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PART A: INTRODUCTION TO PLANT CONSTITUENTS   

 

The fundamental physical nature of herbal medicine is chemical as is the fundamental makeup of the 

human body.  

Chemicals are found in all living things. When this term is used to describe the natural world it is often 
misunderstood, as we tend to associate chemical with something unnatural, toxic or unhealthy.  

In this section of our program we venture forth in an effort to learn about the archetypal herbal/plant 

chemical constituents and how they correspond to the Herbal Actions learned in Class 1.  It is our 

goal to have an overview of the phyto-chemistry of herbal medicine and use this holistic view of this 

analytical tool as one of our various lenses into the world of Holistic Herbalism.  

 

WHY STUDY THE PLANT’S CONSTITUENTS?  

 

Often the herbal student will come to a point in their learning where they question “Why/How do herbs 

work?” This question is a complex one, with many answers. In an attempt to unravel this mystery, the 

student (or practitioner!) can become too myopic, focusing in on a single plant constituent to try and 

contribute the herb’s ability to a source.  

 

The Whole is more than the Sum of its parts. 

 

The activity of most herbs is more complex than a mere representation of the effects of an ‘active 
ingredient’.  Effects of an herb can be rarely attributed to a single constituent.  

 

“Analyzing a medicinal plant for its constituents is certainly of theoretical interest, but for practical 
purposes it is more likely to cause confusion. The action of any medicinal plant is complex. It is the 
sum of all the constituents the produces the medicinal action.”  
- Rudolf Weiss  
 

To a pharmacist or manufacturer of certain botanical and/or nutritional supplements, herbal 

constituents are the active ingredients of the plant, or the chemicals that have demonstrated a 
definable physiological and therefore possible effect upon the body. The emphasis placed on the 

importance of identifying and extracting these singular plant chemicals in isolation from the rest 

of the plant has created an industry of medicines that are without holism.  

 

An Isolated Phyto-molecule is generally not considered herbal medicine. 

 

Example:  Isolated digitoxin is used in contemporary pharmacy which is a cardiac glycoside extracted 
from Foxglove (Digitalis purpurea) 
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This alone is a representation of the divide that exists between the reductionist vs. 

vitalist/holistic models that have long existed within the medical field.  

 

Herbal medicine is complex, herbs contain several constituents at minimum and when herbs are 

combined the goal is to produce synergy. Synergism implies that the interaction of 2 or more agents 
results in a combined effect that is great than the sum of the individual parts.  

 

Types of Synergy  

• Potentiating synergy: enhancement of activity  

• Stabilization synergy: protecting unstable constituents 

• Mitigating synergy: modification of toxicity or adverse effects 

 

Polypharmacy of Plantago spp.  

• Antiseptic: aucubin  

• Astringent, drawing: tannins  

• Anti-inflammatory: flavonoids, iridoids  

• Vulnerary: mucilage, allantoin, tannins.  

 

The plant provides the synergy: Whole plant medicine  

 

STANDARDIZATION  

 

Variability & Standardization 

Herbs have variable factors that affect the balance and yield of the chemical constituents present in 

the plant. The terroir of the herb, its experience while it is alive, will determine the complex quality of 

the Phyto-chemistry of plant’s molecular make up.  

 

Factors that influence this:  

• Season  

• Location  

• Weather  

• Parts of the plant  

• Conditions to which the plant was exposed to  

• How the plant is harvested, and so much more…  

 

Industry has tried to create botanical supplements and/or herbal products that are standardized to the 

various known active components of the plant to find that the end product causes issues to which 
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the whole plant medicine does not. Or, that the end result is that the plant when ‘standardized’ lacks 

the medicinal aspects of the whole plant medicine.  

 

Examples:  

St. John’s Wort/Hypericum perforatum: Originally standardized to the hypericin content, later 
hyperforin was included and now it is determined that flavonoid content provides important synergy to 

the entire medicinal action.  

 

Turmeric/Curcumin longa: So much information has been documented on the efficacy of curcumin, 

an active Phyto-chemical of the plant. However latest studies of this plant have taken out the 

curcumins and turmeric remains effective.  

