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“Dr. Schnaubelt shows a cutting-edge aromatherapy perspective in this book and gives us many answers to deeply understand the co-evolution of plants and human beings.”
AYAKO BERG, LONDON 
SCHOOL OF AROMATHERAPY, JAPAN
“Kurt Schnaubelt continues his professional validation of essential oils as serious health care products. Using in-depth but approachable science, Schnaubelt shows how humans and plants have evolved together, supporting and influencing each other’s development and well-being over millennia. Each section of this beautifully illustrated book covers a different area of aromatherapy study, from how to recognize authentic oils to recipes for basic health issues and all interspersed with delightful “Essential Oil Journeys” that trace the use of plant essences around the world. Suitable for professional therapists of all kinds while still accessible to the home practitioner, The Healing Intelligence of Essential Oils is destined to become a well-thumbed classic in every health library.”
SUZANNE CATTY, AUTHOR OF 
HYDROSOLS: THE NEXT 
AROMATHERAPY
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INTRODUCTION
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Spices provided the major incentive for voyaging into the 
unknown.
JOHN KEAY
The initial impulse to learn about aromatherapy is almost always instinctual.
Courses, instructors, and books satisfy this impulse, yet learning
about aromatherapy and using essential oils almost always turns into a
dynamic process. It generally begins with a little experimentation, such as
using oils for relaxation or a herpes treatment. With a little luck there is
some success and we feel encouraged to continue. If we are open-minded
and not too dependent (physically, mentally, or psychologically) on conventional
drugs, we notice that taking care of common ailments with
essential oils and other natural means leads to a state of better health.
UNDERSTANDING AROMATHERAPY
Aromatherapy is not a luxury. It is
an inexpensive way to maintain
health and to treat many diseases
naturally.
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In the best case, the process of using essential oils leads to a state
in which we have enough self-confidence to maintain our own health
without continuously consulting the conventional medical machine.
Conventional medicine, with its technology and drugs, is something we
generally use when we think we must, when we think that more natural
ways are not sufficiently effective. Indeed, it has crucial benefits under
certain circumstances. But at the same time, we know it is as overdone
and self-defeating as a Ferrari without gasoline. It disempowers us if we
attach too much of our well-being to it.
So it is a real advantage when we eventually reach sufficient equanimity
and inner peace to know when to consult the conventional system and
when to rely on ourselves and on natural healing instead. There is no substitute
for cultivating an understanding of the natural way our soul and
body works and how that precious natural balance can be maintained.
One of the barriers to our gaining that understanding arises from
our cultural norms, which have made us worried about essential oils. They are seen as potentially too strong, but nevertheless we are concerned they will fail us when challenged by serious conditions. Somehow we think “medicine” when we think of essential oils. We think of doctors who disapprove.
But we can be guided by remembering that there are other plant products to which we have developed a more relaxed relation, such as tea, made by steeping the leaves of Camellia sinensis in hot water. And what diversity there is in tea: Ceylon, Assam, Darjeeling, Japanese, Oolong, Ti Kuan Yin, Keemun, and so on. The list is long and tea enthusiasts know that all these teas taste different and have wildly different physiological effects. The dramatic health benefits of green tea are acknowledged without controversy, probably because nobody ever wrote a book called “teatherapy.”
But just like we will not discover the wonderful varieties of tea if we stay with English Breakfast tea bags forever, we will not discover the true benefits of essential oils unless we explore the real beauty that lies in their authenticity. As we are inspired to explore essential oils more deeply, it is natural that we do so in ways that correspond to our use of conventional medicines. Connecting the old with the new, we begin to use antibacterial oils instead of antibiotics, because research shows that some essential oils are indeed effective against pathogenic bacteria. By using them we begin to avoid the negative side effects of antibiotics—a crucial step to better health, as it leads to a significantly improved immune response. As we move along, more questions arise. A crucial question in aromatherapy is what those essential oils really are.
Here we are constricted by another of the ways in which our culture stifles the experience of refined and complex natural products: the conceptual reduction of everything to one—generally bad—substance or culprit. Some will say they cannot drink tea because they cannot drink caffeine. Similarly wine is dismissed as “alcohol.” As a consequence we often remain stuck with grossly simplified concepts of tea or wine—or, for that matter, essential oils. This is also reflected in the way these products are homogenized by industrial production. Instead of allowing the enormous variety in flavor and effect that nature presents, white wine in California is made to taste uniformly “fruity,” no matter what the label claims. Instead of presenting an opportunity to enjoy the breadth of essential oil diversity, the bulk of Rosemary essential oil on offer is a standardized liquid engineered to cost no more than $45 a pound.
This book offers a unique approach by providing the vital context for the use of essential oils revealed by the new insights about aromatherapy arising today, mainly from the different branches of biology. In particular, discoveries about the origin of the physiological activity of plant substances have been very illuminating. Essential oils provide the most benefits for those who like to live in harmony with nature and find moderation and humility vis-à-vis creation desirable. Like exploring the world of tea, we can experience the refinement and finesse of essential oils instead of constantly talking about their potential hazards.
One of the ways to explore is to read books that tell us what to do with oils and what not to do. In the past, aromatherapy texts mainly instructed an aromatherapist on how she or he should practice. The aim of this book is to make it easier for the lay individual to self-medicate with essential oils. This individualized form of aromatherapy focuses more on exploring essential oil efficacy and less on formulating claims. This book aims to present this—almost underground—form of personal aromatherapy with its stunning benefits.
It will also highlight the continuously evolving scientific proof for new therapeutic possibilities.
How to Use this Book
Part 1, “Understanding the Language of Plants: The Science of Aromatherapy,” presents an entirely new take on the theory of aromatherapy, exploring recent findings at the interface of evolutionary biology, cellular biology, and pharmacology, shedding light on the enormous importance the particular plant substances known as secondary metabolites*1 have for human health. These findings also highlight so far unrecognized qualities of multicomponent mixtures, such as essential oils, which hold distinct advantages over single component substances, such as drugs.
Part 2, “Exploring Authentic Essential Oils: Recognizing Authenticity, Safety, Diversity, Fragrance,” offers guidelines for determining the authenticity of an essential oil and establishes the importance of using authentic oils. It also addresses the mostly false warnings about risks associated with the use of essential oils, while at the same time clearly noting the few areas of real concern and providing techniques for safe use. Presentations of the diverse influences that have shaped aromatherapy
offer insights into its efficacy. You will also find hints for actualizing
an aromatherapy lifestyle. Finally, part 2 explores the role played
by fragrance.
If you are in need of a remedy, you can turn directly to part 3,
“Healing with Essential Oils: Treatment Strategies and Protocols,” to
discover which essential oils have been found helpful for specific conditions,
and ways to apply them. The recipes range from topical and
internal applications, to the use of essential oils in easing side effects
of conventional cancer treatment and hepatitis, to suggestions derived
from Chinese medicine for treatment of autoimmune diseases.
Accompanying the text throughout you will also find “Essential
Oil Journeys” to guide your personal exploration of essential oils; each
journey will connect you to one or more essential oils and the cultural
diversity of the plant-human interface in which they have flourished.
In addition to the primary text in the center columns of this book,
you will also find related short topics in the side panels. The side panels
and boxes are divided into six categories, which are color-coded:
	PLANTS IN ARTS AND CULTURE: Humans have always connected
with plants on many different planes. The purely medicinal approach
to plants, essential oils, and aromatherapy is rather self-limiting. To
free the study of aromatherapy from the exclusive rule of dry data we
shall visit examples of the many different ways in which plants have
been, and still are, part of culture, ritual, and religion.
	SCIENTIFIC CONTEXT: The main text moves forward quite quickly.
These scientific side panels and boxes develop topics and offer
helpful illustrations. They also refer to some of the books that
deepen the subject matter in a fashion easily accessible to the lay
reader or present abstracts from actual scientific papers to illustrate
the form in which such results are originally communicated.
Some of the common terms referring to the molecular makeup
and physical properties of essential oils are also introduced in
these panels.
	CONTRIBUTORS TO AROMATHERAPY: These side panels will introduce
you to some of the individuals who have contributed to the
foundations and the development of aromatherapy in ways that
are at times not immediately obvious from the existing literature.
	BACKGROUND INFORMATION: The background panels present
arguments or facts providing an added layer of context to the topics
in the main narrative.
	UNDERSTANDING AROMATHERAPY: These side panels elaborate aspects of the main text directly related to the practice of aromatherapy.
	RECIPE: Specific recipes for essential oil blends are provided in
these boxes.

