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Praise for Herbal Supplements and the Brain

“Both skeptics and believers in the value of herbal supplements for brain
conditions will enjoy the calm objective analysis to which these two expe-
rienced pharmacologists put the most popular products. You may not
like their conclusions, but their evidence is convincing.”

—Floyd E. Bloom, MD, Professor Emeritus, Molecular and 
Integrative Neuroscience Department, TSRI

“Written with authority yet as lucid and enticing as a novel, the Enna/
Norton book is certainly the finest volume I know addressing the inter-
face of herbs, the brain, and behavior. It will be of value and fun for the
educated layperson as well as the professional.”

—Solomon H. Snyder, M.D., Department of Neuroscience, 
Johns Hopkins University School of Medicine 

“It all began with Adam’s apple. Knowing what you add to your diet may
change your life. Getting a kick from a cup of coffee, fighting depression
with St. John’s wort, drifting away with valerian, or reaching a ripe old
age with Gingko, this book gives insights into the pros and cons of taking
herbal supplements. Excellent and entertaining reading!”

—Hanns Möhler, Professor of Pharmacology, 
University of Zurich, Switzerland

“If you are someone who takes and believes in herbal supplements, then
this book is a must-read for you. I’ll bet you will be surprised at some of
the information. It is written by two extraordinarily qualified authors,
who have decades of experience with the effects and toxicities of drugs
and supplements. The aim of the book is to use proven criteria to evalu-
ate if herbal supplements are effective or not. This information is not
always easy to find, so read on.”

—Michael J Kuhar, Ph.D., Yerkes National Primate Research Center
of Emory University, Candler Professor of Neuropharmacology, 
School of Medicine, Georgia Research Alliance Eminent Scholar, 
Center for Ethics of Emory University
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Preface

While for more than 200,000 years humans have been consuming
plant materials, such as flowers, fruits, leaves, and roots, for therapeu-
tic benefit, it is only in the last 150 years that scientists have been able
to isolate, identify, examine, and categorize the biologically active
constituents in plants. Many of the compounds identified, or chemi-
cal derivatives of them, are now employed as drugs. The ability to
obtain such precise scientific information, and to synthesize other
active compounds, opened the way for legislators in the early twenti-
eth century to enact laws regulating the marketing and sale of chemi-
cals for therapeutic purposes. The creation of these regulatory
requirements was spurred by the fact that many inert, and sometimes
toxic, products were sold as medications to the public. Current laws
mandate that any substance marketed as a treatment for a particular
condition must first undergo rigorous testing in laboratory animals
and humans to demonstrate its safety and effectiveness.

Although prescription and over-the-counter medications are sub-
ject to tight federal oversight, there are few regulations concerning
the sale of herbal supplements. In the United States, the chief
requirement is that no formal claims be made of any therapeutic ben-
efit resulting from the use of these products. Nonetheless, consumers
are continuously exposed in the lay press and online to reports on the
purported curative properties of certain herbs or how their consump-
tion can help prevent disease. Such reports are no doubt responsible
for driving sales in this multibillion dollar industry. However, like our
ancient ancestors, today’s consumer may be purchasing and consum-
ing these products for health benefits based solely on the word of oth-
ers, not as a result of an independent and objective analysis of the
data supporting the claims. This is understandable, as most lack the
technical background for making an informed scientific judgment.
The aim of this book is to address this need.

Herbal products are used around the world for a variety of pur-
poses. Among these is the treatment of central nervous system disor-
ders, such as anxiety, insomnia, alcoholism, dementia, and depression.
Herbal supplements are also taken to modify brain function in the
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treatment of other conditions, such as chronic pain and obesity.
Because some of the symptoms of these disorders resolve over time
without medication, and many have a strong psychological compo-
nent, it is often difficult to prove the efficacy of an herbal product as a
treatment for these conditions. That is, while the effectiveness of a
dietary supplement that reduces body weight would be apparent, the
contribution of an herbal product in lessening feelings of depression,
or in enhancing cognitive abilities, is more difficult to quantify. For
this reason, the claims for such benefits may not be supported by
experimental data. In this regard, the consumer may be no different
than the primitive who ingested a plant material to alter his mental
status. Sometimes it worked; often it did not. A change in perception
or feelings, or in sleep patterns, could be the result of an active con-
stituent in the plant, or the power of suggestion. Prolonged consump-
tion of any product with no inherent value is not only costly, but
potentially dangerous as anything taken into the body can have toxic
consequences. This volume is devoted to a discussion of herbal sup-
plements taken to affect brain function because of the unique chal-
lenges associated with assessing the effectiveness of such products.

Written for the nonscientist, the book is informally divided into
two parts. The first section, chapters 1–4, provides an historical per-
spective on the use of plant products to modify central nervous sys-
tem function and on the development of the techniques employed for
drug discovery. Included is a discussion of the basic principles of
pharmacology, the science of drugs, as they relate to assessing the
potential effectiveness and safety of an herbal supplement. Descrip-
tions are provided of the components of the central nervous system
that are dysfunctional in neurological and psychiatric disorders, and
the targets of drugs used to treat these conditions. Taking all of these
issues into consideration, a short checklist is provided to assist the
potential consumer in determining, from a scientific standpoint,
whether a particular product is likely to contain chemicals that bene-
ficially affect brain function. The reader is encouraged to complete
the first four chapters before proceeding to those describing individ-
ual plant products. The introductory chapters provide the context,
concepts, and definitions essential for understanding fully the reason-
ing and conclusions drawn in the second part of the book.

preface xvii
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Chapters 5 through 15 are devoted to a scientific assessment of
the claims made for a select group of herbal products that are
believed to have central nervous system effects. The pharmacological
principles provided in the earlier chapters are applied in this analysis,
with the checklist items used to guide the reader in the search for the
truth. In this way, the reader can appreciate how answering a few key
questions yields powerful insights into the potential benefit of these
products.

The primary audience for this book is consumers interested in
determining the value of herbal products purported to influence
brain function. Others who will find this information of interest and
value are students considering careers in the neurosciences or drug
discovery, and scientists seeking an updated review of this field. By
having the tools needed to make an objective and scientific assess-
ment of these products, consumers are in a much better position to
maximize the benefits of herbal supplements. This information will
also make it possible to minimize the risks to one’s health that comes
with consuming these substances without adequate information on
their effectiveness and safety.

xviii herbal supplements and the brain
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The Gifts of Eden

1

1

Adam wasn’t hungry and was apprehensive about the potential con-
sequences of eating the forbidden fruit. He was, however, convinced
the plant material could provide benefits beyond its nutritional
value. On the one hand, God told him that its consumption would be
fatal, while the serpent contended the plant would impart new
knowledge. Both were right. After eating the fruit Adam lost his
home and immortality, and was made aware of the concepts of good
and evil. He would need this new knowledge to survive in the world
outside of Eden.

Besides its allegorical importance for Jews, Christians, and Mus-
lims, this biblical account provides lessons for those interested in the
therapeutic benefits of herbal supplements, also known as nutritional,
dietary, or food supplements. Defined as a product that contains a
vitamin, mineral, herb or other botanical, an amino acid, an extract,
or any combination of these materials, the United States government
considers dietary supplements to be foods rather than drugs. This has
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significant implications with regard to their regulation and the assur-
ances provided to consumers. Because of this categorization, poten-
tial users must obtain on their own objective data about these
products. The aim of this book is to provide such information.

The most fundamental question pertaining to dietary supplements
is whether there is any evidence that they provide benefits beyond pos-
sible nutritional value. Written some 2,500 years ago, the Genesis
account of Adam’s introduction to these products indicates that humans
have been familiar with the possible mystical and therapeutic powers of
plants for quite some time. Moreover, the Old Testament account
demonstrates that then, as now, there was uncertainty, and therefore
risk, associated with the consumption of plants and plant products for
religious, therapeutic, or, as in Adam’s case, educational purposes.

The fruit consumed by Adam is unknown. In Old English, the
word “apple” is simply a synonym for fruit. Regardless, when tempted
to eat the plant product, Adam was at a distinct disadvantage to
today’s consumer. There was no historical record on its possible
effects and no scientific data on its safety. Moreover, as the basic prin-
ciples of pharmacology, the science of drugs, had not yet been estab-
lished, he was unable to assess these properties himself. Rather,
Adam had to rely solely on the word of others.

The constraints experienced by Adam remained for thousands of
years until written records were maintained on the medicinal value of
plants. More centuries passed before chemists were able to identify,
and pharmacologists objectively study, the therapeutically active con-
stituents in plant and animal products. Only during the past century
has research revealed the diseases and disorders that are most
responsive to these constituents, and to define precisely the appropri-
ate doses to maximize safety and effectiveness in most individuals.

Anecdotal accounts about the potential benefits of dietary sup-
plements have existed for thousands of years. Evidence includes
pollen grains found on Neanderthal (Homo neanderthalensis) graves
that were from plants lacking showy flowers, such as the yarrow
(Achillea millefolium). It is inferred that these plants were placed
there not for adornment, but to provide the departed a supply of
medications in the afterlife.1 This concept is based, in part, on the fact
that many of the plants deposited on Neanderthal gravesites were
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subsequently described as therapeutics in early medical books, indi-
cating that word of their therapeutic powers was passed on for millen-
nia. For example, yarrow is mentioned in the Assyrian Herbal (800
BC), one of the oldest listings of therapeutically active plant prod-
ucts,2 as well as in the Ebers papyrus (1500 BC) from Egypt. The
Greek poet Homer described in The Iliad (800 BC) the use of yarrow
to cure wounds, as did the Roman naturalist Pliny the Elder in his
writings during the first century AD.3

A conservative estimate is that plants have been used as thera-
peutics at least since the appearance of modern man, some 200,000
years ago. It seems reasonable that as early humans foraged for food
they would accidently discover the curative powers of some plants or
take note of the fact that consumption of a certain type of seed, root,
or fruit produced discernable effects on mood, sensory input, or alle-
viated general aches and pains. Indeed, as a species, humans are
indebted to the many thousands of forgotten ancestors who became
ill or died in the process of identifying plants and animals suitable for
consumption. Thus, through trial and error, early man was able to
identify plants that possess useful medicinal properties.

In addition to using plants to cure disease, they were also con-
sumed in the ongoing quest for immortality. Recipes for “elixirs of
life” were described in ancient writings. An example is the Epic of
Gilgamesh, the story of a Sumarian hero that was recorded in 2000
BC.4 After many travails, Gilgamesh obtained the plant of immortality
from deep in the sea. Unfortunately for Gilgamesh, the plant was
subsequently stolen by a serpent. This tale has many of the features of
the biblical account of Adam and Eve. In the end, Gilgamesh
returned home to Sumer to, like the rest of us, spend the remainder
of his days as a mortal, awaiting the inevitable.

As in Genesis, ancient medical texts demonstrate that plant prod-
ucts have been used for therapeutic purposes for millennia. During
most of this time no concerted effort was made to understand the
reason for their effectiveness, or, in modern terminology, their mech-
anism of action. The first recorded attempts to synthesize therapeu-
tics were made by European alchemists during the Middle Ages.5

Besides their efforts to transform base metals into gold, the
alchemists were interested in what made substances therapeutically
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useful as they wanted the power to transform basic materials into
drugs. They were hindered in this quest, however, by the prevailing
theories about the nature of matter and the causes of disease.

From the time of Aristotle to the seventeenth century, the use of
plants in European medicine was based on the idea that all nature
was composed of four basic elements: earth, air, fire, and water. Dis-
ease resulted from an imbalance of bodily humors. It was believed
this imbalance could be countered by one or more of the four plant
classes—cold, dry, hot, and wet—that corresponded to the four basic
elements of nature. Mixtures of plants, usually from the same class,
were preferred over a single specimen for treating medical condi-
tions. For example, combinations of “cold” plants were used to treat
fevers. Given these theories, drug discovery remained an empirical
enterprise for thousands of years, with the identification of active
plants and plant products left solely to chance.

By the seventeenth century, belief in the Aristotelian four ele-
ments was being challenged, most notably by the Irish chemist
Robert Boyle.6 Boyle understood that the precise identification and
classification of the basic elements of nature were absolutely essential
for understanding the universe, including drug actions. Thanks to his
efforts, and those of many others, modern chemistry emerged in the
nineteenth century. This made it possible to isolate, chemically
define, and study the biological responses to plant constituents. As a
result of these efforts, drugs were identified in plants that were first
discovered by our distant ancestors. Many of these compounds, or
their chemical derivatives, are still used today.

Given the historical records, and contemporary scientific data,
there is no question that plants produce an abundance of substances
that provide benefits beyond their nutritional value. However, not all
plant constituents have been isolated and properly tested for effec-
tiveness, and, unlike drugs, there is no government requirement that
a manufacturer demonstrate effectiveness before marketing an
herbal supplement. Like Adam, the consumer must rely on the word
of others about the benefits of these products.

This book is designed to address this issue by providing basic
information needed to assess the potential therapeutic value of plant
products. Included are fundamental principles of pharmacology and
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about how drugs and natural products can affect various organs and
organ systems. Explanations and examples are provided about what
determines whether an ingested substance will find its way into the
bloodstream, and then to the targeted site in the body at a concentra-
tion sufficient to have a beneficial effect. Other topics include the
ways in which natural products may influence the blood levels of
other substances, including drugs, and the likelihood that such inter-
actions may diminish the effectiveness of prescription medications or
alter normal body chemistry. While the principles described apply to
all dietary supplements and drugs, emphasis is placed on factors that
relate especially to herbal supplements purported to influence brain
function. Individual chapters are devoted to a discussion of selected
nutritional supplements that are said to enhance memory, or to aid in
the treatment of depression, anxiety, insomnia, and alcoholism. These
products were chosen because the promised benefits can be difficult
to quantify and are more subject to influence by the power of persua-
sion than is the case with other therapeutics. This is why the use of
such substances has been exploited over the centuries by shamans to
maintain their social standing, and by charlatans for monetary gain.
The properties of these products are described in the context of the
basic principles of pharmacology and the results of scientific studies,
both human and laboratory animal, aimed at determining effective-
ness and mechanism of action. The approach taken in objectively
evaluating these products can be used by the reader as a guide for
assessing the information available on any dietary supplement. This
work is intended for those who are curious about the potential bene-
fits and risks associated with the use of food supplements. The infor-
mation provided will be of particular value for individuals who, like
Adam, are interested in how drugs and natural products affect us for
good and evil.
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The notion that plant and animal products have therapeutic benefit is
as old as mankind. This belief is based on solid empirical evidence
accumulated by our ancestors over millennia. This discovery was
undoubtedly the result of the need for early humans to forage for
food. While consuming various roots, seeds, stems, and flowers, the
ancients would occasionally stumble across something that alleviated
a physical discomfort or altered their sensorium. Ultimately, the use
of the plant for medicinal or ritualistic purposes became part of the
culture. The validity of these observations was confirmed in the
modern era with the isolation and study of pharmacologically active
plant constituents. Indeed, the first drugs were purified substances
obtained from ancient remedies or chemical derivatives of these
plant products. It is easy to understand, therefore, why consumers are
easily persuaded that a plant-derived dietary supplement may have
therapeutic benefit. However, few of the products sold today were
employed by early humans for the advertised purpose, and fewer still
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have undergone extensive scientific testing to demonstrate efficacy
for their purported use. In many cases the active constituents of
today’s products are unknown, making it impossible to define their
effects, both positive and negative, in humans.

An understanding of the historical development of therapeutics is
useful for gaining a proper perspective on the value, and limitations,
of plant extracts as remedies. Such information is particularly helpful
when considering the claims made for such products.

Prehistoric Evidence
The use by prehistoric humans of natural products as remedies is
inferred from anthropological findings. For example, an analysis of
pollen grains from a Neanderthal grave in Iraq revealed that the flow-
ers were from six plants known today to have therapeutic properties.
Because only a small fraction of plant life has medicinal value, it is
probably no coincidence that these particular plants were placed on
the grave. This finding is taken as evidence that Neanderthal, a
humanoid species that became extinct 30,000 years ago, knew that
these particular plants were of therapeutic benefit.1 Pollen from
these plants came from Centaurea solstitialis, Ephedra altissima, and
species of Achillea, Senecio, Muscari, and Althea. It has been known
for thousands of years that Centaurea (century plant),2 Achillea
(yarrow),3 Senecio (groundsel),4 and Muscari (grape hyacinth)5 have
wound-healing and antibacterial properties. Because of its mucilagi-
nous properties, Althea (mallow) was used to protect irritated skin.6

Ephedra contains ephedrine, a central nervous system stimulant
known to impart a sense of well-being.7 Presumably these plants were
left graveside to provide the deceased with access to medications in
the afterlife.

Other prehistoric evidence suggesting the use of plants for
medicinal purposes includes the discovery of valerian root in caves
inhabited 35,000 years ago by Cro-Magnon.8 As the valerian root
grows horizontally along the surface of the ground, it would be easily
noticed and harvested for its nutrient and medicinal value.

8 herbal supplements and the brain
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Early Documentation
Ancient literature contains numerous references to the therapeutic
value of plants. Linneaus coined the genus name Achilla for yarrow
after a description of its use in The Iliad, an eighth century BC epic
poem on the Trojan War. In this narrative the hero Achilles is
described as using this plant to staunch the bleeding wound of a fel-
low warrior during the battle for Troy. Given the hazards associated
with Neanderthal life, it would not be surprising if they used this
plant for the same purpose, long before the Greeks.

The Ebers papyrus is the oldest complete document describing
medical remedies. The work is named after George Ebers, who pur-
chased it in Egypt in 1873. The document is now in the University of
Leipzig library. An English translation of the Egyptian hieroglyphics
is available.9 The Ebers papyrus is thought to date to about 1500 BC,
making it one of the oldest sources of written information on how our
ancestors treated injuries and disease. The remedies in the Ebers
papyrus contain mixtures of animal, vegetable, and mineral materials.
Animal constituents include stag’s horn and dried dung. Mineral
components mentioned are natron, a form of sodium carbonate
found in the Egyptian desert, and malachite. Myrrh, frankincense,
coriander, mustard seed, and cumin are some of the plant products
recorded in the Ebers papyrus. Before use, these materials were nor-
mally dried, ground, and added to honey if they were to be taken
orally, or mixed with oil or fat if they were to be applied topically as a
poultice. Some ingredients, such as natron and frankincense, were
used for a variety of ailments. Because the same ingredient combina-
tions were employed for treating different conditions it is assumed
their use was often more related to tradition rather than to estab-
lished effectiveness. As an example, in the fifth century BC
Theophrastus described megaleion, a poultice he claimed relieved
the inflammation resulting from a wound.10 The ingredients of mega-
leion, all of which are mentioned in the Ebers papyrus, are burnt
resin, oil of balanos, cassia, cinnamon, and myrrh. Myrrh, a gum resin
from Commiphora myrrha, is now known to contain antibacterial and
antifungal compounds that do, in fact, improve wound healing.11 This

chapter 2 • transforming plants into gold 9
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indicates that the early use of some mixtures, such as megaleion, was
evidence-based, not just driven by habit, availability, or religious
beliefs. Contemporary research indicates, however, that not all of the
ingredients contained in early remedies were of medicinal value if
used as recommended. In fact, many may have been toxic. Overall,
the use of these products was driven primarily by tradition or folklore.
For some, this may still be the case today.

The value placed by the ancients on medicinal plants is illustrated
by Queen Hatshepsut’s quest for myrrh. Queen Hatshepsut was
pharaoh of Egypt for over two decades, beginning in 1479 BC. History
records that one of her accomplishments was to bring myrrh trees to
Egypt. Myrrh trees were native to the Land of Punt, which is now part
of Ethiopia.12 The priest-physicians of Egypt needed myrrh as incense
and for medicinal purposes. Queen Hatshepsut sent five Egyptian
warships across the Red Sea to Punt. The ships were loaded with gifts,
presumably to exchange for live myrrh trees. These trees were planted
in Egypt, where their descendants can still be found to this day.

Another early listing of remedies and their uses is contained in
the Assyrian Herbal.13 Dating from the seventh century BC, these
660 cuneiform clay tablets were preserved for posterity by being
baked during the burning of Ashur, the ancient religious capital of
Assyria, a region of contemporary Iraq. More than 300 plants are
listed in the Assyrian Herbal, some of which are still used as thera-
peutics, including myrrh and opium. One plant family, the
Solanaceae, is particularly notable in that several genera produce
chemicals with marked effects on central nervous system function.
These actions were recognized by the ancients because ingestion
causes sedation, disorientation, and coma, depending on the amount
taken. Such effects are readily apparent to the consumer and to those
who witness its use. Chemicals first identified among plants of the
Solanaceae family, or derivatives of them, are still used today. Most
notable are the belladonna alkaloids atropine, hyoscyamine, and
scopolamine. The Solanaceae represent only a few of the plants
employed by the ancients for modifying central nervous system func-
tion (see Table 2.1).
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*In all cases, the active ingredient was not identified until the nineteenth or twentieth 
centuries.

Some of these, such as the sedatives, analgesics, and stimulants,
were easy to identify by the user. For such plant products there is lit-
tle need for sophisticated clinical or laboratory animal experiments to
prove they have a biological effect. In contrast, a purported beneficial
effect on mood, such as that reported for Melissa officinalis, is much
more difficult to demonstrate, even with clinical studies, given the
challenges associated with quantifying the symptoms of depression.

Western Culture
There is a rich historical record of therapeutics used in the Greco-
Roman era. Much of what is known comes from the writings attrib-
uted to Hippocrates, a fifth century BC Greek physician. Hippocrates
and his followers developed the four humors theory to explain the
cause of disease. The four humors of Hippocrates were blood,
phlegm, yellow bile, and black bile. He theorized that these sub-
stances were in balance in a healthy individual, and that illness
resulted when the relationship among them was disturbed. Medical
treatment, according to Hippocrates, should be aimed at restoring
this balance. The biological humors corresponded to what were

Table 2.1 Selected Examples of Plants Used Historically for Modifying Central
Nervous System Activity

Date Plant Active Ingredient* Reported Effect

40,000 BC Ephedra Ephedrine Stimulant1

20,000 BC Valeriana Valerenic acid Sedative8

3000 BC Camellia sinensis Caffeine Stimulant4

1550 BC Papaver somniferum Morphine Analgesic/Sedative9

800 BC Cannabis sativa Tetrahydrocannabinol Antidepressant13

100 AD Hyoscyamus Hyoscyamine Sedative16

400 AD Peonia Paeoniflorin Analgesic18

1550 AD Mandragora Atropine Sedative23

1600 AD Melissa officinalis Rosmarinic acid Antidepressant15
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considered by Aristotle the four basic elements of nature: fire (blood),
water (phlegm), air (yellow bile), and earth (black bile). It was also rea-
soned that they related to the climates associated with the four seasons
of the year: summer and hot (blood), spring and wet (phlegm), fall and
dry (yellow bile), and winter and cold (black bile). This association with
the weather was coupled further with four human temperaments: san-
guine, phlegmatic, choleric, and melancholic, respectively.14 Because of
these purported relationships, plant remedies used during the Hippo-
cratic period were classified as warming, moistening, drying, or cooling.

The Hippocratic tradition of medicine was followed by physicians
for centuries. This is illustrated by the fact that in the sixteenth cen-
tury John Gerard compiled a list of contemporary plants used as
remedies, classifying each as warming, moistening, drying, or cool-
ing.15 He then subdivided them further into as many as four addi-
tional levels of effectiveness. For example, Gerard considered dill
seed (Anethum graveolens) hot in the 2nd degree and dry in the 1st
degree, while fennel (Foeniculum vulgare) was hot and dry in the 3rd
degree. These distinctions were made on the basis of the odor and
taste of the plant product, not the therapeutic effectiveness or use. In
fact, no matter how elaborate the classification system based on these
properties, none was very effective for predicting which plants would
be best for treating a particular condition in an individual patient.

Although the Hippocratic humoral theory of disease and its treat-
ment was dominant for centuries, not all remedies employed during
that time fit within this classification system. An example was
mithridatum, a remedy devised in the first century BC by Mithri-
dates, King of Pontus, a region in northeastern Turkey, and his associ-
ate, Crataeus, a botanist and physician. The composition of
mithridatum and the history of its use were recorded by Celsus, a
Roman who lived during the first century AD.16 Celsus described sev-
eral theories on the cause of disease. In his work De Medicina, he
stated that the treatment of medical problems should be based on evi-
dent causes. Because Celsus demanded proof, his position is a direct
challenge to the idea of humors and other theoretical constructs used
to explain the cause of disease and to classify treatments. Mithrida-
tum, which is a mixture of more than 30 plants, was recommended by
Celsus for treating wounds and bruises, and for alleviating the suffer-
ing associated with falls. Mithridatum remained a popular remedy in
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Europe until the nineteenth century. These 2,000 years of use is not
surprising in that it is now known that some of the plant products in
mithridatum display anti-inflammatory and antioxidant properties.
This explains its utility in treating many of the conditions described by
Celsus.17 Thus, the writings of Celsus, and the use of mithridatum,
called into question Hippocrates’ unifying theory of humors.

Around 400 AD the Roman Psuedo-Apuleius compiled a list of
130 herbal remedies.18 From a twenty-first century perspective, the
medical value of these herbs ranges from useless to undoubted effec-
tiveness. An example of the former is the magical properties attrib-
uted to ironwort (Sideritis heraclea). Psuedo-Apuleius claimed that a
person carrying a branch of this plant became invisible and was there-
fore protected from robbers. This account contrasts with his accurate
reporting that skin lesions and irritations were effectively treated with
apolinaris (Hyoscyamus), a plant that was subsequently found to have
local anesthetic properties. He also recommended that squill (Urge-
nia maritima) bulbs be used to treat dropsy, a symptom of heart fail-
ure. It is now known that squill produces compounds that are, in fact,
effective in treating this condition. The written account of Pseudo-
Apuleius is also historically important because he failed to mention
the humoral theory of disease, and he described only the use of single
plants, excluding mention of plant mixtures. This suggests erosion of
the Hippocratic approach even at this early time and a shift in
thought to emphasize the value of individual herbs as treatments for
specific conditions. Nonetheless, in Europe the Hippocratic theory of
disease and its treatment predominated through the Middle Ages.

Alchemy
The demise of the Hippocratic theory of disease can be traced to the
rise of alchemy in the thirteenth century AD. Alchemy, which began
as a philosophy, was practiced in Egypt, Babylonia, India, and China
prior to its arrival in Europe in the late Middle Ages. Early alchemists
were purported to possess magical powers, including the ability to
transform base metals, such as iron, into noble metals, such as gold or
silver. It is thought that alchemy evolved as humans noticed that the
physical state of matter could be altered. Thus, water turns to ice 
on freezing, and to steam on boiling, and wood becomes ash upon
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burning. It was known from prehistory that fermentation converted
plants into sedating beverages, beers, and wines, which were widely
used for cultural and medicinal purposes. Alchemists were the first to
use experimental procedures systematically as they attempted to
understand the transformation of matter. To this end they developed
and employed techniques such as distillation, calcination, which is
formation of a salt, and sublimation, the removal of volatile com-
pounds by heating, that are still routinely used by chemists. It is
believed that distilled spirits, which have a higher alcohol content
than fermented beverages, were developed by Greek alchemists in
the first century AD. Alchemists are also thought to be responsible
for devising methods to separate metals from ores and for producing
cosmetics.

Records dating back to 300 AD describe Greco-Egyptian
alchemical recipes for preparing metal alloys.19 European alchemists
drew heavily from the Arabs in developing the discipline. Rhazes
(860-932), a Persian physician who first described smallpox and
measles as distinct disorders, was also an alchemist interested in cre-
ating therapeutics.20 With the spread of alchemy throughout Europe,
the number of practitioners increased, along with information on the
chemical nature of matter. The work of the alchemists made it appar-
ent that the old Aristotelian concept of four basic elements and the
Hippocratic humoral theory of disease were inaccurate and mislead-
ing. Certainly alchemy rendered them obsolete.

An example of the use of alchemical techniques to improve med-
ical treatment is provided in a manuscript by Giovanni Andrea (died
1562), a Jesuatti friar from Lucca, Italy.21 Friar Andrea detailed
recipes for the remedies prepared by members of his religious order
over the previous 200 years. Among these concoctions was an elixir of
life prepared alchemically by slowly heating a mixture containing
some 50 plants and animal products, including spices, fragrant herbs,
nuts, dried fruits, and honey. The resultant distillate was mixed with
an equal weight of brandy and then redistilled. Friar Andrea consid-
ered this second distillate “more valuable than gold.” He wrote that
an 80-year-old would, within a month, take on the appearance of a
40-year-old if he drank a specified quantity of this elixir each day.22

Paracelsus (1493-1541) was a physician trained in alchemy who
hoped to exploit the therapeutic potential of natural products. He
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believed that every vegetable and mineral product contained a
unique essence that was responsible for its biological activity. Using
the tools of the alchemist, Paracelsus set out to extract this essence
and thereby improve the efficacy of the remedy. Rather than accept-
ing the notion of four humors and four elements, he believed, like
most alchemists, that all materials were composed of three basic prin-
ciples: sulfurs, mercuries, and salts.23 Sulfurs were thought to be the
combustible part of a substance, while mercuries were the smoke or
gas emitted when the material was burned, and salts the ash that
remained after combustion. While it is known today that this concept
is no more accurate than those put forth by Aristotle and Hippocrates,
the work of Paracelsus and other alchemists was instrumental in dis-
crediting the earlier theories. This was a critical step in the develop-
ment of modern chemistry and the ultimate identification and
characterization of plant essences, as originally conceived by Paracel-
sus.24,25 While alchemists were never able to transform base metals
into gold, their work provided the foundation for the modern phar-
maceutical industry and the development of medications that have
eased the suffering of millions. To paraphrase Friar Andrea, their
work led the way in making it possible to transform plants into gold.

Chemistry
In his 1661 publication The Sceptical Chymist, Robert Boyle pro-
posed that matter is a collection of elements that can be arranged in
various ways to yield different chemical substances.26 Boyle devel-
oped this idea by inventing a series of dialogues between individuals
expressing support for his experimentally based concept of numerous
basic elements for matter, and skeptics who continued to believe that
all matter was composed of either three (Paracelsian theory) or four
(Aristotelian theory) elements. Boyle’s insights were the beginning of
modern chemistry and drug discovery.

The concept of chemistry as an experimental science was pro-
posed by Francis Bacon (1561-1626) a few decades before Boyle’s
The Sceptical Chymist. In his 1620 treatise titled Novum Organum,
or New Method, Bacon proposed that scientific knowledge is accu-
mulated through experimentation aimed at testing specific hypothe-
ses.24 This idea remains the foundation of modern science. While
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perhaps apocryphal, it is said that Bacon conceived of the experimen-
tal method after observing that a chicken frozen in a snow bank did
not decompose. He then hypothesized that frozen meat could be
safely stored for long periods, and therefore consumed over time. By
designing and executing experiments to test this theory, Bacon is
attributed with demonstrating conclusively the value of freezing for
storing perishable foods.

As the seventeenth century ended, a search began for the basic
elements of nature as conceived by Boyle. Soon it was discovered that
all living matter consists of carbon, oxygen, hydrogen, and nitrogen.
The discovery of other elements followed rapidly. By the mid-nine-
teenth century more than 60 atoms had been identified. The utility of
this information wasn’t fully realized until the Russian chemist, Dim-
itri Mendeleev, described the relationships among them, a puzzle that
he and others had worked on for years.27 While various systems were
proposed, none fulfilled the criteria needed for a useful classification
system. Mendeleev reported that the solution appeared to him in a
dream. Upon awakening, he quickly sketched a chart aligning the var-
ious elements, or atoms, into categories based on their known compo-
sition and physical properties. His inspiration resulted in the creation
of the Periodic Table of Elements, or periodic chart. As this classifica-
tion scheme made it possible to predict chemical interactions, it set
the stage for the selective synthesis of specific chemical agents, and for
identifying the atomic structure of all elements in nature, including
the constituents of plant extracts. The accuracy of Mendeleev’s insight
is proven by the fact that his original Periodic Table of Elements con-
tained blank spaces for atoms he predicted existed but that weren’t yet
discovered. In subsequent years all of these elements, as well as oth-
ers, were identified. In 1955, 48 years after his death, element number
101 was found and, appropriately, named mendeleium in his honor.

The Periodic Table of Elements effectively ended the practice of
alchemy and initiated the era of modern chemistry. It was now possible
to isolate and chemically identify biologically active plant constituents
and to synthesize chemical derivatives of them. This gave scientists the
tools to fulfill Paracelsus’ dream of purifying the plant essence and, as
he envisioned 300 years earlier, to modify it for therapeutic gain.
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The United States Pure Food and Drug Act became law on June 30,
1906. This legislation mandated the federal inspection of meats and
banned the sale of adulterated food products and poisonous drugs. In
1938 the Federal Food, Drug, and Cosmetic Act established the
United States Food and Drug Administration (FDA). This agency
was given the responsibility for ensuring the safety of food, pharma-
ceuticals, and cosmetics and, subsequently, was empowered to assess
and verify drug efficacy. Given these and other legislative mandates, a
drug candidate must now undergo years of rigorous laboratory animal
and human testing before the manufacturer gains FDA approval for
sale to the general public. Hundreds of millions of dollars are needed
to cover the costs associated with meeting FDA criteria for a single,
new drug product. Among these requirements is detailed information
on its chemical and pharmacological properties. Convincing evidence
must be submitted that the compound is safe and efficacious at the
recommended dose. Side effects and toxicities must be identified,
including information on potential interactions with other drugs that
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may be taken by the patient. The intended use must be defined pre-
cisely on the basis of clinical research results. Data are required on
the purity and stability of the manufactured product. After a drug is
approved, federal inspectors routinely monitor its production and use
to ensure product consistency and appropriate marketing. Given
these safeguards, it is not necessary for consumers to be concerned
about the safety and effectiveness of prescription or over-the-counter
medications. While not all drugs are effective in all patients, and
there can be idiosyncratic responses, consumers can reasonably
assume that if an FDA approved product is taken as directed it will
likely display some efficacy as a treatment for their condition and that
they will be alerted to potential side effects. Accurate information on
the limitations of use and possible toxic reactions is usually obtained
from the health care provider and is readily available in the manufac-
turer’s description of the product and in other forums.

The situation is different for herbal supplements. Given their
growing popularity in the 1980s, Congress needed to decide whether
these products should be subject to federal regulations covering foods
or drugs. In the United States this resulted in the Dietary Supple-
ment Health and Education Act of 1994. As this legislation defined
these products as food supplements, producers are not required to
provide proof of safety or any health benefit before offering them for
sale. While a statement regarding safety must be submitted to federal
authorities, the burden of proof is on the government to raise ques-
tions about possible dangers associated with use. If the government
registers no objection within a specified period, the product may be
sold. Given the lack of regulation and oversight, those selling such
products are forbidden to refer to them as drugs and to advertise any
therapeutic benefit. To comply with this requirement, product labels
often contain a disclaimer indicating it is not to be used to diagnose,
treat, cure, or prevent any disease. As a practical matter, however,
broad, misleading claims about the therapeutic benefits of dietary
supplements are commonly encountered, especially on the Web.

The number and popularity of these products has continued to
expand, with more than $5 billion in sales in the United States in
2009. Because of growing concerns about product contaminations
and the quality of the ingredients used to manufacture some supple-
ments, new regulations were enacted in 2003 to allow government
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inspectors access to company manufacturing records to monitor qual-
ity control. However, it cannot be assumed that all herbal product
manufacturers routinely undergo such inspection given the number
of companies, the fact that many are located abroad, and the shortage
of FDA personnel. The absence of federal requirements regarding
safety and efficacy, and the minimal manufacturing oversight, leaves
the consumer responsible for assessing the potential risks and bene-
fits of these products. Besides a paucity of objective research data,
this determination is complicated by the fact that neither the poten-
tial user nor the manufacturer can always be sure of the number and
type of biologically active constituents in these extracts. This makes it
difficult to assess what effect the supplement may have on otherwise
healthy individuals, let alone those with a chronic or acute illness,
those taking prescription medications, or who are undergoing other
kinds of treatments, such as radiation therapy.

When developing new drugs, safety and efficacy issues are
addressed by basic and clinical pharmacologists. To this end, pharma-
cologists consider a number key principles. While this task is simplified
when examining a single, purified substance, these same principles can
be applied, although to a more limited extent, to plant extracts when
deciding whether a product might be of benefit. The information con-
tained in this chapter is intended to provide a broad overview of these
basic pharmacologic principles and to define terms and concepts use-
ful in making an informed judgment about the potential utility of an
herbal product. The aim is to help the consumer think like a pharma-
cologist when considering the possible use of a dietary supplement.
Although the quality and quantity of the publicly available research
data are limited for these products, an understanding of these princi-
ples and terms will enable the consumer to make a more informed
decision about the potential value of a particular product.

The Origins of Pharmacology
Pharmacology, the study of drug actions, was not recognized as an
independent scientific discipline until the mid-nineteenth century.
Up to that time pharmacological principles were included in medical
courses on Materia Medica, which dealt with the origin, preparation,
and administration of therapeutic agents. As most of these therapies



ptg7913130

20 herbal supplements and the brain

were mixtures of plant extracts, little was known about the active con-
stituents. Rather, Materia Medica focused mainly on the preparation
and clinical use of herbal products discovered empirically in earlier
centuries. Little effort was made to search systematically for new
therapeutics or to understand the mechanisms of action of these
products.

This situation changed dramatically with Dmitri Mendeleev’s
development in 1869 of the Periodic Table of Chemical Elements
and the advent of modern chemistry. By classifying the atomic con-
stituents of matter, Mendeleev settled the centuries-old dispute
between Aristotelians and alchemists about the number of essential
elements in nature. Once the atomic basis of matter was understood,
it became possible to identify and manipulate chemical structures.
Mendeleev’s accomplishment made it possible for chemists to charac-
terize precisely the essence of therapeutic plant extracts, an objective
initially, but unsuccessfully, pursued by Paracelsus some 300 years
earlier.

An early example of this new approach to understanding drug
action, and the response to plant extracts, was the work of Friedrich
Serturner, a nineteenth century German chemist. Serturner was
interested in identifying the active constituent of opium, a gum resin
from the poppy Papaver somniferum. Opium was often used by
Paracelsus in his remedies, which often contained another gum resin,
laudanum, an extract from Cistus laudanifer. Over the years the mix-
ture of these two plant extracts came to be called laudanum, even
though, as we know now, the clinical benefit is derived primarily from
the opium components. Today, laudanum, which is prescribed for its
analgesic properties and for controlling diarrhea, is known as
Tincture of Opium. As Serturner knew that the opium extract con-
tained many ingredients, he set out to separate chemically the various
agents in an attempt to determine whether the beneficial effects were
mediated by one or more of them. Because opium is known to cause
drowsiness and sleep, he named one of these purified compounds
morphine, after Morpheus, the Greek god of dreams. Serturner’s
effort is the first recorded purification of an active constituent from a
plant extract. Eventually the chemical structure of morphine was
identified, making it possible to synthesize it and hundreds of struc-
turally related agents, some of which are used as drugs today.1,2
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Another example of this approach was the purification of salicin.
Since at least 400 BC the extract of the willow tree (Salix spp.) was
used to treat a variety of conditions. In the sixteenth century Friar
Andrea described how this extract was employed by the Jesuatti Fri-
ars for the treatment of gout. This remedy was prepared by holding a
section of green wood from a willow tree over a fire and collecting the
foam that appeared on the unheated end of the stick. Andrea
reported that topical application of this foam to a painful, gouty joint
“will soon lift the pain.”3 In the late nineteenth century salicin, the
chemical precursor of what proved to be the active constituent in
humans, was isolated from the willow extract. It was then found that
in the body salicin is converted to salicylic acid, an anti-inflammatory
agent. Subsequently, chemists synthesized acetylsalicylic acid
(aspirin), a chemical derivative of salicylic acid that could be taken
orally. To this day aspirin remains one of the most popular drugs for
treating some forms of pain and inflammation. Salicylic acid was first
prepared from salicin in 1838, and aspirin first synthesized in 1899.4

A common feature of these two examples is that both opium and
willow bark extract were employed for centuries by various cultures
for defined medicinal properties. This history of use greatly increased
the likelihood that these preparations contained pharmacologically
active substances, making them logical choices for purification.

The science of pharmacology evolved rapidly once it was possi-
ble to isolate and identify clinically active constituents in plant prod-
ucts, and to synthesize safer and more effective derivatives. It was
appreciated that to exploit fully this new approach to drug discovery,
it was necessary to define the manner in which these chemical sub-
stances, now referred to as drugs, act on the body. This is the task of
the pharmacologist.

Pharmacodynamics
Pharmacology is divided broadly into two subdisciplines: pharmaco-
dynamics and pharmacokinetics. Pharmacodynamics relates to the
drug mechanism of action, which is the way the drug affects the body.
As an example, pharmacodynamic studies are those aimed at deter-
mining precisely how morphine relieves pain, depresses central
nervous system function, and causes nausea and constipation. Such
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information is critical in designing and synthesizing more effective
drugs with fewer side effects. Pharmacokinetic studies are those con-
cerned with understanding the way the body affects the drug. These
include defining the absorption, metabolism, and excretion charac-
teristics of the chemical agent. Such work is important in ensuring
the drug reaches the desired site of action and remains there for a
sufficient period of time, and at the necessary concentration, to have
the intended effect.

As for pharmacodynamics, it is now appreciated that most drugs
act by attaching to specific cellular components to activate or inhibit
biochemical functions. Typically the attachment, or binding, site for
most contemporary drugs is a transmitter or hormone receptor, or an
enzyme that regulates some component of cellular function in the
patient or an invading organism. These types of targets are particularly
common for drugs used to treat central nervous system disorders.

The idea that drug actions are mediated through attachment to
specific receptors was first proposed in 1905 by John Langley, profes-
sor of Physiology at Cambridge University. His theory was related, in
part, to work performed a few years earlier by Paul Ehrlich in Ger-
many.5,6 Ehrlich studied the mechanisms responsible for the develop-
ment of immunity to infection. His work led to the development of a
diphtheria antitoxin that was used immediately to quell an epidemic
of this disease. As a result of his studies, Ehrlich proposed that anti-
bodies are produced in response to the selective binding of bacterial
toxins to certain cells.5 As these toxin binding sites are specific for
chemically distinct foreign substances, Langley subsequently rea-
soned that such a mechanism may be responsible for the actions of
drugs as well. He called the theoretical drug attachments site the
“receptive substance.” The Langley hypothesis met considerable
resistance from the scientific community. Nearly 30 years of research
were needed to convince others that drugs act by attaching to specific
sites in tissue.

Langley’s theory was based in large measure on his studies defin-
ing the actions of natural products, such as atropine and curare, on
nervous system function and physiology.7 His work demonstrated 
that these two, chemically distinct, substances block the normal phys-
iological response to a single transmitter, acetylcholine, which is
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released by certain nerve endings. Whereas atropine and related alka-
loids derived from Atropa belladonna block the effect of acetyl-
choline on some nerves, they have little effect on the ability of this
transmitter to induce skeletal muscle contraction. In contrast, curare,
which is extracted from plants in the genus Strychnos in the
Logianaceae family, selectively blocks the effect of acetylcholine on
skeletal muscle but not on nerves. This ability to differentiate the
physiological actions of acetylcholine by applying chemically distinct
substances suggested to Langley that these agents interact in a selec-
tive manner with specific and distinct sites on nerves, in the case of
atropine, or skeletal muscle, in the case of curare. He referred to
these sites as receptors, with one group being sensitive to atropine
and the other curare. Subsequently, these two classes of acetylcholine
receptors were classified as muscarinic and nicotinic, with the former
being those most sensitive to atropine and the latter to curare.

