloid, obtained from coca (Erythroxylum coca), a
shrub native to the Andean highlands of South America,
exerts a stimulant effect on the central nervous system. Do
not confuse coca with cacao (Theobroma cacao), the plant
from which chocolate is made.

PYRROLIZIDINE ALKALOIDS

The chemical class of pyrrolizidine alkaloids (PAs) con-
tains about 200 structurally related compounds present in
more than 350 species of the plant families Apocynaceae,
Asteraceae, Boraginaceae, Celastraceae, Euphorbiaceae,
Fabaceae, Orchidaceae, Poaceae, Ranunculaceae, Rhico-
phoraceae, Santalaceae, Sapotaceae, and Scrophulariaceae.
Among these are a variety of plants used for medicinal pur-
poses, including Tussilago farfara, Petasites spp., Senecio spp.,
Alkanna tinctoria, Eupatorium spp., and Symphytum spp.!!

Chemically, the pyrrolizidines are readily distin-
guished by the presence of a fused two 5-membered ring
system, with a nitrogen in position 4, a hydroxymethyl
group in position 9, and a hydroxy group in position 7.
This structure is called the necine base.
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N °

Fig. 8.11. Necine base

PAs have a reputation for toxicity, but not all PAs are
toxic. All toxic PAs contain a double bond between the 1
and 2 position, while PAs with saturated necine bases are
nontoxic. PAs are readily oxidized to pyrrolizidine alka-
loid-N-oxides, which can be formed during storage of
PA-containing plants but are also present in fresh plant
material. The N-oxides are much more water-soluble
than the parent PAs and are better extracted from plant
material during the preparation of herbal teas.

Because PAs are often the toxic but not the biologi-
cally active principles of many herbal medicines, methods
have been developed to eliminate PAs from crude plant
extracts. Removal of PAs is accomplished by treating al-
coholic plant extracts with cation-exchange resins.

Medicinal plants that contain only nontoxic saturated
PAs are Arnica montana and Echinacea species. "Toxic PAs,
those with an unsaturated necine base, are hepatic and ge-
netic toxins; some are also respiratory toxins. The toxi-
cology of PAs and the plants that contain them are dis-
cussed in greater detail in chapter 10.

Symphytine
Found in comfrey (Symphytum officinale), Russian com-
frey (S. x uplandicum), S. orientale, and the water forget-
me-not (Myosotis scorpioides), symphytine has hepatotoxic
properties.!2
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Fig. 8.12. Symphytine
PURINE ALKALOIDS

Purines, which include nucleic acids, are a group of com-
pounds found in both plants and animals. Xanthine, a
purine that occurs as a breakdown product of nucleic acid
metabolism, is itself oxidized in the body to uric acid.”?

Three important methylxanthines—caffeine, theo-
bromine, and theophylline—all have stimulating effects
on the central nervous system.

Caffeine

Caffeine occurs in a number of botanically unrelated
species, including coffee (Coffea spp.), tea (Camellia sinen-
sis), maté (llex paraguariensis), guarana (Paullinia cupana),
and kola (Cola acuminata).

Caffeine is bound to chlorogenic acid in raw coffee
beans. The roasting process liberates the caffeine and
other compounds that contribute to the aroma of coffee.
Caffeine is a diuretic and has stimulant effects on the res-
piratory, cardiovascular, and central nervous systems. It is
incorporated in many proprietary aspirin and ac-
etaminophen preparations to enhance analgesic activity.
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Fig. 8.15. Theophylline

Theobromine
This alkaloid is found mainly in the cocoa plant
(Theobroma cacao), but also in tea (Camellia sinensis),
guarana (Paullinia cupana), and kola (Cola acuminata) ** It
is a central nervous system and cardiac stimulant, va-
sodilator, and smooth muscle relaxant, and is used mainly
as a diuretic and bronchial muscle relaxant.
Theobromine is isomeric with theophylline; how-
ever, its central nervous system effects are much less po-
tent than those shown by caffeine and theophylline, the
two other alkaloids in this class.

Theophylline

Theophylline is present in small amounts in tea (Camellia
sinensis) and guarana (Paullinia cupana). It is a short-acting
diuretic and a cardiac stimulant that demonstrates only
slight central nervous system stimulation.!?



Structurally, theophylline resembles caffeine; how-
ever, it lacks a methyl group in the 5-carbon ring.
Although it occurs naturally in the tea plang, it is synthe-
sized from caffeine for use in medicine. The effects of
theophylline on the cardiovascular and central nervous
systems are similar to but milder than those of caffeine,
while the diuretic activity is more pronounced.
Theophylline relaxes involuntary muscles, and is em-
ployed mainly as a bronchial smooth muscle relaxant in
the treatment of asthma, emphysema, and chronic bron-
chitis. It is the basis of the drug aminophylline, used as a
diuretic and asthma medicine.

ISOQUINOLINE ALKALOIDS

This is the largest group of alkaloids, derived from the
amino acids phenylalanine and tyrosine. Isoquinoline al-
kaloids characteristically contain a phenylethylamine
structure in an isoquinoline ring system. They are com-
mon in the Magnoliaceae, Ranunculaceae, Papaveraceae,
Fumariaceae, Cactaceae, Fabaceae, and Rutaceae families.
Many isoquinolines are found in Papaveraceae, especially
in the genera Papaver, Chelidonium, and Sanguinaria '

Fig. 8.16. Isoquinoline structure

A subgroup of isoquinolines is made up of the mor-
phinan alkaloids, including morphine, codeine, and
heroin, all of which are derived from opium, the dried
latex of the opium poppy (Papaver somniferum). Opium
has two primary narcotic properties: hypnotic (inducing
sleep) and analgesic (blunting pain). Initial stimulation by
opium is followed by dream-filled sleep.

Only about 15 minutes are required for a small dose
of morphine hydrochloride to induce sleep and dull pain,
and the effect lasts about six hours. Heroin, a morphine
derivative, has similar properties but is more addictive.
Codeine, the methyl ether of morphine, is approximately
one tenth as strong a narcotic as morphine. Since its ef-
fect on the respiratory center is less potent than that of
morphine, codeine has been used in cough suppression.
In the body, codeine is demethylated to morphine.
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Table 8.3. Pharmacological Properties of
Isoquinoline Alkaloids

ACTION EXAMPLE

Analgesic Morphine

Antibacterial Sanguinarine

Antidepressant Glaziovine
Antifungal Latrorrhizine
Anti-inflammatory Fetidine
Antimalarial Tliacorine
Antimicrobial Oxyacanthine
Antioxidant Oxyacanthine
Antiprotozoal Emetine
Antispasmodic Papaverine
Antitrypanosomal Obaberine

Antitubercular Cepharanthine

Antitumor Berbamine
Antitussive Codeine
Antiviral, cholagogue, expectorant Emetine

Enzyme inhibitor Sanguinarine

Hemostatic Hydrastine
Hepatoprotective Boldine
Hypertensive Mecambrine
Hypotensive Canadine
Insecticidal Annonaine

Muscle relaxant Isochondrodendrine

Nematocidal Bocconine
Oxytocic a-allocrytopine
Berberine

Berberine is found in 23 genera spanning seven plant
families. The most important berberine-containing
herbal medications are derived from Berberis vulgaris and
Mabonia aquifolium of the Berberidaceae; Hydrastis cana-
densis, Coptis chinensis, C. trifolin, and C. teeta of the Ranun-
culaceae; Sanguinaria canadensis of the Papaveraceae; and
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Phellodendron amurensis of the Rutaceae. In some of these
plants, berberine and co-occurring alkaloids have equally
potent physiological effects. For example, in the well-
known herbs Hydrastis canadensis and Sanguinaria canaden-
sis, the pharmacological effects are not caused by berber-
ine alone.

Berberine is found in highest concentration (about
6.1%) in the root bark of Berberis vulgaris, with smaller
amounts in the aboveground stem bark and just 0.4% in
the woody portion of the root. Only traces of berberine
are present in the leaves, and the alkaloid is absent from
the flowers, fruit pulp, and seeds.!” It is present, however,
in the seeds of some other species in this genus.

Other alkaloids in B. vulgaris include berbamine,
berberrubine, bervulcine, columbarnine, isotetrandine,
jatrorrhizine, oxycanthine, palmatine, and vulcracine.!® In
addition to berberine, Mahonia aquifolium is reported to
contain the alkaloids aromoline, berbamine, columbar-
nine, corytuberine, isoboldine, isocorydine, isotentran-
dine, jatrorrhizine, magnoflorine, obanegine, oxyberber-
ine, oxycanthine, and palmatine.!’

Berberine has demonstrated amoebicidal, antibacte-
rial, antifungal, antimalarial, antitumor, cytotoxic, and
hepatoprotective actions. It also acts as a bitter and a
cholagogue and inhibits tyramine and elastase. Berberine
has been shown to have antiarrhythmic actions and a neg-
ative inotropic effect that markedly reduces atrial rate. It
is moderately toxic, with a 27.5 mg/kg LDj;, in humans,
and can cause cardiac damage, dyspnea, and hypotension.
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Fig. 8.17. Berberine Fig. 8.18. Boldine
Boldine

Boldine occurs in the leaves of Peusnus boldus, Sassafras al-
bidum, and in members of the plant families Annonaceae,
Magnoliaceae, Rhamnaceae, and Atherospermataceae.?

It is choleretic and diuretic.

Cephaeline

After emetine, this is the most important alkaloid in the
roots of Cephacelis ipecacuanba. It has emetic, expectorant,
and antiamoebic activities.?!
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Fig. 8.19. Cephaeline

Codeine

Codeine, from the dried latex of the opium poppy
(Papaver sommniferum), has spasmolytic, narcotic analgesic,
and anttussive properties. It is used in the management
of pain and diarrhea and as a cough suppressant.??
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Fig. 8.20. Emetine

Emetine

Occurring in all ipecacuanhas, including Cephaelis
ipecacuanba, and C. acuminagta, emetine has expectorant,
emetic, antiamoebic, and cytotoxic properties. It also
demonstrates antiviral and anticancer activities, probably
due to its inhibition of DNA and other components of the
transcription process.

Emetine is indicated in chronic bronchitis, but at
higher doses acts as an emetic. Ipecac, extract of C.
ipecacuanha in the form of a tincture or syrup, is typically
used as an emetic to induce vomiting when a toxic sub-
stance has been ingested. Emetine is toxic to Entamoecba
hystolytica, the organism that causes amoebic dysentery,
and emetine hydrochloride is used in medicine as an an-

tiprotozoal agent. *

Hydrastine

Hydrastine is a major alkaloid of goldenseal (Hydrastis
canadensis). It is hemostatic and antiseptic and has been
used to treat uterine hemorrhage. Hydrastine also



demonstrates emetic, expectorant, and antiamoebic

activities.?*

Morphine

Found in the opium poppy (Papaver somniferum), morphine
is a powerful analgesic, antispasmodic, narcotic, sedative,
and antitussive. Prolonged use leads to habituation. The
lethal dose in humans lies between 1 and 10 mg.?
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Fig. 8.21. Sanguinarine

Sanguinarine
This alkaloid is widespread among plants in the families
Papaveraceae (including Papaver somniferum, Sanguinaria
canadensis, and Chelidonium majus) and Fumariaceae (for
example, Fumaria officinalis). Sanguinarine is antibacte-
rial, cytotoxic, and anti-inflammatory. Because it demon-
strates antiplaque activity, it is used in toothpastes and
mouthwashes. It is positively inotropic and inhibits vari-
ous enzymes, including adenosine triphosphate (ATP),
diamine oxidase, and some aminotransferases.
Sanguinarine is toxic, with an LDs; in mice of 19.4
mg/kg. At high doses taken over a prolonged period of

time, it may cause glaucoma.?

INDOLE ALKALOIDS

Indole alkaloids constitute the second largest group of
alkaloids. They are derived from the amino acid trypto-
phan, which has a basic structure containing a pyrrole
ring fused to a benzene ring. There are a small number
of simple indoles, such as harman, but the majority are
derived from tryptophan and a terpenoid precursor, se-
cologanin.?’ Indoles all share a common core structure,
but different metabolic pathways result in different

configurations.
(o]
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Fig. 8.22. Indole Fig. 8.23. Tryptophan
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glucose

Fig. 8.24. Secologanin

Indole alkaloid structures typically involve multiple
ring systems and are often complex in character. They
form the basis of several pharmaceutical drugs, some po-
tent hallucinogens, and a number of poisonous com-
pounds, such as strychnine. The majority of indole alka-
loids used in medicine and pharmacy are found in
members of the family Apocynaceae (including Rauvolfia,
Vinca, Catharantbus, and Alstonia spp.). Indole alkaloids
are also found in fungi, such as ergot (Claviceps spp.) and
Pstlocybe species.

Some indole alkaloids are widely distributed; the har-
man alkaloids have been detected in more than 10 fami-
lies. The Madagascar periwinkle (Catharantbus roseus)
contains more than 60 indole alkaloids, including vinblas-
tine and vincristine. These compounds are used in
chemotherapy as treatments for Hodgkin’s disease, lym-
phosarcoma, and reticulum cell sarcoma. Important
classes of indole alkaloids include the ergot alkaloids and
B-carbolines.

Ergot Alkaloids

The ergot alkaloids are the basis for lysergic acid as well
as other compounds. Indoles of ergot include er-
gometrine, used to relax the uterine muscle during child-
birth, and ergotamine, which relieves symptoms of mi-
graine. Gelsemine and sempervirine, two indole alkaloids
from the roots of the yellow jasmine (Gelsernium semper-
virens), depress the activity of the central nervous system.

Bufotenine

This is a hallucinogenic alkaloid that occurs in the plants
of the genus Piptadenia, in fungi such as Amanita citrina,
and in secretions from the skin of the toad Bufo vulgaris.*®
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Fig. 8.25. Bufotenine
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D-cathine

D-cathine occurs in khat (Catha edulis), and is derived from
Ephedya spp. as a manufacturing by-product of ephedrine
production. It acts as a central nervous system stimulant,
mild euphoriant, and appetite suppressant.
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Fig. 8.26. Cathine

N,N-dimethyltryptamine

Found in the leaves of Prestonia amazonica, the flowers of
the reed Arundo donsx, the seeds and leaves of Piptadenia
peregrina, and leaves, stems, and seeds of Mucuna pruriens,
N,N-dimethyltryptamine demonstrates entheogenic ac-
tivity. 2 It also causes hypertension and pupillary dilation.

L-ephedrine

L-ephedrine is found in the leaves and stems of ma huang,
or Ephedra species (E. sinica, E. equisetina, E. gevardiana,
and others), where it occurs with the D-isomer pseu-
doephedrine. It possesses sympathomimetic activity, with
direct and indirect effects on both a- and p-adrenergic
receptors, and produces peripheral vasoconstriction and
elevated blood pressure. It is also a central nervous system
stimulant. L-ephedrine is used as a bronchodilator and
respiratory stimulant in asthma and as a vasoconstrictor
of mucous membranes in rhinitis and sinusitis. Pseudo-
ephedrine is broadly similar in activity.

In Western herbal medicine, Epbedra is considered a
reliable treatment for asthma and allergic conditions. As
it is both a bronchodilator and a nasal decongestant, it is
useful also in bronchitis, emphysema, rhinitis, and influ-
enza. [t is contraindicated for patients with hypertension,
angina pectoris, and hyperthyroidism; in those taking
monoamine oxidase inhibitor drugs (MAOQO inhibitors);
and also during pregnancy.

B-carboline Alkaloids

B-carbolines are a widely distributed class of indole alka-
loids found in 23 angiosperm plant families, 3 fungi genera,
and a variety of animal tissues.’® They are structurally sim-
ilar to and biosynthetically derived from the amino acid
L-tryptophan. Trypophan derivatives are very important in
central nervous system function and include the neuro-
transmitter serotonin, the pineal metabolite melatonin,
the potent hallucinogen dimethyl tryptamine (DMT), and
the monoamine oxidase inhibitors known as 3-carbolines.

N

Fig. 8.27. f-carboline structure

Harmaline

Harmaline occurs in the seeds of Peganum harmala, Banis-
teria caapt, and Passiflora incarnata. It has entheogenic prop-
erties. At one time, it was used to treat Parkinson’s disease.*!

Fig. 8.28. Harmaline Fig. 8.29. Harman
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Harman

Harman occurs in passionflower (Passiflora incarnata). At
low doses, it depresses motor function in animals; it
causes convulsions at high doses.*?

Harmine

Found in Peganum harmala, Banisteria caapi, and passion-
flower (Passiflova incarnata), harmine is a central nervous
system stimulant that is entheogenic at high doses.*?

Indole

Indole occurs in the flowers of Sauromatum gurtatum,
Arum maculatum, Dracunculus vulgaris, and Fasminum and
Citrus species. It has an unpleasant fecal odor that helps
attract insect pollinators.
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Fig. 8.31. Mescaline Fig. 8.32. Muscarine

Mescaline

Found in the flowering heads of peyote (Lophophora
williamsii) and other cact, including Trichocereus pachanoi,
mescaline is entheogenic.



Muscarine

"This alkaloid occurs in the fly agaric mushroom (Amanita
muscaria) and some species of Inocybe and Clitocybe. Mus-
carine is a cholinergic agent that acts at the muscarinic re-
ceptors. Symptoms of poisoning occur within 30 to 120
minutes of ingestion and can include blurred vision; con-
tracton of the pupils; and increased perspiration, saliva-
tion, and lacrimation (discharge of tears). Other symp-
toms of poisoning include bradycardia, hypotension, and
dyspnea. The LDjs, in mice is 0.23 mg/kg (IV).**

Psilocin

Psilocin occurs in the sacred mushroom, teonanacatl
(Psilocybe mexicana), and other blue-staining Psilocybe
species. Psilocin is entheogenic, causing sensations of in-
tellectual and physical relaxation and perceptual distor-
tions of time and space. The alkaloid is readily oxidized to
a blue pigment when the mushroom is bruised.”
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Fig. 8.33. Psilocin Fig. 8.34. Psilocybin
Psilocybin

Psilocybin is found in the same mushrooms as psilocin. Its
properties are similar to those of psilocin, which is con-
verted into psilocybin through phosphorylation.*

Reserpine

Present in Rauvolfia serpentina, R. vomitoria, and many
other species and genera of the family Apocynaceae, re-
serpine is used clinically as an antihypertensive agent and
tranquilizer. However, about 15% of people treated with
reserpine for hypertension develop depression.
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Fig. 8.35. Reserpine
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Serotonin

Serotonin is found in bananas (Musa spp.), tomatoes
(Lycopersicon esculentum), and the stinging hairs of the net-
tle (Urtica dioica). It acts as a neurotransmitter in the
central nervous system but does not pass the blood-brain
barrier, so a precursor, 5-hydroxytryptophan, is used
clinically to treat depression.
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Fig. 8.36. Serotonin Fig. 8.37. Skatole
Skatole

Skatole is found in Arum species, in which it contributes
to the unique (vile!) odor of these plants, and in beets
(Beta vulgaris). Skatole is also responsible for the charac-
teristic odor of feces.*’

Vinblastine

"This is an important compound found in the leaves of the
Madagascar periwinkle (Catharantbus roseus). Its antitu-
mor activity has led to widespread clinical use in the treat-
ment of leukemia and Hodgkin’s disease.

Vincristine

Found in the Madagascar periwinkle (Catbarantbus
roseus), vincristine is an antitumor agent used especially
for acute childhood lymphocytic leukemia.

Yohimbine

Yohimbine is a major alkaloid in yohimbe bark (Pau-
sinystakia yobimbe). Two stereoisomers, a- and f-yohimbine,
occur in the same plant. It is an a-adrenergic blocking
agent, a serotonin antagonist, and a mydriatic.’®

Fig. 8.38. Yohimbine
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QUINOLINE ALKALOIDS

Quinoline alkaloids are based on a bicyclic system in
which a benzene and a pyridine ring are fused together.
Most of them occur in the plant family Rutaceae, espe-
cially rue (Ruta graveolens), from which 30 quinoline alka-
loids have been isolated. Quinoline alkaloids have also
been identified in members of the Acanthaceae, Malva-
ceae, Saxifragaceae, and Zygophyllaceae families.’” Cin-
chonidine and quinine, quinoline alkaloids from the bark
of the cinchona tree (Cinchona officinalis), are well known
for their antimalarial properties.

Camptothecin

Occurring in the fruits, stem wood, and bark of
Camptotheca acuminata, camptothecin is highly toxic to
both animals and humans. It has antitcumor and anti-
leukemic activities and is used in China for the treatment

of various forms of cancer.®

Fig. 8.39. Camptothecin

Quinine

Quinine is found in the bark of Cinchona officinalis and
other Cinchona species, in which it occurs together with
its stereoisomer, quinidine. Both isomers are antimalari-
als used against Plasmodium flaccarpum, which is usually
drug-resistant.*!

Quinine is a weak cardiac depressant and is occasion-
ally used in clinical practice as an antiarrhythmic agent. It
has abortifacient and spermicidal properdes and is used as
a bitter, analgesic, and antipyretic in veterinary practice.*

Quinine is one of the most bitter substances known,
detectable at a molar concentration of 1x'%3. It is used in
food as a bittering agent.

QUINOLIZIDINE ALKALOIDS

Quinolizidine alkaloids are chemically defined by the
presence of a structural unit in which a nitrogen atom oc-
cupies a central position in two fused cyclohexane rings,
as in lupinine. These are also referred to as lupine alka-
loids, as they were first discovered in Lupinus species.*
Important quinolizidine alkaloids include sparteine,
found in Scotch broom (Cytisus scoparius) and greater

celandine (Chelidonium majus), and cytisine, from lupine.

Quinolizidine alkaloids occur primarily in Fabaceae.
There are about 170 quinolizidine alkaloids in this family,
and these are readily classified according to the number
of rings present. A typical bicyclic structure is lupinine.
Angustifoline is a good example of a tricyclic structure and
sparteine of a tetracyclic compound.

Structurally related but distinctly different quino-
lizidine alkaloids occur in Lycopodium and are known as ly-
copodium alkaloids.

Although universally present in Lupinus, a genus of
some 200 species, quinolizidine alkaloids are found in
more than 40 related genera of legumes. Consumption of
these plants, particularly their seeds, has been responsible
for much accidental poisoning in sheep, cattle, and hu-
mans. Cytisine and anagyrine are more acutely toxic than
lupinine and sparteine; they harm livestock through ter-
atogenic effects.

(-)-Sparteine

Sparteine is probably the most common alkaloid of this
class, present in many Baptisia, Cytisus, and Lupinus
species. Sparteine is a tetracyclic, oxygen-free alkaloid
that increases or strengthens the heartbeat, causing a
greater flow of blood to the kidneys and resulting in in-
creased urine production. Sparteine has proved valuable
in treating certain cases of cardiac fibrillation. It acts as a
peripheral vasoconstrictor and, because it demonstrates
ergotlike oxytocic effects (inducing contractons of uterine
muscle), it has been used as a substitute for ergot drugs. It
binds strongly to muscarinic receptors and less strongly
to nicotinic receptors.*
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Fig. 8.40. Sparteine

DITERPENOID ALKALOIDS

These alkaloids, derived from diterpenes, are found
mainly in the Ranunculaceae family, especially in the gen-
era Aconitum and Delphinium. They also occur in other
plants, such as Inula (Asteraceae) and Spiraea (Rosaceae).
Aconitum species are among the most poisonous plants
known, and 2 to 5 mg of a pure Aconitum alkaloid extract
can be a fatal dose in humans.

Aconitine
"This toxic alkaloid occurs in the roots of Aconitum napel-
lus, but all parts of the plant are poisonous due to the



presence of other alkaloids. Aconitine is a potent and
quick-acting poison that slows the heart rate and lowers
blood pressure. Several Aconitum species are used in
China, after processing, for various purposes. Absorption
of aconitine through the skin can be fatal.¥

Ryanodine

Found in Ryania speciosa, ryanodine inhibits the binding of
calcium to muscle protein and retards circulation by vas-
cular constriction.* It is used as an insecticide.

STEROID ALKALOIDS

Steroid alkaloids have been found in approximately 250
species of plants in the Solanaceae and Liliaceae families.
They occur mostly as glycosides that have properties sim-
ilar to those of saponins. Some are very toxic, causing se-
vere, even fatal, gastroenteritis.¥

Solanine was the name given to the first alkaloidal gly-
coside found in Solanum. Now solanine is known to con-
sist of six different glycosides; each hydrolyzes to the
sugar peculiar to its particular glycoside and to the agly-
cone solanidine, a steroidal alkaloid.

Steroid alkaloids have a fairly complex nitrogen-
containing nucleus. Two important classes are the
solanum type and the veratrum type.

Solanum-Type Alkaloids

Solanum-type alkaloids are found in plants in the form of
glycosides of steroid alkaloids, known as glycoalkaloids.
They occur primarily in Solanaceae family plants. One
example is solanidine, a steroid alkaloid that is the agly-
cone for two glycoalkaloids, solanine and chaconine,
which can manifest as poisons in potatoes. They have the
same aglycone, solanidine, but the structure of their car-
bohydrate side chains is different. Other plants in the
Solanaceae, including various nightshades and tomatoes,
also contain solanum-type glycoalkaloids.