At the end of the book you will find a section on valuable aromatherapy
resources. As there are many excellent suppliers of essential oils and
also of aromatherapy education, it is beyond the scope of this book to
provide a comprehensive list of all suppliers. The resources section does
include vendors of essential oils and education providers who share some
of the basic ideas put forward in this book about essential oil authenticity
and an approach to aromatherapy that recognizes the biological
qualities of essential oils in addition to their chemical composition.
Important Note
Everything that is said in this book about the potential physiological and
therapeutic qualities of essential oils pertains only to authentic essential
oils.
As a result, the reader may find that French and European essential oils
are mentioned more frequently than those from other places. The reason
for this is part historic and part economic. Of course authentic essential oils
can be produced all over the planet. However, only in France and some
regions around the Mediterranean can artisanal distillers make a (modest)
living by producing essential oils exclusively for use in aromatherapy.
This is the reason that specialties such as the chemotypes of Thyme, the
decumbens variety of Hyssop, or simply Helichrysum italicum mostly originate
in France.
In the case of essential oils from the global, industrial “drive the price
down” economy, the likelihood of becoming subject to the everyday deception
inherent in almost all industrial products increases exponentially.



BIOPRIMER
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Relevant Concepts and Terms
This book introduces a number of terms and concepts from the disciplines of biology and chemistry, which may not be very common in aromatherapy discourse. To facilitate reading of the book, the most essential terms are introduced together here. In addition, a more comprehensive glossary is provided at the end of the book for your reference.
Terms Relating to the Origin of Physiological Activity of Plant Substances
Two main categories of plant substances have been distinguished: primary and secondary metabolites.
Primary metabolites or primary plant substances are all those components that comprise the bulk of the biomass and basically perform a plant’s daily activities. They are proteins, carbohydrates, fats and oils, and genetic materials such as DNA.
Secondary metabolites are substances that are spun off the biosynthetic pathways that manufacture primary metabolites, and then, coincidentally, help the survival of the plant (for instance, by repelling herbivores). Over time these substances became not only the defense mechanism but also the communication system of the plant. Essential oils are one large group of secondary plant metabolites (others are, for instance, alkaloids or even the dyes in the petals of flowers). For medicinal purposes, secondary metabolites attract the most interest.

Constituents of Essential Oils
Essential oils have two main categories of constituents: one category is that of the terpenes; the other category is that of the phenylpropanes.
Terpenes are the largest group of components found in the essential oils of plants. These organic compounds are major biosynthetic building blocks within nearly every living creature. Terpenes have historically been classified by the number of terpene units in the molecule, indicated by a prefix in the name, giving rise to monoterpenes, sesquiterpenes, diterpenes, and so on. The term is used sometimes more narrowly and sometimes more broadly in the lay as well as the scientific literature. Strictly speaking, terpenes are hydrocarbon molecules with ten carbon atoms and a varying number of hydrogen atoms. However terpenes is generally used as an umbrella term, which includes terpene molecules that have been modified by the introduction of oxygen. The unifying concept of the broader use of the term terpenes is biological in origin, as the above components all arise from a common biosynthetic pathway that builds terpenes, sesquiterpenes, and ultimately steroids and cholesterol.
Phenylpropanoids, the other major group of components in essential oils, are found throughout the plant kingdom, where they serve as essential components of a number of structural polymers. Among other things, phenylpropanoid derivatives, such as floral pigments and fragrant compounds, provide protection from ultraviolet light, defend against herbivores and pathogens, and mediate plant-pollinator interactions. Phenylpropanes are distinguished by their biosynthetic origin, ultimately arising from amino acid synthesis in the chloroplast.

Solubility and Polarity
The distinguishing physical characteristic of essential oils is their lipophilic nature.
Lipophilic means “oily or oil soluble, water insoluble.”
Hydrophilic means “water soluble.”
Polarity is the property in chemistry and physics that makes molecules either lipophilic or hydrophilic.
If electrons are equally shared in the chemical bonds of a molecule, the molecule is nonpolar, causing it to assume an oily character and making it less or not at all soluble in water. Polarity arises when the electrons in a chemical bond are not shared equally. This results in increased solubility in water. The terms polar and water soluble are therefore often used interchangeably, as are nonpolar and lipophilic.


PART I
Understanding the Language of Plants
The Science of Aromatherapy


ONE
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THE FOUNDATIONS OF AROMATHERAPY
Oil of Lavender, when made by passing flowers through a glass 
alembic, surpasses all other perfumes.
DIOSCORIDES, DE MATERIA 
MEDICA
What Is an Essential Oil?
Looking to the origin of the word essence is instructive. It can be traced
to the ancient and medieval quintessence. For Plato quintessence represented
that of which the cosmos itself is made. In the Middle Ages
quintessence meant the fifth element beyond earth, water, fire, and air.
Throughout the Middle Ages the words essence, quintessence, or essential
oil also represented the various degrees of refinement associated with
distillation. The process of evaporating an often hazy and less-than-pure
liquid into an essentially invisible gaseous form and the subsequent
condensation of the steam into a clear and fragrant, obviously pure, distillate
must have evoked these notions. Hence the essence, the distillate,
was always invested with qualities beyond the material, ranging from
the esoteric to the spiritual.
PLANTS IN ARTS AND CULTURE
Hildegard von Bingen
To this day the writings of Hildegard
von Bingen attract attention. This is
true for her spiritual writings as well
as those on natural health. Considered
to be the first writing physician
in the Western Hemisphere,
she has written two volumes on
natural health: Physica and Causae et
Curae. The illustration on the cover of
Physica is an example of Hildegard’s
own vibrant art.
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With the ascent of chemistry in the late nineteenth and early twentieth
century came the demystification and much broader availability of
the distillation process. Essential oils began to be seen as the result of a
clever technological process. The all-encompassing avalanche of reductionism
(in which complex phenomena are explained by parsing them
down to ever smaller components and then analyzing the simplest, most
basic physical mechanisms present) mercilessly devoured the hitherto magical essences and turned them into oily or oil soluble (lipophilic) mobile liquids, derived from plants by steam distillation. The advances
in chemical analysis made it possible to understand essential oils as,
often complex, mixtures of substances.
Not surprisingly, the first book on aromatherapy was published in
1937 by a chemist in the employ of a perfume company: René-Maurice
Gattefossé’s Aromathérapie.1 The tenor of the book was to espouse the
healing properties of essential oils and to explain those healing properties
as a quality of the molecules that had thus far been detected in essential oils.

Exploring Essential Oil Activity the Conventional Way
Aromatherapy has been strongly influenced by two core issues that
have been in plain sight since its modern resurgence, yet their defining
character has barely been recognized. One issue shaping aromatherapy
is the apparent diversity of philosophical and scientific approaches that
contribute to the healing strategies of aromatherapy, which will be
discussed in detail in chapter 6. Another is the desire to convince the
medical mainstream of the benefits of essential oil treatment. To satisfy
this desire, scientific explanations for physiological and pharmacological
efficacy of essential oils have remained in high demand.
PLANTS IN ARTS AND CULTURE
Ernst Haeckel
Early in the twentieth century the
highly refined drawings and images
of Ernst Haeckel, published under the
title Art Forms in Nature, created quite
a stir. Haeckel is arguably the first artist
to be inspired by and try to pay
homage to the wonders of evolution.
Not even two decades later, Gattefossé
published Aromathérapie, and
plants were still an important element
in cultural life.
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However, in contemporary culture, only a very narrow form of conventional
pharmacological proof qualifies as valid science. This leads to
unexpected questions. For example, the attempt to explain the benefits
of Lavender essential oil quickly turns into an exercise in epistemology.
As we experience Lavender’s outstanding capacity to heal burns, we wonder
why we cannot claim this as a valid property. Then we notice that
there is no research on this topic. And then we notice that the absence
of research gives rise to the contention that Lavender is ineffective.
This unsatisfactory status quo is propagated as the mainstream dialogue
equates reductionist chemistry and physics with science per se,
ignoring other scientific approaches better suited to describing the physiological
efficacy of natural extracts. As a consequence, real phenomena
that evade description with the language of reductionism are ignored.
It is a defining problem of conventional medicine that realities that
defy reductionist interpretation are treated as nonexistent. In silent conspiracy, the industry acts as if such phenomena simply do not exist: “It is impossible that Lavender heals burns, because there is no research.”
PLANTS IN ARTS AND CULTURE
Karl Blossfeldt
As Art Deco and Art Nouveau gave way to a movement called “Neue Sachlichkeit” (New Objectivity), the photographs of Karl Blossfeldt received widespread and international attention. Some of the comments elicited by his images from different critics at the time:
• Plant vitality as a model for neo-romanticism.
• The ruptured connection with nature is newly established.
• The urban dweller is simultaneously nature’s prodigal child and conqueror.
• What the urban individual has lost and what she or he must regain at all cost is relation with the cosmos, to the wholeness of life in nature and its laws.
• Are those UR-Structures (in Blossfeldt’s photos) fountain of youth, ornament, or fetish?
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Why Pharmacology Cannot Demonstrate Essential Oil Efficacy
To demonstrate the effect of a synthetic drug or a natural substance within the framework of pharmacology, two conditions need to be fulfilled. First, there needs to be an experiment connecting a specific substance to a specific effect. For example, to ascertain whether or not the molecule citral is a sedative, the duration of induced sleep in test animals is measured. In an ideal experiment, a specific amount of citral puts the test animal to sleep for a specific duration of time. If the dosage of citral is increased, the sleep duration would then be correspondingly longer.
Second, pharmacology expects to see the results of its experiments fit into a larger narrative, which describes a mechanism for the observed action. For instance, citral acts as a sedative, because it decreases the irritability of the central nervous system. Ideally this contention is then demonstrated by another experiment, this time with a model on a lower level of organization, that is, not subjecting the whole animal to the test drug but showing the influence of citral on isolated nerve tissue.
The Reductionist Limitation
In a reductionist experiment only one of all possible variables is allowed to change. All others have to be kept at a constant value. This standard reductionist process works relatively well for single component drugs, such as aspirin. In the case of essential oils—where there is a potentially very large number of components contributing to the curative effect—this process is elusive, as the same experiment would then have to be repeated for each component of the essential oil. While this might then be a proper reductionist procedure, it is neither practically possible nor would it describe a meaningful reality.
In order to make statements about multicomponent mixtures, pharmacology is forced to pick a (presumed) active ingredient and to measure its effect, if for no other reason than to keep the number of experiments manageable. One has to conclude that the active ingredient concept does not arise from observing specific activity but is instead
maintained so the reductionist process makes sense.
Using Lavender as a remedy for burns is again the classic example. It
is highly effective, but only within the aromatherapy community. Pharmacology
does not recommend the use of Lavender, since it cannot find
an active ingredient that mimics the effect of the whole oil.