 

Tea Tree Essential oil: The volatile Phyto-chemistry of Tea Tree oil is vast, however there is typically 
a higher level of a complex terpene called terpinen-4-ol. Figuring this was the contributing factor to its 

efficacy, it was isolated and then discovered it was no longer effective. Proving Tea Tree is more than 

the sum of its parts.  

 

Standardization: Myth vs. Reality  

Marketing has taken precedence over both Tradition and Science. Claims are based on the presumed 

existence of a single “active ingredient”, which has been proven only in limited, specific cases.  

 
There is no standard definition of standardization. Some manufacturers simply mix batches, others 

chemically manipulate the plant material. When constituent levels are manipulated, there are potential 

increased interactions and side effects.  

 

Standardization is a process that manufacturers may use to ensure batch-to-batch consistency of 

their products. In some cases, standardization involves identifying specific chemicals (also known as 

markers) that can be used to manufacture a consistent product.  

 

In Canada, the regulation of manufactured herbal medicine is under the regulatory body of   
Natural and Non-prescription Health Products Directorate or the NNHPD. Herbalists from across 

Canada have been working with the Canadian Council of Herbal Associations (CCHA) including the 

BCHA, in an effort to keep these regulations inclusive of whole plant medicine that warrants 

documented traditional use. I encourage you to research the state of our natural product industry in 

Canada.  

 

None of this denies the value of studying Herbal Chemical Constituents as long as it takes place 

within the context of holism as Holistic Herbalism focuses on using whole plants for whole people.  
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TOP 3 REASONS TO STUDY THE PLANT CONSTITUENTS  
 
Utilizing herbs and creating medicines for yourself, your family and/or your clients are a huge 

responsibility. Inadequate Herb quality, adulteration and improper extraction methods are all issues 

with the industry. Having many ways to analyze your herbs and/or herb medicines is important and 
this is the crux of why one needs to study the plant’s constituents.  

 

1) Quality Assurance  

2) Appropriate Extraction Methods  

3) Understanding Pharmacological Activity  

 
“Isolation and experimentation with single constituents can provide information that can be adapted to 
a more holistic understanding of an herb’s action. Knowledge of individual constituents is also 
essential for developing quality control methods, extraction procedures, understanding of 
pharmacological activity and pharmacokinetics.” -Andrew Pengally 
 

 

QUALITY ASSURANCE  

 

To perform a successful Quality Assurance test on any herb demands a certain level of education 

and understanding of the plant. Everything from colour, aroma and taste, to botanical species 

identification needs to be addressed. Knowing how certain plant constituents present in a herb will be 
very helpful to this process. For example, the echinacein (an alkyamide) is responsible for zingy 

response on the tongue one experiences when chewing Echinacea root. We also experience this with 

the plant Spilanthes, which contains spilanthol, also an alkyamide.   

 

 

 

APPROPRIATE EXTRACTION METHODS  

 

The magic or medicine of a plant is captured and obtained through various extraction methods. 

Certain active components of plants need certain menstruums to full extract the medicine from them.  

 

A menstruum is the medium to which the medicinal aspects of the herb are extracted into. Simple 
example of this is a tea infusion of nettles. The water in the tea is the menstruum.  
 

An excellent example of this process is with Mucilage. Herbs that contain mucilage need to be cold 

water extracted (cold infusion) to obtain the mucilage. The mucilage is the active component 
responsible for the herbal energetic/action of demulcent. 
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UNDERSTANDING PHARMACOLOGICAL ACTIVITY  

 

Pharmacology is the branch of science that studies therapeutic agents in all their effects. Such 

agents are usually called drugs. Drug refers to both herbal and synthetic as both contain chemical 

constituents. We will identify drug as the herbal form here forth.  
 

The word drug is derived from the Middle English drogge, which is derived from the Dutch word 
droge, meaning ‘dry’. Our modern word drug refers to the use of dry plants in medicine. One might 
conclude that drug is a herbal word.  
 
Pharmacology is very extensive, as detailed below, and knowing the plant’s chemical composition is 

a key part of this practice. Herbalists who train within this scope are often referred to as 

Phytotherapists.  
 

