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DEDICATION

For Lois Stopple, 
What can I say, after 600 odd pages (odd 
pages indeed), I’m tongue tied! You have healed me heart and soul, with the 
celebration of life and joy that you are. This book may have been written by me, 
but it was midwifed by you.

Sweet blossom come on under the willow 
We can have high 
times if you’ll abide 
We can discover the wonders of nature 
Rolling in 
the rushes down by the riverside

She’s got everything delightful 
She’s got everything I 
need 
A breeze in the pines in the summer night moonlight 
Crazy in the 
sunlight, yes, indeed

—THE GRATEFUL DEAD (WHO ELSE 
. . .)
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This is an exciting and very 
challenging time to be 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 time of change for Western medicine, both holistic and 
orthodox. While herbs have a unique and valuable contribution to make, no clear 
context 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 
future 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 herbalism, 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 
experience 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 relevant material to justify changing tried-and-true approaches, an 
issue that is explored throughout the book.

The focus of the medicinal plant research community, 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 disquieting trend 
in North American herbalism is the tendency 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.1

Herbalism is a fundamentally conservative activity, although 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 introduces the relationship 
between science and herbal medicine, looking at the scientific method and the 
language of research. A discussion of pharmacognosy is followed by a review of 
large-scale screening programs to assess the therapeutic potential of the 
world’s flora. The 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 taxonomy and 
the insights of the Linnaean system of nomenclature—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 review of the main categories of constituents considered 
to be of therapeutic importance. Each chapter includes an overview of structure, 
botanical distribution, and generalizations about pharmacology, followed by a 
discussion of representative molecules described in the herbal literature. 
Important groups, such as sesquiterpene lactones, saponins, and flavonoids, are 
covered in depth.

Chapter 9

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

Chapter 10

An introduction to the basics of toxicology as they relate to 
issues concerning the safety and toxicity of medicinal 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 discussed, with examples from official 
pharmacopoeias as well as folk medicine.

PART 2

Chapter 12

Presents a model of holistic herbal medicine that is applied 
throughout the rest of the book, and describes the process of developing a 
protocol that addresses specific pathologies while supporting the unique 
individual involved. The criteria for establishing dosage and formulation 
specifics are given, along with an outline of the structure of the subsequent 
treatment chapters.

Chapters 13–24

The therapeutic approach to each body system is explored in turn, 
focusing on prevention and wellness but also addressing a range of conditions 
that may be approached herbally. Phytotherapeutic approaches to the health needs 
of the young and the elderly are also discussed. 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 importance of their inclusion lies in the process of 
developing a treatment program that takes advantage of the strengths of 
herbalism in addressing individual needs, not simply pathologies. I have 
emphasized the application of the model and identification of any resulting 
patterns of relationship 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 reality. The suggested 
prescriptions come from personal observation of many herbally treated cases. Any 
conclusions or ideas presented come from an interpretation of such observations 
and of the healing process in the people 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 discussion of the other actions of these plants.

Chapter 26

An herbal materia medica, in the traditional sense, covering 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 encountered 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 bibliographic databases, emphasizing the relevance of 
Medline and MeSH terms. (The World Wide Web addresses given were current as of 
July 2003.)

	Bibliography. This select bibliography focuses on works relevant to the 
practice of Western herbalism. I 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, pharmacology, 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.
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INTRODUCTION TO PRINCIPLES AND PRACTICES
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HERBS, HOLISM, AND SCIENCE 

Phytotherapy 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, it is still relevant and meaningful in the 
present, offering 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 condition 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 facilitating the healing process at any time in any situation.

A new understanding of health is dawning. This new understanding reflects 
changes in both attitude and approach, 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 transformation 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 expectation 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 appropriate 
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 disease 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 characteristic of 
whole and integrated human beings. From a holistic standpoint, a person is not a 
patient with a disease syndrome, but a whole being. Acknowledgment of this 
wholeness means that the therapist must appreciate the mental, emotional, 
spiritual, social, and environmental aspects 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 heritage. 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 
mental and emotional health, including quality of life and relationships. A 
medical doctor may be a holistic practitioner, 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 articulate some 
provisional ideas about holistic medicine. Holistic medicine emphasizes the 
uniqueness of the individual coming to the healer for care. The importance of 
tailoring treatment to meet the broad needs of each individual is fundamental, 
as is the need to understand and treat people in the contexts of their families, 
communities, 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 occasion, 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 economic conditions that perpetuate ill health, 
and a commitment 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 opportunity for self-discovery. This has many 
significant implications 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 holistic practice. Part of the problem with medical 
care is the alienation and dehumanization that tends to accompany institutional 
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 patient, not just skill and 
symptoms.

Taken together, all of this clearly shows why holistic medicine transforms 
its practitioners as well as its patients. What, then, is the contribution of 
medical herbalism within this healing framework and the emerging holistic 
paradigm? As a healing technique, medical herbalism 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 healing.

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 interactions that occur among all of a plant’s chemical constituents 
and the various aspects of human metabolism and physiology. The degree and depth 
of interaction is breathtaking.

Practitioners of phytotherapy have the unique opportunity to introduce their 
patients to their medicine! A bridge can be built between person and herb, 
empowering the patient to be present and responsible in the healing 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 enlivening, empowering experience of growing and preparing his or 
her own healing medicine.


DEFINING HERBS AND HERBALISM

The word herb implies different things to different 
people, and definitions varying according to area of interest and personal bias. 
What, then, is herbalism? Simply defining herbalism as “the study of 
herbs” begs the question. 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 technology 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 particular 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 entirely) 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.

The Merriam-Webster Collegiate Dictionary provides the following 
entry:

herb (ûrb, hûrb) n. 1. A plant whose stem does not 
produce 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 seasoning. 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 supported 
chiefly by turgor pressure.” Of course, this then implies that trees like witch 
hazel (Hamamelis virginiana), ginkgo (Ginkgo biloba), and hawthorn 
(Crataegus laevigata) are not herbs. And what about mushrooms?

The science of ecology, or the study of interrelationships among 
plants, animals, and the environment, uses the word herb 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 constitutes an herb is restricted in this field to 
plants that smell and taste wonderful. These are plants that are usually rich in 
pleasantly aromatic volatile oils, such as basil, peppermint, and oregano. No 
chef would think of creating culinary delights with stinking iris (Iris 
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 environmentalist might ask, What plant is not 
useful? Indeed, it could be argued that the Pacific poison oak (Toxicodendron 
diversilobum), 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 planetary terms.

From the perspective of phytotherapy, an herb is any plant that may be used 
in the field of health and wholeness. Plants may be herbs in the strictly 
botanical sense, such as remedies like white horehound (Marrubium vulgare). 
However, they may also be a part of a plant of any kind, as with the flowers of 
marigold (Calendula officinalis), 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, herbalism was once the descriptor for what is now called 
botany, again pointing to the important 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, especially medicinal 
herbs. “Herbalist” was once the term used to describe botanists, although modern 
botanists would likely be offended!

Webster’s Revised Unabridged Dictionary defines herbalism 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, I 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 kindom (see box). 
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, 
construction, 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 modern herbalism!




THERAPEUTIC ECOLOGY

A common idea among holistically orientated practitioners 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 pathology 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 insights 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 relationship to each other and 
the wider world. The individual is the core of this therapeutic ecology, 
embraced by four groups or branches of therapies: medicine, bodywork, 
psychology, and spiritual techniques.

The term medicine is used here to mean anything that is ingested for 
healing purposes. Medicinal approaches include medical herbalism, homeopathy, 
naturopathy, 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 factors as either causative of or 
contributing to illness. This category includes the manipulative therapies, such 
as osteopathy, chiropractic, and the various forms of massage, as well as 
surgery. Personal lifestyle ideally will also contribute exercise, dance, or 
some other expression of bodily vitality.

Therapies that work with the psyche embrace a whole array of 
psychological techniques essential for identifying and treating the emotional 
and mental factors that contribute to health and disease. All the branches of 
psychotherapy are involved here, but especially the more holistically oriented 
approaches of humanistic and transpersonal psychology. A conscious and 
free-flowing emotional life is fundamental to achieving inner harmony. 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 emotional 
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 patient. 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 situation, not simply to 
treat a diagnosed disease syndrome. In the context of therapeutic ecology, one 
person diagnosed with colitis might recuperate best when treated with dietary 
advice, herbs, and osteopathic manipulation, while another might respond better 
to drugs, psychoanalysis, and surgery. Practitioners have firmly held opinions 
about the pros and cons of one approach or another, but the patient is always 
more important than the doctor’s belief system.

Such therapeutic relationships point to the possibilities for mutual support. 
Such support may come in the 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 positive perspective, cooperation can lead to the development 
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 scenario, differences lead to a 
celebration of the richness of therapeutic diversity and are no longer a cause 
for acrimonious debate and conflict.


The Plant Kindom

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

I 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 shepherd’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 governed 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 evident that in order to survive the multifaceted crisis at hand, 
humanity must learn some environmental humility, including how to cooperate with 
nature. Herbalism is a unique and important expression of this cooperation.



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 educational 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 chiropractor 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 attempts to differentiate among various therapeutic modalities. 
However, given the rapidly changing cultural climate 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 psychiatry? Of 
course not. These different therapeutic modalities complement one another, 
creating a complex of relationships in which the whole is much more than the sum 
of the parts. In light of the unique strengths and weaknesses offered by each 
approach, mutual support and cooperation 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 differences 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 orthodox 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, researchers, or patients. 
Medical modalities with foundations outside of the biomedical model should not 
be ignored 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 benefit. Health service administrators will 
appreciate the economic 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 divides, religious differences, and racial conflicts. A 
relationship exists between each culture and its plant environment, 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 treatments are at the core of many of the diverse 
medical systems 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 either 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 systems 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 particular 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 limited and limiting as that from a shaman’s 
hut in West Africa. All perspectives have value in any worldwide approach to 
enhancing health for all.