The production of these alkaloids is favored by the
same conditions that promote the development of
chlorophyll, such as exposure to sunlight. In potatoes,
the concentration of glycoalkaloids is highest in sprouts
and green skins, and in tomatoes, highest in vines and
green fruit. Care should be taken to avoid exposing pota-
toes to sunlight, to prevent the production of the toxic
alkaloids. These alkaloids are not destroyed by cooking
or drying at high temperatures. New potato varieties
may not be introduced unless they contain less than 20
mg/100 g glycoalkaloids.

ALKALOIDS . 131

The glycoalkaloids are more poisonous than the agly-
cones. However, glycoalkaloids are poorly absorbed by
the gastrointestinal tract of mammals, and an appreciable
amount of solanum-type glycoalkaloids is hydrolyzed in
the gut of mammals to the less toxic aglycones, which are
then rapidly excreted. In potatoes, solanum-type glycoal-
kaloids cause a bitter taste in concentrations higher than
14 mg/100 g, and a burning sensation in the mouth and
throat in concentrations higher than 20 mg/100 g.

Veratrum-Type Alkaloids

There are more than 50 veratrum alkaloids, such as vera-
tramine, that occur in plants of the Veratrum genus.
These are the alkaloids that make hellebores, such as the
white hellebore (Veratrum album), highly toxic.

MISCELLANEOUS ALKALOIDS

These are alkaloids with rare structures that are difficult to
classify elsewhere, including the oxazoles and the
pyrazines (for example, aspergillic acid). In addition, some
14 alkaloids with flavonoid substituents are known—for
example, ficine, found in the wild fig (Ficus pantoniana).*®
Some alkaloids in this group are very toxic, such as
taxine A from the yew (Tzxus spp.). This is also true of
mycotoxins such as verruculotoxin, which can get into the
human food chain via the peanut. However, several of
these alkaloids have promising anticancer activity, notably
cephalotoxine, cryptopleurine, harringtonine, and taxol.
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Fig. 8.41. Colchicine

Colchicine

Found in Colchicum autumnale and other Colchicum
species, colchicine is highly toxic, with a lethal dose of
10 mg in humans. It is also irritant, carcinogenic, and ter-
atogenic, but has been used in minute doses to relieve the
pain of acute gout. Plant scientists use it to induce poly-
ploidy in plants. (Plant cells are polyploid if they contain
more than two sets of chromosomes. This is very common
in plants, especially in angiosperms. Between 30% and
70% of today’s angiosperms are thought to be polyploid.
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Species of coffee with 22, 44, 66, and 88 chromosomes are
known.)

Harringtonine

Harringtonine occurs in Cepbalotaxus barringtonia, C. for-
tunei, and C. bainensis. This alkaloid shows antitumor ac-
tivity and has been used clinically to treat acute myelo-
cytic leukemia. It inhibits the biosynthesis of DNA and

proteins.*’
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Fig. 8.42. Harringtonine
Taxol

Found in the stem bark of Taxus brevifolia and T. cuspidata,
taxol is also present in trace amounts in other Taxus
species, including T. baccata. Following much laboratory
and clinical research, taxol (Paclitaxel) was approved by
the FDA for use in a number of protocols investigating
the treatment of metastatic carcinoma of the ovary,
non-small cell lung cancer, and ATDS-related Kaposi’s
sarcoma, as well as adjuvant treatment of node-positive
breast cancer. Taxol is toxic, with an oral LD, of 9 mgrkg
in dogs.
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PHARMACOLOGY

harmacology is the branch of science that studies
therapeutic agents in all of their aspects. Such

P

some confusion when discussing herbal medicines, as the

agents are usually called drugs. This can cause

general public tends to differentiate between herbs and
drugs, viewing herbs as natural and drugs as synthetic.
However, both herbs and drugs contain chemical com-
pounds that affect the body in various ways, so an under-
standing of pharmacology is relevant to both.

It is worth noting that the word drug is derived from
the middle English drogge, which in turn is thought to
come from the middle Dutch word droge, meaning “dry.”
Thus, our modern word drug refers to the use of dry plants
in medicine. In other words, drug is an herbal word!

The word pharmacology itself is derived from the
Greek words pharmakon (drug) and logos (word). This
branch of science is very extensive and is divided into nu-
merous subspecialties.

Pharmacodynamics is the study of the physiological or
biochemical mechanisms by which drug actions are
produced, which involves identfying effects produced
and the sites and mechanisms of their actions in the
body.

Pbarmacokinetics investigates factors that modify the ef-
fects of a drug, such as routes of administration, rates
of absorption, differential distribution, and mecha-
nisms of excretion and detoxification.

Toxicology is the study of effects that are unfavorable to
health.

Pharmacognosy deals with the identification and analysis
of plant and animal tssues from which drugs may be
extracted.

Pharmacy is concerned with the art and science of the
preparation, compounding, and dispensing of drugs.
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PHARMACOLOGY AND
PHYTOTHERAPY

Pharmacology addresses important questions about
herbal medicines and their therapeutic indications.
Consider the following, which have been grouped into
pharmacological subject categories.

Absorption and Distribution

* How do the physicochemical properties of the herb’s
constituents impact the bioavailability of the herb and
thus patient outcomes?

¢ Are the most medically relevant consttuents of the
herb water-soluble?

Site of Action

* Which organs are impacted by the actions of the herb,
and how?

¢ What mechanism of activity is involved?

¢ Are there specific receptors that mediate this action?

Metabolism and Excretion

¢ What impact does herbal weatment have on hepato-
cyte activity and biotransformation?

* Are metabolites of herbal constituents cleared by the
kidneys or in the gastrointestinal tract?

Toxicity and Adverse Effects

* How does the therapeutic dose compare with the po-
tentially toxic dose (i.e., what is the therapeutic index)?

* Are there reports of resistance or unusual reactions?

¢ What is the treatment for an overdose?

Drug Interactions

* Does the combination of the herb with another thera-
peutic agent cause any synergism, antagonism, or
changes in the effect of the herb or its metabolism?

e Will the herb affect the actions or metabolism of the
other therapeutic agent?

¢ Are certain combinations contraindicated?



PHARMACODYNAMICS

Both the therapeutic and toxic effects of a substance occur
as a result of its interactions with molecules in the body.
An important aspect of pharmacology is determining
whether a drug effect is due to a specific structural com-
ponent of the molecule or is a result of a nonspecific drug
action. In most instances, drugs act by associating with
specific molecules in ways that alter their biochemical or
biophysical activity, in which case they are known as
specific drugs.

Nonspecific Drugs

The activity of nonspecific compounds is often related to
their solubility in lipids, which determines their ability to
interact with and alter cellular membrane function.
Inhalation anesthetics and some disinfectants are exam-
ples of drugs that work through this type of nonspecific
activity.

Table 9.1. Mechanisms of Action for Specific Drugs
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Characteristics of Nonspecific Drugs

* Do not specifically bind with a particular biological
structure

¢ Are active only in relatively high doses

* Have similar activities but vastly different chemical
structures

¢ Show largely similar activity after chemical modification

Specific Drugs

Specific drugs are usually more potent than nonspecific
drugs; their effects are evident at lower drug concentra-
tions. Activity is highly dependent on chemical structure,
including the shape, size, and stereochemical configura-
tion of the molecule, as well as the position of func-
tional groups and charge distribution. Small structural
changes can result in profound chariges in pharmacolog-
ical activity.

MECHANISM EXAMPLES

Receptor interaction

Stimulate receptors

Apigenin from Matricaria recutita is a ligand for certain benzodiazepine receptors that exerts anxiolytic and slight

sedative effects but no anticonvulsant or myorelaxant actions!’

Chrysin confers anxiolytic actions without inducing sedation or muscle relaxation; it may be a partial agonist of

benzodiazepine receptors.? Chrysin is found in species of Passiflora and Scutellaria.

Block receptors

The furanocoumarin phellopterin, from the roots of Angelica dahurica, strongly inhibits the binding of diazepam to

central nervous system benzodiazepine receptors in vitro.*

Some extracts inhibit contraction of the rabbit aorta induced by histamine and serotonin in vitro. Xanthones from

Garcinia mangostana interact with various receptors. ci-mangostin acts as a histamine H, receptor antagonist, and

y-mangostin is a 5-HT,, receptor antagonist.*

Alter cellular transport processes

Block ion channels

Alkaloids from Oregon grape (Mahonia aquifolium), corytuberine, magnoflorine, isothebaine, and isocorydine,

inhibit the influx of calcium into cells of the rat aorta.®

Alter carrier-mediated transport
Thiazides inhibit Na*,Cl" cotransport.

Interfere with active transport

Loop diuretics inhibit Na” K*,2Cl™ carrier.

Cardiac glycosides inhibit Na* K" ATPase.

Antidepressants inhibit reuptake of monoamines or serotonin.

Change enzyme functions

Inhibit enzymes

Tannins inhibit the activity of protein kinases (PK).¢ Some hydrolyzable tannins are selective inhibitors of various

protein kinases, such as cAMP-dependent PK and calcium and phospholipid-dependent PK.
Herbal ACE inhibitors inhibit angiotensin-converting enzyme.”

Activate enzymes

Forskolin activates adenylate cyclase.

Metal ions, like Mg, Ca, Zn, Cu, and Mn, also activate enzymes.
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Characteristics of Specific Drugs

e Interact with specific receptors

* Open or block ion channels

¢ Modify transport systems

¢ Inhibit or activate enzymes

* Interfere with particular aspects of biosynthesis in
microorganisms

ENZYMES

A range of clinically relevant effects are mediated via
plant constituent interactions with enzymes. The cell is
the site of tremendous metabolic activity, processes that
go on continually in living organisms. These activities in-
clude the buildup of new tissue, replacement of old tissue,
conversion of food to energy, disposal of waste materials,
and reproduction—in short, all of the activides under-
taken by cells to maintain life.

However, all of this takes place in the face of a para-
dox. Biochemical reactions do not occur spontaneously,
but are facilitated by catalysis. Cazalysis is the acceleration
of a chemical reaction by some substance that itself un-
dergoes no permanent chemical change. The catalysts of
biochemical reactions are enzymes, which are responsi-
ble for almost all chemical reactions that occur in living
organisms.

Without enzymes, of which nearly 2,000 are known
in humans, these reactions would take place too slowly
for the needs of life processes. Because of their central
role in cellular processes, deficiency, excess, or improper
regulation of enzymes can result in a variety of diseases.
An important aspect of enzyme function is that it can be
regulated.

The Chemical Nature of Enzymes

All known enzymes are proteins. They are high molecu-
lar weight compounds made up principally of chains of
amino acids linked together by peptide bonds. Their
molecular weights range from 10,000 to 2,000,000 and
control the amount of metabolites and the rate at which
they move through metabolic pathways. As biological cat-
alysts, they speed the rate of attainment of chemical equi-
librium by lowering the energy barrier between substrate
and products. In other words, a catalyst will increase the
rate of a reaction, but will not affect the position of the re-
action equilibrium.

Enzymes are unique in that the enhancements they
cause are on an order of magnitude greater than those of
most other catalysts. A typical enzyme will convert about
1,000 molecules of substrate to product in one second.

Some will convert as many as one million. Unlike most
other catalysts, enzymes work at ambient temperature, at-
mospheric pressure, and usually in a narrow, near-neutral
pH-range. However, there are exceptions, such as pepsin,
which operates in the stomach in a pH range of 2.0 to 5.0.

Specificity of Enzymes
One of the unique properties of enzymes is their speci-
ficity. In general, there are four distinct types of specificity.

Absolute specificity: The enzyme will catalyze only one re-
action.

Group specificity: The enzyme will act only on molecules
that have specific functional groups, such as amino,
phosphate, and methyl groups.

Linkage specificity: 'The enzyme will act on a particular
type of chemical bond regardless of the rest of the
molecular structure.

Stereochemical specificity: The enzyme will act on a partic-
ular steric or optical isomer.

Many enzymes require the presence of other com-
pounds, called cofactors, before they become active. This
entire active complex is known as the holoenzyme and is
made up of an apoenzyme (protein porton) plus the cofac-
tor (a coenzyme, prosthetic group, or metal ion activator).

Apoenzyme + Cofactor = Holoenzyme

Enzyme Terminology

Except for some of the first-studied enzymes, such as
pepsin, rennin, and trypsin, most enzyme names end in
-ase; however, there are many exceptions to this rule.
The International Union of Biochemistry (IUB) created
a systematic naming scheme for enzymes.® Enzymes are
classified and named according to the type of reaction
catalyzed. The enzyme is assigned a four-number classifi-
cation and a two-part name, or systematic name. A
shorter version, called the recommended name, is sug-
gested for everyday use. There are six major categories of

€NZymes.

Oxidoreductases

Oxidoreductases catalyze oxidation reduction reactions be-
tween two substrates through the transfer of electrons.
They are responsible for the production of heat and en-
ergy. Many of these enzymes are present in mitochondria.

* Dehydrogenases catalyze the removal of hydrogen from
a substrate.

* Oxidases activate oxygen so that it will readily combine
with a substrate.



* Cuatalases catalyze the decomposition of hydrogen per-
oxide to water and oxygen.

* Peroxidases catalyze the decomposition of organic per-
oxides to hydrogen peroxide and water.

Transferases

Transferases catalyze reactions involving the transfer of
groups from one molecule to another. Trivial names for
the transferases often include the prefix trans.

* Transglycosidases catalyze the transfer of monosaccharides.

* Transphospborylases and phosphomutases catalyze the
transfer of phosphate groups.

o Transaminases catalyze the transfer of amino groups.

o Transacetylases catalyze the transfer of acetyl groups.

Hydrolases

Hydrolases catalyze reactions in which the cleavage of
bonds is accomplished by the addition of water. They are
named for the substrate upon which they act.

o Carbohydrases catalyze the hydrolysis of carbohydrates
into simple sugars.

o Fsterases catalyze the hydrolysis of esters into acids and
alcohols.

* Proteinases hydrolyze proteins to peptides.

* Peptidases hydrolyze polypeptides to amino acids.

* Nucleases catalyze the hydrolysis of nucleic acids.

Lyases

Lyases catalyze the removal of groups by means other
than hydrolysis, usually involving the formation of carbon-
carbon double bonds.

* Fumarases catalyze the change of fumaric acid to L-malic
acid in the Krebs cycle.

* Decarboxylases catalyze the removal of a molecule of
carbon dioxide from a carboxylic group.

* Deaminases catalyze the removal of amino groups from
compounds.

Isomerases

Isomerases catalyze intramolecular rearrangements; that is,
they catalyze the interconversion of optical, geometric, or
structural isomers.

* Epimerases catalyze the inversion of asymmetric carbon
atoms.

® Mutases catalyze the intramolecular transfer of func-
tional groups.
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Ligases

Ligases catalyze the formation of bonds between two sub-
strate molecules—specifically, through the hydrolysis of
the pyrophosphate bond in adenoside triphosphate
(ATP) or another triphosphate. The energy is always
supplied by ATP hydrolysis. The names of many ligases
include the term synthetase. Several other ligases are
called carboxylases. One of these is fundamental to life
processes.

* Ribulose bisphosphate carboxylase/oxygenase (rubisco) is
the plant enzyme that facilitates the formation of or-
ganic carbon from the inorganic carbon dioxide in the
air; rubisco helps generate phosphoglycerates.

ENZYMES AND HERBS

A number of herbal constituents affect metabolic pro-
cesses by modulating the activity of specific enzymes in
various ways, including activating or inhibiting enzyme
functions. Enzyme activation and inhibition both can be
harnessed for specific therapeutic effects.

Forskolin and the Activation of

Adenylate Cyclase

Coleus forskohblii, a plant used in ayurvedic medicine, is the
source of a compound of unique biological importance. A
screening of medicinal plants by the Indian Central Drug
Research Institute revealed the presence of a hypotensive
and spasmolytic component in C. forskoblii, a labdane
diterpene named forskolin.

Forskolin works by activating adenylate cyclase, an
enzyme that raises levels of cyclic adenosine mono-
phosphate (cCAMP) in cells.? Cyclic AMP is a vital cell-
regulating compound involved in a variety of cellular
functions. Normally, cAMP is formed when a stimulatory
hormone (for example, epinephrine) binds to a receptor
site on the cell membrane and stimulates the activation of
adenylate cyclase. This enzyme is incorporated into all
cellular membranes and only the specificity of receptors
determines which hormone will activate the enzyme in a
particular cell.

Forskolin appears to bypass this need for direct hor-
monal activation of adenylate cyclase via transmembrane
activation. As a result of this transmembrane activation,
intracellular cAMP levels rise.
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Physiological and Biochemical Effects of Elevated
Intracellular cAMP

* TInhibition of platelet activation and degranulation

* Inhibition of mast cell degranulation and histamine re-
lease

* Increased force of heart muscle contraction

* Relaxation of the arteries and other smooth muscles

* Increased insulin secretion

* Increased thyroid function

* Increased lipolysis

Forskolin possesses additional properties, such as in-
hibition of membrane transport proteins and channel
proteins through a mechanism that does not involve the
production of cAMP. The outcome is again a transmem-
brane signaling that results in activation of other cellular
enzymes. Forskolin also inhibits platelet-activating factor
(PAF) by interfering with PAF binding to receptor sites.
PAF inhibition is discussed later in this chapter.

Thus, the therapeutic potential of C. forskoblii is
great, as there are many conditions in which a decreased
intracellular cAMP level may be a major factor in the de-
velopment of the disease process. These include eczema,
asthma, psoriasis, angina, and hypertension.

Inhibition of Enzymes

Pharmacologically speaking, there are a number of types
of enzyme inhibitors, which are differentiated by the spe-
cific mechanism involved at the molecular level. A com-
plete discussion of different types of enzyme inhibitors,
however, is beyond the scope of this book. Instead, we
shall consider a number of enzyme inhibitory mecha-
nisms that are relevant to modern phytotherapy.

Acetylcholinesterase Inbibitors

Agents that inhibit the enzyme cholinesterase have at-
tracted attention as therapeutic agents for the treatment
of Alzheimer’s disease. These agents have effects on the
parasympathetic nervous system, which regulates pro-
cesses responsible for energy assimilation and storage.
They operate when the body is at rest, decreasing heart
activity and relaxing respiratory processes. Among their
many roles, cholinesterase inhibitors facilitate the diges-
tive process, increasing secretory activity and peristalsis
and decreasing sphincter tone.

The most important neurotransmitter in this system
is acetylcholine (ACh). Reduced ACh levels are observed
in various forms of dementia, and therapeutic approaches
have been developed to facilitate cholinergic replace-
ment. ACh is inactive if taken orally as a medicine, so

other methods have been developed to achieve therapeu-
tically meaningful elevations.

Levels of synaptic acetylcholine can be readily in-
creased by using centrally acting inhibitors of acetyl-
cholinesterase (AChE), the enzyme that catabolizes ACh.
Tacrine is currently the only drug approved for
Alzheimer’s disease in the United States. While an effec-
tive AChE inhibitor, it has a number of other sites of ac-
tion and may cause hepatotoxicity.!® Among other AChE
inhibitors under development is the alkaloid huperzine A,
from Huperzia servata, a club moss used in traditional
Chinese medicine.
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Fig. 91. Huperzine A

The club moss Huperzia servata is the Chinese folk
medicine ging ceng ta. This herb is found chiefly in south-
ern China, where it grows in moist places in hilly regions.
A decoction of the dried whole plant has been used to
treat trauma, fractures, scalds, hematuria, and infections
of the skin and subcutaneous tissues. The herb is a com-
ponent of a tea administered to elderly patients in China.
Huperzine A and its cogener, huperzine B, were isolated
from the moss, identified, and shown to be potent AChE
inhibitors.!!

S-a-reductase Inhibition

Benign prostatic hyperplasia (BPH) is believed to be
caused by accumulation of testosterone in the prostate.
However, once in the prostate, testosterone is converted
to dihydrotestosterone (DHT). DH'T, a more potent
hormone than testosterone, acts on the prostate gland
and other sexual organs.

DHT is produced from testosterone by the enzyme
S-a-reductase, and is necessary for the normal growth
and development of the prostate. Its presence is also nec-
essary for the pathologic enlargement of the prostate that
occurs in BPH. Thus, one therapeutic approach to treat-
ing this condition is to reduce the formation of DHT by
blocking the enzyme 5-a-reductase. Serenoa repens (saw
palmetto) has this effect, and may also possess receptor
site-binding effects.



RECEPTORS

One way of explaining the action of herbal constituents
on the body is through their specific interactions with re-
ceptors. Such receptor interactions initiate a chain of bio-
chemical events that lead to the observed effects. Cellular
activity 1s coordinated by the transmission of signals,
chemical or electrical, between cells.

The ability of a cell to respond to an extracellular sig-
nal depends on the presence of specific receptor proteins
on its surface or in the cytoplasm. The receptors bind the
chemical signal, triggering a mechanism that modifies the
behavior of the cell. Cells contain an array of specific re-
ceptors, allowing them to respond to a variety of chemi-
cal signals. The nature of these intracellular events differs
according to the type of receptor. The same molecular
signal may cause different responses in different types of
cell. ‘

Thus, receptors have a-dual function. They detect a
ligand signal by forming a ligand-receptor complex and
they conduct and translate the signal, leading to the phar-
macological effect.

The Molecular Nature of Receptors

Most receptors are proteins, presumably because their
structures provide both the diversity and the specificity of
shape and electrical charge. They are present in only
small amounts in cells, ranging from about 0.001% of
total soluble protein in aldosterone receptors to 0.1% in
progesterone receptors. The actual quantities vary in re-
sponse to stimuli, and their properties change with phys-
iologic conditions. When a hormone or neurotransmitter
is present in excess, the number of active receptors gen-
erally decreases (a process known as down regulation),
while a deficiency of the chemical messenger causes an in-
crease in the number of active receptors, or up regulation.

Antagonism and Agonism

An antagonist is a compound that will bind to the receptor
but not activate it. In contrast, an agomist has both an
affinity for the receptor and the ability to trigger the re-
sponse. Antagonists exert their effects by preventing
agonists from binding to and activating receptors. They
are divided into two’ classes, depending on whether or
not they reversibly compete with agonists for binding to
receptors.

Antagonism can be competitive (reversible), meaning
that the antagonist competes for the receptor and so re-
quires a higher concentration of the agonist in order to
achieve the same effect as would the agonist alone.
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Alternately, antagonism can be noncompetitive (irre-
versible), a situation in which the antagonist’s affinity for
the receptor is so high that for practical purposes the re-
ceptor is unavailable for binding by the agonist.

Receptors and Hormonal Control of Gene
Expression

Receptor sites are complex assemblages of molecules with
subunits that change shape in response to various mes-
sengers, all in a finely tuned way. From one perspective,
their study is revealing a window into how “fearfully and
wonderfully” made we human beings are (Ps. 139:14).

To explore the concept of receptor interactions, we
will discuss hormones and their receptors. Hormones
transmit information from one cell to another to coordi-
nate a whole range of homeostatic adaptations, growth,
development, and reproduction. Hormone receptors are
found throughout the cell, including the outer mem-
brane. When hormones are released into the blood as a
result of some stimulus, they circulate throughout the
body and bind to these receptors.

Once bound, the receptors and their lipid-soluble lig-
ands traverse the membrane and enter the nucleus, where
they directly exert their effects by binding to special en-
hancers (called hormone-responsive elements) and by stimu-
lating the transcription of certain genes.

The mechanism used by hormones to regulate
gene expression has two therapeutically important
consequences.

* All of these hormones produce their effects after a
characteristic lag period of three minutes to several
hours—the time required for the synthesis of new
proteins.

e Their effects can persist for hours or days after their
concentration has been reduced to zero.

" The interactions of steroid hormones with receptors
starts as the hormones arrive via the biood. Blood trans-
ports steroids either bound to a blood protein or un-
bound. Binding of the steroid to its receptor molecule re-
sults in conformational change, an alteration of the
three-dimensional structure of the receptor from an inac-
tive to an active form.

This activated receptor-steroid complex has an affin-
ity for specific binding sites on DNA, resulting in activa-
tion or transcription of the gene to produce messenger
RNA (mRNA). The mRNA is translated on cytoplasmic
ribosomes to produce the code for protein. Once the
receptor-hormone complex has interacted with a gene,
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the protein undergoes reactions that result in the reestab-
lishment of unoccupied receptors and elimination of the
steroid from the cell.

Hormone + Receptor -«— Hormone-Receptor Complex
Inactive Active

The basic structure of receptor proteins comprises
three domains: one for hormone binding, another for
binding to DNA, and one immunologic domain.
Receptor proteins can adopt various conformational
forms, but when bound to a hormone take on the active
shape. While a receptor that is not attached to a hormone
can bind to DINA, it will not activate transcription unless
the hormone is also bound.

Mechanisms exist to facilitate the transmission of the
chemical signal across the barrier posed by the plasma
membrane. Each mechanism has evolved distinctive re-
ceptor families that transduce many different signals.
These receptors are found on the cell surface and within
the cell, as well as in enzymes and other components that
generate, amplify, coordinate, or terminate post-receptor
signaling by chemical second messengers in the cytoplasm.

There are four basic mechanisms by which signals are
transmitted across membranes:

1. A lipid-soluble molecule crosses the membrane pas-
sively and acts on an intracellular receptor.

2. Intracellular acuvity is regulated by a molecule that
binds to an extracellular site on a receptor protein
whose structure crosses the membrane (examples
include receptors for insulin, low-density lipopro-
tein, growth hormone, and cytokines).