Classic Research
To prepare for our foray into the biological explanations of essential
oil efficacy we shall first review some important examples of the therapeutic
or curative effects of essential oils that have, despite the limitations
just outlined, been recognized through conventional reductionist
experimentation. This section is purposely kept brief, as basically all
of this has been extensively discussed in the literature. Still, it shows
that—despite the lack of corporate interest—a sound body of knowledge
about verifiable effects of essential oils was compiled even before
cellular and evolutionary biology revealed the new dimensions of aromatherapy
knowledge, which we will explore in detail in chapters 2
and 3.
SCIENTIFIC CONTEXT
Hildebert Wagner
Hildebert Wagner was professor of
pharmaceutical biology at Munich’s
Ludwig Maximilian University for
more than thirty years. He published
key studies on the spasmolytic and
sedative qualities of essential oils.
Together with Norman Farnsworth
and Xiao Pei Gen, Hildebert Wagner
represents the dramatic advances of
pharmacognosy (the study of medicines
derived from natural sources)
in the 1970s.
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Antibacterial Activity
The antibacterial activity of essential oils has continuously been
researched since the 1880s. Their efficacy against many bacterial pathogens
has been demonstrated in countless in vitro experiments. Gattefossé’s
book has a long list of references to such studies beginning as
early as the late 1800s. These studies suggest that essential oils either
inhibit bacterial growth or kill the bacteria outright. Possibly the most
comprehensive studies were performed by Paul Belaiche in the 1970s.2
The language barrier has provided an excuse for many anglophonic
guardians of pharmacological orthodoxy to act as if these studies never
happened.
While antibacterial efficacy of essential oils was demonstrated in petri dish experiments, its mechanism could not be explained with a
square reductionist argument. Unlike antibiotics, which are active due
to inhibiting an easily identifiable single target, the activity of essential
oils, impairing a bacterium in multiple physiological systems as well as
in membrane functionality, is only now understood (see chapter 2).
ESSENTIAL OIL JOURNEY
Absolutes vs. Essential Oils
What better example to explore
the difference between an
essential oil and an absolute
than Rose! Absolute production
from Rosa centifolia is prevalent
in Morocco, whereas Rosa damascena
is primarily distilled in Turkey
and Bulgaria, but also in Iran
and parts of the former Soviet
Union.
The differences in chemical
composition between the
essential oil and the absolute are
well researched. A substantial
concentration of phenyl ethyl
alcohol is present in the absolute,
yet only very little in the
essential oil. The difference in
fragrance is dramatic. Absolutes
have a considerably more complex
composition than essential
oils, which is a consequence of
their production by extraction.
To end up in the extract, a plant
molecule only needs to dissolve;
there is no need to evaporate.
Molecules that do not readily
evaporate are not found in
essential oils but may well end
up in an absolute. Pragmatically,
absolutes are mostly used—
as indicated by their usually
rather lofty prices—for luxurious perfumery.
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Rosa gallica, with its inimitable, most sublime fragrance
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Rosa centifolia
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Rosa centifolia is particular to the French city of 
Grasse, known as the perfume capital of the world.
Antifungal Activity
Classical studies were conducted in the 1960s by J. C. Maruzella3 and in the 1970s by J. Pellecuer.4 Essential oil efficacy against fungi and yeasts has been demonstrated in vitro, but again, no mechanisms have been derived from these experiments. It was shown in the 1990s that the sterol insensitive key enzyme HMG CoA reductase in fungi can be inhibited by essential oils (see chapter 13).
CONTRIBUTORS TO AROMATHERAPY
Paul Belaiche
Paul Belaiche determined the activity of over forty essential oils vis-à-vis pathogens encountered in common infections: Proteus morgani, Proteus mirabilis, Proteus rettgeri (intestinal), Alcalescens dispar, Corynebactrium xerosa (diphteria), Neisseria flava (sinus and ears), Klebsiella pneumoniae (pneumonia), Staphylococcus alba (food poisoning), Staphylococcus aureus (wounds), Pneumococcus, and Candida albicans.
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Anti-inflammative Activity
Classic studies on the anti-inflammative effects of Chamomile (Matricaria recutita) were published in the 1980s.5 Many sesquiterpene hydrocarbon components of essential oils have been demonstrated to have anti-inflammative effects on tissue. While the cellular and biochemical mechanisms are not clearly understood, sesquiterpene hydrocarbons have an obvious capacity to dissipate free radicals, the agents of inflammation.
Antiviral Activity
In the first sixty years of the twentieth century, viral diseases were not as well understood as they are today, and they were culturally overshadowed by bacterial infections. Human industriousness had created effective antibiotics for bacterial infections. For viral diseases there was . . . nothing.
The beginning of the AIDS crisis established the concept of a virus as something radically different from a bacterium in the public consciousness. This was also the time that the absence of industrial antiviral drugs was noticed. However, for those open to plant medicine, essential oils came to the rescue.
In 1987 Lembke and Deininger published their groundbreaking study about antiviral (and also antibacterial and antifungal) properties of essential oils and their components.6 Many more studies followed worldwide, corroborating their findings. Today, this study seems prescient as it foreshadowed the recognition of nonselective effects. The efficacy of many oils and their components against a wide range of viruses has been demonstrated in vitro and occasionally in clinical trials. Different cellular mechanisms for the observations have been proposed.7 The stunning efficacy of all or almost all essential oils against herpes lesions is probably the best example for a curious mind to experience the true meaning of nonselective effects first hand.
ESSENTIAL OIL JOURNEY
Anti-inflammative Chamomile
German Chamomile is distilled in many places, from South Africa and Nepal to Egypt and Chile. It is cultivated and distilled in Central Europe, for instance in Germany, Hungary, and Slovenia. Much research has gone into the selection and breeding of Chamomile plants with a particularly high content of alpha bisabolol, or more precisely (-)-alpha-bisabolol, the main anti-inflammative component of the essential oil.
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German Chamomile cultivation north of Munich
Alpha bisabolol is a delicate sesquiterpene alcohol component that is oxidized as the plant ages. The resulting bisabolol oxide or bisabolone-type essential oils are not as desirable for aromatherapy as the (-)-alpha-bisabolol type. An authentic essential oil of the (-)-alpha-bisabolol type will display a broad spectrum of effects that make it one of the most valuable essential oils.
The essential oil of German Chamomile is a powerful anti-inflammative when used topically; it soothes gastric pain when a drop is added to Chamomile tea. The French literature says it detoxifies bacterial waste products during and after infectious diseases and recent research credits it as a rare agent effective in the relief of COPD, chronic obstructive pulmonary disease.
Essential oil of German Chamomile is completely nontoxic and nonirritating and serves as a welcome universally applicable agent to reduce ever-present inflammative processes. Addition of German Chamomile essential oil to face and body oils always works.
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German Chamomile
North America: Tea Tree and Monarda
Tea Tree oil has received wide distribution
as a nail fungus remedy and an addition to
shampoo. It is a safe and commonly used
antimicrobial agent even outside the aromatherapy
community.
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Tea Tree Plantation in Ballina, NSW. Tea Tree is every
farmer’s dream, as it grows without needing too much
attention, and when the plants are at an appropriate
height they are cut off with a combine, only to grow
back without much ado.
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Once the essential oil is distilled, the value of the
oil is documented with analysis, showing that the
right components are present in the appropriate
concentrations.
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Scene from rural Oregon
On the other end of the spectrum is Monarda fistulosa from Quebec, an aromatherapy specialty. It has a brilliant fragrance and, for most individuals, leaves a slightly sharp but pleasant tingle on the skin when used in the shower. It is one of the most effective antiviral essential oils and is effective for upper respiratory and urogenital infections.
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Monarda fistulosa
Effects Mediated via the Autonomic Nervous System
Classic studies were published by H. Wagner in 1973, in which spasmolytic
(relieving cramps, spasms, and convulsions) and sedative effects
were shown for essential oils in different pharmacological models.8 The
ability of essential oils to release or ameliorate anxiety, heart palpitations,
nervousness, and heat flashes was demonstrated in double blind studies in the 1970s.
CONTRIBUTORS TO AROMATHERAPY
Rolf Deininger
It is almost impossible to overestimate
Dr. Rolf Deininger’s contributions to
the scientific exploration of essential
oils. Among his numerous contributions
is what probably constitutes the
key study about the antiviral effects
of essential oils.
Like so many who pursue recognition
of the healing properties of
plants with the means of science, Dr. Deininger also has a fascination with
the historic and cultural aspects of
medicine. In 1998 he published Kultur
und Kult in der Medizin, an exploration
of medicine in the context of the philosophical
trends throughout history.
Dr. Deininger is an accomplished artist.
Below is his painting Die Medizin.
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Recent Developments
In the middle of the twentieth century, an accumulation of data on
essential oil pharmacology was afforded by the experimental methods
of the time. There was a strong emphasis on antimicrobial activity and
also on effects that can be characterized by measuring tone or tension
in muscle or nerve tissue.
Then, as more refined methods became available in the 1980s and
1990s, the effects of essential oils on chronic, metabolic, and hormonal
diseases were recognized. In the late 1990s there was a proliferation of
research on the antitumor effects of terpenoid and also other essential
oil components. Research had already progressed to successful clinical
trials. Then, in 2001, all of a sudden the research stopped. Why
this promising development was not pursued more vigorously, and was
apparently even abandoned, is anybody’s guess. It does not appear too
outlandish to suspect reservations on the part of corporate pharmacology
about remedies that might be too cheap and too accessible.
As physiological activity was discovered for a growing number of
essential oil components, the active ingredient concept was expanded
to allow for multiple active components and for resulting synergistic
effects. But whenever a new type of activity was reported, the most
common terpene molecules were implicated again and again as the
responsible substances. From antiviral and antitumor to influencing
the calcium uptake, ubiquitous compounds like linalool and limonene
were credited with a growing portfolio of pharmacological properties.
Assuming that an active ingredient produces only one or two
specific effects was simply no longer describing the reality that could
be observed.
Nonetheless, scientific understanding of essential oil activity
remained based on variations of the active ingredient concept. And in fairness, it must be said that this approach did produce valuable insights. Even late in the twentieth century important discoveries were made. A few of the findings are mentioned here.
SCIENTIFIC CONTEXT
Abstract of the Original Study on Essential Oils and Bone Integrity
Performed by Bone Biology Group, Department of Clinical Research, University of Bern, Switzerland (Muhlbauer, Lozano, Palacio, Reinli, Felix)
“Common Herbs, Essential Oils, and Monoterpenes Potently Modulate Bone Metabolism”
During our survey of herbs looking for activity on bone metabolism, we found that the dried leaves of sage strongly inhibit bone resorption. Therefore, we investigated several common herbs rich in essential oils (Sage, Rosemary, and Thyme) and essential oils extracted from these herbs and other plants (oils of Sage, Rosemary, Juniper, Pine, Dwarf Pine, Turpentine, and Eucalyptus) as well as their monoterpene components (thujone, eucalyptol, camphor, borneol, thymol, alpha-pinene, beta-pinene, bornylacetate as well as menthol) and found that they inhibit bone resorption when added to the food of rats. Pine oil, used as a representative essential oil, protects an osteoporosis model, the aged ovariectomized rat, from bone loss. The monoterpenes borneol, thymol, and camphor are directly inhibitory in the osteoclast [large cells responsible for the breakdown of bones] resorption pit assay. Nonpolar monoterpenes may require metabolism to be active in vitro, for example, cis-verbenol, a metabolite of alpha-pinene occurring in human urine, inhibits osteoclast activity in contrast to the parent compound. Within 30 min. borneol inhibits the formation of actin rings, a characteristic of resorbing osteoclasts indicating cell polarization. Both the in vitro and the in vivo effects of borneol are reversible. Our study demonstrates for the first time that essential oils and monoterpenes are efficient inhibitors of bone resorption in the rat.
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Anti-inflammative: Components in Helichrysum italicum have been shown to mediate their tissue protective and regenerative quality by effectively scavenging free radicals.9
Osteoporosis: Studies by Muhlbauer, Lozano, Palacio, Reinli, and Felix established common essential oils as unexpected and effective agents to prevent osteoporosis, the loss of bony tissue associated with low levels of estrogen.10
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A very large specimen of Vitex agnus castus in the Ortobotanico of Padua: Vitex leaf essential oil is highly effective in re-equilibrating progesterone and estrogen, but its mechanism of action is not really understood.
PMS and menopausal complaints: Vitex agnus castus has been shown to be a singularly effective agent to re-equilibrate progesterone and estrogen levels and to have pronounced benefits for PMS and menopausal complaints.11
Hepatitis B and C: Long-term clinical studies by Dr. Anne-Marie Giraud-Robert have shown that various oils are effective in the treatment of hepatitis B and C, but no mechanisms have been proposed at this point (see chapter 15).12