HERBALISM AND HOMEOPATHY

Homeopathy is an important system of medicine that utilizes 
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 radically 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, homeopathy 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 reduced, 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 between the two therapies is the 
application of the “like treats like” concept. Many of the herbs in the 
homeopathic materia medica are prescribed in dilution to treat 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 vulgaris) to 
the herbalist. A comparison of the physical symptom 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 behind 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 context, 
recognizing that there is little or no real sharing of the principles of 
botanical medicine.

An interesting piece of lexicography becomes relevant 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-p’a-thy\, n. [Gr. likeness of 
condition or feeling; like (fr. same; cf. Same) + to suffer: cf. F. 
hom[‘e]opathie.] The art of curing, founded on resemblances; 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.

[image: image]

allopathy \al-lo-p’a-thy\, n. [Gr. other + 
suffering, to suffer: cf. G. allopathie, F. allopathie. See Pathos.] That system 
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 invented by Dr. Samuel Hahnemann to designate the ordinary practice, as 
opposed to homeopathy.

A brief note on the history of this fascinating profession: 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 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 fascinating 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 celebration, 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 flowering in human 
consciousness and those who view it as a vehicle for the pharmacology of 
secondary plant products. Differing worldviews obviously lead to divergent 
goals, assumptions, and visions, but, more important, unless there is a 
recognition and acknowledgment of the differences 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 investigational 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 described as our ghetto 
mentality, a sense of inferiority developed through years of cultural disdain 
for and active suppression of our therapeutic modality. However, this will also 
entail abandoning our negative, knee-jerk reaction 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 scientific, medical, and legislative communities must 
acknowledge the need to apply scientific objectivity in assessing the existing 
evidence about herbs. If phytotherapy is illuminated with the light of critical 
evaluation, much of value will be found.


	
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







WHERE IS THE EVIDENCE?

Today, practitioners and consumers alike are being bombarded by 
claims and counterclaims, information and misinformation about herbs. The 
confusion is compounded 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 therapy actually works. What 
outcome will the patient observe? 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 experience. 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 thinking 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 
embrace any new idea or product that magazines advertise. The existence of this 
kind of gullibility is lamentable. Critical 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 require a prescription.

Particularly worrisome is the tendency among some practitioners to embrace 
marketing trends and fashionable theories by rushing to try new protocols. I 
suggest this is tantamount to experimenting with patients 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 
something more substantial than marketing claims. One must always bear in mind 
the basic principles of pharmacology when considering research relevant to 
plants. The complex interactions among the numerous constituents in a medicinal 
herb must be taken seriously on pharmacokinetic grounds.

Australian phytotherapist Kerry Bone, FNIMH, 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 disproved, that is, circular 
arguments

	Conclusions based on insufficient evidence

	Extrapolating from a narrow context of results, e.g., from in 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 findings1




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 present 
in Pycnogenol likely have health benefits, not much published research exists to 
support their use in specific conditions. The evidence cited in the marketing of 
Pycnogenol is largely extrapolated from more general research 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 differences 
in activity.

For example, pine bark has been called a “super antioxidant” 50 times more 
powerful than vitamin E. The basis for this claim is a study that compared the 
antioxidant properties of various proanthocyanidins. However, these did not come 
from pine bark, but from green tea leaves and persimmons.2 
While the marketers claim that pine bark contains a unique mix of 
proanthocyanidins, so do green tea and persimmons. Of the six proanthocyanidins 
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 
invalidates the comparison from another angle. The body needs both water- and 
fat-soluble antioxidants for effective antioxidant protection. Also, a diverse 
intake of antioxidants is far better than intake of only one or two isolated 
antioxidants.3

An overemphasis on proanthocyanidins increases the risk that other flavonoids 
and polyphenols will be underemphasized. 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 research findings:


	Hesperidin raises blood levels of high-density lipoprotein (HDL) and lowers 
levels of low-density lipoprotein (LDL) and triglycerides. It also possesses 
significant anti-inflammatory and analgesic properties.4


	Quercetin reduces inflammation associated with allergies, can inhibit the 
growth of head and neck cancers, and inhibits the activity of reverse 
transcriptase.5, 6, 7


	Tangeretin induces apoptosis (programmed cell death) in leukemia cells, but 
does not harm normal cells.8




In one Pycnogenol study, described as an investigation of the effects of the 
product on human immunodeficiency virus (HIV), mice were infected with a 
retrovirus known to cause leukemia.9 
Pycnogenol improved immune function in mice with depressed immune function. 
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 animal 
subject for HIV experiments is the monkey, and the commonly accepted viral agent 
is simian immunodeficiency 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.10

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 application is that the plant contains silica.

This raises a number of questions that I have seen addressed in very little 
objective 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 numerous 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 literature identifying a role for silicon in human 
metabolism.

Even if there is a role for silicon, where is the evidence that horsetail is 
a source? Silica itself is silicon dioxide, 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,” implying that the need 
for silica is an established fact and that the traditional use of horsetail is 
as a source of silica. Again I ask, Where is the evidence?

This all becomes rather surreal with the invocation of a singular process 
termed “biotransmutation,” whereby the silicon is supposedly transmuted into 
calcium in the body. We are moving into the realm of alchemy here, but I would 
have no problem with this if some evidence existed to support this claim. It 
strikes me as rather convenient 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 because horsetail 
works, it must be because it contains silica. This is based on a simple lack of 
knowledge of phytochemistry, as a much simpler hypothesis would invoke flavonoid 
effects. Such attachment to hypotheses leads to a dogmatic adherence to belief 
systems that is detrimental for all involved.

Why get enmeshed in bizarre intellectual convolutions 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 theories, 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 problem 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 
disparage its potential contribution to the treatment of cancer, but to 
highlight some of the challenges faced in modern 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 (Ulmus rubra), sheep sorrel (Rumex acetosella), 
and turkey rhubarb (Rheum 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 developing kidney stones. In all of the propaganda 
surrounding Essiac, I have seen no mention of this problem.




HERBS AND PHYTOTHERAPY

A distinction must be made between two separate but overlapping 
issues: that herbs are relevant medicinal substances and that phytotherapy is a 
valid therapeutic modality whose practitioners have unique skills and clinical 
experience. The clinical issues faced by a practitioner are not the same as the 
quality-control problems that confront 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 medicinal 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 “discovery” that St. John’s wort can 
help alleviate mild depression, 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 psychopharmaceutical 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 consequence have been 
identified, leading me to conclude 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 depression in a variety of 
ways. Articulating herbal approaches 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 traditions of 
the world can be problematic, and always require a high level of critical 
thinking. Here are a couple of examples of what might be termed intellectual 
imperialism, an assumption in the Western mind-set that we can spontaneously 
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 interpret the TCM concept of 
organs in terms of their understanding 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 officinale) and 
milk thistle (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 apparently created and maintained for 
the benefit of the “marketplace.” The importance of critical thinking in the 
evaluation of information about herbs—particularly information generated by 
marketers—has never been 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 mutually exclusive. The 
rapidly growing industry addressing the material needs of complementary medicine 
is a manifestation 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 resource to control and profit from, and will only serve to 
obliterate cultural, biological, and herbal diversity.

Embracing economics as the driving force in herbalism 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 individual uniqueness, except as a complicating 
factor. Practitioner knowledge and wisdom is rarely acknowledged, so 
regulations, product lines, and research are predicated on abstract theories and 
piecemeal information. Thus, reductionist, product-based medicine relies on 
controlling the patient’s healing process. Surely holistic 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 involved 
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 unquestioningly accepted as 
insightful, considered opinion. But who are the experts in these situations? As 
an example, consider hawthorn (Crataegus laevigata), an invaluable herb 
discussed in chapter 14 of this book. The German Commission E Monograph cites no 
warnings, contraindications, side effects, or drug interactions for hawthorn.11 
Varro Tyler, Ph.D., Professor Emeritus of Pharmacognosy 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 review, 
he comes to a somewhat tangential conclusion.

Its toxicity is low as well, becoming evident only in 
large doses. Until 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.12

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 illuminating statement in a paper on neurotoxins in herbs.

The modern flora has evolved in the face of continual 
assault from mammals, which are ultimately dependent on the plant kingdom.13

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 enforces the 
concept of survival of the fittest. This, in turn, leads to an emphasis on 
defense as the driving force behind the diversity of secondary metabolites, as 
in “. . . plants and those using them coexist in an uneasy balance of chemical 
power.” 14 
This is the antithesis of the vitalist 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 healing power of nature is the 
inherent self-organizing and healing process, present in all living systems, 
that establishes, maintains, and restores health. The naturopathic physician’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 identified 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 
encompass a positive vision of wellness, at the same time acknowledging 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 endeavors 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 physical 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 context within which the herbs are 
prescribed and used.

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 addressing 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 supportive agents to treatment protocols 
that have been developed from a holistic perspective.

This all leads me to some specific conclusions about the challenging 
interface that exists between traditional herbalism and the plethora of research 
findings now available. 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 
language 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 
understanding of how herbs work.

Almost all branches of the biological sciences are relevant 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 observation and systematic 
experimentation. In general, a science 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 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 phenomena. 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 specific 
situations. The word theory refers to an idea that is widely accepted as 
a correct explanation. When a hypothesis 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

	Forming conclusions by confirming or modifying the hypothesis

	Reporting results



Experimental tests may lead either to the confirmation or the ruling out of 
the hypothesis. The scientific method requires that a hypothesis be ruled out or 
modified if its predictions are clearly and repeatedly incompatible with the 
results of experimental tests. Because experimentation is a necessary part of 
the scientific method, a theory must be testable. If a theory cannot be tested 
because, 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 meanings. For example, the use of the words 
validity and reliability in science can cause confusion if 
misunderstood. In everyday language, validity implies legitimacy and 
reliability suggests stability and dependability. In the language of 
research, these terms have a precise meaning. A study has validity if it 
measures what it claims to measure. The reliability of a study is a reflection 
of the likelihood that subsequent experiments will yield the same results.