3. A transmembrane ion channel is induced to open or
close by the binding of a molecule (examples in-
clude receptors for nicotine, GABA, and glycine).

4. A transmembrane receptor protein stimulates a
G protein that in turn generates an intracellular
secondary messenger. This intricate process can
facilitate many interactions with exogenous
molecules.

G Proteins and Second Messengers

Guanine nucleotide binding proteins, or G proteins, are
membrane proteins that link the activation of a mem-
brane receptor to the subsequent activation of its cellular
second messenger. Receptors coupled to G proteins are
structurally related to one another, comprising a family of
serpentine receptors, so called because the receptor
polypeptide chain crosses the plasma membrane seven
times.

Receptors for adrenergic amines, serotonin, acetyl-
choline, many peptide hormones, odors, and visual recep-
tors in the retinal rod and cone cells are all serpentine.
The amino and carboxyl terminals of each of these recep-
tors are located on the extracellular and cytoplasmic sides
of the membrane, respectively.

Within the membrane, a G protein binds to an ex-
ogenous molecule, causing a conformational change and
activating a cascade of reactions that produce various sec-
ond messengers. No matter which pathway is activated,
the result is a change in the functioning of the affected
cell in response to the original message-bearing molecule.

Phytoestrogens and Receptors

As an example of the role of receptor interactions in
herbal activity, consider the phytoestrogens. It has been
estimated that more than 300 species of plants have some
degree of demonstrable estrogen activity.!? The concept
of phytoestrogens originally came from toxicology, but it
has since taken on a more positive aspect, as epidemiology
has uncovered many clues about the role of dietary phy-
toestrogens. See chapter 10 for more information on the
toxicity of phytoestrogens.

Health-Protective Effects of Phytoestrogens

* Epidemiological studies reveal low mortality from hor-
mone-dependent cancer in both Japanese women and
men consuming a traditional diet, which may be re-
lated to the high intake of phytoestrogens in soybeans
and other foods."

* Dietary intake of soy is associated with a decreased risk
of both hormone-dependent and hormone-independent
cancers, and it has been suggested that genistein, the
predominant isoflavone in soy foods, is responsible for
this effect.’

* The low mortality from prostate cancer in Japanese
men may be associated with their isoflavone-rich tradi-
tional diet.!

* Consumption of a plant-based diet can prevent the
development and progression of chronic diseases that
are associated with extensive neovascularization.'®

* Researchers suggest that human cancer mortality rates
could be markedly reduced by supplementing human
diets with certain soybean products shown to suppress
carcinogenesis in animals.!

* Because many Western diseases are hormone-dependent
cancers, it has been postulated that the typical Western
diet, compared with a vegetarian or semi-vegetarian
diet, may alter hormone production, metabolism, or
action at the cellular leve].!®
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Classification of Hormones

Hormones can be grouped into classes based upon the method by which they are transmitted.

Group 1 Hormones

Lipid-soluble steroidal hormones cross the cell membrane and act upon an intracellular recep-
tor. Steroid hormones exert effects at all levels of biological organization, using similar mecha-
nisms to produce the same general effects (the induction of RNA and protein synthesis). The
major classes of steroid hormones, all derived from cholesterol, are progestins, corticosteroids,
estrogens, and androgens. Several signal molecules are lipid-soluble enough to cross the plasma
membrane and act on intracellular receptors. One of these is a gas, nitric oxide (NO), that acts
by stimulating an intracellular enzyme, guanylyl cyclase, which produces cyclic guanosine
monophosphate (cGMP).

Group 2 Hormones

These hormones are water-soluble and thus do not use blood transport proteins. They bind to
cell-surface receptors, which then use secondary messengers to relay their message to the nu-
cleus. This transmembrane signaling system has three components:

e The hormone is specifically detected by a cell-surface receptor.

e The receptor triggers the activation of a G protein located on the cytoplasmic face of the
plasma membrane, which changes the activity of an effector element, usually an enzyme or
ion channel.

« This element then changes the concentration of the intracellular second messenger.

The type of secondary messenger determines the subclasses of Group 2 hormones.

GROUP 2A HORMONES

The secondary messenger for Group 2A hormones is cyclic adenosine monophosphate (cAMP),
which mediates such hormonal responses as mobilization of stored energy, vasopressin-mediated
conservation of water by the kidneys, Ca** homeostasis, and rate and contractile force of the
heart muscle. It also regulates the production of adrenal and sex steroids, the relaxation of
smooth muscle, and many other endocrine and neural processes. A stimulator of intracellular
cAMP is forskolin, a diterpene from Coleus forskohlii that acts as an adenylate cyclase activator
to increase intracellular cAMP by stimulating its biosynthesis.””

GROUP 2B HORMONES

The secondary messenger for Group 2B hormones is cyclic guanosihe monophosphate (cGMP).
c¢GMP has signaling roles in only a few types of cells.

GROUP 2C HORMONES

The secondary messengers here are calcium, phosphoinositides, or. both, which act through a
transmembrane ion channel that can be induced to open or close by the binding of a ligand.
Some of the hormones, neurotransmitters, and growth factors that trigger this pathway bind to
receptors linked to G proteins, while others bind to tyrosine kinase receptors.

GROUP 2D HORMONES

The secondary messenger for this group of hormones, including insulin, prolactin, and growth
factor, is unknown.
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The average sperm count in men has been consis-
tently declining since the Second World War, apparently
because of exposure to xenoestrogenic environmental
pollutants. The environmental science literature actually
talks about the fact that we live in a “sea of estrogens.”
We have to recognize that estrogenic plant effects, even
though they are important and we herbalists have an at-
tachment to them, occur in the context of total exposure
to estrogens.

Type II Estrogen—Binding Sites and

Estrogen Antagonism

In addition to nuclear-bound estrogen receptor (Type 1
sites), a second estrogen-binding site is found in nuclei of
various tssues. These Type Il nuclear estradiol-binding
sites are located on the nuclear matrix. One event stimu-

lated by exposure to estrogen is an increase in the num-
ber of Type II estrogen-binding sites. Nuclear Type II re-
ceptors are occupied by an endogenous ligand that appears
to be an inhibitor of cell proliferaton.

PHYTOESTROGENS

A remarkable diversity of naturally occurring and synthetic
compounds mimic the biological effects of B-estradiol,
indicated in the laboratory by their ability to bind to the
nuclear estrogen receptor, activate transcriptional re-
sponse, and promote growth of estrogen-dependent
MCF7 cells in culture.?

The most important of these appear to be
isoflavones, coumestans, lignans, and phytosterols. In the
diet, the precursors of the biologically active compounds

Estrogen

Phytoestrogens

Xenoestrogens

do plant estrogens.

A Closer Look at “Estrogens”

There is.no chemical called:“estrogen.” Estrégen is a term that describes an effect, not a particular
chemical. We really should talk about estrogens, the spectrum of molecular structures that share
this effect. These are various natural or synthetic substances that possess the biological activity of
estrus-producing hormones. Estrus is the pefiod in a female mammal during which ovulation
occurs and she is receptive to mating. This is an important point, because the periodicity and the
receptive time frame vary from one mammalian species to another. Most of the research on plant
estrogens has utilized rodents, and rats and mice have very different estrous cycles than humans—
starting with the fact that they do not menstruate.

This raises many questions about how to extrapolate data from rat studies to therapeutic ap-
plications in humans. Estrogens are synthesized from androgens, primarily in the ovaries, and, to a
lesser extent, in the adrenal cortex. These hormones can also be produced in the testes of males.
The major estrogen, B-estradiol, is synthesized from testosterone.

A phytoestrogen is a plant constituent that possesses estrogenic activity. However, to say that
something possesses estrogenic activity does not mean that all estrogens have the same:degree of
estrogenic activity, nor does it mean they all possess the whole spectrum of effects that human
estrogens have. It is also important to understand that phytoestrogens are not precursors of
human hormones, but instead interact with human estrogen receptors to elicit various responses.

Xenoestrogens are environmental estrogens, usually synthetic pesticides such as DDT and hor-
mones in our diet. One source is residual hormones that make their way into dairy products after
having been originally fed to cows. DDT, PCB, and many other synthetic pesticides are estrogens.
In fact, they work in part by disrupting the reproductive cycle of the animal they are designed to
deter. Without making too much of a point of xenoestrogens, it should be noted that quantita-
tively, environmental pollutant estrogens appear to have far more of an effect on humans than




originate in soybean products (which contain mainly
isoflavones but also lignans in smaller amounts) as well as
in whole grain cereals and seeds. The phytoestrogens in
berries and nuts are believed to be mainly lignans.?!
Coffee has phytoestrogenic effects, as do beer, bour-
bon, mescaline, and Cannabis. Actually, it is quite amazing
how many substances that cause social issues also have es-
trogenic effects. Coffee extracts, unlike tea and cocoa, ac-
tively compete with estradiol for uterine cytosol binding

sites.??

Isoflavones

A number of phytoestrogens belong to chemically related
classes of flavonoids, including chalcones, flavanones,
flavones, flavonols, and isoflavones. The most active of
these, the isoflavones, represent a structural variant of the
flavonoid family of plant phenolics and are only found
regularly in one subfamily of the Fabaceae, the
Papilionoideae. They have been recorded occasionally in
a few other families, such as Asteraceae, Iridaceae,
Myristicaceae, and Rosaceae. It is possible that they are
more widespread, but the lack of a satisfactory method of
screening for their presence makes the search difficult.?®

Widely occurring isoflavones include daidzein, genis-
tein, formononetin, and biochanin A. A study of relative
estrogenic activities for some isoflavones identified a
range of potencies. In order of decreasing potency, the
most active was zearalenone, followed by B-zearalenol,
coumestrol, genistein, daidzein, phloretin, formononetin,
and biochanin A. The hormonal activity of these com-
pounds was specific for the estrogen receptor and sensi-
tive to inhibition by 4-hydroxytamoxifen.?*

In laboratory studies, genistein inhibited the prolifer-
ation of human tumor cell lines in vitro, constrained en-
dothelial cell proliferation and angiogenesis, and inhib-
ited the proliferation of various other types of tumor
cells.?* 26 It also inhibited the activity of purified topoiso-
merase 11 in vitro, and the production of reactive oxygen
lons that can lead to tissue damage and DINA muodifica-
tion. Additionally, genistein acts as a weak estrogen,
modifies cellular differentiation, modulates cell cycle
events, and may precipitate apoptosis.?’

Lignans

Lignans are dimers that are chemically related to the
lignins of plant cell walls; they are found mainly in woody
tissues. Some have been isolated from other plant parts,
such as roots, leaves, and flowers, and in such cases they
may be found in glycosidic combinations. The active
molecular forms of lignans are produced only after they
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are metabolized by the gut flora, pointing yet again to the
fundamental importance of digestive tract health.

The lignan enterolactone is a moderate inhibitor of
human estrogen synthetase. This lignan binds to or near
the active site of the P45, enzyme.?® Research suggests that
the high concentration of lignans seen in vegetarians may
play a protective role against estrogen-dependent cancers
by serving as antipromotional compounds, inhibiting aro-
matase in peripheral or cancer cells, and lowering estro-
gen levels.?

Phytosterols

At one time, sterols were considered to be mainly animal
products, but an increasing number of such compounds
have been detected in plant tissues. Indeed, three phytos-
terols are ubiquitous in higher plants: B-sitosterol, stig-
masterol, and campesterol. Phytosterols are structurally
distinet from animal sterols in that they have an extra
methyl or ethyl radical in the side chain. An example is
B-sitosterol, a common constituent in flowering plants.

Interactions of Phytoestrogens with
Receptors

Two important interactions are mediated via sex hormone
binding globulin (SHBG) and Type II estrogen binding
sites in the nucleus. Lignans and isoflavones may affect
the uptake and metabolism of sex hormones by helping to
regulate SHBG levels, although phytoestrogens bind only
weakly to SHBG.?® They also compete with estradiol for
binding to unfilled cytoplasmic estrogen receptors or un-
filled nuclear Type II estrogen receptor sites, which may
be the mechanism by which they inhibit cancer cell
growth.’! Bound nuclear receptors are then processed in
a manner that rapidly decreases the total number of cel-
lular estrogen receptors.

Research Conclusions

Not all phytoestrogens are created equal; they display a
range of actions and different potencies. This variability
points out how important it is to fully characterize each
phytoestrogen in terms of its sites of action, balance of
agonistic and antagonistic properties, natural potency,
and short- and long-term effects.*? Thus, a plethora of
variables are encountered when drawing conclusions
about phytoestrogens.

Phytosterols, lignans, and isoflavones have all been
shown to possess both estrogenic and antiestrogenic ac-
tivity.”> This apparent contradiction results from the array
of assays used to identify estrogenicity, each of which
evaluates distinct responses in the spectrum of estrogenic



144 < INTRODUCTION TO PRINCIPLES AND PRACTICES

activities. The reasons behind the differences in activity
can be grouped into three broad categories:

* Variability in potency and activity among different spe-
cific phytoestrogens**

* Variability in response among different test animals
and humans?’

* Variability based on dosage, timing, and route of
administration’®

What it comes down to is that no specific generaliza-
tons can actually be made about phytoestrogenic con-
stituents, because each has a different spectrum of effects.
However, consider the following research conclusions.

* It is clear that there is a significant number of struc-
turally diverse secondary plant metabolites that con-
tribute to human estrogen exposure, and these phyto-
estrogens have estrogenic effects at dietary levels.?’

* Dietary macro- and micronutrients play an important
role in estrogen metabolism.*

* Lignans and isoflavones have been shown to influence
not only sex hormone metabolism and biological
activity, but also intracellular enzymes, protein syn-
thesis, growth factor action, and malignant cell pro-
liferation, differentiation, and angiogenesis, making
them strong candidates as natural cancer-protective
compounds.*®

* In two thirds of reviewed studies on the effect of phy-
toestrogen-rich soy materials in animal models of can-
cer, the risk of cancer (incidence, latency, or number of
tumors) was significantly reduced.®

* Greater dietary incorporation of isoflavone-rich foods
may be a safe and effective means of reducing cancer
risk.#!

* It has been suggested that some of the 400 plants used
as galactagogues work via phytoestrogenic stimulaton
of prolactin production, which then stimulates breast
milk production.*

Implications for Phytotherapy

With the wealth of new data flowing from the research
community, it 1s not easy to come to conclusions relevant
to phytotherapy. However, it can be stated with some de-
gree of confidence that phytoestrogens act predominantly
as weak partial agonists in Type I estrogen receptors and
as weak partial antagonists in Type II estrogen receptors.

From this, some broad clinical guidelines can be
deduced.

e During the child-bearing years, the impact of phyto-
estrogens will be minimal. This is because of their
relative lack of potency when compared with endoge-
NOUS estrogens.

* During the menopausal and postmenopausal years,
this potency disparity becomes less important because
of changing levels of endogenous hormones, and as
such, phytoestrogens may have much to offer in the
treatment of menopausal discomforts. This observa-
don underscores the phytotherapist’s experience of tra-
ditional herbal efficacy in such cases.

* Epidemiological studies of Japanese women eating a
traditonal diet reveal that they have a lower incidence
of osteoporosis. Western research has not yet con-
firmed a link between consumption of dietary phyto-
estrogens and prevention of bone loss, but a prudent
practitioner would do well to consider them in the de-
velopment of treatiment programs for women.

* The risk of estrogen-sensitive carcinomas may be re-
duced by intake of dietary phytoestrogens. The main
area in which confusion has arisen concerns therapeu-
tic conclusions about the treatment of breast cancer. In
general, estrogens are all potendally carcinogenic.
This is one of the real problems with synthetic hor-
mone replacement therapy. However, some herb books
caution against the use of phytoestrogen-containing
plants because estrogens can stimulate the develop-
ment of tumors in the breast. To the contrary, human
research has made it clear that phytoestrogens act as
weak estrogen antagonists in Type II estrogen recep-
tors in the breast, and so might actually help reduce
the risk of breast cancer related to estrogens.

PHARMACOKINETICS

Pharmacokinetics is the study of factors that modify the ef-
fects of drugs, including:

* Administration

* Absorption

Distribution (biotranslocation)
¢ Biotransformation

Elimination from or storage in the body

To illustrate what happens to a therapeutic substance
after it is administered, the following diagram wacks an
essential oils on its journey through the body.
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Fig. 9.2. Pharmacokinetic pathways of volatile oils in the body

Administration and Absorption
Absorption refers to mechanisms by which molecules pass
from the point of entry into the bloodstream. When ad-

ministering any herbal preparation, one must select:

* A route of administration
e A dose
* A dosage form (liquid, tablet, capsule, or injection)

A constituent’s site of action is often remote from its
point of entry into the body. The best route of adminis-
tration is usually determined by the physical characteris-
tics of the substance, the speed of absorption, and the oc-
casional need to bypass hepatic metabolism. The right
dosage form will ensure herbal efficacy at the site of ac-
tion by providing a pharmacologically effective concen-
tration, and will also maintain the concentration for an
adequate period of time.

Oral Administration

Herbal medicines are commonly taken by mouth. To be
effective, the remedy must be in a form that is soluble and
stable in stomach fluid, able to enter the intestine and
cross the lining of the intestine, and thus able to enter the
bloodstream. Because they are already in solution, herbs
taken in liquid form tend to be absorbed more rapidly
than those given in tablet or capsule form. The rate of ab-
sorption of herbs taken in solid form is limited by the rate
at which the solid dissolves and by the specific chemistry
of constituents.

Oral administration is a convenient route, but the
constituents are subject to extensive biotransformation in
the gastrointestinal wall and liver. Constituents absorbed
from the gastrointestinal tract enter the bloodstream by
going directly to the liver via the portal vein. Once there,
they may be metabolized rapidly, possibly inactivating
constituents before they can reach the intended site of ac-
tion. This first-pass effect is responsible for the fact that
some drugs, such as morphine, are active when injected
but much less active when taken by mouth. Absorption
after oral administration may be slowed by concurrent in-
gestion of food, mucilage-rich herbs, or antacids. Fast ab-
sorption implies rapid onset of effects.

Other Routes of Administration

Routes of administration other than oral may improve the
pharmacological efficacy of the substance at a particular
site or reduce toxicity.

Inbalation

Inhalation delivers large amounts of drug directly to the
lungs, useful in cases of respiratory disease.

Mucous Membranes

Occasionally, drugs are administered through the mucous
membranes of the mouth or nose, from which sites the
drug can be directly absorbed into the bloodstream.
Administration by buccal (through the mouth), sublingual
(under the tongue), nasal, rectal, or transdermal (through
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the skin) routes bypasses the first-pass effect to permit
quick and direct absorption of the drug. Of the routes
just described, sublingual and rectal absorption are the
fastest. Rectal delivery can also allow the administration
of larger quantities of drug. Herbs may be administered
in suppository form; however, absorption is often irregu-
lar, unpredictable, and incomplete.

Topical

Topical administration of drugs is associated with a higher
incidence of hypersensitivity, since the drug is allowed
adequate time to become allergenic either on its own or
in combination with endogenous tissue proteins.
However, this is rarely an issue with herbs, considering
the long and safe use of poultices, fomentations, and
other topical applications.

Drug Distribution

Once absorbed, a drug is distributed throughout the body
by the circulating blood, passing across various barriers to
reach its site of action. At any given time, only a very
small portion of the total amount of a drug in the body is
in contact with its receptors. Most of the administered
drug will be found in areas of the body that are remote
from the site of action.

For example, in the case of a psychoactive drug, most
of the drug circulates outside the brain and therefore does
not contribute directly to its pharmacological effect. This
wide distribution often accounts for drug side effects, or re-
sults that are different from the primary, or therapeutic,
effect for which the drug is taken.

Bioavailability

The percentage of a drug that is absorbed and actually
reaches the systemic circulation is an expression of its
bioavailability. Because drugs are metabolized and elimi-
nated from the body, the level of drug in the body will de-
crease with time after a single dose.

To achieve a more constant serum level, mnultiple
doses are given at fixed time intervals. In general, shorter
intervals lead to more constant serum levels. Once in the
bloodstream, the drug must penetrate the cells of the tar-
get organs in order to exert its therapeutic action. Thus
the extent and rate of absorption and penetration depend
on the ability of the drug to pass through lipid-rich cell
membranes—in other words, its lipid solubility.

Transport through a Cell Membrane

Cell and organelle membranes are not passive barriers.
They control the structures and environments of the

compartments they enclose and thus the metabolism of
these compartments. The membrane itself is a metabolic
compartment with unique functions. It is a dynamic
structure that moves, and its components are continually
synthesized and degraded. The plasma membrane consu-
tutes only about 2% to 5% of membranes in the cell; the
rest consist primarily of endoplasmic reticula. The pri-
mary components of membranes are lipids, proteins, and
carbohydrates. Hepatocytes specialized for metabolism
have a higher concentration of membranes. Differences
in composition among membranes reflect differences in
function.

Membrane Lipids

Lipids constitute about half of the weight of membranes;
the other half is primarily proteins. Phospholipids are
abundant, and phosphatidylcholine constitutes roughly
half of the lipids found in membranes. Phosphatidyl-
inositol, important in signal transduction, is present in
smaller amounts. Other membrane lipids include sphin-
gomyelin, glycosphingolipid, and cholesterol.

Membrane Proteins

Proteins associated with membranes are asymmetrical.
They are different on the outside from on the inside, and
are integrated into the membrane in only one orientation
relative to the inside of the cell. These proteins fulfill a
number of vital functions:

e Catalytic enzymes

* Receptors for signals such as hormones
¢ ‘Transport systems

® Structural components

Membrane Carbohydrates

Carbohydrates are bonded to proteins or lipids as glyco-
proteins or glycolipids. Typical sugars present include
glucose, galactose, mannose, fructose, and nitrogenated
sugars, such as N-acetylglucosamine, N-acetylgalactos-
amine, and N-acetylneuraminic acid (sialic acid). Mem-
brane sugars are pivotal in cell interactions as a means of
identification and recognition.* They are found only on
the outside of the plasma membrane or on the inside of
vesicles.

Membrane Structure

A membrane can be viewed as a lipid bilayer composed of
phospholipid and cholesterol along with various proteins.
Integral proteins are embedded, while peripheral proteins
may be loosely attached to the surface of the membrane.



Membranes separate and maintain the chemical environ-
ments on both sides of the membrane. Proteins and lipids
diffuse in the membrane, but ions are found at different
concentrations on either side of the cell membrane, cre-
ating an ion gradient. Membranes maintain these gradi-
ents by preventing ion diffusion, necessitating active
transport of ions from one side of the plasma membrane
to the other.

Nonpolar molecules are Lpophilic (lipid-loving) and
polar molecules are hydrophilic (water-loving). Lipophilic
molecules pass readily through membranes because they
dissolve in the hydrophobic, nonpolar portion of the lipid
bilayer. Although permeable to water, the nonpolar lipid
bilayer of cell membranes is impermeable to inany other
polar molecules, necessitating specific transport systems.

Passive Diffusion

Some substances can cross membranes by a process of
passive diffusion, which involves no energy expenditure.
Water and small lipophilic organic compounds can cross in
this way, but charged compounds and large molecules, such
as proteins, cannot. In passive diffusion, the molecule will
only move down the concentration gradient—that is, from
a higher to a lower concentration.

Protein Channels

Protein channels transport specific ions. For example, ion
channels exist for the movement of Na*, K*, and Ca*.
The protein forms a gate that opens and closes under
the control of the mmembrane potential. Ion movement
through channels is always down the concentration
gradient.

Mediated Transport
Transport of molecules across membranes by molecular
carriers 1s termed mediated transport. These carriers are
variously called porters, porting systems, translocases, trans-
port systems, and pumps.

Membrane Receptors

Cell-cell communication is achieved by chemical messen-
gers that interact with the cell in one of two ways, either by
entering the cell by diffusion through the cell membrane or
by binding to a receptor on the plasma membrane.

Distribution in the Body

After crossing the transport barrier, a molecule remains in
the interstitial spaces between cells, which are filled with
water and loose connective tissue. The molecule can
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enter the bloodstream directly via blood capillaries or in-
directly via lymphatic capillaries. The amount of the drug
that may be found in various tissues is affected by many
factors.

Solubility of the Drug

The greater the solubility of the drug in a tissue, the
greater will be its concentration.

Size of the Organ
More drug is required to achieve therapeutic relevant
concentrations in larger organs than in smaller organs.

Lympbhatic Drainage

Lymphatic capillaries are minute vessels, located in the
interstitial spaces, in which one end is closed and the
other drains into larger lymphatic vessels. The walls of
these capillaries are composed of endothelial tissue with
loose junctions between cells, and as a result are more
porous than blood capillaries. Plasma proteins and excess
fluid in the interstitial spaces enter the lymphatic capillar-
ies, flowing back to the heart via the lymphatic system.

Blood Flow to an Organ

The rate at which drugs move to the various tissues of the
body depends largely on the rate of blood flow. In the
average-size adult, the heart pumps approximately 5 liters
of blood each minute, an amount roughly equal to the
total volume of blood in the circulatory system. Thus, the
entire blood volume circulates in the body about once
every minute. Therefore, once a drug is absorbed into the
bloodstream, it is rapidly distributed throughout the cir-
culatory system.

Protein Binding

Some molecules reversibly bind to proteins present in the
blood plasma. As proteins are too large to cross the capil-
lary wall, such bound chemicals are confined in the blood-
stream and not readily distributed to the tissues. Molecules
bound to plasma proteins have lower concentrations in tis-
sues than do those not bound to plasma proteins.