Other data supporting the drug receptor concept included the
discovery that chemical isomers differ pharmacologically. Isomers are
compounds with the same molecular but different structural formula.
In other words, while the atoms in chemical isomers are identical and
are linked in the same way, one or more of them is oriented differ-
ently in space. Langley noted that most of the pharmacological
response to hyoscyamine, a constituent of Hyoscymus niger, is medi-
ated by the l-isomer, with the d-isomer being virtually inactive. He
concluded from this that only a cellular component with a high
degree of selectivity for chemical structures, such as a receptor site,
could make such a subtle distinction between two nearly identical
agents.7 This result would not be expected if drugs acted simply by
nonselectively modifying cell function.

It was also noted by Langley and others that drugs induce their
effects by either activating or inhibiting receptors. Compounds that
mimic the endogenous transmitter or hormone by stimulating a
receptor are known as agonists, while those that inhibit the action of
the endogenous agent are known as antagonists. Although antagonists
bind to the receptor, they are incapable of generating a response.
Their attachment instead prevents the endogenous agent from act-
ing, thereby diminishing, or totally blocking, the effect of the hor-
mone or neurotransmitter that normally interacts with the site.
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The controversy engendered by Langley’s receptor theory was
ultimately resolved in his favor. The factors supporting receptors as
the site of drug action were summarized by A. J. Clark, professor of
Pharmacology at the University of Edinburgh, in a 1933 book titled
The Mode of Action of Drugs on Cells.8 Among the pharmacological
principles developed by Clark was the importance of dose-response
experiments in understanding drug action. Such analyses are espe-
cially meaningful when it was possible to study purified chemical
agents. Using these data Clark showed that the laws of physical chem-
istry could be applied to explain the interactions of drugs with spe-
cific, chemically selective sites, or receptors. His work, which yielded
a mathematical framework for explaining pharmacological data, led
to wide acceptance of Langely’s receptor hypothesis.

The receptor theory of drug action was unequivocally confirmed
in the 1970s and 1980s, first with the biochemical identification and
characterization of these sites and, subsequently, with their isolation
and purification, and the cloning of the genes responsible for their
production.9,10 Receptors are now among the more important targets
for drug development, especially for agents intended to treat neuro-
logical and psychiatric disorders. Unless proven otherwise, it is now
assumed that any chemical that affects central nervous system func-
tion interacts with a specific site in the brain. Candidate sites include
transmitter receptors or transporters, or the enzymes responsible for
the production or metabolism of neurotransmitters and other
endogenous chemical mediators.

Pharmacokinetics
For an agent to be therapeutically useful it must first reach its site of
action in the body and remain there at an appropriate concentration
and for a period of time sufficient to induce a clinically meaningful
effect. This is not a trivial matter as animals have evolved a number of
ways to prevent foreign substances from gaining entry to the body
and to dispose readily of such agents if they appear in the blood-
stream. More lipophilic (“lipid loving”) compounds, those that are
more soluble in fat, are more rapidly and completely absorbed by the
body than those that are more hydrophilic (“water loving”), or more
soluble in water. Bioavailability is a measure of the extent to which an
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agent is absorbed into the bloodstream. For example, for a drug with
a 50% oral bioavailability, one-half of the ingested dose will find its
way into the systemic circulation and possibly be available for induc-
ing a pharmacological effect.

Even if an agent is sufficiently lipophilic to cross from the gastro-
intestinal tract into the general circulation after oral administration,
there is no guarantee it will gain entry into the brain. As the brain vas-
culature has tighter junctions than blood vessels in other organs, only
the most lipid soluble agents are able to diffuse across this blood-brain
barrier and penetrate into the central nervous system. Drug diffusion is
a passive process whereby the chemical crosses tissue membranes after
dissolving in them, just as rainwater soaks the skin after passively diffus-
ing across clothing. In some cases, more hydrophilic chemicals are
transported across tissue membranes by specialized proteins in the gas-
trointestinal system and other organs, including the brain. This mode
of absorption is an active process requiring energy. The transporter is a
protein located on the cell membrane to which compounds with the
appropriate chemical structure attach. The transporter then transfers
the agent into, or out of, the cell just as a tow truck moves a car from
one side of the street to the other. These transporters evolved to ensure
that certain essential, but hydrophilic, nutrients, such as some amino
acids and glucose, are taken into tissues even though they do not dif-
fuse across cell structures. Drugs and toxins, therefore, are able to
reach the brain following oral administration if they are sufficiently
lipophilic to penetrate the tissue by passive diffusion or their chemical
structures are similar to the endogenous substrates for transporters.

Once a chemical reaches its target, a sufficient quantity must
accumulate to activate or inhibit the site. This is a function of the dose
administered, the extent to which the compound is absorbed, and its
affinity, or attraction, for the target. Thus, while an agent may be
capable of reaching the systemic circulation and penetrating into the
brain, to obtain a measurable response it may be necessary to admin-
ister large quantities if its absorption is limited or its affinity is low.

To be useful clinically, a drug must be active for several hours fol-
lowing its administration. The duration of drug action is directly
related to the amount of time the agent is located at the target in
sufficient quantities to be active. One measure of this is the drug
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half-life, or t1/2. The half-life is the amount of time it takes for the drug
concentration in the blood to be reduced by half. In general, the
longer the half-life, the more prolonged the duration of action. As the
half-life is directly related to the rate of metabolism and excretion,
these are critical variables in determining the response to a drug.
Hydrophilic agents are often rapidly excreted in feces or urine without
undergoing a chemical change. More lipophilic substances, however,
are generally metabolized by specialized enzymes located throughout
the body but highly concentrated in the liver. The cytochrome P450
family is one of the major classes of enzymes responsible for the
metabolism of many drugs and endogenous substances.

The characterization of pharmacokinetics is critical for evaluating
whether a particular chemical has therapeutic potential. For exam-
ple, if studies indicate that the test agent is not absorbed into the
blood following ingestion, it is unlikely to be a drug candidate, at least
with this route of administration. Likewise, if it is found that the test
substance, although absorbed, is rapidly metabolized and cleared
from the systemic circulation, it is a poor drug candidate as it will be
difficult to achieve and maintain the levels at the target site necessary
for the intended response.

Pharmacokinetic studies are also crucial for appropriately using
drugs already known to be effective. In these cases it is important to
know whether the agent is absorbed primarily by passive diffusion or
by a transporter. If the latter, there is a potential for adverse drug
interactions if the agent is administered along with another com-
pound that utilizes the same transporter for absorption. In this case
the two substances will compete for the limited number of trans-
porter proteins, resulting in a decline in the absorption of one or the
other, or both. Similarly, a drug that is metabolized by a particular
cytochrome P450 enzyme may, if present in sufficient concentrations,
slow the metabolism of other agents, both drugs and endogeneous
substances. Moreover, some drugs are known to stimulate the pro-
duction of cytochrome P450 enzymes, increasing the rate of their
own metabolism and the breakdown of any other substrate for this
enzyme. Such effects on drug metabolizing enzymes can lead to a
dramatic increase or decrease in the blood levels of other substances,
resulting in side effects or toxicities, or a decrease in effectiveness,
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which would not be encountered otherwise. As is evident, informa-
tion such as this is important in evaluating the potential utility, and
safety, of herbal supplements as it is known that some of them affect
the pharmacokinetics, and therefore the safety and effectiveness, of
prescription drugs.

In Vitro and In Vivo Studies
In vitro and in vivo experiments are routinely performed for pharma-
codynamic and pharmacokinetic studies. In vitro experiments are
those conducted on organs or tissues after their removal from the ani-
mal. Such studies are useful because they eliminate or minimize
absorption or metabolism as variables, making it possible to examine
more directly the pharmacodynamic effect of the drug candidate, to
identify the enzymes responsible for its metabolism, or to character-
ize the transporter needed for absorption or elimination. In vivo
experiments are those conducted in animals to study the overall
effects of a test substance on responses that are best measured in
intact organisms. These include, for example, changes in behavior,
blood pressure, and the response to painful stimuli. Because the
experimental conditions for in vitro studies are artificial, it is some-
times difficult to extrapolate the results of such experiments to what
might occur in the animal following systemic administration of the
test agent. A drawback for both in vitro and in vivo laboratory animal
studies is that they typically employ nonhuman subjects or tissues. As
it is known that certain human receptors differ from those in other
species, and that pharmacokinetic properties may vary markedly
between humans and other animals, care must be taken when making
predictions about the clinical potential of test substances solely on the
basis of in vitro and in vivo laboratory animal experiments.

Pharmacology and Herbal Supplements
Because most herbal dietary supplements are plant extracts, they
contain scores, if not hundreds, of chemical substances. Because the
constituents in these extracts can vary considerably from batch to
batch, both qualitatively and quantitatively, it is difficult, if not impos-
sible, to conduct the types of pharmacodynamic and pharmacokinetic



ptg7913130

28 herbal supplements and the brain

studies needed to determine whether these products possess the
pharmacological characteristics needed for therapeutic activity. The
variation in extract composition is due to numerous factors. Included
are the age of the plant, the environment in which it is grown, the
portion of the plant used to prepare the extract, and the extraction
procedure. A pharmacological assessment of herbal dietary supple-
ments is particularly challenging for products taken to modify central
nervous system activity. This is due in large measure to the difficulties
associated with assessing whether an active constituent penetrates
into the brain, and the lack of objective measures for some behavioral
responses.

A detailed and precise pharmacological analysis is best conducted
on a single, purified substance. As long as the active constituent of a
dietary supplement is unknown, it is impossible for a pharmacologist to
draw firm conclusions about the likelihood of the product having clini-
cal benefit. Although there is evidence suggesting the identity of the
active component of some herbal dietary supplements, and pharmaco-
logical studies conducted on them, such information is generally lack-
ing for most of these products. Even when such studies have been
performed, significant questions remain about the relevance of the
pharmacological data as long as there is uncertainty about the identity
of the active component. Add to this the limitations associated with
understanding the relationship between in vitro and in vivo laboratory
animal studies and human responses, and it is not surprising that signif-
icant skepticism remains among members of the scientific community
and lay public about the health benefits of many herbal supplements.

Herbal Supplement Pharmacology Checklist
Because of the importance of defining pharmacological properties in
assessing the clinical potential of a new drug agent, they should be
considered when contemplating the use of a dietary supplement.
Whereas all of the essential pharmacological data for prescription and
over-the-counter drugs are documented and have been reviewed
objectively by government scientists and agencies, this is not the case
for herbal products. This poses a challenge for consumers as most are
unaware of the kinds of questions asked by a pharmacologist when
examining the therapeutic potential of a drug. Accordingly, provided
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below is a checklist of items to consider and issues to investigate
when attempting to determine the likelihood that the potential bene-
fit attributed to a particular herbal supplement will outweigh the risks
associated with its use.

1. History of use. For many herbal products this will be the most
objective information available. Usually it is readily obtained
online and in published literature. If it has been reported for
centuries that a particular plant extract has a certain therapeutic
benefit, there is a high probability it will display some efficacy
in this regard, assuming the commercial product is prepared in
a manner similar to that utilized by the ancients. It is important
to be alert, however, to claims of a new use for a plant extract
that is generally accepted to be effective for other conditions.
For example, claims that an extract known to display anti-
inflammatory activity has been discovered to display antide-
pressant or anticancer activity should be met with skepticism.
Strong scientific evidence of efficacy for these other uses must
be provided because, unlike the established anti-inflammatory
action, they have not yet withstood the test of time.

2. Absorption. An effort should be made to determine whether
there are any data on the bioavailability of substances con-
tained in the plant product after it is taken by the recom-
mended route of administration. As such experiments are
relatively easy to perform, lack of such information should raise
suspicion about whether there is any appreciable absorption
into the systemic circulation. No agent or extract will have a
direct effect on the body, except perhaps for the gastrointesti-
nal system, if it is taken orally but fails to get into the blood-
stream. Although the active constituent of the extract may be
unknown, some assurance should be given, based on experi-
mental data, that components of the product are detectable in
blood following administration of the product. Bear in mind
that many known plant products are very hydrophilic and
therefore poorly absorbed following oral administration.

3. Distribution. It is valuable to know whether studies were per-
formed demonstrating that the extract constituents appear 
in the target organ. For products reported to affect central
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nervous system activity, such as those recommended for treat-
ing anxiety or depression, it would be reassuring to find labora-
tory animal data showing the appearance of constituents in the
brain following the route of administration recommended for
humans. The absence of such data should not be taken as con-
clusive evidence that an active substance does not get into the
brain. It is always possible that the effective component of a
plant extract has not yet been identified. Moreover, as noted
earlier with salicin, there is the possibility that the active com-
pound is a metabolite of one of the extract components, rather
than any of the herbal constituents themselves.

4. Duration of action. If blood levels have been determined,
there may be studies showing how long the constituents remain
in blood. While a half-life analysis is particularly useful, espe-
cially if it is conducted in humans, it is not essential if there is
some indication as to how long the compounds are detectable
in blood. If the period of time is short, such as a few minutes to
only an hour or so, it is unlikely the extract will be very effective
if administered orally, unless its activity resides in an as yet
unidentified metabolite or other plant constituent.

5. Metabolism. In general, compounds that are not metabolized
are usually hydrophilic and therefore less likely to penetrate
into the brain. More lipophilic components are more likely to
be metabolized extensively and to cross the blood-brain barrier,
making them better candidates as centrally active compounds.
They are also more likely to generate pharmacologically active
metabolites than hydrophilic agents. Questions should be
asked about which enzymes are responsible for the metabolism
of the constituents. Such information is important in attempt-
ing to determine whether the plant product might interfere
with the metabolism of prescription drugs, which could result
in unexpected side effects or toxicities, or a decline in the effi-
cacy of a medication.

6. Biological response. Besides the knowledge about the histor-
ical use of the plant product, there may be published informa-
tion on the biological response to the extract following
administration to laboratory animals. An effort should be made
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to determine whether the duration of any reported response
matches with the time in which the constituents are present in
blood. If the response lasts for several hours, but the blood lev-
els are detectable for a much shorter period of time, then the
constituents measured in blood are unlikely to be responsible
for the biological action. In the absence of data from carefully
controlled clinical trials, it is worthwhile to review animal stud-
ies demonstrating the biological effect of the extract. If a prod-
uct is being considered because it is rumored to be a treatment
for insomnia for example, such an action should be suspect if
the only published animal results relate to its use for treating
some other condition.

7. Product purity and uniformity. Because the constituents
of a plant extract can vary widely among batches, even if
produced by the same manufacturer, and there have been
instances of product contamination, care should be exercised
in selecting a supplier. When possible, domestic producers
should be preferred as their manufacturing practices are more
likely to be monitored by federal regulators than foreign com-
panies. In addition, it is best to purchase the product from
established retailers as they are typically more open about the
location and reliability of the manufacturer, and to accepting
returns if the product proves inactive or problems are encoun-
tered with its use.

Although it is unlikely that all these data will be available for most
herbal supplements, and there may be times when a particular prod-
uct can be obtained only from a foreign supplier, a review of the sup-
plement in the context of this checklist will lead to a more informed
decision. There are many sources for such information. These
include common online search engines, including those posting pub-
lished works from the scientific literature. Information can also be
solicited directly from the manufacturer. However, as for any prod-
uct, manufacturer claims, or the results of scientific studies under-
written by the supplier, may be subject to bias. What is best are data
accumulated and reported by independent scientists having 
no financial interest in the outcome of the work. Of particular value
are the results of experiments, both laboratory animal and human,
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sponsored by the federal government. There have been several such
federally funded studies aimed at examining the basic and clinical
pharmacological properties of popular dietary supplements.

Reference is made in succeeding portions of this work to the
terms and concepts defined in this chapter. Selected dietary supple-
ments will be discussed in detail in the context of the items listed on
this checklist. Particular emphasis is placed on reviewing the pub-
lished literature pertaining to the pharmacology of these products,
with special attention to those studies conducted by independent
investigators. By providing examples of how a pharmacologist
assesses such information in drawing conclusions about safety and
efficacy, the chapters on selected herbs reinforce these concepts and
demonstrate the value of thinking like a pharmacologist when consid-
ering the purchase of such products.
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If the body is an orchestra, the brain is the conductor. All human feel-
ings and actions are coordinated and regulated by the central nervous
system, which is the composite term for the brain and spinal cord.
Sensory systems, such as vision, hearing, smell, and touch, are con-
stantly transmitting information to the central nervous system where
it is almost instantaneously sorted and interpreted. The brain then
sends messages to appropriate muscles to accomplish tasks as mun-
dane as walking from the car to the office, to as complex as playing a
violin or performing surgery. This ongoing monitoring of the environ-
ment continues even as the brain is being asked to perform other
tasks. These include maintaining vigilance in the face of real or per-
ceived threats, from the possibility of encountering traffic congestion
to a life threatening disaster. Besides regulating the emotional behav-
ior associated with dangers, or the anticipation of a pleasurable expe-
rience, the brain regulates the functioning of various organs and
glands to correspond with these circumstances. In addition, the brain
controls vital functions that require no conscious thought, such as
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breathing and blood pressure, and it is the organ responsible for con-
sciousness, creativity, thought, and planning. Given its essential role in
maintaining the quality of life, it is not surprising that alterations in
brain function are readily perceived by the individual. This explains
why early humans easily recognized plants that can affect nervous sys-
tem activity. Included are those that increase energy or cause eupho-
ria, such as central nervous system stimulants; modify perception,
such as hallucinogens; cause seizures, such as convulsants; or decrease
anxiety or induce sleep, such as sedatives and hypnotics. For this rea-
son, the central nervous system effects of some plants have been
reported for thousands of years. Contemporary scientific methods
have been used to identify the active constituents in some of these
plants, with research performed to define more precisely their actions
and possible clinical benefits. In many instances, however, claims
made for plant products relating to central nervous system function
have not been verified scientifically, nor has an active constituent
been positively identified in the extract.

Central nervous system disorders can be broadly classified into
those displaying obvious and profound clinical symptoms and those
involving subtle changes in emotion or affect that are often more
apparent to the patient than to those observing or interacting with the
individual. Examples of the former are Alzheimer’s and Parkinson’s
diseases, amyotrophic lateral sclerosis, and schizophrenia. Depres-
sion, generalized anxiety disorder, and insomnia are conditions that
fall into the second category. Although there is a great deal of overlap
between these two classes with, for example, a schizophrenic also
having symptoms of anxiety and depression, these conditions are con-
sidered separate entities. Because of this, drugs have been developed
to lessen the symptoms of each, independent of the others.

Herbal dietary supplements are most often recommended for
treating the central nervous system conditions associated with mood
or affect rather than for those that involve profound changes in
movement and/or cognitive ability. The reason for this is obvious. A
beneficial effect in reversing paralysis or memory loss would be read-
ily apparent to the patient and caregivers. There would be little dis-
pute about the effectiveness of such a treatment, even in the absence
of extensive clinical trials. In contrast, because depression and anxi-
ety are sensitive to improvement by the power of suggestion, and
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often resolve spontaneously on their own, reports by individuals out-
side of well controlled clinical trials are unreliable for proving the
general effectiveness of any treatment. For this reason, the benefits
of a product for these conditions are unproven if they have not been
rigorously and objectively demonstrated in a clinical setting. This
lack of objectivity in establishing effectiveness is to the advantage of
the manufacturer as some consumers will continue to hold out hope
for efficacy as long as there is no proof that the product is inactive
and it is generally recognized as safe. Such thinking is misguided,
however, as science cannot prove a negative. Objective scientists are
agnostic with regard to any hypothesis in the absence of positive
proof. The consumption of a product that has not been shown con-
clusively to be effective for the condition of interest is based on hope,
not science.

Neuropharmacology is the study of drugs that directly affect
nervous system function. Neuropharmacologists perform experi-
ments in laboratory animals and humans to ascertain whether an iso-
lated chemical substance or plant extract modifies, for example,
sensory input, organ system function, mood, behavior, or cognitive
function. If positive results are obtained, the neuropharmacologist
undertakes studies to determine the mechanism of action of the test
substance at the cellular and biochemical levels. These data are cru-
cial for understanding how the agent influences nerve function and
for designing chemically related substances that may be more selec-
tive in terms of their site of action and, therefore, safer and more effi-
cacious. For a consumer to assess fully the potential of an herbal
supplement to beneficially affect nervous system function, it is help-
ful to know how drug effects on nervous system function are studied
and the limitations of such work. It is also important to have some
understanding of the components and organization of the central
nervous system. Only then is it possible to appreciate fully how com-
pounds can modify its functions for therapeutic gain, and the value of
the brain as a drug target. With such knowledge it becomes possible
to assess the likelihood that a particular product may be of value and
to appreciate the risks associated with its use. Safety is of particular
importance when taking any substance for central nervous system
effects given the potential for catastrophic consequences when inter-
fering with the ability of the brain to orchestrate the symphony of life.
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The Human Brain
Arguably the most complex organ in the body, the human brain is
composed of billions of cells. It weighs about three pounds and has
the consistency of gelatin. Approximately 100 billion cells are neu-
rons, the elements that transmit information to, within, and from this
organ. These represent only 10% of the cells in brain, with the
remainder being glia, cells that nurture and protect the neurons.
Structurally, neurons are composed of a cell body, which contains the
nucleus. Dendrites are cellular elements that are clustered like
whiskers extending from the neuronal cell body. These receive the
chemical signals from adjacent neurons. Projecting also from the cell
body is the axon, the part of the neuron that transmits the nerve sig-
nal to other neurons. Generally, but not exclusively, the axon terminal
lies adjacent to the dendrites of another neuron. The space between
the axon terminal and the adjacent cell is referred to as the synapse or
synaptic cleft (see Figure 4.1). Neurotransmitters, such as serotonin
and dopamine, are stored in the axon terminal and released into the
synapse when the neuron is stimulated. Transmitter release is dimin-
ished if the neuron is inhibited. After diffusing across the synapse, the
transmitter attaches to its receptors on the adjacent neuron, stimulat-
ing or inhibiting the affected cell (see Figure 4.1). This process is
referred to as chemical transmission. It is estimated that, on average,
an individual brain neuron makes synaptic contact with up to 10,000
other neurons. In this way, information is rapidly and widely dissemi-
nated throughout the brain.

Figure 4.1 Representation of a neuronal synapse and the components of
chemical transmission
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Structurally, the human brain resembles those of many other
species of vertebrates. Phylogenetically, the oldest areas are located
in or near the brainstem, at the base of the brain. Included are the
medulla, pons, and cerebellum. In isolation this unit resembles the
reptile brain. A characteristic of this region, in particular the
medulla, is that it controls vegetative functions, such as breathing,
heart rate, and blood pressure. Destruction of this brain area is
always fatal.

The next oldest area is the paleopallium (old brain). It is present
in all mammals. The paleopallium encompasses structures that com-
prise the limbic system (see Figure 4.2).1,2 The illustration, which rep-
resents a slice through the mid-portion of the brain, is drawn to
highlight the limbic areas, not to be an anatomically accurate depic-
tion of all regions in this section. The limbic areas include the
thalamus, hypothalamus, septum, nucleus accumbens, amygdala, and
hippocampus, in addition to the prefrontal, cingulate, and pyriform
cortices. The prefrontal cortex, in particular, plays a major role in
executive function, a distinctly human trait. Executive function relates
to a human’s ability to differentiate good from bad, to appreciate that
actions have consequences, and to plan for the future. The limbic sys-
tem, or circuit, is also responsible for emotion and memory. It is
important for self preservation as it is this circuit that enables an indi-
vidual to appreciate the danger associated with, for example, con-
fronting a hungry lion, or riding with a drunk driver. Alterations in this
system are thought to be responsible for some symptoms of psychi-
atric disorders, including major depression, anxiety, and psychosis.
The memory deficit characteristic of Alzheimer’s disease is associated
with alterations in the hippocampus.

The neopallium is the most recently developed region of the
human brain. It is composed of large areas of the cerebral cortex, and
some subcortical regions. Indeed, the greater size of the cerebral cor-
tex in humans is the major difference between the human and other
mammalian brains. The neopallium is the brain region responsible
for distinctly human activities, such as abstract thought, speaking,
reading, and writing. While damage to this brain area is not necessar-
ily fatal, these human functions can be compromised, as is sometimes
seen after a stroke.
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Anatomically and functionally the cerebral cortex can be divided
into three distinct regions. The sensory cortex receives and processes
information from sensory organs. Signals relating to vision, sound, taste,
and touch are sent to, decoded, and interpreted in the sensory cortical
regions. After processing these data, the brain activates, or inhibits, the
primary motor area of the cerebral cortex, which sends neuronal pro-
jections down to the brainstem and motor pathways in the spinal cord to
initiate, maintain, or inhibit skeletal muscle activity. The sensory infor-
mation is also transmitted to the third cortical region, the association
cortex, which is comprised of all the cortical areas not included in the
sensory and motor cortices. The association areas are responsible for
the conscious interpretation of the information and for making deci-
sions as to how to react to the findings. Because of their highly devel-
oped association cortex, humans are considered to be more capable
than other animals of overriding, or controlling, instinctive behaviors.

While it is tempting to associate individual brain areas with partic-
ular functions, it is now believed that behaviors result from the coor-
dinated activity of brain circuits involving several brain regions. The
limbic system is one such circuit. Another is the extrapyramidal sys-
tem, which is responsible for maintaining posture, regulating motor
reflexes, and coordinating movement. Brain areas associated with the
extrapyramidal system include the vestibular nuclei, cerebellum,
thalamus, substantia nigra, and the corpus striatum, which is com-
prised of the caudate nucleus, putamen, and globus pallidus. Destruc-
tion of the nerve pathway that originates in the substantia nigra and

Figure 4.2 Composite diagram of a cross-section of the vertebrate brain
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terminates in the corpus striatum is a hallmark of Parkinson’s disease.
This neuronal damage is responsible, in part, for the abnormal gate,
postural dysfunction, and tremor that are characteristic of this disor-
der. Thus, interruption of a brain circuit can have significant, and per-
manent, clinical consequences. Drugs can also interfere with these
pathways, which may have therapeutic benefit if the system is overac-
tive, or may be responsible for side effects. For example, some classes
of antipsychotics are known to cause Parkinson’s disease-like symp-
toms because they block the substantia nigra pathway that innervates
the corpus striatum.

By understanding the functional relationships among brain
regions, and then identifying the brain areas associated with a partic-
ular neurological or psychiatric disorder, it is possible to devise surgi-
cal or pharmacological approaches to treat these conditions. With
regard to the use of drugs or natural products, it is important to be
able to target the active agent to the brain circuit and, if possible, the
precise neuronal pathway, responsible for the symptoms. Given the
complexity of the brain, and the interactions among brain regions, a
generalized disruption of neurotransmission could be catastrophic. At
the very least it could be associated with many untoward side effects.
Fortunately, the chemical nature of neurotransmission provides a
means for targeting individual brain pathways, thereby making it pos-
sible to modify selectively central nervous system activity.

Chemical Neurotransmission
The characterization of chemical neurotransmission advanced consid-
erably the understanding of how drugs and other chemicals affect
brain function. In addition, defining how neurons communicate with
one another made it possible to identify new targets for developing
drugs for treating neurological and psychiatric disorders. Because of
this, knowledge of the fundamentals of chemical transmission is useful
for appreciating how drugs and dietary supplements may modify brain
function and for understanding their proposed mechanisms of action.

Transmitters are chemicals synthesized in neurons. Two dozen or
so chemical substances have been identified as brain neurotransmit-
ters. These agents are the primary means of communication between
brain cells. Transmitter vocabulary is limited, however, in that a given
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agent either enhances or decreases the firing of an adjacent neuron.
By affecting the excitability of the neuron, transmitters influence the
way the receptive cell modifies the activity of neighboring neurons.
In most cases the transmitter is stored in packets, called vesicles, in
the nerve terminal (refer to Figure 4.1). When the neuron is stimu-
lated an impulse travels along the axon causing the vesicles to fuse
with the presynaptic axon terminal membrane, to open, and then to
discharge the stored transmitter into the synapse (refer to Figure
4.1). Once released, the transmitter diffuses across the synaptic cleft
and attaches to its receptors on the adjacent postsynaptic neuron.
Typically, the postsynaptic membrane is located on the dendrites of
an adjacent cell. Attachment of the transmitter to its receptor
enhances, in the case of excitatory neurotransmitters, or inhibits, in
the case of inhibitory neurotransmitters, the activity of the postsynap-
tic neuron. If the neuron is stimulated, the impulse generated facili-
tates the release of the neurotransmitter from its axon terminals to
transmit a signal, which is either excitatory or inhibitory, to adjacent
neurons. By slowing the firing of the receptive neuron, inhibitory
transmitters decrease transmitter release from the adjacent cell
which, in turn, influences the firing of neighboring neurons. Thus,
overall brain activity represents a delicate balance between excitatory
and inhibitory transmitters.

Besides being localized on postsynaptic membranes, neurotrans-
mitter receptors may be found on presynaptic terminals (refer to
Figure 4.1). When activated these presynaptic receptors slow the
release of a transmitter from that terminal by causing intracellular
biochemical changes that reduce vesicular attachment to the mem-
brane. Thus, if an excessive amount of neurotransmitter is being lib-
erated from a presynaptic nerve terminal, some will leak out of the
synapse and stimulate the presynaptic receptors, slowing further
transmitter release in an attempt to return the system to equilibrium.
It is also possible that an axon from a neighboring neuron may
synapse with a presynaptic, rather than postsynaptic, membrane. This
is referred to as an axo-axonic, as opposed to axo-dendritic, synapse.
If there is an axo-axonic interaction the rate of transmitter release
from a terminal is regulated not only by the firing rate of that neuron,
but also by the activity of an adjacent cell releasing its transmitter
onto the presynaptic receptors.
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Once a neurotransmitter activates its receptor it is released back
into the synapse. Some transmitters are destroyed by metabolizing
enzymes located at or near the synapse. Many are also transported
back (reuptake) into the presynaptic terminal where they may be
metabolized intracellularly or re-stored in vesicles for future use
(refer to Figure 4.1).

The elements involved in synaptic transmission provide many tar-
gets for manipulating this process pharmacologically. For example,
brain neurotransmitter function can be modified by agents that
inhibit the synthesis, metabolism, or storage of neurotransmitters, or
their reuptake into the presynaptic terminal. Agents are also known
that enhance the release of certain neurotransmitters. Commonly
drugs, and possibly natural products, directly interact with neuro-
transmitter receptors, either activating (agonists) or blocking (antago-
nists) these sites. Brain neurotransmission is also affected by drugs
that interact with neuronal ion channels or ion transporters. The pas-
sage of ions across the neuronal membrane is essential for transmit-
ting nerve impulses and for maintaining a healthy intracellular
environment. Activation of some receptors can affect ion channel
activity or ion transport, thereby modifying cellular excitability and
stability. Likewise, chemical agents can modify brain function by
attaching directly to these sites.

There are many other potential drug targets in neuronal tissue
besides those involved directly with chemical neurotransmission.
Included are enzymes, such as kinases and phosphatases, responsible
for modifying protein function, and intracellular receptor systems,
such as those for certain hormones, which regulate gene expression in
the cell nucleus.

Neurotransmitter Systems
Most transmitters interact with a particular family of receptors. For
example, by definition, the neurotransmitter dopamine only activates
dopamine receptors, yet there are molecular differences among these
sites that make it possible to design drugs that activate, or block, only
certain types of dopamine receptors. Moreover, molecularly distinct
receptors for a given neurotransmitter are differentially localized
throughout the brain. The existence of such neurotransmitter receptor
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subtypes makes it possible to design drugs that will selectively affect a
particular neurotransmitter system in a targeted brain region.

Examples of brain neurotransmitter systems known to be influ-
enced by drugs and, in some cases, natural products, are shown in
Table 4.1. Among these are γ-aminobutyric acid (GABA) and glu-
tamic acid transmitter pathways. Quantitatively at least, GABA and
glutamic acid are believed to be the two most important transmitters
in the brain. It is estimated that up to 40% of the neurons in the cen-
tral nervous system release GABA, with another 40% utilizing glu-
tamic acid. Thus, 80% of the neurons in the brain and spinal cord are
either GABAergic or glutamatergic. The other 20% of the neurons
utilize one, or more, of the other neurotransmitters. As GABA is an
inhibitory neurotransmitter, and glutamic acid an excitatory agent,
and because both are found in neurons distributed throughout the
central nervous system, it is the balance between these two systems
that maintains global brain function. By contrast, neurons utilizing
dopamine or serotonin as their transmitter are more highly localized
in the brain, in particular in limbic regions, and, therefore, unlike
GABA and glutamic acid, have more circumscribed, discrete effects
on brain function. Given these facts it is likely that most, if not all,
central nervous systems disorders involve, either directly or indi-
rectly, alterations in GABA or glutamic acid transmission.

Table 4.1 Some Brain Neurotransmitter Targets for Drugs and Natural
Products

Neurotransmitter Clinical Condition* Drug/Natural Product

Acetylcholine Cognitive and memory dys-
function, Alzheimer’s and
Parkinson’s diseases

Benztropine, donepezil/
nicotine, epipatidine

Dopamine Depression, schizophrenia,
addiction

Haloperidol, amphetamine/
cocaine

Serotonin Anxiety, depression, obses-
sive compulsive disorder

Fluoxetine/psilocybin

Glutamic Acid Pain, anesthesia Ketamine/kainic acid

GABA Anxiety, seizures, insomnia Diazepam, phenobarbital/
bicuculline

Adenosine Somnolence caffeine

*Relates to some of the clinical uses of agents known to interact with the designated neuro-
transmitter system.



ptg7913130

chapter 4 • the brain as a drug target 43

The benzodiazepines, such as diazepam (Valium®), increase the
sensitivity of a particular class of GABA receptors to the action of
GABA, thereby enhancing transmission at GABA synapses. Likewise,
barbituates, such as phenobarbital, directly interact with some GABA
receptors to prolong the response when the site is activated by the
neurotransmitter. Because GABA is an inhibitory neurotransmitter,
by enhancing GABAergic transmission these drugs decrease central
nervous system activity, making them useful for relieving anxiety and
for inducing sleep and anesthesia. High doses of such agents can be
fatal if they cause inhibition of brainstem cells responsible for regu-
lating the cardiovascular and respiratory systems. In contrast, as
would be expected, the GABA receptor antagonist bicuculline, an
alkaloid present in extracts of Dicentra cucullaria, known commonly
as Dutchman’s britches, and Adlumia fungosa, a member of the
poppy family Papaveraceae, is a convulsant.

As for the glutamic acid system, ketamine is a drug that inhibits a
certain type of glutamic acid receptor. In so doing, it causes amnesia
and analgesia, making it a useful fixed anesthetic for certain types of
patients. As ketamine also causes hallucinations, its use is limited.
Kainic acid, a natural product obtained from a Japanese seaweed
(Digenea simplex), stimulates certain members of the glutamic acid
receptor family. Because glutamic acid is an excitatory neurotransmit-
ter, it is not surprising that kainic acid causes seizures. It is also neu-
rotoxic, with exposure causing nerve cell death.

A great deal of effort has been expended on developing drugs
that selectively modify the GABA and glutamic acid transmitter sys-
tems. Given the importance of these two neurotransmitters in brain
function, attempts are often made to explain a purported central
nervous system action of a herbal supplement on an interaction with
one or both of them.

Adenosine, which is released from both neurons and glia, is an
inhibitory neurotransmitter in the brain that can also modulate the
action of other transmitters.3 Activation of the adenosine system
decreases central nervous system activity and causes drowsiness.
Caffeine, a natural product found in many beverages, such as coffee
and tea, is an adenosine receptor antagonist. This explains the stimu-
lant actions of caffeine, and its popularity as an aid for maintaining
wakefulness.
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Serotonin is a neurotransmitter localized to neurons that origi-
nate in the brainstem but that make synaptic contact in higher brain
regions, in particular those associated with the limbic system.4 There
are also serotonin synapses in the spinal cord. Drugs, such as fluoxe-
tine (Prozac®), inhibit the presynaptic reuptake of serotonin, thereby
prolonging the action of this neurotransmitter. Such agents are used
to treat clinical depression and obsessive compulsive disorders. Psilo-
cybin is a serotonin receptor agonist. An hallucinogen, psilocybin is
present in various species of mushroom (genus Psilocybe). Its ritual-
istic and recreational uses date back thousands of years in southern
European and Central American cultures.

Acetylcholine is a neurotransmitter that is widely distributed
throughout the brain. Inhibition of certain types of acetylcholine
receptors causes hallucinations and memory impairment, whereas
activation enhances memory and cognition. Brain acetylcholine
receptors are targets for the development of analgesics, antipsy-
chotics, and antidepressants. It is known that the memory dysfunc-
tion associated with Alzheimer’s disease is due, at least in part, to the
destruction of an acetylcholine pathway in the hippocampus. Accord-
ingly, drugs that inhibit the metabolism of acetylcholine, such as
donepezil, are employed for the treatment of this condition. As the
neuronal loss responsible for the symptoms of Parkinson’s disease
results in an overabundance of cholinergic activity in the brain,
cholinergic receptor antagonists, such as benztropine, are sometimes
prescribed for this condition. Several natural products, including
nicotine and epibatidine, are known to stimulate directly certain
types of acetylcholine receptors in the central nervous system. Nico-
tine is an alkaloid present in plants of the genus Solanaceae, which
includes tobacco. By stimulating brain acetylcholine receptors, nico-
tine increases alertness, and can cause nausea and vomiting, espe-
cially in the uninitiated. Epibatidine is a compound extracted from a
South American frog (Epipedobates tricolor). Epibatidine induces a
profound analgesia by stimulating directly a subclass of acetylcholine
receptors in brain. Its toxicity precludes its use by humans.

Dopamine is a transmitter best known for its involvement in the
symptoms of Parkinson’s disease and schizophrenia. Localized in a
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discrete set of neurons that project to limbic, endocrine, and motor
areas of the brain, alterations in dopaminergic transmission have sig-
nificant effects on a variety of behaviors and on motor function.
Antipsychotic drugs, such as haloperidol, block a certain class of
dopamine receptors, dampening the symptoms of schizophrenia.
This suggests that these symptoms are due to an overactive dopamine
system in certain brain regions. Amphetamine, a central nervous sys-
tem stimulant, works in part by enhancing the release of dopamine in
the brain. It can exacerbate the symptoms of schizophrenia. Amphet-
amine also facilitates the release of other neurotransmitters, includ-
ing serotonin and norepinephrine. Cocaine, which is contained in the
leaves of the cocoa plant Erythroxylon cocoa, has been used for cen-
turies for its central nervous system stimulant properties. Cocaine
inhibits the reuptake of dopamine and other brain neurotransmitters.

This list represents only a few of the various brain transmitters
that can be modified for therapeutic gain, and only a small fraction of
the drugs and natural products known, or believed, to affect these
systems. Nonetheless, it illustrates that chemically induced modifica-
tion in brain transmitter function can cause profound changes in
behavior, memory, cognition, and alertness. These data also suggest
that drugs and natural products can have selective effects on individ-
ual neurotransmitter systems, making it possible for them to target
certain brain circuits. Information such as this has led many to exam-
ine the effects of herbal supplements on brain transmitters. The iden-
tification of such an effect suggests that components of these
products can influence central nervous system function, and can pre-
dict the type of behavioral or therapeutic response that might be
anticipated when consuming these products.

Behavioral Assays
Behavioral responses to new chemical compounds are often first iden-
tified and characterized in laboratory animal tests. Animal behavioral
assays are also utilized to characterize the central nervous system
effects of herbal supplements thought to influence central nervous sys-
tem function. In some experiments, drug candidates or plant extracts
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are given to normal animals, generally rats or mice, to determine
whether they modify animal behavior. For example, when adminis-
tered at the proper dose to rats, amphetamine has a significant effect on
motor activity and induces stereotyped, or obsessive, behaviors. In con-
trast, haloperidol, a dopamine receptor antagonist, causes catalepsy, a
type of muscle rigidity, and blocks the response to amphetamine. Such
behavioral and pharmacological effects are characteristic responses
with activating or inhibiting certain dopamine systems in the brain.

Regardless of whether an effect is observed on normal behavior,
tests may be conducted to determine whether a newly synthesized
chemical substance or a plant product can alter animal behavior in
response to certain challenges. The results of this type of analysis can
suggest how these agents might affect human behavior, or what type
of neurological or psychiatric condition might benefit from the use of
this agent. Given the differences between human brains and those of
laboratory animals, the results of such tests only suggest, but do not
prove, a possible clinical response. For example, compounds that
cause seizures in laboratory animals will usually be convulsants in
humans as well. On the other hand, agents that may appear to be
analgesics in animal tests do not always display such activity in
humans. Effects in animals are even more difficult to translate to
humans when studying behaviors used to assess emotion, affect, cog-
nition, and memory. Nonetheless, such tests are useful in helping to
determine whether a drug candidate, or plant product, penetrates
into the brain, its duration of action, and its potency in inducing some
type of behavioral response. A test agent that fails to alter animal
behavior at reasonable doses is unlikely to have any effect on central
nervous system activity in humans. Provided below are some exam-
ples of laboratory animal tests employed to study the central nervous
system effects of drug candidates and herbal supplements.

A number of animal tests are used to determine whether a chem-
ical will reduce (anxiolytic) or cause (anxiogenic) anxiety. One of the
more common assays is the elevated plus maze.5,6 The test apparatus
consists of an enclosed box in the shape of a plus sign with four corri-
dors radiating from the central area. These corridors are roughly the
size of a rodent burrow. The ends of two of the corridors abut a solid
wall, whereas the ends of the other two are open. As the entire appa-
ratus is elevated about two feet from the floor, the rat or mouse will



ptg7913130

chapter 4 • the brain as a drug target 47

not jump from the open ends. While rodents are prone to explore new
territory, they are apprehensive about being exposed, especially on an
elevated platform. Therefore, a rat or mouse placed into the central
portion of the maze will generally spend more time wandering in the
closed than in the open corridors. If animals administered a test sub-
stance spend more time than normal in the open than in the closed
corridors it is concluded that the compound or plant extract reduces
anxiety. Conversely, a compound or plant mixture that causes animals
to spend more time than normal in the closed than in the open corri-
dors is thought to be an agent that increases anxiety. As with all animal
tests, however, other explanations for observed behavior must be con-
sidered. For example, a test agent that compromises vision might be
interpreted as being an anxiolytic because the animal spends more
time than normal in the open corridor. However, the animal may
behave this way simply because he does not realize it is open at the
other end. Also, a compound that causes muscle weakness, but that
has no effect on anxiety, might be interpreted as being an anxiolytic or
anxiogenic agent if the animal remains for an abnormally prolonged
period in either an open or closed corridor, respectively, because of
difficulty in moving from one to the other. Accordingly, these types of
assays must be designed to control for effects having nothing to do
with anxiety that may influence the results and their interpretation.

There is interest in developing new animal models for studying
the potential value of chemical agents that modify behavior. As more
information is gathered on the genetic basis of central nervous system
disorders, animal models, usually involving mice, can be generated by
inducing similar alterations in laboratory subjects. An example is the
development of a mouse model of autistic behavior that results from
a specific genetic manipulation of these animals.7

A rat model of Alzheimer’s disease has been developed that
involves an intracerebral injection of beta amyloid, a protein present
in excessive quantities in the brains of Alzheimer’s patients. Follow-
ing injection of beta amyloid into the rat brain, the animals display
some of the symptoms of this condition, including deficiencies in
learning and memory.8 Several tests of cognition are used to evaluate
learning and memory in laboratory animals. In the Morris water maze
assay, for example, a rodent is placed into a water-filled pool that con-
tains a platform that the animal can use as a refuge.9 When tested
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over several days, the animal becomes more proficient at locating the
platform so as to escape the water more quickly. Learning is meas-
ured by noting the speed with which the animal learns to escape.
Memory is measured by studying the retention of this skill over time.
Test agents, such as drug candidates or plant extracts, that reduce the
number of trials needed to locate the escape platform are thought to
facilitate learning, whereas those that lengthen the amount of time
the skill is retained are believed to enhance memory.