A research sample is a small group of people (or animals, or objects) who are 
the subject of observation during 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 population to study, 
but select a smaller sample from this target population to serve as the actual 
research subjects.

Sampling is the process of selecting a research sample. 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 
interpret 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 
experimental group) are compared with a second, untreated group (the control 
group).

Placebo-controlled study. Here, an experimental 
treatment is compared with a placebo, an inert substance that appears to be 
identical to the treatment. This represents an attempt to distinguish between 
the placebo effect—the tendency of people to experience symptomatic 
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 receiving 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 receiving. 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 
researchers 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, multicenter 
trial. This is a clinical study that takes into account 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 results is 
through publication in a peer-reviewed journal. Peer-reviewed journals publish 
studies only after a thorough review of those studies by a group of the 
researcher’s peers, fellow researchers who are able to evaluate 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 
unpublished one.

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 pharmacists to have extensive knowledge in this area, because many medicinal 
products were obtained from plants. However, as the culturally dominant medical modality in the United States 
moved away from natural products, most pharmacy schools dropped their courses in 
pharmacognosy.


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 provides a concluding thought that puts it 
all into perspective. Because they must be concise, abstracts select highlights 
only.

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 existing literature on the 
topic.

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 used to derive results.

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

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 studies in order to place their 
results in perspective. This is usually the most speculative part of the paper.

References: The list of references gives an indication of 
how far the authors went in reviewing published research. An extensive, 
well-done bibliography that provides access to other articles is invaluable.



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 “impression 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 visual 
analysis is not enough, perhaps the plant or extract has a characteristic odor 
or taste that can assist in identification or help the herbalist assess 
freshness or quality.

Microscopic

Microscopic evaluation is valuable in the initial identification 
of herbs. It is also an indispensable technique for identifying the plant by 
characteristic tissue features, recognizing small fragments of crude or powdered 
herbs, or detecting adulterants or contaminants, such as insects, animal feces, 
mold, and fungi. Every plant possesses a characteristic 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, enzymes, vitamins, 
essential oils, fats, carbohydrates, protein, 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 identifying herbs, but also invaluable in standardizing extracts 
to chosen active ingredients or marker compounds.

Biological

The plant or extract may be evaluated by various biological 
methods, mostly animal tests, to assess pharmacological 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 Pharmacopoeia 
(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 NF, 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 variety of pharmaceutical 
preparations. Drugs were included in the NF on the basis of demand as 
well as therapeutic 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 descriptions of dried plant 
material that follow an all-purpose scheme for describing plant parts. The 
particulars of these descriptions sometimes differ from purely biological 
descriptions, because in pharmacognosy, one is frequently 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 systematic 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 
constituent involves botany, pharmacognosy, pharmacology, chemistry, and toxicology, as illustrated in the steps outlined 
here.


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 sample 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 materials, 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 moisture 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 moisture 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.

RF value. This is a measurement of the rate of 
flow that a compound has in specific chromatographic 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.




	Selection, collection, botanical identification

	Preparation of plant material 

	Extraction with suitable solvents 

	Preliminary separations 

	Biological and pharmacological screening of crude extracts 

	Chromatographic separation of pure bioactive constituents, guided by 
bioassay 

	Structure determination 

	Analysis and pharmacological profiling of pure compounds 

	Toxicological testing 

	Partial or total synthesis 

	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 example, 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 
antimicrobial 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 fractions 
of the extract to find out where the biological activity lies. A range of 
chromatographic techniques are used to facilitate this process.15 
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 stationary 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 
multistep 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 filter paper. After drying, the 
paper is hung inside an airtight 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 (RF values) that facilitate 
identification of compounds. If the constituents separated on the paper 
are colorless, the paper is removed, dried, and treated to make specific 
chemicals visible. The main application of TLC is in separating out samples for 
further analysis.

Column Chromatography

Column chromatography can improve separation of individual 
components. The technique uses a glass column packed with a resin that serves as 
the stationary phase, through which a solvent, or the mobile phase, 
passes. Solutes in the solvent move through the column at different rates, thus 
separating the compounds. If the stationary phase is a solid, the system is 
called adsorption chromatography, and if the stationary phase is a 
liquid, the system is called partition chromatography.

High-Performance Liquid Chromatography

High-performance liquid chromatography (HPLC) operates on a 
principle similar to that of column chromatography, but has advantages of high 
speed, resolution, sensitivity, and ease of sample recovery. An HPLC detector is 
used to monitor the concentration of solutes in the mobile phase after 
separation. Detectors may measure refractive index, dielectric constant, 
molecular and atomic spectroscopy, 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 compounds. 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 pharmaceuticals have a known chemical composition 
that can be assayed via quantitative analyses. However, herbs cannot be assayed 
satisfactorily in this way, and so are tested by biological methods. These 
bioassays help investigators determine potency by observing the reactions of 
living organisms 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. 
Specialized screening utilizes one or two sufficiently accurate bioassays to 
detect a particular property, such as anti-inflammatory activity. In some cases, 
adequate information 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 
permeable 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.

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 approach, 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 treatment 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, toxins, 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 induced 
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 component, silibinin) within 48 hours 
of mushroom ingestion usually guarantees a satisfactory outcome.16 
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 collagenase, add a hepatotoxin, and culture the sample. They then 
assess liver function by measuring transaminase activity in the hepatocytes. 
After this initial screening, animals can be treated or pretreated with plant 
extracts, and the results determined either by assessing liver function (for 
example, by measuring enzyme levels) or by evaluating a parameter that is 
affected by liver function.

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 
tetrachloride produces such a change, and is known to cause dose-dependent acute 
hepatotoxicity. This hepatotoxicity occurs because cytochrome P450 enzymes 
transform carbon tetrachloride into free radicals, inducing lipid peroxidation 
and eventual death of the hepatocytes.

Regardless of the hepatoxin employed, this basic test method may be applied 
to assess hepatoprotection.17 
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 present in the liver, heart, muscle, kidney, and brain, 
and catalyzes the conversion of aspartate to oxaloacetate and glutamate. 
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 hepatocytes, 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 function. 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 identify 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 collects 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 
activity are advanced to preclinical development.

Currently used test systems are classified as either cytotoxicity-based 
bioassays or mechanism-based bioassays. Cytotoxicity-based assays may indicate 
activity in cancers that proliferate rapidly, such as leukemia, lymphoma, and a 
few rare tumors, but are inadequate indicators 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.18

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 carcinogenesis by 
preventing the formation of carcinogens, blocking binding of the carcinogen to 
its target, or preventing 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 typhimurium.

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

Although many antitumor compounds have been isolated 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 grow relatively slowly, and therefore do not respond well to 
these agents.


Taxonomic Distribution of Higher Plants Containing Anticancer 
Compounds19

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



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 significant biological activity to contain no 
single constituent that demonstrates the activity observed with the whole plant.

Few compounds reach clinical trials. A low therapeutic 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.20




THE WORLD HEALTH ORGANIZATION AND HERBAL MEDICINE

The World Health Organization (WHO) recognizes that herbalism is 
common to all cultures of the world and actively promotes the development of 
what it calls traditional medicine. The Traditional Medicine Program was 
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 
interested in the use of traditional medical practice to give adequate support 
to engaging traditional medical practitioners in primary health care teams as 
and when appropriate, to the utilization of appropriate technology in these 
traditional medical practices and to undertake adequate measures for effective 
regulation and control of traditional medical practices.21

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 elimination 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 collections of simple, 
local home remedies.

Traditional medicine fits perfectly into the WHO’s wonderfully holistic 
definition of health as a state of complete physical, emotional, 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 
promoting 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 recognition of this fact, 
it should be promoted and its potential developed for the wider use and benefit 
of mankind.

	Traditional medicine has certain advantages over imported systems of 
medicine, because as an integral part of the people’s culture, it is 
particularly effective in solving certain cultural health problems.

	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 interesting 
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 therapies and practitioners 
to ensure sociopolitical acceptability and access to resources.

	Dialogue among practitioners of different systems should be established 
early in any integrative effort. This should eliminate prejudice and hopefully 
encourage 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 (IUCN), and the World 
Wildlife Fund (WWF) convened a conference on medicinal plant conservation, which 
was held in Chiang Mai, Thailand.22

The stimulus for this conference was the unprecedented loss of plant species 
observed by scientists worldwide. 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, however, are small when compared to the number of extinctions that were 
projected to occur during the final 20 years of the last century. Earth is on 
the verge of experiencing an extinction of species unparalleled in human 
experience. The IUCN estimated that if present trends continue, 60,000 higher 
plant species could become extinct or near extinct by the middle of the 
twenty-first century. The 60,000 figure accounts for approximately one in four 
of all higher plants.

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

The 2002 IUCN Red List of Threatened Species

Biodiversity loss is one of the world’s most pressing crises, and 
there is growing global concern about the status of the biological resources on 
which so much of human life depends. It has been estimated that the current 
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 impact. The IUCN Red List is the world’s most comprehensive 
inventory of the global conservation status of plants and animals.

The updated 2002 IUCN 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 endangered, endangered, vulnerable, near 
threatened, least concern, data deficient, and not evaluated. A species is 
listed as threatened if it falls in the critically endangered, endangered, or 
vulnerable category. Classification is accomplished through a set of five 
quantitative criteria that form the heart of the system. These criteria are 
based on biological 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 taxon is “extinct in the wild” when it is known to survive only under 
cultivation, in captivity, or as a naturalized population (or populations) well 
outside its past range.

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

	A taxon is “vulnerable” when the best available evidence indicates that it 
meets any of the criteria for vulnerable, and is therefore considered to be 
facing a high risk of extinction in the wild.




Saving Lives by Saving Plants

We, the health professionals and the plant conservation 
specialists who have come together 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 primary health care approach 
and to the principles of conservation and sustainable development outlined in 
the World Conservation Strategy. We:


	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 international 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 destruction 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 potential 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 programs 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 people to commit themselves to Save the Plants That Save 
Lives.