Anatomic Barriers

Barriers in certain organs limit the distribution of some
molecules. The blood-brain barrier consists of tight capil-
lary walls around which glial cells are wrapped, a situation
unique to the capillaries in the brain. Molecules must dif-
fuse through these two barriers to get from blood to the
nerve cells of the brain.
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The blood-brain barrier blocks the passage of proteins
and most water-soluble chemicals, but water, most lipid-
soluble molecules, oxygen, and carbon dioxide diffuse
through it readily. It is slightly permeable by electrolytes,
but is poorly permeable by large molecules. The blood-
brain barrier is the reason behind the fact that the ions of
some highly water-soluble metals, such as mercury and
lead, are nontoxic to adult brains. However, because the
blood-brain barrier is less well developed in children,
their brains are more sensitive to the toxicity of lead.

Another barrier is the blood-testis barrier, which limits
the passage of large molecules like proteins and polysac-
charides, medium-sized molecules like galactose, and
some water-soluble molecules from the blood into the
seminiferous tubules of the testis. However, water and
very small water-soluble molecules, like urea, can pass
through the barrier.

Placenta membranes are unique. They separate two
distinct human beings with different genetic composi-
tions, physiological responses, and sensitivities to drugs.
The fetus obtains essential nutrients and eliminates
metabolic waste products through the placenta without
help from its own organs, many of which are not yet
functional.

This dependence of the fetus upon the mother, how-
ever, places the fetus at the mercy of the placenta when
foreign substances appear in the mother’ blood. The pla-
cental barrier between mother and fetus is the leakiest
barrier of all and is a very poor block to chemicals. The
placenta is composed of several layers of cells that act as a
barrier to the diffusion of substances between the mater-
nal and fetal circulatory systems. Lipid- and water-soluble
molecules can cross readily, while the transfer of large-
molecular-weight molecules is limited.

Biotransformation

The extent of pharmacological activity of a substance de-
pends on the ability of the body to metabolize the chem-
ical involved. This process is called biotransformation, de-
fined as the structural modification of a chemical by
enzymes in the body. Biotransformation occurs in several
organs, including the kidneys, lungs, skin, intestines, pla-
centa, and, most important, the liver. At the subcellular
level, the enzymes responsible for biotransformation are
located in the endoplasmic reticula, mitochondria, cy-
tosol, lysosomes, or even the nuclear envelope or plasma
membrane.

Chemicals absorbed in the gastrointestinal tract must
pass through the liver, where they may be biotransformed
and eliminated before they get distributed to other parts

of the body. However, biotransformation is not synony-
mous with inactivation. Some drugs must be metabolized
before they become active, whereas others produce a
toxic metabolite, an additional active metabolite, or both.
Intestinal microorganisms in the colon (the gut flora) are
capable of many biotransformation reactions. In addition,
molecules may be metabolized by gastric acid, digestive
enzymes, or enzymes in the wall of the intestine.

Primary Objectives of Biotransformation

* "o alter a chemical substance in order to change its bi-
ologic effects

* To transform the chemical into a more polar, and
therefore more water-soluble, species that is more eas-
ily eliminated from the body

These reactions occur in the cytoplasm and endo-
plasmic reticula of all cells, although cells near major
entry points for xenobiotic substances contain larger
quantities of biotransformative enzymes. Biotransfor-
mation pathways may be grouped as either Phase I or
Phase II reactions. In Phase I, the molecule is modified by
the addition of a functional group. This modification al-
lows Phase II, the conjugation or joining of the drug
molecule with one found naturally in the body, to take
place. In most cases, the major end product is a more
water-soluble chemical that is easily excreted.

Phase I Reactions

These are reactions in which a functional chemical group
is attached to the molecule, oxidizing or reducing it to an-
other oxidation state. Such mechanisms are necessary to
increase molecular polarity, which facilitates more effi-
cient urinary excretion because the more lipophilic
molecule can be reabsorbed in the renal tubules.

Oxidation

Oxidation is the addition of oxygen and/or the removal of
hydrogen. Most oxidation steps occur in the endoplasmic
reticulum. Common reactions include:

—CH,—CH,—>—CH—CH,
OH

Fig. 9.3. Alky!l group into an alcohol
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Fig. 9.5. Oxidation at S or N

Reduction

Reduction reactions involve the addition of hydrogen
and/or the removal of oxygen. For example, azo (-IN = N-)
or nitro groups (-NO,) are converted to amines (-NH,)
through reduction.

Hydrolysis

Hydrolysis describes an addition of water facilitated by
enzymatic action, which causes the breakdown of a
molecule.

R—O—C=0—ROH + CH,—COOH
|
CH,

Fig. 9.6. Esters into an alcohol and an acid

R—N—C=0—R—NH, + CH,—COOH
|
CH,

Fig. 9.7. Amides to an amine and an acid
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Phase Il reactions, also known as conjugation reactions, in-
crease the size and weight of a molecule by adding a
chemical group. Several enzyme systems catalyze Phase II
reactions, including:

* Glucuronyl transferase

* Glutathione-S-transferase
* N-acetyltransferase

* Sulfotransferase

Conjugation reactions bind the exogenous chemical
with an endogenous molecule, leading to the formation
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of a final product that is usually more water-soluble and
thus more easily excreted. These reactions involve the
addition of molecules naturally present in the body to the
drug molecule, which may first have undergone a Phase
I reaction.

The Cytochrome P,y Enzyme System
Cytochrome P54 enzymes comprise the most important
enzyme system for drug biotransformation and meta-
bolism. Interactions between a drug and the enzymes that
metabolize it largely determine whether that drug will be
active, ineffective, toxic, or carcinogenic.

Cytochrome P45 enzymes catalyze most Phase 1
metabolisin, which transforms lipophilic molecules to
more polar compounds that can be excreted by the kid-
neys.** The metabolites are usually less active than the
parent compound, although some drugs must undergo
biotransformation in order to become pharmacologi-
cally active agents. In some cases, the metabolites are
toxic.

The cytochrome P54 system is made up of a family of
very versatile enzymes responsible for catalyzing a range
of different reactions. A single hepatocyte can contain a
variety of cytochrome Pjs5y enzymes. An individual en-
zyme may be capable of metabolizing many different
drugs, but one specific enzyme may be required to me-
tabolize a particular drug.

Reactions Catalyzed by Cytochrome P59y Enzymes
* Oxidative reactions

* Hydrolysis of esters and amides

* Reduction reactions

* Conjugation reactions

At least twelve cytochrome Pyuso gene families have
been identified in humans, although three particular fam-
ilies are responsible for the majority of drug biotransfor-
mations, These are the cytochrome Pysq 1, 2, and 3 fami-
lies (CYP,, CYP,, and CYP;).#* These groupings are
based on amino acid sequence similarities, and can be fur-
ther separated into subfamilies.

Variability in the Cytochrome P, System

This system can be altered by a number of mechanisms,
and the efficiency of the system varies significantly among
individuals, leading to variability in both the efficacy and
the toxicity of drugs. Induction and inhibition of P,s, en-
zymes are the most common causes of variability.
Induction increases the rate of biotransformation, thus de-
creasing drug concentration and pharmacological effect.
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Inhibidon of cytochrome P50 enzymes results in an in-
creased concentration of the drug, prolonged pharmaco-
logical effects, and increased incidence of drug-induced
toxicity.

Drugs can bind irreversibly or reversibly with the
heme-binding site of the enzyme and thus inhibit other
drugs from binding. Irreversible (or mechanism-based)
inhibition occurs when drugs are metabolized by the cy-
tochrome P,;4 system to active metabolites that bind to
the enzyme and cause irreversible loss of function.*
Activity can be restored only through the synthesis of new
enzymes, which may take several days.

Irreversible inhibitors are bound to enzymes by co-
valent bonds. Reversible inhibitors are bound to enzymes
by weaker, noncovalent forces. Herbs have been shown
to possess both reversible and irreversible enzyme inhi-
bition properties. Extracts of Fraxinus excelsior, Populus
tremuls, and Solidago virgaurea in a combination of 1:3:1
(v/v/v) were found to have actions similar to those of a
variety of synthetic nonsteroidal anti-inflammatory drugs
because they reversibly inhibit dihydrofolate reductase.”

Genetic Polymorphisms

Genetic polymorphisms commonly cause variations in
biotransformation. A polymorphism is the presence within
a population of at least two groups of people with dis-
tinctly different abilities to metabolize drugs.*® Individuals
can be characterized as extensive (rapid) or poor (slow)
metabolizers. Poor metabolizers often have an increased
incidence of adverse effects.

Pathology

A disease state may alter metabolism by modifying ab-
sorption, distribution, and/or excretion; altering nutri-
tional states; or changing the rate of blood and oxygen de-
livery to the liver, among other factors. Impaired liver
function decreases biotransformation. Pathologies that
impair liver function include hepatitis, alcoholic liver dis-
ease, biliary cirrhosis, and hepatocarcinoma. Diabetes has
a mixed effect, either increasing or decreasing metabolism
depending on the individual. Infection may also alter bio-
transformation. Phagocytosis, which occurs during bacte-
rial infections, releases a factor that depresses biotrans-
formation in adjacent hepatocytes.*’

Age

Infants do not develop a competent P54 system for more
than two weeks after birth. The elderly have age-related
decreases in liver mass, hepatic enzyme activity, and hep-

atic blood flow. In addition, the overall metabolic capac-
ity of the liver decreases with age, although the consider-
able individual variability in age- and disease-related
changes in organ function makes it difficult to generalize.

Nutrition

A low-protein diet decreases xenobiotic metabolism,
while fasting enhances or inhibits metabolism, depending
on the chemical to be metabolized. Deficiencies of cal-
cium, zing, iron, and copper reduce metabolism, as do de-
ficiencies of vitamins C, A, and E. Hormone levels also
have an impact. Adrenocorticotropic and growth hor-
mones increase metabolism. Metabolism is enhanced by
thyroxine and decreased by thyroidectomy. Both gluco-

.corticoids and anabolic steroids enhance metabolism.

Excretion and the Termination of

Drug Action

Potential damage from a chemical is minimized by excre-
tion, biotransformation, or both. The main routes
through which drugs leave the body are the kidneys, the
lungs, and the bile. Excretion through the lungs occurs
only with highly volatile or gaseous agents, such as gen-
eral anesthetics, and, in small amounts, alcohol and garlic
oils. Drugs that are passed through the bile and into the
intestine are usually reabsorbed into the bloodstream
from the intestine. Thus, the major route of drug elimi-
nation from the body is via kidney excretion of drug
metabolites following liver biodegradation of the drug.

Elimination by the Kidneys and Liver

Urinary excretion, the most common pathway of elimina-
tion, takes place in the glomerulus and the renal tubules
of the kidneys. Blood is filtered through the holes in the
capillary walls. Molecules with a molecular weight lower
than 60,000 end up in the filtrate, while red blood cells,
large proteins, and chemicals bound to plasma proteins
are not filtered.

Chemical exchange also takes place along the renal
tubule. As the filtrate flows down the renal tubule, essen-
tial molecules, such as amino acids and glucose, are reab-
sorbed by active transport in the first portion of the
tubule (the proximal tubule). Chemicals in the filtrate are
also reabsorbed by active transport if they resemble these
essential molecules. Lipid-soluble chemicals are reab-
sorbed in the renal tubule, and so only water-soluble
chemicals are excreted to a significant extent.

Because drugs are small particles, they are filtered
into the kidneys and then reabsorbed into the blood-



stream. As the drug is concentrated inside the nephrons
(a result of water reabsorption), the drugs are reabsorbed
into plasma. Thus, the kidneys alone cannot eliminate
drugs from the body. Some other mechanism must over-
come this process of drug reabsorption. This occurs
through the process of hepatic biotransformation, in
which fat-soluble molecules are converted into water-
soluble metabolites that are poorly reabsorbed once they
are filtered into the renal tubules.

The second major excretory route is via bile, which is
formed in the liver and flows into the intestinal tract. The
liver does not filter chemicals, but secretes them into bile
for eventual elimination in the feces. However, biliary ex-
cretion of a chemical does not necessarily result in its
elimination from the body. Chemicals in the bile may be
reabsorbed by the intestine and in turn reenter the liver
via the portal vein. This cycling of a chemical (the enzero-
bepatic cycle) can continue for a long tme, keeping the
chemical in the body.

Other Routes of Elimination

Excretion of drugs into sweat, saliva, and tears is small.
Elimination by these routes is dependent mainly upon
diffusion of the nonionized, lipid-soluble form of drugs
through the epithelial cells of the glands; it is also pH de-
pendent. Reabsorption of nonionized drugs from the pri-
mary secretion probably also occurs in the ducts of the
glands, and active secretion of drugs across these ducts
may also occur.

The composition of sweat is similar to that of plasma,
except that sweat does not contain proteins. Sweat is a fil-
trate of plasma containing electrolytes and metabolic
wastes. After secretion, it moves through the sweat ducts,
where salt and water are reabsorbed. Because sweat re-
sembles plasma, water-soluble chemicals, including some
drugs and metal ions, can be found in sweat. However,
sweat is not a major route of excretion.

Drugs excreted in the saliva enter the mouth, where
they are usually swallowed. The concentration of some
drugs in saliva parallels that in plasma. Saliva may there-
fore be a useful biological fluid with which to determine
drug concentrations when it is difficult or inconvenient to
obtain blood. Excretion of drugs into hair and skin is
minimal.

Breast milk is a potential route of excretion, but,
more important, it is a potential means of chemical expo-
sure for breast-fed infants. Most chemicals enter milk by
diffusion, and so only the nonionized, lipid-soluble forms
of organic chemicals are found to any significant extent.
Chemicals with a molecular weight less than 200 that are
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present in plasma unbound to proteins are likely to be
found in milk. Because of the lipid content, highly lipid-
soluble chemicals may concentrate in milk. Therefore,
milk can be a significant route of excretion for highly
lipid-soluble chemicals in lactating women.

Variability in Responses to Drugs

Even healthy people may show large variations in their
abilities to absorb and metabolize drugs, leading to vari-
able outcomes in different individuals. The way a drug af-
fects an individual may be intluenced by age, sex, body
weight, temperament, race, the environment, the pres-
ence of the drug or other drugs, and other (often unpre-
dictable) factors, including diurnal cycles, temperature,
pregnancy, menstruation, and disease.

There may be little relation between an individual’s
sensitivity to the desired effects of a drug and sensitivity
to the toxicity of a drug. A combination of substances may
result in synergy, in which the total effect is greater than
the sum of the combination, or antagonism, in which the
total effect is less than the sum of the combined effects.
Other factors include prior hypersensitivity to this or a
related drug and any tolerance developed through prior
exposure to the drug.

Tachyphylaxis

Tachyphylaxis indicates a rapid development of tolerance
to the action of a drug. For example, tyramine produces
its effect indirectly, by causing the release of stored cate-
cholamines that have biologic activity; as soon as endoge-
nous stores of catecholamines are depleted, however, the
drug no longer has an effect.

Drug Disposition Tolerance

Drug disposition tolerance is a tolerance that develops be-
cause of increased metabolisin of the drug. This type of
tolerance is characterized by a faster-than-normal drop in
blood levels of the drug after a given dose, indicating a
decreased half-life for blood levels of the drug.

Desensitization

An additional complication is desensitization, a phe-
nomenon in which an initial application of a high con-
centration of an agonist serves to depress the effect of that
agonist upon subsequent administration. The specific
mechanism involved varies with drug and receptor, but
would suggest that the occurrence of some temporary
chemical or conformational change subsequently blocks
receptor response.
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Pharmacodynamic Tolerance

Pharmacodynamic tolerance indicates desensitization to a
drug that causes changes in a particular drug-induced
body function. This type of tolerance is characterized by
decreased action or lowered potency of the drug at any
given serum concentration.

PHARMACOLOGICAL ACTIONS

Pharmacological research into the activity of herbs and
their constituents is taking place all over the world. In
the following sections, we will review research on some
important herbal actions. This is far from a compre-
hensive review of modern herbal research; rather, these
are examples meant to serve as insights into the research
endeavor.

IMMUNOMODULATORS

A wide range of plants and phytochemicals appears to im-
pact the functioning of the immune system. There is still
far too little research in this area to allow broad general-
ization, but this should not be taken to mean that the
herbs themselves lack value as immunomodulatory
agents.

In a comprehensive review, Wagner and Proksch
grouped identified immunostimulant constituents ac-
cording to whether they are high- or low-molecular-
weight compounds.*?

Low-Molecular-Weight Compounds

A range of low-molecular-weight plant constituents have
been shown to be immunomodulators. Because of their
diverse chemistry, a similar diversity of mechanisms is
probably involved.

Alkaloids and Other Nitrogen-Containing
Compounds

A number of these compounds demonstrate immuno-
logical activity of some kind. However, the effects de-
scribed by the umbrella term immunomodulation are gen-
erally subtle, and on the whole, bioactive alkaloids are not
subtle! An example is aristolochic acid from serpentary or
birthwort (dristolochia clematitis), which shows anti-
inflammatory, antfertilty, and antimicrobial activity, but
can be carcinogenic to mammals.

Terpenes

Important sesquiterpene immunostimulants include hele-
nalin and tenulin, found in species of Helensum, and eupa-
hyssopin from Eupatorium byssopifolium. Many saponins,
especially triterpenes, are considered immunoadjuvants
and are used as such in Japan, either in the form of the
plant source or as the extracted chemical.

Pbhenolics

A number of phenolic molecules demonstrate immuno-
logical effects. The simple phenolic acids are ubiquitous
among flowering plants, fruits, and vegetables. Ferulic
acid, named after asafoetida (Ferula foetida), increases
phagocytosis in mice. Anethol, found in aniseed oil
(Pimpinella anisumy), increases the leukocyte count in the
blood; the widely found pseudotannin catechol stimulates
granulocytes. The more complex lignans, with a range of
effects including stimulation of phagocytic activity in
polymorphonuclear granulocytes, cytotoxicity, and induc-
tion of interferon, are also proving to be important.

Flavonoids

The flavonoids, a subgroup of plant phenolics, have been
shown to possess immunomodulatory activity. This may
be due to their antioxidant or free radical-scavenging

profound effects.

Lack of Evidence or Lack of Research?

All too often, a lack of research is taken to mean that the herb in question lacks activity. This is
self-evidently absurd. The studies undertaken by Asian scientists to investigate the pharmacol-
ogy of their traditional remedies are contributing greatly to the field of immunology. However,
the same attention is rarely given to traditional European or North American herbs. This is be-
_cause of a lack of research funding, not because the plants themselves lack inherent value.
Perhaps if nettles (Urtica dioica) were given the same quality of attention garnered by
Astragalus, we might have. the immunological “proof” we need to draw conclusions about its




properties. In addition, the oligomeric procyanidins pos-
sess immunological activity.

High-Molecular-Weight Compounds
High-molecular-weight lectins (glycoproteins) and poly-
saccharides are important immunomodulators. It has been
suggested that their impact is predicated upon some inter-
action with the membranes of immunocompetent cells.

Lectins

These are sugar-binding, carbohydrate-specific proteins
that agglutinate some cells, such as erythrocytes, and pre-
cipitate some molecules. When originally found in plants,
they were called phytobemagglutinins; however, they have
since been found in bacteria, fungi, invertebrates, and
vertebrates. Some well-known plant toxins are lectins,
such as ricin from castor bean (Ricinus communis).

A range of lectin effects has been demonstrated in the
laboratory, including stimulation of lymphocyte mitosis,
inhibition of protein synthesis in bacteria, and agglutina-
tion of malignant cells by tumor-specific lectins. Lectin-
containing plants familiar to the herbalist are poke
(Phytolacca amevicana) and mistletoe (Viscum album).
Research shows that the well-known North American an-
timicrobial plant wild indigo (Baptisia tinctoria) contains
active glycoproteins.’!

Polysaccharides

Polysaccharides are often pivotal to the immunomodulat-
ing effects of herbs. Laboratory studies have revealed a
range of impressive results:

* General improvement of many immune-response
measures

* T-lymphocyte activation

* Antitumor activity

¢ Increase in certain serum proteins

* Nonspecific activation of the complement system

* Stimulation of interferon production

* Increased phagocytosis

An important group of active polysaccharides is the
mycopolysaccharides found in medicinal fungi. Their
principal bioactive substances are believed to be the B-D-
glucans, usually simply called B-glucans. These are indi-
gestible polysaccharides found in grains, yeast, bacteria,
algae, and fungi. It is likely that the activities of the my-
copolysaccharides depend on chemical characteristics
such as their molecular weight, branching patterns, solu-
bility in water, and tertiary structure.

Edible mushrooms rich in B-glucans include shiitake
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(Lentinus edodes), maitake (Grifola frondosa), himematsu-
take (Agaricus blazei), button mushrooms (Schizophyllum
commune and Sclerotina  sclerotiorum), wood ear
(Auricularia auricula), twremella (Tremella fuciformis), poria
(Wolfporia cocos), and enoki (Flammmulina velutipes).
Huitlacoche (Ustilago maydis) is another edible fungus
that is also rich in B-glucans. Nonedible mushrooms rich
in B-glucans include reishi (Ganoderma lucidum) and the
coriolus mushroom (Coriolus versicolor).

The most studied mushroom f-glucans are lentinan,
from Lentinus edodes; grifolan, from Grifola frondosa;
schizophyllan, from Schizophyllum commune; sclerotan,
from Sclerotinia sclevotiorum; and polysaccharide krestin
and polysaccharide peptide, from Coriolus versicolor.’?
Lentinan and schizophyllan are approved in Japan for the
treatment of cancer.

Based upon in vitro, in vivo, and some human stud-
ies, the mycopolysaccharides appear to have immuno-
modulatory, antitumor, antimicrobial, lipid-lowering, and
glucose-regulating properties. However, after ingestion,
there is virtually no digestion of 8-glucans in the small in-
testine, as there are no B-glucosidases among the diges-
tive enzymes. These enzymes are essential for the
metabolism of the B-glucans.

Some digestion of myco-f-glucans may occur in the
small intestine, and some digestion takes place in the
large intestine via the action of bacterial B-glucans.
Some oligosaccharides that are produced via bacterial
B-glucosidases may be absorbed, as may a large percent-
age of the ingested myco-f-glucosidases. However, a
large percentage of ingested myco-f-glucans is excreted
in the feces.

Lentinan is a particularly well-studied B-glucan that
demonstrates a range of propertes, including antitumor
activity. However, lentinan is typically administered par-
enterally and appears to show little antitumor activity
after oral administration. In studies, parenterally admin-
istered lentinan has demonstrated various immuno-
modulatory activities. It stimulated macrophages, mono-
cytes, and neutrophils, as well as natural killer (NK) and
lymphokine-activated killer (LAK) cells.”® Stimulation of
these cells by lentinan may release a number of different
cytokines, including tumor necrosis factor (TNF), and in-
terleukin 2 o and 6 o (IL 2 o and IL 6 o). Lentinan may
also stimulate the production of nitric oxide (NO) in
macrophages. These effects may result in antimicrobial
and antitumor actvities. Grifolan, schizophyllan, and
sclerotan have been shown to have similar effects when
used parenterally.

The possible immunomodulatory effects of orally
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administered mushroom B-glucans remain unclear. They
may exert immunological actions by virtue of their interac-
tion with gut-associated lymphoid tdssue (GALT). When
activated by contact with mushroom or other B-glucans in
the gut, immune cells associated with GALT may migrate
to other tissues and exert immunomodulatory effects there.
In addition, substances in mushrooms other than p-glucans
may have immunomodulatory activites.’* In any case, the
possible antitumor and antimicrobial activities of the
myco-B-glucans are thought to be accounted for, in large
part, by their immunomodulatory properties.’

The mycopolysaccharides may have anticarcinogenic,
immune-modulating, antimicrobial, anti-inflammatory,
cardioprotective, hepatoprotective, nephroprotective, hy-
poglycemic, and anticaries effects.’® For species-specific
findings, please see the references cited above, but for ex-
amples, consider the herbs listed in table 9.2. Sources are
listed in Wagner and Proksch.”’

Table 9.2. Influence of Polysaccharide Fractions on
Phagocytosis

HERB ENHANCEMENT OF PHAGOCYTOSIS
Arnica montana 44%
Echipacea purpurea 45%

Eleutherococcus senticosus  52%

Eupatorium cannabinum 2%
E perfoliatum 37%
Matricaria recutita 3%
Serenoa repens 36%
INFLAMMATION AND

ANTI-INFLAMMATORY AGENTS

Inflammation is the complex response of living, vascular-
ized tissue to injury. Inflammation is a classic “double-
edged sword” that is essential for life and preservation of
function, but also causes significant tissue damage and
loss of funcdon. The inflammatory response is triggered
whenever tssues are injured. The cardinal signs of acute
inflammation are redness (erythema), swelling (edema),
pain, and heat; the word itself is derived from the root in-
flamm, meaning “to set on fire.” Inflammation prevents
the spread of damaging agents to nearby tissues, disposes
of cell debris and pathogens, and initiates the tissue repair

processes. It is nonspecific, occurring in response to many
different causes.

Inflammation is initiated by the release of chemical
mediators into the extracellular fluid. Sources of these
mediators include injured tissue cells, phagocytes, lym-
phocytes, mast cells, and blood proteins, the most impor-
tant of which are histamine, kinins, prostaglandins, com-
plement, and lymphokines. They are all vasodilators, and
as blood flow to the area increases, local blood congestion
occurs, accounting for the redness and heat.