A simpler test is reversal of scopolamine-induced memory
impairment.10 Scopolamine, an acetylcholine receptor antagonist, is a
natural product found in plants from Solanaceae, such as jimson
weed and henbane. Scopolamine is known to block short-term mem-
ory in humans and other animals. A test substance capable of block-
ing or reversing scopolamine-induced amnesia in rodents may
potentially enhance memory in humans.

A number of publications describe the various laboratory animal
behavioral tests used to examine drug candidates.11-13 In all cases, the
end point is a quantitative assessment of some behavioral task, which
may or may not bear any obvious relationship to a human condition.
Often, the response to the test compound is compared to results
obtained with a drug known to be effective in treating the disorder of
interest. However, as illustrated previously, few, if any, animal models
of behavioral disorders fully recapitulate the human condition. This is
not surprising given the differences between human and rodent
brains, especially with regard to cerebral cortical function. Also, as
the cause and the underlying pathology of many neurological and
psychiatric disorders is unknown, it is impossible to replicate the
disorder in laboratory subjects. Given these difficulties, results from
laboratory animal behavioral tests are not definitive in terms of pre-
dicting responses in humans. Prudent investigators employ multiple
animal tests for, say, anxiety or depression, before making any conclu-
sions about the likelihood of the drug candidate or plant product hav-
ing any beneficial effect in humans. Drawing conclusions about the
utility of an herbal supplement for treating a central nervous system
disorder is therefore complicated by the fact that few undergo rigor-
ous, multiple animal tests for demonstrating efficacy as a treatment
for a central nervous system disorder.
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Clinical Studies
The most conclusive data demonstrating effectiveness in humans are
derived from well-designed clinical trials. There are several different
types of clinical observations. The least reliable are anecdotal reports
of an unexpected response in a few patients. While such findings can
provide important leads, they must be confirmed in large scale clini-
cal studies designed specifically to test the hypothesis generated by
the anecdotal finding.

Data are also derived from open-label clinical trials. While the
number of subjects may be greater than is the case for an anecdotal
report, and the study is designed to test a hypothesis, open-label
means that both the investigator and the patients know who is receiv-
ing the test agent. This can lead to a bias in the participant reports.
While the results of appropriately conducted open-label studies
should not be ignored, they must be interpreted with caution and
considered preliminary.

The most definitive clinical data are the results of large scale trials,
which might involve hundreds to thousands of subjects, which are
multicentered, meaning they are conducted simultaneously at several
institutions around the country or the world. To be definitive, such tri-
als should be, when possible, double-blind, crossover studies. Double-
blind indicates that neither the clinician nor the patient knows who is
receiving the test agent, a known drug, or a placebo. In a crossover
study some of the patient volunteers receive the test substance for a
period of time, while others do not. After a predetermined period of
time, the groups are switched, or crossed over, in terms of what they
are administered. This makes it possible to determine whether any
effect observed with the test substance dissipates over time, which
would be expected, and whether a positive clinical response in the two
groups is associated with the administration of the test substance. The
fact that the study is double-blind eliminates the potential for the bias
associated with open-label trials, and the large number of subjects,
and multiple clinical sites, maximizes the likelihood that any positive
finding will be clinically and statistically meaningful, rather than a ran-
dom event. The results of such studies, which are very expensive and
time consuming, are considered the most definitive in assessing the
response to a drug candidate or natural product. While all FDA
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approved drugs must undergo such testing, herbal supplements gen-
erally do not. Because there have been natural product supplements
used for clinical purposes, some have undergone this type of testing.
When such data exist they should be carefully considered when decid-
ing whether a particular natural product may be of value.

Clinical studies aimed at assessing the effects of a test substance,
or natural product, on emotional behavior are particularly difficult to
design and evaluate. A major reason for this is the lack of objective
biological markers for these conditions. For example, when testing a
new antihypertensive drug candidate, antidiabetic agent, or antibi-
otic, clinical effectiveness is monitored by measuring signs such as
blood pressure, blood sugar, or bacterial counts, respectively. There
are no laboratory tests for monitoring psychiatric disorders, such as
major depression, schizophrenia, generalized anxiety, and insomnia.
Instead, these conditions are diagnosed mainly on the basis of symp-
toms, which can be difficult to quantify consistently over time. The
assessment of drug efficacy in the treatment of some psychiatric or
behavioral disorders is complicated further by the fact that some
symptoms, or the conditions themselves, resolve on their own. Given
the lack of objective laboratory tests to monitor these disorders,
symptoms are documented and monitored regularly by the patient
and caregivers to assess the effectiveness of a potential medication
during a drug trial. A number of symptom scales have been devel-
oped for this purpose. Examples include the Symptom Check List-
90, the Hamilton Anxiety Scale and the Hamilton Depression
Scale.14-16 Cognitive dysfunction, such as that associated with
Alzheimer’s disease, is quantified using the Neuropsychiatric Inven-
tory and Alzheimer’s Disease Assessment Scale. By cataloguing symp-
toms and subjectively ranking their severity, it is possible to generate
numerical values that can be used to determine whether a particular
treatment is of benefit. While such assessments are less reliable than
objective laboratory tests, they have proven useful in the develop-
ment of psychotherapeutics, and in examining the effectiveness of
products, such as herbal supplements, that are thought to be of value
in treating these conditions.

Given the difficulties associated with determining the effect of test
substances on emotional behavior, it is critical that, when possible, the
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clinical response be assessed in comparison with patients receiving only
a placebo, or sham treatment. In drug trials, the placebo is a tablet, pill,
or syrup that appears to the eye and palate to be identical to the prepa-
ration containing the agent under investigation. However, unlike the
test substance, the placebo contains only inert material. It would be
expected, therefore, that those subjects who are unknowingly receiving
the placebo will not display any improvement in their condition. By
comparing the response in patients administered the test agent to those
receiving the placebo it is possible to determine the statistical probabil-
ity that the experimental treatment displays efficacy as a treatment for
the condition. Inclusion of a placebo group in a clinical trial is compli-
cated by the fact that these patients are being denied treatment. For
conditions that can be fatal, such as with severe depression when sui-
cide is a risk, withholding treatment is unethical. In these situations, the
comparison group may be administered an established antidepressant
to see whether the test agent is as effective as the conventional drug.

Another challenge with placebos is the fact that patients often
report a positive response when taking them. The placebo response
rate can be especially high when treating emotional disorders. It is
estimated that, depending on the condition being studied, up to 30%
of those receiving a placebo may report benefitting from taking the
inert material. This complicates the testing of psychotherapeutics in
particular since, in many cases, the clinical response to these drugs is
observed in only 50% to 60% of the subjects in the study. If symptoms
in 30% of a comparison placebo group improve, and it is known that a
certain fraction of the patient population would have improved dur-
ing the time of the study without any medication at all, the actual clin-
ical benefit of the treatment under investigation may be difficult to
demonstrate. This is true for drugs as well as for herbal supplements.
For these reasons, many patients must be studied in well-designed
clinical trials conducted by numerous, independent, experienced
investigators to prove that a therapy qualifies as a treatment for cer-
tain central nervous system disorders. Most herbal supplements have
not yet undergone such rigorous testing. For this reason, many phar-
macologists and others remain skeptical about rumors concerning the
effectiveness of these products as treatment for central nervous
system disorders.
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One of the most popular herbal supplements, extracts of the ginkgo
leaf are recommended for the treatment of a variety of conditions. In
particular, they are thought to be of benefit for enhancing memory
and cognition. The popularity of this product is demonstrated by the
fact that annual sales of ginkgo exceed $1 billion worldwide, with
more than $100 million of this spent in the United States alone.

Ginkgo has been widely available in the Western hemisphere for
the past 40 years, first in Europe and then in the United States. The
relatively recent interest in this leaf extract is notable because ginkgo,
also known as maidenhair or kew, is one of the oldest living species of
tree. Fossil evidence suggests that ginkgos were present throughout
the world up to 200 million years ago, but were rendered nearly
extinct during the last ice age, surviving only in Asia. Reintroduced to
the West in the sixteenth century, modern ginkgo is the sole survivor
of the Ginkgophyla division of the Ginkgoaceae family. A dioecious
species, the female ginkgo produces a plum-like fruit that emits an
offensive odor due to the presence of butanoic and hexanoic acids.
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The male ginkgo is preferred for ornamental planting in part because
of the unpleasant odor of the rotting fruit.

Although the ginkgo was present throughout human evolution,
the possible medicinal value of its fruit, seeds, and leaves was not
recorded until some 800 years ago. One of the earliest extant publica-
tions on its therapeutic potential is Lan Mao’s Dian Nan Ben Cao
where it is suggested that the leaves be used as a topical treatment for
freckles, head sores, chilblains, and wounds. The first known mention
of systemic use, for the treatment of diarrhea, appeared in the four-
teenth century with the publication of Liu Wen-Tai’s Ben Cao Pin
Hui Jing Yao. At about the same time, Li Shih-Chen in Pen Ts’ao
Kang Mu proposed ginkgo seeds as a remedy for a host of conditions,
including cough, asthma, and worm infections. It was not until the
1960s, however, that ginkgo leaf extract was introduced as an herbal
remedy in Western Europe. Its popularity in the United States dates
from the 1980s.

It is possible the delay in documenting the possible medicinal
value of ginkgo was because of its limited geographical distribution
and the unpleasant aroma of its fruit. The former seems unlikely as
the Chinese were publishing descriptions of herbal remedies, such as
in the Shen Nong Ben Cao Jing, as early as 2800 BC. As for the possi-
bility that the foul odor lessened enthusiasm for consumption of the
fruit, seeds, and leaves, there is written evidence suggesting ginkgo
seeds were a food source in China from at least 200 BC. This indi-
cates these plant products have been ingested for more than 2000
years. It seems more likely that the ancients were slow to appreciate
the possible medical value of the ginkgo because responses to the
application or consumption of its seeds, leaves, fruit, or their extracts,
are subtle and unpredictable. This differentiates the ginkgo from
other natural products, such as opium, which display a rapid, dra-
matic, and consistent effect on central nervous system function. Even
with the most modern tools available for assessing cognition and
memory, there is still debate about whether gingko extract improves
brain function. A careful analysis of the literature on the chemical
composition of gingko extract, and on what is known of its pharmaco-
kinetics and pharmacodynamics, provides some insights into this
ongoing controversy.

54 herbal supplements and the brain
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Botany
Today, leaf extracts of ginkgo are the most commonly used herbal
remedies, although the seeds are consumed for this purpose in some
countries. Following the last ice age, the ginkgo and related species
continued to grow wild in what is now China. With the arrival of
humans, ginkgo survived under cultivation while all other species of
Ginkgoaceae became extinct. The Chinese ginkgo was subsequently
exported to other countries as an ornamental tree, reestablishing its
presence throughout the world.

The name ginkgo comes from the Japanese term ginkyo, meaning
silver apricot, an apt description of the fruit produced by the female
of the species. Biloba refers to the shape of the leaf, which resembles
a small fan having two lobes. The tree can grow to over 100 feet, with
individual specimens living for 1,000 years or more. The seeds are
contained in cherry-like seed heads. Botanically, ginkgo is a
Gymnosperm. Like pines and other members of this group, its
mature seeds are not enclosed in an ovary. Yews are considered the
most closely related living relative of the gingko. A very hardy plant
with a significant resistance to disease, ginkgos are found in temper-
ate regions throughout the world. The appearance in the West of the
cultured variety was recorded in Europe in the seventeenth and in
North America the nineteenth centuries.1

Therapeutic Uses
Given its long absence from Europe, the ginkgo is not included in
Western writings up through the Renaissance. In Chinese medicine,
both the seeds and the dried leaves were used to treat numerous con-
ditions. In the Pen Ts’ao, Li Shih-Chen recommends the ripe seed be
taken orally to reduce cough and dyspnea, and for the treatment of
asthmatic bronchitis.2 In addition, these seeds were used in tradi-
tional Chinese medicine for managing leukorrhea, a vaginal condi-
tion, and enuresis, or bedwetting. Recorded side effects and toxicities
for the seeds include muscle spasm, seizures, skin irritation, and kid-
ney inflammation.

The use of ginkgo leaves and their extracts for therapeutic pur-
poses is a more recent development. A modern compilation of
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Chinese herbals includes ingestion of the ginkgo leaf or extract for
the treatment of Parkinson’s disease, migraine, atherosclerosis,
hypercholesterolemia, and chronic bronchitis.3

In the West, leaf extracts are taken primarily to improve memory
and cognition, especially in the elderly. Several of the more popular
recommended uses as a treatment for central nervous system disor-
ders include memory loss in general, the memory deficits associated
with Alzheimer’s disease, and a condition referred to as mental
fatigue (see Table 5.1). Ginkgo is also reported to improve the mental
health of those afflicted with multiple sclerosis, and to have some
positive benefit in the treatment of glaucoma, macular degeneration,
and tinnitus, or ringing in the ears. Other advertised indications are
allergic inflammation, asthma, hardening of the arteries, Reynaud’s
disease, psoriasis, vitiligo, male infertility, and generalized aging (see
Table 5.1). While this list is not exhaustive, it illustrates the wide
range of purported beneficial effects of this extract.

It is difficult for a pharmacologist to assess the effectiveness of
ginkgo as a treatment for conditions such as mental fatigue for
which the pathology is unknown and the symptoms purely subjec-
tive. It is also not possible to assess effects on aging without identify-
ing the specific aspect of the aging process to be studied. In
contrast, the efficacy of ginkgo extract as a treatment for defined
clinical conditions, such as Alzheimer’s or Reynaud’s diseases, and as
a means for lessening symptoms, such as memory loss, can be exam-
ined critically.

Table 5.1 Some Recommended Indications for Ginkgo Biloba Extract

Aging Male Infertility

Allergic Inflammation Memory Loss

Alzheimer’s Disease Mental Fatigue

Asthma Multiple Sclerosis

Glaucoma Psoriasis

Hardening of the Arteries Reynaud’s Disease

Intermittent Claudication Tinnitus

Macular Degeneration Vitiligo
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It is notable that the earliest written reports on the therapeutic
uses of ginkgo do not generally include mention of effects on central
nervous system function. Rather, emphasis was placed on its possible
value as a treatment for respiratory conditions, such as asthma, and
vascular disorders, such as intermittent claudication, which is harden-
ing of the arteries in the legs. This suggests that early ginkgo prepara-
tions displayed no obvious effects on brain function.

Interest in ginkgo leaf extract as a palliative, if not a remedy, for
memory loss was stimulated in the latter half of the twentieth century
by the belief that it induces vasodilation, and therefore may increase
blood flow to the brain. Interest in this use was fostered by the pro-
duction and sale of a ginkgo extract, EGb 761, by Dr. Willmar
Schwabe GmbH & Company in Germany. Research was performed,
some underwritten by the company, to examine its effects in humans
and to assess its mechanism of action. While positive results were
published on the clinical effectiveness of EGb 761 in enhancing
memory and cognition, these conclusions were often based on data
from uncontrolled trials, anecdotal reports, case studies, or small sta-
tistically underpowered studies. The popularity of ginkgo extract
grew considerably, especially in the United States, when Dr. Elias
James Corey mentioned his work on the total chemical synthesis of
ginkgolide B, a constituent of the extract, when accepting the 1990
Nobel Prize in Chemistry. While Dr. Corey made no mention of the
possible therapeutic benefits of ginkgolide B, nor endorsed its use as
an herbal product, his chemical interest in the compound was taken
as a validation of its clinical potential.4 Sales of ginkgo extract
increased substantially in the 1990s as it became a popular herbal
supplement for enhancing memory in the elderly and in those experi-
encing cognitive decline, regardless of the cause.

Constituents
A hallmark of conventional pharmaceuticals, whether prescription or
over-the-counter, is that the precise amounts of all chemical compo-
nents and their pharmacological properties are known. This includes
not only the active component, but also any biologically inert materi-
als included in the product as preservatives or to enhance solubility,
taste, or absorption of the drug. This is not the case with preparations
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of gingko. There are scores, if not hundreds, of chemicals in gingko
products, with the exact number and type depending on the extrac-
tion and purification procedure. Typically, commercial ginkgo prod-
ucts contain an extract resulting from several different purification
steps to enhance the concentration of some constituents, and to lower
that of others.5 After the extraction procedure, the solvent is removed
and the dried powder sold to the consumer. As these processing steps
may vary among manufacturers, the chemical composition differs
among producers. Indeed, as with wines, variations in constituents
among batches would be anticipated even with the same extraction
process because the relative quantities of the various chemicals in the
leaves are affected by many factors, such as the growing conditions,
the time of year the leaves are harvested, and the age of the tree.

The aim in preparing most ginkgo leaf extracts is to have a pow-
der composed of 6% terpene trilactones and 24% flavonol glycosides,
with only a trace of ginkgolic acids.5 This mixture of terpenes and
flavonols is referred to as the standardized extract. The remaining
constituents of this preparation, composing roughly 70% of the total,
are generally unidentified in individual preparations. This large,
uncharacterized, component is known to include various classes 
of organic compounds, such as proanthocyanidins, carboxylic acid
derivatives, polyphenols, catechins, carbohydrates, alcohols, ketones,
alkylphenols, and non-flavonol glycosides. The standardized extract
also contains a host of undefined, high molecular weight compounds
and inorganic molecules. It is estimated that approximately 13% of
the standardized powder has never been identified.5 Besides its com-
mercial use, the standardized extract is often employed for preclinical
and clinical studies.

As the list above includes only chemical classes, the actual num-
ber of individual agents in ginkgo powder is unknown. It is believed
that any therapeutic benefit derived from the consumption of the
standardized extract is due to the actions of certain flavonoids and
terpenes, some of which have been chemically characterized. While
the ginkgo leaf flavonoids receiving the most attention are
kaempferol, quercetin, and isorhamnetin, at least 40 others in the
preparation are present in smaller quantities. Chief among the
ginkgo terpenes are ginkgolides A, B, C, J, and M, and bilobalide. Of
these, ginkgolide B has been examined most thoroughly as it is
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believed to be one of the most active ingredients in the preparation.
Some other individual compounds identified in the ginkgo extract are
shikimic, vanillic, ascorbic and p-coumaric acids, as well as sitosterol
and stigmasterol.

Thus, only a small fraction of the individual chemical compounds
present in the standardized ginkgo product are known. This fact, plus
the variations that occur in the concentrations of these constituents
among the commercial preparations, poses a significant challenge in
precisely defining the pharmacological properties of this product.6

Pharmacokinetics
Studies on the absorption, distribution, and metabolism of ginkgo
constituents have employed the standardized extract and some indi-
vidual components thought to be responsible for biological activity.7

In general, the bioavailability of orally administered flavonoids is lim-
ited because of their low lipid solubility. Flavonoid metabolites have
been identified in rats after oral administration of leaf extract. These
include 4-hydroxybenzoic acid conjugate, 3-methoxy-4-hydroxyben-
zoic acid, hippuric acid, and 4-hydroxyhippuric acid.8 While some
investigators report that no intact flavonoids appear in rat or human
blood after oral administration of the standardized ginkgo extract,
others have detected quercetin, kaempferol, and isorhamnetin/tamar-
ixetin in rat blood and brain following ingestion.9 These flavonoids
have also been reported to be present in the hippocampus following
administration of the extract. Continued oral administration to rats is
reported to increase the brain accumulation of these substances.9

The different findings with regard to flavonoid bioavailability in
rats could be attributable to differences in the administered doses or
to the sensitivity of the analytical procedures employed to identify
these substances in blood. In general, however, it appears that the
ginkgo flavonoids are extensively metabolized in the gastrointestinal
tract following ingestion, primarily to phenolic acids. As the extent of
this metabolism appears to be greater in humans than rats, the types
of flavonoid metabolites detected in the blood and urine following
oral administration differ between the two species.7 Intravenous
administration to rats of the standardized extract reveals that when
the ginkgo flavonoids are placed directly into the bloodstream the
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half-lives of kaempferol and isorahamnetin are less than two hours,
and for quercetin, slightly less than four hours.10

Taken together, these findings suggest that very little, if any, of
the ginkgo extract flavonoids reach the bloodstream unchanged fol-
lowing oral administration in humans and that, even if they did, their
biological half-lives are relatively short. These pharmacokinetic data
indicate it may be inappropriate to extrapolate ginkgo extract results
from in vivo rodent studies to the clinical situation. Moreover, these
findings suggest that any therapeutic response to the flavonoid com-
ponents of ginkgo extract is due to actions of their metabolites rather
than to the parent compound in the leaf. This is important when
interpreting the results of experiments aimed at defining the pharma-
codynamics of ginkgo constituents, as it would appear to be more
appropriate to study responses to the relevant flavonoid metabolites
rather than to extract constituents themselves.

The absorption characteristics of ginkgo terpene trilactones are
quite different from the flavonoids.7 Rat and human studies indicate
that the vast majority of the ingested ginkgolides A, B, and bilobalide
are readily absorbed from the gastrointestinal system following oral
administration of the standardized ginkgo extract. In a study with
human volunteers, the time to reach the maximum plasma concentra-
tion of ginkgolides following administration of dried ginkgo leaf
extract was two hours for all of these ingredients, with the elimination
half-lives being approximately 2.5 hours for each.11 Very little
ginkgolide C appears in blood following its oral administration. In
addition, measurable quantities of ginkgolides A, B, and bilobalide
are detectable in a rat brain after a single oral administration of the
standardized extract.12 Thus, unlike the flavonoids, it appears that the
ginkgo terpene trilactones may penetrate into the human brain fol-
lowing oral administration.

A number of studies were undertaken to determine the effect of
ginkgo on the metabolism of other drugs. Because ginkgo may be
taken for extended periods by individuals also consuming prescrip-
tion or over-the-counter medications, it is important to know whether
the extract might modify the breakdown of these other agents and
thereby increase or decrease their blood levels and therefore their
effectiveness. The most common studies of such interactions involve

60 herbal supplements and the brain



ptg7913130

chapter 5 • ginkgo (ginkgo biloba) 61

in vitro examinations of the ginkgo extract, or some of its known
chemical constituents, on enzyme activity in human or laboratory ani-
mal tissue, or in cell systems containing a particular drug metaboliz-
ing enzyme. In general, depending on its concentration, ginkgo
extract may increase or decrease the activities of various drug metab-
olizing enzymes.13,14 It is reported that a particular human liver
enzyme is inhibited by the ginkgo extract and that this effect is prob-
ably not mediated by either the terpene trilactones or flavone glyco-
sides. While the flavone aglycones resulting from metabolism of the
parent compound in the extract inhibit this enzyme activity, it was
suggested the concentrations needed for this may be higher than
those achieved following oral administration of the extract to humans.
The metabolizing enzyme inhibition might therefore be due to the
presence of some other, perhaps as yet unidentified, substance in the
ginkgo powder.

It has also been reported that the activity of other drug metabo-
lizing enzymes are enhanced or inhibited by certain concentrations of
ginkgo extract.13 The possible clinical significance of such findings is
illustrated by the report that ginkgo administration significantly
enhances the metabolism of omeprazole, an ulcer medication, in
humans.15 This suggests that ginkgo ingestion could reduce or
enhance the clinical potency of some prescription medications.

While it appears ginkgo extract has the potential to influence the
metabolism, and therefore the response, to a number of drugs, the
degree of risk for such interactions is unknown as most of the studies
addressing this question were conducted in vitro. Because such experi-
ments seldom reveal the extract constituent responsible for any
observed effect, it is impossible to know whether a sufficient amount of
the relevant component is absorbed from the orally ingested product to
have such an effect on drug metabolism in vivo. Nonetheless, caution
should be exercised when consuming ginkgo extract with conventional
medications, as the former might affect the response to the latter.

Pharmacodynamics
Over the past three decades scores of in vitro and in vivo animal stud-
ies have been performed to determine the mechanism of any thera-
peutic action attributed to ginkgo extract.7 The results suggest that
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the extract itself, or selected individual chemical constituents, can
influence virtually all brain neurotransmitter systems, depending on
the concentration or dose examined. Given the variety of tests
employed, possible differences in the chemical composition of the
extracts, and variations in experimental conditions, it is not surprising
that these results are often conflicting. For example, while some show
that the standardized ginkgo extract inhibits norepinephrine,
dopamine, and serotonin uptake into rat brain neurons, others report
the extract enhances the accumulation of these neurotransmitters.
Work has also suggested the extract, or certain constituents, are capa-
ble of modifying neurotransmitter metabolism, the accumulation of
neurotransmitter precursors, and the number of neurotransmitter
receptors in the brain. Again, it has not been possible to determine
whether such effects occur in humans following consumption of the
standard quantity of ginkgo extract.

In vitro studies also suggest that ginkgo extract can slow apopto-
sis, or cell death, presumably because flavonoids are thought to scav-
enge free radicals and other reactive oxygen species. However,
studies indicate that flavonoid antioxidant activity is unlikely to occur
in vivo given the concentrations of these substances absorbed after
oral administration, and their rapid and extensive metabolism in the
body. Although some have suggested that the terpenoid constituents
of the extract also inhibit cell death, others report no effect in this
regard.7

Because the in vitro laboratory studies suggest that the flavonoid
components of ginkgo may reduce the levels of reactive oxygen
species, it was reasoned these compounds might be of benefit in
treating neurodegenerative and cardiovascular disorders, as well as
age-associated neuronal cell loss.16,17 It is unknown, however, whether
in vitro rodent brain studies supporting this notion are of relevance
with regard to any clinical response given the aforementioned differ-
ences in the extent of metabolism of ginko extract between humans
and rats, and the fact that it is unlikely these flavonoids are absorbed
intact. Accordingly, for a pharmacologist it is difficult to know which,
if any, of the effects found with these in vitro studies could be antici-
pated in humans. There is also uncertainty as to whether the amount
of extract used for the in vitro work, or the doses employed for in vivo
laboratory animal studies, approximate the concentrations of these

62 herbal supplements and the brain



ptg7913130

chapter 5 • ginkgo (ginkgo biloba) 63

extract constituents or metabolites present in the human brain fol-
lowing oral administration of the commercial product.

It has been known for some time that the terpene trilactones are
platelet-activating factor (PAF) receptor antagonists.18,19 As PAF is a
potent, endogenous mediator of bronchoconstriction and platelet
aggregation, blockade of its action could explain the purported bene-
ficial effects of ginkgo extract in the treatment of asthma, other
inflammatory conditions, and clotting disorders. However, the
ginkgolides appear to have only modest affinity for the PAF receptor,
suggesting they are weak in this regard. Nonetheless, it has been
shown that administration of ginkgo extract to humans decreases ery-
throcyte aggregation and increases blood flow in the nail fold capil-
laries.20 It has also been reported that the duration of the PAF
blockade of an inflammatory response in human skin is brief follow-
ing oral administration of a ginkgolide preparation.18 This is consis-
tent with the pharmacokinetic studies indicating the elimination
half-lives for the ginkgolides in humans is quite short.11 It is unknown
what direct effect PAF receptor antagonism has on central nervous
system activity.

The effects of ginkgo extract, and in particular the terpene trilac-
tones, on animal behavior have been examined. These substances are
reported to both enhance and reduce anxiety, to display an antide-
pressant effect, and to show promise as a possible treatment for drug
abuse. The ginkgolides are also reported to enhance vigilance and
alertness, suggesting an activating effect on the central nervous sys-
tem.7 Again, determining the possible clinical relevance of these data
is problematic because of the differences in doses and in the metabo-
lism of extract constituents between humans and laboratory animals.
Nonetheless, such laboratory findings stimulated a host of studies
aimed at defining the effect of ginkgo extract on a number of clinical
parameters, including cerebral blood flow and alertness, and on con-
ditions such as age-related cognitive decline and Alzheimer’s disease.7

Included among these are several double-blind, placebo-controlled
studies aimed at determining whether ginkgo extract is of benefit in
enhancing memory and cognition, especially in those with neuro-
degenerative disorders. Such studies are particularly challenging
because of the difficulty in objectively measuring changes in these
mental attributes over time. To this end, rating scales are used to
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quantify alterations in various parameters as described by the sub-
jects, their caretakers, or clinical personnel.

A meta-analysis is a retrospective study combining and analyzing
the results of a large number of previously published experiments. By
combining such data from many clinical studies, the number of
observations is increased, as is the likelihood of detecting a small, but
clinically significant, effect. In conducting a meta-analysis it is impor-
tant that all studies included be well-controlled and involved a similar
patient population. The results of a meta-analysis covering 36 clinical
trials of ginkgo extract have been reported. All the studies chosen for
this analysis were randomized, double-blind, placebo-controlled tri-
als. Trials with Alzheimer’s patients were included as well. The results
indicate no consistent clinical benefit associated with the consump-
tion of ginkgo leaf extract.

Recently completed prospective clinical studies include one
involving 118 cognitively intact subjects, 85 years of age or older, who
took ginkgo leaf extract for 42 months. The aim of this trial was to
determine whether ginkgo improves cognition in the elderly. No sig-
nificant difference in the rate of cognitive decline was noted between
those taking ginkgo and the control subjects.21

Another clinical trial was the Ginkgo Evaluation of Memory
(GEM) study. This undertaking, funded by the United States National
Institutes of Health, involved five academic medical centers and 3,069
individuals aged 72 to 96 years. Over a six year period these individuals
participated in a double-blind, randomized study of ginkgo to assess its
effects on memory and on the incidence of Alzheimer’s disease. The
subjects received either placebo or 120 mg of leaf extract twice daily.
Several different rating scales were used for evaluation of mental state,
memory function, and development of symptoms associated with
Alzheimer’s disease. No significant differences were noted for any of
these measures between the treated and control groups, suggesting that
ginkgo leaf extract is ineffective for delaying memory decline in the eld-
erly and for slowing or preventing the onset of Alzheimer’s disease.22,23

Attempts have been made to assess the effect of ginkgo leaf
extract in combination with standard medications used to treat psy-
chiatric disorders. In one study, the extract was taken by treatment-
resistant schizophrenic patients along with clozapine, an antipsychotic
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agent. For this trial, 42 patients received, in combination with cloza-
pine, either ginkgo extract or placebo for 17 weeks. While the addi-
tion of the ginkgo extract may have enhanced the effectiveness of
clozapine in reducing the negative symptoms of this disorder, there
was no significant improvement in overall symptomatology.24

While there have been dozens of published reports suggesting
ginkgo extract has positive effects in enhancing cognition and mem-
ory in humans, and there have been laboratory animal studies sug-
gesting it may delay the progression of neurodegenerative disorders,
well-controlled, large-scale clinical trials have failed to confirm these
findings. Accordingly, from a pharmacological perspective, the utility
of ginkgo extract in treating central nervous system disorders remains
unproven. This conclusion supports the hypothesis that any effects of
ginkgo extract on the central nervous system are minor, subtle, or evi-
dent only in certain types of individuals.

Adverse Effects
Side effects to the recommended doses of ginkgo extract appear min-
imal and are quantitatively and qualitatively similar to complaints
reported after consumption of a placebo. This safety profile explains,
in part, the popularity of this product. Side effects include gastroin-
testinal discomfort, nausea, diarrhea, and headaches. Some may
experience allergic reactions as ginkgo leaves contain allergens
related to those found in poison ivy. Because constituents of the
extract may inhibit clotting, it is possible that consumption of the
powder could lead to bleeding, especially in those taking anticoagu-
lant drugs. While clinical studies on this question are inconclusive,
caution should be exercised by those taking drugs known to slow
blood coagulation, such as aspirin and warfarin.25 Because there are
reports suggesting the constituents of ginkgo extract might inhibit or
activate drug metabolizing enzymes, consumers should be alert to
possible changes in the responsiveness to prescription or over-the-
counter medications when taking ginkgo products.

As the precise mechanism of action of any central nervous system
effects of ginkgo is unknown, it is difficult to speculate about the
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possibility of adverse consequences due to pharmacodynamic inter-
actions with known psychotherapeutics. Nonetheless, it is recom-
mended that ginkgo extract should not routinely be taken by those on
antidepressant medications unless under the close supervision of a
physician.

Pharmacological Perspective
Given the popularity of ginkgo extract, many obviously feel they ben-
efit from the consumption of this herbal product. While its lack of side
effects is a positive characteristic, it might also be interpreted as indi-
cating the product has little, if any, biological activity. Indeed, from a
pharmacodynamic standpoint, it is difficult to take seriously the num-
ber of neurochemical responses that have been attributed to ginkgo
extract and extract constituents from laboratory animal studies as such
generalized actions would be expected to result in a number of serious
side effects, none of which are observed in clinical trials.

The pharmacological data do, however, suggest the possibility
that ginkgo leaf extract might diminish the inflammatory and clotting
responses to PAF, and therefore symptoms of some clinical condi-
tions. Its value as an agent for treating central nervous system condi-
tions remains unproven, at least with respect to enhancing cognition,
slowing cognitive decline, or delaying the onset of Alzheimer’s dis-
ease. In the absence of large scale, placebo-controlled clinical trials
for the treatment of other central nervous system disorders, it is
impossible to draw any conclusions about the overall effectiveness of
this product. Inasmuch as ginkgo leaf extract has been widely avail-
able for years, and taken by millions of people for a variety of reasons,
it would be anticipated that any obvious and consistent effect on cen-
tral nervous system activity would be known by now. The possibility
remains that ginkgo constituents may influence brain function in a
select group of individuals experiencing certain types of central nerv-
ous system dysfunction. However, until it is possible to identify
which, if any, components of the ginkgo extract, or their metabolites,
penetrate into the human brain at concentrations sufficient to influ-
ence neuronal activity, the pharmacological properties, and therefore
the therapeutic potential, of this product will remain undefined.
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St. John’s Wort 
(Hypericum perforatum)

6

67

Classified as a mood disorder, depression was historically included
under the general heading of melancholia. Feelings of depression,
which are experienced by everyone, most often occur in response to
some external event, such as the death of a loved one, as a result of a
rejection, or because of a professional setback, such as a job loss. This
condition, situational depression, is characterized by feelings of sad-
ness, gloom, and frustration. Over time these symptoms abate with-
out the need for medication or the assistance of a mental health
professional. The support and understanding of family and friends,
and the passage of time, are usually sufficient for overcoming situa-
tional depression.

Clinical depression, sometimes referred to as major or endoge-
nous depression, is a severe, life-threatening disorder for which there
is no apparent precipitating cause. The symptoms may include
lethargy, sleep disturbance, changes in appetite, despondency, mor-
bid thoughts, feelings of worthlessness, anhedonia, which is an inabil-
ity to experience pleasure from activities that were once considered
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enjoyable, and thoughts of suicide. The degree and duration of these
symptoms far exceed those normally associated with any external
event and cannot be traced to any underlying somatic condition.
Depending on the symptomatology, clinical depression is character-
ized as mild, moderate, or severe. It is often associated with other
mental disorders such as generalized anxiety and psychosis.

While major depression has been considered a distinct clinical
entity only since the mid-nineteenth century, a treatise published 200
years earlier lists 14 different herbs that could be used to “drive away
sorrow and increase joy in the mind.”1 Before the seventeenth century,
melancholy was thought to be caused by an excess of black bile, one of
the four humors of Hippocrates. As black bile was associated with cold
and winter, herbs considered to be warming were recommended as
treatments for conditions believed to result from an imbalance of this
humor. As a warming herb, St. John’s wort was a candidate therapy.
Today St. John’s wort is one of the more popular herbal supplements,
especially in Europe where consumers spend billions of dollars each
year on this plant extract as a treatment for feelings of depression.

In spite of its popularity and centuries of use, the antidepressant
value of St. John’s wort remains controversial. The Roman scholar
Pliny wrote 2,000 years ago that St. John’s wort is of benefit in the
treatment of hysteria, a form of melancholia.2 Such reports cannot be
taken as proof of efficacy for treating clinical depression as it is
defined today because, in part, of the differences in the reported
length of treatment needed for a response. Thus, the ancients
believed that herbal remedies acted quickly in treating mood disor-
ders. However, prescription antidepressants typically require days or
weeks of continuous administration before improvements are noted
in the subjective symptoms of this disorder. This delayed response is
thought to be due to the need for drug-induced adaptations in brain
structure and neurochemistry. It is possible that the difference in the
time to response to modern medications and the ancient Roman rem-
edy is due to the fact that no distinction was made in the first century
between those suffering from situational and major depression. Also,
because mood and affect are dramatically influenced by expectations,
the placebo response rate is high in depressed patients, making it dif-
ficult to discern the extent to which a drug or herbal remedy speeds
recovery as compared to the influence of psychological factors and



ptg7913130

chapter 6 • st. john’s wort (hypericum perforatum) 69

the normal healing process. Even today this concern has some ques-
tioning the clinical value of prescription antidepressants, let alone
herbal products. Accordingly, it is difficult to prove scientifically that
a plant extract is of any benefit as a treatment for depression, whether
it be situational or clinical. As the published pharmacological data are
conflicting, the value of St. John’s wort as an antidepressant remains
uncertain.

Botany
St. John’s wort (Hypericum perforatum) is a perennial herb that first
appeared in Western Europe but is now widely distributed through-
out temperate regions of the globe, including North America. The
name Hypericum is a combination of the Greek hyper, meaning
above, and eikon, an image or icon. This refers to the Greco-Roman
custom of placing Hypericum branches above statues to ward off evil
spirits. The term perforatum relates to the perforated appearance of
the leaf that is due to the presence of glands along its surface. The
common English name refers to St. John the Baptist, whose birthday
coincides with the time of year, early summer, when this plant begins
to flower. In the ancient world festivals were commonly held during
this period to celebrate the beginning of summer and, thanks in part
to the flowering of St. John’s wort, the flight of evil spirits.

Hypericum perforatum is a hybrid of two wild plants, Hypericum
maculatum and Hypericum attenuatum. As a result of this cross, the
sterile hybrid Hypericum perforatum has 32 chromosomes, double
the number found in the two parent plants. Siberia is believed to be
the location of the cross as it is here that the distribution of the more
Western maculatum overlaps the more Eastern attenuatum. A peren-
nial herb, the aerial portion of the plant dies each year, emerging
from the roots again each spring.

St. John’s wort is a member of the family Clusiaceae (formerly
Guttiferae). Gray’s Botany lists 25 different species of Hypericum
that are found in the eastern United States. In North America St.
John’s wort grows wild from Canada to the southern United States.
The five-petalled, yellow flowers blossom from June throughout the
summer. The plant is commonly seen in vacant lots and along road-
sides. It is considered a weed in cultivated fields.
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Ascyrum, or St. Peter’s wort, is the only other genus of the family
Clusiaceae that grows wild in North America. The English botanist
John Gerard wrote that St. Peter’s wort has therapeutic effects similar
to St. John’s wort.

Because of the growing interest in St. John’s wort, the chemical
ingredients of several species of Hypericum are being studied as
herbal remedies. As with all plants, there are variations in the con-
stituents, and their relative quantities, among different species and
subspecies of Hypericum. Moreover, during the spring growing
period the concentrations of chemical constituents generally increase,
reaching their peak at flowering. While the commercial St. John’s
wort preparation, the dried residue of an alcohol extract, is standard-
ized to 0.3% hypericin, the relative quantities of other chemical con-
stituents can vary widely depending on the species and subspecies, its
geographical location, the local weather conditions for that year, and
the seasonal period of collection. This makes it imperative to identify
the plant constituent, or constituents, most responsible for influenc-
ing central nervous system function to define the pharmacological
characteristics, and therefore the therapeutic potential, of this extract.

Therapeutic Uses
St. John’s wort has long been touted as a remedy for a variety of con-
ditions. A multiplicity of possible uses is not unique to it, or to herbal
supplements, as a group. Indeed, many contemporary prescription
drugs are employed for multiple purposes. For example, morphine, a
component of the opium poppy, Papaver somniferum, has for cen-
turies been employed as an analgesic and as a treatment for diarrhea.
Hypericum, which is used most commonly today as a treatment for
depression, is listed in a sixteenth century Chinese text on medical
herbs as a remedy for “miasmatic disease,” or malaria.3 Likewise,
early Europeans employed Hypericum mainly as a treatment for
malaria and to relieve sciatic pain, common conditions of the time.4

This is known from the Medicina Antiqua (Codex Vindobonensis 93),
an extant ninth century copy of the fourth century Pseudo-Apuleius
manuscript that describes a drink made from Hypericum leaves and
seeds. The same recommendations are found in seventeenth century
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publications. Gerard stated that if consumed for 40 days the Hyper-
icum seed cures sciatica, as well as tertian and quartan fevers
(malaria).

St. John’s wort has also in the past been considered a treatment of
choice for burns, wounds, and skin ulcerations. The preparation used
for these purposes was an olive oil extract of the pressed leaves and
flowers. A sixteenth century medical herb volume authored by the
Jesuati Friars of Lucca, Italy, included a balsam that was said to heal
any kind of wound within 24 hours. A balsam is a scented plant prod-
uct. Referred to as precious oil, this balsam was composed primarily
of the leaves, flowers, and seeds of St. John’s wort, pounded and
mixed with olive oil. The mixture was recommended for its value in
healing bruised or damaged skin.5

Today, the most common use for St. John’s wort is as an antide-
pressant. This is a relatively recent development, as illustrated by the
fact that the classic 1931 M. Grieve text on herbal remedies lists 15
uses for St. John’s wort, only two of which were for the treatment of
central nervous system disorders: hysteria and nervous depression.6

By 1995 the interest in St. John’s wort as an antidepressant had grown
sufficiently to warrant a review of this topic.7 Since then there have
been many reports on its possible antidepressant properties, espe-
cially for the treatment of mild to moderate forms of major depres-
sion. There is as well a growing interest in isolating and identifying
the chemical constituents in St. John’s wort extracts that could be
responsible for any perceived therapeutic benefit, including possible
anti-inflammatory, analgesic, antineoplastic, and antimicrobial
effects. To obtain convincing data for any of these actions, it is critical
to first identify the most pharmacologically active chemical ingredi-
ents contained in this plant extract.

Constituents
The dried flowering tops of St. John’s wort are the portion of the plant
from which an extract is prepared for the treatment of depression.
Among the various compounds contained in the yellow flowers are
the hypericins, which are chemicals unique to the genus Hypericum.
The flower is the preferred source of hypericins as the roots, stems,
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and leaves of St. John’s wort contain only small quantities of these
compounds. The hypericins are produced in the oil glands located on
the tips of the flower shoots and in the petals. Because this molecule
is a chromophore, the hypericins are responsible for the red col-
oration of the dried flowers and for the photosensitivity that develops
in livestock that consume this plant.

Chemically, hypericin and related compounds are condensed
anthrones. Hypericin itself is a napthodianthrone or bianthra-
quinone. That is, it is composed of two anthraquinones joined by
three phenyl-phenyl linkages. This structure is sometimes humor-
ously referred to as “hydroxy-chickenwire” because of its complexity
(see Figure 6.1).

Hyperforin, a phloroglucinol, is another pharmacologically inter-
esting chemical found in the flowering tops of St. John’s wort (see
Figure 6.2). The highest concentrations of hyperforin are in the
maturing seed capsules, with the flower content increasing during
maturation. Of all the chemicals isolated from St. John’s wort, the
evidence is greatest for hyperforin as the most important for the pur-
ported antidepressant and mood-elevating activities. The concentra-
tion of hypericin in preparations of the flowering tops of St. John’s
wort is standardized at 0.3%. While the hyperforin content is more
variable, it averages about 4% in most commercial extracts.