	A taxon is “near threatened” when it has been evaluated against the criteria 
but does not qualify for critically endangered, endangered, or vulnerable now, 
but is close to qualifying or is likely to qualify for threatened status in the 
near future.

	A taxon is categorized as “least concern” when it has been evaluated against 
the criteria and does not qualify for critically endangered, endangered, 
vulnerable, or near threatened. Widespread and abundant taxa are included in 
this category.

	A taxon is “data deficient” when there is inadequate information to make a 
direct or indirect assessment of its risk of extinction based on its 
distribution or population status.



The 1997 IUCN Red List of Threatened Plants was the first such comprehensive 
listing ever undertaken for plants on a global scale. Analyses of the data in 
the 1997 Red List revealed the following unsettling information.


	Of the estimated 270,000 known species of vascular plants, 33,798 species 
were considered at risk of extinction. These plants are found in 369 plant 
families 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 make a 
species much more vulnerable and may reduce options for its protection.

	A great number of species known to have medicinal value are at risk. For 
example, 75% of species from the 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.23




Many herbalists are profoundly concerned about any potential impact of their 
activities on natural communities. 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 threatened species and to raising public awareness of 
the plight of wild medicinal plants. Its membership reflects the diversity of 
American herbalism and includes wildcrafters, seed collectors, manufacturers, 
growers, botanists, practitioners, 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 habitat, or by nature of their innate rareness or 
sensitivity, are at risk of a significant decline in numbers within their 
current 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 (Caulophyllum thalictroides) 

Echinacea (Echinacea spp.) 

Goldenseal (Hydrastis canadensis) 

Helonias root (Chamaelirium luteum) 

Kava kava (Piper methysticum) 

Lady’s slipper (Cypripedium spp.) 

Lomatium (Lomatium dissectum) 

Osha (Ligusticum porterii) 

Partridgeberry (Mitchella repens) 

Peyote (Lophophora williamsii) 

Slippery elm (UImus 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 viability of 
these plants within their current range.

Arnica (Arnica spp.) 

Butterfly weed (Asclepias tuberosa) 

Calamus (Acorus calamus) 

Chaparro (Casatela emoryi) 

Elephant tree (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 umbellata) 

Spikenard (Aralia racemosa) 

Stone root (Collinsonia canadensis) 

Stream orchid (Epipactis gigantea) 

Turkey corn (Dicentra canadensis) 

Virginia snakeroot (Aristolochia serpentarÄ±a) 

White sage (Salvia apiana) 

Yerba mansa (Anemopsis californica) 

Yerba santa (Eriodictyon californica)
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CLASSIFICATION OF MEDICINAL PLANTS 

Medicinal plants can be categorized in 
a variety of ways, reflecting various interests and fulfilling different 
purposes. Categorizations may clarify potentially useful therapeutic 
relationships, suggest avenues of research for the pharmacologist (for example, 
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.

Alphabetical

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

Taxonomic

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

Morphologic

Here, remedies are grouped according to shared anatomical 
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 according 
to their pharmacological effects.

Action-based. Because an action-based arrangement 
provides some indication of the effect of a plant on the human body, this method 
of classification offers valuable 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 
indications 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 according to their content of chemical constituents, such as saponins, 
alkaloids, or flavones. The many limitations 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 ethnobotanical 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 several 
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 arrangement of living organisms into categories 
based on natural similarities, such as structure, development, biochemical or 
physiological function, and evolutionary history. Theoretically, this field of 
study helps scientists identify relationships among different ancient and modern 
groups, can indicate the evolutionary pathways along which present-day organisms 
may have developed, and provides a coherent basis for comparing experimental 
data about different plants and animals. As many characteristics as possible are 
incorporated, including the organism’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 cells 
containing membrane-bound nuclei and organelles), 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 related are grouped together into a genus. 
Genera with similar 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 animals). Finally, related phyla or 
divisions are placed together 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 superfamilies, and each superfamily several families.


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 surroundings. Classified by body structure and 
type of reproduction, this group includes yeasts, molds, slime molds, and 
mushrooms.

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 ferns and seed-producing plants.

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, reptiles, birds, and mammals).



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 examples 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 lowercase 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 
Eupatorium with leaves that appear to be perforated by the stem, and 
Eupatorium purpureum 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.” indicates 
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 angustifolia ssp. angustifolia differentiates this 
subspecies of lavender from Lavandula angustifolia ssp. pyrenaica. 
Some plants are hybrids 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 examples, the plants are so well known and distinguishable by 
scent and taste that they are usually written simply as Lavandula 
angustifolia and Mentha x piperita.


The Linnaean System of Classification

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

Kingdom: Plantae 

   Division: Magnoliophyta (angiosperms) 

    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 
Játiva. 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 
1994.1 A 
similar code has been developed 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 form the basis of the code.


	Botanical nomenclature is independent of 
zoological nomenclature.

	Names of taxonomic groups are determined 
through the use of nomenclatural types, or specimens.

	Nomenclature of taxonomic groups is based on 
priority of publication.

	Each taxonomic group can have only one correct 
name, the earliest that is in accordance with the rules, although there are some 
exceptions.

	Scientific names are given in Latin.

	With some exceptions, the rules are 
retroactive.





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, formerly in the genus Anthemis, 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 important 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 
Brassicaceae. 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, 
Hypericum has been moved from Hypericaceae to Clusiaceae.

The botanical authority who named the species is listed after the species 
name. The authority is usually abbreviated and the correct abbreviation can be 
found in any flora, although abbreviations are not universally standardized. 
Parentheses have a special meaning in taxonomy. For example, 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 priority and hence 
which of several possible synonyms is most valid. The ICBN provides rules to 
govern all possible situations related to nomenclature, but when one is 
preparing a taxonomic monograph, determining the correct plant name can still 
require quite extensive historical and botanical research.




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 interesting 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 examples are given here.

Mythological Names

A variety of names are taken from classical mythology.

Nymphaea: the water lily, from the Latin Nympha, goddess 
of waters, meadows, and forest 

Paeonia: from the Greek Paionia, physician of the gods 

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

Geographical or Ecological Names

These may refer to the plant’s habitat or some other 
geomorphologic 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.

Betonica: from Vettonica, the name of a medicinal plant 
from the region of Spain once called Vectones or Vettones

Anethum: from the Greek anethon, meaning anise or 
dill 

Ligusticum: 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 l’Obel, a Flemish botanist 
(1538–1616) 

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

Larrea: named for Juan Antonio de la Larrea

Historical Names

These are derived from names of historical figures. For example, 
Agrimonia eupatoria is named for Eupator, also known as Mithradates the 
Great, King of Pontus, northern Anatolia (120–63 B.C.). Eupatoria 
was a city on the west coast of the Crimean Peninsula, which legend locates as 
the place where Jason and the Argonauts retrieved the Golden Fleece.

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

Artemisia, named for the Greek goddess Artemis, the 
virgin goddess of the hunt 

Narcissus, 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 characterized 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) 

crispus: 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 

hepaticus: liver-colored

Yellows

aureus, auratus, chryso: golden yellow 

luteus, xantho: yellow 

favus, luteolus, lutescens, flavidus, flavescens: pale 
yellow

Greens

viridis, chloro: green 

glaucus, thalassicus, glaucescens: sea green 

flavovirens: 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. It 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 myron, meaning 
sweet-smelling oil, and xylon, wood
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AN INTRODUCTION TO PHYTOCHEMISTRY

To many people, a “chemical” is something to be avoided, 
an evil and artificial corruption of nature. However, everything tangible is a 
chemical. All that is good is chemical, just as all that is bad. All that is 
natural is chemical, just as all that is artificial.1

The fundamental physical nature of 
herbal medicine is chemical, as is the fundamental physical nature of the human 
body. In the chapters that follow, I shall discuss the constituents of plants 
that are often called the “active ingredients.” However, as I will contend often 
throughout this book, the effects of a plant can rarely be attributed to a 
single constituent. More often, effects are due to the various ways in which a 
whole plant complex interacts with the human body.

Consider the example of the widely used British herb meadowsweet (Filipendula 
ulmaria). As is discussed in chapter 26, it is used as a mild yet effective 
anti-inflammatory, astringent, and carminative agent. It is specifically 
relevant for the treatment of musculoskeletal inflammations, as well as a range 
of digestive problems, including children’s diarrhea. Theory tells us that the 
“active ingredient” of this herb is a group of compounds called salicylates, 
found in the aerial parts of the plant. Undoubtedly, salicylates play a vital 
role in the activity of meadowsweet, but they are also renowned for their 
unfortunate tendency to cause gastritis (inflammation of the gastric mucosa, or 
the lining of the stomach).

If we take the concept of active ingredients literally, meadowsweet should be 
contraindicated for people with gastric inflammation. However, the most common 
use of the herb is to mitigate arthritis pain, and it is usually taken by people 
who already have some degree of gastritis related to use of nonsteroidal 
anti-inflammatory drugs (NSAIDs). Clinical observation and historical tradition 
both confirm that meadowsweet can be very effective in reducing such gastric 
inflammation. So what is going on here? In the absence of detailed 
pharmacological research on the whole plant, we can only surmise that actions 
other than those of salicylates also contribute to the effects of this herb. 
Such cases inevitably lead the herbalist to conclude, “The whole is more than 
the sum of the parts.”

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 
echinacea (Echinacea spp.) and meadowsweet (Filipendula ulmaria).

	
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 effectors, and uses strong effectors only if 
absolutely necessary. In fact, potent effectors are hardly used at all in 
herbalism. They are, however, the foundation of pharmacological medicine.