These mediators also increase capillary permeability,
so that an exudate containing proteins, such as clotting
factors and antibodies, seeps from the bloodstream to the
interstitial fluid. This exudate causes local edema, which
in turn presses on adjacent nerve endings, causing pain.
(Other sources of pain include the release of bacterial tox-
ins, lack of nutrition to injured cells, and hypersensitivity
caused by the release of prostaglandins and kinins.)

Edema dilutes any harmful substances present, in-
creases oxygenation, supplies nutrients necessary for heal-
ing, and facilitates the entry of clotting proteins. These
form a fibrin mesh in the interstitial spaces that isolates
the injured tissue, prevents the spread of harmful agents,
and also forms a matrix for tissue repair.

After the initiation of the inflammatory response,
phagocytic white blood cells, neutrophils, and macro-
phages migrate to the area. If pathogens are present,
complement is activated and lymphocytes and antibodies
invade the injured site, mounting an immune response.
Leukocytosis is a characteristic sign of inflammaton.
Leukocytosis-inducing factors released by injured cells
promote a rapid release of neutrophils from bone mar-
row, and the number of neutrophils in the bloodstream
increases four- to fivefold. Neutrophils usually migrate
randomly, but are attracted to inflammatory chemicals,
termed chemotactic agents, at the site of the injury.

The outpouring of fluid from the blood into the in-
jured area slows blood flow in the region, and neutrophils
begin to cling to the inner walls of the capillaries, a phe-
nomenon known as margination or pavementing. Neutro-
phils squeeze through the capillary walls, moving toward
the site of inflammation, and within an hour of initiation
of the inflammatory response, neutrophils are active at the
injury site. Neutrophils are followed by monocytes enter-
ing from the bloodstream. Monocytes are poor phago-
cytes, but within 8 to 12 hours after entering the tissues,
they swell, develop large numbers of lysosomes, and be-
come macrophages. Macrophages, which predominate at
sites of chronic inflammation, facilitate the final disposal
of cell debris as acute inflammation subsides.



A creamy, yellow pus may accumulate in the wound.
This is a mixture of dead or dying neutrophils, dead tis-
sue cells, and living and dead pathogens. If the inflamma-
tory mechanism fails to clear the area of debris, the sac of
pus may be walled off by collagen fibers to form an ab-
scess. Surgical drainage of the abscess may be necessary
before healing can occur.

Mediators of Inflammation

Many symptoms associated with disease are caused not di-
rectly by a pathogen, but rather by the body’s response to
the pathogen or by the release of chemical mediators. This
class of substances encompasses a wide range of com-
pounds, produced by many different tissues, that have pro-
found pharmacological effects in very small quantities.

Vasoactive Amines

Produced by mast cells, basophils, and platelets, vasoac-
tive amines are stored ready for release and act via his-
tamine receptors. Vascular smooth muscle is particularly
responsive in tissues that are subject to allergic responses.
Histamine possesses immediate but transient effects that
promote vasodilation of arterioles and increased perme-
ability of capillaries, thus permitting the formation of
exudate.

There are three major types of vasoactive amines.

* HI1 increases vascular permeability, contraction of
smooth muscle, pulmonary vasoconstriction, chemoki-
nesis of leukocytes, and prostaglandin production in
the lungs.

* H2 promotes gastric and mucous secretions, elevates
cAMP levels, increases chemokinesis of leukocytes,
and activates suppressor T cells.

¢ H3 inhibits the synthesis and release of histamine.

Procyanidins from Hypericum perforatum antagonize
histamine-induced arterial contractions.’® Inhibition of
cellular phosphodiesterase might be involved in the un-
derlying mechanism of action. In addition to its role as a
neurotransmitter, serotonin (5-hydroxytryptamine) is
present in platelets and is released after platelet aggrega-
tion. It has inflammatory properties similar to those of
histamine.

Complement and Complement Fragments

The complement system is made up of 20 proteins and
their cleavage products, all of which are found in blood
plasma. (These cleavage products are proteins designated
as C1 through C8 and factors B, D, and P.) They lead to
lysis of microbes, but also play a role in inflammation by
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increasing vascular permeability and vasodilation; en-
hancing leukocyte adhesion, chemotaxis, and activation;
and promoting phagocytosis.

The complement pathway can be activated in two
ways, by either classic or alternate pathways. The classic
pathway is initiated by the binding of an antigen-antibody
complex to the C1 fragment, whereas the alternate path-
way is directly activated by bacterial endotoxins, complex
polysaccharides, or aggregated globulins.

Kinins

Kinins are highly bioactive peptides found in the pancreas
and a variety of other body tissues. (The word kinin
comes from the Greek kallikreas, meaning “pancreas.”)
The two primary groups of kinins, kallidin and brady-
kinin, are derived from precursors called kininogens. They
can cause vasodilation of small arteries, but tend to con-
strict large arteries and most veins regardless of size.
They also increase capillary permeability, edema, and
bronchial and intestinal smooth muscle contractions.
Kinins are powerful pain producers; their release may
have a role in the pathophysiology of migraines.

Arachidonic Acid Metabolites (Eicosanoids)

Because they are derived from the polyunsaturated
eicosanoic (Cyo) fatty acid known as arachidonic acid,
these compounds—thromboxanes, prostaglandins, epoxy-
genases, leukotrienes, and lipoxins—are collectively
known as eicosanoids.

The eicosanoids are local mediators of receptor-
dependent events in a range of physiologic processes and
in a diverse group of human pathologies, including
bronchial asthma, inflammation, and coronary disease.
Arachidonic acid is derived from animal fats or through
conversion of linoleic acid from plants. It is bound to cell
membrane phospholipids and released by the action of
cellular phospholipases, which are activated by mechani-
cal, chemical, and physical stimuli.

Platelet-Activating Factors

Platelet-activating factors (PAF) have a remarkably broad
range of effects throughout the body. They are produced
in response to specific stimuli by a variety of cell types, in-
cluding neutrophils, basophils, platelets, and endothelial
cells. Several molecular types of PAF have been ident-
fied. They cause platelet aggregation, release of vasoac-
tive amines (histamine and serotonin), vasoconstriction,
bronchoconstriction, vasodilation (at low concentra-
tions), enhanced venule permeability, increased leuko-
cyte adhesion to endothelia, and leukocyte chemotaxis.
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They also stimulate the synthesis of prostaglandins and
leukotrienes.

Oxygen-Derived Free Radicals

Reactive oxygen metabolites are released from neu-
trophils and macrophages after exposure to chemotactic
agents, immune complexes, or a phagocytic challenge.
Their release leads to endothelial cell damage and in-
creased vascular permeability. These reactive oxygen
metabolites are inactivated by serum antioxidants, such as
superoxide dismutase (SOD).

Nitric Oxide

Nitric oxide (NO) is a soluble free radical gas generated
by nitric oxide synthases. NO relaxes vascular smooth
muscle, leading to vasodilation. Nitric oxide interacts
with superoxide anions to produce potent peroxynitrite
ions that cause oxidative damage. As nitric oxide and per-
oxynitrite are bactericidal, the ability of macrophages to
produce NO is important in their ability to defend against
some infections. Epigallocatechin-3-gallate, a catechin
contained in green tea, reduces NO production.®®

Cytokines

Inflammatory responses are coordinated by cytokines de-
rived from various leukocytes and tissue cells. These
polypeptides function as “cellular hormones” or locally
acting cell-to-cell mediators that participate in intricate
networks in order to achieve their effects. Some elicit
early permeability changes in microvasculature, but most
are involved in coordinating the activities of cells essential
to inflammation and repair, including chemoattraction,
activation, secretion, phagocytosis, and proliferative ac-
tions. As examples of the significance of cytokines, con-
sider the pro-inflammatory cytokines interleukin 1 and
tumor necrosis factor (I'NF).

Interleukin 1 (IL1)

* Activates prostaglandin production in the hypothalamus

* Mediates pain and fever

* Potently activates mast cells, T cells, and endothelia

* TInduces hepatic acute phase protein secretion

* Induces endothelial surface adhesion molecules for
leukocytes

* Induces chemokines for leukocyte recruitment
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* Induces NO generation by macrophages * Sumulates a variety of cells, including endothelial cells
* Produces microvascular injury and hypotensive effects  ® Induces synthesis of cell adhesion molecules
* Induces creation of gaps between endothelial cells

Tumor Necrosis Factor (TNF) * Induces synthesis and release of prostacyclin 1, (PGIL,)
* Exerts effects similar to those of interleukin 1 and acts and PAF
synergistically with it * Increases thrombogenesis in endothelia

Pathways of Arachidonic Acid Metabolism

Arachidonic acid is metabolized via two metabolic pathways.

Cyclooxygenase Pathway

Cyclooxygenase converts arachidonic acid into prostaglandin intermediates, which in turn lead
to the formation of prostaglandins, prostacyclin, and thromboxanes. Prostaglandins. are lipids
first isolated from prostate secretions in seminal fluid. Prostacyclin and thromboxanes are related
substances derived from the same intermediate compound. These compounds are produced by
most tissues of the body, but are found primarily in the brain, gastrointestinal tract, kidney, tung,
pancreas, uterus, and human menstrual blood. Nonsteroidal anti-inflammatory drugs (NSAIDs)
inhibit all products of the cyclooxygenase pathway. Prostaglandins are divided into groups des-
ignated D,, D,, E,, E,, and so on, on the basis of their ring structures.

« Thromboxane A,: Produced by platelets, thromboxane A, is essential for platelet aggregation
and functions as a vasoconstrictor.

* Prostaglandin D, : This prostaglandin constricts the pulmonary veins but dilates renal vasculature.

o Prostaglandin E,: This is a potent vasodilator that lowers blood pressure. It generates fever,
causes pain by sensitizing nerve endings, and exerts cytoprotective effects in the gastric mu-
cosa. It is also a bronchodilator. Prostaglandin E, increases luteal progesterone secretion; it
constricts the muscles of the pregnant uterus, but relaxes the nonpregnant uterus.

e Prostacyclin: This prostaglandin intermediate is released by vascular endothelial cells and
exerts its influence via cAMP. It inhibits platelet aggregation, elicits vasodilation, and antago-
nizes the effects of thromboxane A,.

Isozymes, or isoenzymes, are chemically distinct forms of an enzyme that perform the same
biochemical function. Twe isozymes of cyclooxygenase are known.

o COX-1: Constitutive cyclooxygenase is found in a variety of tissues, including the stomach
mucosa.

e COX-2: Inducible cyclooxygenase is released from inflammatory cells only during the inflam-
matory response. Glucocorticoids block the induction of this enzyme.

Lipoxygenase Pathway

Lipoxygenase metabolizes arachidonic acid into compounds that are the basis of leukotrienes.
Leukotrienes are mediators derived from arachidonic acid through a different pathway than that
used in prostaglandin synthesis. A number of plant anti-inflammatory agents appear to work this
way.® They are released primarily by anaphylactic mechanisms from mast cells and other in-
flammatory cells; especially in the lung. Like prostaglandins, leukotrienes are synthesized as
needed.

NSAIDs inhibit the cyclooxygenase but not the lipoxygenase pathway. Their use may, there-
fore, lead to increased or preferential synthesis of leukotrienes, which could be the basis for the
condition known as aspirin-induced asthma.
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* Induces systemic effects of inflammation, such as fever
* Contributes to the hypotension of septic shock

New technology has allowed for detailed studies on
the interactions of herbs with cytokines. In a study inves-
tigating the immunomodulating and antitumor effects of
saponins from Solidago virgaurea, the compounds demon-
strated mitogenic effects on murine spleen and thymus
cells, as well on human mononuclear cells in vitro. Mice
treated with virgaureasaponin E showed phagocytosis of
bone marrow cells and proliferation of spleen and bone
marrow cells. In addition, TNF-a concentration in blood
increased in treated mice, compared with the control
group.®!

In another in vitro study, levels of IL1 and TNF pro-
duced by cultured rat Kupffer’s cells were increased in the
presence of an extract of Cordyceps sinensis.* Poly-
saccharides from Panax notoginseng induced the produc-
tion of a significant amount of TNF-a in cell cultures.®®
The lectin known as Viscumn album agglutinin-I induced
expression of interleukin 1 a, interleukin 1 B, interleukin 6,
TNF-o, interferon-y, granulocyte-monocyte colony
stimulating factor, and interleukin 10 genes.®*

Cell Adbesion Molecules

A number of membrane glycoproteins promote cell at-
tachment and participate in the inflammatory response.
Lectin cell adhesion molecules, or selectins, are expressed
on the surface of endothelia, leukocytes, and platelets.
They influence leukocyte-endothelial adhesion at sites of
inflammation. Integrins are adhesion molecules involved
in regulation of cell-matrix and cell-cell adhesion. They
are transmembrane in structure, thus linking or “inte-
grating” exterior or surface stimuli to the internal cell cy-
toskeleton. Baicalein, a flavonoid from Scutellaria baicalen-
sis, inhibited interleukin 1 3 and TNF-o and induced
endothelial leukocyte adhesion molecule-1 (ELAM-1) and
intercellular adhesion molecule-1 (ICAM-1) expressions.%®

Interferon

Lacking the cellular machinery to synthesize proteins,
viruses invade cells and take over metabolic processes in
order to reproduce themselves. The infected cells help
protect uninfected cells by secreting small proteins called
interferons. Interferon molecules diffuse to nearby cells,
stimulating synthesis of other proteins that inhibit or in-
terfere with viral replication in those cells. The protec-
don conferred by interferons is not virus specific, but
rather host specific. Thus, mouse interferons have little
or no antiviral actdvity in humans.

Interferon is a group of proteins, each of which has
different physiological effects. Lymphocytes secrete in-
terferon-y, but most other leukocytes produce interferon-
o. In addidon to being antiviral, all interferons activate
macrophages, and interferon-y mobilizes natural killer
cells.

While macrophages and natural killer cells act di-
rectly against malignant cells, interferons are assumed to
have some anticancer role. In a study, mistletoe extract,
derived from Viscum album grown on pine trees, stimu-
lated peripheral mononuclear cells in blood from healthy
donors. An increase of interferon-y and interleukin 2 was
also observed.5

ANTI-INFLAMMATORY AGENTS

As can be seen from the brief discussion above, the term
inflammation covers a complex series of reparative and
protective responses to tissue injury, whether caused by
infection, autoimmune stimuli, or mechanical injury.
Anti-inflammatory substances must address similar mech-
anisms, but compounds differ in their specific mecha-
nisms of activity because their actions focus upon differ-
ent inflammatory mediators.

Currently used ant-inflammatory agents, such as
NSAIDs, inhibit cyclooxygenase and therefore prosta-
glandin synthesis. These also have antipyretic activity,
since prostaglandins are implicated in the mediation of
fever. Free radical-scavenging agents also play a role in
inflammation, because liberation of such radicals damages
tissue during the inflammatory process. Flavonoids and
other phenolics are thought to act by preventing either
the generation or the action of free radicals. Studies have
shown that quercetin inhibits the action of lipoxygenase
on arachidonic acid, the release of histamine from mast
cells and basophils, and the generatdon of superoxide
anion.

Phospholipid-Derived Inflammatory
Mediators as Biological Targets

The level of free arachidonic acid at the site of inflamma-
tion is regulated by phospholipases, which hydrolyze
phospholipids, but also by re-esterification catalyzed by
acyl-CoA transferases. The released arachidonic acid may
be metabolized oxidatively by several different enzymatic
routes.

Prostaglandin endoperoxide synthases catalyze the
production of prostaglandin endoperoxides, which can be
converted to prostaglandins, thromboxanes, and prosta-
cyclin. These inflammatory mediators are completely or



partially responsible for increased blood vessel permeabil-
ity, dilation of vessels, chemotaxis of granulocytes, degra-
dation of cartilage, and proliferation of B- and T-lym-
phocytes. Arachidonic acid is further metabolized by
monooxygenases to hydroxy acids and epoxides.

The three main groups of lipoxygenases (15-, 12-,
and 5-lipoxygenases) specifically introduce molecular
oxygen into arachidonic acid and form the hydroperoxy
acids. 5-lipoxygenase also converts 5-hydroperoxy acid to
leukotriene Ay, an intermediate in the biosynthesis of
leukotrienes and lipoxins. The leukotrienes are very po-
tent inducers of granulocyte chemotaxis and are involved
in inflammatory conditions such as asthma.

Upon hydrolysis of membrane-bound phospholipids
by phospholipase A2 (PLA2), lysophospholipids are liber-
ated, forming the precursor to yet another inflammatory
mediator, PAF. At the cellular level, PAF causes contrac-
tion of smooth muscle and an increase in vascular perme-
ability and platelet aggregation. It also stimulates exocyto-
sis in both platelets and leukocytes, the secretory process
by which substances contained in vesicles are discharged
from cells by a fusion of the vesicle membrane with the
cell membrane.

Nonsteroidal substances with different biosynthetic
origins have been isolated from plants and shown to
demonstrate inhibitory activity against the target enzymes
cyclooxygenase and 5-lipoxygenase. The most potent cy-
clooxygenase inhibitors are found among the flavonoids,
phenolic phenylpropane derivatives, naphthoquinones,
alkylamides, diaryl heptane derivatives, and tannins.

Among several classes of 5-lipoxygenase inhibitors, a
number of substances with antioxidant properties have
been described, the most dominant of which are phenolic
substances with catechol structures. Another group con-
sists of arachidonic acid analogs and substances related to
long-chain unsaturated fatty acids.

Many potent natural products belonging to different
subclasses have been shown to affect PAEF, including the
neolignan kadsurenone, the diterpene group of ginkgo-
lides, and the sesquiterpene manoalide.®’

CANCER AND PLANT
CONSTITUENTS

Cancer is a term applied to malignant diseases that affect
many different parts of the body. These diseases are char-
acterized by a rapid and uncontrolled formation of ab-
normal cells, which may mass together to form a growth
or tumor, or proliferate throughout the body, initiating
abnormal growth at other sites. If the process is not ar-
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Natural Products with Influence on
Phospholipid-Derived Mediators

Cyclooxygenase Inhibitors
« Flavonoids
« Phenolic phenylpropane derivatives
+ Naphthoquinones
o Alkyl amides
s “Tannins

5-lipoxygenase Inhibitors
s Phenolic structures

« Arachidonic acid analogs
¢ Long-chain unsaturated fatty acids

Dual Inhibitors

« Diaryl heptanoids, such as falcarindiol®®

PAF Antagonists
 Ginkgolides
e Lignans.and neolignans

rested, it may progress until it causes the death of the or-
ganism. Cancer is encountered in all higher animals, and
plants also develop growths that resemble cancer.

Carcinogenicity, the process that leads to cancer, is a
complex course of abnormal cell growth and differentia-
tion. At least two stages are recognized: initiation and
promotion. In initiation, a normal cell undergoes irre-
versible changes. During promotion, initiated cells are
stimulated to progress to cancer. Chemicals can act as
both initiators and promoters of cancerous changes.

The inital neoplastic transformation results from the
mutation of the cellular genes that control normal cell
functions. The mutaton may lead to abnormal cell
growth, and may cause loss of suppressor genes that usu-
ally restrict abnormal cell growth. Many other factors
may also be involved, including growth factors, immune
suppression, and hormones.

Research is revealing the chemical basis for the repu-
tations of many well-known anticancer remedies and sug-
gesting new possibilides for other plants.’? The phyto-
chemical examination of plants with a history of
traditional use for cancer often results in the isolation of
principles with antitumor activity. An important survey
lists more than 1,400 genera of plants with a history of use

in cancer treatments.’%7!
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One group of important plant materials used clini-
cally are the alkaloids of Madagascar periwinkle (Cathar-
anthus roseus).”* Research was stimulated by its traditional
use in the treatment of diabetes, but the susceptibility of
the treated test animals to bacterial infection led the re-
searchers to look for possible immunosuppressive effects.
Alkaloids with antileukemic activity were found, and vin-
blastine and vincristine are now used, either alone or in
combination with other therapies, for cancer treatment.
Differences exist among the kinds of tumors that respond
to these alkaloids. Vinblastine is mainly useful in the
treatment of Hodgkin’s disease, a cancer affecting the
lymph glands, spleen, and liver, while vincristine is used
for childhood leukemia.

Cytotoxic agents target cells that are dividing rapidly,
and since cancer cells proliferate faster than most normal
cells, such agents can be toxic to the cancer cells. A wide
variety of phytochemicals are cytotoxic. For example,
many cytotoxic alkaloids have been described, including
aconitine, acronycine, bisindole, camptothecine, colchi-
cine, ellipticine, emetine, maytansine, and pyrrolizidines,
as well as alkaloids from Taxus. Other secondary metabo-
lites demonstrating cytotoxicity include cardenolides,
coumarins, coumarolignans, diterpenes, flavonoids, iri-
doids, lignans, monoterpenes, quinones, sesquiterpenes,
sesquiterpene lactones, and saponins.

The Cell Cycle

"To appreciate phytochemical-cell interactions, the vari-
ous stages in the life cycle of cells must be taken into ac-
count, including proliferation, differentiation, and cell
death. The cell cycle is an ordered set of events, culmi-
nating in cell growth and division into two daughter cells.
The cell cycle has four phases: G1, S, G2, and M. The S-
stage stands for synthesis. This is the stage in which DNA
replication occurs. The M-stage stands for mitosis, and is
when nuclear chromosomes separate and cytoplasmic di-
vision (cytokinesis) occurs.

Gl is a time period of quiescence that varies in dura-
tion. During this stage, the cell carries out its normal role
in supporting the life of the organism. If there is a com-
mitment to proliferation, then purines and pyrimidines
(building blocks for DNA synthesis) must be produced.

The cell enters the active reproductive phase of the
cell cycle in the later part of Gl, at which dme nu-
cleotides and enzymes are synthesized. In the S-phase,
DNA synthesis occurs, replicating DNA for the new cell.
An enzyme of this system that is particularly vulnerable to
plant chemicals is topoisomerase, which separates the
daughter DNA strands. In the next phase, G2, the cell

prepares other structures needed for mitosis. The M phase
is mitosis itself, in which two daughter cells, which will
subsequently enter the cycle themselves, are produced.

M
(mitosis)

G2
(Gap 2)

Cells that
cease division

S-phase
(DNA
synthesis)

Fig. 99. The cell cycle

In a given tssue or tumor, the fraction of cells that
are currently proliferating in the M- or S-phase is called
the growth fraction. The higher the growth fraction, the
faster the tissue is growing. Normal proliferative tissues
have growth fractdons of 20% to 30%, whereas the
growth fractions of tumors range from 20% to 70%. The
higher the growth fraction, the more susceptible the
tumor is to chemotherapy. Larger tumors have smaller
growth fractions, one of the reasons they are harder to
combat with chemotherapy.

Cytotoxics target cells with a high growth fraction,
and since cancer cells proliferate faster than most normal
cells, they are the ones most affected. Normal cells with a
high proliferation rate (such as hair follicles, the lining of
the gastrointestinal tract, and bone marrow) suffer the
same consequences, accounting for chemotherapy side ef-
fects such as hair loss, nausea, digestive impairment, im-
munosuppression, and hematologic complications.

Most flavonoids induce G1 arrest in human cancer
cells, and the isoflavone genistein specifically inhibits
their cell cycle at the G2- through M-phases. Apigenin (a
flavone) was found to inhibit the proliferation of B104 rat
neuronal cells by arresting their cell cycle at G2- through
M-phases.”

Cell cycle-specific agents interrupt the cell cycle
during either the synthesis or the mitosis phase. The
tumor must be growing in order for them to be effective,
as they depend on the presence of cell proliferation to
exert their actions. Thus, S-phase drugs affect DNA syn-
thesis. M-phase drugs affect mitosis or the mitotic spin-
dle, and are used primarily against rapidly proliferating
cancers, such as leukemias, since cells from these cancers
enter the S- or M-phases more frequently than do cells of



slow-growing cancers. (The spindle in a cell is a structure
composed of microtubules along which chromosomes
move during cell division.)

Cell cycle-nonspecific agents interrupt the cell cycle
regardless of which phase the cell is in. They directly
damage DNA and so do not depend on cell proliferation
to exert their effects. Although they can kill any cell, they
still have the greatest effect on proliferating cells, and are
used primarily against slow-growing cancers, such as
most solid tumors.

The Stages of Metastasis

Metastasis is the process by which cancer cells spread to
sites distant from the primary tumor. The process re-
quires that the cancer cells enter the vascular system—in
other words, the lymphatic vessels, veins, and arteries.
Once within the system, the cancer cells are transported
passively to distant sites. In the lymph system, they are
trapped in lymph nodes, which may serve as temporary
barriers. They may enter the blood vessels by extension
from lymph nodes or, more rarely, by passing directly
through the connective tssue sheath surrounding the
lymph nodes. The cancer cells are eventually entrapped
in the smallest branches of blood vessels, the capillaries.
Cancer cells thus trapped are the “seeds” from which
larger colonies of tumor cells grow into secondary sites,
called metastases.

Cell Detachment and Intravasation

Once detached from the primary tumor, cancer cells con-
tact a blood vessel and enzymatically digest the basement
membrane. Tumor cells then slip between vascular en-
dothelial cells to enter the vessel. This process, called
intravasation, is expedited by the weak basement mem-
branes and fragile capillaries that develop during neovas-
cularization. Thus, an intact basement membrane is a
barrier to intravasation.