The word Pharmacology itself is derived from the Greek works pharmakon (drug) and logos (word).  
 
 

Pharmacology includes the following divisions:  

 

• Pharmacodynamics: Focuses on the study of the physiological or biochemical mechanisms in 

which drug actions are produced. This involves identifying effects produced and the sites and 

mechanisms of their actions in the body.  

 

• Pharmacokinetics: Investigates factors that modify the effects of a drug, such routes of 

administration, rates of absorption, differential distribution and mechanisms of excretion and 

detoxification.  

 

• Toxicology: The study of effects unfavourable to health. This includes plant and synthetic drug 

interactions and toxicity levels.  

 

• Pharmacognosy: Focuses on the identification and analysis of plant and animal tissues from 

which drugs may be extracted.  

 

• Pharmacy: Focuses on the art and science of preparation, compounding and dispensing 

drugs.  
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The Value of Reductionism  

 

• Chemical science is based on reductionism: understanding the whole through its parts  

• Modern instrumental analysis excels at detecting & defining unique structures  

• Properties of individual chemicals & structure-function relationships can be determined  
• Extensive phytochemical literature has accumulated over the last few decades  

• Analytical techniques have vastly improved quality control  

• Many well-designed studies support & elucidate traditional usage.  

 

We can honor traditional wisdom while also learning from Science.  

 

Reductionism is a great tool, but a terrible philosophy. -Lisa Ganora 

 
 

PLANT CHEMISTRY  

 

Biochemistry is a vast and complex field demanding a commitment to the understanding and 

integration of its content. This involved content is beyond the scope and time framework of this 

program. It is encouraged that students review an introductory textbook on organic chemistry to 

revisit the concepts of the building blocks of life and how they work. Understanding the basic, simple 

principles of biochemistry will help the student see the similarities between both humans and plants.  
 

Recommended reading and resources:  

Online link for Virtual Textbook of Organic Chemistry 

http://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/intro1.htm 

 

Medical Herbalism by David Hoffman pages 36 – 40 (Can be read online).  

 

Advanced Herbology by Terry Willard pages 37 – 66  

 
Herbal Constituents by Lisa Ganora  

 

The Constituents of Medicinal Plants: An Introduction to the Chemistry and Therapeutics of Herbal 

Medicine by Andrew Pengelly  
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Here are some commonly used terms and concepts that might prove helpful for the following 
section:  
 
Aglycone: A molecule that can exist with or without a sugar group attached. Without the sugar group, 
they are known as aglycones. When they contain a sugar group, they are known as glycosides. 
 
Aromatic ring: A carbon ring structure seen, for example, in phenolic compounds, alkaloids, and 
terpenes. It consists of 6 carbon atoms in a flat, hexagonal pattern. Different functional groups may 
be attached to the ring. 
 
Conformation: The three-dimensional arrangement of the atoms of a molecule. 
 
Compound: A chemical composed of more than one type of atom. 
 
Functional group: In organic molecules, these are particular groups of atoms in which characteristic 
chemical reactions take place. Functional groups can be found in many different kinds of molecules. 
 
Glucoside: A glycoside in which the sugar constituent is glucose. 
 
Glycoside: Any compound that contains a carbohydrate molecule. These can be converted into a 
sugar and a nonsugar component (an aglycone), and are named specifically for the sugar contained, 
as in glucoside (named for glucose), pentoside (pentose), and fructoside (fructose). 
 
Hydrolysis: The splitting of a compound into fragments by the addition of water. 
 
Isomers: Two or more compounds with the same molecular composition. The number of possible 
structural isomers increases with the size of the molecule. 
 
Ligand: An ion, a molecule, or a molecular group that binds to another chemical entity to form a 
larger complex. 
 
Optical Isomerism: Compounds that have the same molecular formula but differ in the way they 
rotate the plane of polarized light. 
 
Oxidation: The process by which oxygen is added or electrons removed from a molecule. 
 
pH: A measure of acidity or alkalinity. Neutral pH is 7, acidic is less than 7, and alkaline (or basic) is 
higher than 7. 
 
Phenolic: A molecule containing an aromatic ring bearing one or more hydroxyl groups. 
 