Essential Oil Activity on the Cellular Plane
While conventional research led to many invaluable revelations about the healing properties of essential oils, many of the insights that have emerged more recently arise from innovative research taking place at the interface between chemistry and biology. To facilitate our discussion of these newly evolving concepts, we shall briefly present the understanding of cells, their makeup, and especially some of the relevant processes on the cellular level as they have been expressed in bio- and cellular chemistry in the last decades of the twentieth century.
SCIENTIFIC CONTEXT
The Fabric of Cells and Their Molecular Building Blocks
General Composition
• Water 80–85%
• Proteins 10–15%, functional components, enzymes,
receptors, etc.
• Lipids 2–5%, phospholipids, membranes
• DNA 0.5%, genetic code
• RNA 0.5–1%, instrumental for protein synthesis
• Polysaccharides 0.1–1%, linked chains, backbone of
the double helix
• Salt (Ions) 1.5%, vital for signaling
Amino Acids and Proteins
• The 10,000 different proteins of the human body
are built of 20 amino acids.
• Essential amino acids are not produced by the
human body.
• Amino acids have a carboxylic acid (acidic) and an
amino group (alkaline).
• The presence of amino acids results in an amphoteric character.
• Carboxyl can bond with the amino group and form
a peptide bond; by repeating this process amino
acids can build chains.
• Long amino acids chains twist, fold, and rotate to
form three-dimensional proteins.
• Hence proteins have the following types of
structures:

* Primary

* Secondary (a-Helix, b-Sheet)