The activity of most herbs is more complex than a mere representation of the 
effects of an “active ingredient.” 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 lutea)




	  Sesquiterpenes
	Clove (Syzygium aromaticum)




	  Sesquiterpene lactones
	Feverfew (Tanacetum parthenium)




	  Diterpenes
	Horehound (Marrubium vulgare)




	  Triterpenes
	Wild yam (Dioscorea villosa)



	 

	Phenolics


	  Simple phenolics
	Meadowsweet (Filipendula ulmaria)




	  Phenylpropanoids
	Turmeric (Curcuma longa)




	  Coumarins
	Angelica (Angelica archangelica)




	  Naphthoquinones
	Sundew (Drosera rotundifolia)




	  Anthraquinones
	Purging buckthorn (Rhamnus cathartica)




	  Flavonoids
	Hawthorn (Crataegus laevigata)




	  Isoflavonoids
	Red clover (Trifolium pratense)




	  Lignans
	Milk thistle (Silybum marianum)




	  Alkaloids
	Agrimony (Agrimonia eupatoria)




	 
	 



	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 classified as 
either primary or secondary metabolites. In all living beings, chemical 
compounds are synthesized and broken down via a series of chemical reactions, 
each mediated 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: sugars, 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 responsible 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, and their 
pathways of synthesis and utilization constitute secondary metabolism. Secondary 
metabolites are derived from primary metabolites but have a more limited 
distribution in the wonderful diversity of plants, often being restricted to a 
particular taxonomic group. These secondary compounds 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 environmental 
stressors, or serve as chemical defenses against microorganisms, insects and 
other predators, or even other plants.

The dividing line between primary and secondary metabolism is not absolute. 
For example, many steroid alcohols (sterols) have an essential structural role 
in organisms, and must therefore be considered primary metabolites.2 
In addition, these two types of metabolism are profoundly interconnected. 
Primary metabolism provides 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 shikimic 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 compounds of determined structure. The Dictionary of Natural 
Products, by far the most comprehensive database of natural products, lists 
170,000 compounds, but this covers all natural sources, including marine and 
microbial.3 
However, 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 activity 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 
fundamentally important primary metabolites known as carbohydrates 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 actions 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 implies 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 organic. That is, they are 
compounds that contain carbon and hydrogen. Compounds that are not organic are 
called inorganic. Some very simple carbon compounds, particularly those that do 
not contain hydrogen (carbon dioxide, chalk, and other carbonates, for example), 
are considered inorganic 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 indicates that the compounds contain 
carbon and hydrogen.

Carbon plays a special role in the natural world because it has a unique 
ability to form links with itself. A few other elements can link to themselves, 
but none as extensively as carbon, and none yields as many stable structures. It 
may be helpful to think of the organic compounds 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 chemically active 
parts of organic molecules. Their addition to a carbon frame results in the 
formation of a new compound with different functions and reactions from that 
associated with the bare hydrocarbon. Some principal functional groups are 
illustrated in table 3.2.

A carbon-carbon double bond is normally a chemically 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 together 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 active 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 networks. 
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.

[image: image]

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 that all four bonds are equally spaced 
about the central carbon atom, separated by 109.5-degree angles. This means that 
strings of hydrocarbons 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 ignores the atoms. As an example, consider benzene. 
The benzene molecule is a hexagonal arrangement of six carbon atoms and six 
hydrogen atoms.


[image: image]

Fig. 3.1. Benzene ring


[image: image]

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:


[image: image]

Fig. 3.3. Toluene
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Fig. 3.4. Carbon-carbon bonds of the toluene molecule

with the single spike representing a CH3 group.

Atoms other than carbon are always shown explicitly, as in allicin.
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Fig. 3.5. Allicin

This convention greatly simplifies the depiction of organic structures. In 
the following chapters, I have provided 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 symbol 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.

C6H10OS2

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 uncertainty principle. The spherical shapes represent 
an attempt 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 encounter 
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 
particular 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 fructoside (fructose).

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

isomers: Two or more compounds with the same molecular 
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 
electrons 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 between 
chemical structure and pharmacological activity for a series of compounds.
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CARBOHYDRATES

Carbohydrates are primary metabolites 
universally present in living beings on our planet. As the first product of 
photosynthesis, carbohydrates are the starting point for all phytochemicals, and 
also, by extension, 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 cellulose, a polymer of glucose, which is the main 
structural 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)

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



The name carbohydrate was originally assigned to compounds believed to 
be hydrates of carbon, of the general formula Cn(H2O)n. 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 carbohydrate 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 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 commonly 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 disaccharide 
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 variation 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.

Monosaccharides have three to nine carbon atoms, 
although five or six is most common.

Oligosaccharides are molecules formed by the 
combination of 10 or fewer monosaccharides. The bond between them is called a 
glycosidal bond. Disaccharides, a subcategory of oligosaccharides, are 
extremely important in nutrition.

Polysaccharides have 10 or more monosaccharide 
units. This group can be broken into subcategories of homopolysaccharides 
and heteropolysaccharides. 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.


Major Categories of Carbohydrates

Monosaccharides

Oligosaccharides

	Prebiotics


Disaccharides


	Lactose

	Maltose

	Sucrose



Polysaccharides (glycans)

Homopolysaccharides


	Glucans

	β-D-glucans

	Starches (amylose and amylopectin)

	Glycogen

	Cellulose

	Dextrans

	Fructans

	Galacturonans

	Inulins



Heteropolysaccharides


	Arabinogalactans

	Glucomannans

	Galactomannans

	Pectins

	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 Cn(H2O)n. 
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 theoretically exist in both a pyrano 
(6-membered) and furano (5-membered) ring form, although one or the other is 
usually favored. Glucose normally takes up the pyrano configuration, whereas 
fructose usually occurs in the furano form.
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Fig. 4.1. Pyrano (6-membered) and furano (5-membered) ring forms 
of D-glucose

To fully convey the chemistry and hence the biochemical 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 (C4H8O4)

These do not occur in free form in plants but play vital roles in 
the biosynthesis of polyphenols. Threose and erythrose are examples.

Pentoses (C5H10O5)

Ribose is a pentose monosaccharide that is found universally in 
nucleic acids. Arabinose and xylose are present in a range of polysaccharides as 
well as various glycosides.
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Fig. 4.2. Xylose C5H10O5

Hexoses (C6H12O6)

The hexoses glucose and fructose are the free sugars or 
monosaccharides that are found most often in plants, along with the disaccharide 
sucrose.
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Fig. 4.3. Galactose C6H12O6

Deoxysugars

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

2-deoxy-D-ribose (C5H10O4) 

L-rhamnose (C6H12O5)

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 (C6H13NO5) 

D-galactosamine (C6H13NO5)

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 
oligos, meaning “few”; oligosaccharides contain between two and ten sugar 
units. Their various names reflect the number of monosaccharides they contain, 
as in disaccharide (2 saccharides) and trisaccharides (3 saccharides).
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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 escape 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, 
hypolipidemic, and glucose-modulating activities.




POLYSACCHARIDES

Polysaccharides, also known as glycans, are defined as 
high molecular-weight polymers created through the condensation 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 L-iduronic acid), and amino sugars 
(D-glucosamine and D-galactosamine) also occur. Unlike oligosaccharides, many 
polysaccharides are insoluble in water.
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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 cartilage 
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 anticoagulant activity of heparin provide some specific examples.

Polysaccharides can be subdivided according to structure into 
homopolysaccharides and heteropolysaccharides.

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, mannans, 
and xylans.

Glucans

Although glucose is the most important sugar for energy 
metabolism in most cells, it is not present to any great extent in the form of a 
free monosaccharide. Cells store glucose 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 biosphere. It is 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 β-configuration 
instead of the α-configuration of starch and glycogen. Cellulose is 
insoluble in water because 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. 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.


Mycopolysaccharides

Mycopolysaccharides and polysaccharide-protein complexes make up 
the cell walls of various fungi. Their principal bioactive substances are 
believed to be the β-D-glucans.4 
The properties of the various myco-β-D-glucans depend upon a range of chemical 
characteristics, such as molecular weight, branching patterns, solubility in 
water, and tertiary structure.

Edible Fungi Rich in β-glucans



	
Agaricus blazeI (himematsutake)
	
Schizophyllum commune and



	
Auricularia auricula (wood ear)
	
Sclerotina sclerotiorum (button mushrooms)



	
Flammulina velutipes (enoki)
	
Tremella fuciformis (tremella)



	
Grifola frondosa (maitake)
	
Ustilago maydis (huitlacoche)



	
Lentinus edodes (shiitake)
	
Wolfporia cocos (poria)




Medicinal Fungi Rich in β-glucans 


	
Coriolus versicolor (coriolus mushroom) 
	
Ganoderma lucidum (reishi)



The mycopolysaccharides may have anticarcinogenic, 
immune-modulating, antimicrobial, anti-inflammatory, cardioprotective, 
hepatoprotective, nephroprotective, hypoglycemic, and anticaries effects.5 
An important example discussed elsewhere is lentinan, from Lentinus edodes. 
Please refer to chapter 9 for more information.



β-D-glucans

β-D-glucans, usually called β-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 β-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 β-glucan molecule, increasing its solubility and 
flexibility.

Oat bran contains more than 5.5% β-glucan, and rolled oats and whole oat 
flour about 4%. Oat β-glucan has cholesterol-lowering effects.1 
It has demonstrated some immune-enhancing effects and may be helpful for some 
people with diabetes.2, 3 
Please refer to chapter 9 for more information on β-glucans.

Dextrans

Dextrans are extracellular polysaccharides formed from sucrose by 
certain species of bacteria. They consist of linear 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 common in Asteraceae 
plants.

Inulins

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

Inulins are present in onions, leeks, garlic, bananas, asparagus, 
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 digested in the small 
intestine and fermented by a limited number of colonic bacteria. The sources of 
inulins marketed as nutritional supplements and functional foods are the roots 
of chicory (Cichorium intybus) and Jerusalem artichoke (Helianthus 
tuberosus).