Precipitate: A solid that is separated from a solution. 
 
R: Shorthand that stands for a variable group, meaning that the group could have any of a number of 
structures. 
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Reduction: The process by which electrons are added or oxygen lost. 
 
Stereoisomer: Two molecules that contain the same numbers and kinds of atoms bonded in the 
same order but differ in that certain bonds are oriented differently in space. 
 
Structure-activity relationship: The relationship between chemical structure and pharmacological 
activity for a series of compounds. 
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PRIMARY AND SECONDARY METABOLITES  

 

The chemical constituents found in plants are classified as either primary or secondary metabolites.  

 

In all living beings, chemical compounds are synthesized and broken down through a series of 
chemical reactions, each mediated by an enzyme. This complex process is called metabolism, which 

includes catabolism, the breakdown and anabolism, the synthesis.  

 

All organisms possess similar metabolic pathways for the synthesis and use of essential chemicals. 

This is called Primary Metabolism and yields chemicals necessary for the survival and health of the 

organism. In the Plant Kingdom these processes included respiration, photosynthesis, growth and 

development.  

 
Primary Metabolism: Molecules and processes necessary for life  

– Respiration – Photosynthesis – Growth and development – Energy –  

Include:  

• Genetic material / DNA   

• Proteins, enzymes  

• Components of cell membranes  

• Primarily carbohydrates, lipids, and amino acids; less likely to be potent pharmacological 

compounds, with exceptions.  

 

Plants also use metabolic pathways to produce compounds that seem to have no essential or life 

sustaining function.  Where Primary metabolites participate in nutrition and essential metabolic 

processes inside the plant, Secondary metabolites influence ecological interactions between the 

plant and its environment. 

 

Secondary Compounds Secondary metabolism:  

• Not required for the short-term survival of the organism  

• Mostly considered “defensive” substances  

• Over 100,000 compounds identified to-date functions include:  

• Toxic to animals to deter eating (insects, grazers)  

• Pigments to protect from solar radiation  

• Volatile oils to attract pollinators  

• No doubt many other things unknown to us (Science when honest, is humble)  

• Plant intelligence, mood, communication  
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Secondary Metabolite specialised functions include: 

 

• Defence against herbivores (insects, vertebrates) 
• Defence against plant pathogens 

• Defence against other plants 

• Signal compounds to attract pollinating and seed dispersing animals 

• Signals for communication between plants and symbiotic microorganisms 

• Protection against ultraviolet light, oxidation and other physical stressors. 

 

 

Examples of Secondary Plant Metabolite Plant Constituents and their known functions:  

 

• Alkaloids can play a defensive role in plants against herbivores and pathogens. 

 

• Glucosinolates appear to have a role in protecting against insect attack.  

 

• Tannins act to preserve the wood in living trees from microbial decomposition and insects.  

 

• Several classes of secondary metabolites are created by infection, wounding or grazing. Both 

salicylic and jasmonic acids have been implicated as signals in such responses.  

 

• Toxic chemicals formed in response to damage, especially from fungal attack, are called 

phytoalexins.  

 

• In legumes, secondary metabolites are involved in interactions with beneficial micro-

organisms (flavonoids as inducers of the Rhizobium symbiosis) and in defence against 

pathogens (isoflavonoid phytoalexins). 

 

• Plants have also developed chemical defences against other plants, a phenomenon known as 

negative allelopathy. Many compounds are implicated, including phenolics and terpenoids. 

Positive biochemical interaction, or facilitation, among plants is also becoming increasingly 

recognised (positive allelopathy). 
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PART B: PLANT CONSTITUENTS 
 

The study of chemical constituents and plant properties is a huge field known as Phyto-

chemistry/pharmacology. Some Herbalists spend their entire lives and careers studying only this 

division, while others never study this content and practice herbology quite successfully without it.  
 

In an effort to provide a 360-degree viewpoint into Holistic Herbalism we will study the following 

plant/herb chemical constituents. By no means is this list entire or complete and new secondary 

metabolites are being discovered ongoing. The following list is known as the Archetypal or most 

common plant constituents known.  

