


Phytochemistry and Pharmacy for�
Practitioners of Botanical Medicine



'JSTU�QVCMJTIFE�JO�UIF�64"�JO������CZ�)FBMJOH�.PVOUBJO�1VCMJTIJOH�*OD�

5IJT�FEJUJPO�QVCMJTIFE�VOEFS�MJDFOTF�JO�(SFBU�#SJUBJO�JO������CZ

"FPO�#PPLT�-UE
���/FX�$PMMFHF�1BSBEF
'JODIMFZ�3PBE
-POEPO�/8���&1

$PQZSJHIU�ª������CZ�&SJD�:BSOFMM

5IF�SJHIU�PG�&SJD�:BSOFMM�UP�CF�JEFOUJGJFE�BT�UIF�BVUIPS�PG�UIJT�XPSL�IBT�CFFO�BTTFSUFE�JO�
BDDPSEBODF�XJUI�ff����BOE����PG�UIF�$PQZSJHIU�%FTJHO�BOE�1BUFOUT�"DU������

"MM�SJHIUT�SFTFSWFE��/P�QBSU�PG�UIJT�QVCMJDBUJPO�NBZ�CF�SFQSPEVDFE�TUPSFE�JO�B�SFUSJFWBM�
TZTUFN�PS�USBOTNJUUFE�JO�BOZ�GPSN�PS�CZ�BOZ�NFBOT�FMFDUSPOJD�NFDIBOJDBM�QIPUPDPQZJOH�
SFDPSEJOH�PS�PUIFSXJTF�XJUIPVU�UIF�QSJPS�XSJUUFO�QFSNJTTJPO�PG�UIF�QVCMJTIFS�

%JTDMBJNFS��5IF�QVCMJTIFS�BOE�UIF�BVUIPS�IBWF�EFTJHOFE�UIJT�CPPL�UP�QSPWJEF�JOGPSNBUJPO�
BCPVU�UIF�TVCKFDU�NBUUFS�DPWFSFE��*U�JT�TPME�XJUI�UIF�VOEFSTUBOEJOH�UIBU�UIF�QVCMJTIFS�BOE�
UIF�BVUIPS�BSF�OPU�MJBCMF�GPS�UIF�NJTDPODFQUJPO�PS�NJTVTF�PG�UIF�JOGPSNBUJPO�QSPWJEFE��
&WFSZ�FGGPSU�IBT�CFFO�NBEF�UP�NBLF�UIJT�CPPL�BT�DPNQMFUF�BOE�BDDVSBUF�BT�QPTTJCMF��5IF�
QVSQPTF�PG�UIJT�CPPL�JT�UP�FEVDBUF��5IF�BVUIPS�BOE�UIF�QVCMJTIFS�TIBMM�IBWF�OFJUIFS�MJBCJMJUZ�
OPS�SFTQPOTJCJMJUZ�UP�BOZ�QFSTPO�PS�FOUJUZ�XJUI�SFTQFDU�UP�BOZ�MPTT�EBNBHF�PS�JOKVSZ�DBVTFE�
PS�BMMFHFE�UP�CF�DBVTFE�EJSFDUMZ�PS�JOEJSFDUMZ�CZ�UIF�JOGPSNBUJPO�DPOUBJOFE�JO�UIJT�CPPL��5IF�
JOGPSNBUJPO�QSFTFOUFE�IFSFJO�JT�JO�OP�XBZ�JOUFOEFE�BT�B�TVCTUJUVUF�GPS�DPOTVMUBUJPO�XJUI�B�
IFBMUI�DBSF�QSPGFTTJPOBM��5IF�JOGPSNBUJPO�JO�UIJT�UFYU�JT�JOUFOEFE�GPS�NFEJDBM�QSPGFTTJPOBMT�
BOE�TUVEFOUT�BOE�OPU�UIF�MBZ�QVCMJD�

#SJUJTI�-JCSBSZ�$BUBMPHVJOH�JO�1VCMJDBUJPO�%BUB

"�$�*�1��GPS�UIJT�CPPL�JT�BWBJMBCMF�GSPN�UIF�#SJUJTI�-JCSBSZ

*4#/����������������������

1SJOUFE�JO�(SFBU�#SJUBJO

XXX�BFPOCPPLT�DP�VL



Phytochemistry and Pharmacy for�
Practitioners of Botanical Medicine

by Eric L. Yarnell, ND, RH(AHG)

President, Botanical Medicine Academy (Seattle, WA)
"EKVODU Faculty, Bastyr University (Kenmore, WA)

Adjunct Faculty, Tai Sophia Institute (Columbia, MD)
Visiting Professor, Graduate School of Complementary and Alternative Medicine,

Pochon CHA University (Seoul, Korea)
Vice President, Heron Botanicals, Inc. (Seattle, WA)

President, Healing Mountain Publishing, Inc. (Wenatchee, WA)
Professional Member/Registered Herbalist, American Herbalist Guild (Canton, GA)

Former Chair of Botanical Medicine, Southwest College of Naturopathic Medicine (Tempe, AZ)�
Former Editor, Journal of Naturopathic Medicine (Seattle, WA)