Besides its potential antidepressant activity, at the proper concen-
trations hyperforin is reported to inhibit the growth of some bacteria
and viruses.8 Such antibiotic activity could explain why St. John’s wort
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was for centuries recommended as a wound treatment. Hyperforin
also reportedly displays anti-inflammatory activity.

Other chemical constituents of St. John’s wort include flavonols,
tannins, and a volatile oil. These compounds are found primarily in
the leaves. Flavonols, which are defensive compounds produced by
many plants, protect the vegetation from ultraviolet radiation.
Kaempferol and quercetin are two flavonols isolated from the leaves
of St. John’s wort. Tannins are complex phenols present in the stems,
leaves, and flowers of St. John’s wort. Like flavonols, tannins are
widely distributed throughout the plant kingdom. Tannins are com-
monly used to treat burns and wounds because they interact with cel-
lular proteins to form a protective layer on damaged skin. This action
may underlie the beneficial effects reported by the ancients for the
topical use of St. John’s wort.

The translucent glands on the leaves of St. John’s wort contain an
essential oil that is composed of various pleasant-smelling terpenes,
among which are alpha-pinene, beta-myrcene, and beta-caryophyllene.
These compounds emit the odor of pine, moss, and cloves, respectively.

Given the current interest in employing St. John’s wort for
improving mood, significant effort has been made to identify the
chemical constituents in the plant extract that may be responsible for
this action. These studies include both laboratory and clinical experi-
ments with purified substances isolated from the extract. The labora-
tory animal experiments focus particularly on determining whether
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extracts of St. John’s wort, or individual agents derived from them,
influence brain neurotransmitters in a manner similar to prescription
antidepressants. The results of such experiments have little meaning,
however, unless it can be demonstrated that pharmacologically active
constituents of St. John’s wort extract are absorbed in humans follow-
ing oral administration and that they penetrate into the brain.

Pharmacokinetics
Oral consumption of 900 mg of Hypericum extract by human volun-
teers results six hours later in a maximum plasma hypericin concen-
tration of 7.2 ug/l, with a median half-life of distribution of six hours
and a median half-life of excretion of 43.1 hours.9 In a separate study,
a 900 mg oral dose of a Hypericum extract resulted three hours later
in a maximum plasma hyperforin concentration of 437.3 ug/l, a three
hour median half-life of distribution and a median half-life of excre-
tion of 8.65 hr.10 The steady state plasma concentration of hyperforin
was 180 nM.11 These studies indicate that both hypericin and hyper-
forin are absorbed intact from the intestinal tract following oral
administration of the extract. The differences in plasma levels for
these two chemicals may explain why hyperforin is thought to be
most responsible for any antidepressant response to the extract. Even
though the average concentration of hyperforin in the extract prepa-
ration is some 20 times higher than hypericin, these data indicate the
peak plasma level of hyperforin is nearly 70 times greater than for
hypericin. This, along with the shorter time to attain peak plasma
levels, suggests that hyperforin is more readily and completely
absorbed into the bloodstream than hypericin.

These data notwithstanding, it remains unclear whether these
substances are transported into the brain in quantities sufficient to
affect behavior.12-14 Studies with human liver fractions indicate that
hyperforin is converted to 57 different metabolites.15 While metabo-
lites are generally less likely to accumulate in the brain than parent
compounds, the possibility remains that responses to St. John’s wort
are mediated by some, as yet unidentified, chemical constituent or its
metabolite. In either case, the lack of evidence for brain accumula-
tion of hyperforin or hypericin, let alone for the flavonols, tannins, or
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any other chemical known to be present in St. John’s wort extract,
leaves unanswered the question about which of these, or which com-
bination of them, is responsible for its effects following oral adminis-
tration. The absence of this information is a significant hindrance to
characterizing a possible mechanism for the purported antidepres-
sant effect of this extract.

Pharmacodynamics
Clinically effective antidepressants were first identified in the 1950s.
Since then a host of prescription agents have been developed for this
purpose. A driving force in these drug discovery efforts are the data
indicating that a common characteristic of antidepressants is that they
enhance the synaptic content, and therefore activity, of certain neuro-
transmitters in the brain, in particular serotonin and norepinephrine.
This is generally accomplished in one of two ways. Most antidepres-
sants inhibit the reuptake of one or both of these neurotransmitters
after their release from presynaptic neurons, thereby prolonging the
presence of the transmitter in the synaptic cleft. Fluoxetine, or
Prozac®, is an example of such an agent, with its clinical efficacy being
due to selective inhibition of neuronal serotonin uptake. Another
mechanism for enhancing the activity of these neuronal systems is inhi-
bition of neurotransmitter metabolism. As serotonin and norepineph-
rine, as well as other neurotransmitter substances, are metabolized by
monoamine oxidases, drugs that block one or more of these enzymes
display antidepressant activity. Moclobemide, or Manerix®, is an exam-
ple of such an agent. While older antidepressants interact with numer-
ous neurotransmitter systems, enhancement of central norepinephrine
and serotonin transmission is the most common feature of this drug
class. Effects on other transmitter systems are often responsible for the
side effects encountered with these agents. These findings led to the
monoamine hypothesis of depression, which posits that the condition
is the result of underactive norepinephrine and serotonin pathways in
select brain regions. Accordingly, agents capable of enhancing the
activity of these systems are antidepressant candidates.

Given this information, those interested in determining the anti-
depressant potential of St. John’s wort extracts examine their effects
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on brain neurotransmitters, with particular emphasis on serotonin
and norepinephrine. Administration of Hypericum extracts report-
edly induces antidepressant-like alterations in neurotransmitter
dynamics in rats, causing an increase in the levels of dopamine and
serotonin in the brain.16 Moreover, it was reported that hypericin
inhibits monoamine oxidase, an action that would increase brain lev-
els of norepinephrine, serotonin, and other substances.17 However,
subsequent work indicates that Hypericum extracts, and hyperforin
itself, are only weak inhibitors of this enzyme. Given the concentra-
tion in the brain necessary for this effect, it seems unlikely that inhi-
bition of monoamine oxidase is the mechanism of any antidepressant
action of St. John’s wort.11

There are also reports that hyperforin, like many clinically useful
antidepressants, inhibits the neuronal uptake of norepinephrine and
serotonin.11 However, unlike established antidepressants, hyperforin
inhibits the neuronal uptake of many other neurotransmitters as well,
including dopamine, γ-aminobutyric acid (GABA), and glutamic acid.
In rat brain tissue the hyperforin concentration necessary to inhibit
significantly the neuronal accumulation of these transmitters is
approximately 1 μM. However, following the 300 mg/kg dose admin-
istered to rats, the plasma steady-state concentration of hyperforin is
nearly 2 μM, a value that is ten times higher than the steady-state
concentration in humans. Accordingly, unless hyperforin accumulates
in the human brain to concentrations that greatly exceed its plasma
levels, and there is no evidence indicating this is the case, it is unlikely
there are sufficient quantities in the human brain to inhibit uptake of
these transmitters.

It is suggested that this nonselective effect on transmitter uptake
is due to a hyperforin-induced activation of transient receptor poten-
tial channels (TRPC), in particular TRPC6, which, in turn, provokes
an intracellular accumulation of sodium and calcium ions.18,19 It is
believed that the increase in intracellular sodium is responsible for
the hyperforin-induced decrease in neurotransmitter uptake. There
is also evidence that activation of TRP channels promotes dendritic
growth.20 As dendritic sprouting is believed to be an important com-
ponent of antidepressant drug action, this finding supports the notion
that hyperforin could be a critical component in St. John’s wort for
any antidepressant effect.
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St. John’s wort extracts have also been shown to activate brain
sigma receptors, a site thought to be a target for antidepressants.21,22

As stimulation of sigma-1 receptors causes neuronal firing, this action
would lead to activation of brain neurotransmission. It is unclear
whether a chemical in the St. John’s wort extract, or a metabolite of
one of its chemical constituents, is responsible for stimulating the
sigma-1 site in the brain.22

Another possible explanation for the antidepressant activity of St.
John’s wort relates to a proposed mechanism for its anti-inflammatory
effect. Thus, studies suggest that the anti-inflammatory response to
hyperforin is due to an interaction with nitric oxide synthase. This
enzyme is responsible for the formation of nitric oxide, an endoge-
nous gas known to contribute to the inflammatory process and to
serve as a neurotransmitter in the brain. As there are data suggesting
that nitric oxide may be involved in the pathogensis of depression,
hyperforin-induced blockade of its production could contribute to an
antidepressant response.23

Kaempferol and quercetin, two flavonols found in the leaves of
St. John’s wort, are thought to inhibit 5-lipoxygenase, an enzyme that
produces endogenous inflammatory substances. As these flavonols
display anti-inflammatory activity in humans, the effect on 5-lipoxy-
genase could provide a plausible explanation for their action in this
regard. As it appears that neither of these compounds enters the
brain in sufficient quantities to influence neuronal activity, it is
unlikely this action, or their reported ability to reduce oxygen radicals
or to inhibit protein kinase C, a mediator of intracellular signaling,
contributes to any central nervous system effects of St. John’s wort.

Taken together, these in vitro data suggest that St. John’s wort
extracts in general, and hyperforin in particular, have effects on brain
neurochemistry similar to those reported for antidepressant drugs.
This conclusion is reinforced by in vivo animal experiments. Thus,
the behavioral endpoints for conventional animal models used for
screening antidepressant drug candidates generally reflect an activa-
tion of norepinephrine or serotonin pathways in the brain. Some
entail the prevention or reversal of stress-induced behaviors, as
depression is often associated with prolonged periods of anxiety. In
one study of St. John’s wort, stresslike behavioral and neurochemical
changes were induced in mice by the continuous administration of
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corticosterone, a stress hormone, for seven weeks. Administration of
Hypericum perforatum extract for three weeks reversed the steroid-
induced behaviors and caused antidepressant-like changes in the
dendritic spines of the dentate gyrus, an area of the brain thought to
be involved in depression.24 These findings are consistent with the in
vitro neurochemical effects of St. John’s wort suggesting that compo-
nents of this plant extract, in particular hyperforin, may inhibit neuro-
transmitter accumulation and promote dendritic growth, perhaps
through activation of the TRPC6 receptor.

While a great deal of emphasis has been placed on the assumption
that hyperforin is the extract constituent most responsible for the anti-
depressant action of St. John’s wort, significant questions remain about
the validity of this hypothesis. As noted previously, there are no data
demonstrating conclusively that sufficient quantities of hyperforin
accumulate in the brain following oral administration to laboratory
animals or humans, and the human plasma levels of this substance are
well below what would likely be needed to achieve the brain concen-
trations necessary to inhibit neurotransmitter uptake or metabolism.
It is also notable that Hypericum extracts lacking hyperforin display
antidepressant activity in animal tests, suggesting it may not be the
only active constituent in this regard.25 To the extent the results of ani-
mal studies are taken as proof for an antidepressant effect, these find-
ings add further to the uncertainty about which of the St. John’s wort
extract constituents possess antidepressant properties and, if such
activity is present, the mechanism of action of the critical component.

Prospective clinical studies, as well as meta-analyses, have been
conducted to determine whether St. John’s wort displays anti-
depressant activity in humans. One meta-analysis included 15
placebo-controlled, double-blind studies involving 1,000 depressed
patients.26 The dose of the Hypericum extract varied between 300
to 1000 mg. The results indicated that patients taking Hypericum
improved more quickly than those on placebo, with no greater inci-
dence of side effects. The findings of a later meta-analysis also indi-
cate that St. John’s wort is more effective than placebo as a
treatment for mild to moderate depression.27 The daily dose of
Hypericum extract in this study was 600 to 900 mg.27 In a 2010
review of Hypericum extract clinical studies, the authors concluded
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that the weight of evidence supports its efficacy and tolerability as a
treatment for mild to moderate depression.28 Described in this
review is the individual testing of four different Hypericum
extracts, with the results indicating that all are more effective than
placebo in treating some forms of depression. They also report that
these extracts are better tolerated than prescription antidepres-
sants. While most clinical trials have limited the testing of St. John’s
wort to the management of mild to moderate depression, the
results of one meta-analysis suggested that Hypericum extracts
were superior to placebo for the treatment of more severe depres-
sion as well.29

There have also been prospective studies suggesting that St.
John’s wort extract is superior to placebo and is as effective as pre-
scription drugs for the treatment of mild to moderate depression.30,31

However, other prospective clinical trials have failed to demonstrate
any efficacy for Hypericum extract in this regard.32,33 With regard to
the latter, in the late 1990s the United States National Institutes of
Health sponsored a large prospective study of Hypericum extract
involving 340 patients with moderately severe major depression.34

The response to the extract was found to be no better than placebo,
suggesting no benefit for St. John’s wort in the treatment of this con-
dition. Confounding this interpretation, however, is the fact that
sertraline, a prescription antidepressant included in the study as a
positive control, also failed to demonstrate a significant benefit in this
patient cohort. Sertraline, but not St. John’s wort was, however, supe-
rior to placebo on secondary tests of efficacy. This study leaves unan-
swered the question as to whether St. John’s wort is of benefit for
those with only mild to moderate forms of depression.

The results of these clinical trials fail to demonstrate conclusively
that St. John’s wort is a consistently effective antidepressant. The pos-
itive results suggest it may display greatest benefit as a treatment for
mild to moderate depression, while the negative trials indicate it is no
better than placebo in this regard. These disparate findings are likely
due to the inherent difficulties associated with clinical trials for
demonstrating antidepressant efficacy because, in part, of high
placebo response rates, and, in this case, the variations in the chemi-
cal compositions of the extracts employed. The latter problem, which
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is a feature of studies with herbal supplements, makes it difficult to
compare directly the results of these clinical trials as the product
being tested is not identical among them.

Adverse Effects
While St. John’s wort extracts, at the doses normally consumed, have
fewer side effects than prescription antidepressants, administration
can be associated with gastrointestinal problems, such as nausea and
diarrhea. Overall, however, the reported incidence of side effects
with St. John’s wort extract appears to be no greater than that
recorded for depressed patients taking a placebo.35

The two greatest concerns regarding possible adverse effects of
St. John’s wort are photosensitivity and drug interactions. As sensitiv-
ity to sunlight is known to develop in grazing cattle that consume
large quantities of St. John’s wort, it is possible that patients taking
this extract for prolonged periods might develop a dermatitis when
exposed to ultraviolet light. In general, however, the doses of St.
John’s wort extract typically administered to humans are well below
the amount generally necessary to cause photosensitivity.

Human consumption of St. John’s wort extract increases the pro-
duction of certain drug metabolizing enzymes and other proteins
responsible for transporting drugs throughout the body.36 These
effects are documented in a study involving healthy male volunteers
who were administered Hypericum extract for 14 days. Following
this treatment there was a 1.4-fold increase in the levels of some gas-
trointestinal drug transporters and in certain drug metabolizing
enzymes. This would explain the reported decrease in the plasma
concentrations of several commonly used drugs when they are taken
in combination with St. John’s wort. Among these are digoxin, a treat-
ment for heart failure, amitriptyline, an antidepressant, alprazolam,
an anxiolytic, dextromethorphan, a cough suppressant, and
cyclosporine, an immune system modulator.37 It is believed that
hyperforin is primarily responsible for altering the levels of the drug
metabolizing enzymes.38 These findings underscore the importance
of being cautious about taking St. John’s wort while on other medica-
tions, as the extract could decrease the effectiveness of the prescrip-
tion drugs.
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While it has been suggested that St. John’s wort extract poses lit-
tle risk to the fetus, it may not be wise to use this product during
pregnancy.39 In this regard, it has been reported that, in vitro at least,
both St. John’s wort and hypericin increase placental transport of cal-
cium. Such an effect could have adverse consequences for the fetus if
it occurs in vivo.40

Pharmacological Perspective
St. John’s wort is a plant of considerable interest because of its unique
chemical constituents and the biological activity associated with some
of these compounds. The fact that St. John’s wort has been used since
antiquity for medicinal purposes suggests that at least some of its ben-
eficial effects are empirically obvious. However, just because an
action was noted and recorded by our ancestors does not guarantee it
will be proven true when tested using rigorous, modern scientific
methods. Take for example the ancient belief that St. John’s wort
chases away evil spirits. Even though the scientific evidence support-
ing its efficacy as an antidepressant is greater than for its value as a
talisman, its effectiveness as a treatment for depression remains
uncertain. This is due in large measure to the mixed results from clin-
ical trials, especially the prospective studies. There is also uncertainty
regarding the extent to which any of the constituents of St. John’s
wort extract, in particular hyperforin, penetrate into the brain at con-
centrations sufficient to influence chemical neurotransmission.
Moreover, many find it difficult to accept the proposal that the anti-
depressant action of hyperforin is related to its nonselective inhibi-
tion of neurotransmitter uptake because such an action should be
associated with a host of central nervous system side effects. As no
such side effects are observed at the doses of St. John’s wort normally
administered, either this effect on neurotransmitter uptake does not
occur in humans, or the quantities of hyperforin that accumulate in
the brain are insufficient for influencing these transmitter systems.
Thus, the safety of St. John’s wort is an argument against any signifi-
cant central nervous system effect, including an antidepressant
action. What does seem certain, however, is the potential for St.
John’s wort to influence the response to prescription drugs by
enhancing their metabolism and elimination from the body. This
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makes it imperative that the risk/benefit ratio of consuming this prod-
uct be taken into account by those receiving medications for other
conditions. Given the interest in this plant extract, work will undoubt-
edly continue to more clearly define its clinical utility. The weight of
evidence to date suggests this may include anti-inflammatory and
antimicrobial, if not antidepressant, activities.
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Valerian 
(Valeriana officinalis)

7

83

Various rituals and remedies are employed for treating anxiety and
insomnia. Among these are warm milk, soft music, soothing back-
ground noise, yoga, and aroma therapy. However, in centuries past
the most popular approach was the consumption of agents believed
to relieve tension, including valerian. The historical interest in calm-
ing agents is evidenced by the immediate, and ongoing, popularity of
fermented alcoholic beverages, which were first produced in China
and the Mideast 9,000 years ago. The more potent distilled spirits
came later, with the arrival of alchemy in southern Italy during the
twelfth century AD. Ethyl alcohol, or ethanol, the pharmacologically
active constituent of these beverages, belongs to a drug class known
as central nervous system depressants. By reducing brain activity,
such agents decrease anxiety (anxiolytic effect) and induce a feeling
of drowsiness (hypnotic effect). Besides alcohol, other central nerv-
ous system depressants are the barbiturates, such as phenobarbital
and thiopental, and the benzodiazepines, as exemplified by chlordiaz-
epoxide (Librium®) and diazepam (Valium®).
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The popularity of valerian root extract is linked directly to its per-
ceived efficacy as an anxiolytic and hypnotic. Evidence of its utility in
this regard can be traced to the dawn of man, with archeologists find-
ing remnants of the valerian plant in southern European caves for-
merly occupied by Cro-Magnon, the earliest Homo sapiens. This
indicates that ancient humans consumed this plant, no doubt for its
nutritional value, but also perhaps for its calming properties.

Written records prove the medicinal properties of valerian were
appreciated by ancient civilizations. Mentioned by the Greek physi-
cian Hippocrates and, later, by Galen, a Roman physician and scien-
tist, this herb is described as a treatment for insomnia. Although
valerian has for thousands of years been used to treat many condi-
tions, its use as an anxiolytic and hypnotic has withstood the test of
time. Because its calming action has been appreciated for millennia,
it seems likely that constituents of valerian noticeably affect brain
function when consumed in sufficient quantities. A pharmacological
analysis of the published reports tends to support this conclusion.

Botany
There are more than 200 species of valerian, many of which are not
used for medicinal purposes. The most popular for herbal prepara-
tions is Valeriana officinalis. Its horizontal roots (rhizomes) and
rootlets are the portions used for preparing the herbal extracts. A
member of the family Valerianaceae, this species is native to Europe
and western Asia. It was subsequently introduced and naturalized in
temperate regions of North America.

Valerian is a perennial herb with white or pinkish flowers. The
main stalk grows to about three feet and is topped with clusters of
delicate, bell-shaped flowers. It has long, cylindrical roots with
numerous rootlets that grow along the ground, making them readily
accessible for harvesting. Valerian leaves are large and pinnate, mean-
ing they are divided into leaflets on either side of a central axis. The
term pinnate is derived from pinna, Latin for feather, which aptly
describes the leaf morphology.

Two other members of the Valerianaceae used to prepare reme-
dies are Valeriana celtica (French spikenard) and Nardostachys jata-
mansi (spikenard). The suffix “nard” suggests these species were, like
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lavender, associated with Naarda, an ancient Syrian city. Besides its
use as a medicinal, extracts of spikenard rhizomes have been used in
perfumes and for incense. Various species of spikenard are also native
to Eurasia, India, and the Far East. Like many medicinal plants,
spikenard was adapted to cultivation in the Fertile Crescent, an area
that stretches from Egypt through Anatolia in Turkey to the
Euphrates and Tigris river valleys in Mesopotamia, a region that
today encompasses parts of Iran, Iraq, Syria, and Turkey. As the Tigris
and Euphrates are two of the four rivers described in Genesis as orig-
inating in the Garden of Eden, Islamic tradition holds that spikenard
may have been the forbidden fruit consumed by Adam. A seventh
century BC list of Assyrian herbals includes both French spikenard
and spikenard as remedies.

The various species of valerian yield somewhat different chemi-
cal constituents. None of the four Valeriana species native to North
America are used for medicinal purposes. The American group
includes Valeriana ciliata, a prairie species, Valeriana septentrio-
nalis, a northern species, Valeriana uliginosa, found in northern
marshes, and Valeriana pauciflora, a woodland plant. For this rea-
son, studies aimed at defining the medicinal value of Valeriana, and
the chemical constituents responsible for any pharmacological
effects, generally utilize plants originally found outside of North
America.

Therapeutic Uses
A sixteenth century Chinese text on herbal medications lists spike-
nard as one of five odorous plants and notes that in India it was used
to treat hysteria and epilepsy.1 Over the centuries, valerian root has
been employed for the treatment for many conditions. In the six-
teenth century Nicholas Culpeper, an English botanist and herbalist,
published a recipe for valerian root boiled with licorice, raisins, and
aniseed to be used for cough and as a treatment for plague. He also
recommended a tincture of valerian root for “nervous affections”
including heart palpitations, vapours, and hysteria.2 Other purported
uses are for indigestion, nervous headache, muscle tension, irritable
bowel syndrome, pain, and inflammation.
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Valerian root is most popular as a treatment for insomnia and anx-
iety. Approximately one gram of the dried root, or a medicinal tea
extract, is consumed for these purposes. The tea is prepared by soaking
three to five grams of the dried root in hot water. An alcoholic extract
(tincture) is also prepared. Given the different properties of alcohol
and water, the chemical constituents extracted into the tea and tinc-
ture differ, even when they are prepared from the same root sample.

Both standardized and nonstandardized preparations of valerian,
in capsules or tablets, are available for purchase, as are unprocessed
samples of the dried root. The standardized preparation typically lists
the calculated percentage of valerenic or valeric acids in the product.
As these constituents represent only a small fraction of the chemicals in
the mixture, it is difficult to know whether any pharmacological effects
are due primarily to the presence of these acids, other components of
the extract, or to a combination of chemicals. In some products valer-
ian is purposely mixed with other herbals, further complicating a sys-
tematic pharmacological assessment of these products.

Some contend that to be fully effective valerian must be taken con-
tinuously for several weeks, while others report that symptom relief is
almost immediate. Valerian is generally not recommended for contin-
ual use, but rather as an occasional treatment for insomnia and anxiety.

Valerian sesquiterpenes have also been reported to display anti-
inflammatory activity.3,4 This action is thought to be due to an interac-
tion with nuclear factor kappa B, a macrophage component involved in
regulation of inflammation, immunity, and cancer. Such findings have
led to an interest in chemically synthesizing valerenic acid derivatives to
optimize the anti-inflammatory activity of this compound. The extent to
which such chemical analogs may influence brain function is unknown.

In an extensive survey of the phytotherapeutic potential of 1,000
plants, nine were considered to have the greatest therapeutic poten-
tial. Valeriana officinalis was one of these nine, suggesting it is gener-
ally believed to display noticeable pharmacologic activity.5

Constituents
One of the more obvious characteristics of valerian is the odor emit-
ted by its roots. This aroma is derived from a volatile oil produced by
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the plant. John Gerard, the sixteenth century English herbalist,
described the scent of the fresh root as pleasant, and, 2,000 years
earlier, the Greek botanist Theophrastus included valerian root as
an ingredient of perfume.6,7 The dried root, on the other hand,
which is typically used for medicinal purposes, emits an odor that is
unattractive to humans but apparently pleasant to rodents and cats.
Indeed, legend has it that dried valerian root was used by the Pied
Piper to lure the rats from Hamelin. The scent results from the
chemical transformation of volatile substances during the drying
process.

The fresh Valeriana root contains up to 2% volatile oil, of which
bornyl acetate, a terpene, is a major constituent. The odor of the fresh
root has been ascribed to this substance. The unusual odor associated
with the dried root is the result of the formation of isovaleric acid by
the enzymatic oxidation of bornyl acetate during drying. The aroma
of isovaleric acid is variously characterized as rancid, disagreeable, or
cheeselike.

As for its medicinal use, the essential oil in the root of Valeriana
officinalis contains a mixture of monoterpenes, known collectively as
valepotriates, and sesquiterpenes, in particular valerenic acid, which
is thought to be one of the more pharmacologically active constituents
of this plant. The valepotriates are so named because the monoter-
pene mixture contains valerian epoxy triesters. The valepotriates are
water-insoluble and chemically unstable. Their concentrations vary
with the valerian species, the local environment, and the conditions
under which the root is dried. Studies of the volatile oil taken from a
single cultivar of Valeriana revealed that the concentrations of the
valepotriates and the sesquiterpenes vary as much as 4-fold.8 Others
report differences of up to 600-fold in the concentrations of valerenic
acid in standardized commercial preparations of valerian. These large
differences in the concentrations of this substance are undoubtedly
responsible, at least in part, for the variations in the biochemical and
clinical responses to this herbal supplement.9,10

The method of extraction from valerian roots also affects the
chemical composition of the final product.11 The number and varying
amounts of chemicals in the extracts make it difficult to determine all
of the active principles and their possible interactions. It is impossible,
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therefore, for a consumer to know precisely the amount of active con-
stituents being taken when ingesting a valerian product.

Both the valepotriates and the sesquiterpenes are thought to con-
tribute to the sedative and anxiolytic properties of valerian root.
Because of their chemical instability, the valepotriates probably do
not appear in the brain following systemic administration. However,
they are converted in the body to other chemicals, such as homobald-
rinal, which may be biologically active in vivo.11

The sesquiterpene valerenic acid has received considerable
attention as a pharmacologically active component of valerian. Aque-
ous extracts of valerian root also contain GABA, an inhibitory neuro-
transmitter. It has been proposed the presence of this amino acid may
contribute to the hypnotic action of valerian extract.11 This is unlikely,
however, as GABA is not absorbed from the gastrointestinal tract and
does not readily cross into the brain from the systemic circulation.
Other chemicals identified in valerian include the lignin hydrox-
pinoresinol, the alkaloids actinidine, chatinine, shyanthine, valerian-
ine, and valerine, and the flavonoids hesperidin, 6-methylapigenin,
and linarin. As with the valepotriates and sesquiterpenes, the relative
and absolute concentrations of these agents, as well as others con-
tained in the root and extracts, vary among preparations.

Pharmacokinetics
The chemicals thought to be most responsible for the central nervous
system actions of valerian root are the valepotriates, particularly
bornyl acetate, and the sesquiterpenes, most notably valerenic acid. As
the valepotriates are generally lipophilic, these unstable compounds
are found primarily in alcohol extracts, while the more hydrophilic
sesquiterpenes are present in both aqueous and alcohol extracts. Both
types of extracts are consumed for therapeutic purposes.

Given the variations in the chemical constituents among individ-
ual valerian plants, and the large variety of species, it is impossible to
draw firm conclusions about the pharmacokinetic properties of valer-
ian by studying extracts. Rather, emphasis is placed on examining the
pharmacological characteristics of particular chemical constituents,
principally bornyl acetate and valerenic acid.
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Serum levels of valerenic acid peak one to two hours following
oral administration of valerian to humans. Its elimination half-life is
one to two hours, with trace amounts detectable in serum for up to
five hours. These results confirm that valerenic acid is absorbed intact
from the human gastrointestinal tract following consumption of a
valerian extract, and indicate relatively rapid elimination from the
bloodstream. Given these findings, it is recommended that for treat-
ing insomnia valerian be taken 30 minutes to two hours before retir-
ing so that sleep is sought at a time when valerenic acid blood levels
are rising or at their peak.12

Because insomnia is most commonly experienced in the elderly,
valerenic acid levels have been quantified in older individuals after
single and repeated administration of valerian extract. No significant
differences in the peak serum concentration, time to peak serum con-
centration, and the elimination half-life were found for valerenic acid
among these subjects following a single oral dose of 600 mg valerian.
Differences in these indices were noted, however, among these sub-
jects when the same dose was taken once daily for two weeks. This
indicates that changes in the absorption and elimination of valerenic
acid occur over time with continued administration. This might
explain, in part, the variability in its effectiveness among individuals.13

While these data indicate that valerenic acid is detectable in
blood following ingestion of valerian, they reveal nothing about
whether this compound enters the brain. An in vitro study aimed at
examining this question tested the extent of accumulation of three
sesquiterpenes, valerenic, acetoxyvalerenic, and hydroxyvalerenic
acids, in human brain tissue in comparison to diazepam, a benzodi-
azepine anxiolytic. The results revealed the sesquiterpenes are trans-
ported much more slowly across the blood-brain barrier than the
benzodiazepine, presumably reflecting the fact that the valerian
products are considerably less lipid soluble than diazepam. As it is
known that diazepam readily penetrates into the brain by passive dif-
fusion, it was concluded from this work that the sesquiterpenes prob-
ably gain entry by way of a specialized transport system.14 While such
work does not prove these compounds, or any other chemical con-
stituents of valerian, appear in the human brain following oral admin-
istration, it does suggest these chemicals have only limited access to
this organ. For this reason, it is critical that sufficient quantities of
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valerian be taken to achieve blood levels of valerenic acid necessary to
ensure that enough accumulates in the brain to cause the desired
effect. Because the therapeutically important valerian constituents,
or combination of constituents, are unknown, and there is a high
degree of variation in the chemical composition of different prepa-
rations, it is impossible to predict with any certainty the most
consistently effective dose of valerian extract. Nonetheless, these
pharmacokinetic studies indicate that oral administration of valerian
results in the absorption of compounds that may penetrate into the
brain and affect central nervous system activity.

Studies with rat tissue indicate that valerian valepotriates and
sesquiterpenes, including valerenic acid, are extensively metabolized
by the liver, and are substrates for drug transporters.15-17 While data
suggest that components of valerian extract interact with certain drug
metabolizing enzymes, experiments indicate that, when consumed at
the standard dose, valerian extract has little effect on the activities of
these enzymes in humans.18 Taken together, these findings suggest
that the pharmacological response to valerian may be due to the for-
mation of biologically active metabolites. Moreover, they suggest it is
unlikely that valerian consumption will modify the response to most
prescription and over-the-counter medications.

Pharmacodynamics
The valepotriates and sesquiterpenes, and in particular valerenic acid,
are thought to be responsible for the sedative and anxiolytic effects of
valerian root extract. Evidence suggests these agents may induce
these effects by influencing GABA receptor function in the brain.
Upon release from central nervous system presynaptic neurons,
GABA attaches to two different types of postsynaptic receptors. One,
termed the GABAA receptor, is known to be the primary site of action
of many central nervous system depressants, including the barbitu-
rates, benzodiazepines, and ethyl alcohol (see Figure 7.1). The other,
the GABAB receptor, while not directly influenced by these drugs, is
stimulated by baclofen, an agent used to treat spasticity and that also
depresses central nervous system function. Activation of either
GABAA or GABAB receptors reduces the activity of the neurons on
which they reside. Accordingly, compounds that enhance GABAergic
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activity are central nervous system depressants, whereas those that
inhibit this receptor site are brain stimulants and convulsants.

The GABAA receptor is composed of five protein subunits (refer to
Figure 7.1). As these are drawn from a pool of nearly two dozen distinct
GABAA receptor proteins, a number of different subunit combinations
are possible, with each one representing a molecularly and pharmaco-
logically distinct GABAA site. The subunit pool utilized for the forma-
tion of GABAA receptors is composed of seven different classes based
on their amino acid composition. Each of these classes is designated by
a Greek letter. Thus, for example, there are six types of α subunits, and
three types of β and γ subunits.19 Because of differences in the subunit
combinations of GABAA receptors, drugs acting at this site might affect
one group of receptors but not another. This type of selectivity can
account for differences in the pharmacological responses observed
with agents that interact with various subtypes of the GABAA site.
Thus, it appears that GABAA receptors containing an α1 subunit are
most responsible for mediating the sedative and hypnotic responses to
benzodiazepines, whereas anxiety is reduced with benzodiazepines
that activate the GABAA receptors containing an α2 subunit.

A number of mechanisms of action have been proposed for valer-
ian extract and its constituents. Suggested neurotransmitter sites of
action include adenosine A(1), serotonin5a, and GABAA receptors.20-23

Of these, the GABAA receptor appears to be the most likely site of

Figure 7.1 Representation of a β2 / β3 subunit-containing GABAA receptor,
with indications as to the sites of action of various agents on this receptor
subtype
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action. In vitro experiments demonstrate that valerenic acid, as well
as valerian extracts, stimulate chloride currents in the synapse, a
GABA-like action.24-26 The effect of valerenic acid is selective for
GABAA receptors containing β2 and/or β3 subunits (refer to Figure
7.1). The interaction of valerenic acid with GABAA receptor β sub-
units has been confirmed by a number of laboratories. This molecular
target is a different site of action than that identified for the benzodi-
azepines, although the overall effect on GABAA receptor function is
similar. The fact that a benzodiazepine site antagonist does not block
the action of valerenic acid is proof that it does not interact with the
same site as diazepam or other benzodiazepines. Also, this selective
attraction between valerenic acid and the β2 / β3 subunit containing
GABAA receptors indicates its pharmacology may differ somewhat
from ethyl alcohol and barbiturates, as these compounds influence a
much larger group of GABAA receptors.

In vivo laboratory animal studies reveal that valerian extract, and
valerenic acid alone, decrease brainstem neuronal activity.27 This
finding is consistent with the notion that valerenic acid selectively
enhances GABAA receptor function. Laboratory studies also support
the proposal that the chemical components of valerian affect animal
behavior. Thus, valerenic acid, as well as linarin, a flavonoid found in
valerian root, decrease locomotor activity in mice and display sedative
and hypnotic effects in rats and mice.28-30

The demonstration that valerian root extracts, as well as individ-
ual components of this mixture, display sedative and anxiolytic effects
in laboratory animals is crucial for convincing investigators of its
potential therapeutic utility. It also provides behavioral endpoints that
can be used in searching for the mechanism of action of valerian. Var-
ious animal models were created to match behavioral modifications,
usually in rats, with human responses. While there are significant lim-
itations in extrapolating effects on animal behavior to humans, some
models of anxiety are useful for predicting clinical responses. One
such model is the plus maze test. The principle of this assay is that
laboratory animals are uncomfortable in unfamiliar surroundings.
This emotional response diminishes their normal tendency to explore
their environment. When placed in the plus maze, the animals can
freely move between an open and a closed space. The time it takes for
them to voluntarily move from the closed, or protected, space to
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explore the open area is used as a measure of anxiety. Animals admin-
istered a known anxiolytic remain in the closed environment for a
much shorter period than those not receiving a placebo. As for valer-
ian, it has been reported that the extract itself, as well as pure
valerenic acid, reduces the time rats spend in the closed arms of the
maze, much like diazepam. Studies with genetically modified mice
reveal that, unlike normal animals, those lacking the β3 subunit no
longer display an anxiolytic response to valerenic acid, confirming this
receptor as the brain target for this compound, and the β subunit as
the molecular site of action.26 These results confirm these substances
display anxiolytic potential.30

Clinical studies have been performed to examine the behavioral
effects of valerian root extracts. Two meta-analyses of past human tri-
als were undertaken to examine the effectiveness of the extract as a
treatment for insomnia. One of these retrospective analyses reviewed
16 studies involving 1,093 patients. When taken together, the results
indicated that valerian is of significant value in improving sleep.31 The
second meta-analysis involved a review of 18 randomized clinical tri-
als. Again, the results suggested that valerian decreases the time it
takes to fall asleep and modestly improves sleep quality.32 As there
was heterogeneity in the outcomes for different measures in these
studies, it appears that some individuals are more susceptible to the
hypnotic effect of valerian than others. Recently, for example, a clini-
cal trial was conducted examining the possible hypnotic effect of
valerian in 227 patients undergoing treatment for cancer. In this case,
the extract failed to provide any improvement in sleep.33 The extent
to which the clinical condition of these subjects, their cancer therapy,
the dose of valerian, or its source influenced this outcome is
unknown. However, this negative finding illustrates that not all indi-
viduals may benefit from consumption of this herbal extract.

Adverse Effects
Valerian root extract is generally considered a safe alternative to pre-
scription anxiolytics and hypnotics. Side effects associated with valer-
ian use tend to be comparable to those reported for a placebo, and are
much fewer and less severe than the ones encountered with the benzo-
diazepines or barbiturates. Nonetheless, long-term use of valerian for
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insomnia is not recommended because psychological dependence can
develop for any substance or activity that is perceived as essential for
sleep. While no specific toxicities are associated with the continued
administration of valerian, hospitalization can result if the product is
taken in conjunction with an overdose of other medications.34 The
extent to which valerian consumption contributed to the toxic response
to these drug combinations is unknown. Because valerian displays cen-
tral nervous system depressant activity and appears to act at the same
receptor as other members of this drug class, this extract should not be
administered in conjunction with other central nervous system depres-
sants, including alcohol. Such a combination could result in an additive
effect on the brain, with, for example, the individual being more
affected by the consumption of an alcoholic beverage than usual.

Although there is always the possibility that continued administra-
tion of any substance can influence drug metabolizing enzymes, and
therefore the breakdown and response to other medications, this does
not appear to be a major concern with valerian. While valerian has
been reported to have a minimal effect on one type of drug metaboliz-
ing enzyme in humans, it appears to be without effect on another
known to be particularly important in transforming drugs to less active
metabolites.35 Accordingly, based on published work to date, the con-
sumption of valerian would not be anticipated to modify responses to
over-the-counter or prescription drugs, except for central nervous sys-
tem depressants. As discussed previously, the latter is the result of
pharmacodynamic rather than a pharmacokinetic interaction.

Pharmacological Perspective
Valerian has long been used for combating insomnia and alleviating
anxiety. Clinical studies have confirmed these effects. As with all
herbal supplements, the chemical composition of valerian root
extract is determined by such factors as the plant species, the climate
and soil in which it is grown, the time of harvest, the conditions under
which the root is dried, and the method of extraction for isolating the
volatile oil. Given these factors, and the fact that responses can vary
among individuals to even purified substances, it is understandable
that while some find valerian a useful anxiolytic and hypnotic, others
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do not. Indeed, in spite of the high likelihood of variation in the con-
tent of pharmacologically active constituents among valerian prepara-
tions, many responders are consistently satisfied with this product.
Perhaps these individuals are particularly sensitive to the active com-
ponents or, because of past experience with the product, have a lower
threshold for a placebo response when unknowingly taking a less
active form of the extract. The length of time valerian has been used
for its central nervous system effects, the positive clinical results with
this extract, and the laboratory studies indicating its chemical con-
stituents interact with a brain neurotransmitter known to be associ-
ated with the action of central nervous system depressants, all
suggest that it is a relatively safe and pharmacologically active plant
extract. Additional studies are needed to identify and characterize
further the chemical constituents in valerian root that can affect
behavior and to standardize the extract mixture. This will not only
make it possible to determine more accurately the most appropriate
use and dose of this product, but also make more predictable the
response to this supplement.
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Lemon Balm 
(Melissa officinalis)

8

97

Writing in the fourth century BC, Theophrastus described some of
the characteristics of melissophyllon, the Greek term for lemon balm.
As the literal translation of this term is “loved by bees,” it illustrates
that the ancients were, along with insects, attracted by the scent of
this plant. This point was reinforced in the first century AD when
Pliny, the Roman naturalist, advised in his Natural History that rub-
bing a hive with lemon balm leaves, or planting the herb near a hive,
would keep bees from deserting the hive. In the eighteenth century
the Swedish botanist, Carl Linnaeus, gave the name Melissa to the
genus of plants that includes lemon balm.

A member of the mint family, lemon balm has for centuries been
employed as an herbal remedy and for culinary purposes. Its popular-
ity is not surprising as humans were naturally drawn to it as a poten-
tial food source because of its pleasant, citrus-like odor and flavor.
These properties are due to its production of volatile chemicals,
including citral, citronellal, linalyl acetate, and caryophyllene.



ptg7913130

98 herbal supplements and the brain

Lemon balm is purchased as the dried leaf, as a tea, oil, or
extract. All of these products are preparations derived from the
plant leaves. Lemon balm has been, and still is, used for a variety of
purposes. These include as a flavoring for foods, including candies,
desserts, and drinks. It is placed on the skin as a mosquito repellant
and as a treatment for infections. Lemon balm is also taken orally,
often in combination with other plant derivatives, such as alcohol or
valerian, to reduce anxiety, facilitate sleep, and elevate mood. It is a
popular constituent in aromatherapy, a form of alternative medi-
cine. In aromatherapy, the vapors of essential oils, which are
volatile substances obtained from plants, are inhaled or the oils are
applied directly to the skin. The aim is to enhance mood and cogni-
tion, or to treat infectious disease. The extent to which such effects
can be attributed to the lemon balm plant, as opposed to a placebo
effect or a response to other products taken with it, requires further
investigation.

Botany
Lemon balm belongs to the mint family, Lamiaceae, previously
known as Labiatae. The latter designation refers to the characteristic
shape of the flower. Tubular at its base, the flower extends to form
labia or lips. The current designation, Lamiaceae, is derived from the
name of one genus, Lamium, a plant that like lemon balm is native to
Europe and Western Asia.

Lemon balm is cultivated for its scent and the purported thera-
peutic properties of the leaves. The plant has been naturalized in the
United States. It grows wild in uncultivated areas throughout North
America. A perennial, the lemon balm plant sprouts from the roots in
spring. The nearly white flowers are usually present from June
through September. Like other herbs in the mint family, the essential
oil is produced by small glands on the leaves. Both fresh and dried
leaves are used for cooking and medicinal purposes, although drying
reduces the content of the volatile substances. By midsummer, lemon
balm plants are two to three feet in height. As with all members of the
mint family, the lemon balm stalk is square, not round, and the leaves
are borne oppositely rather than alternately.
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Therapeutic Uses
In the sixteenth century, John Gerard wrote that lemon balm tea drove
away sorrows of the mind.1 This reflects the historic use of this tea for its
calming and sedative properties. Even today, a bedtime cup of lemon
balm tea is a popular treatment for insomnia. While lemon balm has for
centuries been used to facilitate sleep, few placebo-controlled clinical
trials have been performed to establish its effectiveness in this regard.2

The anti-anxiety effect of lemon balm extract has been the sub-
ject of clinical investigations, with particular emphasis placed on its
ability to treat the agitation associated with dementia in general, and
Alzheimer’s disease in particular.3 Over the centuries, lemon balm tea
has also been used as an antipyretic to reduce fevers associated with
infectious diseases, and as an anti-inflammatory agent and analgesic
for treating gout and other inflammatory conditions.