Detachment may be stimulated by decreased expres-
sion on the cell’s surface membrane of adhesion mole-
cules, which mediate cell-cell and cell-matrix interac-
tions. Examples are cell-surface lectins and lectin-binding
polysaccharides. Polysaccharides may inhibit neoplasia by
directly affecting these adhesion molecules.

Cell Arrest

Cancer cells leave the bloodstream by attaching to a capil-
lary wall, a process known as cell arrest. Cell arrest is pro-
moted by the denuding of the basement membrane, tumor
cell aggregation, platelet aggregation, and thrombus for-
mation, processes that might be impacted with herbs.
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Differentiation

Cancer cells can be thought of as cells that regain the
ability to proliferate. Much work has been done to iden-
tify oncogenes and tumor suppressor genes that are
thought to control this abnormal proliferative state. One
approach to therapy has been to try to induce cells to dif-
ferentiate into more specialized cells that will therefore
stop proliferating.

CHEMOTHERAPEUTIC AGENTS

A number of underlying mechanisms have been identified
to explain the activity of chemotherapeutic agents,
whether synthetic or of plant origin.

DNA-Interactive Agents and
Topoisomerase II Inhibitors

These alter DNA structure and interfere with its func-
tions in a number of different ways. One mechanism in-
volves inhibidon of the enzyme topoisomerase II. Chromo-
somal DNA exists in a dynamic, three-dimensional
arrangement known as its ropologic state. The topo-
isomerases regulate this topologic state, facilitating the
unwinding of the coiled DNA molecules and playing a
critical role in the regulation of DNA replication and
transcription.

Topoisomerase I catalyzes the relaxation of super-
coiled DNA by briefly severing one of the two DNA
strands. Topoisomerase II mediates the passage of one
double-strand DNA segment through another by the for-
mation of a temporary “gate” through both strands of one
segment.

Etoposide and teniposide are semisynthetic lignan
derivatives of podophyllotoxin from the mayapples
Podophyllum bexandrum and P. peltarum. Although not
used clinically, podophyllotoxin is an antimitotic agent
that binds to tubulin. Its derivatives, known as
epipodophyllotoxins, do not affect microtubular assem-
bly at pharmacological concentrations, but act as in-
hibitors of topoisomerase II, stabilizing DNA double-
strand breaks. Cells are prevented from progressing
beyond G2. Etoposide is used in the treatment of small-
cell lung cancer and testicular cancer, and teniposide in
pediatric cancers.

The isoflavone genistein decreases the incidence and
number of tumors in animal models of cancer.”* Proposed
mechanisms include inhibition of angiogenesis, interac-
tion with steroid hormone receptors, inhibition of tyrosine
kinase, inhibition of radical oxygen species formation, and
interaction with topoisomerase.”>%’7 Research suggests
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that genistein stabilizes the enzyme-DNA complex in such
a way that both strands are nicked and DNA breaks occur.
This leads to altered gene expression and cell differentia-
tion, with an associated decrease in cell proliferation.”

Microtubules and Tubulin-Interactions
Some molecules damage the cellular machinery neces-
sary for cell division. Tubulin is a protein that polymer-
izes to form microtubules, structural components that
are critical to spindle and aster formation during mitosis,
but that also help maintain cell shape, cellular motility,
attachment, and intracellular transport.”® Inhibition of
tubulin polymerization into microtubules leads to the
disappearance of the spindle.

The target site of action for the vinca alkaloids and
the “taxoids” (natural and synthetic analogs of Taxus alka-
loids) is microtubule formation. The vinca alkaloids vin-
blastine and vincristine, from the Madagascar periwinkle
(Catharantbus roseus), promote microtubule disassembly
by binding to tubulin, stopping mitosis at the
metaphase.so Taxol (Paclitaxel) is extracted from the bark
of the Pacific yew (Taxus brevifolia), as well as the needles
and stems of other yews. The semisynthetic docetaxel is
derived from baccatin III, found in the needles of the
English yew (Taxus baccata).

Cells treated in vitro with Paclitaxel form disorga-
nized bundles of microtubules in all phases of the cell
cycle. Cells are either arrested in mitosis or in the G- or
S-phase.®! Taxoids are used in ovarian, breast, and non-
small-cell lung cancer. Response rates have varied from
30% to 70%.%2

Hormonal Agents

These inhibit the growth of endocrine-responsive neo-
plastic tssues, either directly through specific receptor
interactions or indirectly through modulation of endoge-
nous hormone metabolism. A variety of hormone ago-
nists and antagonists are used to hamper the growth of tu-
mors that have not yet Jost their hormone response
mechanisms. Some flavonoids and isoflavonoids re-
versibly inhibit the growth of certain cancer cells that
contain Type II estrogen-binding sites. The affinity of
flavonoids for these binding sites correlates with their
growth-inhibiting activity.®?

Biological Response Modifiers

Biological response modifiers directly or indirectly utilize
the immune system to counter cancer or minimize the
side effects of many treatments. They represent an at-

tempt to repair, stimulate, or enhance the immune sys-
tem’s natural anticancer function. Theoretically, biologi-
cal response modifiers may offer ways to make cancer
cells more susceptible to destruction by the immune re-
sponse. They may also alter the growth patterns of cancer
cells to promote behavior similar to that of healthy cells,
block or reverse cancer activity, enhance the body’s ability
to repair cells damaged by chemotherapy or radiation, or
prevent metastases.

A variety of biological response modifiers are being
used clinically. Mycopolysaccharides are currently used in
Japan as biological response modifiers in the treatment of
cancer.

Cytokines and Cancer

Cytokines are regulatory proteins that are released by
cells of the immune system to act as intercellular media-
tors of the immune response. They are thus intimately in-
volved in all cancer stages.

Interleukins

Many interleukins, or regulatory cytokines, have been iden-
tified; interleukin 2 has been the most studied in cancer
treatment. It stimulates the growth and activities of im-
mune cells that destroy cancer cells, such as lymphocytes.
In one study, the flavonoid baicalein, from Scutellaria baica-
lensis, inhibited endothelial leukocyte adhesion molecule-1
and intercellular adhesion molecule-1 (ICAM-1), the
production of which are induced by IL1p and TNF-o.%

Tumor Necrosis Factor

Tumor necrosis factor (I'NF) damages tumor cells and
blood vessels within tumors. Although TNF has anutu-
mor activity in laboratory studies, the dose needed for a
clinical effect is extremely toxic. Taraxacum officinale has
been shown to inhibit the production of TNF-c. from rat
astrocytes. 5

Colony-Stimulating Factors

Colony-stimulating factors (CSF) promote bone marrow
cell activity. They have the potential to protect or restore
hematopoietic activity in bone marrow after damage
caused by chemotherapy or radiation. This may stimulate
immune system components and enhance the antitumor
activity of other therapies. CSFs are often used in combi-
nation with high-dose chemotherapy. In a study of the
CSF-inducing activity of Amazonian plants, isoflavone
glycosides from Dalbergia monetaria produced significant
effects.%



Interferons

Interferons have an array of immunomodulating, anti-
neoplastic, and antiviral properties. They are small, solu-
ble proteins generated by cells when infected by RINA- or
DNA-containing viruses. They may act directly on can-
cer cells by inhibiting their growth or by promoting their
development into cells with more normal behavior. It ap-
pears that some interferons also may sumulate B and T
cells, strengthening the immune system’s overall anti-
cancer function.

The medical use of interferons has been limited by
their associated toxicity. However, another approach in-
volves stimulating the natural cellular sources of interfer-
ons. A number of medicinal plants and constituents have
been shown to stimulate the release of interferons. Garlic
is one such plant, but also one with a role in the treatment
and prevention of cancer that goes far beyond this single

mechanism.%’

Agents That Interfere with Cell Arrest

Treatment of endothelial cells with cytokines induces the
expression of specific leukocyte adhesion molecules on
cell surfaces. A number of flavonoids inhibit cytokine-
induced endothelial cell adhesion protein gene expres-
sion. Since interfering with this process of adhesion may
constitute a therapeutic target, flavonoid-rich plants may
hold promise as cancer treatments.%

Natural Agents That Induce

Differentiation

Some flavonoids can promote the differentiation of un-
differentiated malignant cells into mature phenotypes.
For example, the isoflavone genistein stimulates mouse
erythroleukemia cells to synthesize hemoglobin.®
Isoflavones have been shown to inhibit proliferation, pro-
mote differentiation, and exert chemopreventve effects.?
Genistein and daidzein are differentiation inducers and
tyrosine protein kinase inhibitors.

Some malignancies may progress because of a block in
differentiation activity; induction of differentiation may be
useful in treating such malignancies. Both plant extracts
and constituents can induce differenuation in human
leukemia, melanoma, colon carcinoma, bladder carci-
noma, and brain cancer, as well as in a variety of mouse
cancer cell lines.”! When these cells are exposed to differ-
entiating agents, they may develop into normal cells, los-
ing the ability to proliferate.
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Necrosis and Apoptosis

It appears that the primary mechanism by which most
chemotherapeutic agents induce cell death is by causing
damage, especially genetic damage. Death of cancer cells
may occur either as a result of necrosis or of apoptosis.

Necrosis is the process of cell death that occurs in re-
sponse to external events, such as hypoxia (oxygen depri-
vation), chemical exposure, and radiation injury. Cells
swell, become vacuolated, and are finally digested either
by their own enzymes or by the enzymes of neutrophils.
Necrosis generally occurs in contiguous cells and is ac-
companied by an inflammatory response. Many cur-
rently available cancer treatments induce necrosis.

In contrast to necrosis, apoptosis is defined as pro-
grammed cell death, a process that triggers rapid DINA
damage, condensation of chromatin, and fragmentation
of DNA. Apoptosis is an orderly method for removing
old, damaged, or otherwise unwanted cells. The word is
derived fromn the Greek apo, meaning “apart,” and prosis,
meaning “fallen.”

In apoptosis, the cell fragments and is phagocytized
by macrophages or neutrophils without causing inflam-
mation, and so adjacent cells are not damaged. Several
chemotherapeutic agents that cause DNA damage also
lead to apoptosis, and it is possible that natural agents
may facilitate this process. Defects in apoptosis may be
implicated in both the initiation and the proliferation of
cancer cells. One possible cause of cancer is that apopto-
sis fails to remove cells with damaged DNA, allowing
them to survive long enough to progress from the initia-
tion stage to the promotion and proliferation stages.”

Plants That Induce Apoptosis

The ability of plants to arrest the proliferation of cancer
cells by influencing apoptosis has been the topic of much
research.” Agents that have been found to induce apop-
tosis include extracts of plants like mistletoe (Viscum
album) and Semecarpus anacardium. Tsolated compounds
like bryonolic acid, crocin (from saffron), and allicin have
also been found to induce apoptosis and thereby arrest
proliferation. The discovery that Panax ginseng prevents
irradiation-induced apoptosis in hair follicles may have
important therapeutic implications. Soy, garlic, ginger,
green tea, and other herbs suggested by epidemiological
research to reduce the incidence of cancer may do so by
inducing apoptosis.

Apoptosis is a highly conserved mechanism of self-
defense that has also been observed to occur in plants. It
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is natural to assume that they must contain chemicals
that regulate programmed cell death in their own tissues.
Thus, plants are likely to prove to be important sources
of agents able to modulate programmed cell death in
humans.

Mistletoe and Apoptosis

The European mistletoe (Viscum album), used as adjuvant
cancer therapy, has immunostimulant and cytotoxic ef-
fects. While polysaccharides are immunostimulant,
lectins, such as those in mistletoe, are cytotoxic. Lectins
are proteins that cause agglutination of cells. In vitro
studies show that mistletoe lectins inhibit tumor growth
and cause the DNA in the tumor cells to fragment, as
would be expected in apoptosis.®* There is evidence that
these lectins cause membrane damage that leads to necro-

sis as well as DNA damage indicative of apoptosis.”®

Angiogenesis
A growing tumor induces the development of its own
blood supply, a process called angiogenesis. Angiogenesis
facilitates tumor growth by supplying the tumor with
oxygen and nutrients and providing ready access to the
blood circulation, thus assisting metastasis. This process
is not limited to malignant tumors, as it also occurs in be-
nign tumors, some non-neoplastic diseases, and healthy
tissue during wound healing, ovulation, menstruation,
and pregnancy.
Numerous angiogenic compounds are found
throughout the body, which stimulate angiogenesis only
under specific, but poorly understood, circumstances.
Two ginseng saponins have been shown to possess the
ability to inhibit the metastasis of tumor cells to the lungs.
The researchers hypothesized that the mechanism for this
antimetastatic effect involved antiangiogenic activity as
well as inhibition of adhesion and invasion of tumor

cells.%

Anticarcinogens

A review published in 1992 cites more than 200 studies
that correlate fruit and vegetable intake with protective
effects against various cancers.”” Although the vitamins
and minerals in these foods are a factor, nonnutritive
constituents are believed to also play a significant ant-
carcinogenic role.

"Two mechanisms have been suggested by which such
dietary components may inhibit carcinogenesis: by block-
ing the action of carcinogens or tumor promoters and by
suppressing the evolution of initiated cells.”® Blocking
agents act by at least four mechanisms:

1. Inhibit the metabolism of noncarcinogenic com-
pounds into carcinogenic compounds
Induce enzyme systems that detoxify carcinogens
3. Scavenge free radicals
Prevent tumor promoters from reaching or reacting
with their cellular targets

Brassica and Allium species contain a variety of anti-
carcinogenic substances. Regular consumption of crucif-
erous vegetables (such as cabbage and broccoli) is associ-
ated with reduced rates of colon, lung, and other cancers
in humans. This has led to the hypothesis that cancer may
be a disease of maladaptation to diets that lack a rich va-
riety of these compounds.”

ANTIVIRAL AGENTS

The term antiviral is used in many ways, depending on
what endpoint criteria are used. In theory, an antiviral
compound can work in one of several different manners.
Some exert a direct virucidal effect, inhibiting viral repli-
cation in the infected host. This method of action en-
compasses virucidal agents that kill viruses extracellularly,
as well as the so-called true antivirals that interfere with
specific steps in the viral replication process.

An antiviral compound may also work by interfering
with the virus replication cycle directly, at some stage be-
tween viral adsorption and the emergence of progeny
viruses from the infected cell. Finally, some agents pro-
tect cells from subsequent virus infection through an
interferon-like induction of host antiviral mechanisms.

The effects of a given antiviral compound might be
specific to one virus or have more general activities. No
standard assay for evaluating the antiviral properties of
plants has been developed, and most of the methods in
current use come from chemists; these procedures yield
chemical data without taking bioactivity into account.
Any useful antiviral should be noncytotoxic at effective
concentrations, although cell cultures vary tremendously
in their sensitivities to some compounds, making extrap-
olation difficult.

Plant Extracts with Antiviral Activity

Ethnobotany is bringing many potential antiviral plants
to the attention of the research community. For example,
one study reported on the antiviral activity of 40 different
species used by the Australian Aboriginal people. They
were tested at noncytotoxic concentrations for activity
against human cytomegalovirus (HCMV), Ross River
virus (RRV), and poliovirus type 1. The plants most active



against poliovirus were the aerial parts of Prerocaulon
sphacelatum and the roots of Dianella longifolia. Euphorbia
australis and  Scaevola spinescens were the most active
against HCMV. Eremophila latrobei and Pittosporum phylli-
raeoides exhibited activity against RRV.1%0

A range of plant constituents that inhibit different
stages in the replication cycle of viruses has been identi-
fied. A recent review of those that impact replication of
human immunodeficiency virus (HIV) highlighted the
following constituents. 0!

Table 9.3. Plant Constituents That Inhibit HIV

STEP IN VIRAL REPLICATION CONSTITUENT TYPES

Viral adsorption Chromone alkaloids
Isoquinoline alkaloids
Sulfated polysaccharides
Sulfated polyphenolics
Flavonoids

Coumarins

Phenylpropenoids

Tannins and triterpenes

Virus cell fusion Lectins
Triterpenes

Reverse transcription Alkaloids
Coumarins
Flavonoids

Phloroglucinols
Lactones
Tannins
Iridoids

Triterpenes

Integration Coumarins
Depsidones
O-caffeoyl derivatives

Lignans

Phenolics
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STEP IN VIRAL REPLICATION CONSTITUENT TYPES
Proteolytic cleavage Saponins
(protease inhibition)

Xanthones

Coumarins

Glycosylation indolizidine alkaloids
Piperidines

Pyrrolizidines

Assembly/release Naphthodianthrones
Photosensitizers

Phospholipids

ANTIOXIDANTS AND FREE RADICAL
SCAVENGERS

Although oxygen is essential for life, breathing pure oxy-
gen at atmospheric pressure for longer than 48 hours will
lead to respiratory distress and death. This toxicity is not
caused by oxygen per se, but rather by highly reactive ions
produced from oxygen. Under normal conditions, these
reactive molecules are produced by the body (and indeed
are part of normal metabolism), but their rate of produc-
tion does not exceed the capacity of cells to catabolize
them. When their production exceeds the capacity of the
body’s natural defenses, a variety of diseases can occur,
such as cancer, stroke, and neurodegeneration.

Of course, animals are not the only living beings that
utilize antioxidants. The enzyme ascorbate peroxidase,
for example, prevents oxidative damage in plants, espe-
cially in nitrogen-fixing root nodules, by scavenging cel-
lular hydrogen peroxide. The growing root nodules of al-
falfa (Medicago sativa) contain elevated levels of this
antioxidant, as well as its corresponding mRINA transcript
and substrate. High levels of antioxidants found in these
nodules are indicative of their role in plants and ani-
mals.!%

Thus, the fact that antioxidant compounds can be ex-
pected to be present in plants has led to much research
activity. As an example, a 1995 paper reported on the re-
sults of testing for superoxide anion—scavenging effects in
65 plant extracts. Of these, horse chestnut (Aesculus hip-
pocastanum) and witch hazel (Hamamelis virginiana) were
found to have strong scavenging and protective activities
against cell damage induced by active oxygen, leading the
researchers to propose potential applications for these

plants as antiaging or antiwrinkle treatments for the skin.!%
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Chemical reactions involving radicals are central to
the maintenance of homeostasis. They play a fundamen-
tal role in physiological processes, such as oxidative trans-
formation reactions mediated by cytochrome Pysp, enzy-
matic oxidation reactions, oxidative phosphorylation,
smooth muscle tone regulation, and elimination of mi-
croorganisms. However, excessive generation of free rad-
icals can damage tissue, so cells have a range of biochem-
ical defense systems designed to safeguard them against
such damage. When the generation of pro-oxidants over-
whelms the capacity of antioxidant systems, oxidative stress
ensues. This in turn may cause tissue damage and subse-
quent pathophysiological events.

Free Radicals

A free radical is an atom or molecule that contains a sin-
gle unpaired electron. This condition makes the molecule
extremely reactive and causes the formation of molecular
links that normally would not occur.

The term reactive oxygen species (ROS) describes oxy-
gen-centered radicals, such as superoxide (O,) and hy-
droxyl (OH), as well as nonradical species derived from
oxygen, such as hydrogen peroxide (H,0,), singlet oxy-
gen, and hypochlorous acid (HOCI). The concept of
species in chemistry has nothing to do with the biological
use of that term, but refers instead to a chemical entity,
such as a radical, ion, molecule, or atom.

Damage done by free radicals in the body includes
peroxidation of membrane lipids, oxidative damage to nu-
cleic acids and carbohydrates, and oxidation of susceptible
groups in proteins. They also appear to initate and pro-
mote carcinogenesis. An involvement of ROS in aging
and in many chronic diseases has been proposed.

Causes of Free Radical Production in the Body

* Cellular respiration

* ‘Trace element metabolism
* Radiation

* Pollution

* Cell death and tissue injury
¢ Toxins

* Xenobiotics (chemical pollutants)
* Immune system activation
¢ Inflammation

* Reperfusion injury

* Metabolism

¢ Diet

Lipids

Lipids are hydrophobic compounds, some of which are
integral to the structure of membranes and the regulation
of membrane fluidity. Unsaturated fatty acids are particu-
larly susceptible to attack by hydroxyl free radicals, a pro-
cess that generates the formation of lipid peroxides.
Peroxidation of unsaturated fatty acids alters the structure
of the cell membrane, thereby disturbing normal mem-
brane function.

Protein oxidation enhances the metabolic breakdown
of membranes and has major deleterious effects on nor-
mal function, especially if oxidation occurs at a crucial
area of structure, such as the actve site of the enzyme
molecule. Thus, the defense provided by antioxidant sys-
tems is critical to survival.

MECHANISMS OF ANTIOXIDANT
PROTECTION

A number of mechanisms diminish the harmful effects of
oxidants in the cell. These mechanisms are generally suf-
ficient to maintain homeostasis, because free radicals are
fairly easily controlled under normal conditions.
However, when these defense mechanisms are over-
whelmed and the cell enters a state of oxidative stress, a
wide variety of diseases can result. Detoxification of ROS
in the cell is provided by both enzymic and nonenzymic
systems that constitute the antioxidant defense systems. A
third important antioxidant system is the body’s use of
metal chelators to block the formation of free radicals.

Enzymic Systems

Some enzymic systems, such as superoxide dismutase
(SOD) and catalase, act specifically against ROS, while cer-
tain other enzyme systems reduce the sulfur-containing
thiols.

Superoxide dismutase is present in cytosol and mitochondria.

Catalase, a highly reactive enzyme found in peroxisomes,
breaks down hydrogen peroxide to oxygen and water.

Glutathione peroxidase (one of the few enzymes found in
humans that require selenium for its activity) occurs in
the mitochondria and cytosol and reduces organic hy-
droperoxides and hydrogen peroxide.

Sulfbydryl Compounds and Glutathione

Many thiols exist in the body, either in a free state, as free
dimers, or covalently linked to a protein. Thiols, includ-
ing sulthydryl compounds and glutathione, are very effi-
cient reducing agents.



Glutathione (g-glutamyleysteinylglycine, or GSH)
is a sulfhydryl antioxidant, antitoxin, and enzyme cofac-
tor found ubiquitously in living systems. Adequate cel-
lular concentrations of glutathione maintain a strong re-
ducing environment. GSH detoxifies hydrogen peroxide
in a reaction catalyzed by glutathione peroxidase and
also participates in the transport of amino acids across
cell membranes.

Nonenzymic Systems

Nonenzymic antioxidants are less specific and may be
water-soluble or lipid-soluble, depending on their sites of
action in the cell membranes. These compounds react
with free radicals without generating further radical pro-
duction, and so scavenge and quench various other radi-
cals in additdon to ROS. A variety of such antioxidants
with a range of different structures exist.

Vitamin C

Ascorbic acid, or vitamin C, is an essential compound for
human health and is a universal component of plant cells.
It is a reducing agent, involved in hydroxylation reactions
and other redox (oxidation-reduction) reactions, and is
capable of chelating metals. Ascorbic acid protects other
antioxidants, such as vitamin A, vitamin E, and essential
fatty acids, from oxidative damage.

Vitamin C and flavonoids coexist in plants and are
eaten together in the diet. Flavonoids possess antioxidant-
dependent, vitamin C-sparing activities. They are also
known to increase the absorption of vitamin C.

Flavonoids and Polypbenols
Many plant constituents
Polyphenols, especially flavonoids, are very efficient rad-
ical scavengers. As discussed in chapter 7, flavonoids con-

scavenge free radicals.

sist of structurally similar compounds that differ only in
the degree of ring substitution, the type of substitution,
and the type and degree of glycosylation.

Phagocytic white blood cells, such as monocytes,
neutrophils, eosinophils, and macrophages, all generate
ROS. Radical production by phagocytes is an important
part of their bactericidal and anttumor functions, as
phagocytosis is accompanied by an increase in oxygen
consumption (called the respiratory burst) with an atten-
dant production of oxygen ions. These highly reactive
oxygen metabolites promote inflammation, causing tissue
damage. In addition to scavenging radicals, flavonoids can
inhibit the formation of these oxygen ions.

Dietary exposure to flavonoids is significant. The av-
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erage diet in the United Kingdom and the United States
may contain up to 1 gram of mixed flavonoids per day, far
exceeding the content of vitamin E, a monophenolic an-
tioxidant, and of B-carotene. Chemically, they are typical
phenolics that act as potent metal chelators, free radical
scavengers, and powerful antioxidants.

Antioxidant Functions of Flavonoids
* Metal chelators and reducing agents

¢ Scavengers of ROS

¢ Chain-breaking antioxidants

* Quenchers of singlet oxygen formation

Enzyme Systems Modified by Flavonoids'**

Aldose reductase

Aromatase

Cyclooxygenase

Cytochrome Pys

Dependent mixed-function oxidases

Epoxide hydrolase

Glutathione

Lipoxygenases

Myeloperoxidase

Nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase

Nucleotide phosphodiesterases

Ornithine decarboxylase

Phospholipase A,

Phospholipase C

Protein kinase C

Protein tyrosine kinase

Reverse transcriptase

Several adenosine triphospatases (AT Pases)

Sialidase

Transferase

Various other kinases

Xanthine oxidase

Some of these enzyme systems are pivotal to im-
mune function, the cell cycle, tumor growth, and cancer
cell metastasis. The antioxidant function and enzyme-
modifying actions of flavonoids may account for many of
their pharmacological activities.