* Tertiary

* Quaternary
Phospholipids: The Skeleton of Biomembranes
• Glycerin is a C3 molecule, where a hydroxyl (alcohol)
group is attached to each carbon atom.
• As alcohols react with acids to form esters, both
fatty acids and phosphoric acid react with glycerin
to form a triester.
• Fatty acids are acidic because of their carboxyl
group. Unsaturated fatty acids are a vital
component of membrane phospholipids.
• Phosphoric acid is H3PO4.
• Phosphoric acid + glycerin = glycerin-3-phosphate
(phosphoglycerin).
• Fatty acids can esterify with phosphoglycerin.
• The phosphate residue can continue to esterify
(e.g., with cholin = trimethylethanolamin).
Sugar and Carbohydrates
• Sugars are polyalcohols with an aldehyde- or ketogroup,
called aldoses or ketoses.
• Sugars are named according to the number of
C-atoms, trioses, tetroses, pentoses, hexoses, and so on.
• Sugars easily form rings: pyranoses, furanoses, in
many different stereo-isomeric forms.
• Sugar can bond with sugar; the elimination of
water creates a glucosidic bond.
• Several sugar molecules of the same or of different
kind can form chains.
Nucleic Acids
DNA and RNA are nucleic acids: multiple molecules of
different categories.
• Nucleic acids are natural polymers consisting of
many nucleotide building blocks.
• Nucleotides consist of phosphoric acid, sugar
(pentose), and base (pyrimidine and purine).
• DNA: the sugar is D-Deoxyribose; the bases can be
thymine, cytosine, adenine, and guanine.
• RNA: the sugar is D-Ribose; the thymine base is
replaced by uracyl.
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Induction of Liver Detoxification Enzymes
Many popular aromatherapy texts mention the ability of essential oils to stimulate detoxification. The Practice of Aromatherapy (the English translation of Jean Valnet’s foundational text, Aromathérapie, published in 1964) states that Lemon oil is effective against liver stagnation. Today cellular and molecular biology let us understand why this is so! A large proportion of essential oil components induce so-called Phase I and Phase II liver detoxification enzymes. That this capacity was recognized by traditional healing systems specifically for Lemon oil is probably more a consequence of its ample availability and easy use than singular efficacy.
Liver detoxification is a two-tiered process. First the cytochrome P 450 enzymes (CYP), a large group of enzymes with a variety of functions, modify substances foreign to the body through oxidative degradation (breakdown of molecules as a consequence of oxidation). Just one of the subforms of CYP—CYP 3A4—metabolizes approximately 50 percent of all pharmaceuticals, while CYP 2D6 metabolizes approximately 30 percent and CYP 2C9 approximately 10 percent.
Once oxidation by Phase I enzymes has made foreign substances chemically more responsive, the Phase II enzymes add water-soluble “soft” molecules to the reaction products of the Phase I transformation. The end result is a composite molecule, which can be easily eliminated via the urinary tract.
SCIENTIFIC CONTEXT
Eliminating Alcohol from the Body
The intense way in which we depend on our liver detoxification enzymes in daily life is illustrated by the removal of alcohol, as in wine or cocktails.
The oxidation of alcohol (ethanol) is a culturally important enzymatic reaction. If the specific cytochrome enzyme 2E1 did not deploy rapidly after we start drinking a glass of wine, alcohol concentrations in the body would reach dangerous levels quickly. In this context it is interesting to note that not all xenobiotics induce Phase I enzymes. Some also inhibit their release, for instance the mix of essential oils and flavors in Coca-Cola. As Coca-Cola inhibits Phase I CYPs, alcohol is removed more slowly; as a result, rum and Coke is perceived as more intoxicating than an equivalent quantity of rum and, let’s say, soda water!
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The oxidation of ethanol by CYP 2E1
[image: image]
[image: image]
A general representation of the plasma
membrane of a nerve cell. Phospholipids (the
major structural lipids of most cellular membranes
except the chloroplast) are oriented toward the
inside and outside of the cell.
    Glycolipids are exclusively oriented toward the
outside. There is no general hypothesis for the
almost total glycolization of surface proteins in
nerve cells.
    It appears obvious that galactose, though
situated at the outside of the membrane,
contributes directly (as well as by forming bonds
with ligands) to vital information and control
processes in the body. Galactose (a sugar similar
to glucose), along with the phospholipids and
cholesterol, is a fundamental and structural
substance for cells, cell walls, and intracellular
matrix.
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Proteins
and the lipid membrane. Proteins are inserted into
the lipid membrane in different ways. They can assume helix-like
structures in such a way that their hydrophobic (water-repelling)
segments are turned to the outside so they can interact with the lipophilic parts of the membrane. These surface proteins can carry
different functional structures on either side and they can traverse the
membrane more than once. Proteins can also attach to the membrane
via lipophilic anchors. With so many interactions based on delicate
balances of lipophilic and hydrophilic substances, it is no wonder that
strongly lipophilic essential oils can cause any number of modifications
to the cell membrane.
Inhibition of HMG CoA Reductase
HMG CoA reductase is a key enzyme in mammalian as well as plant life. It controls terpene, cholesterol, and ultimately sexual hormone synthesis.13 Essential oils can inhibit this enzyme and thereby the synthesis of cholesterol, which in turn is relevant for the prevention or inhibition of carcinogenesis and tumor growth. The HMG CoA reductase enzyme in tumor cells is defective; it keeps producing much more cholesterol than normally needed, thereby sustaining the growth of the tumor. Research has demonstrated that the defective—permanently switched on—HMG Understanding the CoA reductase of tumor cells is shut off (inhibited) by essential oils.
Interaction with Membrane Receptors
Surface proteins—receptors—in and on top of the cellular membrane
are instrumental in regulating cellular processes. Receptors are
membrane-bound
or membrane-enclosed molecules that respond to
mobile molecules, typically called ligands, with great specificity. Components
of essential oils influence receptor activity in two ways. They
can act as substrate for a receptor and thereby trigger whatever biological
activity is induced by the specific receptor. Often these essential
oil–receptor interactions result in a change in ion flow or electric potentials
across the cell membrane and hence have antispasmodic or similar
relaxing effects.
The second, indirect, way in which essential oils influence receptor
activity is by modifying the expression and formation of the receptors.
Studies performed on loggers in Sweden showed that their exposure to
the terpenoids of the needle trees increased metabolic turnover as well
as expression of surface proteins.14
SCIENTIFIC CONTEXT
HMG CoA Reductase
In plants hydroxymethylglutaryl CoA
reductase is mainly found in the cells
of growing tissue. The amino acid
sequence of its protein shows an
extremely high degree of uniformity
between different species. There
is also a high degree of identical
sequences in the HMG CoA reductase
in insect (Drosophila) and mammalian
(hamsters, humans) organisms. The
superstructures of these enzymes are
also equivalent between plant and
animal; their spatial domains present
identical structures.
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Interaction with Nuclear Receptors
Receptors are the initial agents that transmit outside messages into the
cell, which trigger biological responses. While the purpose and function
of receptors present in the cellular membrane are relatively well
understood, receptors sitting on the surface of the cell nucleus largely
remain a scientific puzzle in evolutionary biology. Their function is
not clear at this time. It is, however, obvious that the native substrates
or ligands that interact with these receptors are either endogenous or
from the natural world. An example is farnesene, present in many floral
essential oils, which attaches directly to the farnesene receptor on the
cell nucleus.15
Inflammation Mediators
Translation factors such as NF-kappa beta are key regulators of inflammatory
and immune responses. They are essential for the transcription
of multiple pro-inflammatory molecules. Sesquiterpene lactones, for
instance, from Arnica herb or Inula graveolens or Tanacetum annuum
essential oil, have been demonstrated to be effective against inflammatory
processes by preventing activation of translation factors such as
NF-kappa beta by different inflammation stimuli.16

Conclusion
Initial scientific knowledge about physiological effects of essential oils developed within the framework of the active ingredient concept. For most of the twentieth century the physiological effects of essential oils were explained as the consequence of a specific, physiologically active, component with a specific molecular structure. This rationale was congruent with the way single component drugs from aspirin to prozac could be understood. It became the accepted—and basically the only—way to understand physiological activity of natural substances.
Lemongrass and its main component citral serve as a good example. Since citral showed efficacy in some of the “crude” pharmacological models of the time, it was deemed the active ingredient. In the mind of the early twentieth-century chemist, Lemongrass oil had value because it contained citral. Two assumptions went into this way of thinking:
A. The active ingredient was responsible for the physiological effect of the oil.
B. The effect, that is, a spasmolytic effect, was the intrinsic property of the citral molecule.
While assumption A is slowly giving way (at least in aromatherapy circles) to the understanding that essential oils display healing properties as a consequence of all the substances present in an oil, assumption B—that healing properties are the intrinsic quality of a molecule—has survived mostly unchallenged. Prior to the most recent understanding, pharmacology considered it patently irrational to entertain the idea that the effect of a substance was not based in its molecular makeup. While the concept of molecular agency has allowed us to build an enormous body of knowledge about essential oils, it has also become a trap, as it has subjected essential oils and aromatherapy to the limitations of pharmacology and reductionist thought.
More recently the perspectives of organicism and evolutionary biology have come to remedy this. They provide rational explanations for phenomena too complex for a reductionist narrative. This development is of the highest significance for aromatherapy. To explore we shall proceed step by step.