Inulins may have antitumor, antimicrobial, hypolipidemic, and hypoglycemic 
properties. They may also have antiosteoporotic activity, as they appear to help 
improve mineral absorption and balance.6

Herbs Containing Inulins

Arctium lappa (burdock)

Cichorium intybus (chicory)

Cynara scolymus (globe artichoke)

Echinacea spp. (echinacea)

Inula helenium (elecampane)

Taraxacum 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 interactions among free proteins or proteins attached to 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 attached. 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 repeating 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 conformation, which increases their spheres of 
influence and generates a high viscosity in the surrounding region.

Glycosaminoglycans are usually found in extracellular spaces, where they 
produce a viscous matrix that resists compression. This matrix confers many 
benefits: It can allow a passageway for cell migration, create lubrication 
between joints, and provide rigidity to structures such as cartilage 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.
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Fig. 4.6. Hyaluronic acid

Hyaluronic acid is a universal component of the extracellular 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 extracellular matrix. Hyaluronic acid solutions have remarkable 
viscosity and tensile properties. When no pressure 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 connective tissue. Hyaluronic acid plays 
an important role in tissue 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 composed of D-galactose and L-arabinose 
residues in the form of a β-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 proteins. 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 carrots, radishes, tomatoes, 
pears, and wheat, among other plant foods. Gum arabic, a common food additive, 
is composed of highly branched arabinogalactan. Arabinogalactans are also found 
in medicinal plants, such as Echinacea spp., and in the medicinal 
mushroom Ganoderma lucidum. Arabinogalactans are thought to 
contribute 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 
arabinogalactan 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 immune-system components. In other laboratory studies, 
it inhibited the metastasis of tumor cells to the liver.7, 8

Glucomannans

A glucomannan is a hydrocolloidal polysaccharide composed of 
D-glucose and D-mannose residues bonded together in β-1,4 linkages. 
Approximately 60% of the polysaccharide 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 philodendron 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 α-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 concerned with 
the structure and metabolism of saccharides that are covalently attached to 
proteins (as in glycoproteins) 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 sugars 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 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 contain, 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 extreme, we have proteins that contain some 800 
saccharide chains in each molecule, such as sheep submaxillary mucin. Attachment 
of sugars to proteins increases the solubility 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 connective tissue, including the 
chondroitin sulfates, heparin, and keratan sulfate. To distinguish them from 
other glycoproteins, they are called proteoglycans and their carbohydrate 
chains glycosaminoglycans.

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

Another constituent common to most mucopolysaccharides is sulfate groups, 
linked by ester bonds to the hydroxyl 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 particularly 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 Carbohydrates

1. Physicochemical properties of glycoproteins (viscosity)

	Activity of cells and tissues


2. Molecule-membrane interactions


	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 compounds 
that contain a sugar unit attached to a noncarbohydrate 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 perspective, 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 absorbable, and 
thus the aglycone is more readily bioavailable. This increased bioavailability 
appears to be the reason 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 different chemical and physiological effects. The most common 
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 α- or a β-glycoside; β-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
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Fig. 4.7. Arbutin
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Fig. 4.8. Salicin

Flavonoid Glycoside: Rutin
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Fig. 4.9. Rutin

Anthraquinone Glycoside: Sennoside A
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Fig. 4.10. Sennoside A

Steroid and Saponin Glycoside: Ginsenosides
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Fig. 4.11. 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 
poison, 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 releases 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.
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Fig. 4.12. 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.9 
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.

Amygdalin

Amygdalin was first isolated from bitter almonds, the seeds of 
the tree Prunus dulcis var. amara. The sugar moiety 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 toxicity 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 restricted.10

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 (Pteridium 
aquilinum).11 
In small quantities, prunasin exhibits expectorant, sedative, and digestive 
properties. Prunasin is the main active principle of wild cherry bark (Prunus 
serotina), used as an expectorant, antitussive, and flavoring agent in cough 
syrups.
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Fig. 4.13. Prunasin metabolism

Glucosinolates

The glucosinolates, also called isothiocyanates, are glycosides 
that are not toxic per se but release the volatile oils commonly known as 
mustard oils upon enzymatic hydrolysis. 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 β-thioglucoside N-hydroxysulfates, which are primarily 
found in cruciferous vegetables, such as cabbage, broccoli, brussels sprouts, 
cauliflower, bok choy, and kale.

Chemically, glucosinolates are nitrogen-sulfur compounds 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 sinigrin 
and glucocapparin. A typical benzyl derivative is sinalbin, and an indole 
derivative is glucobrassicin.12
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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 families 
in the same order, Capparales, to which Brassicaceae belongs: Capparidaceae, 
Moringaceae, Resedaceae, Stegnospermataceae, and Tovariaceae. There are several 
unrelated occurrences, notably in the genera Carica (Caricaceae), 
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 function 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 mustard 
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 bronchioles, although care must be taken not to irritate the 
skin. Taken internally, the compounds serve as effective decongestants 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 harnessed therapeutically in cases of hyperthyroidism.

Dietary intake of glucosinolates (in the form of broccoli, 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 P450 
enzymes involved in the detoxification processes. They inhibit procarcinogen 
activation 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.13

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. 
capitata). Sinigrin and its breakdown product, allyl isothiocyanate, which 
is formed during hydrolysis, are volatile, intensely pungent, and responsible 
for the biting taste of mustard.14
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Fig. 4.15. Sinigrin and sinalbin

Indole-3-Carbinol

Indole-3-carbinol is a breakdown product of the glucosinolate 
glucobrassicin, also known as indole-3-glucosinolate.
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Fig. 4.16. Glucobrassicin

While glucosinolates themselves have minimal anticancer activity, 
indole-3-carbinol may have chemopreventive properties.15 
Indole-3-carbinol is produced from indole-3-glucosinolate via the action of the 
enzyme myrosinase (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.16 
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 
consist of monosaccharides and uronic acid units.

The term mucilage is loosely used, often interchangeably with gum. 
Chemically, mucilage is closely allied with gums and pectins, but differs in 
certain physical properties. While gums swell in water to form sticky, colloidal 
dispersions and pectins gelatinize in water, mucilages form slippery, aqueous 
colloidal dispersions that are optically 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 exudates, which are 
formed as a result of bacterial or fungal action after mechanical injury.

Mucilage is a naturally occurring organic plant constituent 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 associated 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 thickeners 
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 aqueous 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 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 mannuronic acid. Hydrolysis of mucilages yields 
pentoses and hexoses, the most common being arabinose, galactose, glucose, 
mannose, rhamnose, and xylose.
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Fig. 4.17. d -mannuronic acid

The physical properties of mucilages are more important than their chemical 
properties. They are quite indigestible; however, even if polysaccharides were 
broken down in the digestive tract, the breakdown products, sugars 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 
cholesterol, and its hydrophilic properties produce a sensation of fullness in 
the stomach without adding calories, making 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 emollient when it comes in 
direct contact with mucous membrane surfaces or skin. Here they produce a 
coating of “slime” that soothes and protects exposed or irritated surfaces of 
the gastrointestinal tract. They are used extensively in the management of 
inflammatory digestive disorders, 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. 

Antidiarrheal: 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 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 cambium 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 
building blocks of which are D-galactose, L-arabinose, L-rhamnose, and 
D-glucuronic acid.17
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Fig. 4.18. General structure of arabic acid (A = L-arabinose, R = 
L-rhamnose, G = D-galactose, U = D-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 
manufacturing, gum acacia is used as an emulsifier, as a constituent of 
suspensions, and in tablet production.

Tragacanth USP

Tragacanth is the gummy exudate from Astragalus gummifer 
and other Asiatic species of 
Astragalus.18 
When introduced into water, tragacanth absorbs a certain proportion 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 separates 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 excellent pill excipient. Tragacanth 
is also used as a suspending agent in lotions, mixtures, and various other 
preparations and prescriptions. It is used with emulsifying agents largely to 
increase consistency and retard creaming. The jellylike product formed when the 
gum is allowed to swell in water serves as the basis for pharmaceutical 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 β-1,4-linked D-mannose linear polysaccharide with an α-1,6-linked 
D-galactose residue attached to every other D-mannose unit.
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Fig. 4.19. 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.19

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 
mucilage 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 substance 
obtained from various species of red algae, including Gelidium amansii, G. 
cartilagineum, and G. divaricatum. The main constituents of the product are 
two polysaccharides:20
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 indigestible and passes through the gastrointestinal 
tract almost unchanged. It undergoes little if any breakdown by intestinal 
microorganisms, which may account for its relatively low activity in the bowel. 
It acts solely through its ability to absorb water and swell within the 
intestine.
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LIPIDS

Lipids are a large and diverse class 
of organic molecules found in living systems. Most are insoluble 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 important 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, cerebrosides, gangliosides, and sphingomyelins), steroids 
and their derivatives, terpenes and their derivatives, certain aromatic 
compounds, and long-chain alcohols and waxes. Often lipids are found conjugated 
with proteins or carbohydrates, and the resulting substances are known as 
lipoproteins and lipopolysaccharides. The fat-soluble vitamins can 
also be classified as lipids. The material in this chapter 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 properties, 
chemistry, biological function, or occurrence, is arbitrary. The classification 
of lipids can be based on their physical properties, chemical structure, 
biological function, or occurrence. This makes the choice of classification 
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

	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 functionalized forms, these are the 
lipids we know as fatty acids.




FATTY ACIDS

Fatty acids are C10 to C20 straight-chain 
compounds that have a single carboxyl radical. They play a profound nutritional 
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 Δ and the number of the first carbon of the double bond. Thus, 
palmitoleic acid is a 16-carbon fatty acid with one site of unsaturation between carbons 9 and 10, and is 
designated by 16:1Δ9. 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 significantly lowers 
the melting point relative to that of saturated fatty acids.