 

As we endeavor to learn the major plant constituents please keep sight of the 3 main reasons why 

we are integrating this information into our learning for this program:  
 
1) Quality Assurance  
2) Appropriate Extraction Methods  
3) Understanding Pharmacological Activity  
 
 
 
THE SIX MAJOR CATEGORIES OF PLANT CONSTITUENTS  
 
 
Primary Metabolites  
• Carbohydrates 
• Lipids 
• Amino acids 
_________________ 
 
Secondary Metabolites  
• Polyphenols 
• Terpenoids and Steroids 
• Alkaloids 
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CATEGORY ONE: CARBOHYDRATES  

 

What is a Carbohydrate?  

Carbohydrates are the most widely distributed biological substance found in nature.  
Commonly called sugars, carbohydrates are formed during photosynthesis.  

Simple carbohydrates don’t play much of a role medicinal effects however the more complex forms of 

carbohydrates hold a very prominent place in herbal medicine.  

 

Facts:  

• Carbohydrates are key compounds in the biochemistry of green plants  

• All other compounds can be derived from them.  

• Involved in the storage and utilization of energy required for the processes of growth, ion 

transport, water uptake.  

• Contribute to the structural strength and binding of the cell in plants.  

 

The basic structure of a carbohydrate is a aldehyde, ketone, hydroxyl, carboxyl functional group 

containing carbon, hydrogen and oxygen in which the hydrogen and oxygen are generally in the 

same ratio as water.  

This is the chemical starting point from which, by subsequent organic reaction, that plants synthesize 
a great number of other constituents.  

Carbohydrates can be split into simple sugars and polysaccharides.  

The simple sugars are called monosaccharides (glucose), more complex are called oligosaccharides 

(sucrose) and even more complex are polysaccharides.  

 

Carbo = containing carbon  

Hydrates = containing water (not accurate but originally thought to true)  

 
Characteristics:  

• Hydrophilic and water soluble  

• Products of photosynthesis and the basis of most other phytochemical compounds  

• The most abundant natural compounds  

 

Two main functions:  

• Stored energy (starch)  

• Provide mechanical strength to cells (cellulose) – some plants are more than 50% cellulose  

 

In addition, carbohydrates provide food to animals and fungi. 
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THE MAJOR SUBCATEGORIES OF CARBOHYDRATES INCLUDE:  

1. Monosaccharides  

2. Disaccharides  

3. Oligosaccharides  

4. Polysaccharides  

§ Homopolysaccharides  

§ Heteropolysaccharides  

Ø Gums, mucilages, pectins  

Ø Immunomodulating polysaccharides  

5. Organic Acids  

 

Monosaccharides                                                                                        

Simplest sugars: includes Glucose, Fructose, Mannose, Arabinose. ‘ose’ suffix indicates a sugar 

molecule.  

 

Disaccharides – composed of two monosaccharides  
 

Oligosaccharides – three to ten sugar units  

Oligo = short chains 

Saccharides = made from sugars  

Humans lack enzymes to break them down; fermented by colon bacteria to produce methane, CO2, 

H2 

 

The Inulins:  

Free oligosaccharides made by plants consist of small polymers of fructose units (called fructans). 
The shorter inulins are known as fructooligosaccharides (FOS) and contain up to 15 monomers 

(subunits).  

 

Functionally they serve as soluble fiber and are prebiotics, dissolve in hot water but have little 

solubility in a hydroethanolic extract. In the plant they serve as storage compounds in lieu of starch.  

 

Plant Sources: Onions, Leeks, Garlic, Asparagus, Artichoke, roots of Dandelion, Burdock, Chicory, 

Elecampane.  
 