Constituents
Lemon balm leaf produces dozens of chemicals, at least 70 of which
have been identified. Several of these are thought to be responsible for
the therapeutic effects attributed to this plant. The compounds found
in the lemon balm plant are divided into four major chemical classes:
monoterpenes, triterpenes, phenylpropanoids, and flavonoids. The
essential oil from lemon balm contains a large number of mono-
terpenes and triterpenes. Because monoterpenes are volatile they con-
tribute to the distinctive odor of the plant. It is the monoterpene citral
that gives the plant its lemon-like scent. Citral is a mixture of two
stereoisomers, citral A, or geranial, and citral B, or neral. Citronellal is
another monoterpene produced in the lemon balm leaf. Oleanolic and
ursolic acids are lemon balm triterpenes of possible pharmacological
interest. Rosmarinic acid is a lemon balm phenylpropanoid that is
thought to have therapeutic activity. It is found in the leaves of several
genera of the mint family, including rosemary, from which the name
rosmarinic acid is derived. The flavonoids, some of which are believed
to possess anti-inflammatory properties and to neutralize free radicals,
are found in many plant species.

The concentrations of these ingredients in an herbal preparation
of lemon balm can vary two to threefold, depending on the age of the
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plant at harvest and whether these constituents were derived from
the entire plant or just the leaves.4 The relative quantities of the
lemon balm chemical components present in, for example, the essen-
tial oil, also vary with the method of extraction.5

Citral A and B are the most common monoterpenes in the essen-
tial oil of lemon balm, representing more than 50% of all constituents
in this product. Citronellal and the sesquiterpene beta-carophyllene
each represent approximately 6% of the chemicals in the oil.6

Rosmarinic acid comprises about 1.5 % of the dry leaf mass.7 It,
along with ursolic and oleanolic acids, are some of the major con-
stituents of lemon balm leaf and leaf extracts.8 Not all of the scores of
chemical constituents contained in the lemon balm leaf extract have
yet been identified or pharmacologically characterized.

Pharmacokinetics
Studies have been conducted on the absorption and metabolism of
some of the chemicals in lemon balm products. It was found in rats
that citral is completely absorbed following oral administration, but
that it is rapidly metabolized.9 Within five minutes of an intravenous
injection in rats virtually the entire dose of citral is transformed into
metabolites. The compound and its metabolites are excreted prima-
rily in the urine and bile.9 These findings suggest that citral is unlikely
to play any significant role in a therapeutic response to lemon balm.

When administered to rats orally, ursolic acid was rapidly absorbed
and displayed a half-life in blood of between one and four hours.10,11

Widely distributed throughout the body, the highest concentrations of
ursolic acid were found in the lung, spleen, and liver. A significant
amount was also detected in rat brain, indicating this compound is
capable of crossing the blood-brain barrier. While these data suggest
that ursolic acid might affect brain function, its rapid elimination from
the blood suggests that any pharmacological response would be brief.

Following oral administration of the plant extract, or its consump-
tion as the purified compound, rosmarinic acid was found to be
poorly absorbed and rapidly eliminated in rats.12,13 Data indicate that
rosmarinic acid is metabolized by intestinal organisms so that only a
small portion of an orally administered dose is available for passive
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diffusion into the systemic circulation.14 The metabolites formed in
the intestines, which include meta-coumaric and hydroxylated
phenylpropionic acids, are transferred to the blood by an active trans-
port system. It is unclear whether these metabolites display any phar-
macological activities on their own. In rats, the majority of the
rosmarinic acid absorbed into the blood is extensively metabolized in
the body and excreted in the urine.15,16 Taken together, these findings
suggest that rosmarinic acid is an unlikely candidate as the con-
stituent of lemon balm primarily responsible for any effects on the
central nervous system.

The half-life of oleanolic acid following intravenous administration
to various animal species is relatively short, ranging from 12 minutes in
rats to 57 minutes in dogs.17 From these data it was predicted that the
half-life in humans would be somewhere between 45 minutes and three
hours. In a study involving 18 healthy volunteers, the measured half-life
was up to eight hours following oral administration. However, this value
was highly variable, with some subjects displaying much shorter half-
lives.18 Nonetheless, these results indicate that oleanolic acid may
remain in the body of some individuals for a sufficient time to induce a
pharmacological effect. The wide variation in half-lives in humans sug-
gests a behavioral response to oleanolic acid would be unpredictable.

In vivo and in vitro laboratory animal studies indicate that lemon
balm constituents can affect the absorption, distribution, and metab-
olism of other chemical agents, such as prescription medications.19-22

Citronellal, for example, inhibits intestinal transporters responsible
for the absorption of digoxin, a drug used to treat heart failure. Like-
wise, ursolic acid interacts with transporters involved in eliminating
rosuvastatin, a cholesterol-lowering agent, from blood. Citral has
been shown to be an inhibitor of a liver enzyme responsible for the
metabolism of a variety of drugs. Lemon balm extract may also inhibit
the absorption of thyroxine, a thyroid hormone. These data suggest
that consumption of lemon balm can influence the responses to cer-
tain drugs, either prolonging or enhancing their actions, or reducing
their effectiveness. However, given what is known about the pharma-
cokinetics of some of the major lemon balm constituents, it would
probably be necessary to consume large quantities of the herb over a
prolonged period of time to achieve the sustained blood levels
needed to influence the response to conventional medications. The
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fact that there are few reports of adverse drug interactions associated
with lemon balm consumption reinforces the conclusions drawn from
pharmacokinetic studies. That is, the known constituents of this plant
appear to be poorly absorbed, extensively metabolized, and rapidly
cleared from the body, making them unlikely candidates as drugs or
toxic agents.

Pharmacodynamics
A number of laboratory animal studies have been undertaken to
define the responses to, and possible mechanisms of action of, lemon
balm extract and its chemical constituents. As for pharmacological
effects, oral administration of either an ethanol extract of lemon balm
or purified rosmarinic acid reportedly induces analgesia in mice.23 In
rats, however, others have found rosmarinic acid to be ineffective as
an analgesic and anti-inflammatory agent.24 In contrast, a significant
anti-anxiety effect was detected in rats receiving an intraperitoneal
injection of rosmarinic acid.25 Citronellal and citral have been
reported to induce sedative and analgesic effects in mice, and anal-
gesic and anti-inflammatory effects in rats.26,27 The conflicting results
from these and other animal studies and the historic use of lemon
balm by humans, suggest that consumption of this extract at the
proper dose may modify central nervous system functions.

With regard to mechanism of action, an in vitro study revealed
that an aqueous extract of lemon balm inhibited GABA transaminase
in rat brain tissue.28,29 As GABA transaminase is the enzyme responsi-
ble for the metabolism of GABA, an inhibitory neurotransmitter, its
blockade results in the elevation of brain GABA and a decrease in
central nervous system activity. It has been suggested that rosmarinic,
ursolic, and oleanolic acids are the lemon balm constituents responsi-
ble for inhibiting GABA transaminase.7 It has also been reported that
chronic administration of lemon balm extract to mice causes a
decrease in serum corticosterone, a hormone associated with stress,
suggesting a possible relationship between this action and its anti-
anxiety effects.29 If inhibition of GABA transaminase occurs in vivo,
such an action would provide a plausible explanation for the anti-
anxiety and sedative effects reported for lemon balm. Proof of this
hypothesis awaits definitive data demonstrating that inhibition of this
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enzyme occurs in animal brain following systemic administration of
lemon balm or its constituents, and that the herbal extract prevents
seizures, an established response following blockade of GABA
transaminase. Until then, these findings must be considered tentative
as an explanation for the mechanism of action of this product.

Another proposed mechanism for the central nervous system
effects of lemon balm is an interaction with the brain acetylcholine
neurotransmitter system. In vitro work demonstrated that rosmarinic
acid is capable of inhibiting acetylcholinesterase, the enzyme responsi-
ble for the destruction of the neurotransmitter acetylcholine.30 Such an
action would prolong the action of this neurotransmitter, which would
explain the reported beneficial effects of lemon balm on the cognitive
impairments associated with Alzheimer’s disease. However, other
investigators have been unable to demonstrate that lemon balm is
capable of inhibiting acetylcholinesterase in vitro, although they did
note that it directly interacts with muscarinic and nicotinic acid bind-
ing sites in human brain tissue, both of which are acetylcholine recep-
tors.31 These investigators propose that lemon balm constituents
activate acetylcholine receptors, an action that could be responsible for
enhancing memory. While both the acetylcholinesterase inhibition and
acetylcholine receptor activation hypotheses are intriguing, neither
effect has been demonstrated in vivo following systemic administration
of conventional doses of lemon balm extract. Additionally, unless these
actions are restricted to the brain, for which there is no evidence, a
generalized activation of the acetylcholine system throughout the body
would be expected to result in a number of discomforting side effects,
including changes in blood pressure, lacrimation, or tearing, salivation,
or drooling, and increases in urination and defecation. Because none
of these symptoms is typically associated with consumption of lemon
balm, it seems unlikely that constituents of this extract are generalized
activators of the acetylcholine system at the doses employed.

In attempting to establish a mechanism of action for lemon balm
as a treatment for Alzheimer’s disease, rosmarinic acid was fed to
mice that had been genetically modified to produce excessive
amounts of beta-amyloid in the brain. Beta-amyloid is a protein
known to be present in abnormally high quantities in the brains of
individuals with Alzheimer’s disease. Consumption of rosmarinic acid
for ten months decreased brain accumulation of beta-amyloid in
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these mice as compared with untreated control subjects.32 The clini-
cal significance of this discovery is uncertain, however, as there are
questions about the relevance of this mouse model to the human con-
dition, and the causal relationship between the accumulation of beta-
amyloid and Alzheimer’s disease is a matter of controversy.

Other laboratory studies have been conducted to define the
antioxidant, antimicrobial, analgesic, anti-inflammatory, and anti-
cancer actions of lemon balm.26,27,33-39 It is known that oxidative stress
and the generation of free radicals are associated with a number of
disease states, including type 2 diabetes and central nervous system
disorders. This has led to an interest in identifying antioxidants,
which are compounds capable of attenuating these biochemical
responses. Such agents would be expected to halt or slow the tissue
damage associated with trauma, disease, and neurodegenerative dis-
orders. The results of in vitro experiments suggest that methanol
extracts of lemon balm are more effective than aqueous extracts in
scavenging free radicals and blocking lipid peroxidation, a process
that generates free radicals. Reports indicate that the monoterpenes
citral and citronellal, besides displaying antimicrobial activity, appear
to be the most potent inhibitors of lipid peroxidation in lemon balm
extract. Administration of the essential oil to diabetic mice reduced
blood sugar and increased serum insulin levels, suggesting it may be
of some benefit in controlling diabetes.

Because the extent to which lemon balm extract displays antioxi-
dant activity in vivo is unknown, it remains questionable whether its
consumption provides any protective benefit from the ravages of free
radicals. Likewise, definitive in vivo human data are lacking to
demonstrate that the antimicrobial, anti-inflammatory, analgesic,
anti-diabetic, and anticancer effects detected in laboratory animals
are of any clinical significance.

As for human studies, the purported calming effect of lemon
balm tea provided the rationale for examining its effects on the anxi-
ety and agitation associated with neurological disorders. A double-
blind, placebo-controlled trial was performed to assess the value of
lemon balm aromatherapy in 70 patients with agitation associated
with severe dementia and Alzheimer’s disease. A significant improve-
ment in the quality of life was noted for all 35 subjects who under-
went lemon balm aromatherapy as compared to only 11 of the control
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patients who received aromatherapy with odorless sunflower oil.40

Because of its safety profile, it was suggested that lemon balm may be
useful for the treatment of dementia, either by itself or in conjunction
with other medications.41 This positive effect was not replicated by
the same investigators in a later study of 114 agitated patients.42 In
this case, the quality of life was improved whether the patients were
exposed to lemon balm or placebo aromatherapy. It was concluded
that the apparent benefits observed in both studies were due prima-
rily to the positive effects of the human interactions with these sub-
jects in association with the clinical trials, rather than to the
aromatherapy. While it is possible individuals may perceive some
benefit from lemon balm aromatherapy, the lack of data indicating
the appearance of lemon balm constituents in blood following inhala-
tion of the essential oil vapors makes it difficult to attribute any posi-
tive response to a pharmacological effect of the herb.

Clinical studies on mood and memory have been conducted fol-
lowing oral administration of lemon balm to healthy subjects. In a
placebo-controlled study, 20 volunteers received a single dose of
placebo or 600, 1000, or 1600 mg of dried lemon balm leaf.
Enhanced calmness and an increase in memory were reported one,
three, and six hours following consumption of the highest dose of
dried lemon balm leaf.31 It has also been reported that combined
treatment with lemon balm and valerian, an herb discussed in
Chapter 7 of this volume, significantly reduced anxiety in healthy
subjects at lower, but increased anxiety at higher, doses.43 One inter-
pretation of these findings is that because exposure to a pleasant odor
or taste, regardless of the source, has a calming effect on normal sub-
jects, there is no need to attribute these findings to a specific pharma-
cological effect. The results with the valerian combination treatment
are particularly difficult to interpret inasmuch as valerian is known to
have anti-anxiety effects on its own, making it impossible to draw any
firm conclusions about the contribution of lemon balm to the
observed effects. Thus, it could be that the purported beneficial
effects of lemon balm are more related to its agreeable odor and taste
than to a direct action of plant constituents on the brain. That is, the
perceived benefits may be more related to a psychological, rather
than to a pharmacological, effect.



ptg7913130

106 herbal supplements and the brain

Adverse Effects
No significant adverse effects are associated with the human con-
sumption of lemon balm. In vitro and in vivo laboratory animal stud-
ies indicate that chemicals contained in lemon balm extract and
essential oil have the potential to modify the absorption, metabolism,
and elimination of other agents, such as prescription drugs. However,
the pharmacokinetics of the lemon balm constituents are such that
they would not be anticipated to be present in sufficient concentra-
tions for a sufficient period of time to modify drug responses in
humans. This explains why there are few reports of adverse interac-
tions between lemon balm and conventional medications.

Pharmacological Perspective
It is not surprising that a plant such as lemon balm, which produces a
variety of chemicals and has a pleasant odor and taste, has been
reported to display a number of positive pharmacological effects,
ranging from sedation to analgesia. As documented for centuries,
many individuals find that consumption of this herb has a calming
effect and facilitates sleep. However, it is notable that the con-
stituents of lemon balm thought to be responsible for these responses
are found in a number of other plants. Given their widespread distri-
bution throughout the plant kingdom, it seems likely that any defini-
tive and consistent clinical benefit associated with one or more of
these compounds would be obvious, easy to verify clinically, and
found in association with many plant products. This is not the case.
Furthermore, there is no precedent for a single compound, or group
of chemicals, displaying such a wide variety of beneficial actions such
as those attributed to lemon balm without noticeable side effects. Any
significant effect on brain neurotransmitter systems, inflammation, or
pain pathways is bound to have undesirable consequences in at least
some individuals at certain doses. Thus, the fact that lemon balm
appears innocuous can be taken as evidence that there are few, if any,
clinically active substances in this plant extract or the essential oil.
The pharmacokinetic data suggest that even if certain lemon balm
constituents are pharmacologically active, they are poorly absorbed
into the systemic circulation following oral administration and rapidly
eliminated. These properties lessen the likelihood that they will
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achieve and sustain sufficient concentrations at the appropriate target
sites in the human brain. While there are in vivo animal data indicat-
ing useful pharmacological responses to lemon balm, such findings
are not always applicable to humans because of pharmacokinetic and
pharmacodynamic differences among species and the difficulties of
replicating human disorders in laboratory subjects. Moreover, it is
unclear whether the doses of this herbal supplement shown to be
effective in animal studies are equivalent to those taken by humans.
Of course, it remains possible that some as yet unidentified con-
stituent of lemon balm, or a metabolite of one of the chemicals pro-
duced by this plant, is responsible for its actions. However, given the
available data, it seems likely that the reported calming and hypnotic
actions of lemon balm are nonspecific effects related to its pleasant
odor and taste, or to the power of suggestion, rather than to a specific,
predictable, and consistent pharmacological response.
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In the autumn of 1835, Charles Darwin traveled from the Galapagos
Islands to Tahiti during his five year voyage on the HMS Beagle. He
describes in his journal a walking tour of Tahiti with local guides.
Besides viewing stands of wild sugar cane, Darwin notes seeing kava
growing at the edge of a small creek. He recognized this plant from a
description provided by Johann Forester, the botanist who accompa-
nied Captain James Cook on the HMS Endeavour on an earlier expe-
dition to the South Pacific. Forester named the plant Piper
methysticum. The species designation was derived in part from the
Greek word methi, meaning strong drink. Knowing this, Darwin
tasted the plant stem. He described the flavor as acrid and unpleas-
ant.1 However, it is the root of the kava that is typically consumed for
its central nervous system effects. These purportedly include a relief
from anxiety, a feeling of tranquility, and somnolence. Usually the
root is macerated or ground and an aqueous extract served as a drink.
Alternatively, the unprepared root is chewed.
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A native of tropical islands, the precise geographical origin of kava,
the discovery of its psychoactive properties, and the development of
its use are unknown as written records on these subjects date only
from the eighteenth century when the British first arrived in Oceania.
As its ingestion causes noticeable and generally pleasant changes in
the sensorium, it was undoubtedly used by South Sea island natives for
centuries before the arrival of Europeans. Evidence for this is that
both Captain Cook and Darwin found the locals consuming kava as
part of well-established social and religious ceremonies. Today kava
beverages are still used for social events in Tonga, Samoa, and Fiji.
While once generally available in the Americas and Europe as an
herbal supplement, the use of kava is now restricted because of
reports linking it to severe liver toxicity. In fact, safety concerns led to
its ban in several countries, including France and Switzerland.

As kava products are marketed as anxiolytics and hypnotics, the
active constituents, thought to be kavalactones, appear to be central
nervous system depressants akin to ethyl alcohol, the barbiturates,
and the benzodiazepines. The kavalactones of particular interest are
desmethoxyyangonin and kavain because of the evidence they may
influence neurotransmitter activity in the brain. It is unknown
whether the central nervous system effects of kava are solely attribut-
able to kavalactones or to other plant constituents as well.

Botany
The kava plant, Piper methysticum, belongs to the pepper family,
Piperaceae. The best known member of the Piperaceae is Piper
nigrum, the seeds of which are the source of common black pepper.
Several of the approximately 2,000 plant species in the genus Piper
are known to affect central nervous system function. All members of
this group grow in humid, subtropical regions. Piper nigrum was orig-
inally found in southern India and is cultivated on the Malay penin-
sula and the West Indies. A native of Oceania, Piper methysticum is a
cultivated plant known variously as kava, kawa, or ava, depending on
the local dialect. Kava is probably a hybrid or mutant of Piper wick-
manni, a related wild species native to Vanuatu, an island that lies
northeast of Australia and west of the Fiji Islands. Because its seeds
are sterile, kava reproduces vegetatively and is cultivated by cuttings.
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Its present geographic distribution is presumably the result of its
being transported and transplanted by humans.2

A perennial, kava is a dense, shrublike plant that grows to 10 to 15
feet in height. The leaves are large and relatively sparse. Male and
female flowers are rarely produced, and the seeds are infertile. Various
cultivars have been selected from naturally occurring stocks. The cul-
tivars differ in the concentrations of constituents thought to mediate
the central nervous system effects of kava. Moreover, the kavalactone
content is known to increase with the age of the plant. The kavalac-
tones are produced primarily in the roots, rootlets, and the stalk just
adjacent to the root system. Typically, the root is harvested for prepar-
ing a kava extract when the plant is three to four years of age. The
potency and activity of a kava product varies significantly among
batches and producers as a function of the cultivar that it harvested, its
age, and the portion of the plant used to prepare the extract.

Therapeutic Uses
Just as ethyl alcohol is used to increase sociability, so an aqueous prepa-
ration of kava root was, and is, consumed socially by some south Pacific
islanders. For generations, and more likely thousands of years, Oceanic
cultures also included a kava beverage as a component of ceremonial
rituals associated with, for example, births or deaths. Kava drinking
was popular in Europe and the United States throughout the twentieth
century, first because of its reported benefits as a treatment for insom-
nia and anxiety, and later as part of the growing interest in herbal sup-
plements in general. While today the product is taken primarily for its
effects on central nervous system function, there are historical reports
suggesting that kava leaves and roots were once used to make poultices
for wound healing and for treating headaches.3 Concerns about a pos-
sible association between kava use and serious, and sometimes fatal,
liver toxicity have markedly reduced enthusiasm for this product.

Clinical studies indicate that kava extract facilitates sleep. As
compared with what occurs with many prescription hypnotics, a kava-
induced sleep appears less likely to be associated with a morning
hangover.4,5 Studies have also suggested that kava extract may be
effective for the management of anxiety.6
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Constituents
The kava plant, like many other species of Piper, produces a number
of pharmacologically active ingredients. The central nervous system
effects of kava are generally attributed to six of the eighteen
kavalactones found in this plant. These are kavain (see Figure 9.1),
dihydrokavain, methysticin, dihydromethysticin, yangonin, and
desmethoxyyangonin. The many different cultivars of kava grown
throughout the South Pacific produce widely differing amounts of the
kavalactones.

These six kavalactones represent 9% to 12% of the weight of the
dried rootstock. In most samples dihydrokavain is present in the high-
est concentration, representing approximately 30% of the total kavalac-
tone content. It is followed by kavain and methysticin at 20% each,
dihydromethysticin at 15%, yangonin at 10%, and desmethoxyyango-
nin at 5%. Thus, dihydrokavain, kavain, and methysticin comprise the
majority of kavalactones in the dried root of the kava plant.7

These six kavalactones vary with regard to their activity on the nerv-
ous system function. In a study of 121 cultivars from 51 Pacific islands,
those most preferred for their psychoactive effects were the ones hav-
ing the higher content of kavain, dihydrokavain, and methysticin.8

Pharmacokinetics
The kavalactones differ from one another with respect to the extent
of their absorption following oral administration and in their duration
and sites of action within the central nervous system. The absorption
of the kavalactones in humans following oral administration appears

O

O O

Figure 9.1 Chemical structure of kavain (Wikipedia)
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to be more complete when they are consumed together in the plant
extract as compared to when they are taken individually. Whether this
is because one or more of the kavalactones facilitates the transfer of
the others across the intestinal lumen or the extract contains an as yet
unidentified constituent that enhances absorption remains to be
determined. It is possible that a constituent in the extract slows its
passage through the gastrointestinal tract, increasing the amount of
time available for absorption. An orally administered 200 mg dose of
kavain taken in a kava extract has an elimination half-life of nine
hours in humans.9 This suggests that kavain is present in the body for
a sufficient amount of time to exert a pharmacologically meaningful
response, assuming the amount consumed yields the brain levels nec-
essary to modify central nervous system activity. Very little of an orally
administered dose of kavalactones is metabolized in humans, with the
majority excreted unchanged in urine.7

Laboratory animal experiments indicate that while individual
kavalactones are transported across the gastrointestinal tract following
oral administration, the amount of the total dose that appears in blood
is quite low. As with humans, absorption is greater if the kavalactones
are administered as a mixture rather than individually. For example,
when kavain alone is administered by mouth to rats at a dose of 100
mg/kg, the maximum blood level is 2.6 microgram/ml, whereas the
blood level is double that when the same dose of kavain is given orally
in a kava extract. Because repeated administration of kavain does not
result in its accumulation in the body, it is not stored in tissue. This
accords with its being a relatively lipid insoluble compound.10

These findings, along with those reported for humans, suggest that
consumption of a kava extract yields higher blood, and presumably
brain, levels of kavalactones than administration of an equivalent dose
of an individual kavalactone. Because the reason for this is unknown, it
remains possible that an extract constituent is responsible for this
enhanced absorption of kavalactones. However, such a component may
also increase the absorption of toxins that may be present in the plant.

As the limited absorption and storage of kavalactones suggest low
lipid solubility, it could be assumed these agents may have difficulty
in crossing the blood-brain barrier and in penetrating into the brain.
Experiments in mice, however, demonstrate directly that the
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intraperitoneal injection of kavain, dihydrokavain, desmethoxyyan-
gonin, or yangonin yields within 5 minutes measurable brain levels of
each. In this experiment the brain content of dihydrokavain was high-
est, and the brain level of yangonin the lowest. As the compounds
that penetrate most readily into the brain are more rapidly elimi-
nated, it is likely these agents are gaining entry by passive diffusion,
with the more lipid soluble agents entering and exiting more easily
than those that are more water soluble.

Administration of the kavalactones in a kava resin mixture
increases the brain concentrations of kavain and yangonin, but not of
dihydrokavain and desmethoxyyangonin.11 The reason for this differen-
tial effect with the resin preparation is unknown. In light of these brain
penetration studies it is noteworthy that kavain and dihydrokavain are
generally more psychoactive than yangonin and desmethoxyyangonin.
While not definitive proof, this correlation between the ability to pene-
trate into brain and central nervous system activity suggests that a suffi-
cient amount of these substances, or some other active agent, gains
access into the brain following systemic administration of a kava
extract. While these brain penetration studies indicate the kavalactones
gain entry into the central nervous system, they do not prove that the
concentrations attained in human brain at the doses normally taken are
sufficient to account for their reported anxiolytic and sedative effects.

Pharmacodynamics
Laboratory animal studies have been performed to define the phar-
macological properties and mechanism of action of the kavalactones.
It has been reported that methysticin and dihydromethysticin are
anticonvulsants and sedatives. It has also been shown that orally
administered kava extract minimizes the degree of brain damage in
rodents that results from an experimentally induced ischemic
episode.12 Further evidence that administration of kava extract can
affect brain function is provided by the finding that its injection alters
dopamine levels in select areas of the brain, in particular the nucleus
accumbens, a limbic system region.13 The possible involvement of the
nucleus accumbens in the response to kava is interesting in that this
brain area is known to play an important role in mediating feelings of
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pleasure and mirth, as well as aggression and fear. The nucleus
accumbens also contributes significantly to the placebo response to
inert substances. Thus, the responses to kava extract could very well
be due to a direct or indirect effect on this brain region.

Several mechanisms of action have been proposed for the seda-
tive and anxiolytic effects of kava extracts. There have been studies on
the possible interaction of kavalactones with the GABA neurotrans-
mitter system in the brain as this is the site of action of many central
nervous system depressants, including ethyl alcohol, the benzodi-
azepines, such as Librium® and Valium®, and the barbiturates. In one
study it was found that kavalactones, like the benzodiazepines,
enhance the attachment of GABA to its receptor in the brain.14 This
explanation of its mechanism is doubtful because the concentrations
of kavalactones necessary to induce this biochemical effect are more
than 1,000 times greater than for the benzodiazepines. Given the lim-
ited ability of kavalactones to penetrate into the brain, it seems
unlikely that such concentrations would be attained at the doses nor-
mally administered. Also, the reportedly large separation between
the anxiolytic and sedative doses of the kavalactones tend to belie a
generalized effect on GABA receptors. Nonetheless, these findings
leave open the possibility that the kavalactones may selectively acti-
vate a subtype of the GABA receptors in the brain at much lower con-
centrations. Such an action could explain their pharmacological
responses. However, this remains only a theoretical possibility until
direct proof of a selective GABA receptor interaction is obtained.

There are also data indicating that the kavalactones influence volt-
age-gated ion channels in the brain.15,16 Reports suggest that these
compounds are capable of blocking neuronal calcium, potassium, and
sodium channels, all of which play an important role in regulating
neuronal excitability. It is speculated that such an action could indi-
rectly influence GABA activity and might be responsible for the anti-
convulsant and anxiolytic effects of the extract. As with the GABA
receptor, these effects on ion channel activity are observed only at rel-
atively high concentrations of kavalactones, calling into question their
relevance with respect to their effects in humans. Also, as was the case
with the GABA receptor results, a generalized inhibition of voltage-
gated ion channels would have catastrophic effects on brain function.
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Given the relative safety of the kavalactones, at least with regard to
central nervous system activity, a nonselective inhibition of these ion
channels would seem to be an unlikely mechanism of action. It
remains possible, however, that the kavalactones may, at lower con-
centrations, specifically interact with one or more of the voltage-
dependent ion channels in the brain, dampening neuronal firing in a
selective manner.

Kavalactones have also been found to influence the brain levels
and actions of some neurotransmitters, including norepinephrine,
serotonin, and dopamine. It has been shown that kavain is capable of
inhibiting the neuronal accumulation of serotonin and norepineph-
rine, although the concentrations needed are quite high relative to
those required for drugs such as fluoxetine (Prozac®) and desipramine
(Norpramin®), antidepressants known to have such an effect on one or
both of these transmitter systems.17 This makes it appear unlikely that
inhibition of neurotransmitter reuptake is the mechanism of action of
kavalactones. In vitro, the kavalactones reportedly inhibit the neuro-
transmitter metabolizing enzyme monoamine oxidase (MAO).18 While
such an action could contribute to their pharmacological effects, drugs
known to be MAO inhibitors do not display the same pharmacological
actions as the kavalactones. This might be because the drugs have
other properties that are responsible for their distinct clinical charac-
teristics, or that inhibition of MAO is unimportant with regard to the
actions of kavalactones. The relevance of this action with respect to
kava extract would be more convincing if MAO inhibition was shown
to occur in vivo following administration of kavalactones at doses
known to influence behavior.

Another reported effect of kavalactones is inhibition of NF-
kappaB, an important component of the immune system.19 This
action is thought to explain the purported ability of kavalactones to
protect against the development of cancer and to minimize brain
infarctions in experimental models of stroke. An interaction with the
NF-kappaB system is unlikely to contribute to the acute anxiolytic
and hypnotic effects of kava.

Kava extract has been employed mostly as an anxiolytic and is
favored over prescription drugs for this purpose because of a lower
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incidence of side effects, particularly sedation, at the doses employed
to relieve anxiety. The results of clinical studies suggest that kava
extract is effective in calming patients who suffer from an anxiety
disorder or insomnia.20-24 In one study a kava extract compared favor-
ably with buspirone, an anxiolytic, and opipramol, an antidepressant
and anxiolytic, in reducing anxiety in a group of 129 individuals with
generalized anxiety disorder.20 Likewise, when a kava extract was
administered for three weeks it reduced anxiety and depression in a
group of 60 patients with generalized anxiety disorder.21 In a separate
study, kava extract was reported to have significant beneficial effects
in anxious patients when administered over a four week period.22 A
multicenter, double-blind clinical trial compared daily administration
of placebo with kava extract in 61 patients diagnosed as having a sleep
disturbance. The extract treatment was superior to the placebo over
the four week treatment period, both in terms of improving the qual-
ity of sleep and in reducing anxiety.23 A retrospective analysis of six
placebo-controlled trials of kava extract concluded it is an effective
treatment for nonpsychotic anxiety disorders.24

Not all clinical studies with kava have yielded positive findings. A
review of six clinical trials indicates that kava extract was effective as a
treatment for generalized anxiety disorder in four, but of no benefit in
two.25 A separate review of 24 studies involving patients suffering
from an anxiety disorder or depression and in some cases healthy vol-
unteers exposed to anxiety provoking situations, found that kava
extract was effective in more than two-thirds of the randomized con-
trol trials.6 In some cases similar positive responses were obtained
with the kava extract and placebo, highlighting the difficulties associ-
ated with conclusively demonstrating the clinical effectiveness of any
product purported to display anxiolytic activity. The lack of effective-
ness in some cases could be explained by variations in the underlying
pathologies or to differences in the content of active constituents in
the kava extracts employed. Overall, the weight of clinical evidence
suggests that consumption of kava extract may be of benefit for some
individuals with anxiety or sleep disorders, and supports the long-held
notion that this plant product has central nervous system depressant
properties similar to alcohol, prescription anxiolytics, and hypnotics.
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Adverse Effects
That kava extract has been used as a beverage for possibly thousands
of years suggests it is safe for consumption. This conclusion is re-
inforced by the many clinical reports indicating few, if any, side effects
associated with its use as a treatment for anxiety and insomnia. Given
this history, many were surprised with reports suggesting that severe
liver toxicity may be associated with its use. This finding was particu-
larly alarming because the toxicity is acute and irreversible, making it
impossible to predict its onset or to treat it once it has occurred. The
condition is characterized by an inflammatory response associated
with a massive infiltration of lymphocytes, eosinophils, and macro-
phages resulting in liver necrosis, or cell death.26 These reports relate
to toxicity experienced by approximately 50 individuals, mostly Euro-
peans, who were known to have consumed the extract. As a result, the
United States Food and Drug Administration issued a warning about
the use of kava, and some European countries had it withdrawn from
their markets.

Several mechanisms for this hepatotoxicity have been proposed.
These include the possible formation of kavalactone toxic metabolites
or the presence in root extracts of some other toxic agent, such as
pipermethystine, an alkaloid, or flavokawain B, a chalcone. Other
possibilities are mold contaminants, in particular aflatoxins, which
could appear during storage.27

The data supporting pipermethystine as the responsible toxin are
unconvincing. This compound is one of three piperidine alkaloids iso-
lated from aerial parts of kava. The other two are 3-alpha, 4-alpha-
epoxy-5 beta pipermethystine, and awaine. Pipermethystine is
concentrated in stems and leaves, not in the root.28 In a study of the
presence of pipermethystine in kava root extracts, none was detectable.
Leaf extracts of Piper methysticum, on the other hand, contain 0.2%
pipermethystine. Assuming the product that caused the liver toxicity
was solely a root extract, it was concluded that the effect could not be
due to pipermethystine.29 This conclusion was bolstered by the finding
that administration of pipermethystine to rats for two weeks had no sig-
nificant effect on liver function, although there were signs of oxidative
stress in some other organs.30 While it is possible that pipermethystine
is more toxic in humans than rats, the weight of evidence indicates the
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quantities of this toxin present in conventional kava extract prepara-
tions are too low to cause irreversible liver inflammation.

Studies suggest that flavokawain B is a more likely suspect as the
offending toxin. It was found that the concentration of flavokawain B
is significantly higher in an ethyl alcohol kava root extract than in an
aqueous extract. Moreover, it has been shown that flavokawain 
B induces liver toxicity in mice by inhibiting the expression of
NF-kappaB and by inducing a deficiency of glutathione, an endoge-
nous antioxidant in liver.31 An effect on glutathione levels has also
been noted in response to in vitro exposure to kava extracts alone, and
in combination with acetaminophen, an analgesic and antipyretic
known to cause acute liver failure in humans.32,33 It is unclear whether
these results are due to the presence of flavokawain B in the test
extracts, or whether other components of the extract, or combina-
tions of components, cause the liver damage in vitro. Nonetheless,
these data suggest that one possible explanation for the liver toxicity is
that the samples consumed were ethyl alcohol rather than aqueous
extracts of kava, and therefore contained quantities of flavokawain B
sufficient to cause toxicity in susceptible individuals. It is also possible
the samples were extracts of not only the kava root, but also the leaves
and stems as well, which would have added pipermethystine to the
sample. This would explain why liver toxicity is seldom, if ever,
reported in association with kava use in the South Pacific because
only aqueous extracts of the root are used.26 These findings highlight
the importance of purchasing herbal supplements from reputable
dealers who provide basic information on the chemical composition
of the product and the source of the sample.

There may also be adverse consequences from the consumption
of kava extracts because some of the constituents interact with
endogenous drug metabolizing enzymes. This can lead to a change in
the levels of kavalactones or of prescription medications, increasing
the likelihood of kava side effects or complicating the management of
other conditions. It is known, for example, that some individuals
metabolize kavalactones poorly because of a genetic deficiency in a
particular drug metabolizing enzyme. Somewhere between 12% to
21% of all Caucasians have this deficiency, compared with less than
1% of the Asian/Pacific islander population.26 Thus, on average, Cau-
casians are less able to metabolize kavalactones than Asians. The
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extent to which this genetic difference affects the response to kava
extract, and the likelihood for side effects, is unknown.

It has been established that desmethoxyyangonin and dihydro-
methysticin increase the levels of certain endogenous drug metabo-
lizing enzymes.34,35 For this reason, continued administration of kava
extract could enhance the metabolism of drugs that are substrates for
this enzyme, possibly lowering the blood levels of prescription med-
ications, thereby lessening their therapeutic effectiveness. In human
volunteers, the daily oral administration of a relatively high dose of
kava root extract resulted in significant inhibition of several endoge-
nous drug metabolizing enzymes.36 Because of the dose employed, it
is unclear whether this finding has any clinical relevance. It is notable
that this high dose did not cause liver toxicity, again suggesting that
the toxic samples contained different constituents than those nor-
mally found in kava root extracts.

Consumption of high doses of kava extracts causes skin eruptions
in susceptible individuals. This condition is characterized by patchy
scales developing over large areas of the body. It generally resolves
when kava extract use is terminated. The cause of this response is
unknown, although it is thought to be an allergic reaction to some
extract constituent.3

Pharmacological Perspective
Historical use and contemporary clinical trials provide compelling
evidence that extracts of kava root, if prepared properly and taken in
appropriate quantities, are central nervous system depressants. This
property is responsible for popularizing the use of this herbal supple-
ment to relieve tension and anxiety, and to induce sleep. Evidence
suggests that kavain, one of several kavalactones produced by the
plant, may be most responsible for the pharmacological response to
the extract, although other chemical constituents may contribute as
well. The biochemical mechanism of the central nervous system
depressant action of kava extract remains undefined, although studies
point to a possible direct or indirect interaction with the GABA sys-
tem in the brain. While there are reports of abuse of kava extract, as is
the case with all central nervous system depressants, the liability for
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addiction, tolerance, and withdrawal appears low, even with contin-
ued use. It is noteworthy that when taken at recommended doses, the
positive response to kava extract is not associated with the same
degree of central nervous system side effects as is commonly
observed with conventional depressants, such as ethyl alcohol and the
benzodiazepines. Kava extract should not be consumed with other
central nervous system depressants as the effects on alertness will be
at least additive. Caution must also be exercised when taking kava
extract while on any medication as kava constituents can affect the
activity of some drug metabolizing enzymes, and thereby influence
the response to other agents. In addition, there may be an additive, if
not synergistic, toxic effect between kava and some drugs. This is par-
ticularly true if the kava extract is administered with other potentially
hepatotoxic agents, such as acetaminophen, a common, over-the-
counter analgesic and antipyretic. Most troubling are the reports of
kava extract alone being associated with acute, irreversible liver toxic-
ity. While the occurrence of this potentially lethal effect appears rare,
and may be associated with the manner in which the extract is pre-
pared, the possibility remains that some individuals may be prone to
this response. Because of the rapid onset of this condition, and the
lack of knowledge about its cause, it is impossible to predict who may
be at greatest risk, or which extract preparations are most liable to
provoke the response.
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Lavender 
(Lavandula angustifolia)

10

123

The fragrance of lavender was commonplace in ancient Greece. The
Greeks rubbed the herb, which they called nardus or nard, on their
skin for its restorative effects or added it to baths for its scent. The
Romans are credited with popularizing the cultivation and use of
lavender during their territorial conquests. In fact, its use can be
traced back to biblical times, with lavender being described as a holy
herb in the Old Testament. It is likely, therefore, that this plant has
been appreciated since prehistoric times.

The qualities of lavender are so familiar that the word is used to
denote a plant, a color, and an odor. While there are several species
of lavender, Lavandula angustifolia, or English lavender, is the most
favored because its aroma is particularly pleasing to humans. Other
common species are spike lavender (L. latifolia) and French laven-
der (L. stoechas). The scent of lavender, the characteristic most
responsible for its popularity, is variously described as floral, green,
herbal, or woody.
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As with many other scented plants, the ancients believed that
lavender possessed curative powers. It was often a component of the
elixirs of life that were concocted over the centuries. This includes
mithridatum, a potion that dates to the second century BC.1 While its
constituents varied over the years, with up to 65 different herbals
used to prepare mithridatum at any given time, this preparation was
for two millennia a popular antidote for poisonings. In the sixteenth
century, Friar Giovanni Andrea described “Elexir vite per conservare
la humana natura,” or the “elixir of life to preserve human nature.”2

French lavender was among the herbs in this mixture. It was thought
that regular consumption of this brew would slow, and in fact reverse,
the aging process. In the same century, Nicholas Culpeper, an Eng-
lish botanist and physician, wrote that the oil derived from English
lavender was of particular value for treating all “griefs of the brain.”
He noted that it was so potent that only a few drops were needed for
this purpose.3

Today lavender oil is used in cosmetics, as a flavoring for foods, in
air fresheners, and for medicinal purposes. While in the modern era
lavender oil has not been routinely employed as a systemic treatment
for disease, preparations for its oral administration are now available.
It is suggested these new products may be of value for treating anxi-
ety, insomnia, and other conditions.

Botany
Like lemon balm, lavender belongs to the mint family Lamiaceae.
While the plant is believed to have originated in Asia, it is considered
native in areas ranging from the Canary Islands, to Europe, Africa,
the Middle East, and parts of India. Today lavender is cultivated and
grows wild in temperate zones worldwide.

There are 39 species of lavender, along with numerous hybrids
and cultivars. Only three species, all of which are found in Europe,
have been used routinely as remedies: Lavandula angustifolia (Eng-
lish lavender), the closely related Lavandula latifolia (spike lavender),
and Lavandula stoechas (French lavender). A fourth species
employed for preparing lavender oil is Lavandula x intermedia. A
hybrid of English and spike lavender, Lavendula x intermedia is
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native to areas where the parent species overlap, such as south central
Europe. The hybrid is cultivated because its flowers produce greater
quantities of the essential oil than English lavender. The essential oil
of the hybrid is called lavandulin to distinguish it from that obtained
from the parent species. The fragrance of English lavender is consid-
ered the most pleasing of the group. Lavender is a perennial shrub
that from early June to late July produces flowers that are borne on
spikes. The flowers range in color from white, to mauve, to purple.

Therapeutic Uses
Because of their scent, lavender buds and the oil derived from them
are used primarily as a food flavoring and for cosmetic purposes.
There are lavender syrups, teas, and candies. Lavender oil is applied
to the skin as a mosquito repellant. It is used as a fragrance in per-
fumes, creams, soaps, bubble baths, shampoos, and air fresheners.

In the sixteenth century John Gerard detailed the medicinal uses
of English and spike lavender. He described them as remedies for
heart palpitations, giddiness, and paralysis. According to Gerard, the
benefits of this herb were realized by inhalation of the fragrance,
bathing the temples in its oil, and by ingestion. Gerard mentions
French lavender as being of value for treating headache, epilepsy,
and the symptoms of stroke.4 Lavender oil was also employed for its
purported antiseptic and anti-inflammatory activities. It is placed in
lotions, creams, and solutions for the topical treatment of insect bites,
acne, muscle aches, sunburn, and lice. The evidence supporting the
use of lavender for these conditions is mostly anecdotal.

There is growing interest in the use of lavender for its purported
beneficial effects on the nervous system. This is not a novel idea. The
eighteenth century London Pharmacopeia, a text describing the
preparation and use of medical remedies, described a lavender tea for
treating headache, fatigue, and exhaustion. In the early twentieth
century, a Mrs. Grieve, who compiled extensive information on
herbals, wrote in her Modern Herbal about a lavender-containing
plant mixture that was taken to relieve exhaustion.5 The results of
contemporary laboratory animal and clinical studies suggest that
lavender oil and some of its individual chemical constituents might be
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useful as treatments for pain, anxiety, insomnia, depression, and
symptoms of dementia. For treating these conditions, lavender
preparations are applied topically, by inhalation, or orally.6

Constituents
The mature bud, or flower spike of the lavender plant is the primary
source of the chemicals found in lavender products. While the plant
leaves may occasionally be used for culinary purposes, the dried bud
or bud extract is routinely employed as a food flavoring and for all
other applications. Lavender oil is obtained by steam distillation of
the flower spike to separate the essential oil from more water soluble
components. The pleasant odor of the oil is due primarily to the pres-
ence of monoterpenes. Because the relative quantities of the individ-
ual chemical components vary during the maturation of the bud, the
composition of lavender oil is dependent in part on the stage of devel-
opment of the flower spike at the time of harvest.7 The monoterpenes
primarily responsible for the lavender fragrance are linalool and
linalyl acetate. The concentration of these constituents varies widely
among the various lavender species (see Table 10.1).8 Moreover,
linalool is produced by hundreds of different plants besides lavender.
This includes flora as diverse as cinnamon, birch trees, rosewood, and
citrus fruits.