Coenzyme Q,,

Coenzyme Q| (also called ubiquinone because it is ubiqui-
tous in all biological systems) is an essential part of the cel-
lular respiratory chain, the components of which are phys-
ically located in the inner membrane of the mitochondrion.



168 < INTRODUCTION TO PRINCIPLES AND PRACTICES

Vitamin A and Related Compounds

Vitamin A is formed in the intesune from its precursor,
B-carotene. B-carotene and the carotenoids as a whole are
abundant in green plants, carrots, and other orange and
yellow vegetables. Vitamin A and other carotenoids are
effective radical scavengers. The carotenoids lutein and
lycopene are both found in tomatoes, but lycopene also
occurs in the florets of Calendula officinalis.

Vitamin E

Vitamin E is made up of a group of eight naturally occur-
ring compounds called tocopherols. Tocopherols are
highly active free radical scavengers that protect unsatu-
rated membrane lipids from oxidation.

Metal Chelators

The third approach to protecting against oxidative dam-
age is to try to prevent the formation of free radicals in
the first place. Metals such as iron and copper can cause
the formation of free radicals. However, if these metals
are bound, which effectively removes them from solution,
radical formation can be prevented. In the body, iron is
stored as ferritin and is transferred around the body as
transferrin or lactoferrin. Iron is also associated with other
proteins (hemoglobin, myoglobin, ferredoxin) and is al-
ways tightly bound. Copper is transported around the
body as ceruloplasmin.

Exogenous Antioxidants in Food

Free radical production also occurs outside of the body.
Free radicals in food can destroy vitamins, reducing their
nutritional value; damage pigments, causing bleaching;
and change aromas and flavors. The addition of antioxi-
dants to foods to prevent rancidity and prolong shelf life
has long been common practice. A variety of antioxidants
are used in foods, but tertbutylhydroxyanisole (BHA) and
tertbutylhydroxytoluene (BHT) are two of the most
common.

PLANTS AND THE
CARDIOVASCULAR SYSTEM

The green world furnishes many important cardiovascu-
lar medicines. A 1998 review describes more than 700
secondary plant metabolites known to exhibit some kind
of cardiovascular activity.!%

The cardiac glycosides digoxin and lanatoside C from
Digitalis and ouabain from Strophanthus have a positive in-
otropic effect on the heart and are the drugs of choice for

congestive heart failure. The anticoagulants dicoumarol

and other coumarin derivatives were developed from
plant sources. The alkaloid ergotamine is a vasoconstric-
tor used in the treatment of severe vascular headache;
alkaloids from Veratrum and Rawuvolfia species are anti-
hypertensive; and tannins, which occur in many plant
species, are hemostatic. Quinidine, from Cinchona bark,
was the main antifibrillatory agent in clinical practice
until the advent of modern andarrhythmic drugs and is
still used today.

A substance may effect the activity of the heart in a
variety of different ways. Table 9.4 correlates some of
these actions with the characteristic actions of plant com-
pounds. Some classes of substances, like cardiac glyco-
sides, sympathomimetics, and beta-blockers, appear sev-
eral times, as they exert several different types of activities
on the heart.

Table 9.4. Cardiovascular Activities of Plant
Compounds

ACTIVITY DEFINITION CONSTITUENT

Positive inotropic Increase contractility Cardiac glycosides

Negative inotropic ~ Decrease contractility Beta-blockers

Positive chronotropic  Increases cardiac frequency  Ephedrine

(sympathomimetics)

Negative chronotropic Decrease cardiac frequency  Cardiac glycosides

Positive dromotropic  Increases flow rate Caffeine

{sympathomimetics)

Negative dromotropic Decrease flow rate Cardiac glycosides

Antiarrhythmic Eliminates cardiac arrhythmias Quinidine
Coronary dilating Dilate coronary arteries Flavonoids,
theophylline

Cardiac Glycosides

Cardiac glycosides improve the efficiency of the heart
muscle without increasing its need for oxygen. This en-
ables the heart to pump adequate amounts of blood
around the body and ensures that no fluid builds up in the
lungs or extremities. That sounds wonderful, as indeed it
is, but there is a drawback. Because the solubility and re-
moval rates of cardiac glycosides tend to be low, the pos-
sibility exists for high levels of glycosides to accrue in the
body. This is the main disadvantage with foxglove
(Digitalis spp.) and explains why it is potentially poisonous



unless used with appropriate skill and knowledge con-
cerning monitoring of blood levels.

Cardiac glycosides appear to be confined to an-
giosperms. Cardenolides are the most common and are
particularly abundant in Apocynaceae and Asclepia-
daceae. The bufanolides occur in some Liliaceae plants,
in some

such as squill (Urginea maritima), and

Ranunculaceae.

Table 9.5. Plants Containing Cardiac Glycosides

PLANT FAMILY GENERA

Apocynaceae Acocanthera, Adenium, Apocynum, Carissa,

Cerbera, Nerium, Strophanthus, Thevetia, Urechites

Asclepiadaceae Asclepias, Calotropis, Cryptostegia, Menabea,

Pachycarpus, Periploca, Xysmalobium
Liliaceae Bowiea, Convallaria, Ornithogalum, Rhodia, Urginea
Ranunculaceae Adonis, Hefleborus
Moraceae Antiaris, Antiaropsis, Castilla

Brassicaceae Cheiranthus, Erysimum

Sterculiaceae Mansonia
Tiliaceae Corchorus
Celastraceae Euonymus
Fabaceae Coronilla
Scrophulariaceae  Digitalis
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The pharmacological effect of cardiac glycosides is
dependent on both the aglycones and the sugar attach-
ments. The inherent activity resides in the aglycones, but
the sugars render the compounds more soluble and in-
crease the power of fixation of the glycosides to the heart
muscle.

The number of different effects produced by the
Digitalis glycosides complicates our understanding of
their overall action, and their exact mode of action on
myocardial muscle is stll under investigation. Digitalis
probably competes with potassium ions for specific re-
ceptor enzyme (ATPase) sites in the cell membranes of
cardiac muscle and is particularly successful during the
depolarization phase of the muscle, when there is an in-
flux of Na ions.

The clinical effect of digitalis glycosides in cases of
congestive heart failure is increased force of myocardial
contraction. Because of their vagus effects, the digitalis
glycosides are also used to control atrial arrhythmias. The
diuretic action of Digitalis arises from the improved cir-
culatory effect.

Nonsteroidal Cardioactive Plant
Constituents

Although orthodox medicine makes much use of cardiac
glycosides of plant origin, the search continues for new
active substances that provide either better therapeutic
indices or different types of activity. [n addition to plants
such as hawthorn (Crataegus spp.) and garlic (Allium
sativum), in vitro studies suggest other remedies new to
the West.

The isolation of forskolin from Coleus forskoblii shows
that the plant kingdom continues to offer medicine new

Cardiotonic or Cardioactive?

In a strictly technical sense, the pharmacological term cardiotonic is synonymous with “posi-
tive inotropic.” In pharmacology, the word cardiotonic is used not only to describe agents that
increase contractility, but also to indicate an increase in frequency, an increase in the beat vol-
ume, or a general increase in cardiac performance.

In the phytotherapeutic literature, however, slightly different termunology is used. Here,
cardioactive plants are those that owe their effects on the heart to cardiac glycosides or other
very active substances; they thus possess both the strengths and the drawbacks of these con-
stituents. An example is Digitalis (foxglove). Cardiotonic plants, on the other hand, are those
that have an observable beneficial action on the heart and blood vessels but contain no
cardiac glycosides, such as Crataegus (hawthorn). The mechanisms behind their actions are
obscure and constitute a subject of considerable pharmacological debate.




170 < INTRODUCTION TO PRINCIPLES AND PRACTICES

and potent cardiac agents. Forskolin is a labdane diter-
penoid with antihypertensive, positive inotropic, an-
tplatelet, and adenylate cyclase-activating properties. As
discussed earlier in this chapter, the activation of adeny-
late cyclase results in increased levels of intracellular
cyclic AMP (cAMP).

Coleus forskoblii and forskolin lower blood pressure
and improve the contractility of the heart muscle, making
this herb relevant in the treatment of hypertension, con-
gestive heart failure, and angina. These actions are related
to an increase in cAMP levels throughout the cardiovas-
cular system, which results in relaxation of the arteries
and increased force of contraction. The net effect is an
improvement in many cardiovascular functions.

Several studies suggest that forskolin may signifi-
cantly lower blood pressure. In one clinical study involv-
ing seven patients with dilated cardiomyopathy, forskolin
improved left ventricular function, primarily by reducing
pre-load, without raising metabolic costs.!% (Pre-load is
the tension in the heart muscle at the end of the diastolic
phase, just before the contraction.) The study also
showed that forskolin increased the contractile force of
heart muscle. These results indicate that forskolin may
best be used in congestive heart failure in combination
with other cardiotonic botanicals, such as Crataegus.

A number of classes of nonsteroidal substances with
cardiovascular effects have been identified, including
phenylalkylamines, indole derivatives, tetrahydroiso-
quinolines, imidazoles and purines, diterpenes, sesquiter-
penes, flavonoids, and other phenolic compounds. Here
we shall focus briefly on those found in the primary car-
diovascular herbal remedies.

Phenalkylamines

This class of alkaloids was the model for the development
of sympathomimetic drugs. The main representative is
L-ephedrine, first found in ma huang (Ephedra sinica).
Since ephedrine has other, more prominent activities, its
action on the heart is often considered a side effect.
Ephedrine and its relatives have been found in plants in
the families Portulacaceae, Rutaceae,
Amaryllidaceae, Moraceae, Musaceae, and Rosaceae.
These include numerous food plants, such as citrus fruits,

Cactaceae,

bananas (Musa spp.), and purslane (Portulaca oleracen).
Synephrine occurs in the fruit of the mandarin orange
(Citrus reticulata). Cathinone, from khat (Catha edulis),
shows strong positive inotropic activity, contributing to
the cardiac stimulant activity of khat leaves.
Phenylethylamines, which constitute a subgroup of
phenylalkylamines, are widely distributed in Cactaceae,

Rosaceae, Rutaceae, and Fabaceae. The prototype of this
group is tyramine, which at high concentrations shows
positive inotropic activity. Strong positive inotropic activ-
ity is also displayed by N-methyltyramine, hordenine, and
p-methoxyl-p-phenethylamine, all of which have been
found in hawthorn flowers. This group is also found in
night-blooming cereus (Selenicereus grandiforus), a favorite
remedy of the early American Eclectic and Physio-
medicalist physicians for cardiac insufficiency and angina
pectoris. The cardiovascular action of Viburnum species
may also be related to the presence of tyramine, which has
been found in V. odoratissimum and V. opulus. Tyramine
and p-methoxyl-f-phenethylamine have also been found
in Viscum album.

Other Nitrogen-Containing Compounds
Methylcanadine from prickly ash (Zanthoxylum spp.) and
sanguinarine from bloodroot (Sanguinaria canadensis) pos-
sess positive inotropic activity. The [upine alkaloid
sparteine possesses specific antiarrhythmic actvity and is
found in Scotch broom (Cytisus scoparius).

Cyclic AMP also possesses inotropic properties and is
widely distributed in the plant kingdom. In view of the
low concentrations of cAMP found so far in plants,
pharmacologists exclude a cardiotonic role for cAMP-
containing plant extracts. Such conclusions might stem
from a too narrow interpretation clouded by a “magic
bullet” perception of biochemistry. From a synergistic
perspective, all the constituents in a plant work together
to produce its healing effects.

Flavonoids and Other Phenolics
Comprehensive investigations and reviews have been
published on the cardioactivity of Crataegus. The main
active principles in this plant are thought to be flavonoids
and procyanidin oligomers. The evidence suggests that
the flavonoids impact the heart via inhibition of cellular
phosphodiesterase and elevation of cellular cAMP con-
centration, as well as by affecting the permeability of cell
organelles to calcium ions. Please see chapter 14 for more
information on this remarkable plant.
Phosphodiesterase-inhibitory action is not limited to
flavonoids. Some lignans are potendal phosphodiesterase
inhibitors, and the cardiotonic action of mistletoe (Viscusm
album) can probably be attributed to lignan content.

Cholesterol- and Lipid-Lowering Activity

High serum levels of cholesterol and triglycerides (a con-
ditdon known as byperlipidemia) are important risk factors
in the development of coronary heart disease (CHD).



Cholesterol is an essential component of cell membranes
and a metabolic intermediate in the synthesis of steroid
hormones and bile salts. Some cholesterol is obtained
from the diet (about 25%) and the rest is manufactured by
the liver. However, elevated levels in serum may be a re-
sult of high dietary intake, a condition known as exogenous
hyperlipidemia, or secondary hyperlipidemia.

Endogenous hyperlipidernia, also called primary or fa-
milial hyperlipidemia, is a disorder of cholesterol
metabolism that may be caused by genetic factors. This is
much less common than exogenous hyperlipidemia.
Diseases such as diabetes mellitus, gout, hypothyroidism,
obstructive jaundice, cirrhosis of the liver, and renal fail-
ure can cause secondary hyperlipidemia.

Fat from the diet is absorbed into the bloodstream
and transported in the form of lipoproteins. These are
classified according to their density, for example, low den-
sity lipoprotein (LDL) or high density lipoprotein
(HDL). Triglycerides are saturated fatty acids that are
found in the bloodstream with normal blood levels be-
tween 10 and 150 milligrams per deciliter. Their levels in
serum used to classify primary hyperlipidemias. Elevated
serum cholesterol per se is not the only indicator of
atherosclerosis. In certain disorders, cholesterol levels
may remain fairly normal while triglyceride levels rise. It
is preferable, therefore, to always measure levels of each
lipoprotein fraction, especially LDL, all of which contain
cholesterol.

The mechanisms of action of drugs used to treat pri-
mary and secondary hyperlipidemia may involve inhibi-
tion of cholesterol synthesis in the liver. Some drugs, such
as bezafibrate, suppress endogenous cholesterol and
triglyceride synthesis and stmulate catabolism via systemic
lipoprotein and hepatic lipases. The omega-3 polyunsatu-
rated fatty acids found in fish and flaxseed oils act by in-
creasing lipoprotein lipase activity as well as by inhibiting
the synthesis of very low density lipoprotein (VLDL) in
the liver. VLDL is a lipoprotein that acts as a carrier for
cholesterol and fats in the bloodstream. Elevation of
VLDL in the bloodstream is associated with an increased
risk of atherosclerosis and coronary artery disease.

Food and medicinal plants are both important in the
dietary control of hyperlipidemia. Garlic (A/lium sativum)
is one plant that might be described as both food and
medicine. Another herbal food that lowers serum choles-
terol is fenugreek seed (Trigonella foenum-graecum), which
is used as a condiment. Other naturally occurring hy-
polipidemics include khellin, from Ammi visnaga, and
guggulsterone, from Commmiphora mukul.

Several clinical studies have shown that complex car-
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bohydrates, such as oat bran, guar gum, and carob gum,
also lower serum cholesterol levels; however, these con-
clusions are now being questioned, because diets that
contain these substances are also usually low in fat.
Complex carbohydrates may work by inhibiting fat ab-
sorption rather than through a direct pharmacological ef-
fect. Antioxidants with free radical scavenging ability, such
as flavonoids, have demonstrated cholesterol-lowering
activities 1n models of experimental hyperlipidemia. The
mechanism of action here is due in part to inhibition of
lipid peroxidation, but other factors that affect cholesterol
control mechanisms may also be involved.

Hypertension and Hypotensive Agents

More than 35 million Americans have hypertension, or
high blood pressure. For unknown reasons, the occur-
rence of the disorder is twice as high in African Americans
as Caucasians. While hypertension is a common problem
in our culture, it is rare in those that remain relatively un-
touched by the western lifestyle. Lifestyle plays a major
role in causing and perpetuating hypertension. Thus, di-
etary, psychological, and social factors must all be ad-
dressed before any real change can oceur.

A distinction must be made between elevated blood
pressure with no obvious medical cause, known as primary
or essential hypertension, and hypertension caused by an
underlying pathology, such as kidney, endocrine, or cere-
bral disease, which is called secondary bypertension. For the
purposes of this discussion, we will focus on essential
hypertension.

Hypertension typically causes no symptoms until
complications arise, in which case symptoms can include
dizziness, flushed face and skin, headache, fatigue, epis-
taxis (nosebleed), and nervousness. These symptoms may
all be caused by other conditions as well, making it diffi-
cult to diagnose hypertension by symptoms alone.

Diagnosis must be based on a finding that both sys-
tolic and diastolic blood pressure are usually (but not al-
ways) higher than normal, and other causes of symptoms
must be excluded. In general, hypertension is indicated by
a blood pressure measurement higher than 140/90 mm
Hg. However, “normal” blood pressure varies among in-
dividuals, and thus normal should always be viewed in
terms of a range, as opposed to a specific measurement.
Observable changes in retinal blood vessels are diagnostc
indicators of the degree of damage caused to the body by
the hypertension.

Screening for antihypertensive effects in traditional
medicines has been performed over many years, and sev-
eral animal models have been utilized.'"”
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Calcium Channel Blockers

Calcium (Ca) antagonistic drugs are widely used in the
treatment of cardiovascular disorders, such as angina pec-
toris, myocardial infarction, atherosclerosis, and hyper-
tension. Even though currently used calcium channel
blockers have different chemical structures and sites of
action, they all inhibit the transmembrane influx of cal-
cium ions (Ca?*) through voltage-dependent Ca channels.
These are transmembrane ion channels whose permeabil-
ity to ions is extremely sensitive to the transmembrane
voltage difference. This action reduces smooth muscle
conuractility and vascular resistance, resulting in lowered
blood pressure.

Ca antagonists influence many functions, including
muscle contraction, gland secretion, platelet cell activity,
changes in gene expression, and the release of wransmit-
ters. However, their main therapeutic influence is on the
function of the heart and blood circulation. Ca channel
blockers are coronary artery dilators that reduce periph-
eral vascular resistance and hence reduce the cardiac
workload. They inhibit Ca’* influx through voltage-
sensitive Ca?* channels and may therefore slow the early
rise in cytosolic Ca?*. They are energy-sparing drugs that
slow the rate of ATP exhaustion, and may also protect
against lipid peroxidation.

The three main groups of prescription Ca channel
blockers are dihydropyridines, benzodiazepines, and
phenylalkylamines. These include many common com-
pounds used in therapy, such as nifedipine, diltiazem, and
verapamil.

In recent years, various plant constituents have
shown apparent Ca channel-blocking activity in in vitro
screening models.!%® A recent review of Ca antagonists
isolated from plants suggests that many have activity
comparable to that of compounds currently used in ther-
apy.'”” However, even though ion channel modulators are
important drugs, they appear to constitute a neglected
area as far as natural product screening is concerned.

Table 9.6. Plant Sources of Calcium Channel
Blockers

CONSTITUENT TYPE EXAMPLE
Terpenoids
Monoterpenes Menthol, menthofuran

Sesquiterpene lactones Gossypol, santonin

CONSTITUENT TYPE EXAMPLE
Hydrocarbon derivatives
Garlic compounds Allicin
Phenolic ketones Eugenol, apiol

Coumarins
Hydroxycoumarins Coumarin, umbelliferone
Furanocoumarins Bergapten, psoralen

Pyranocoumarins Visnadin

Chromones Khellin

Naphthoquinones Juglone, plumbagin

Lignans Eudesmin
Alkaloids Sanguinarine
ACE Inbibitors

Inhibition of angiotensin-converting enzyme (ACE) is
another important option in the control of hypertension.
ACE is a hydrolase enzyme that cleaves biologically inac-
tive angiotensin I to form active angiotensin II. Angio-
tensin II causes contraction of vascular smooth muscle
and thus raises blood pressure and stimulates aldosterone
release from the adrenal glands. Drugs that inhibit ACE
are used to treat hypertension and congestive heart fail-
ure. The renin-angiotensin system, which consists of
renin, ACE, and angiotensin II, is pivotal to renal and
cardiovascular homeostasis. Renin is an enzyme produced
in the kidney that acts on angiotensinogen to form an-
giotensin I. ACE is believed to be the rate-limiting step in
angiotensin II formation by the renin-angiotensin system.
Two kinds of renin-angiotensin systems exist.

1. A circulating endocrine renin-angiotensin system is
responsible for short-term cardio-renal homeostasis.

2. Local renin-angiotensin systems are present in
many tissues and exert influences on local functions.
The tonic control of vascular resistance and local
tissue function (e.g., in the kidney) is influenced by
the intrinsic tissue renin-angiotensin systemn.

An in vitro assay for the detection of ACE inhibitors
in plant extracts has been developed. Researchers have
identified a number of plants that contain such com-
pounds, including Allium wrsinum, Amelanchier ovalis,
Cistus clusii, and Lespedeza capitata.''® They have also iso-



lated three classes of compounds with potential ACE-
inhibitory activity: flavonoids, procyanidins, and peptides.!!!
However, the presence of a strong ACE inhibitor
does not necessarily imply that a plant is a potent antihy-
pertensive drug. For example, some flavonoids show ac-
tivity in vitro because they generate chelate complexes
within the active center of ACE."*? It is also important to
remember that a negative screen for ACE-inhibitory ac-
ton does not mean that the plant species will not work as
an andhypertensive drug, as compounds that influence
other hypotensive mechanisms could well be present.

Inhbibition of cAMP Phosphbodiesterase

Another approach to finding new antihypertensive agents
looks for substances that inhibit levels of intracellular
cAMP. Such compounds mediate cardiac contractility by
increasing the levels of cAMP or by inhibiting its
metabolism. These include B-adrenergic agonists, adeny-
late cyclase activators (such as forskolin from Colews
forskohlii), and phosphodiesterase inhibitors.

When stimulated, the adenylate cyclase enzyme con-
verts adenosine triphosphate (ATP) into cAMP. This sec-
ond messenger initiates a series of phosphorylation reac-
tons by protein kinases, which mediate the influx of
extracellular Ca2* and the release of stored calcium ions
by the sarcoplasmic reticulum. A phosphodiesterase 111
enzyme then inactivates cAMP by converting it into the
inert 5’adenosine monophosphate (S’AMP). It is likely
that increases in intracellular cAMP may be the result of
increases in levels of prostacyclin.

A number of lignans inhibit cAMP phosphodi-
esterase activity. In studies of structure-activity relation-
ships, three classes of lignans have received the most at-
tention: dibenzylbutyrolatones, tetrahydrofurans, and
furanofurans. Furanofuran lignans with this activity have
been isolated from olive (Olea spp.), ash (Fraxinus spp.),
and the traditional Chinese tonic herb Eucormmia ulmoides.

Platelet Function and Cardiovascular
Disease

Platelets (anuclear cells present in large numbers in the
blood) are involved in a range of cardiovascular diseases.
Inactvated platelets do not adhere to one other or to vas-
cular endothelium. However, they adhere to subendothe-
lial surfaces (adhesion) and to each other (aggregation) at
sites of vascular injury. During the process of activation,
platelets secrete various substances, such as adenosine
diphosphate (ADP) and thromboxane A,, which cause
further aggregation and accelerate the coagulation pro-
cess. Unfortunately, adhesion, aggregation, and secretion,
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the primary events in the arrest of bleeding, can also lead
to the deposition of platelet thrombi in blood vessels and
on heart valves.

It is now generally accepted that blood platelets are
involved in the genesis of many cardiovascular diseases,
including stroke, myocardial infarction, diabetic vascular
disorders, and atherosclerosis.

Platelet Aggregation

When platelets interact with certain substances, or when
they adhere to a damaged vessel wall, aggregation may
occur. Initially reversible, aggregation may progress to a
second, irreversible aggregation, during which various ac-
uve substances are released. Platelets may be activated
through exposure to a number of substances, including:

* Hormones (such as adrenaline and vasopressin)

* Autacoids, including adenosine diphosphate (ADP)

* Serotonin (5-hydroxytryptamine)

¢ Eicosanoids

* Platelet activating factor (PAF)

* Blood coagulation and complement factors (thrombin
and plasmin)

* Vascular proteins (collagen, elastin, and others)

These stmuli interact with receptor sites on the
platelet and activate intracellular metabolic pathways.
Secondary messenger systems involving cyclases, protein
kinase C, and calcium channels result in liberation of
arachidonic acid from membrane phospholipids and ulti-
mately cause platelet aggregation and thrombus forma-
tion. Arachidonic acid metabolism is pivotal in platelet
activation and is an intrinsic part of the inflammatory
response.

Platelet-Activating Factor

Platelet-activating factor (PAF) is a potent lipid pro-
inflammatory mediator with effects in many body sys-
tems; it is of particular importance in the cellular immune
response. PAF, or 1-O-alkyl-2-O-acertyl-sn-glycero-3-
phosphorylcholine, exists endogenously as a mixture of
molecules that have slight structural variations. In addi-
tion to platelet aggregation, PAF also activates basophils,
endothelial cells, eosinophils, lymphocytes, macrophages,
mast cells, monocytes, and neutrophils. These cells not
only respond to PAF, but also produce and release it
themselves.