Humans lack enzymes to break down oligosaccharides, lacking the enzyme to break down the beta-

glyosidic bond. They are fermented by colon bacteria to produce methane, carbon dioxide and 

hydrogen.  
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Inulins have numerous health benefits including:  
 
v Prebiotics: Provide a substrate (“food”) for the beneficial microflora increase the production of 

lactate and butyrate in the colon. Compounds that have further benefit to colon health  
v Stabilize blood sugar levels.  
v Lower elevated triglyceride levels by improving triglyceride synthesis in the liver via short chain 

fatty acid production (SCFA) / butyrate.  
v Benefit the gut – associated lymphoid tissue system (GALT) resulting in enhancing secretion of 

immunoglobulin and stimulating local phagocyte activity.  
v Improve absorption of calcium and magnesium  
v Anti-inflammatory effect and may have influence on inflammatory bowel conditions including 

ulcerative colitis and irritable bowel disease / syndrome.  
v May be beneficial as a bowel anti-cancer agent.  
 
Inulin Summary  

• First isolated in 1804 from elecampane 
• Consist of linked fructose units 
• Part of FOS – fructooligosaccharides, a type of soluble dietary fiber 
• Abundant in chicory, sunchokes, burdock, dandelion, elecampane, garlic, onions, artichoke 
• May influence blood sugar stability 
• Feeds colon bacteria 
• Reduces serum LDL, triglycerides 

 
Polysaccharides – much longer chains of sugars (up to several thousand)  

• Sometimes called ‘glycans’ 
• Long chains (polymers) of monosaccharide subunits (monomers) 
• Homogenous polysaccharides have all the same kind of subunits: starch, cellulose, beta-

glucans 
• Heterogenous polysaccharides have different types of subunits & can form gels: pectins, 

gums, mucilages 
 
Some polysaccharides have therapeutic effect on immune function 
Echinacea, medicinal mushrooms – beta glucans  
The polysaccharide content is best extracted is hot water.  
 
Saccharides become less water-soluble as they get larger (application of heat can increase 
solubility) 
 
Mucilage  

• Complex mixtures of hetero-polysaccharides.  
• Have a slippery, mild taste, swell in water and produce a gel like mass that soothes and 

protects irritated tissues.  
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Herb Examples of Mucilage containing Herbs:  
 
• Althea officinalis 
• Plantago major  
• Plantago ovate 
• Ulmus fulvus  
 
SOLUBILITY OF CARBOHYDRATES  
 
Generally:  
 
Quite polar, therefore quite water soluble.  
Will precipitate out of higher ethanol solutions and are not soluble in oil.  
 
GUIDELINES FOR MEDICINE MAKING  
Monosaccharides: Glucose, Fructose et al.  
Highly water soluble.  
 
Disaccharides: Sucrose, Maltose 
Highly water soluble. 
 
Oligosaccharides: Inulin / FOS.  
Water soluble, especially in hot water.  
 
Homopolysaccharides  
Starch: hot water soluble  
Cellulose: largely insoluble  
 
Heteropolysaccharides: Mucilages / Gums  
Water soluble, especially cold water.  
 
Organic Acids: Citric Acid, Formic Acid, Acetic Acid  
Water soluble but more soluble in neutral to basic solutions* 
 
Carbohydrates usually stay dissolved in low percentage ethanol (20 – 30%) and glycerites but 
precipitate out at higher ethanol to water ratios.  
 
Tannins can bind to and precipitate complex carbohydrates / polysaccharides.  
 
A solution with a pH of 7 is classified as neutral.  
When pH is higher than 7, the solution is basic. These numbers describe the concentration of 
hydrogen ions in the solution and increase on a negative logarithmic scale 
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Glycosides  
Glycosides are non-carbohydrate molecules bound to sugar molecules, rendering higher solubility in 
water. A Glycoside consists of a carbohydrate portion (one or more sugars or sugar acids) that is 
combined with a hydroxy compound. This hydroxy compound, typically an aglycone, is often how the 
glycoside is classified. The aglycone portion of the molecule is usually the active component with 
some therapeutic effect.  
 
The following are Glycoside molecules:  
Alcohol                  Saponin  
Cyanogenic            Aldehyde    
Flavonoid               Cardiac  
Isothiocyanate        Anthraquinone  
Iridoid           Lactone  
 
 
CATEGORY TWO: LIPIDS  

• Low-polarity molecules = not soluble in water 

• Large class of molecules with many different functions 

• Includes ‘fixed oils’ but not ‘essential oils’  

• Provide energy reserves in plants (seeds tend to be high in lipid content).  

