


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



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.
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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



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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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



index 251

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