TWO
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THE BIOACTIVITY OF ESSENTIAL OILS
When he took what had come to be his usual solitary evening
stroll along the terrace or beside the lotus pool, he felt an
extraordinary sense of mental and physical settlement.
JAMES HILTON, LOST HORIZON
In line with conventional medical research, the explanation of essential
oil efficacy was focused for the longest time on the pharmacology of
isolated chemical components. As our culture prizes medical and drug
science almost above everything else, we began to overlook that essential
oils are part and parcel of living nature.
Ignoring the biological nature of essential oils has inhibited aromatherapy.
It led to the tacit assumption that there is a similarity in
the therapeutic use of essential oils and conventional drugs. As a result,
the language used for the prescription and application of essential oils
generally resembles that of conventional medicines.
SCIENTIFIC CONTEXT
Ernst Mayr
Ernst Mayr is professor emeritus of
zoology at Harvard University. He
ranks among the most eminent
biologists of the twentieth century
and has given evolutionary biology
many important impulses. He
is author and editor of many books
in his field. In 1997 he published
This is Biology, an eloquent and
immensely readable introduction to
the character and development of
biological thinking and the science
of life itself.
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But equating essential oils with man-made drugs, simply because
we can give chemical formulas for the constituents of both, leads to
fundamentally incorrect conclusions. Man-made drugs are produced in
factories, reflecting at best human ingenuity and at worst Enron-style
exploitation. They often are a synthesis of our culture of war with the
latest achievement of corporate science. Reflecting our culture, they are
intended to fight pathogens, disease, germs, cancer, infections, and, lately,
those aspects of our lifestyles that are somehow deemed undesirable.
To overcome those limitations, aromatherapy has to stop mimicking
drug science and give renewed recognition to the fact that essential oils arise from nature. Their activity is shaped by the ambient ways of
the plant world. Essential oils do not act as weapons but as agents of
interaction. They are a key ingredient of life itself, strengthening its fabric
and preconditions.
ESSENTIAL OIL JOURNEY
Exploring Transcultural Constants
Angelica Root, German and Roman Chamomile, Hops, and Lovage Root or Yarrow are typical essential oils from the moderate climates of central Europe. These plants and their essential oils are more or less transcultural constants. Where there is beer, there is Hops. Lovage Root apparently has a composition practically identical to the Chinese staple Dong Quai. Angelica archangelica is historically credited with many healing properties. Interestingly the Chinese description given by Taoist Master Jeffrey Yuen addresses the most easily utilized quality of the essential oil. It supports the spleen in separating the indigestible from the nutritious and quickly restores weight to those who are asthenic or underweight. In addition authentic Angelica root, and to a lesser degree seed oils, delight with the most pronounced musk note.
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Angelica archangelica roots
Plants that thrive in moderate climates, such as Angelica, German Chamomile, and Lovage, do well in Bavaria, which surprises the visitor with its duality of strong agricultural tradition and the splendor of an absolutist past.
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Angelica cultivation
[image: image]
Kloster Scheyern
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Herrenchiemsee
The Quantum Leap: Organicism
As outlined in chapter 1, for most of the twentieth century, the physiological effects of an essential oil were explained by making reference to the molecular structure of an active ingredient. This language reflects the core belief that everything, including living organisms, can be explained by the laws of chemistry and physics. The corresponding philosophical
position was called physicalism in the early twentieth century.
Physicalism is the thesis that the nature of the universe and everything
in it conforms to the condition of being physical. Physicalists don’t deny
that the world might contain phenomena that at first glance don’t seem
physical—phenomena of a biological, psychological, moral, or social
nature. But they insist nevertheless that ultimately such items are either
physical or caused by the physical. Vitalism, on the other hand, held
that living organisms are fundamentally different from nonliving entities
because they contain some nonphysical element or are governed by
different principles than are inanimate things. Its proponents believed
that there was something akin to a life force, which was not accessible
with the laws of physics or chemistry. The scientific battles between
the two camps could not be settled by even more physics. Instead they
were resolved by modern biology and the emergence of a new concept:
organicism.
SCIENTIFIC CONTEXT
Organicism—Organization of Living
Organisms
Social Levels:
Societies
Social Groups
Biological Levels:
Individuals
Supersystems (e.g., central nervous
system)
Organs (e.g., hypothalamus)
Cells (e.g., neurons)
Chemical Levels:
Organelles (e.g., ribosomes)
Molecules (e.g., DNA)
Physical Levels:
Atoms (e.g., Ca)
Subatomic particles
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Organicism holds that within the organizational hierarchy of living
organisms (emergent) properties arise at each level of organization.
These properties cannot be predicted by even the most detailed knowledge
(i.e., physical and molecular) of a lower level of organization. This
has direct consequences for the study of aromatherapy, for essential oils
are produced by the whole plant organism and, in their constantly varying
composition, reflect the interaction of the plant with its environment.
They are thus the vehicle for much of the plant’s communication
with and relation to the outside world.

Even the slightest grasp of the utter complexity of life makes it
obvious that the plant organism has vested certain properties in essential
oils, which arise at that very refined level of interaction between
plants and other plants as well as between plants and mammals. A semihumorous
and semi-serious example may illustrate this: looking at the
molecule methyl chavicol, the main component of basil oil, does not
explain why pesto is made with basil and not with tarragon, which has
the same main component. It also does not explain why pesto is a staple
of the Mediterranean cuisine and not of Dutch cooking.
Grasping that properties can in fact emerge at the level of a whole
organism unmasks the mantra-like recitation of chemical components
as a wildly overrated exercise when it comes to explaining the full range
of essential oil properties. While scientists were aware that secondary plant metabolites play many interesting roles, such as signaling from
plant to insects, the full scope of their activities and interactions with
life in general was missed. A fundamental change in paradigm is only
happening now.
SCIENTIFIC CONTEXT
E. O. Wilson
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E. O. Wilson has influenced public consciousness in the
United States and globally in ways hard to overestimate.
In The Diversity of Life he has advocated an understanding
of the value of diversity and the risks humanity runs
if diversity is destroyed. In Consilience Wilson argues for
a confluence of all science on the basis of physics and
chemistry.
Wendell Berry
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Wendell Berry responded to Wilson’s Consilience with an
essay against modern superstition. For Berry the idea that
life could be explained only through molecules and physics
is plain laughable. The argument between Wilson and
Berry is a most captivating modern version of the physicalist/vitalist debate, where both protagonists are most
convincing and eloquent.
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Secondary Plant Metabolites: Physiologically Active by Design
Secondary metabolites are made by the plant even though they are not
necessary for its immediate survival or its day-to-day economy. They do
not participate in the metabolic processes of deriving energy from nutrition
or the propagation of the species. They do, however, contribute to
the mid- and long-term success of the plant by ensuring its survival vis-à-vis competing organisms and by improving its odds for reproduction.
This is a rather tall order, considering the limitations of plant life. Plants
do not have an immune system, but they need to resist the challenges of
bacteria, fungi, and viruses. They need to defend against herbivores and attract pollinators. In short, they face complex requirements in relating to the world around them.
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Secondary metabolites
Since plants do not speak or move, the need to relate to other plants and animals was answered by developing molecules that trigger physiological responses in other organisms, in this context referred to as “target organisms.” These molecules, the secondary metabolites, influence the behavior of a target organism in the interest of the plant! They defend or attract, but they also produce other specific interactions.
Secondary metabolites achieve this by connecting not with one but with a variety of physiological processes of the target organism. The three main molecular targets modified by plant secondary metabolites are:
	Proteins
	DNA and RNA
	Biological membranes (or biomembranes)