 
Fatty Acid Terminology:  

EFA - essential fatty acids 

SFA - Saturated Fatty Acids  

UFA- unsaturated fatty acids 

PUFA - polyunsaturated fatty acids 

MUFA - Monounsaturated  

TFA – Trans Fatty Acids  

 

To discover the various approaches on naming Fatty Acids please refer to: 
https://courses.lumenlearning.com/pierce-nutritionmaster/chapter/fatty-acid-naming-food-sources/ 

 

Essential Fatty Acids 

Linoleic Acid (LA) Alpha-linolenic Acid (ALA) derived from Omega 3, omega 6, omega 9.  

Humans lack the enzymes to make these nor can they be stored; they must come from the diet daily.  

Nourish all synovial fluid, food for the brain, keep eyesight strong, improve cardiovascular health.  

 

Saturated vs. Unsaturated 

Saturated: the carbon atoms are saturated with hydrogen atoms; no carbon-to carbon double bonds 

Unsaturated: has double bonds, fewer hydrogens 
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Saturated Fatty Acids 

Stearic acid: Cocoa butter; animal fats  

Myristic acid: Coconut oil, Palm kernel oil, many animal fats  

Lauric acid: Coconut oil, Palm kernel oil   
Palmitic acid: Coconut oil, Cottonseed oil, Olive oil, animal fats   

Arachidic acid: Peanut, Soybean oils 

 

Unsaturated Fatty Acids 

Monounsaturated: 

Oleic: Olive, Canola, Avocado, Sunflower, Peanut, Almond & other nut oils, animal fats  

Palmitoleic (Omega 7): Sea Buckthorn berry oil; small amounts in Coconut, Olive, Palm kernel oils, 

Macadamia nuts, and krill/fish 
 

Polyunsaturated: 

Linoleic (LA – an EFA) 

Alpha-linolenic (ALA – an EFA) 

Gamma-linolenic (GLA) 

DHA (docosahexaenoic acid) 

EPA (eicosapentaenoic acid) 

 
Omega 3 fatty acids  

Alpha-linolenic acid (ALA): Flax seed oil 

Omega 3 DHA – docosahexaenoic acid, from cold-water fish oils 

Omega 3 EPA - eicosapentaenoic acid, from fish oils: Omega 3 

Provide cold water insulation for the fish and/or bacteria, a reason for why they might produce them.  

 

Omega 6 and 9 fatty acids  

Gamma-linolenic acid (GLA): Borage, Black Currant, Evening Primrose oils 

Omega 6 Linoleic acid: Olive oil, Mothers’ milk 
Omega 6 Oleic acid, common in plant & animal fats  

Omega 9 Oleic and Erucic acid 

 

Trans- & Cis-fatty Acids 

Trans = ‘across from,’ cis = ‘next to’  

Nature makes mostly cis-fatty acids 

Oxidation (rancidity), processing, & partial hydrogenation make trans-fatty acids 
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Triglycerides: Neutral Fats 

Tri = 3 

3 fatty acids are bonded to one molecule of glycerol rending this fat a bit more water soluble.  

Edible oils are > 95% triglycerides 

Major energy storage for seeds, animals 
Main way the body stores fat, the glycerol molecule makes the fat a bit more absorbable.  

High levels of triglycerides in the blood is concerning. Triglyceride levels above half of the over 

cholesterol level indicates elevated triglycerides.  

 

Alkamides 

Oil & alcohol-soluble compounds: amphiphilic 

Composed of unsaturated fatty acids bonded with amines; contain nitrogen 

Alkamides include isobutylamides in Echinacea; often sialagogues   
Others in Arctium, Zanthoxylum, Piper, & Spilanthes 

 

Isobutylamides 

Isobutylamides are a type of alkamide  

Spilanthes contains high levels of isobutylamides including spilanthol 

Concentrated in flower heads & leaves  

• Local anesthetic  

• Immuno-stimulant 

• Anti-inflammatory 

• Antiseptic 

• Sialagogue 

 

SOLUBILITY OF LIPIDS  

 

Lipids are oily substances. They are often soluble in other oily substances and sometimes in 

hydroethanolic solutions. Lipids in general are soluble in other lipids and not water.  