Structural Classification of Lipids

Fatty acids


	Saturated fatty acids

	Unsaturated fatty acids

	Branched-chain fatty acids

	Hydroxy fatty acids, including prostaglandins



Lipids containing glycerol


	Mono-, di-, and triacylglycerols 
(acylglycerols)

	Glyceryl ethers (alkoxydiglycerides)

	Glycosylmono- and glycosydiacylglycerols

	Phospholipids (phosphatides)

	Plasmalogens (acetal phosphatides)



Lipids containing sphingosine


	Sphingomyelins

	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



[image: image]

Fig. 5.1. Palmitoleic acid

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 unsaturated 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 fatty 
acids, as they must be provided in the diet. Since plants are capable of 
synthesizing linoleic and linolenic acid, humans can acquire these fats either 
by consuming a variety of plants or by eating the meat of animals that have 
consumed 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, but include such 
clinically important molecules as chaulmoogric and hydnocarpic acids, which are 
discussed later in this chapter.
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Occurrence and Distribution

In plants, fatty acids occur mainly in bound form, esterified 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 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 essential human dietary requirements. 
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Certain polyunsaturated fatty acids cannot be synthesized by humans and 
therefore must be supplied in food. These are the essential fatty acids, 
distinguished by double 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 include borage (Borago 
officinalis), evening primrose (Oenothera biennis), black currant 
(Ribes nigrum), and hemp (Cannabis sativa).1

GLA is an omega-6 (Ω;-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 prostaglandins, LA 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.
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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 contains up to 20% of the omega-3 (Ω;-3) 
polyunsaturated fatty acids alpha-linolenic (ALA) and linoleic acids. Research 
suggests that black currant oil has antithrombotic and anti-inflammatory 
actions. 2, 3

Borage Oil

Borage oil, from the seeds of Borago officinalis, is a 
rich source of GLA. The amount of GLA in borage oil, measured as the percentage 
of total fatty acid content, ranges from about 20% to 27%. Borage oil also 
contains approximately 10% alpha-linolenic acid (ALA).4

Evening Primrose Oil

Evening primrose oil, from the seeds of Oenothera biennis, 
contains approximately 7% to 14% GLA and about 10% linolenic acid.5 
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.6 
It is approved in the United Kingdom as a pharmaceutical treatment for mastalgia 
and for atopic dermatitis, particularly to help with itching.7

Alpha-Linolenic Acid

Alpha-linolenic acid (ALA) is an omega-3 (Ω;-3) polyunsaturated 
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 antiatherogenic properties. ALA metabolites may also 
inhibit the production of the pro-inflammatory eicosanoids, prostaglandin E2 
and leukotriene B4, as well as the proinflammatory cytokines, tumor 
necrosis factor-α, and interleukin β1.

The incorporation of ALA and its metabolites into cell membranes can affect 
membrane fluidity, which may play a role in the anti-inflammatory and 
antiplatelet actions of ALA. The Mediterranean diet, high in ALA, appears to 
lower the risk of coronary artery disease and certain types of cancer.8

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 diglycoside, a type of 
phytoestrogen known as a lignan, in varying amounts. Flaxseed oil may have 
anti-inflammatory, antithrombotic, and antiproliferative activities.9

Chaulmoogric acid

Chaulmoogric acid, or (S)-13-(cyclopent-2-enyl) 
tridecanoic 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.10
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Fig. 5.3. Chaulmoogric acid

Prostaglandins

Prostaglandins can be regarded as derivatives of prostanoic acid. 
Prostanoic acid is not found in living tissue, 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 E1, E2, F1, 
F2, and so on.

Prostaglandins occur in practically all tissues. However, they are not 
stored, but synthesized from the corresponding polyunsaturated C20 
fatty acids only when needed. Depending on the organ, they show a variety of 
physiological effects, discussed in detail in chapter 9. For example, PGE2 
is a vasodilator and bronchodilator, and PGF2 is a vasoconstrictor 
and bronchoconstrictor.
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Fig. 5.4. Prostaglandin E2

Thromboxanes and prostacyclins are related to the prostaglandins. Thromboxane 
B2 is the metabolic product of the unstable thromboxane A2, 
which induces platelet aggregation. The prostacyclin (also known as 
prostaglandin PGI2) formed in the blood vessel wall, on the other 
hand, prevents platelet aggregation.
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Fig. 5.5. Prostacyclin
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Fig. 5.6. Thromboxane B2

In addition to prostaglandins, the monohydroxy-(e)-icosatetraenoic acids 
(HETE) and the leukotrienes are also derived from arachidonic acid. 5-HETE and 
leukotriene B4 (LTB4) play a part in the regulation of 
neutrophil and eosinophil function, while the sulfidopeptide leukotrienes (LTC4, 
LTD4, LTE4, and LTF4) are important smooth 
muscle antispasmodics.
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Fig. 5.7. 5-hydroxy-(e)-icosatetraenoic acid




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 exclusively of triacylglycerols 
(neutral fats), along with traces of mono- and diacylglycerols. The latter two 
esters, however, are formed in the intestine during digestion and absorption of 
triacylglycerols, and therefore may also be found among circulating lipids in 
plasma.

Natural fats may be solid or liquid at room temperature. At least 5 and up to 
12 or more different fatty acids occur in these fats, which are a mixture of 
extremely diverse 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 proportion 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 tertiary alcohol functions.

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; 
occasionally, 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 example, 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 moisture. 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.11 
These compounds, found in the oil of poison ivy and poison oak, produce contact 
dermatitis and are discussed in more detail in chapter 10.
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Fig. 5.8. Urushiol III




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 breakdown 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 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. heterophylla.12 
See chapter 6 for a detailed discussion on these compounds.
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Fig. 5.9. Heptane

The primary source of saturated hydrocarbons in living 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 hormone, and isoprene is the building block of the 
whole gamut of terpenes, discussed in chapter 6.
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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 hemlock (Cicuta virosa). Others, such as the 
antifungal compound wyerone found in broad beans (Vicia faba), act as 
phytoalexins that protect the plant against fungal pathogens.
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Fig. 5.11. Acetylene
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Fig. 5.12. Cicutoxin


[image: image]

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 Asteraceae, and most are found in the 
Anthemideae and Heliantheae tribes. Eighty different acetylenic alkamides have 
been isolated from these tribes. This structural diversity stems from various 
combinations of 14 amine and 85 acid moieties. Such diversity provides valuable 
chemotaxonomic 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 medicinally since ancient 
times, especially in cases of toothache. The position of double bonds and 
isomerism both play important roles in the physiological and insecticidal 
activities of the alkamides. A representative alkamide is affinin, which is 
found in the roots of the Mexican silagogue 
Heliopsis longipes.13

Most of the alkamides have been isolated from the Anthemideae and Heliantheae 
tribes of the family Asteraceae. Within these taxa, distribution is mainly 
confined to a few closely related genera.
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Fig. 5.14. Affinin.

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.
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Fig. 5.15. Spirolaurenone

Alcohol Hydrocarbons

These are hydrocarbons that contain a hydroxyl group as part of 
the molecule. If biosynthetically derived from isoprene, alcohol hydrocarbons 
may be considered acyclic terpenes (for example, geraniol), which are discussed 
in chapter 6. A nonterpenoid example is octanol (caprylic alcohol). This 
volatile substance is a component of many orchid flower scents and is used in 
perfumery.
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Fig. 5.16. Geraniol

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 antidiabetic, 
antihypertensive, antibiotic, and hypolipidemic activities. It also enhances 
fibrinolytic activity in the blood and inhibits platelet aggregation.14
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Fig. 5.17. 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

The terpenes, also known as 
isoprenoids, are the largest group of secondary plant metabolites. More than 
20,000 structures have been described.1 
The name terpene comes from turpentine, which in turn comes from 
the old French ter(e)binth, meaning “resin.” They are all derived 
chemically from 5-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 
metabolism 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.

	α-santonin is one of the anthelmintic components of Artemisia spp.

	Artemisinin, from Artemisia annua, is active against malaria, 
including strains that have developed resistance to quinine derivatives.

	Pyrethrins from Tanacetum cinerariifolium 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 assembled and modified in thousands of different ways, 
allowing 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.2

[image: image]




MONOTERPENES

Monoterpenes, the C10 representatives of the terpenoid 
family, are derived from the union of two isoprene precursors joined head to 
tail. Monoterpenes and the related sesquiterpenes are important components of 
plant essential oils, or volatile oils. Monoterpenes tend to occur in members of 
certain plant families, such as Lamiaceae, Pinaceae, Rutaceae, and Apiaceae, 
from which many essential oils are commercially produced.3 
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 secretory structures, 
such as oil cells, glandular hairs, and resin ducts. In plants, they are 
believed to help attract pollinators 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 crystalline. 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




Optical isomerism is a common feature of monoterpenes, 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 displaying 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 
aurantium var. amara) and in oils of caraway (Carum carvi) and 
dill (Anethum 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 flavor foods and beverages. In addition, this 
molecule has attracted much research attention as a representative monoterpene.4 
It has demonstrated potential cancer-preventive properties, antineoplastic 
activity in both pancreatic and breast cancer, and clinical application as a 
solvent of gallstostones.
5, 6, 7 
Pure limonene may be irritating to the skin.8

Structural Classification of Monoterpenes
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Fig. 6.2. Geraniol
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Fig. 6.3. Limonene
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Fig. 6.4. Borneol
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Fig. 6.5. Pyrethrin
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Fig. 6.6. Limonene
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Fig. 6.7. β-phellandrine
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Fig. 6.8. α-pinene

β-phellandrene

β-phellandrene is a very common constituent of essential oils. 
One isomeric form occurs in the volatile oils of several 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).9 
It has expectorant properties and is abundant in pharmaceutical pine needle oil.

α-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.10 
It is used in the manufacture of camphor, insecticides, perfume bases, and 
synthetic pine oil.11

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 esters, 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.12
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Fig. 6.9. Borneol
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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.13

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. aurantium var. amara), and many 
other essential oils.