Table of Contents

Table of Contents 5

Acknowledgments 10

Introduction 11

Chapter 1. Integration of Plant Metabolism 13

Chapter 2.  Solubility And Botanical Medicine 15

Principles of Solubility 15

Saturation and Precipitation 17

Concentration 18

Solid-Liquid Solutions 19

Chapter 3.  Glycosides 22

General Properties 23

Pharmacokinetics 23

Cardioactive Glycosides 25

Pharmacokinetics of Cardiac Glycosides 27

Toxicology of Cardiac Glycosides 27

Examples of Cardiac Glycoside-Containing Plants 28

Anthraquinone Glycosides 30

Phenolic Glycosides and Simple Phenols 32

Cyanogenic Glycosides 34

Glucosinolates 35

Lactone Glycosides and Coumarins 38

Aldehyde Glycosides 39

Stilbene Glycosides 40

Study Questions on Glycosides 40

5



Chapter 4. Terpenoids (Isoprenoids), Phenylpropanoids, And Volatile Oils 41

Types of Oils 41

Types of Terpenoids 42

Monoterpenoids and Sesquiterpenoids 43

Properties of Monoterpenoid Groups 44

Iridoids 47

Sesquiterpene Lactones 47

Diterpenoids 48

Triterpenoids 49

Tetraterpenoids (Carotenoids) 49

Phenylpropanoids 49

Volatile Oils 49

Adulteration and contamination 54

Aromatherapy 55

Study Questions on Terpenoids, Phenylpropanoids and Volatile Oils 58

Chapter 5.  Tannins And Proanthocyanidins 59

Categories and Definitions 59

Properties and Functions of Tannins 60

Hydrolyzable Tannins 61

Condensed Tannins 64

Clinical Uses 65

Pseudotannins 65

Proanthocyanidins (PCO) 65

Study Questions for Tannins & Proanthocyanidins 67

Chapter 6. Carbohydrates 68

Classification 68

General Properties 68

Polysaccharides Containing Only Monosaccharides 68

6



Polysaccharides Containing Uronic Acid or Other Units 70

Gums 72

Mucilages 73

Dietary Fiber 74

Immunostimulating or Immunomodulating Polysaccharides 75

Study Questions for Carbohydrates 77

Chapter 7.  Proteins and Lectins 78

Types of Proteins 78

General Therapeutic Issues 78

Enzymes 79

Lectins (Hemagglutinins, Phytohemagglutinins) 80

Ribosome Inactivating Proteins 81

Chapter 8.  Resins 83

Chemical Composition 84

Chemical Properties 84

Function in the Plant 84

Extraction 84

Examples 85

Chapter 9.  Lipids and Waxes 87

Essential Fatty Acids 87

Miscellaneous Fatty Acids 89

Waxes 89

Chapter 10.  Alkaloids 91

General Properties 92

Tropane Alkaloids 95

Isoquinoline Alkaloids 97

Pyridine (Piperidine) Alkaloids 97

Pyrrole (Pyrrolidine) Alkaloids 97

7



Pyrrolizidine Alkaloids 97

Quinoline Alkaloids 99

Indole (Benzopyrrole) Alkaloids 99

Imidazole (Glycoxaline) Alkaloids 100

Purine Alkaloids 101

Aporphine Alkaloids 101

Norlupinane Alkaloids 101

Steroid Glycosidal Alkaloids 101

Terpenoid Alkaloids 101

Atypical (Non-Heterocyclic) Alkaloids or Proto-Alkaloids 102

Study Questions for Alkaloids 102

Chapter 11. Flavonoids 104

Basic Properties 104

Pharmacokinetics and Pharmacodynamics 106

Clinical Relevance and Examples 107

Dose and Toxicology 108

Isoflavones 108

Study Questions for Flavonoids 109

Chapter 12. Lignans and Lignins 110

Biosynthesis and function in plants 110

Solubility 110

Lignans as Medicine 111

Chapter 13. Saponins, Triterpenoids, Phytosterols, and Phytoecdysteroids 112

Definitions 112

Structure 112

Chemical Properties 113

Pharmacokinetics 115

Actions 115

Examples of Steroidal Saponins 116

8



Examples of Triterpenoid Saponins 117

Sweet-tasting saponin glycosides 118

Quassinoids 118

Toxicology 118

Phytosterols 118

Phytoecdysteroids 119

Chapter 14.  Botanical Pharmacy:  The Theory and Practice of Medicinal Plant and

Fungus Extracts 120

Definitions 120

Drying 121

Dry vs. Fresh Starting Materials for Optimal Extraction 125

Aqueous Extracts 130

Hydroethanolic Extracts 133

Glycerin Extracts 139

Lipid Extracts and Emulsions 140

Acetic Acid Extracts 142

Carbohydrate Extracts 142

Miscellaneous Internal Preparations 143

Encapsulations, Tablets and Pills 144

Topical Applications 147

Enemas and Rectally-Administered Preparations 149

Standardized Extracts 150

Recipes 151

Finishing Touches 154

Glossary 156

Index 158

References 169

9



Acknowledgments

I wish to thank my many mentors, fellow clinicians, scholars and plant lovers from whom I have learned
many things and shared many great conversations. Though their ideas are integral to the knowledge
contained in the text, the guilt for its successes and failures are entirely my own. They are blameless, but I
still wish to laud them for their great, on-going work. Dr. Silena Heron, one of the unsung heroes of
naturopathic medicine, who has struggled for years in the trenches of clinical medicine using whole, vital
plant extracts, took me under her wing and helped kindle the growing flames of my enthusiasm for botanical
medicine into a wild fire. I am deeply indebted to her and extremely thankful for our work together. I also
wish to thank Dr. Lisa Meserole, Dr. Mary Bove, Dr. Steve Austin, Dr. Don Brown, David Winston and
Michael Moore (from afar), Kathy Abascal, everyone who helped make the Botanical Medicine Academy
happen, and for all the side conversations about herbs during those long board meetings. The others who
have indirectly contributed to the text are too numerous to mention.

10



Introduction

The present renaissance in botanical medicinal accompanies growing awareness among health care
practitioners, consumers, government regulators, the media, and industry. Unfortunately, there have been
relatively few high quality texts free of commercial interests created specifically for health care practitioners
in the field of botanical medicine. The result is frustration among those practitioners who desire clear,
scientific information designed specifically for them.