Table 10.1 Relative Concentration of the Major Chemical Components of
Lavender Oila

Species

Chemical
Component

L. angustifolia
(English)

L. latifolia 
(Spike)

L.x intermedia
(Hybrid)

Linalool 10-50b 26-44 20-33

Linalyl acetate 12-54 0-2 19-26

1,8-cineole 2-3 25-36 10

Camphor 0-0.2 5-14 12

a Adapted from Harborne and Williams9

b Values represent the percent of the component within this group of four 
chemicals.
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While some of the variability in the chemical content of the dif-
ferent lavender species is due to growing conditions, the time of har-
vest, or the growth phase of the flower spike, genetic differences also
play a prominent role. For example, it has been found that a mutant
of Lavendula x intermedia produces only trace quantities of linalool,
although this compound is abundant in the parent plant.10

There are 65 or more distinct chemicals in lavender oil, with
linalool being the most abundant of these in the three plant species
that are most commonly used to produce the oil (refer to Table 10.1).9

Linalool represents up to 50% of this chemical group in English
lavender, and one-third to nearly one-half in spike lavender and the
hybrid. While the concentration of linalyl acetate approximates that
of linalool in English lavender and the hybrid, it is much lower than
linalool in spike lavender. Of the remaining two compounds, appre-
ciable quantities of 1,8-cineole are present only in spike lavender,
with camphor being only a small fraction of this chemical group in all
three species (refer to Table 10.1). Because of their relatively high
concentrations in the extract, not only the fragrance but the thera-
peutic benefits of lavender oil are thought to be mediated by linalool
and linalyl acetate. For this reason, research has focused on charac-
terizing the pharmacological properties of these two compounds. It
remains possible that any of the 60 other chemicals in the distillate,
either alone or in combination, may contribute to the pharmacologi-
cal actions of lavender oil.

Pharmacokinetics
Only a few pharmacokinetic studies have been performed on laven-
der oil and its constituents. This is presumably because lavender oil
has historically been systemically administered either by inhalation of
its vapors or by the oral consumption of the small quantities present
in lavender teas or in food. Only recently has the oil been packaged
and sold in a formulation suitable for oral administration of a fixed
dosage for medicinal purposes. Assuming these products are popular-
ized, it is anticipated that detailed pharmacokinetic studies will in the
future be performed to define more precisely the extent of absorp-
tion, distribution, and metabolism of what are believed to be the
pharmacologically active constituents in lavender.
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Because lavender oil is contained in a number of liniments and cos-
metic creams, there have been studies to determine whether linalool
and linalyl acetate are absorbed through the skin. In vitro experiments
suggest that both compounds make their way into deeper layers of the
skin shortly after topical application.11,12 The results indicate that
linalool is more readily absorbed through skin than linalyl acetate.

In vivo studies of cutaneous absorption have been conducted
with human subjects. Similar to the in vitro findings, these experi-
ments indicate that linalool is absorbed through the intact skin. In
one study, topical application of linalool was associated with a fall in
blood pressure and skin temperature, suggesting a systemic response
to this agent. These subjects did not display any signs of an increase in
mood or in feelings of well being, indicating that the quantities
absorbed were insufficient to affect the central nervous system.13

Linalool is detectible in deeper skin layers within an hour of its place-
ment on human skin. These levels declined within one to two hours
after linalool was removed from the surface of the skin.14 Evidence
indicating that these compounds penetrate the skin completely is
provided by the finding that both linalool and linalyl acetate are
detected in blood following topical application of lavender oil.15

These data suggest that linalool and linalyl acetate, and perhaps
other constituents of lavender oil, are sufficiently lipid soluble to
cross the skin and accumulate in the systemic circulation. Assuming
they are not rapidly metabolized in the intestine, these results suggest
these compounds will readily cross from the gastrointestinal tract into
blood when taken orally. It is not possible from these reports, how-
ever, to estimate the bioavailability, or fraction of an administered
dose of these plant constituents, that will appear systemically, and
whether either of these compounds penetrates into the brain in suffi-
cient quantities to modify nervous system activity.

In vitro experiments indicate that linalool is metabolized by
human liver enzymes.16 One of the resultant compounds, 6,7-epoxy-
linalool, is thought to contribute to the skin irritation that some expe-
rience following the topical application of lavender oil. In vivo studies
revealed that linalool was metabolically converted in rats to a number
of different compounds following its continuous oral administration.17

Consumption of linalool increased significantly the levels of certain
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drug metabolizing enzymes in rat liver. These findings confirmed the
results of earlier studies with rats indicating that terpenoids, includ-
ing linalool, when administered either by aerosol or orally, increase
the quantity and activity of drug metabolizing enzymes.18,19

While few in number, these experiments suggest that linalool is
extensively metabolized following systemic administration, and that
long-term exposure to this lavender oil constituent may modify the
rate and extent of metabolism of other agents, including prescription
medications. Although these studies are too few in number to draw
any definitive conclusions, they raise the possibility that any pharma-
cological response to lavender oil may be mediated by a metabolite of
its chemical constituents, and that continuous consumption of this
product could influence the activity of drugs being taken for other
indications.

Pharmacodynamics
Because inhalation of vapors containing lavender extract has been a
popular mode of administration for decades, a number of laboratory
animal studies have been aimed at defining responses following this
type of exposure. Using mice it was found that inhalation of lavender
oil vapor reduced locomotor activity, indicating sedation, and attenu-
ated the excitation associated with administration of caffeine.20 A cor-
relation was found between these actions and the concentration of
linalool in blood following inhalation of the lavender oil vapors. Oth-
ers have reported that inhalation of certain concentrations of linalool
alone, or of the oil, reduced anxiety in mice and rats, increased social
interactions, and decreased conflict without causing a significant
amount of sedation or memory impairment.21-26 Sedation and mem-
ory dysfunction were both observed, however, following administra-
tion of higher doses of the oil or linalool. Of the compounds
examined, linalool was found to be the most pharmacologically active
of those contained in a lavender extract.23

Inhalation of either lavender oil or linalool is reported to suppress
lipolysis by reducing the activity of the sympathetic nervous system.27

This mode of administration also decreases plasma levels of norepi-
nephrine, epinephrine, and dopamine.28 These biochemical effects
suggest a calming or sedating response to lavender oil and linalool.
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Together, these studies indicate that pharmacologically active
concentrations of lavender oil components may gain entry into the
brain following exposure to vapors containing this herb. Because the
nasal passages and lungs are highly vascularized, they allow for the
rapid absorption of lipid soluble agents into the bloodstream. Alter-
natively, it is possible that the stimulation of olfaction by inhalation of
lavender oil vapors indirectly affects behavior as the olfactory nerve is
associated with the limbic system in the brain, an area involved in
mediating emotions. A direct effect on the olfactory nerve would not
require that significant amounts of linalool, or other lavender oil con-
stituents, penetrate into the blood or brain following inhalation as
their actions would be localized to the nasal passages.29 Moreover, the
pleasing fragrance and taste of lavender could, at least for some, be
psychologically rewarding, thereby providing a relief from anxiety
and an elevation in mood. Such a response would not necessarily
require accumulation of lavender oil constituents in the brain.

It has been reported that injections of an aqueous extract of
lavender attenuates learning deficits in an animal model of Alz-
heimer’s disease.30 As the learning and memory problems associated
with this model are thought to be due to an inflammatory process, it
is possible that the purported anti-inflammatory effects of linalool
and linalyl acetate may be responsible for this response.31,32 In con-
trast, others report that the injection or inhalation of linalool disrupts
memory and learning in rats, suggesting this compound could worsen
the symptoms of Alzheimer’s disease.25,33 These contradictory find-
ings could indicate the presence of memory enhancing and memory
inhibiting substances in lavender oil, with the memory blocking effect
of linalool counteracted by some other component, or combination of
chemicals in the extract. Alternatively, effects on memory may be
dose-dependent, with certain amounts of linalool improving, and
others inhibiting, memory consolidation in rats.

Other reported central nervous system effects of lavender oil or
its constituents are anticonvulsant activity and analgesia. With regard
to the former, systemic administration of linalool to mice protects
against various types of seizures, displaying a profile similar to known
antiepileptic agents.34 Studies with mice and rats generally support
the notion that lavender oil, as well as linalool and linalyl acetate
themselves, are anti-inflammatory and analgesic in conventional
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animal tests for such activities.35-37 These include assays that examine
acute responses to a thermal or mechanical stimulus, as well as the
more chronic discomfort associated with inflammatory pain. It has
also been reported that linalool is effective in animal models of neu-
ropathic pain.38-40 Neuropathic pain results from damage to a nerve, is
typically chronic, and is difficult to treat. As there have been many
test compounds that were effective in animal tests for analgesia but
that ultimately proved inactive in humans, the clinical significance of
these findings with lavender oil remain to be proven. Because this
herbal supplement has not historically been used to relieve pain it
seems unlikely that it displays notable analgesic properties, at least
when administered topically or by inhalation.

There are reports that linalool displays local anesthetic properties
when applied directly to a nerve.41,42 While such an effect is probably
not clinically significant given its normal routes of administration, this
finding could provide insights into its mechanism of action as an
agent affecting central nervous system function.

Laboratory studies indicate that linalyl acetate displays antimicro-
bial activity. It is thought this effect is due to a linalyl acetate-induced
increase in bacterial membrane permeability.43 Another in vitro effect
of linalyl acetate is relaxation of vascular smooth muscle.44 While such
an action could contribute to the drop in blood pressure reported after
inhalation of lavender oil, data are lacking about whether this response
occurs in vivo following administration of lavender oil, or of linalyl
acetate alone. Oral administration of linalool to mice is reported to
lower levels of blood cholesterol by inhibiting the synthesis of this lipo-
protein.45 This suggests that consumption of lavender oil-containing
foods could have a beneficial effect on cardiovascular function.

Various clinical studies have been conducted to examine the
responses of healthy and emotionally distressed subjects to inhalation
of lavender oil or linalool vapors. Exposure to lavender oil vapors
decreased stress levels in normal subjects and in individuals experi-
encing anxiety caused by the anticipation of an impending dental pro-
cedure.46,47 Lavender oil aromatherapy was ineffective, however, in
mitigating the anxiety experienced by those about to undergo a colon-
oscopy or esophagogastroduodenoscopy.48 It is not known whether
these conflicting findings reflect differences in the intensity of anxiety
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between these patient populations, in the chemical compositions of
lavender oil preparation, or in the antianxiety response to this
treatment.

Consistent with the findings from laboratory animal studies,
inhalation of lavender oil or linalool alone causes sedation and
improves sleep.49,50 As these studies were conducted on healthy sub-
jects, questions remain about the extent to which inhalation of these
agents can benefit those suffering from sleep disorders. Nonetheless,
the similarity between these results, those reported for laboratory
animals, and the historic use of lavender oil as a sedative and hyp-
notic, suggests that this route of administration can, either directly or
indirectly, modify central nervous system function.

Inhalation of lavender oil has been reported to improve some-
what the cognitive symptoms, and to decrease agitation, in some
patients suffering from dementia and Alzheimer’s disease.51-53 In one
study steps were taken, such as inclusion of appropriate placebo con-
trol groups, to ensure that any improvement was related to the herbal
supplement rather than to other external variables, such as an
increase in social interactions between the caregivers and the patient
volunteers. The modest improvement noted and the fact that not all
patients benefitted from the therapy suggest that the positive
response is likely a reflection of the antianxiety and sedative effects of
lavender oil, rather than to any specific action on the underlying neu-
ropathology responsible for dementia and Alzheimer’s disease.

Besides inhalation studies, clinical trials have been conducted
using silexan, an oral formulation of lavender oil that is marketed in
Europe.54-56 One study entailed a double-blind comparison of silexan
to lorazepam, a benzodiazepine, as a treatment for generalized anxi-
ety disorder. Lorazepam is a drug commonly used to treat this condi-
tion. The results indicated that the daily consumption of the lavender
oil-containing capsule was as effective as lorazepam administration in
reducing the symptoms of this disorder. In a study of more than 200
patients it was found that oral administration of silexan decreased
anxiety and improved the quality and duration of their sleep. When
considering these findings, notice should be taken of the fact that two
of the co-authors on these reports are employees of Dr. Willmar
Schwabe GmbH & Co., the manufacturer of silexan. Although their
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participation does not prove a bias in analyzing and interpreting these
results, definitive conclusions regarding the effectiveness of this
product must await replication of these findings by others who have
no financial stake in the product. While these clinical findings parallel
those reported for the inhaled substance, no pharmacokinetic data
are presented to demonstrate the presence in blood and the biologi-
cal half-lives of lavender oil constituents following the oral adminis-
tration of silexan. Such data are necessary to establish that the clinical
effects reported are the result of a pharmacological response to the
lavender preparation.

While several mechanisms have been proposed to explain the
reported actions of lavender oil and its constituents on central nerv-
ous system function, most studies were aimed at examining their
effects on GABA and glutamic acid neurotransmission. In vitro labo-
ratory experiments suggest that the antianxiety effects of lavender oil
may be due to the ability of linalool to enhance brain GABA receptor
function in a manner similar to that reported for established anxiolytic
agents.57,58 However, others have been unable to detect an effect of
linalool on GABA receptor activity.59,60 Together, these results suggest
that linalool probably does not interact potently and selectively with
the receptors associated with this inhibitory neurotransmitter.

Various in vivo and in vitro studies have suggested the antianxiety,
sedative, anticonvulsant, analgesic, and amnesic effects of lavender oil
are due to blockade of glutamic acid receptors or to inhibition of the
neuronal release of glutamic acid in the brain.60-63 As the concentration
of linalool necessary to block glutamic acid receptors is quite low, this
mechanism seems plausible, especially because glutamic acid is
known to play a role in mediating pain, anxiety, seizures, and memory.

Some studies suggest that chemical constituents of lavender oil
can affect acetylcholine neurotransmission.64 In particular, it has been
reported that 1,8-cineole, a chemical found in the lavender oil extract
(refer to Table 10.1), is a relatively potent inhibitor of acetylcho-
linesterase, the enzyme responsible for the destruction of acetyl-
choline. Blockade of acetylcholinesterase would be expected to
enhance neurotransmission at acetylcholine synapses in brain and
skeletal muscles. While such an effect might contribute to the
reported beneficial effects of lavender oil in Alzheimer’s disease, it
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would not explain the anticonvulsant and antianxiety effects of this
herb. Moreover, if inhibition of acetylcholinesterase was the major
action of lavender oil, numerous predictable side effects, including
diarrhea and skeletal muscle twitches, should be associated with its
use. As this is not the case, it seems unlikely that the concentration of
1,8-cineole in blood following administration of lavender oil is suffi-
cient to inhibit acetylcholinesterase in a clinically meaningful way.

Studies of the direct action of linalool on nerve transmission sug-
gest this compound is capable of blocking neuronal ion channels, an
action typical for local anesthetics.65,66 As the numbness that accom-
panies a local anesthetic effect is not generally associated with the use
of lavender oil, even when it is applied topically, an action on ion
channel activity probably does not contribute significantly to its
reported pharmacological effects.

These mechanism studies indicated that, of the lavender oil con-
stituents examined, linalool in particular may be capable of selectively
modifying brain neurotransmitter systems in a manner that could
account for the effects of this herbal supplement on central nervous
system function. This conclusion is tentative, however, because infor-
mation is lacking on whether linalool, or other chemicals contained in
the lavender extract, attain and maintain the brain concentrations
necessary to affect neurotransmission. Also, because of the lack of
pharmacokinetic data it is unknown whether the doses and concen-
trations of lavender oil and its chemical constituents used in labora-
tory animal and in vitro studies bear any relationship to the amounts
normally consumed by humans. This makes it impossible to attribute
the central nervous system effects of lavender oil to any of the actions
reported thus far on neurotransmitter systems.

Adverse Effects
Side effects are not normally associated with the topical application of
lavender oil, its inhalation, or oral administration. There was an anec-
dotal report suggesting that the topical application of lavender oil
may have been responsible for gynecomastia, or breast enlargement,
in three young boys.67 However, a link between lavender oil treat-
ment and endocrine changes in children remains unproven. There
are also reports of skin allergies resulting from repeated application
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of lavender oil.68,69 This allergic response, which is rare, is probably
related to the presence in the preparation of oxidized forms of
linalool and linalyl acetate.

With the availability of an oral preparation of lavender oil, there
may be a greater possibility of an interaction with drug metabolizing
enzymes, especially if the herb is taken over an extended period of
time. The laboratory animal findings indicate that lavender oil con-
stituents are extensively metabolized and can alter the quantity and
activity of drug metabolizing enzymes in the liver.17-19 For these rea-
sons, caution should be exercised when taking this herb in combina-
tion with conventional medications as the lavender oil constituents
may increase or decrease the effectiveness of other agents. Alterna-
tively, continuous administration of prescription or over-the-counter
drugs that interact with the same liver enzymes as lavender oil com-
ponents could affect the response to this herb, making a given dose
more or less active than anticipated.

Pharmacological Perspective
There is little doubt that lavender oil affects central nervous system
function, either directly or indirectly. At a minimum, its odor and
taste are perceived as pleasant by most and as calming and sedating
by many. These conclusions are based on the historical record of its
use, as well as laboratory and clinical studies of its effects on human
and rodent behaviors. What is uncertain is whether these reported
responses to lavender oil are due to a selective pharmacological effect
on the brain by one or more of its chemical constituents, or represent
psychological responses to its pleasing fragrance and taste. As some of
the reports on its central nervous system actions, especially in labora-
tory animals, involved administration in ways that preclude a
response to odor or taste, there is circumstantial evidence supporting
the hypothesis that lavender oil contains pharmacologically active
ingredients. If so, these data indicate that linalool and linalyl acetate,
two of the more abundant extract constituents, are likely candidates
for mediating some, if not all, of the central nervous system responses
to this herb. What is sorely lacking are pharmacokinetic data demon-
strating directly that lavender oil constituents, or their pharmacologi-
cally active metabolites, are present in blood at concentrations, and
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for a sufficient period of time, to account for the clinical effects of this
herbal supplement. This information is essential for demonstrating
that lavender compounds appear in the bloodstream and accumulate
in the brain. Until such data are forthcoming, it is appropriate to
reserve judgment on its clinical utility for affecting central nervous
system function.
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A perennial, kudzu is a rapidly growing, climbing vine. Native to
southern Japan and southeastern China, the name is derived from
Kuzo, the Japanese designation for this species. In China the root
preparation is referred to as Ge Gen. The plant was first introduced
into the United States by the Japanese during the 1876 Philadelphia
World’s Fair. It has been referred to as porch vine because of its abil-
ity to climb a trellis quickly and produce shade. Other informal appel-
lations include “foot-a-night vine” and “the vine that ate the South,”
which also refer to its rapid and aggressive growth. Its cultivation in
the United States was encouraged in the first half of the twentieth
century for use as fodder and to reduce soil erosion. As the climate in
the southeastern United States is ideal for its growth and propaga-
tion, kudzu spread extensively throughout the region and is now con-
sidered by many to be a noxious weed. The density of kudzu vine can
be great enough in forests to prevent tree growth.
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Kudzu has for centuries been employed for a number of uses.
These range from soups, lotions, teas, and juices to fabrics, starches,
and furniture. It is now being recommended as a biofuel. Kudzu flow-
ers, leaves, and roots have for some time been consumed in Asia for
treating a variety of ailments, including cancer, headaches, cardiovas-
cular conditions, respiratory problems, hay fever, psoriasis, migraine
headaches, and diabetes. With regard to central nervous system disor-
ders, more than 1,000 years ago the Chinese reported its possible
value as a treatment for alcoholism and for the symptoms of alcohol
hangover. Pharmacological studies have yet to demonstrate whether
this purported benefit is due to a direct effect on the brain or is sec-
ondary to an effect on alcohol absorption or metabolism. More recent
work suggests kudzu may have neuroprotective properties. If so, it
may be a potential therapy for minimizing the brain damage associated
with a stroke, and perhaps in slowing the brain cell death responsible
for Alzheimer’s, Parkinson’s, and other neurodegenerative disorders.
Given these possibilities, a critical assessment of the pharmacological
properties and central nervous system effects of kudzu is warranted.

Botany
As the aerial parts of the kudzu plant die in cold weather and pro-
longed freezing can be fatal for the roots, this plant is most commonly
found in warmer regions, such as the southern United States. While
kudzu is native to much of the southern Asian continent and associ-
ated islands, fossil plants of the genus Pueraria are also located in
temperate regions of Eurasia. Diversification of the Pueraria species
throughout Asia and Oceania appears to have begun in the mid-
Miocene epoch, or about 12 million years ago.1 The Miocene was
characterized by a relatively warm global climate.

Kudzu reproduces by either seed or vegetative means. With the
latter, the vine shoots spread horizontally from the root crown. Dur-
ing the growing season portions of the root system swell and form
edible, starch-filled tubers. These tubers are sometimes ingested for
medicinal purposes.

There may be up to 17 species of kudzu, although its taxonomy is
a matter of debate. In one system there is only a single name for
kudzu, Pueraria lobata. In another, the species lobata is one of three
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varieties of Pueraria montana. The other two are Pueraria chinensis
and montana. In this system, Pueraria montana (Lour.) Merr. var.
lobata (Willd.) Maesen and Almeida is the scientific designation for
the cultivar found in the United States.2 The taxonomic classification
does not, however, reflect any differences in plant constituents
believed to be responsible for therapeutic activity. All species pro-
duce the same substances. Quantitatively, however, their concentra-
tions vary within, as well as between, cultivars.

The genus Pueraria belongs to the legume family, Leguminosae.
The Leguminosae encompass a variety of plants, including common
peas and beans. Their characteristic flower is well-designed for insect
pollination. Both the soy bean (Glycine max) and kudzu belong to
Glycininae, a subgroup of the Leguminosae. All members of this fam-
ily produce isoflavones, chemicals thought to be responsible in part
for their therapeutic benefits.

Therapeutic Uses
Kudzu has for centuries been a staple among Chinese herbal medi-
cines. The sixteenth century manual of medicinal herbs by Shih-Chen
Li recommends the root be used for its antipyretic and antiemetic
actions, and as a treatment for poisoning. Kudzu seeds and flowers
were prescribed for ailments associated with alcoholic excess, and the
leaves applied to wounds to facilitate healing.3

A treatise on modern Chinese herbal therapy includes a list of
recommended uses for kudzu root. Because it reportedly decreases
vascular resistance, it is recommended as a treatment for hyperten-
sion and for increasing blood flow to the heart and brain.4 The vascu-
lar effect might also explain its reported efficacy in minimizing tissue
damage associated with cardiac and cerebral infarcts. Kudzu is also
recommended as a treatment for cancer, for osteoporosis, and
migraine headaches. Recently there has been a renewed interest in
the historic use of kudzu as a remedy for hangover and alcoholism.
This has led to a number of published reports on the effectiveness of
kudzu preparations, and individual isoflavones isolated from the
plant, in reducing alcohol consumption and the symptoms associated
with alcohol withdrawal.5,6 Included among these are studies on
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possible biochemical effects of kudzu that may be responsible for its
various therapeutic actions.

Constituents
As with all plants, kudzu flowers, leaves, and roots contain scores of
different chemical agents. To date, those in kudzu thought to be the
most bioactive are certain isoflavones and their glycosides.7 A glyco-
side is a noncarbohydrate molecule bound to a sugar moiety. In this
case, the isoflavone is the noncarbohydrate portion of the molecule.
The term aglycone is used to describe the noncarbohydrate portion of
the molecule after removal of the sugar moiety. More than 20 differ-
ent isoflavone glycosides and aglycones have been identified in kudzu
extracts. Those generating the greatest interest as possible therapeu-
tics are the glycosides puerarin, daidzin, and genistin, and the
aglycones daidzein (see Figure 11.1) and genistein.

The relative percentages of the various isoflavones and isoflavone
glycosides vary in different cultures of kudzu.8 In the root of the
Pueraria lobata found in the United States, puerarin is present in
higher concentrations than the other isoflavone glycosides and the
aglycones.9 A study of 96 samples of kudzu collected at different
times of the year revealed that the roots of three-year-old plants har-
vested in January have the highest content of isoflavonoids.10 The
degree of variation adds to the difficulty in ensuring consistency of
content in kudzu products sold commercially. It also complicates
interpretation of laboratory results obtained using unpurified plant
extracts or powders. As the kudzu isoflavones have been chemically
synthesized, it is possible to obtain pure samples for studying the
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Figure 11.1 Chemical structure of daidzein (Wikipedia)
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pharmacological properties of these compounds. This makes it much
easier for laboratories to reproduce findings by eliminating the vari-
ability that accompanies the use of extracts or plant products from
different cultivars that may have been harvested at different times of
the year.

As a group, the kudzu flavonoids are considered phytoestrogens.
This term is used to describe plant products that display estrogenic
activity. Estrogen is the primary female sex hormone. While struc-
turally different from estrogen, phytoestrogens are capable of stimu-
lating or blocking estrogen receptors. Given this property, such
agents can induce or inhibit estrogenic effects. Such actions could
explain, in part, some of the medicinal benefits attributed to kudzu.

Pharmacokinetics
Studies have been conducted on the absorption, organ distribution,
and metabolism of the chemical constituents in kudzu extracts, with
particular emphasis on the isoflavone components.11-18 The results
vary depending on the animal species studied, route of administra-
tion, source of the extract, and method of analysis. In general, the
data indicate that the kudzu isoflavones, both the glycosides and agly-
cones, are absorbed to a limited extent following oral administration
and are rapidly eliminated. For example, blood levels of puerarin in
the rat following oral administration are maximal in less than an hour,
with the half-life for elimination being less than two hours.18 In
humans, however, the time for attaining maximum blood levels
ranged from five to nine hours for the various glycosides and agly-
cones, with the half-lives for elimination averaging six hours.12

Absorption appears to be due to both passive diffusion and carrier-
mediated transport.15 It has also been found that some of these
isoflavones are metabolized by intestinal bacteria to agents displaying
estrogenic activity, such as equol, and that the parent isoflavone may
be converted to other metabolic products in their initial passage
through the liver.12,17 This rapid biotransformation is one reason for
their relatively low and variable bioavailability.

Attempts have been made to enhance absorption of certain
isoflavones by modifying the vehicle used for administration of
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purified substances.19,20 These approaches, which include use of phos-
pholipid complexes or nanoparticles, tend to increase the extent of
absorption and the isoflavone concentrations in various organs.

The most precise pharmacokinetic data on the chemical compo-
nents of kudzu are obtained using chemically pure isoflavones. Plant
extracts, such as those contained in consumer products, are less useful
for such studies given the high degree of variation in the concentration
of constituents among these preparations. This variability makes it diffi-
cult to know the amount of any particular chemical being administered.
On the other hand, the use of pure chemicals makes it impossible to
know whether other components of the extract influence the rate and
extent of absorption, or the metabolism, of individual constituents.
Because of this, results with pure compounds may not in all cases accu-
rately reflect their pharmacokinetics when they are taken along with
the other plant constituents, as is the case with commercial products. In
one study a methanol extract was administered to mice, with body fluid
measurements indicating the isoflavones were rapidly absorbed and
subsequently eliminated to a large extent in urine and feces. Organ tis-
sue analysis 24 hours after administration revealed these compounds
were widely distributed throughout the body with the highest concen-
tration in the liver.21 As none of these compounds was detected in the
brain, it was concluded that puerarin, daidzin, and malonyl daidzin do
not penetrate into the central nervous system, or are rapidly eliminated
from this region of the body. Such data call into question whether
isoflavone components of kudzu extracts directly affect the brain.

Qualitatively similar results were found when studying the
absorption, distribution, metabolism, and elimination of puerarin
when the purified compound was administered alone to rats.22,23

These experiments revealed that puerarin was absorbed into blood
following oral administration, reaching its maximum serum concen-
tration within approximately 40 minutes, declining thereafter. In this
case the highest concentration of compound was found in the lungs,
although some was detected in the brain as well.

The absorption in rats of a mixture of the kudzu aglycones
daidzein, genistein, and glycitein has been compared with the absorp-
tion of daidzin, genistin, and glycitin, their corresponding gluco-
sides.24 The results indicate that the oral bioavailability of these
agents varies between 8% and 35%, with no consistent differences
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noted between the glycosides and the aglycones. These data indicate
that these isoflavones appear in blood following oral administration,
although the bioavailability is limited. The differences between the
findings with the pure substance as compared to an extract highlights
the difficulties associated with comparing the pharmacokinetic prop-
erties of an agent administered alone to when it is given as part of a
compound mixture. Inasmuch as kudzu extract is most commonly
taken by consumers, results with mixtures more accurately reflect
what occurs with normal usage. Such data are inconclusive as to
which, if any, of the kudzu isoflavones or their metabolites penetrate
into the brain in sufficient quantities and for a sufficient period of
time to have any clinically significant effect on central nervous system
activity.

Pharmacodynamics
Over the centuries, kudzu has been recommended for treating a host
of conditions from cancer to migraine headaches and diabetes. In the
ancient literature there is limited mention of this plant preparation
having any obvious effect on central nervous system function, and no
suggestions it may be of value in treating neurological or psychiatric
disorders. Kudzu has, however, been reported to be effective as a
treatment for alcoholism and the symptoms associated with alcohol
withdrawal. The use of kudzu for these purposes has been docu-
mented for more than 1,000 years. A kudzu-induced reduction in alco-
hol consumption could be due to an effect on the brain that modifies
the action of alcohol on the nervous system, or could be the result of an
effect of kudzu constituents on the absorption, distribution, or metab-
olism of alcohol, thereby reducing the amount of ethanol that reaches
the brain. In the latter case the kudzu-derived compound would not
have to penetrate into the central nervous system to be effective.

It is possible that the ancient Chinese kudzu preparation had
somewhat different constituents than those used today. This would
make it difficult to draw firm conclusions about the possible benefi-
cial effects of contemporary preparations on the basis of reports orig-
inating centuries ago in a different culture. For example, while the
early Chinese used preparations of the kudzu flower to treat alco-
holism, most products sold today are extracts prepared from the
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roots. Inasmuch as a metabolite of the isoflavone tectoridin, which is
localized to the kudzu flower, protects mice from ethanol-induced
liver toxicity, it is possible that the beneficial effect in treating alco-
holism is peculiar to the flower preparation.25,26 Nonetheless, there
has been a renewed interest in the possible use of kudzu to treat alco-
holism and alcohol withdrawal, with studies performed to determine
whether root constituents have such an effect and, if so, to define the
mechanism of action for this response. Laboratory animal studies
show that administration of kudzu extracts, or of purified puerarin or
daidzin, isoflavones glycones present in these root extracts, lessens
the anxiety associated with alcohol withdrawal and reduces alcohol
intake in rats and hamsters conditioned to consume this beverage.6,27-29

In one study an attempt was made to measure brain levels of puerarin
in alcohol-preferring rats after administration of the purified
isoflavone at a dose that reduces voluntary alcohol intake by 50%.30

No puerarin was detected in the brain even though its administration
had a significant effect on alcohol consumption. This suggests that
the antialcohol effect of puerarin, and of possibly the kudzu extract as
a whole, is due to an action outside of the central nervous system.

Clinical trials of kudzu root extract have yielded conflicting
results with regard to its utility as a therapy for alcoholism. In one
pilot study the consumption of 1.2 g of kudzu extract twice daily for a
month had no effect on the sobriety or alcohol craving of chronic
alcoholics.31 In contrast, a later study found that administration of
kudzu root extract for seven days significantly reduced voluntary alco-
hol consumption in heavy drinkers.32 The differences in these find-
ings could be due to the fact that different populations of patients
were examined, with in one case the subjects being classified as
chronic alcoholics, whereas in the other they were characterized as
heavy drinkers. Another explanation could relate to differences in the
chemical composition of the kudzu preparations used in these stud-
ies, as variations would be anticipated among cultivars and manufac-
turers. In either case, the effectiveness of kudzu as a treatment for
alcoholism remains a matter of debate.

Studies aimed at defining the possible mechanism of action of
kudzu in reducing alcohol consumption and withdrawal symptoms
focus on the fact that the isoflavones derived from this plant, in par-
ticular daidzin, inhibit aldehyde dehydrogenase-2, an enzyme involved



ptg7913130

chapter 11 • kudzu (pueraria lobata) 145

Alcohol
Dehydrogenase

Alcohol Acetaldehyde

Aldehyde
Dehydrogenase

Acetic Acid

Figure 11.2 Metabolism of alcohol

in the metabolism of ethanol and various other chemical substances
(see Figure 11.2).

As shown, in humans alcohol is converted to acetaldehyde by the
enzyme alcohol dehydrogenase, with the acetaldehyde then metabo-
lized to acetic acid by aldehyde dehydrogenase. Many of the symp-
toms associated with a hangover, including headache and nausea, are
due to the accumulation of acetaldehyde in the blood, which can be
significant if a large amount of alcohol is consumed over a short period
of time, or the enzyme aldehyde dehydrogenase is inhibited. Disulfu-
ram, a drug used for the treatment for alcoholism, is an inhibitor of this
enzyme. Because a patient taking disulfuram knows he will become
quite ill if even a small amount of alcohol is consumed, he is motivated
to resist the temptation to consume alcoholic beverages. In this way,
disulfuram can be helpful in modifying the behavior of an alcoholic.

In 2000, daidzin was found to be a selective inhibitor of aldehyde
dehydrogenase-2.33 As compared to other dehydrogenases in this fam-
ily, aldehyde dehydrogenase-2 contributes in only a minor way to the
metabolism of ethyl alcohol, although it is important in the metabolism
of certain endogenous chemicals, such as serotonin, norepinephrine,
and dopamine.33-35 This explains why administration of kudzu extracts
or isoflavones at doses that reduce alcohol consumption, does not, like
disufuram, a more nonselective inhibitor of this enzyme family,
increase blood levels of acetaldehyde. As studies with chemical deriva-
tives of daidzin indicate a correlation between inhibition of aldehyde
dehydrogenase-2 and reduction in alcohol consumption, the two
actions may be related.36,37 While there are suggestions that the kudzu
isoflavones act in the brain to modify the response to alcohol,38 the cur-
rent weight of evidence indicates that these isoflavones probably act
outside the central nervous system to modify the production of endoge-
nous agents, which in turn affect the absorption, distribution, or action
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of alcohol in such a way that its consumption is less rewarding. It is
unknown whether this same action is responsible for the reported ben-
eficial effect of kudzu in reducing the symptoms of alcohol withdrawal.

While it does not appear that the effect of kudzu constituents on
alcohol consumption is mediated through a direct action on the brain,
there are reports that phytoestrogens, such as daidzin and chemically
related agents, influence cognition, have neuroprotective properties,
and reduce anxiety.6,39-42 The extent to which these actions are due to
a direct effect of the isoflavones or their metabolites on the brain is
unknown.42

Outside of possible central nervous system actions, puerarin, a
potassium channel inhibitor, has been proposed as a treatment for
cardiac arrhythmias. In addition, the kudzu isoflavones genistein and
daidzein restore vascular function in spontaneously hypertensive 
rats, confirming the potentially beneficial cardiovascular actions of
these compounds.43 A number of studies also demonstrate the anti-
inflammatory effects of these isoflavones, in particular daidzein and
genistein.44,45 This has led to the suggestion that these agents, and
perhaps other isoflavones or their derivatives, may be useful for the
treatment of asthma and rheumatoid arthritis. There are also sug-
gestions that daidzin and genistein inhibit breast cancer cell motility
and decrease the risk of lung cancer.46,47 Although some of the anti-
inflammatory effects of these compounds, such as inhibition of
NF-kappaB and tissue necrosis factor-α, could explain such effects, it
remains to be seen whether these in vitro actions occur in humans at
clinically appropriate doses.

Adverse Effects
Clinical and laboratory animal studies suggest that neither the use of
kudzu root preparations nor any of the individual isoflavones studied
thus far is associated with significant adverse effects. This is not sur-
prising inasmuch as the isoflavones found in kudzu are common to
the legume family and therefore widely consumed as food products.
For example, soy beans are a major source of genistin in the diet.

Studies have suggested that consumption of kudzu isoflavones for
as little as ten days modifies the activity of drug metabolizing
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enzymes and intestinal drug transporters.48-50 Other concerns, based
on in vitro studies, include a possibly adverse effect on diabetics sec-
ondary to a daizdin-induced inhibition of glucose transport, and the
accumulation of acetaldehyde or other substances in tissue as a result
of the long-term inhibition of aldehyde dehydrogenase-2.51,52 Overall,
the data accumulated to date suggest that kudzu and its isoflavones
are safe for human consumption at the recommended doses.

Pharmacological Perspective
Kudzu root extract, and individual isoflavones contained therein, sup-
press excessive alcohol consumption in laboratory animals and may
ameliorate alcohol withdrawal symptoms. While these effects have
been noted for centuries, the human data are mostly anecdotal, with
clinical trials yielding conflicting findings. Inasmuch as administration
of kudzu has no obvious central nervous system consequences, it
seems unlikely that an effect on alcohol consumption and withdrawal
is due to an action on the brain. Rather, it appears the isoflavone con-
stituents, and perhaps other chemicals in the plant product, modify
enzymes responsible for the production of endogenous chemicals that
can in turn influence the pharmacokinetics of alcohol or its central
nervous system action. There is current interest in a possible role of
inflammation in a variety of disorders, including depression, cardiac
insufficiency, and cancer, in addition to the recognized role in arthritis.
The anti-inflammatory and antioxidant actions of isoflavones include
inhibition of NFkappaB, a cellular agent that initiates the inflamma-
tory cascade. Both daizdin53 and puerarin54 have been shown to inhibit
NFkappaB. Because kudzu and its constituent isoflavones appear safe,
they would be superior to other drug-based approaches for treating
alcoholism if further clinical studies show they are effective in this way.

Based on the data accumulated thus far, the value of kudzu as a
neuroprotectant or anxiolytic is even more speculative than its possi-
ble utility as a treatment for alcoholism. This is because there is evi-
dence indicating that the isoflavones may not penetrate into the brain,
which is generally necessary for an agent to display neuroprotectant
or anxiolytic activity. Also, because many of the kudzu constituents are
rapidly and extensively metabolized in the intestine and liver, it may
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be difficult to identify the chemicals in the extract, or their metabo-
lites, that may directly influence the brain. Until such substances have
been characterized, and their accumulation and retention in the brain
demonstrated, it would appear that any responses attributed to kudzu
are due primarily to effects outside the central nervous system.
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It has been known for centuries that portions of the daffodil plant, the
bulb in particular, affect central nervous system function. However,
because it causes nausea and vomiting, daffodil is generally not taken
orally. With the relatively recent discovery that a daffodil constituent
is useful in the management of Alzheimer’s disease, this plant is an
example of one that yields an agent useful for modifying central nerv-
ous system function even though the herb historically has not been
used for that purpose. The clinical utility of daffodil also illustrates
the value of alkaloids, a class of compounds produced by many plants.
In fact, more alkaloids have been developed as prescription medica-
tions, or employed recreationally for their central nervous system
effects, than flavonoids, the other major class of plant products. The
discovery that daffodil produces a potent compound that can benefi-
cially affect central nervous system function also demonstrates that
plants are still a valuable source of new therapeutics.

The clinically active component of daffodil is the alkaloid galanta-
mine, also known as galanthamine. Alkaloids are produced by plants,
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fungi, bacteria, and animals. The biochemical pathways for synthesiz-
ing these agents evolved to protect the plant from predators, as these
compounds are often toxic. Thanks to its alkaloids, daffodil thrives as
a species because its taste is unappealing and its consumption is
potentially lethal to insects and others that may be interested in mak-
ing it part of their diet. The alkaloid content of daffodil, and of other
plant species, is generally quite small. However, because of their
pharmacokinetic and pharmacodynamic properties, many alkaloids
can, following oral consumption, readily accumulate in the brain
where they interact with neurotransmitter systems. Because of their
potencies, only small quantities are needed to have a significant
behavioral effect. This explains why daffodils are so commonly and
consistently seen sprouting in the same area of the lawn each year,
whereas the appearance of other plants varies as a function of the
local population of rabbits and other predators.

Plant alkaloids are a rich source of prescription and recreational
drugs. Numbered among this chemical class are caffeine, nicotine,
morphine, cocaine, quinine, and atropine. Mescaline, which is
derived from a cactus, and psilocybin, which is produced by certain
mushrooms, are hallucinogenic alkaloids that humans have used for
centuries for religious and recreational purposes. This partial list of
behaviorally active alkaloids illustrates the therapeutic potential of
such compounds. Further evidence is provided by written records
indicating that plants containing biologically active alkaloids have for
more than 4,000 years been used as herbal remedies and poisons. The
discovery that a common plant, such as daffodil, produces a clinically
useful alkaloid is therefore not surprising. The fact that it took several
millennia to appreciate its medicinal value is testimony to the difficul-
ties sometimes associated with identifying a biologically active plant
product with the chemical properties needed to be a useful drug.

The origin of the narcissus designation for this genus is a matter
of dispute. Some claim the name derives from Narcissus, a character
in Greek mythology. According to legend, because of his vanity and
pride Narcissus showed only disdain for others. To punish him for
such behavior, Nemesis, the Greek goddess of retribution, conspired
to have Narcissus see his own reflection in a pond. He immediately
fell hopelessly in love with what he saw. He was so transfixed with
himself that he remained staring at the image until, according to one
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version, he died from starvation. It is said that narcissus plants first
sprouted on the spot where he died. Others contend the plant name
comes from the Greek word narcoun, which means to benumb. Nar-
coun is also the root for the term narcotic. According to this concept,
the plant was called narcissus because consumption of the bulb
depresses central nervous system function, not because of any rela-
tionship to Narcissus. There is more agreement on the origin of the
word daffodil, the common name for Narcissus pseudonarcissus. It is
thought that daffodil is a corrupted version of the Greek word
asphodel, a flowery plant in the lily family. Regardless of its etymol-
ogy, narcissus has been, and remains, a popular plant because of the
beauty of its flower and ease of cultivation. Therapeutic value can
now be added to this list of positive attributes.

Botany
In his Enquiry into Plants, Theophrastus, a fourth century BC Greek
botanist and philosopher, mentioned three different types of wild
narcissus. These are now known as Narcissus serotinus, Narcissus
poeticus, and Narcissus tazetta.1 Two thousand years after
Theophrastus, the English herbalist John Gerard categorized narcis-
sus plants into two groups: narcissus and pseudonarcissus.2 The latter
is now referred to as daffodil. The genus Narcissus is a member of
Amaryllidaceae, a family of plants noted for producing a unique
series of alkaloids. More than 80 chemically related alkaloids are
manufactured by plants of this genus.3 Narcissus plants, of which
there are some 50 to 100 species, originated in parts of southern
Europe, Asia, and North Africa. While most blossom in the early
spring, a few species bloom in autumn. A hardy plant, the daffodil is
widely distributed, being found most commonly in damp woodlands
and grassland regions throughout the world.

Amaryllidaceae is one of the families of Monocotyledonae. Other
members of this clan are Liliaceae (lilies) and Graminae (grasses). As
with many members of Amaryllidaceae, the narcissus plant develops
from a scented bulb. The flowers may be solitary or grow as a cluster
on the primary flower stalk. The bell-shaped flower has six floral
leaves surrounding a corona. While most daffodil flowers are yellow
to gold in appearance, there are hybrids that display a range of colors.
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Most species of daffodil flower in March or early April. The plant
grows to approximately one foot in height.