Linalool is antiseptic and fungistatic; it also has sedative properties.14 
It is used in perfumery as a substitute for bergamot and French lavender oils.15
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Fig. 6.11. Linalool
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Fig. 6.12. Menthol

Menthol

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

Used as an inhalant, menthol helps to relieve symptoms of bronchial and nasal 
congestion, and acts as a carminative and gastric sedative when used internally. 
Applied topically, it has antipruritic, analgesic, and antiseptic effects.16 
However, it can give rise to rare hypersensitivity 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 Lamiaceae 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.17
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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 aldehyde is RCHO, in which R is hydrogen or an alkyl or aryl 
group. Low-molecular-weight aldehydes, such as formaldehyde and acetaldehyde, 
have sharp, unpleasant odors. Higher-molecular-weight aldehydes, such as 
benzaldehyde and furfural, have pleasant, often flowery odors and are found in 
essential oils.
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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 properties. It is used in soap, 
perfumes, and as an insect repellent.18

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 a rubefacient. It is 
initially 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.19
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Fig. 6.15. Camphor
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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.20 
It is used in the manufacture of liqueurs, for flavoring confectioneries, and in 
perfumes and soaps.

Phenols

The isoprene units in monoterpene phenols are assembled so that 
there is a benzene ring in the molecule to which a hydroxyl group is attached.
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Fig. 6.17. Carvacrol
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Fig. 6.18. Thymol
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Fig. 6.19. 1,8-cineole
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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 times the 
activity of phenol. It also shows antifungal and anthelmintic properties. It is 
used commercially in mouthwashes.21

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.22 
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 activities, and also 
shows cockroach-repellent activity.23

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 convulsions.24 
(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 derived from 
monoterpene precursors. They are found in about 70 families of flowering plants 
distributed in 13 orders.25 
They are characterized by a cyclopentanodihydropyran ring, shown below with the 
numbering system used in iridoid nomenclature.26

The term iridoid comes from iridodial, a compound first found 
in the defense secretions of the fire ant, Irido myrmex. Similar 
structures occur in the defense secretions of other ants, stick insects, and 
beetles.
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Fig. 6.21. Cyclopentanodihydropyran ring
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Fig. 6.22. Iridodial

There is no consensus on the classification of iridoids, of which more than 
1,000 have been identified. In The Dictionary of Natural Products, three 
subcategories are described.27

Iridoid Glycosides

Iridoid glycosides, or iridoids proper, are lactones, often with 
glucose attachment to the hydroxyl group of the lactone ring. The aglycones are 
usually highly unstable, and herbarium specimens containing iridoid glucosides 
also often turn dark as they dry.28 
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.29 
The valepotriates, such as valtrate from Valeriana officinalis, also 
possess this action. These mainly nonglucosidic iridoids are sedatives.30
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Fig. 6.23. Aucubin


[image: image]

Fig. 6.24. Nepetalactone
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Fig. 6.25. Valtrate

Secoiridoids

Secoiridoids are distinguished by an open 5-membered ring. They 
are biosynthetic precursors of terpene alkaloids, and often occur with their 
related alkaloids. Gentiopicrin is a good example.31
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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.32 
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).

Iridoids that are found as glycosides, such as fulvoplumierin and allamandin, 
have demonstrated antimicrobial or antileukemic activities in laboratory 
studies.33 
Aucubin and various other iridoid glucosides show laxative 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 laxative action.34
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Fig. 6.27. Asperuloside

Aucubin

Common in many families of dicotyledons, aucubin has laxative and 
diuretic properties. The aglycone, aucubigenin, shows antimicrobial and 
antitumor activities, but is toxic to mammals.35

Gentiopicrin (gentiopicroside)

This is found in the roots of Gentiana lutea and in other 
plants of the Gentianaceae family. It has demonstrated antimalarial activity.36

Harpagoside

Found in the roots of devil’s claw (Harpagophytum procumbens), 
in the rhizomes of Chinese figwort (Scrophularia buergeriana), and in 
some Lamium species, harpagoside demonstrates analgesic activity.37 
It is also extremely bitter.
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Fig. 6.28. Harpagoside
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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.38
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Fig. 6.30. Verbenalin

Verbenalin

Verbenalin is found in Verbena officinalis. Its activity 
weakly resembles that of ergot in promoting uterine contractions. It is also a 
mild parasympathomimetic agent, gently relaxing the autonomic nervous system.39




SESQUITERPENES

The sesquiterpenes are derived from three isoprene units. Based 
on biogenetic origin, there are more than 200 different structural types of 
sesquiterpenes, and several thousand such compounds are known.40

Classification of Sesquiterpenoids

These compounds can be conveniently classified into three main 
groups according to structure: acyclic (e.g., farnesol), monocyclic (e.g., 
bisabolol), and bicyclic (e.g., caryophylene).
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Fig. 6.31. Farnesol
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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 competing for growing space and resources. Plants that employ 
allelopathy include black walnut, Artemisia species (wormwood and various 
sagebrushes), sunflower, and tree of heaven.

	Sesquiterpenes can act as fungal pheromones, or chemical attractants. 
For example, sirenin is involved in the attraction of gametes in fungi of the 
genus Allomyces. 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 infestation in plants.

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



β-caryophylene

β-caryophylene occurs as a mixture of α-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. α-caryophylene is synonymous with humulene. β-caryophylene 
is widely used in perfumery.41
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Fig. 6.33. Caryophylene
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Fig. 6.34. Chamazulene

Chamazulene

Chamazulene is a component of the blue oil produced by steam 
distillation of chamomile (Matricaria 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 antipyretic 
activities.42

Gossypol

Gossypol occurs in a racemic form in the seeds of cotton (Gossypium 
spp.), meaning that it is a mixture of dextrorotatory 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.43
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Fig. 6.35. Gossypol
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Fig. 6.36. Guaiazulene

Guaiazulene

Guaiazulene is a component of the blue oil produced during the 
steam distillation of chamomile (Matricaria recutita) and guaiac wood (Guaiacum 
officinale or G. sanctum), formed from structurally related 
substances present in these plants. It has anti-inflammatory activity.44

Humulene

This is a constituent of many essential oils, including hops (Humulus 
lupulus). Humulene is used in perfumery.45
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Fig. 6.37. Humulene
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Fig. 6.38. Zingiberene

Zingiberene

Zingiberene occurs in the rhizomes of ginger (Zingiber 
officinale) and in the related Curcuma species. Oil of ginger has a 
carminative activity. It is used as a flavoring agent.46




SESQUITERPENE LACTONES

Sesquiterpene lactones are a class of natural sesquiterpenes, 
distinct from other members of the group because of the presence of an α-lactone 
system.
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Fig. 6.39. Sesquiterpene lactone skeleton

Sesquiterpene lactones are biologically very active. Some are highly toxic to 
mammals, 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.47

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 trichomes. When touched, the glands 
release the sesquiterpene lactones, which then elicit their various biological 
or pharmacological effects.

Sesquiterpene lactones are frequently present in mixtures of up to 15 
components per plant species. Infraspecific variations can occur, notably in 
some Artemisia and Ambrosia species.

Classification of Sesquiterpene Lactones

Sesquiterpene lactones are classified into four major groups.


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

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

	Guaianolides, with a 5-membered ring fused to a 7 and a methyl substituent 
at C-4

	Pseudoguaianolides, which have the same characteristics as guaianolides, but 
with a methyl substituent at C-5 (e.g., ambrosin)
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Fig. 6.40. Germacranolide
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Fig. 6.41. Eudesmanolide
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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 structureactivity relationships that 
show that all cytotoxic, antileukemic, tumor-inhibiting, and immunostimulating 
sesquiterpene lactones have an α,β-unsaturated exocyclic lactone.48

Various sesquiterpene lactones exhibit antibacterial, antifungal, 
anthelmintic, antihyperlipidemic, and cardiovascular properties, and some show 
anti-inflammatory activity.49 
Judaicin, found in Artemisia judaica, has demonstrated 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 antimigraine activity are classified as 
germacranolide-type sesquiterpenes.

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 
amarum (bitter sneezeweed) and hymenoxon in Hymenoxys odorata (bitter 
rubberweed). Mammalian toxicity has also been attributed to alantolactone from 
elecampane (Inula helenium).50 
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.51 
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 (Trollius europaeus)

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.52
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Fig. 6.43. Absinthin
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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 antiinflammatory properties.53
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Fig. 6.45. Alantolactone
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Fig. 6.46. Artemisinin

Alantolactone

Alantolactone occurs in oil of elecampane (Inula helenium) 
and other Inula species. Helenin (a mixture of alantolactone and 
isoalantolactone) has antibacterial and antifungal activities. Although 
alantolactone causes allergic contact 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).54
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Acylglycerols

Acylglycerols are formed by esterification of glycerol with one, two, or three fatty acids, yielding a mono-, di-,
or triacylglycerol, respectively.
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| | | | |
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Table 4.1. Disaccharides and Trisaccharides

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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Table 3.2. Representative Functional Groups

GROUP STRUCTURE
Hydroxyl/alcohol R
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Double bond \C:C
/

Triple bond — C—C—
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Table 5.1. Saturated Straight-Chain Acids

COMMON NAME  SYSTEMIC NAME ~ STRUCTURAL FORMULA
Butyric n-tetranoic CH;[CH,],COOH
Isovaleric 3-methy-butanoic  [CH;],CHCH,COOH
Caproic n-hexanoic CH;[CH,],COCH
Caprylic n-hexanoic CH,[CH,],COCH
Capric n-octanoic CH;[CH,]sCOCH
Lauric n-decanoic CH;[CH,];,,COOH
Myristic n-tetradecanoic CH;[CH,],,COOH
Palmitic n-hexadecanoic CH,[CH,],,CO0H
Stearic n-octadecanoic CH;[CH,],,COCH
Arachidic n-eicosanoic CH;[CH,];sCOCH
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Major Groups of Terpenoids

A

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
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Table 5.2. Unsaturated Straight-Chain Acids

COMMON NAME NUMBER OF UNSATURATED BONDS STRUCTURAL FORMULA

Palmitoleic 1 CH,[CH,J;CH=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
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