Practitioners of botanical medicine have only themselves to blame for the present state of affairs.
They have not made it a strong priority to create the textbooks for themselves. There is a great danger in this
failure, for it leaves things much more open for the mainstream medical machine to turn botanical medicine
into a sort of quaint subset of pharmaceutical drug therapy that has become so dominant. Anyone who has
seriously studied or utilized botanical medicine knows, however, that herbs are not the same as
pharmaceutical drugs, though they share some similarities. If we as practitioners and adherents of natural,
holistic botanical medicine fail to define for field for ourselves, it will be co-opted. One need only look at
recent history to see that this process is already well under way.
This is not to say that allopathic practitioners should not use herbs however they feel comfortable. Every
time an allopath chooses to use Ginkgo biloba standardized extracts to treat early Alzheimer's disease patients
instead of a pharmaceutical, botanical medicine of a sort is being practiced with all its benefits and
drawbacks. However, this is only a tiny slice of what botanical medicine can be about. Botanical medicine
practitioners are not so inhibited and limited. Therefore quality information is required to realize the full
potential of botanical medicine.

The goal of this textbook is to as thoroughly as possible document two interrelated realms of
botanical medicine—phytochemistry and pharmacy—in a clinically-applicable manner. Plants, fungi,
lichen, mosses, etc. undoubtedly operate due to the physiochemical properties of their constituents.
Mystical, undefined energetic forces do not give herbs their power. Anyone who chooses to believe that is
perfectly welcome to; however, this book will not deal with the issue of "herbal energetics" or lend any
support to the theories of that belief system (quite the opposite).

Some will say that this textbook is allopathic. Perhaps that is true. The best medicine is the one that
can adopt whatever works best, rather than adopted a set ideology and sticking to it regardless of the
evidence. The basic sciences of physiology, pathology, biochemistry, and so forth are critical for
understanding the uses and toxicology of botanical medicines. Just because allopaths developed
pharmacology and have applied it to pharmaceutical drugs does not mean that applying the same principles
to herbs turns herbs into drugs or botanical medicine into pharmaceutical drug medicine. Hard-core
allopathic pharmacology can comfortably and easily coexist with natural medicine.

In fact, botanical medicine can help break down some of the rigidities that can lead to inaccuracy in
pharmacology. The fact that these massively complex entities we call botanical medicines are effective puts
cracks in the allopathic pharmacological dogma of "one molecule, one action, one use" that seems to
subconsciously pervade medicine. The reality is that even single molecule, synthetic, pharmaceutical drugs
have multiple actions, multiple uses, and multiple interactions. Continued research on whole plants, fungi,
lichen, mosses, etc. and complex extracts from these life forms will only improve and clarify pharmacology.
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This book is not primarily a therapeutic manual, though it is designed with a practicing clinician and
students intending to becoming clinicians in mind. Aspects of phytochemistry that are not terribly relevant
to clinicians are excluded. This book is designed as a reference to provide highly useful information to
clinicians and industry regarding preparation of effective botanical extracts, as well as evaluating the quality
of extracts already prepared.  It is also intended to provide greater understanding of the pharmacodynamics
and pharmacokinetics of botanical medicines to practitioners. A chemistry and biochemistry background is
assumed of the reader, and without these, much of this text will be confusing or even incomprehensible.

Some extraction processes will be immediately relevant to every day practice with herbs, particularly
in detailing to patients how to prepare their own infusions and decoctions. Others will be of concern in
choosing between similar dose forms, such as in choosing whether to use a cream, ointment, gel, powder,
fomentation, poultice or other topical applications for optimal therapy of skin lesions. Other information is
necessary to develop a solid clinical practice in botanical medicine, though it may not necessarily be
remembered in the future, only form a foundation so that other information will make sense later.

This text is relevant in many real world considerations of plant extracts. For example, if a
practitioner does not intend to prepare his or her own tinctures, it is still necessary to be able to evaluate
available products to choose a therapeutically active one. A tincture of Commiphora molmol (myrrh) made
with only 25% ethanol should cause a practitioner's eyebrows to rise, for he or she would know that myrrh's
major active constituents reside in the resin fraction, and that this will only dissolve in approximately 90%
ethanol or some other organic solvent.

Each chapter ends with a short glossary and some study questions to maximize utility of this text for
students. These questions have been developed from teaching pharmacognosy at the North American
College of Botanical Medicine in Albuquerque, NM, the Southwest College of Naturopathic Medicine in
Tempe, AZ, and Bastyr University in Seattle, WA.

Constructive comments about this text are always welcome.
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