To reach this degree of efficiency, secondary plant metabolites underwent intense molecular modeling over the long time periods of biological evolution and, because of this, reflect the genius of life itself. The intricate and intense ways in which secondary metabolites are an integral part of the whole symphony of life make their actions fundamentally different from those of synthetic medicines.
From the perspective of aromatherapy there is one more consideration. The plant uses its innate biochemical pathways to generate a broad structural diversity of secondary metabolites, including essential oil components, flavonoids, alkaloids, saponins, and pigments. Most of those are polar (better soluble in water than the nonpolar essential oil components) and of higher molecular weight. They remain within the plant organism and display their effect once a herbivore or microorganism tries to feed on the plant. In contrast terpenoids and phenylpropanoids are lipophilic and volatile (easily evaporated). They are among the plant’s main means to communicate with other organisms over a distance.
Defensive Strategies and Molecular Targets
Plants need to be able to defend against a wide variety of attackers. This requires a broad spectrum of activity, because a substance that might keep a caterpillar away might be some beetle’s fancy. To answer this
need plants have adopted a strategy that is universally effective: they
have developed secondary metabolites that modify functional proteins
(essentially receptors and enzymes) in the target organism, thereby
modifying the processes these proteins perform. This can be a highly
effective deterrent, since proteins performing the functions of receptors
and enzymes are the main players in practically all cellular processes.
Upsetting the functioning of the enzymatic processes performed by
these proteins can significantly deter an attacker!
SCIENTIFIC CONTEXT
Plant Evolution, a Summary
The Beginning
• Earth is 4.5 billion years old.
• Fossils are 3.5 billion years old.
• The first cells consisted of carbon, oxygen, hydrogen, and nitrogen.
• 98% of all living organisms are composed of these elements.
Photosynthesis Changed Earth’s Atmosphere
• Self-sustaining (autotrophic) organisms began to split water (H20), utilizing the hydrogen and releasing the oxygen (O2) into the atmosphere.
• As the O2 in the atmosphere converted to O3, the O3 became sufficient to absorb UV light.
• Organisms protected from UV by the ozone layer began to develop 450 million years ago.
• The increased availability of O2—originally toxic to the anaerobic organisms—was turned into a virtue. Respiration developed.
Humans Need Plants
• Chlorophyll enables photosynthesis.
• Photosynthesis transforms light energy into chemical energy usable by living organisms.
• Photosynthesis is the connection between animate and inanimate nature: it is the means by which self-sustaining or self-nourishing (autotrophic) cell-like structures generate organic molecules from simple inorganic molecules.
• Plants are autotrophic; they can generate the carbohydrates they need from the CO2 in the air.
• Humans are heterotrophic, dependent upon nourishment by intake and digestion of organic matter.
• Human survival is completely dependent on plants.
Prokaryotes and Eukaryotes
There are two categories of cells: prokaryotes and eukaryotes. Before oxygen accumulated in the atmosphere there were only prokaryotic cells (bacteria and blue green algae, characterized by a simple naked chromosome). As oxygen became abundant eukaryotic cells (with chromosomes in a nucleus, separated from the cytoplasm by membranes) arose.
Prokaryotes: single-celled organisms without a nucleus
• Prokaryotic cell DNA is not attached or contained in a nucleus.
• Prokaryotic cell size ranges from 0.1 to 1 micrometer (1 micrometer equals 1/1,000 of a millimeter.
• Prokaryotic cells have no internal compartments or cytoskeleton.
Eukaryotes: cells with compartments or organelles
Organelles are specific areas of the cell, housing specific physiological processes separated by enclosing biological membranes or biomembranes. They include:
• Nucleus (the major organelle, separating the chromosomes from the cytoplasm)
• Mitochondria (highly variable structures containing many enzymes)
• Vacuole (large vesicles)
• Plastids (often containing elaborate internal membrane systems, the best-known representative being the chloroplast that houses photosynthesis)
• Golgi apparatus (an intracellular stack of vesicles in which packaging of secreted proteins takes place)
• Endoplasmatic reticulum (membrane system that branches out through the cytoplasm of the cell)
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Secondary metabolites perform their defensive tasks in two principal
ways. Some interact selectively with specific receptors, but a majority
operate in nonselective ways.
PLANTS IN ARTS AND CULTURE
The Secret Life
of Plants
The Secret Life of Plants was published
in 1973 and became an instant cult
classic. It was far ahead of its time in
the recognition of many of the sensitivities
and capabilities of plants,
which almost seemed absurd to the
scientific orthodoxy of the time.
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Selective Binding to Proteins
A fair number of secondary metabolites have evolved that bind to specific
surface proteins or neuroreceptors. This type of specific binding
of secondary metabolites is found mostly among plant alkaloids. In the
realm of essential oils some sesquiterpenes bind to specific receptors.1
Secondary plant metabolites with selective activity are generally
well understood. Selective activity is found in those secondary metabolites
that feature a high degree of structural similarity to (endogenous)
mammalian hormones and neurotransmitters (substances found in
chemical synapses, the connections between two excitable cells, crucial
for transduction of electric signals). In other words, plants have managed
to model secondary metabolites to closely resemble neurotransmitters
such as acetylcholine, serotonin, noradrenalin, dopamine, GABA,
and histamine, and hormones like endorphins. This type of secondary
metabolite can attach to the same receptors as the endogenous messenger
molecules.
In cases like those of heart glycosides, salicylic derivatives from the
willow tree, or quinine from the bark of the cinchona tree, selective
activity of the respective secondary metabolites has been demonstrated
by experimental pharmacology. Consequently these plant products have
been integrated into the arsenal of conventional medicine.
In his Diversity of Life, biologist E. O. Wilson points out that few
of us are aware of how much we already depend on wild organisms for
medicine.
Aspirin, the most widely used pharmaceutical in the world, was
derived from salicylic acid discovered in meadowsweet (Filipendula
ulmaria) and later combined with acetic acid to create acetylsalicylic
acid, the more effective painkiller. In the United States a quarter of
all prescriptions dispensed by pharmacies are substances extracted
from plants. Another 13 percent come from microorganisms and 3
percent more from animals, for a total of over 40 percent that are
organism-derived. Yet these materials are only a tiny fraction of the
multitude available. Fewer than 3 percent of the flowering plants of
the world, about 5,000 of the 220,000 species, have been examined
for alkaloids, and then in limited and haphazard fashion. The anticancer
potency of the rosy periwinkle was discovered by the merest
chance, because the species happened to be widely planted and
under investigation for its reputed effectiveness as an antidiuretic.
The scientific and folkloric record is strewn with additional
examples of plants and animals valued in folk medicine but still
unaddressed in biomedical research. The Neem tree (Azadirachta
indica), a relative of mahogany, is a native of tropical Asia virtually
unknown in the developed world. The people of India, according to
a recent report of the U.S. National Research Council, treasure the
species. “For centuries, millions have cleaned their teeth with neem
twigs, smeared skin disorders with neem-leaf juice, taken neem tea
as a tonic, and placed neem leaves in their beds, book, grain bins,
cupboards, and closets to keep away troublesome bugs. The tree
has relieved so many different pains, fevers, infections, and other
complaints that it has been called the ‘village pharmacy.’ To those
millions in India neem has miraculous powers, and now scientists
around the world are beginning to think they may be right.”
SCIENTIFIC CONTEXT
Selected Plant Drugs
with Selective Binding
and Activity
Atropine: anticholinergic (blocks
acetylcholine)
Belladonna, Atropa belladonna
Caffeine: central nervous system
stimulant
Tea, Camellia sinensis
Cocaine: local anesthetic
Coca, Erythroxylon coca
Codeine: analgesic
Opium, Papaver somniferum
Digitoxin: cardiac stimulant
Foxglove, Digitalis purpurea
Indicine N-oxide: antileukemia
Heliotropium indica
Morphine: analgesic
Opium, Papaver somniferum
Penicillin: antibiotic
Penicillium fungi
Pilocarpine: treats glaucoma
Pilocarpus species
Quinine: antimalarial
Cinchona ledgeriana
Reserpine: anti–high blood
pressure
Indian snakeroot, Rauwolfia sp.
Scopolamine: sedative
Thornapple, Datura metel
Taxol: anticancer
Pacific yew, Taxus brevifolia
Vinblastine: anticancer
Periwinkle, Cantharus roseus
[image: image]
One should never dismiss the reports of such powers as superstition
or legend. Organisms are superb chemists. In a sense they
are collectively better than all the world’s chemists at synthesizing
organic molecules of practical use. Through millions of generations
each kind of plant, animal, and microorganism has experimented
with chemical substances to meet its special needs. Each species has
experienced astronomical numbers of mutations and genetic recombinations
affecting its biochemical machinery. The experimental
products thus produced have been tested by the unyielding forces
of natural selection, one generation at a time. The special class of chemicals in which the species became a wizard is precisely determined
by the niche it occupies.2
While their actions are well understood, the similarity between the
molecular structures of human hormones and neurotransmitters and the
almost picture-perfect imitations produced by plants is still surprising.
How is it possible that a plant can produce molecules that are almost mirrors
of substances in humans or other mammals? The answer is seldom
discussed: metabolism in plants and mammals is very similar and partly
even identical. Proteins, enzymes, and the general biochemical machinery
(the primary metabolism) of all life has an extremely high degree of
uniformity. All molecules of life arise from the same ancestral biochemical
machinery of prokaryotic cells. And all multicell organisms share the
biochemistry of eukaryotic cells, identical biological assembly lines often
producing very similar and even identical molecules. Biochemical diversity
arises with the products of the secondary metabolism.
BACKGROUND INFORMATION
Fine-Tuning of Secondary
Metabolites
Given the drastic shift in perception
introduced by evolutionary biology,
some reflection about the process of
evolution seems in order. In the Darwinian
view of evolution there is no
purpose. Instead, those plants that
happened to produce a selection of
secondary metabolites that favored
their survival were successful. They
reproduced more successfully than
others, and in doing so, they reproduced
the biochemical machinery
that generated that successful set of
secondary metabolites.
Conversely, those plants whose
secondary metabolites did not
increase their chances of survival—such as by not fending off herbivores
effectively—did not reproduce as
successfully or died out. With them
vanished the lesser-suited combination
of secondary metabolites. Only
the most fine-tuned composition
of secondary metabolites is able to
ensure continued success of a given
plant species.
[image: image]