The discovery that daffodil is a source of galantamine increased
interest in developing horticultural methods for producing bulbs with
greater concentrations of this alkaloid to increase their commercial
value. Significant progress has been made in this regard.4

Therapeutic Uses
Daffodil has long been appreciated for the beauty of its flowers and its
medicinal properties. Pliny, a first century Roman naturalist, listed two
major uses for narcissus. One was as an emetic and the other as a topi-
cal treatment for wounds and sprains.5 Echoing Pliny, Gerard
described a plaster made by mashing the bulb with honey or animal fat.
The resultant mixture was applied to wounds, burns, and sprains, and
used for the topical treatment of joint pain.2 He noted that when taken
orally the bulbs caused vomiting. He also described a drink made from
ground and strained bulbs as a treatment for cough and colic.

There are records of daffodil bulb and flowers being taken for
their central nervous system effects. The conditions treated included
hysteria and epilepsy. It was once believed that consumption of dried
daffodil flowers could relieve lung inflammation and dysentery. A nar-
cissus bulb oil extract was recommended as a cure for baldness and as
an aphrodisiac. Today, a narcissus bulb tincture is used as a homoeo-
pathic remedy, and a bulb extract liniment is available for treating
muscle aches and pains. The daffodil alkaloid galantamine is taken by
some to help achieve lucid dream or out-of-body experience, to facil-
itate sleep, or to improve memory consolidation while sleeping.

The major therapeutic value of narcissus bulbs is as a source for
galantamine, which was first isolated from the Caucasian snowdrop,
Galanthus woronowi. Employed since the 1950s as a medication in
Eastern Europe, galantamine was first used in that part of the world
as a treatment for polio and other nervous system disorders, including
myasthenia gravis and asthenia. Today it is prescribed to treat some of
the symptoms of Alzheimer’s disease. Because galantamine is one of
the major alkaloids found in daffodils, their bulbs are a source for the
commercial production of this product.
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Constituents
All parts of the daffodil plant are poisonous and potentially toxic to
humans and other animals. Even topical application of plant con-
stituents is known to cause central nervous system and cardiovascular
dysfunction in susceptible individuals. Of the many chemicals present
in daffodil, the alkaloids are of greatest pharmacological and toxico-
logical interest. This is not to imply that there are no other chemicals
of pharmacological value in daffodil extracts, only that such com-
pounds have yet to be identified and characterized. The four major
daffodil alkaloids are galantamine (see Figure 12.1), lycorine,
galanthine, and haemanthamine. Of the 80 or so alkaloids produced
by plants in the narcissus genus, more than 20 are found in daffodil
cultivars.3

Galantamine was first extracted, its chemical structure identified,
and its biochemical effects characterized in 1951.6 The product sold
today is either produced by chemical synthesis or harvested from
plant material. It was discovered almost immediately that galanta-
mine is an inhibitor of acetylcholinesterase, the enzyme responsible
for the destruction of acetylcholine, an important neurotransmitter in
the brain and other organs.

Lycorine was first identified in the spider lily, Lycoris, a member
of the Amaryllidaceae family. The most common of the alkaloids pro-
duced by Amaryllidaceae, lycorine is an emetic, an anti-inflammatory
agent, and an expectorant. Its ability to increase salivation is probably
the reason it was used by the ancients as a treatment for cough. As an
emetic, daffodil bulb was a popular therapeutic when it was believed
that vomiting helped rid the body of the excess “humors” that were
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Figure 12.1 Chemical structure of galantamine (Wikipedia)
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thought responsible for illnesses. While research suggests that two of
the daffodil alkaloids, lycorine and haemanthamine, halt the prolifer-
ation of certain types of cancer cells, further work is needed to define
the clinical significance of this finding.

Pharmacokinetics
Galantamine is rapidly absorbed from the gastrointestinal tract. In rats,
77% of an orally administered dose appears in the bloodstream. Its
elimination half-life, a measure of how long the compound remains in
the body, is four to five hours. Following the oral ingestion of a single
dose, the concentrations of galantamine were found to be greatest in
rat liver and kidney, followed by the salivary and adrenal glands.7 Signif-
icant concentrations of galantamine are present in the brain after intra-
venous administration to mice, indicating this substance is capable of
accumulating in the central nervous system.8 These pharmacokinetic
studies suggest that galantamine readily passes from the gastrointesti-
nal tract into blood and from the blood into other tissues, including the
brain. The ratio of the galantamine concentration in brain as compared
to blood indicates it accumulates and is retained in the central nervous
system in quantities sufficient to induce pharmacological effects.

The results of human pharmacokinetic studies are similar to those
reported for rats. In human subjects, galantamine quickly appears in
the general circulation following oral administration. The elimination
half-life is approximately five hours, with the urinary excretion of
galantamine metabolites being complete within 72 hours of consump-
tion.9,10 It is estimated that 25% of the dose is excreted unchanged,
with the remainder eliminated as metabolites.11 This is consistent with
the finding that a large portion of the administered agent is absorbed
into the systemic circulation from which it can pass into the brain.

As for lycorine, approximately 40% of an orally administered dose
is absorbed into the bloodstream of dogs.12 Its half-life in blood is only
15 minutes. In vitro studies suggest that lycorine is a potent inhibitor
of some drug metabolizing enzymes.13 This action is probably of little
clinical importance as neither daffodil extracts nor lycorine alone are
normally administered systemically, especially for prolonged periods
of time. Unless significant amounts of lycorine are absorbed through
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the skin following the continuous topical application of a daffodil
extract, this compound is unlikely to interfere with the action of other
medications.

Pharmacodynamics
In vivo and in vitro laboratory studies conclusively demonstrate that
galantamine augments the acetylcholine neurotransmitter system. It
accomplishes this in two ways. One is to prolong the duration of
action of acetylcholine by inhibiting acetylcholinesterase, the enzyme
that destroys this neurotransmitter.6 Galantamine also enhances the
responsiveness of the acetylcholine nicotinic receptor system.14-16 As
acetylcholinesterase and nicotine receptors are located in the brain,
as well as other organs, these actions explain the beneficial effect of
galantamine on central nervous system function, as well as the side
effects associated with its use.

The acetylcholine system plays a key role in memory retention and
recall. This is demonstrated by the fact that drugs that block acetyl-
choline receptors, such as the alkaloids atropine and scopolamine,
cause amnesia for events that occur while an individual is under their
influence. The finding that galantamine is capable of reversing in lab-
oratory animals the memory deficit associated with scopolamine
administration confirms that the effects of this daffodil constituent are
related to its ability to facilitate acetylcholine neurotransmission.17

Dementia is characterized by progressive memory loss, learning
deficits, problems with judgment, and emotional lability. While
dementia can be due to many causes, in the aged population it is
commonly associated with Alzheimer’s disease. Because the memory
impairment, especially for recent events, is similar to that occurring
following administration of an acetylcholine receptor antagonist, it
was thought that it may be due to a deficiency in acetylcholine trans-
mission. Studies with human autopsy material confirmed this suspi-
cion by demonstrating that Alzheimer’s disease is characterized by a
significant loss of cholinergic neurons in certain brain regions. This
includes the hippocampus, a limbic brain area known to be impor-
tant for memory consolidation and recall. For this reason, efforts
were made to treat Alzheimer’s disease with drugs that improve
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acetylcholine transmission.18 Several such agents are approved for
this use. This group includes donepezil, tacrine, and rivastigmine, all
of which are inhibitors of acetylcholinesterase. None is a cure for
Alzheimer’s disease, nor do any significantly slow the progressive
mental decline characteristic of this condition. Rather, for some
Alzheimer’s patients these agents modestly improve cognitive func-
tion by bolstering the acetylcholine system. As galantamine was
known to be an inhibitor of acetylcholinesterase, it was tested as a
treatment for Alzheimer’s disease.

Clinical trials demonstrated the effectiveness of galantamine as a
symptomatic treatment for mild to moderate Alzheimer’s disease.18-22

The chief, and most consistent, finding from this work is that galanta-
mine significantly improves cognitive function in many of these sub-
jects, compared with Alzheimer’s patients receiving a placebo. Often
the symptomatic improvement was great enough to substantially lessen
the demands on caregivers. Work aimed at determining the duration of
the beneficial effect of galantamine demonstrated that the drug must
be given repeatedly to maintain the response.23 This supports the
notion that inhibition of acetylcholinesterase, and the resultant eleva-
tion in brain levels of acetylcholine, are primarily responsible for the
clinical benefit as these effects are known to be transitory, lasting only
as long as the drug is present in the brain. It also demonstrates that
galantamine, like the other acetylcholinesterase inhibitors used to treat
this condition, does not affect the underlying cause of the disorder.

Because some Alzheimer’s patients fail to respond to galanta-
mine, it was suspected there may be genetic differences in acetyl-
cholinesterase that might render individuals more or less susceptible
to the positive benefits of such agents. While genetic studies found
that some patients metabolize galantamine more readily than others,
this difference alone does not account for the variability in response.24

Efforts are ongoing to identify a biochemical marker that can be
monitored to predict the likelihood of response to galantamine and
other drugs.

Laboratory experiments indicate that galantamine and galanthine
display analgesic activity in animal models of pain.25 This may explain
the numbing effects associated with the application of daffodil bulb
extracts for treating muscle aches, sprains, and sore joints. It is also
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known that an increase in pain threshold is a characteristic of com-
pounds that enhance acetylcholine neurotransmission, including
acetylcholinesterase inhibitors. It is possible, therefore, that the
results of these laboratory studies reflect an effect of galantamine on
pain transmission within the central nervous system by its action on
the brain acetylcholine system, and a separate, local anesthetic effect,
on sensory neurons. As analgesia and numbness are not usually expe-
rienced when galantamine is taken for Alzheimer’s disease, it appears
the doses employed clinically are insufficient to induce significant
analgesia.

Both galantamine and lycorine display anti-inflammatory activity
in laboratory tests.26-28 Although attempts have been made to identify
precisely the mechanism of action of this effect, it remains unknown,
as does the clinical importance of this discovery.

The antitumor activity of lycorine appears to be related to an effect
on cellular structure and perhaps by affecting the ability of the cell to
utilize vitamin C.29-32 It has not been established whether the concen-
trations of lycorine needed to reduce tumor growth can be achieved in
humans. Given its reportedly brief duration of action, and its powerful
emetic effect, it seems unlikely that lycorine will be a useful chemother-
apeutic agent. However, continued work to characterize more fully its
effects on cancer cell division, and its mechanism of action as an anti-
cancer agent, could lead to the synthesis of chemical analogs with supe-
rior pharmacokinetic and pharmacodynamic properties.

Lycorine has also been reported to prevent the replication of
human enterovirus 71.33 As this effect is noted in an in vivo animal
model, it appears the alkaloid can achieve systemic concentrations in
mice sufficient to mitigate the responses to this pathogen. In humans
the clinical consequences of infection include significant neurological
complications. The mechanism of action of lycorine as an inhibitor of
viral replication is undefined. Even though there are currently no
vaccines for immunization, and no drugs to treat this infection once it
has occurred, the clinical value of lycorine for this purpose may be
limited by its toxicity.

The emetic effect of lycorine is thought to be due to an action in
the central nervous system.12,34 In dogs, vomiting continues for up to
three hours following the subcutaneous administration of lycorine.
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Data suggest this effect is the consequence of stimulation of
neurokinin receptors. Neurokinin is a peptide found in brain and
other tissues. A peptide is a compound composed of amino acids. A
neurotransmitter, neurokinin can influence nervous system function.
Lycorine is thought to induce nausea and vomiting through an inter-
action with neurokinin receptors because its emetic effect is blocked
by administration of a neurokinin receptor antagonist.34 Besides
being present in the brain, neurokinin is known to be involved in
mediating pain and inflammatory responses throughout the body.
Thus, an interaction of lycorine with the neurokinin system could
explain many of the pharmacological responses associated with daf-
fodil extract.

Adverse Effects
The side effects encountered with galantamine therapy are typical of
an acetylcholinesterase inhibitor. Most common are gastrointestinal
symptoms, including nausea and vomiting.35 More troubling, particu-
larly for the elderly, is the bradycardia, or slowing of the heart rate,
that occurs as a result of activation of an acetylcholine system that
innervates the heart. It has been reported that patients receiving
galantamine are much more likely to withdraw from a clinical trial
than those receiving a placebo.19 This suggests that even therapeutic
doses of this drug cause perceptible side effects in many subjects.
While no serious safety concerns were raised after multiple, double-
blind clinical studies with galantamine, in 2005 the United States gov-
ernment issued an alert indicating that the mortality rate was higher
for patients taking galantamine than for untreated subjects.23 A direct
causal relationship between the use of galantamine and the increase
in mortality has yet to be established, however.

Nausea and vomiting are the most consistent and predictable side
effects associated with the consumption of lycorine. Prolonged
administration can cause a scurvy-like condition, perhaps because of
its ability to interfere with the utilization of vitamin C.31

Those handling narcissus routinely, such as florists, sometimes
experience “daffodil itch.” This condition is characterized by dryness
and scaling of the hands, and thickening of the skin beneath the nails.
This is not thought to be due to any of the alkaloids in the plant, but

158 herbal supplements and the brain



ptg7913130

chapter 12 • daffodil (narcissus pseudonarcissus) 159

rather to calcium oxalate, a poisonous substance produced by many
plants, including narcissus.

Pharmacological Perspective
Daffodils, along with other members of the Amaryllidaceae family,
synthesize a number of bioactive alkaloids. It is important they be
separated, studied, and administered individually because while
some are useful therapeutics, others are highly toxic. In fact, the pres-
ence of these toxic alkaloids has limited the systemic use of daffodil
extract as an herbal supplement.

There is no question that galantamine, an alkaloid produced by
daffodil and other plants, is effective in easing some of the symptoms
of dementia. It has also been established that this beneficial effect is
due to its ability to inhibit the metabolism of acetylcholine and to
interact with certain acetylcholine receptors in the brain. Much of the
pharmacological data with lycorine are also definitive, with there
being little doubt that this substance is responsible for much of the
nausea and vomiting that occurs following consumption of daffodil.

The high degree of certainty regarding the clinical benefits and
toxicities associated with daffodil contrasts markedly with how little is
known about active compounds in many other herbal supplements.
Studies with daffodil illustrate the importance of identifying a phar-
macologically active product for establishing the therapeutic benefits,
and limitations, of a plant extract. Besides demonstrating the medici-
nal value of alkaloids, the studies with daffodil confirm that natural
products that influence central nervous system activity can be
expected to display a number of untoward side effects. This is under-
standable because any compound that modifies the activity of an
organ as compact and complex as the brain is likely to have a number
of effects on behavior, some of which will be beneficial, and some
detrimental. Given this general principle, skepticism should greet any
claim that a plant extract or constituent has positive effects on central
nervous system function while being devoid of side effects.
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Passion Flower 
(Passiflora incarnata)

13

161

Unlike the many herbs that originated in Asia and the Mediterranean
region, passion flower is native to the American continent. Written
accounts of its use date only from the fourteenth century with the
arrival of the Spanish in the Americas. As it was obvious to the Euro-
peans that use of passion flower was a common custom among the
locals, it is likely this plant had been consumed for centuries as a
nutrient and herbal remedy. Today, passion flower is grown through-
out the world.

The name passion flower was not bestowed on this plant because
it was thought to enhance sexual attractiveness or performance.
Rather, to the Spanish missionaries the components of the complex
flower symbolized items associated with the passion of Christ. For
example, the radial filaments represented the crown of thorns, the
tendrils Roman whips, and the pointed leaf the tip of a lance.

There are hundreds of species of passion flower and a similar
number of hybrids. Two that are commonly used as herbal supple-
ments are Passiflora incarnata, which is native to the southern United
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States, and Passiflora edulis, which originated in portions of South
America. In Latin, incarnata means flesh-colored, describing the
flower petals of this species, and edulis means edible, which refers to
the fruit produced by the plant. Some of the common names for Pas-
siflora incarnata are maypop, purple passion flower, and wild apricot.
Passiflora edulis is better known as passion fruit. In Brazil, members
of this genus are referred to collectively as maracuja.

Native Americans consumed passion fruit for its nutritional value
and calming properties. By the eighteenth century European writers
were describing the plant as a treatment for epilepsy and insomnia.
Today, the herb is employed primarily to relieve anxiety and to facili-
tate sleep. As these uses imply a pharmacological effect on the central
nervous system, attempts have been made to identify the chemical
constituents of passion flower responsible for them. A review of the
scientific literature suggests no consensus on the existence or identity
of a pharmacologically active compound, and no definitive clinical
data proving that passion flower extract is a reliable and effective
anxiolytic and hypnotic.

Botany
Passiflora incarnata is a member of the passion flower family, Passi-
floraceae. There are more than 500 species of passiflora scattered
throughout the world. Insects and hummingbirds are responsible for
pollination. Found in warm climates, passion flower thrives in South
America and the West Indies. Nine species are native to North Amer-
ica, with Passiflora incarnata, or passion flower, and Passiflora lutea,
or yellow passion flower, being among the most common. Passiflora
incarnata is a perennial climbing vine that grows up to 24 feet in
height. The flowers are produced in abundance from May to October.
The fruit, which is referred to as maypop or passion fruit, is three
inches long and ellipsoidal, much like a plum. The flesh is considered
pleasant tasting and cooling. Passiflora lutea grows to about half the
height of incarnata. The flowers of Passiflora lutea are light yellow,
and its purple fruit is about one inch long. Passiflora edulis, the native
South American species, is between 15 and 20 feet in height and pro-
duces a three-inch ovoid fruit that can vary in color between yellow
and deep purple.

162 herbal supplements and the brain



ptg7913130

Some 16 species of passiflora yield edible fruit. The flowers of
most species are large and sweet smelling. The plants are grown for
their floral appearance and for the fruit. It is believed that Passiflora
incarnata was cultivated by Native Americans for both the fruit and as
an herbal remedy. Passion flower grows wild in the southern half of
the United States, reaching as far north as southern Kansas and Mis-
souri, and east from the Rocky Mountains to the Atlantic coast.

The Passiflora incarnata herb is listed in the European Pharma-
copoeia. It is recommended for the treatment of anxiety and insom-
nia. In the United States, passion flower herbal tea is employed for
the same purposes.

Therapeutic Uses
Passion flower extract is available commercially as a dry powder, or in
a capsule or liquid formulation. The herb was used by Native Ameri-
cans as a systemic tonic, and to treat swellings and sore eyes.1 Today,
Passiflora incarnata extract is approved in Germany as a treatment for
nervous restlessness, mild insomnia, and gastrointestinal complaints
of nervous origin.2 While this product is consumed primarily for
relieving anxiety and improving sleep, laboratory animal research
suggests other possible uses. These include treatment for opiate
withdrawal, neuralgia, cardiac arrhythmias, and inflammatory condi-
tions.3-5 Extracts derived from various species of passion flower have
been reported as treatments for pain, asthma, diarrhea, dysmenor-
rhea, burns, and hemorrhoids. This extract is also purported to be
useful for lowering blood pressure, alleviating headache, and treating
diabetes and skin conditions.6

Much of the data on the therapeutic properties of passion flower
are difficult to interpret as different plant species are employed in
these studies. Further complicating matters is that the portion of the
plant used to produce the extract may differ among studies, as may
the route of administration and dosage. As the chemical constituents
in a passion flower extract differ, both qualitatively and quantitatively,
among species, it is not surprising that reported biological responses
to the extract vary among investigators. Still, it is unlikely that any sin-
gle plant genus, regardless of the number of species and variety of
chemicals produced, would display such a wide range of beneficial
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effects. To define more precisely the clinical utility of passion flower
it is necessary to identify precisely the species being studied and,
ideally, the chemical compounds in the extract responsible for any
response.

Constituents
Passion flower extract is derived from the aerial portion of the plant,
with or without the flowers. The herb was listed in the United States
National Formulary from 1916 to 1936. The National Formulary pro-
vided methods and criteria for pharmacists and others for standardiz-
ing herbal products in use at that time. Dried leaves, with portions of
the stem, are the main plant constituents used for making the extract.
Today, standard preparations of the herb contain up to 2.5%
flavonoids, most as glucosyl derivatives. The major flavonoids present
in these preparations are chrysin, vitexin, isovitexin, schaftoside,
isoschaftoside, orientin, isoorientin, homoorientin, apigenin, and
swertisin.7,8

Alkaloids are another chemical class represented in passion
flower extracts. Individual agents include harmane, harmol,
harmaline, and harmalol.6 Maltol, a flavor enhancer found in many
plants, is also produced by passion flower. Numerous other chemicals
and chemical classes have been identified in passion flower extracts.
Undoubtedly there are scores of other, as yet unidentified, chemicals
in these products. The flavonoids and alkaloids in all species of pas-
sion flower are found in other plants. As the concentrations of the
alkaloids in passion flower are much lower than for the flavonoids, the
latter are thought to be most responsible for the pharmacological
responses associated with this plant.2,9

There is considerable variation in the concentrations of the
flavonoids and other compounds among passion flower species and in
different portions of the plant.10 The leaf extracts display the most
anxiolytic activity in mice, followed by stem and flower extracts, with
root extracts being incapable of inducing this response.11

Genetic diversity among the species is a major determinant of the
chemicals produced by the plant. For example, two distinct chemo-
types found in passion flowers are cultivated in Australia. The most
common of this duo produces an extract with high concentrations of
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isovitexin, schaftoside, and isoschaftoside, while the other has high
levels of swertisin and low levels of schaftoside and isoschaftoside.12

Thus, plants appearing identical to the naked eye, and even upon
microscopic examination, can yield different products. Furthermore,
as with all flora, differences in the chemical composition of an extract,
even from the same cultivar, occur with variations in the age of the
plant, the time of harvest, and local growing conditions. The solvent
used and the method of extraction are also important variables in
determining which plant constituents and their concentrations
appear in the final product. This might explain why in some, but not
other, animal studies it was found that an aqueous extract was more
sedating, while ethanol and methanol extracts were more anxio-
lytic.11,13 Others found that a chloroform extract yielded the most
active anxiolytic activity when tested in mice, while an ethanol extract
was more effective than an aqueous solution in suppressing free radi-
cals and preventing tissue damage.4,14 Because of differences in
source materials, and the resultant variability among extracts, it is vir-
tually impossible for investigators to replicate precisely the work of
others. It also poses a challenge for the consumer with regard to the
consistency of commercial products.

Chrysin and vitexin are two passion flower flavonoids suspected
of being pharmacologically active. Others receiving attention are
orientin, apigenin, and swertismarin. Samples of these purified sub-
stances were examined in vivo and in vitro to assess the likelihood that
one, or perhaps a combination of them, is responsible for the
reported therapeutic effects of passion flower. Such data are the most
reliable and reproducible as they are generated using a single, chem-
ically identified, substance. The majority of published studies, how-
ever, employ a passion flower extract, limiting interpretation of the
findings. Given the complex taxonomy of this genus, morphological
similarities among the numerous species, the variety of chemicals
present in the plant extract, and the variations in the chemical con-
tent of the plant and extract in genetics, in extraction method, and
other factors, the literature on the pharmacokinetic and pharmacody-
namic properties of passion flower is often contradictory, confusing,
and inconclusive. If passion flower extract is affecting central nervous
system function, the current evidence is unpersuasive that the chem-
ical constituent responsible for its action has been identified.
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Pharmacokinetics
A great deal of in vitro data suggest that plant flavonoids in general
can influence biochemical responses in a variety of tissues and
organs, including the brain. However, only a small fraction of this
compound class has been subjected to detailed pharmacokinetic
studies.

There has been interest for some time in chrysin pharmacokinet-
ics because of its purported effects on hormone metabolism and
brain function. The intestinal absorption of chrysin is limited due to
metabolic transformation in the gastrointestinal system and the
presence of an efficient transport system that prevents significant
quantities from entering the bloodstream.15 Such findings raise
doubts about chrysin being responsible for any of the pharmacologi-
cal effects of passion flower extract.

In other studies, four passion flower flavonoids, isovitexin,
vitexin, orientin, and homoorientin, were administered orally to rats
to examine their metabolism and excretion.16 As the majority of the
administered dose of these agents was found in the feces, it appears
these flavonoids are not readily absorbed into the systemic circula-
tion. When given alone to rats, the maximum blood levels of vitexin
were attained in less than an hour following oral administration, and
its serum half-life was approximately two and a half hours.17 The liver
and kidney were the organs with the highest concentrations of this
compound. Notably, none was found in the brain. As most of the
administered dose of vitexin was recovered in the feces, it was con-
cluded that its absorption is limited following this route of adminis-
tration. Indeed, it is estimated that only 3% to 4% of an orally
administered dose of vitexin makes its way from the gastrointestinal
system into the bloodstream.18 Thus, the bulk of the ingested agent
never exits the digestive tract. Of the small fraction that does reach
the circulation, the majority is rapidly metabolized in the liver. These
findings, especially the absence from the brain, make it appear
unlikely that vitexin is responsible for any of the central nervous sys-
tem effects of passion flower.

With regard to apigenin, studies in rats indicate it is slowly
absorbed following oral administration. However, its appearance in
blood is limited by the fact that it is metabolized by intestinal bacteria
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and, once absorbed, rapidly metabolized by the liver.19-21 A study with
human volunteers revealed that small quantities of apigenin appear in
blood following the consumption of parsley.22 No information is avail-
able on whether apigenin appears in the brain when it is consumed
orally and, if so, what the concentrations are when it is taken in this
manner. Inasmuch as its absorption from the gastrointestinal system
is limited, and a significant fraction is metabolized before it can be
absorbed, there is little likelihood that the brain concentrations of
apigenin are sufficient to induce changes in central nervous system
function.

Although luteolin appeared in rat and human blood after it was
taken orally, a significant portion was metabolized in the intestine and
liver, limiting the amount available for mediating pharmacological
effects.23 While in rats it appears luteolin absorption occurs primarily
by passive diffusion, up to one-third of the quantity ingested is
excreted in the feces. It is evident, therefore, that only a limited
amount of luteolin finds its way into the bloodstream even when it is
administered in solvents that would be expected to facilitate its
absorption.24,25 It is likely that the passage of luteolin from the human
gastrointestinal system into blood would be much less than that
reported in these laboratory animal studies as the extract formulation
used clinically would not be as optimal for its absorption.

As for orientin, very little, if any, of this compound was found in
rat brain following its intravenous administration.26 This indicates
that orientin is not sufficiently lipid soluble to cross into the brain
even if significant quantities are present in blood. Such a finding sug-
gests that, like the other passion flower flavonoids examined, orientin
is not a good candidate as the constituent responsible for central
nervous system effects.

Laboratory studies demonstrate that passion flower extract, and
some of the individual flavonoids contained in this product, have the
potential to influence the response to other drugs. In vitro experi-
ments revealed that this extract can interfere with a transport system
that restricts the absorption of drugs used to treat breast cancer.27 If
such an interaction occurs in humans, co-administration of the extract
with these chemotherapeutics could enhance their effectiveness. Con-
versely, these data also indicate that by affecting this efflux transporter
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system, the passion flower extract could facilitate the absorption of
toxic agents that would normally be excreted before gaining entry into
the systemic circulation.28

There are numerous reports on the ability of chrysin, apigenin,
and luteolin to affect the activity of drug metabolizing enzymes.29-33

Both enhancement and inhibition of enzyme activity have been
reported, depending on the type of in vitro analysis performed and
the particular enzyme examined. As such studies are generally con-
ducted in vitro, their relevance to what occurs in humans consuming
this supplement is unknown.

These pharmacokinetic data indicate that passion flower flavo-
noids penetrate poorly into the bloodstream following oral adminis-
tration. For this reason alone, they are not good candidates as the
chemical constituents responsible for the pharmacological effects of
passion flower extract. The finding that some of these flavonoids can
influence the transport of certain drugs and toxic agents into and out
of the gastrointestinal system could be of clinical significance since
this does not necessarily require absorption into the systemic circula-
tion. If consumed in sufficient quantities, passion flower extract could
very well modify the absorption of other substances as the herb
travels down the gastrointestinal tract.

Pharmacodynamics
The fact that passion flower extract affects central nervous system
function has been demonstrated in a host of in vivo laboratory animal
studies. In particular, a number of investigators have reported that
administration of the extract to rats or mice induces antianxiety, or
anxiolytic, and sedative effects.9,11,14,34 What complicates these findings
is that extracts from different plant species are used for these studies,
different solvents are employed for the extraction procedure, and var-
ious doses are tested using different routes of administration. With
regard to plant species, extracts from Passiflora incarnata, edulis, alta,
and quadrangularis are just some of those examined.14,35-37 Solvents
used to prepare these extracts include water, alcohol, butanol, petro-
leum ether, and chloroform. The doses of extract administered ranged
from less than 0.4 to up to 600 mg/kg, administered either orally or by

168 herbal supplements and the brain



ptg7913130

intraperitoneal injection. While some investigators report an anxiolytic
response to an aqueous extract, others found that an aqueous fraction
is inactive in this regard.35,36,38 There are also marked differences in the
anxiolytic response to extracts prepared from butanol and chloro-
form.14,36 Experiments with isolated flavonoids indicated that, when
administered alone, both chrysin and apigenin display anxiolytic activ-
ity in rats and mice.39-41 In these studies, chrysin was also shown to
cause sedation and to induce skeletal muscle relaxation. Others, how-
ever, suggest that because the aqueous passion flower extract contains
only small quantities of flavonoids, this compound class, which would
include chrysin and apigenin, could not possibly be responsible for the
antianxiety and sedative responses to this herb.42 When studied as
purified substances, neither the alkaloid harmane, nor maltol, induce
any behavioral effects in laboratory animals.9

While the vast majority of these studies suggest that passion
flower extract displays anxiolytic and sedative properties in rodents,
there is no consensus on the optimal extraction procedure and dose
needed to induce robust and consistent responses in these subjects.
This raises questions about the meaning of these results in terms of
their relevance to human use, and their value for identifying the
pharmacologically active substance. If a single compound is responsi-
ble for the pharmacological effects, it should be most evident when it
is extracted in a particular solvent. As this is not the case, either vari-
ous constituents are present in passion flower that are capable of
directly modifying brain function or the behavioral changes noted in
the laboratory result from nonspecific effects of extract constituents
on behavior.

The therapeutic utility of passion flower extract has also been
suggested by placebo-controlled clinical trials.43-49 Volunteers who
consumed one cup of passion flower tea each day for a week reported
a better quality of sleep than a control group that did not receive the
beverage. Given the large doses that normally must be administered
to laboratory animals to evoke a behavioral effect, and the pharmaco-
kinetic properties of the passion flower constituents thought to be
responsible for its central nervous system actions, it is questionable
whether the small quantities consumed in a cup of tea would be suffi-
cient to have any objective effect on sleep.
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Clinical trials have also suggested that passion flower extract is an
effective treatment for generalized anxiety disorder, supporting the
idea that this herb has anxiolytic effects.45,46 A similar conclusion was
drawn from other studies comparing the antianxiety response to pas-
sion flower to that associated with oxazepam, an established anxiolytic
drug. Moreover, it was reported that preoperative patients who took a
passion flower product had lower anxiety scores than preoperative
patients not given the herbal supplement.

The clinical data on passion flower have been used to justify its
listing as one of 9 plants out of 1,000 examined that displays evidence
of inducing a therapeutic effect.49 Nonetheless, passion flower clinical
trials conducted thus far are limited in number and have yet to be
replicated with larger patient populations and rigorous measures of
efficacy.50 While the animal and clinical experiments tend to support
the use of passion flower extract as a calming agent, further studies
are needed to determine whether this is a pharmacological response
to the herb or a manifestation of a psychological effect. The latter
interpretation seems likely inasmuch as pharmacokinetic studies have
yet to demonstrate conclusively that passion flower contains any com-
pound, or group of compounds, that penetrates into the brain follow-
ing oral administration of the extract. For this reason, questions
remain about the pharmacological value of this herb, the clinical and
laboratory data notwithstanding.

Laboratory animal work also suggests that passion flower extract
displays anticonvulsant, antidepressant, and analgesic activities.51-55

Because passion flower extract was found to reduce the amount of St.
John’s wort (see Chapter 6) needed to induce an antidepressant
response in animal models, it was suggested that combined treatment
with these two herbal supplements may yield a superior clinical
response than can be achieved with either alone.52

With regard to its anticonvulsant activity, in one study a Passiflora
incarnata ethanol extract was shown to be effective in mice at a dose
of 0.4 mg/kg, whereas in another the effective anticonvulsant dose of
the same type of ethanol extract was between 150 and 600 mg/kg in
mice. The large difference in doses with these ethanol extracts from
the same plant species illustrates why many find it difficult to draw
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firm conclusions from such work. Such variations in findings do not
normally occur if investigators use identical experimental protocols
with a single, purified substance. They also would not be expected if
passion flower produced significant quantities of a pharmacologically
active agent that affects brain function.

It has been reported that orientin, a passion flower flavonoid, dis-
plays analgesic activity, whereas vitexin, another flavonoid, is inactive
in conventional animal models of pain.55,56 It is doubtful this finding
has any clinical significance because neither orientin nor vitrexin
readily accumulates in the brain following oral administration, and
analgesia is not an effect widely reported by humans during the sev-
eral hundred years this herb has been consumed.

Studies aimed at defining a possible mechanism of action for the
central nervous system effects of passion flower have focused on the
brain GABA neurotransmitter system. Inasmuch as GABA is an
inhibitory transmitter, agents that enhance its activity are known to
relieve anxiety, induce sleep, and block seizures. Because all of these
responses are reported for passion flower, an effect on GABA would
provide a plausible explanation for its central nervous system actions.
In fact, in vitro studies with passion flower extract indicate it affects
components of the brain GABA system.3,51,57,58 The extract is reported
to inhibit GABA accumulation into brain cells, which would prolong
the action of this transmitter, to interact with GABA binding sites,
and to induce GABA-like effects in rat brain slices. In vivo work in
laboratory animals has also supported a possible interaction between
passion flower herb and the brain GABA system.34 These in vivo and
in vitro findings suggest that the extract contains a substance capable
of directly activating brain GABA receptors. In fact, it is now known
that the active constituent is GABA itself. As is true for many plants,
passion flower, like mammalian brain, produces GABA. This means
that GABA is present in the plant extract.51,59 Because of this, the in
vitro results indicating that passion flower extract activates GABA
receptors, interacts with GABA binding sites, and inhibits GABA
accumulation in the brain can all be easily explained by the presence
of GABA in the test sample. As GABA is not absorbed following oral
administration, nor does it readily cross into the brain, the GABA in
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the passion flower extract cannot be responsible for any of the
reported behavioral effects of this herb. Accordingly, the significance
of the data suggesting that passion flower extract interacts with the
brain GABA system is suspect unless the investigators demonstrate
they have removed this amino acid from the experimental sample. As
this is not routinely done, no definitive data exist indicating that pas-
sion flower extract selectively interacts with GABA or any other neu-
rotransmitter system in the brain.

With regard to effects outside the central nervous system, there
was for some time the belief that chrysin decreased estrogen levels.
This idea resulted from the discovery that, in vitro, chrysin inhibits
aromatase, an enzyme responsible for the conversion of testosterone
to estrogens.60 If this occurred in vivo, such an effect could be
exploited for treating some types of cancer and for increasing testos-
terone levels. This latter effect made chrysin-containing foods popu-
lar among men who thought such an action could increase their
strength, energy, and sex drive. After years of study it was concluded
that while chrysin is capable of inhibiting aromatase in vitro, it is inac-
tive in vivo, most likely because of its poor bioavailability and rapid
metabolism.61-64 This illustrates the importance of pharmacokinetics
in determining the responses to drugs and natural products. It also
demonstrates further that chrysin is an unlikely candidate as the pas-
sion flower component responsible for central nervous system
effects.

Other responses to passion flower and its constituents that 
have been reported are a reduction in free radicals and an anti-
inflammatory effect.4,65,66 Both of these actions are characteristics of
many flavonoids. These effects are used to explain laboratory animal
findings that passion flower extracts protect heart muscle from
ischemic damage, display antiulcer activity, and are effective as treat-
ments for inflammatory bowel disorder, allergies, and major depres-
sion.67-71 There are also suggestions that passion flower extract, or
individual passion flower flavonoids, have antidiabetic and anticancer
effects.72,73 As no definitive clinical studies support any of these uses,
and it is known that the flavonoids shown to be active in vitro are
poorly absorbed in humans, it seems unlikely that passion flower
extract, or components thereof, are of any clinical value in the treat-
ment of these conditions.
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Adverse Effects
While in one clinical study it was noted that the administration of pas-
sion flower caused drowsiness, dizziness, and confusion in some sub-
jects, the herb appears to be generally free of side effects when taken
alone at the recommended dose.45 Given its potential to reduce cen-
tral nervous system activity, caution should be exercised when taking
passion flower in combination with drugs and other agents, such as
alcohol, that are known to be sedating. This is illustrated by the report
of an individual who experienced dizziness, tremor, and feelings of
fatigue after consuming passion flower with valerian (see Chapter 7)
and lorazepam, both of which are known to decrease central nervous
system activity.74

Passion flower extract, and some of its individual components,
can modify the absorption and excretion of drugs. Such effects are
due to the interactions of the passion flower constituents with trans-
port systems in the intestines and other tissues, and with their ability
to modify the activity of liver enzymes responsible for drug metabo-
lism. Although questions remain about the extent to which passion
flower constituents enter the bloodstream after oral administration,
and therefore the likelihood they will affect these drug transporters
and metabolizing enzymes, the possibility exists that consumption of
this herbal supplement, especially over extended periods, could influ-
ence responses to prescription medications that are taken at the same
time.

Pharmacological Perspective
It is a fact that many individuals find consuming passion flower
extract relieves tension and anxiety, and facilitates sleep. To deny this
it would be necessary to ignore or discount the hundreds of years this
herb was used for these purposes, both in prehistoric times and in the
modern era. Moreover, there are ample laboratory animal and clinical
data demonstrating these effects. What is uncertain is whether these
actions represent a pharmacological response to chemicals contained
in the passion flower extract or are, in humans at least, nonspecific
behavioral effects that occur only in those who believe this herb has
such beneficial actions. Behavioral studies on placebo responses
demonstrate that humans are able to experience all types of emotions
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and to obtain symptomatic relief from numerous conditions, simply
by believing, even if incorrectly, that they have consumed an effective
medication. Such a placebo response could also explain the popular-
ity of passion fruit among Native Americans. That is, cultural influ-
ences and expectations can have a significant effect on the behavioral
response to any substance, whether or not it has a direct effect on the
brain. The degree to which the responses to passion flower are psy-
chologically, rather than pharmacologically, mediated remains unre-
solved given the experimental inconsistencies and contradictory
findings with this substance, and the lack of success in identifying a
chemical constituent responsible for these effects.

Some individuals are persuaded of the pharmacological actions of
passion flower by the results from in vivo laboratory animal studies.
After all, rats and mice are not likely to be psychologically primed to
respond to this herb in a certain manner. However, there are many
reasons such animal data cannot be taken as proof that a compound
or plant extract has a particular effect in humans. Among these is the
lack of information on the relative difference in the doses used in the
laboratory as compared to those taken by humans. Without precise
knowledge about the pharmacokinetic properties of the active con-
stituent, it is impossible to know how much a human would have to
swallow to consume an amount equivalent to what the laboratory ani-
mal receives when it is administered 600 mg/kg of the extract. While
it is possible that some passion flower substances enter the brain and
induce a behavioral response in rats when administered at this dose,
such an effect would never occur clinically if the animal dose far
exceeds the amount recommended for human use.

Administration of passion flower extract does have a calming
effect for some individuals, although the scientific evidence support-
ing a pharmacological basis for this response is weak. The lack of solid
laboratory and clinical data will not, and should not necessarily, deter
the use of this product for those who find it beneficial. Nonetheless,
many will remain skeptical about the value of this extract for any ther-
apeutic purpose until one of its constituents is shown to exhibit the
pharmacokinetic and pharmacodynamic properties expected of a
substance, or of a defined mixture of plant constituents, that would be
capable of altering behavior.
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Coffee, Tea, and Cocoa
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Caffeine, a central nervous system stimulant, is the most widely used
plant product in the world. Virtually everyone has experienced its
pharmacological effects. It is estimated that the amount of caffeine
consumed daily is the equivalent of one cup of coffee for every man,
woman, and child on Earth. This rate of intake is understandable as
caffeine is a component of numerous consumer products. Besides
coffee, caffeine is present in tea, cocoa, chocolates, maté, soft drinks,
and various over-the-counter medications. The chief plant sources for
caffeine are the shrubs Coffea arabica and Coffea canephora, and the
trees Camellia sinensis and Theobroma cacao. The species epithet
arabica was given to the coffee plant because of its place of origin.
Camellia is the latinized version of Kamel, the surname of a Jesuit
pharmacist and botanist who lived in the Philippines, and sinensis is
Latin for “from China.” Theobroma is Greek for “food of angels,” and
Cacao derives from the Aztec term cacahuatl, which means “bitter
water.” This describes the taste of the brew made from the
unprocessed chocolate. Cacao is the name of the plant and its extract,
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whereas cocoa is the beverage made from the chocolate produced by
this plant.

The genus Coffea is native to Africa and the Arabian Peninsula,
Camellia to China and Southeast Asia, and Theobroma to tropical
portions of the Americas. Over the centuries, armed conquest, explo-
ration, and trade routes spread these plants, and their uses, around
the globe. The popularity of caffeine has continued to grow unabated.
Although it is possible to synthesize the caffeine molecule, it is still
chiefly obtained from plants.

Prior to the fifteenth century, coffee beans were produced only in
Africa. The use of coffee as a beverage spread from Ethiopia and
Yemen to Egypt and then to Turkey. Bunchum, an Arabian coffee,
was first described in the ninth century by al-Razi, a Persian physi-
cian. It was noted that consumption of coffee could prolong the num-
ber of hours worked. By the seventeenth century coffee was being
enjoyed throughout Europe.

The documented history of tea predates that for coffee. Records
indicate that tea was prepared for Chinese royalty as early as 3000 BC.

Archaeological findings suggest that beverages from the cacao
plant were consumed in Mexico 4,000 years ago. Constituents of the
cacao bean have also been identified in 2,600-year-old Mayan pottery.
It is known that Mayans held an annual celebration to pay homage to
the cacao god. It was used by Native Americans as an herbal remedy
and for cooking. Their awareness of its stimulant properties is evident
from writings indicating they consumed a chocolate drink to relieve
fatigue. It is thought that Columbus was the first European to taste a
cacao bean. Cacao and chocolate remained unknown in Europe until
the seventeenth century when the plant was brought to the European
continent by Spanish explorers.

Caffeine is an excellent example of a plant product that can affect
brain function. Because it is derived from a variety of unrelated
species, no single plant is highlighted in this chapter. Rather, the
focus is to consider the sources and pharmacological properties of
caffeine to demonstrate how such information is useful for defining
the clinical utility of a plant constituent. A discussion of caffeine also
emphasizes the pharmacological potential of alkaloids as compared
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with other types of plant chemicals. Whereas the relatively recent dis-
covery of galantamine in daffodil (see Chapter 12) illustrates how dif-
ficult it can be to identify plant constituents having subtle effects on
brain function, caffeine is an example of how straightforward the dis-
covery process is when the central nervous system effects are obvi-
ous. This provides an important lesson for consumers interested in
assessing the potential effectiveness of an herb for treating a central
nervous system disorder. As shown by caffeine, it is relatively easy to
obtain data demonstrating a definitive, predictable, and consistent
response to a plant constituent if its effects are readily apparent.
While the stimulating effects of these plants have been appreciated
for thousands of years, it was not until the nineteenth century that
caffeine was first isolated from them. This made it possible to demon-
strate that caffeine was the constituent most responsible for the cen-
tral nervous system effects of these plants. Unlike many of the herbal
products sold today, it was evident to all even before the modern era
that these plants contain pharmacologically active constituents.