PAF induces a number of responses, including
phagocytosis, exocytosis, superoxide production, chemo-
taxis, aggregation, proliferation, adhesion, eicosanoid
generation, degranulation, and calcium mobilization, as
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well as diverse morphological changes in cells. Thus the
activity of PAF extends well beyond platelet activation
and it is thought to be involved in anaphylactic shock, in-
flammation, hypertension, allergic responses, and respira-
tory and cardiovascular disorders. PAF antagonists dis-
place PAF from its receptor binding site, in most cases
without initiating any response of their own.
Physiologically, local levels of certain cytokines are
major controlling factors in blood platelet hemostasis.
Among other activities, prostacyclin has been shown to be
a potent vasodilator and inhibitor of platelet activation. It
is largely produced as an arachidonate metabolite in en-
dothelial cells and excreted into the blood, where it mod-
ulates platelet reactivity and acts as a vasodilatory agent.
The enzymes, receptors, and various other macro-
molecules involved in this arachidonic acid cascade, as well
as those involved in the recognition and reaction of the
platelet to cytokines, provide potentially important sites
of action for antiplatelet compounds, or PAF antagonists.

Natural Products with Antiplatelet Activity

According to their effects on platelet aggregation, release
reaction, and signal transductions, antiplatelet plant con-
stituents have been tentatively classified into eight
groups:'!
* Platelet-activating factor (PAF) antagonists
* Collagen-receptor antagonists

* Thromboxane-receptor antagonists

¢ ADP-receptor agonists

* Inhibitors of phosphoinositide breakdown

* Inhibitors of thromboxane formation

* Agents that increase cyclic nucleotides

¢ Protein kinase C activators

New pharmacological agents derived from medicinal
plant sources may provide leads for the development of
effective new cardiovascular drugs. However, from the
herbal perspective, it might be more useful to consider
the chemical groups involved.

Organosulfur Derivatives

A number of sulfur compounds from plants in the genus
Allium, such as garlic and onion, have antiplatelet activity.
These compounds work by a number of mechanisms, in-
cluding direct inhibition of enzymes in the arachidonic
cascade, inhibition of metabolite uptake by platelets, and
direct inhibition of platelet phospholipase activity.

Antiplatelet Compounds in Allium
Ajoene

Alliin

Allicin

Allylmethyltrisulphide
2-Vinyl-1,3-dithiene
1-Propylmethyldisulphide

Flavonoids

The impact of flavonoid constituents on platelet activity
must be seen in the context of the whole gamut of phar-
macological effects discussed earlier in this chapter and in
chapter 7. They have been shown to affect both aggrega-
tion and adhesion. Inhibition of phosphodiesterase has
also been implicated.

Antiplatelet Flavonoids
Apigenin

Chrysin

Hispidulin

Phloretin

Quercetin

Coumarins

Coumarins inhibit aggregation but are relatively weak.
An example of a coumarin with antiplatelet activity is
disenecioyl-cis-khellactone.

Sesquiterpene Lactones
Parthenolides from feverfew (Tanacetum parthenium) in-

hibit both platelet aggregation and the release of sero-
tonin from platelets.

Diterpenes

As discussed earlier, forskolin is a diterpene isolated from
the roots of Coleus forskoblii. It stimulates adenylate cy-
clase activity in many tissues, which appears to be the ac-
tion responsible for its antiplatelet activity.

Ginkgolides
PAF is dramatically inhibited by ginkgolides from Ginkgo
biloba.

PAF and the Respiratory System

The most numerically important disorders of the respira-
tory system, excluding infections, are the allergic condi-
tions asthma and hay fever. In both conditions, IgE anti-
bodies attach to mast cells, and renewed exposure to
antigen causes their degranulation. Also, inflammatory



damage to the endothelium of the airways causes the un-
derlying muscle to become supersensitive to external irri-
tants and inflammatory mediators, including histamine,
leukotrienes, thromboxanes, PAF, and chemotactic
agents.'" When this process occurs mainly in the nose,
eyes, and throat, the result is hay fever. Bronchospasm,
mucosal edema, and excessive mucus production lead to
the coughing and wheezing that characterize asthma.

Occasionally, massive release of mediators leads to
anaphylaxis, a life-threatening condition triggered by al-
lergens. Anaphylaxis, which involves severe bron-
chospasm, edema in the nose and throat, and cardiovas-
cular collapse, is treated with intravenous adrenaline,
antihistamines, and corticosteroids.

Mast cell stabilizers play an important role in treat-
ments used in orthodox medicine to prevent anaphylaxis;
the main one is sodium cromoglycate. This drug was de-
veloped from khellin, a chromone from Ammi visnaga.
Khellin derivatives relax bronchial smooth muscle, but
cromoglycate also protects the tissue from the effects of
bronchoconstrictors, such as histamine and acetylcholine.
Its mechanism of action is unclear, but it appears to re-
duce the influx of calcium into antigen-sensitized mast
cells, preventing the release of histamine.!??

In the lung, PAF activates the arachidonic acid cas-
cade with a dose-dependent generation of thromboxane.
Formation of PAF in the lungs may also contribute to his-
tamine release in anaphylaxis.!® The most relevant PAF
antagonists at present are of natural origin.

Ginkgolides

These C,, diterpenes suppress PAF-induced broncho-
constriction and airway hyperreactivity in humans and
animals. They exert a protective effect against antigen-
induced bronchial provocation tests in asthmatic patients.
Ginkgolide B is the most potent member of the
ginkgolide family of PAF antagonists; it inhibits PAF-
induced platelet aggregation, chemotaxis, and adhesion.
It is orally effective against PAF-induced bronchospasm.

Lignans

Kadsurenone, a neolignan found in Piper futukadsura, is a
potent PAF inhibitor, and also inhibits degranulation of
neutrophils while antagonizing other PAF-induced
phenomena. Other lignans of interest as PAF antagonists
include burseran, from Bursera microphylla, and the
nectandrins A and B, from Nectandra rigida.
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Gliotoxins

These are piperazine alkaloids produced by a wide range
of fungi. Gliotoxin itself is a relatively weak PAF in-
hibitor, but various derivatives have been shown to inhibit
PAF-induced bronchoconstriction in rats.

Forskolin

Asthma is characterized by a relative decrease in cAMP in
the bronchial smooth muscle that causes mast cells to de-
granulate and smooth muscle cells to contract. Excessive
levels of PAF are also present in asthma. Current drug
therapy for asthma is largely designed to increase cAMP
levels through the use of substances that either stimulate
adenylate cyclase (for example, corticosteroids) or inhibit
phosphodiesterase, which breaks down cAMP (for exam-
ple, methyxanthines). Coleus forskohlii may be particularly
useful in asthma, as it increases cellular levels of cAMP,
resulting in relaxation of bronchial muscles and relief of

symptoms.

HERBS AND THE LIVER

Conventional medicine does not provide many remedies
for hepatitis, cirrhosis, biliary tract disorders, or liver
damage by toxins. Patients with liver disorders are usually
given supportive treatment, which may include dietary
change and elimination of toxins (for example, paraceta-
mol, alcohol, or other drugs) as opposed to active therapy.
In both Western and Asian medical systems, herbs have
long been utilized for liver problems, and pharmacologi-
cal and clinical experiments have proved their efficacy.
Silybum marianum (and its complex of flavolignans,
known as silymarin) is perhaps the best known of these
herbs.

Hepatoprotection and Phytotherapy
The main causes of liver disease are viral infection and
hepatotoxic chemicals such as ethyl alcohol, peroxides
(particularly peroxidized edible oils), toxins in food (espe-
cially aflatoxins), pharmaceuticals, and environmental
pollutants. The liver has the ability to regenerate, but this
innate ability is impaired or stops altogether when the
liver is infected or damaged by alcohol or other drugs.

Hepatotoxin-induced liver lesions may be reversed in
the early stages, but they cannot be healed simply by re-
moval of the toxins after critical periods of exposure. This
highlights the need for effective remedies for liver diseases.

In the face of the toxic challenge presented by mod-
ern life, the green world has help to offer.

A number of herbs long used for liver disorders in
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traditional medicine have revealed their unique potential
to pharmacological investigation. Research on these
plants has resulted in the isolation of a number of anti-
hepatotoxic (or hepatoprotective) constituents. Anti-
hepatotoxic agents appear to work through a combination
of two main mechanisms:

* Alteration of cell membranes, so that only small
amounts of toxins may penetrate into the cell

* Acceleration of protein synthesis, with a subsequent
sumulation of cell regeneration

A number of plants and secondary metabolites have
been shown to possess antihepatotoxic activity. Of these,
Silybum marianum is the best known and studied, but
many others are coming to light.

* DBidens pilosa and B. chilensis, Taiwanese traditional
medicines, are hepatoprotective against various toxins
and have demonstrated potential as broad-spectrum
antihepatotoxic agents.!!’

* Scutellaria rivularis improved pathological hepatic le-

sions caused by a number of liver toxins, and compared
well to the standard antihepatotoxics glycyrrhizin and
silymarin.!!8

* Inan in vitro study of immunological liver injury to rat
hepatocytes, all saponins from the roots of Pueraria

lobata tested demonstrated hepatoprotective action.!!”

Natural compounds that elevate levels of biotransfor-
mation enzymes or reduce levels of activating enzymes
can be considered good candidates for cancer-protective
actions as well as generally beneficial effects for the liver.
The sulfur-containing constituents characteristic of Alium
species have attracted much attention. In one rat study in-
vestigating modulation of hepatic drug-metabolizing en-
zymes, the Alliurn compounds induced both Phase I and
Phase II enzyme systems.!?? In addition, the alkyl sulfides
demonstrated a possible inhibitory effect on the first step
of carcinogenesis via modulation of enzymes involved in
carcinogen metabolism. In both in vitro and in vivo stud-
ies, zeaxanthin and zeaxanthin dipalmitate were shown to
be the hepatoprotective components of Lycium chinense.'?!

vital functions:

proteins) »
o Metabolizes carbohydrates
» Stores glycogen

+ Initiates the formation of bile
e Engages in the transport of bilirubin
* Biotransforms waste, toxins, and drugs

Functions of the Liver

The liver, the largest solid organ in the body and one of the most complex, has a ‘wide range of

» Metabolizes protein (amino acid degradation, synthesis of clotting factors, urea and plasma

» Metabolizes lipids, including the synthesis of cholesterol and bile acids

« Produces blood- -clotting factors and other blood proteins (including albumin, certain enzyme in-
hibitors, cholesterol and other lipoproteins, transport proteins, transferrin iron, and vitamin By,)

Glucose is combined with phosphate in the liver cells and is either transported to peripheral
tissues for metabolic purposes or stored in the hepatocyte as glycogen. The liver plays a central
role in metabolizing fat by converting stored fatty acids to their energy-releasing form, acetyl-
coenzyme A, when hepatic glucose and glycogen stores are exhausted or unavailable for
metabolic purposes. The liver also synthesizes the cell membrane component phosphollpld and
the lipoproteins that carry lipids in the blood. Hepatocytes can convert certain amino acids and
products of glucose metabolism into glucose through gluconeogenesis. Reticulo-endothelial cells
(the Kupffer’s cells) play a role in immunity.

The liver is able to regenerate itself after injury or disease. However, if a disease progresses
beyond the tissue’s capacity to regenerate new cells, the body’s entire metabolism will be severely
affected. Ahy number of disorders can affect the liver and interfere with the blood supply or the
functioning of bile ducts, Kupffer’s cells, and other hepatic cells.




Silybum marianum and Silymarin

Milk thistle (Silybum marianum) was historically used in
Europe as a liver tonic, and modern phytotherapy indi-
cates its use in a range of liver and gallbladder conditions,
including hepatitis and cirrhosis. A wealth of European
research has produced data showing that milk thistle
seeds can reverse toxic liver damage as well as protect
against damage from hepatotoxins. As American physi-
cians became interested in phytotherapy, this herbal anti-
hepatotoxic gained a solid clinical reputation in the
United States as well.!?

The extraordinary actions of Silybusm on the human
liver are dramatically demonstrated by its hepatoprotec-
tive effects against the life-threatening damage caused by
the death cap mushroom, Amanita phalloides, which con-
tains the toxins phalloidin and a-amanitin. This remark-
able herb also has therapeutic effects in liver disease.
Clinical trials have confirmed its ability to reverse many
liver disorders, from acute viral hepatitis to cirrhosis, by
stimulating hepatocytes to replace diseased tissue.

Laboratory Studies
A number of specific phytochemicals in Silyburm seed have
been shown to protect liver cells. They are primarily
flavolignans and are grouped together in a complex
known as silymarin. The silymarin complex makes up be-
tween 1.5% and 3% of milk thistle seeds and includes
silybin, silychristin, silydianin, and isosilybin.

In laboratory studies, silymarin has demonstrated a
range of effects:

* Protected against carbon tetrachloride-induced liver
damage in rats'”?

* Reduced prolongation of hexobarbital-induced sleep-
ing time produced by carbon tetrachloride!**

* Prevented inhibition of hepatic metabolism of p-oxy-
phenylpyruvic acid caused by carbon tetrachloride!?’

* Diminished increases in serum levels of enzymes (in-
cluding glutamic-oxaloacetic transaminase, glutamic-
pyruvic transaminase, and sorbitol dehydrogenase) raised
by experimental treatment with carbon tetrachloride!?$

* Protected against the development of acute hepatitis
(similar to viral hepatitis in humans) in rats treated
with the liver toxin D-galactosamine!?’

* Partally counteracts alcohol damage to the liver; al-
most completely prevents mitochondrial changes
caused by ethanol!?®

* Reduced death rate and prolonged life span in mice
challenged by administration of o-amanitin; antago-
nized the toxicity of phalloidin!?®
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* Enhanced RINA synthesis as a result of the stimulation
of DNA-dependent RNA-polymerase A!*°

¢ Increased the activity of both superoxide dismutase
and glutathione peroxidase, which may explain the
protective effect of the herb against free radicals®®!

In another mouse study, silymarin also demonstrated
protective effects against UVB radiation-induced non-
melanoma skin cancer. Silymarin treatment reduced
tumor incidence by 20% to 40% and tumor volume per
mouse by 66% after the tumor-initiation phase of the
study. During UVB-induced tumor promotion, silymarin
treatment reduced tumor incidence from 60% to 100%
and tumor volume per mouse by 90%. In experimental
UVB-induced complete carcinogenesis, silymarin re-
duced tumor incidence from 25% to 100% and tumor
volume per mouse by 97%. Application of silymarin also
resulted in a statistically significant inhibition of UVB-
induced sunburn, apoptotic cell formation, skin edema,
depletion of catalase activity, and induction of COX ac-
tivides. The researchers concluded, “Silymarin can pro-
vide substandal protection against different stages of UVB-
induced carcinogenesis, possibly via its strong antoxidant

properties.”!3?

Clinical Studies

Numerous human studies confirm that the effects
demonstrated by Silyburm and the silymarin complex in
the laboratory are borne out in clinical practice.!*? The
MedLine database contains references to 627 papers dis-
cussing silymarin and 41 clinical trials. The material that
follows has been abstracted from an excellent review by
Michael Murray, N.D.!3

One study involved 129 patients and a control group
of 56 for a period of about one month. Their conditions
included toxic metabolic liver damage, fatty degeneration
of the liver due to various causes, and chronic hepatitis.
Treatment with milk thistle extract markedly improved
both subjective and objective symptoms of liver and di-
gestive disorders and normalized enzyme activities. The
investigators reported a 50% regression in pathological
symptoms in the group receiving milk thistle treatment,
compared with 25% in controls; enlarged livers also di-
minished substantially in volume in the treated group.
No intolerance, side effects, or allergic reactions were
observed.

In another placebo-controlled study, researchers
compared levels of a number of important markers of
liver function in 28 patients treated with silymarin with
29 patients treated with a placebo. After only five days of
treatment, the silymarin-treated subjects showed greater
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improvements in levels of aspartate transaminase (AST),
alanine transaminase (AL'T), and serum bilirubin, and after
three weeks, the number of patients who attained normal
values was also higher in the silymarin-treated group.

Long-term treatment with silymarin of chronic hep-
atopathies caused by psychopharmaceuticals resulted in
significant improvements in liver function parameters
such as AST, AL'T, and BSP. (The BSP parameter is a
measurement of the retention of the chemical sulfobro-
mophtalein.) This helps investigators assess the efficiency
of drug clearance by the liver.

In two additional studies involving patients with liver
disease, those treated with silymarin demonstrated marked
improvemnents in various liver parameters. In the first,
106 patients with liver disease (mostly alcohol-induced)
were selected on the basis of elevated serum transaminase
levels and randomly allocated into active and control
groups. Decreases of serum ALT and AST in the treated
group were statistically significantly higher than these of
the controls.

In the second study, which involved patients with
chronic liver disease, silymarin prevented decreases in
seralbumin beginning at three months and continuing to
the end of the study. Histopathological findings related to
focal necrosis and fibrosis were also much improved.
Overall, silymarin proved beneficial in parameters of
parenchymal disorders, intralobular mesenchymal reac-
tions, and fibrosis.

Diabetic patients with cirrhosis require insulin treat-
ment because of insulin resistance. As chronic alcoholic
liver damage is partly caused by peroxidation of hepatic cell
membranes, antioxidants may be useful in treating or pre-
venting such damage. A 1997 study investigated the effects
of long-term treatment with silymarin in diabetic patients
with cirrhosis. The results suggested that treatment with
silymarin may reduce both lipid peroxidation of cell mem-
branes and insulin resistance. In the study, silymarin also
significantly decreased endogenous insulin overproduction
and the need for exogenous insulin administration. '*>

Cisplatin is an active cytotoxic agent used in the
treatment of testicular cancer. Its use, however, is associ-
ated with significant side effects, including ototoxicity,
neurotoxicity, and nephrotoxicity. A clinical study evalu-
ated the effects of the milk thistle compound silibinin in
ameliorating drug-induced alterations in renal glomeru-
lar and tubular function and tubular morphology. Results
showed that silibinin totally or partly ameliorated all of
these effects. Thus, silibinin appears to also function as a
nephroprotectant agent; the researchers suggested that it
may have beneficial effects on the kidney in clinical set-
tings."*® This exciting data led to a randomized clinical

trial to investigate the protective effects of silibinin
against cisplatin-associated nephrotoxicity in patients

with testicular cancer.’?’

HYPOGLYCEMIC AGENTS

More than 1,123 plant species have been used tradition-
ally or experimentally to treat symptoms of diabetes mel-
litus.1*® These represent 725 genera in 183 families of
plants. In addition, more than 200 compounds from
plants have been reported to lower blood glucose.!*?
Table 9.7 provides a summary of the chemical classes in
which these compounds can be found.

The diversity represented here suggests that a variety
of mechanisms must be involved in the glucose-lowering
activities of plant compounds. Some of these compounds
may have therapeutic potential, while others produce hy-
poglycemia as a side effect of their toxicity.

Table 9.7. Natural Products with Hypoglycemic
Activity

CHEMICAL CLASS NUMBER ACTIVE
Alkaloids 38
Carbohydrates 66
Coumarins 4
Cyanogenic glycosides |
Flavonoids 7
Glycopeptides 20
Inorganic salts 3
Iridoids 4
Lipids 6
Peptides and amines 15
Phenolics (simple) 4
Phenylpropanoids 1
Steroids 7
Stilbenes 1
Sulfur compounds 2
Terpenoids 7
Vitamins 2
Xanthenes 1




There are many plant extracts with proven hypo-
glycemic activity. No isolated compounds from these
plants have yet been developed for clinical use, but all are
used in traditional or complementary medicine to treat
diabetes mellitus. Many of those that are dietary compo-
nents have been tested in human diabetics and found to
be hypoglycemic.

Plant Extracts with Hypoglycemic Activity
Allium cepa (onion)

A. sativum (garlic)

Momordica charantia (bitter gourd or melon)
Nelumbo nucifera (sacred lotus)

Opuntia ficus-indica (prickly pear)

Panax ginseng (ginseng)

Psidium gujava (guava)

Syzygium cumini (jambul)

Trigonella foenum-graecum (fenugreek)
Vernonia amygdalina (bitter leaf)

Testing of plants for hypoglycemic properties is
based on inducing diabetes in animals with toxins (such as
alloxan) and evaluating the hypoglycemia or glucose tol-
erance produced by a plant extract compared with that of
a standard, such as tolbutamide. Alloxan causes selective
necrosis of the pancreatic islet f cells. The experimental
severity of the disease can be increased or decreased by
varying the dose of alloxan.

Glycans from the mushroom Ganoderma hucidum pro-
duce significant hypoglycemia in alloxan-induced dia-
betes in animals. They appear to operate through a
unique mechanism, probably affecting glycogen or glu-
cose metabolism.'*! Ganoderan B, one of these glycans,
has been shown to elevate plasma insulin levels and in-
crease the activities of hepatic glucokinase, phosphofruc-
tokinase, and glucose-6 phosphate dehydrogenase. It also
decreases the activities of hepatic glucose-6 phosphatase
and glycogen synthetase and lowers hepatic glycogen
content.

Momordica charantia, commonly known as bitter
gourd, is a traditional remedy of the Pacific and Indian
Ocean islands for diabetes mellitus. A controlled clinical
trial involving 100 people with moderate noninsulin-
dependent diabetes examined the effects of the herb on
fasting and postprandial serum glucose levels. (Post-
prandial levels were measured two hours after oral intake
ot 75 gm of glucose.) Drinking the herb in the form of an
aqueous homogenized suspension of pulp led to signifi-
cant reductions in both fasting and postprandial serum
glucose levels. This hypoglycemic action was observed in
86% of subjects. 1#*
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In another study, polypeptides from bitter gourd
seeds stimulated lipogenesis and inhibited corticotropin-
induced lipolysis in vivo, activities similar to those of in-
sulin. The researchers suggested that the mechanism of
action behind these effects involved interaction of the
peptides with B-adrenergic or corticotropin receptors.'#?
Inhibition of glucose uptake by intestinal fragments was
also observed in this study, and was attributed to a glyco-
sidic constituent of the fruit extract. This suggests that
constituents of M. charantia have both pancreatic and
extra-pancreatic effects and offer therapeutic potental for
diabedic patients.

Madagascar periwinkle (Catharantbus roseus) has also
been employed traditionally in the treatment of diabetes.
In modern research, six alkaloids from this plant, includ-
ing catharanthine, have demonstrated mild hypoglycemic
activity.!*

The major hypoglycemic principles of onion (AMium
cepa) and garlic (A. sativwm) are the sulfur-containing
compounds, allyl propyl disulfide and allicin. They are
thought to work via competitive interaction with insulin,
which also has a disulfide bond.

Coumarin causes profound hypoglycemia in normal
and alloxan-induced diabetic rats, probably because of its
hepatotoxicity. Coumarin is hepatotoxic in rats and dogs,
in which it is metabolized through 3-hydroxycoumarin to
reactive quinone metabolites that bind to microsomal
proteins. In humans, however, coumarin is metabolized
through 7-hydroxycoumarin to a glucuronide conjugate
that is rapidly excreted, and no hepatotoxicity occurs.'¥

Seeds of a number of species of Fabaceae plants (for
example, Trigonella foenum-graecum, or fenugreek) are tra-
ditional treatments for diabetes. In addition to direct hy-
poglycemic effects, dietary effects are also important. In
clinical studies, people eating a diet high in legumes
showed improvements in many indices of blood glucose
control. Beans are high in complex carbohydrates, which
are more slowly digested than other types of starch.
Noncellulosic types of dietary fiber (such as carob gum,
guar gum, and high-molecular-weight galactomannans
from Ceratonia siliqua and Cyamopsis tetragonolobus) reduce
intestinal absorption of glucose by slowing gastric empty-
ing and by thickening the water layer adjacent to the in-
testinal villi.!*

A variety of glucans and heteroglycans from plants
used in Asian traditional medicine have shown remark-
able hypoglycemic activity when administered intraperi-
toneally to mice.!¥ Panaxans A through E, glycans of Panax
ginseng, demonstrate different mechanisms of action de-
spite their similar structures. Panaxans A and B sdmulate
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hepatic glucose utilization by increasing the activity of
glucose-6-phosphate dehydrogenase, phosphorylase-a,
and phosphofructokinase.

Panaxan A decreases the activity of glucose-6-phos-
phatase but does not affect hepatic glycogen content.
Panaxan B has no effect on glucose-6-phosphatase, but
decreases glycogen synthetase activity and hepatic glyco-
gen content.!* Panaxan A does not affect plasma insulin
levels or insulin sensitivity, but panaxan B elevates the
plasma insulin level by potentiating insulin secretion
from pancreatic islets. It also enhances insulin sensitiv-
ity by increasing insulin binding to receptors.!?’

Ginseng also contains other hypoglycemic con-
stituents with different mechanisms of action. Adenosine,
from a water extract of ginseng rhizomes, was shown to
enhance lipogenesis and the accumulation of cAMP in
adipocytes, which possess specific adenosine receptors.
Some of the panaxosides inhibited adrenocorticotropin-
induced lipolysis and, at the same doses, suppressed
insulin-stimulated lipogenesis, while others stimulated
the release of insulin from cultured islets.}3%15!

Intracellular cAMP also acts as a secondary messenger
in the B-cells. Increasing intracellular cAMP concentra-
tion potentiates cholecystokinin and glucose-stimulated
insulin release. As mentioned earlier, forskolin from
Coleus forskoblii is an adenylate cyclase activator that in-
creases intracellular cAMP by stimulating its biosynthe-
sis.’2 Theophylline and other methylxanthenes from
Camellia sinensis and papaverine from Papaver somniferum
are phosphodiesterase inhibitors that increase levels of in-
tracellular cAMP by preventing its breakdown.
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