Nonselective Binding to Proteins
The disturbance of a protein’s three-dimensional structure, or its 
conformation,
appears to be a major strategy of plants when selecting molecules
for defense. In the course of evolution plants have learned, by means of
their secondary metabolites, to impair or alter the proper functioning
of proteins in the target organism by disturbing their conformation. In
the case of an enzyme this will, subtly or strongly, change the activity
of the enzyme.
Secondary metabolites that disturb protein conformation generally
act nonselectively: they interact with structural features found in
all or almost all proteins. Two main strategies are followed to modify
protein conformation. One is to form covalent chemical bonds (bonds
between two atoms mediated by a pair of electrons) with particular
structural elements of proteins (such as NH2 terminals or SH groups).
The other is by so-called weak interactions (such as when lipophilic
terpene molecules insert themselves into the lipophilic segments of a
protein and thereby change its conformation). These strategies affect
all proteins that present the requisite molecular targets, regardless of
their specific function.
Certain plant molecules have structural elements that readily
undergo covalent binding to proteins (such as at the aforementioned NH2 or SH sites). As the overall chemical structure of the protein changes through the addition (binding) of the additional molecule, so does its conformation. Essential oil molecules that can react in this way and significantly distort protein conformation by nonselective binding are, for instance, terpene aldehydes as found in Melissa or Lemongrass.
Protein conformation can also be modified when terpenes of an essential oil interact with the lipophilic areas of a protein. The small lipophilic terpenes can insert themselves into lipophilic areas of a protein and thereby change its conformation. Such interactions are called weak interactions because no actual chemical bonds are formed.
Molecular Target: DNA, RNA, and Gene Expression
Many plants contain secondary metabolites that can cause mutations and malformations (by alkylating DNA bases, by intercalating or inserting themselves between base pairs of DNA, or by oxidizing DNA). These interactions are powerful means for plants to defend against microbes and even herbivores, if not immediately, certainly in the long run. A large share of this activity is mediated by so-called epoxides (molecules with a structural element where two carbons and one oxygen form a ring), which tend to react with many biological substrates, DNA among them. Epoxides are generally not found in essential oils and are generally avoided in phytotherapy.
Secondary metabolites have yet another way to modify, not necessarily DNA itself, but gene expression. Humans have about twenty-five thousand genes, which are expressed in different cells and organs in a differential fashion. Specific transcription factors (another type of functional protein) are present, which regulate gene expression. The covalent and noncovalent modifications of proteins described above also affect transcription factors. Preliminary experiments show that mixtures of secondary metabolites as they occur in plants can trigger the expression of several hundred genes, which are relevant in different pathways.
SCIENTIFIC CONTEXT
Protein Conformation
Enzymes—one class of functional proteins—temporarily bind a ligand (a molecule that binds to another, usually larger, molecule) in a specific active spot and catalyze a chemical reaction, which alters the ligand, as shown in a and b. For example, in the cascade of reactions leading to inflammation, histamine is made from a precursor molecule.
To properly recognize and process their ligands, enzymes (proteins) must be in their appropriate conformation. If lipophilic essential oil molecules insert themselves into the lipophilic areas of the protein, they change its conformation and the active center of the enzyme is modified, as shown in c, making the enzyme less effective or fully ineffective!
[image: image]
[image: image]
Molecular Target: Cell Membrane
The cell membrane separates the reaction space of the cell from the surrounding environment. Without cell membranes, there would not have been any evolution of higher life-forms. Nerve and tissue cells are surrounded by a double lipid layer membrane 5 nanometers wide. Most water-soluble molecules cannot penetrate the membrane, only nonpolar or very small molecules like O2, CO2, or water can permeate the membrane uninhibited. The necessary exchanges of amino acids, sugars, and signaling are performed by proteins integrated into the membrane.
One of the most outstanding qualities of nerve and sensory cells is their ability to generate and conduct electric signals. This is the result of the membranes’ ability to separate charges and the ability of specific membrane proteins (ion pumps) to affect controlled changes in conductivity. Many of the effects of essential oil molecules are a consequence of their ability to modify this electric signaling. They do so by modifying membrane function two ways:
	They can either insert themselves into the lipid membrane, creating hydrophobic interactions with the lipophilic chains of the phospholipids or cholesterol. In this fashion the terpenes in essential oils change membrane fluidity or permeability and ultimately structure and functionality.
	Essential oil molecules can change membrane function by attaching to the lipophilic areas of membrane proteins, that is, receptor proteins. As terpenoids form hydrophobic interactions with those segments of the receptor, which are themselves lodged in the membrane, they modify its conformation (its three-dimensional structure) and hence functionality. A well-known example for this is the interference of terpenoids with the ion channels in nerve cell membranes, modifying neuromuscular activity to relieve spasms at smooth intestinal muscle cells. Interference of high concentrations of terpenoids with membranes also mediates their narcotic and anesthetic effects.

[image: image]
Essential oil molecules easily insert themselves between the lipophilic elements of the phospholipid
membrane. By altering the structure of the membrane, the functionality of the receptors and ion
channels embedded in the membrane is affected.
[image: image]
Essential oil molecules also interact with receptor or enzyme proteins directly. This explains why
essential oils have a much broader spectrum of action than, for instance, conventional antibiotic drugs.
Antibiotics generally inhibit specific processes in the formation of the cell membrane of prokaryotic
cells. They are much less effective vis-à-vis eukaryotic cells and ineffective against viruses.
Summation of Physiological Activity of Secondary Plant Metabolites
To recap, secondary plant metabolites utilize a variety of strategies to connect with molecular targets:
	Selective interaction with specific molecular targets such as neuroor hormone receptors
	Disturbance of the three-dimensional structure of proteins
	Covalent bonding to DNA and RNA, modifying gene expression
	Changing membrane permeability and the function of membrane proteins

Only the first mechanism—the interaction of a secondary metabolite with an active site of a protein—is selective and specific. Such interactions are very powerful, but their disadvantage is that they are generally restricted to a small number of enemies who have the specific target.
Molecules that disturb the conformation of proteins, the structure of DNA and RNA, or the fluidity of membranes are obviously nonselective. Such molecules interact with many different targets. Although nonspecific, these interactions are very effective, because they disturb molecular targets in whatever enemy attacks the plant.
[image: image]
Proteins, cell membranes, and DNA or RNA are the primary targets of secondary metabolites. Selective interactions occur when secondary metabolites attach to specific receptor proteins. A much larger number of nonselective interactions occur through covalent or noncovalent interactions with structural elements of proteins.
ESSENTIAL OIL JOURNEY
Plant Expression
Identical Molecules Convey Different Messages:

Eucalyptus and Ravintsara
Different plant species can apparently package very different physiological messages by at least partially using identical chemical components. A good example of this is provided by Eucalyptus radiata and Cinnamomum camphora (Ravintsara).
Chemical analysis reveals both essential oils to be cineole-rich compositions with a preponderance of standard terpene hydrocarbons and terpene alcohols. Nonetheless, everyone working with these oils knows their distinctly different properties. One example is the tonifying effect Ravintsara has on the nervous system, which is not observed in the Eucalyptus radiata. This difference is not obvious from the chemical composition of both oils.
The Cinnamomum camphora tree is native to Taiwan, southern Japan, southeast China, and Indochina. It is a chemical chameleon from which different essential oils are derived. The oil called Ravintsara represents a cineole type. Ho is the vernacular name for its linalool type produced in Vietnam. Additionally, botanists distinguish a nerolidol, a safrole, and a borneol type. The name-giving substance, camphor, was historically derived by distilling the wood.
[image: image]
Ravintsara (Cinnamomum camphora) is effectively used topically. Because of its mild nature and tonifying character, it also lends itself to internal use.
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