Botany
The plants used for preparing the more popular caffeinated bever-
ages are botanically diverse. The most common tea plant is one of the
100 species of the genus Camellia in the family Theaceae. The camel-
lia flower comes from a different species, Camellia japonica, which is
native to Japan. Wild varieties of the tea plant are found mainly in
southwestern China, South and Southeast Asia, and eastern India.
The flowers are yellow to white. Tea is prepared from the leaves. Vir-
tually all varieties of tea are produced from Camellia sinensis. This
includes white, green, and black teas, as well as oolong. Their differ-
ent tastes result from the way they are processed, which causes varia-
tions in the concentration of chemical constituents. Inasmuch as this
species has been cultivated for millennia, it is no surprise that many
different cultivars have been developed. Camellia sinensis is a peren-
nial, evergreen tree. Cultivated varieties are usually kept at two to six
feet in height. In the wild they can be up to 100 feet tall.

Leaves of Ilex paraguariensis are used to make maté, a South
American tea. Ilex is a member of the holly family, Aquifoliaceae. It
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grows wild in warm regions of South America. Other members of this
family are found throughout Europe, Asia, and the Americas. One
species, Ilex vomitoria, is native to the southern United States. Native
Americans made a tea from its leaves.

Coffee beans are the seeds of Coffea arabica, a shrub that grows
wild in the tropical areas of Ethiopia and the Sudan. Caffea is a mem-
ber of the Rubiaceae family, a varied and cosmopolitan group of
mostly tropical, both woody and herbaceous, plants. Coffee trees
grow up to 40 feet in height. The leaves are a glossy green and the
flowers white. The fruit, which is bright red, is composed of an outer
fleshy layer that protects the pit which, normally, contains two seeds.
It is these seeds that are referred to as coffee beans.

Theobroma cacao is the taxonomic designation for the evergreen
that produces cocoa beans, the source of chocolate. Caffeine is a con-
stituent of chocolate. Theobroma belongs to the family Sterculiaceae,
of which there are 22 species. A tropical plant native to the Americas,
the cacao tree is about 25 feet tall at maturity. It produces small
flowers that are pollinated by flies, rather than bees or butterflies.
The seeds, or beans, from which cocoa powder and chocolate are pre-
pared are contained in its fruit, or pod, which weighs nearly a pound.
It is believed the plant originated in the Amazon region of South
America. Products from other members of this group include kola
nuts from Cola acuminata, which is found in tropical America, and
nuts produced by various species of Sterculia in tropical Asia.

The common feature of all of these plants is that they produce caf-
feine, a pharmacologically active substance that affects various organ
systems, including the brain. These effects popularized their use among
native peoples from diverse and geographically distinct cultures.

Therapeutic Uses
Historically, caffeine-containing plants were consumed because of
their ability to increase alertness and to diminish fatigue. These
effects are now known to be due to the presence of three alkaloids in
the plant extracts: caffeine, theophylline, and theobromine. As a
group, these compounds are known as methylxanthine alkaloids.
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It was noted in a sixteenth century text that the Chinese drank tea
because they found the beverage invigorating and felt that it
improved their mental abilities.1 In China the leaf of Camellia japon-
ica, the species most noted for its flowers, was mixed with oil and
applied topically to treat burns. Leaves of Camellia sinensis were
used as a poultice for treating skin ulcers, swellings, and bruises. A
strong decoction of tea was also used for washing wounds and sores.1

In addition, the Chinese used tea for treating asthma and cardiovas-
cular disorders. In India, a beverage prepared from Camellia sinensis
was applied to inflamed gums.2

There are few written records on the early medicinal use of
chocolate. Nonetheless, it has been noted that mixtures containing
cacao were employed by Native Americans for therapeutic, as well as
ritualistic and culinary purposes. Since its isolation and purification in
the late nineteenth century, theobromine, the main alkaloid in cacao,
has been taken to enhance blood circulation, to stimulate the heart,
and as a diuretic to increase urination. Given these effects, the condi-
tions that were once treated with this alkaloid include atherosclerosis,
angina, and high blood pressure. Recently it has been suggested that
theobromine may be a useful cough suppressant.3

In Western medicine, caffeine and caffeinated beverages were in
the past employed clinically to stimulate respiration and as diuretics.
The latter effect was beneficial in reducing the fluid accumulation
associated with various medical conditions, such as heart failure. Caf-
feine has also been prescribed to treat apnea, a temporary cessation
of breathing, in infants. Theophylline has been taken on its own as a
diuretic, for relieving the symptoms of asthma, and for treating symp-
toms associated with chronic obstructive pulmonary disease (COPD).
Because consumption of methylxanthine alkaloids stimulates cardiac
muscle, they have been administered to increase heart rate and blood
flow. Theobromine, in particular, has been utilized for this purpose.

A number of human studies have been aimed at determining
whether there is a beneficial correlation between the consumption of
caffeinated beverages and certain medical conditions. There are
reports that the daily consumption of two or more cups of caf-
feinated, but not decaffeinated, coffee reduces the incidence of
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depression.4 In a separate, smaller study, it was suggested the
incidence of depression was reduced if polyphenols were added to
decaffeinated coffee.5 There have also been reports that coffee con-
sumption may be linked to a decrease in the risk for breast and colon
cancers, for type 2 diabetes, and for cardiovascular disease.6-10 While
such findings are interesting, especially for the millions who consume
significant quantities of coffee, such correlations do not prove a
causal link between caffeinated drinks and the reported protection
from these conditions. Further studies are needed, preferably with
single, purified compounds, to demonstrate these clinical benefits
conclusively.

Caffeine-containing consumer products are still marketed as aids
for staying alert and awake. In the past, caffeine has also been a com-
ponent of drug combinations to counter the sedative effects of anti-
inflammatory and analgesic agents. Today, however, none of these
methylxanthine alkaloids are used routinely for therapeutic purposes.
Rather, for the most part, they are consumed as ingredients of cof-
fees, teas, chocolate, and soft drinks.

Beyond the alkaloids, there has been a growing interest in the
polyphenol content of caffeinated beverages, especially teas prepared
from Camellia sinensis. Data suggest that these plant products may
have beneficial antioxidant and anti-inflammatory activities. It has
also been proposed that polyphenol dietary supplements may help
induce weight loss.11

Constituents
Scores of plant chemicals are contained in beverages brewed from
coffee beans, cacao beans, or tea leaves. Of these, the most character-
ized, and the ones that have thus far demonstrated the most pharma-
cological activity, are the alkaloids caffeine, theophylline, and
theobromine. Caffeine is produced in plants through a multistep
process. Theobromine is one of the chemical intermediates in the
plant synthesis of caffeine. Both theophylline and theobromine,
besides being present in these plants, are also produced in humans
following ingestion of caffeine. Thus, the blood concentrations of
theophylline and theobromine are dependent, in part, on the amount
of caffeine consumed and metabolized.
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Plants do not synthesize these alkaloids for the enjoyment of
humans. Rather, these chemicals are insecticides that protect the
plant from natural predators. It has been proposed that polyphenols,
including the various flavonoids present in these extracts, may have
important therapeutic effects. However, because their purported
actions are more subtle than those induced by the alkaloids, the actual
therapeutic benefits of the polyphenols remain a matter of debate.

Structurally, caffeine is a methylxanthine alkaloid (see Figure
14.1), as are theophylline and theobromine. The structural difference
among these compounds is the location of the methyl groups on the
xanthine molecule. Of these three compounds, caffeine is the most
potent central nervous system stimulant.

The term caffeine is derived from café, the French word for cof-
fee. A typical cup of coffee contains approximately 100 mg of caffeine
and maté about 85 mg. There is only 50 mg or so of caffeine in a cup
of tea, and around 5 mg in a cup of cocoa. Theophylline is present in
only trace amounts in coffee and cocoa, but in greater quantities than
caffeine in teas. While there is very little theobromine in tea and cof-
fee, up to 250 mg of this alkaloid are present in a cup of chocolate and
some 40 mg in a cup of maté. Thus, coffee should be drunk if caffeine
is being sought, tea for theophylline, and cocoa or maté if consump-
tion of theobromine is the objective. Because cacao contains much
lower amounts of caffeine per unit of weight, chocolate and other
cacao containing products have much less stimulant effects on the
central nervous system compared with coffee and tea. These distinc-
tions are not absolute, however, as the relative amounts of the differ-
ent alkaloids will vary in a beverage depending on the cultivar used
and the way the bean or leaf is processed and brewed. For example,
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darker roast coffees generally have a lower caffeine content than
lighter roasts, even though the darker may taste more bitter. The sit-
uation is the same for teas, with lighter brews, such as Japanese green
tea, having a much higher caffeine content than darker brews.12 The
longer brewing process used to prepare the darker coffees and teas
diminishes the caffeine content.

The flavonoid catechins are the most abundant polyphenols in tea
(see Figure 14.2). The most common catechin in tea is
epigallocatechin-3-gallate. As with other plant constituents, the cate-
chin content differs widely among teas.13 The main polyphenols in cof-
fee are chlorogenic acid, caffeic acid, and trigonelline.14 Polyphenols
make up 10% of the dry weight of cacao beans.15 A major polyphenol
in cacao is clovamide.16 All cacao beverages contain catechins.17

Maté, a South American tea, more resembles coffee than other
teas in that chlorogenic and caffeic acids are the major polyphenols
contained in this drink.18,19

Pharmacokinetics
In both laboratory animals and humans, caffeine, theophylline, and
theobromine are readily absorbed into the bloodstream after oral
administration. When rats are administered about 8 mg of caffeine by
mouth, the blood levels achieved are sufficient to cause behavioral
changes characteristic of central nervous system stimulation.20 In
humans, the maximal plasma concentration of caffeine is attained
within an hour of ingestion. The half-life for caffeine in human blood
ranges from three to five hours, whereas the half-lives for theo-
phylline and theobromine are six to seven hours.21 The majority of a



ptg7913130

chapter 14 • coffee, tea, and cocoa 183

dose of caffeine, theophylline, or theobromine is metabolized in liver,
with only small fractions of the parent compounds excreted
unchanged in the urine.22,23 The blood levels of caffeine following the
oral administration of 100 mg, roughly the amount consumed in a cup
of coffee, are sufficient to increase wakefulness.24 The human inges-
tion of 1 gram or more of caffeine causes marked central nervous
system stimulation, which manifests as insomnia, restlessness, excit-
ability, and, possibly, seizures.22

Unlike the alkaloids, the polyphenols, such as the catechins in
green tea, are poorly absorbed following oral administration.11

Nonetheless, it is believed the consumption of these substances
causes a reduction in levels of oxidative stress, a process thought to be
responsible for a number of medical conditions.25 Given their low
lipid solubility, it is unlikely that any of the central nervous system’s
effects of coffee or tea are due to an action of polyphenols in the
brain. Rather, if the catechins are pharmacologically active, their
effects are probably restricted to tissues and organs located outside of
the central nervous system.

Because the methylxanthine alkaloids are so dependent on liver
metabolism for their elimination, any changes in the activity of the
relevant metabolizing enzymes will shorten or prolong their half-lives
in blood, and therefore affect the pharmacological responses to these
agents. For example, theophylline is more readily eliminated, and
therefore less active at a given dose, in children and smokers, whereas
the response to it is enhanced in individuals with liver disease as they
are less able to metabolize it efficiently. Also, drugs and other agents
that are broken down by these same liver enzymes could, especially if
administered for prolonged periods of time, affect the rate of elimina-
tion of the methylxanthines. Certain antibiotics, for example, are
known to inhibit a liver enzyme that is important for the metabolism
of caffeine, slowing significantly its destruction and thereby prolong-
ing its action.

The pharmacokinetic data for methylxanthines produced by cof-
fee, tea, and cacao plants indicate these agents have characteristics
that are typical for drugs known to penetrate into the brain and evoke
central nervous system effects. These results are strong evidence that
the brain stimulation associated with the consumption of these plant
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products is due to these compounds. In contrast, the more limited
absorption of polyphenols following oral administration casts signifi-
cant doubt on their ability to penetrate into the brain.

Pharmacodynamics
The most prominent response to caffeinated beverages is central nerv-
ous system stimulation. Evidence that this action is due primarily to
the caffeine content of these plant products is provided, in part, by the
finding that consumption of decaffeinated coffee has less of an effect
on mood and cognitive performance than caffeinated coffee.25 At con-
ventional doses the caffeine-mediated brain stimulation is character-
ized by an increase in alertness, as well as improvements in muscle
coordination and in the ability to concentrate. In both laboratory ani-
mals and humans, caffeine, theophylline, and theobromine also have
direct effects on organs and tissues outside of the central nervous sys-
tem. These include stimulation of the heart rate and force of contrac-
tion, dilation of blood vessels and lung bronchioles, and an effect on
the kidney to increase urination. The direct action on the heart
increases cardiac output, which is a measure of the amount of blood
pumped from the heart with each contraction. Tolerance, or a dimin-
ished response, to these and other effects of the methylxanthines, as
well as physical and psychological dependence, develop with their
continuous administration. With the development of tolerance, the
response to a fixed dose is diminished. Accordingly, tolerant individu-
als must take more of these compounds than naïve users to achieve the
same effect.

Studies, primarily in vitro, suggest that polyphenols found in cof-
fee, tea, and cocoa may have anti-inflammatory effects, inhibit the
formation and growth of tumors, help prevent cardiac disease, and
display antibiotic activity.26,27 While there is little doubt these com-
pounds display such activities in test tube assays, consistent and
definitive in vivo data are lacking to support these findings.

Although caffeinated beverages have been consumed for thou-
sands of years, it was not until the late twentieth century that the mech-
anism of action of the methylxanthines was defined. At the biochemical
level, two prominent effects are inhibition of phosphodiesterase, an
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enzyme responsible for the destruction of an important intracellular
chemical, and inhibition of the receptor for adenosine, a neurotrans-
mitter substance.24 It is believed that the reduction in adenosine trans-
mission is primarily responsible for the central nervous system
stimulant effect of the methylxanthines, caffeine in particular.28

Adenosine is a cellular chemical located in tissues throughout the
body, including the brain. Besides its important role as a component of
the energy generating system in cells, adenosine also serves as a neuro-
transmitter. There are several molecularly distinct adenosine recep-
tors in the central nervous system. Two of these, the adenosine A1 and
A2A receptors, appear to be the ones most readily inhibited by caffeine.
The adenosine A1 receptors are highly localized in the brain stem and
certain areas of the cerebral cortex, whereas the A2A sites are concen-
trated in the hypothalamus. As adenosine is an inhibitory neurotrans-
mitter, activation of its receptor decreases neuronal activity in these
and other brain regions.29-33 It is inhibition of the action of adenosine
by caffeine and the other methylxanthines that is responsible for the
enhanced alertness and cognition, and the reduction in fatigue, that is
associated with the consumption of coffee, tea, and cacao. It is sus-
pected that changes in adenosine receptors play a crucial role in the
development of tolerance to caffeine, and in the withdrawal symptoms
experienced when the intake of this methylxanthine is halted after a
prolonged period of consumption. Inhibition of adenosine receptors
in the corpus striatum is thought to be responsible for the effects of
caffeine on locomotor activity and muscle coordination.28,34

Oxidative stress in neurons may be a major factor in the cell death
associated with neurodegenerative disorders, such as Alzheimer’s and
Parkinson’s diseases, and in the normal cognitive decline experienced
with aging.35 It has been shown in vitro that some catechins present in
tea, especially epigallocatechin-3-gallate, are capable of neutralizing
the chemical compounds, referred to as oxygen radicals, that mediate
the tissue destruction associated with oxidative stress.36 This has led to
proposals that this polyphenol may protect the brain from the ravages
of oxygen radicals. There remain significant doubts about this theory
because the concentrations of epigallocatechin-3-gallate needed to
block the effects of oxidative stress are far above those that would be
anticipated in the brain following consumption of typical amounts of
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tea. Moreover, a clinical trial found no evidence supporting the theory
that epigallocatechin-3-gallate increases the antioxidant activity in
blood.37 To observe antioxidant activity in mice, green tea had to be
infused into the bloodstream.38 These findings are consistent with the
pharmacokinetic studies suggesting that polyphenols, such as the cat-
echins, are not well-absorbed into the body following oral consump-
tion, making it unlikely that significant quantities of these substances
find their way into the brain.

Although polyphenols may not protect brain cells from oxidative
stress, their ability to reduce the production of oxygen radicals might
have beneficial effects on tissues outside the central nervous system.
These could include anti-inflammatory actions and inhibition of
tumor cell growth.39 However, a comprehensive review of studies
aimed at evaluating whether green tea prevents cancer indicates the
evidence at this time is insufficient for drawing this conclusion.40

Adverse Effects
The side effects associated with the consumption of caffeinated bev-
erages are predictable as they are extensions of their pharmacological
actions. Thus, adverse central nervous system effects that may be
experienced by sensitive individuals, or by anyone following the con-
sumption of large quantities of coffee or tea, include insomnia, rest-
lessness, and anxiety. In extreme cases, mania, disorientation,
hallucinations, and seizures may occur. Other side effects include
increased urination, gastrointestinal distress, muscle twitches, and
tachycardia, or rapid heartbeat. This effect on heart rate could prove
fatal for someone with a preexisting cardiovascular condition.

Chronic consumption of caffeine-containing beverages, espe-
cially coffee, can result in tolerance and physical dependence. With-
drawal symptoms are experienced if caffeine ingestion is terminated
abruptly. These symptoms, which are relieved by coffee or adminis-
tration of caffeine alone, include headache, fatigue, and drowsiness.28

There is little evidence suggesting that consumption of the
polyphenols contained in caffeinated beverages has any adverse con-
sequences. This is likely related to the fact that these substances are
poorly absorbed from the gastrointestinal tract. Nevertheless, studies
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with catechins suggest that, at sufficiently high concentrations, these
agents cause, rather than inhibit, oxidative stress.41 This has been
noted in vivo, with high oral doses of epigallocatechin-3-gallate pro-
ducing oxidative stress-induced liver damage in mice.42 Because of
the doses needed to observe this toxic response, and the fact that tis-
sue damage has not been reported for caffeinated beverages during
their thousands of years of use, this response to polyphenols does not
appear to occur in humans at the doses normally consumed in tea,
coffee, and cocoa.40

The side effects associated with the methylxanthines provide fur-
ther evidence that they can affect central nervous system function.
Conversely, the lack of reported side effects for the polyphenols indi-
cates these agents are inactive at the doses usually consumed. In part
this is because their pharmacokinetic properties make it impossible
for them to attain sufficient concentrations in tissues to induce a
pharmacologic or toxic response. Comparison of the adverse effects
of the methylxanthines and the polyphenols demonstrates again the
principle that plant products with definitive actions on central nerv-
ous system function generally display side effects. The lack of adverse
effects for any plant extract or other type of herbal supplement makes
it unlikely that they influence brain function.

Pharmacological Perspective
The discovery of caffeine and related methylxanthines as pharmaco-
logically active plant products progressed in a logical and systematic
manner. It was known that humans had for thousands of years con-
sumed these plants because they found them to be invigorating and
to reduce fatigue. The likelihood that these actions were mediated by
a plant constituent was enhanced by the fact that the positive central
nervous system effects of this diverse group of plants were discovered
independently by different cultures scattered around the globe. This
suggests the reported actions were not simply a culturally related psy-
chological response or a matter of local custom. Such history, and the
fact that the beneficial effects of these brewed beverages were
instantly appreciated when they were first introduced in other parts
of the world, provided ample justification for undertaking the work
necessary to identify the active products in these plants.
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Because the agents are so potent and have appropriate pharma-
cokinetic properties, it was relatively easy to determine in animal
studies which of the many plant chemicals were responsible for the
effects on the central nervous system. Once the active ingredients
were identified, they were used clinically as treatments for central
nervous system and cardiovascular disorders. At the same time, phar-
macologists conducted studies to define their mechanism of action.
When this became known, efforts were undertaken, and continue to
this day, to synthesize related compounds with the aim of developing
safer and more selective drugs. This sequence is an excellent example
of how information obtained from scientists in different disciplines,
from anthropology, to botany, chemistry, and pharmacology, con-
tributes to drug discovery. It also illustrates that plants having signifi-
cant central nervous system effects are normally easy to identify, both
by primitive humans and modern scientists.

Accordingly, from a pharmacological standpoint, it is difficult to
be enthusiastic about herbal supplements that are purported to affect
brain function but are known to be variable in their effects and for
which there is no definitive proof that they contain constituents capa-
ble of affecting the central nervous system. The discovery of caffeine,
theophylline, and theobromine demonstrates that plants are a valu-
able resource for clinically useful drugs. The story of their discovery
and use underscores the need to exercise caution when attempting to
discern whether an herbal supplement has beneficial effects when the
active constituent has not been positively identified or, as in the case
of polyphenols, cannot be shown to reach the target tissue in the body.
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As detailed in the preceding chapters, the scientific evidence support-
ing the central nervous system actions of herbal supplements varies
from strong, to weak, to nonexistent. Such information is crucial for
making informed decisions about the use of such agents. Given the
purpose of this book, an effort was made to select a range of plant
materials that would demonstrate that claims about the medicinal
value of these products are sometimes sound and sometimes unsub-
stantiated. The risk with this approach is that it implies that plant con-
stituents are an uncertain source for such agents. This is certainly not
the case. If the objective was to describe only plant products for which
there are definitive data supporting an effect on brain function, many
other plants and their constituents would have been included. Among
these are four that should be mentioned because of their contempo-
rary use and their value in illustrating further some of the basic princi-
ples espoused in this volume (see Table 15.1).
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Morphine is obtained from the unripe seed capsule of the opium
poppy, Papaver somniferum. Morphine constitutes 4% to up to 20%
of the gum resin in the capsule. As with all plant constituents, this
variation is due to differences in cultivars, climate, and horticultural
practice. The responses to morphine are the result of its interaction
with opioid receptors in the brain and other organs. Even after years
of research aimed at creating or discovering superior analgesics, mor-
phine remains the most effective drug for alleviating pain. Morphine
and its chemical derivatives are still widely employed as analgesics.
Their use is restricted to treating certain types of pain in clinical set-
tings because of their side effects and the fact that they are addicting.
The addiction liability supports the notion that morphine acts within
the central nervous system. Research continues on the development
of drugs that display the same range and level of analgesia as mor-
phine, but that do not interact with the brain areas responsible for
addictive behavior. Chemical derivatives of morphine include heroin,
a highly addictive euphoriant which is not produced by the plant.
Codeine, another chemical analog of morphine, is present in the
opium poppy capsule. Codeine has for generations been used as a
cough suppresant.1 The continued use of morphine and related com-
pounds indicates that, when it comes to drug discovery, it can some-
times be difficult to improve upon nature.

Ephedrine, the active ingredient in Ma Huang, is found in several
species of Ephedra and in some unrelated plants such as Catha
edulis. The content of ephedrine varies as a function of the genus and
species or origin. The most common natural sources for this chemical
are two Chinese plants, Ephedra sinica, or Ma Huang, and Ephedra
equisetina. Ephedrine causes the neuronal release of norepin-
ephrine, resulting in activation of the receptors for this transmitter. 
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Table 15.1 Some Popular Natural Products with Central Nervous 
System Effects

Plant Name
Common/Botanical Active Ingredient Effect on Brain

Opium poppy/Papaver somniferum Morphine Analgesia/Sedation

Ma Huang/Ephedra sinica Ephedrine Stimulation

Coca/Erythrylon coca Cocaine Stimulation/Euphoria

Marijuana/Cannabis sativa Cannabinoids Euphoria



ptg7913130

A mild central nervous system stimulant, ephedrine has been taken,
sometimes in combination with caffeine and aspirin, to decrease
appetite and reduce weight. In the United States ephedrine is no
longer approved for this purpose because of toxicities associated with
its use.2 Historically, Ephedra plants, or extracts taken from them,
were used as treatments for asthma, bronchitis, and nasal congestion.
It is known now that the release of norepinephrine from nerves in the
respiratory system relieves symptoms of these conditions.3 The syn-
thesis of amphetamine, a powerful central nervous system stimulant,
was based on the chemical structure of ephedrine. As compared with
ephedrine, the greater central nervous system effectiveness of
amphetamine is due in large measure to its superior pharmacokinetic
properties, which allow for a more rapid and extensive accumulation
in the brain. The development of amphetamine is an example of sci-
ence improving on nature if the objective is to make a superior cen-
tral nervous system stimulant.

A local anesthetic and drug of abuse, cocaine is obtained from the
leaves of Erythroxylon coca, a tree indigenous to Peru. For medical
purposes, cocaine is applied topically or injected directly onto nerves
to block pain transmission. Among its systemic actions is inhibition of
the uptake of various brain neurotransmitters, including serotonin
and dopamine. For this reason, cocaine is a central nervous system
stimulant and euphoriant when taken orally, intravenously, or
intranasally. For centuries, the leaves of this tree were chewed by
native Peruvians to reduce fatigue and increase work capacity.4 While
the use of cocaine as a local anesthetic has been supplanted by other
agents, it remains popular as a recreational drug.

Cannabis is the genus of plants that produces cannabinoids, the
active chemicals in marijuana. The marijuana plant, which originated
in Central Asia, was brought to the Americas by merchant traders.5

Cannabis sativa is the most commonly cultivated species. The plant
produces more than 60 different cannabinoids, the most mood-
altering of which is delta-9-tetrahydrocannabinol. These chemicals
induce their pharmacological effects by stimulating cannabinoid
receptors, which are located on tissues throughout the body, includ-
ing the brain. The endogenous activators of these receptors are
referred to as endocannabinoids. Natural and synthetic cannabinoids
have been examined extensively for their therapeutic potential.6
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Cannabinoids are most commonly administered through the lungs 
by smoking the marijuana leaf. Marijuana is also consumed orally 
for recreational and medicinal purposes. A preparation of delta-
9-tetrahydrocannabinol is available as a prescription drug. In addition
to being euphoriants, cannabinoids are analgesics, antiemetics, and
appetite stimulants. The cannabinoids are examples of natural prod-
ucts that were used historically for one effect, euphoria, but that are
now being explored as potential drugs because of other pharmacolog-
ical actions. It remains to be seen whether cannabinoids demonstrate
any advantages over agents already available for these purposes.

Three of these four examples are alkaloids, the exception being
the cannabinoids. Besides illustrating the rich variety of plant chemi-
cals that influence brain function, this group of agents underscores
the potential of alkaloids as agents for affecting brain function. Defin-
ing characteristics of alkaloids are that they are organic molecules that
contain a nitrogen atom. It is notable that the majority of drugs used
to treat central nervous system disorders are nitrogen-containing
organic compounds as well. This structural similarity among psy-
choactive agents is no coincidence.

Plant alkaloids often make better drug candidates for treating
central nervous system disorders than other types of plant con-
stituents because of their pharmacokinetic and pharmacodynamic
properties. With regard to the former, alkaloids tend to be more lipid
soluble and resistant to drug metabolizing enzymes than, for exam-
ple, flavonoids. These properties make the alkaloids more likely than
many other plant products to cross from the intestinal tract into the
blood, and from the blood into the brain. Their rate of metabolism
and elimination is such that sufficient quantities of alkaloids can accu-
mulate and remain in the brain for a period of time sufficient to
induce noticeable central nervous system effects. As for pharmacody-
namics, the alkaloid chemical structure is highly bioactive, especially
with respect to brain neurotransmitter systems. This property may
reflect the fact that plants manufacture alkaloids to repel insects and
other predators. Thus, these plant products evolved because of their
ability to influence the behavior of animals with nervous systems.
While humans are not exempt from the toxic effects of alkaloids, they
are fortunate that some of their therapeutically important central
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nervous system actions are achievable at doses below those that cause
adverse effects. Given the large representation of alkaloids among the
plant constituents known to affect brain function, the likelihood that
a particular herbal product may modify central nervous system activ-
ity is increased if the active chemical is an alkaloid, or if the extract
contains such compounds.

Knowledge of a relationship between a chemical class and the
probability of an effect on the brain simplifies somewhat the assess-
ment of herbal products purported to affect central nervous system
activity. If the plant constituents are primarily flavonoids or other
nonalkaloid compounds, the odds lengthen that the product includes
agents with the pharmacokinetic and pharmacodynamic properties
needed to influence brain function. This is especially true if the
herbal product is touted as being free of side effects, as the vast
majority of compounds that enter the brain have adverse effects at
some dose. The lack of side effects is usually indicative of a lack of any
effect. The presence of alkaloids can therefore be a criterion when
assessing the validity of claims that an herbal supplement affects cen-
tral nervous system activity.

In the end, there is no substitute for solid data, regardless of the
chemical structure or chemical class of the compound thought to be
responsible for the pharmacological effect. The consumer can be
confident of a response if a pharmacologically active herbal con-
stituent has been isolated and shown, preferably by several different
investigators, to have the pharmacokinetic and pharmacodynamic
properties required of a drug that influences brain function. While
the absence of such data and even negative results do not prove the
herb is devoid of central nervous system activity, the decision to use
such a product would be based primarily on hope, not science. In that
case, caveat emptor must be the guiding principle for the intelligent
consumer, just as it should have been for Adam.
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constituents, 126-127
historical use of, 123-124
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pharmacodynamics, 129-134
pharmacokinetics, 127-129
pharmacological perspective,

135-136
therapeutic uses, 125-126

legislation
Dietary Supplement Health and

Education Act of 1994, 18
Federal Food, Drug, and

Cosmetic Act, 17
United States Pure Food and

Drug Act, 17
Leguminosae, 139
lemon balm (Melissa officinalis)

adverse effects, 106
botany, 98
constituents, 99-100
historical use of, 97-98
pharmacodynamics, 102-105
pharmacokinetics, 100-102
pharmacological perspective,

106-107
therapeutic uses, 99

Li Shih-Chen, 54-55, 139
Librium® (chlordiazepoxide), 83
Liliaceae, 151
limbic system, 37-38
linalool, 126-131
linalyl acetate, 126-128, 131
linalys acetate, 126
Linnaeus, Carl, 97
lipid peroxidation, 104
lipophilic compounds, 24
Liu Wen-Tai, 54
liver toxicity associated with kava

(Piper methysticum), 118-119
Logianaceae, 23
London Pharmacopeia, 125
lorazepam, 132

luteolin, 167-168
lycorine, 153-154, 157-158
Lycoris (spider lily), 153

M
Ma Huang, 190
maidenhair. See ginkgo

(ginkgo biloba)
major depression, 67
malaria, historical use of St.

John’s wort for, 70
maltol, 164
Mandragora, 11
Manerix®, 75
MAO (monoamine oxidase)

inhibition by kava, 116
marijuana, 191-192
maté (Ilex paraguariensis), 177
maypop. See passion flower

(Passiflora incarnata)
Medicina Antiqua, 70
medulla, 37
megaleion, 9
Melissa officinalis (lemon 

balm), 11
adverse effects, 106
botany, 98
constituents, 99-100
historical use of, 97-98
pharmacodynamics, 102-105
pharmacokinetics, 100-102
pharmacological perspective,

106-107
therapeutic uses, 99

memory
scopolamine-induced memory

impairment, 48
therapeutic use of ginkgo

(ginkgo biloba) for, 64
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Mendeleev, Dmitri, 16, 20
mendeleium, 16
mercuries (alchemy), 15
meta-coumaric acid, 101
methylxanthine alkaloids

adverse effects, 186-187
pharmacodynamics, 184-186
pharmacokinetics, 182-184
pharmacological perspective,

187-188
therapeutic uses, 178-180

methysticin, 112-114
Mithridates, King of Pontus, 12
mithridatum, 12, 124
Moclobemide, 75
The Mode of Action of Drugs on

Cells (Clark), 24
Modern Herbal (Grieve), 125
monoamine oxidase (MAO)

inhibition by kava, 116
Monocotyledonae, 151
monoterpenes

in lemon balm (Melissa
officinalis), 99

in lavender (Lavandula
angustiolia), 126

Morpheus, 20
morphine, 20, 70, 190
Morris water maze assay, 47
Muscari, presence in

Neanderthal graves, 8
myrrh, 9-10

N
napthodianthrone, 72
Narcissus poeticus, 151
Narcissus pseudonarcissus

(daffodil), 149-151
adverse effects, 158-159
botany, 151-152

constituents, 153-154
historical use of, 152
pharmacodynamics, 155-158
pharmacokinetics, 154-155
pharmacological

perspective, 159
therapeutic uses, 152

Narcissus serotinus, 151
Nardostachys jatamansi

(spikenard), 84
nardus. See lavender (Lavandula

angustiolia)
National Formulary, 164
Natural History (Pliny), 97
Neanderthal use of herbal

supplements, 2, 8
neopallium, 37
neral, 99
neurokinin, 158
neurons, 36
neuropharmacology

behavioral assays, 45-48
brain structure, 36-39
chemical neurotransmission, 

39-41
clinical studies, 49-51
definition of, 35
neurotransmitter systems, 41-45

Neuropsychiatric Inventory and
Alzheimer’s Disease
Assessment Scale, 50

neurotransmission
acetylcholine, 44
adenosine, 43
dopamine, 44
explained, 39-41
GABA (γ-aminobutyric acid), 42
glutamic acid, 42
neurotransmitter systems, 36,

41-45
serotonin, 44
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NF-kappaB inhibition by 
kava, 116

nitric oxide, 77
nitric oxide synthase, 77
norepinephrine, 75, 190
Norpramin® (desipramine), 116
Novum Organum, or New

Method (Bacon), 15
nucleus accumbens, 37, 114

O
oleanolic acid, 99-101
1,8-cineole, 126-127
open-label clinical trials, 49
opium, 20-21
opium poppy, 190
orientin, 164-167
oxygen radicals, 185

P
PAF (platelet-activating 

factor), 63
paleopallium, 37
Papaver somniferum, 11, 20, 

70, 190
Papaveraceae, 43
Paracelsus, 14, 20
Parkinson’s disease, 39
Passiflora incarnata (passion

flower)
adverse effects, 173
botany, 162-163
constituents, 164-165
historical use of, 161-162
pharmacodynamics, 168-172
pharmacokinetics, 166-168
pharmcological perspective,

173-174
therapeutic uses, 163-164

Passiflora lutea, 162
Passifloraceae, 162
passion flower (Passiflora

incarnata)
adverse effects, 173
botany, 162-163
constituents, 164-165
historical use of, 161-162
pharmacodynamics, 168-172
pharmacokinetics, 166-168
pharmcological perspective,

173-174
therapeutic uses, 163-164

passive diffusion, 25
Pen Ts’ao Kang Mu (Li Shih-

Chen), 54
Peonia, 11
peptides, 158
Periodic Table of Elements,

development of, 16, 20
pharmacodynamics

challenges of assessing herbal
supplements, 27-28

of cocoa (Theobroma cacao),
184-186

of coffee (Coffea arabica), 
184-186

of daffodil (Narcissus
pseudonarcissus), 155-158

development of, 22-23
drug receptors, discovery of, 

22-24
explained, 21-24
of ginkgo (ginkgo biloba), 61-65
of kava (Piper methysticum),

114-117
of kudzu (Pueraria lobata), 

143-146
of lavender (Lavandula

angustiolia), 129-134
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of lemon balm (Melissa
officinalis), 102-105

of passion flower (Passiflora
incarnata), 168-172

pharmacology checklist for
herbal supplements, 28-32

of plant aklaloids, 192-193
of St. John’s wort (Hypericum

perforatum), 75-80
of tea (Camellia sinensis), 

184-186
of Valeriana officinalis

(Valerian), 90-93
pharmacokinetics

bioavailability, 24-26
challenges of assessing herbal

supplements, 27-28
of cocoa (Theobroma cacao),

182, 184
of coffee (Coffea arabica), 

182-184
of daffodil (Narcissus

pseudonarcissus), 154-155
explained, 24-27
of ginkgo (ginkgo biloba), 59-61
half-life, 26
of kava (Piper methysticum),

112-114
of kudzu (Pueraria lobata), 

141-143
of lavender (Lavandula

angustiolia), 127-129
of lemon balm (Melissa

officinalis), 100-102
of passion flower (Passiflora

incarnata), 166-168
of plant aklaloids, 192-193
of tea (Camellia sinensis), 

182-184

of Valeriana officinalis
(Valerian), 88-90

pharmacology checklist for
herbal supplements, 28-32

of St. John’s wort (Hypericum
perforatum), 74-75

pharmacology checklist for
herbal supplements, 28-32

phenobarbital, 43, 83
phosphodiesterase, 184
phytoestrogens, 141, 146
Piper methysticum (kava)

adverse effects, 118-120
botany, 110-111
constituents, 112
historical use of, 109-110
pharmacodynamics, 114-117
pharmacokinetics, 112-114
pharmacological perspective,

120-121
therapeutic uses, 111

Piper nigrum, 110
Piper wickmanni, 110
Piperaceae, 110
pipermethystine, 118
placebos, 51
platelet-activating factor 

(PAF), 63
Pliny, 68, 97, 152
Pliny the Elder, 3
plus maze test, 92
polyphenols, 181
pons, 37
postsynaptic neurons, 40
prefrontal cortex, 37
prehistoric evidence of herbal

supplement use, 2, 8
presynaptic receptors, 40
primary motor area (cerebral

cortex), 38
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proteins
beta amyloid, 47
transporter proteins, 25-26

Prozac® (fluoxetine), 75, 116
Psuedo-Apuleius, 13
psychiatric disorders, therapeutic

use of ginkgo (ginkgo biloba)
for, 64

psychotherapeutics, challenges in
testing, 50-51

Pueraria chinensis, 139
Pueraria lobata (kudzu)

adverse effects, 146-147
botany, 138-139
constituents, 140-141
historical use of, 137-138
pharmacodynamics, 143-146
pharmacokinetics, 141-143
pharmacological perspective,

147-148
therapeutic uses, 139-140

Pueraria montana, 139
puerarin, 140-146
purple passion flower. See

passion flower (Passiflora
incarnata)

putamen, 38
pyriform cortex, 37

Q-R
quercetin

in ginkgo standardized 
extract, 58

in St. John’s wort, 73, 77

receptors, discovery of, 22-24
regulation of herbal

supplements, lack of, 18-19
Rhazes, 14
rivastigmine, 156

Rome, historical use of herbal
supplements, 3, 11-13

rosmarinic acid, 99-103
rosuvastatin, interaction with

lemon balm (Melissa
officinalis), 101

Rubiaceae, 178

S
salicin, purification of, 21
salicylic acid, 21
Salix spp., 21
salts (alchemy), 15
The Sceptical Chymist

(Boyle), 15
schaftoside, 164-165
sciatica, historical use of St.

John’s wort for, 70
scopolamine-induced memory

impairment, 48
Senecio, presence in

Neanderthal graves, 8
sensory cortex, 38
septum, 37
serotonin, 36, 42-44, 75
sertraline, 79
Serturner, Freidrich, 20
sesquiterpenes, 87-90
Shen Nong Ben Cao Jing, 54
side effects. See adverse effects
Sideritis heraclea (ironwort), 13
sigma receptors, 77
silexan, 132
6,7-epoxy-linalool, 128
Solanaceae, 10
spider lily (Lycoris), 153
spike lavender (Lavandula

latifolia), 123-124
spikenard (Nardostachys

jatamansi), 84
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squill (Urgenia maritima), 13
St. John’s wort (Hypericum

perforatum), 74-75
adverse effects, 80-81
botany, 69-70
constituents, 71-74
historical use of, 67-69
pharmacodynamics, 75-80
pharmacokinetics, 74
pharmacological perspective,

81-82
therapeutic uses, 70-71

St. Peter’s wort (Ascyrum), 70
standardized extract of ginkgo

(ginkgo biloba), 58
Strychnos, 23
substantia nigra, 38
sulfurs (alchemy), 15
swertisin, 164
swertismarin, 165
symptom scales, 50
synapses, 36
synaptic cleft, 36

T
t1/2 (half life), 26
tacrine, 156
tannins in St. John’s wort, 73
tea (Camellia sinensis)

adverse effects, 186-187
botany, 177-178
constituents, 180-182
historical use of, 175-177
pharmacodynamics, 184-186
pharmacokinetics, 182-184
pharmacological perspective,

187-188
therapeutic uses, 178-180

tectoridin, 144
terpene trilactones in ginkgo

standardized extract, 58-60, 
63-64

thalamus, 37-38
Theobroma cacao (cocoa)

adverse effects, 186-187
botany, 177-178
constituents, 180-182
historical use of, 175-177
pharmacodynamics, 184-186
pharmacokinetics, 182-184
pharmacological perspective,

187-188
therapeutic uses, 178-180

theobromine, 180-181
adverse effects, 186-187
pharmacodynamics, 184-186
pharmacokinetics, 182-184
pharmacological perspective,

187-188
therapeutic uses, 179

Theophrastus, 9, 97, 151
theophylline, 180-181

adverse effects, 186-187
pharmacodynamics, 184-186
pharmacokinetics, 182-184
pharmacological perspective,

187-188
therapeutic uses, 179

thiopental, 83
Tincture of Opium, 20
transient receptor potential

channels (TRPC), 76
transmitters

acetylcholine, 44
adenosine, 43
dopamine, 44
explained, 39-41
GABA (γ-aminobutyric acid), 42
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glutamic acid, 42
neurotransmission, 40
serotonin, 44

transporter proteins, 25-26
trigonelline, 182
triterpenes in lemon balm

(Melissa officinalis), 99
TRPC (transient receptor

potential channels), 76

U
United States Food and Drug

Administration. See FDA (Food
and Drug Administration)

United States National
Formulary, 164

United States Pure Food and
Drug Act, 17

Urgenia maritima (squill), 13
ursolic acid, 99-101

V
valepotriates, 87-90
valerenic acid, 88-92
Valerian (Valeriana officinalis)

adverse effects, 93-94
botany, 84-85
constituents, 86-88
historical use of, 83-84
pharmacodynamics, 90-93
pharmacokinetics, 88-90
pharmacological perspective,

94-95
therapeutic uses, 85-86

valerian epoxy triesters, 87
Valeriana, 11

Valeriana celtica (French
spikenard), 84

Valeriana ciliata, 85
Valeriana officinalis (Valerian)

adverse effects, 93-94
botany, 84-85
constituents, 86-88
historical use of, 83-84
pharmacodynamics, 90-93
pharmacokinetics, 88-90
pharmacological perspective,

94-95
therapeutic uses, 85-86

Valeriana pauciflora, 85
Valeriana septentrionalis, 85
Valeriana uliginosa, 85
Valerianaceae, 84
Valium® (diazepam), 43, 83
vesicles, 40
vestibular nuclei, 38
vitexin, 164-166

W-X-Y-Z
wild apricot. See passion flower

(Passiflora incarnata)
willow bark extract, 21
yangonin, 112-114
yarrow (Achillea millefolium)

presence in Neanderthal graves,
2, 8

use in Greco-Roman era, 3
yellow passion flower (Passiflora

lutea), 162
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The life sciences revolution is transforming 
our world as profoundly as the industrial 

and information revolutions did 
in the last two centuries. 

FT Press Science will capture the excitement and 
promise of the new life sciences, bringing breakthrough
knowledge to every professional and interested citizen. 

We will publish tomorrow’s indispensable work in 
genetics, evolution, neuroscience, medicine, 

biotech, environmental science, and whatever 
new fields emerge next. 

We hope to help you make sense of the future, 
so you can live it, profit from it, and lead it. 
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