 

Determining solubility requires evaluating your herb constituents but also your solvent.  

 
Abbreviations:  

ETOH Ethanol Alcohol  

• Fatty Acids: soluble in dietary oils  

• Triglycerides: only very modestly soluble in ETOH, not in water.  

• Alkamides: soluble in hydroethanolic solvents of 40 – 60 % ETO 
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CATEGORY THREE: AMINO ACIDS & DERIVATIVES  
 

Amino Acids 

300 kinds known; proteins are made from 22 ‘standard’ amino acids. 

Many classes of plant molecules are derived from amino acids: alkaloids, some phenolic compounds, 
glucosinolates, cyanogenic glycosides, peptides, enzymes.  

 

Atmospheric nitrogen (N2) is a strong bond molecule and needs to be broken apart and rearranged 

into something like an amino acid. Nitrogen fixing bacteria that live on legume family plants fix the 

nitrogen into a bioavailable nitrogen form (N3).  

This would be why we see more amino acids in these plants.  

Other ‘fixers’ including lightening and decomposition.  

 
In animals: neurotransmitters, proteins, muscle and connective tissue, hemoglobin, & some vitamins 

such as niacin (B3) are all derived from Amino Acids.  

 

Examples:  

 

Amino Acid Tyrosine convers to Thyroid Hormone (T4 and T3) in the presence of Iodine.  

Tryptophan is an amino acid that converts to 5-HTP which in turn converts to Serotonin (a lot of this 

conversion happens in the gut.  

 
Histamine 

• Derived from the amino acid histidine 

• Neurotransmitter; mediates hypersensitivity, inflammatory processes 

• Found in Nettles stings (along w/serotonin, acetylcholine & organic acids. 

 

Glucosinolates 

• Derived various amino acids 

• Pungent compounds 

• Found in Mustards, Watercress, Horseradish, Wasabi, Broccoli, Brussels Sprouts, Cabbage, 

also Nasturtium 

• Induce phase II Liver detoxication enzymes 

• Modulate the immune response (cancer, inflammation) 

• Chemoprotective: antimutagenic, anticarcinogenic, induce apoptosis in cancer cell 
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Cyanogenic Glycosides 

• Many herbs contain trace amounts 

• Generate HCN (cyanide) in the body 

• Toxic in massive doses 

• Humans have enzymes to detoxify cyanide rapidly 

• Almond’ smell in crushed Wild Cherry leaves  

• Sambunigrin accumulates in leaves & bark of Elder 

• Potentially toxic amounts in unripe berries of purple varieties 

• Red Elderberries potentially toxic at all stages 

 

AMINO ACID DERIVATIVES: CYANOGENIC GLYCOSIDES 

 

Contain precursors to cyanide and will convert to cyanide. When taken at a normal amount and with 

a healthy liver function, humans have co-evolved with theses plant components to be able to digest 

them without concern.  

With a compromised liver function and in larger amounts toxic thresholds can be met.  

Glycoside means the molecule is attached to a sugar molecule making it more water soluble.  

 
Limiting how you use herbs containing these components and how you process them will be 

important.  

 

• Many herbs contain trace amounts: Wild Cherry, Elder.  

• Prunasin is found in the seeds of fruits like Apples, Cherries, Apricots, and Plums, and in 

• Bitter Almonds (Prunus & Malus spp.) 

• Amygdalin occurs in Bitter Almonds, Apricot pits 

• Generate HCN (cyanide) in the body 

• Toxic in massive doses 

• Humans have enzymes to detoxify cyanide rapidly 

• Almond smell in crushed Wild Cherry bark / leaves.  

• Sambunigrin accumulates in seeds, leaves & bark of Elder 

• Potentially toxic amounts in unripe berries of purple varieties 

• Red Elderberries potentially toxic at all stages 
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SOLUBILITY OF AMINO ACID DERIVATIVES  

Directly resourced from Herbal Constituents by L. Ganora  

There are many different kinds of compounds made from amino acids including amines, 

methylxanthines (caffeine), cyanogenic glycosides, and sulfur compounds.  

Determining solubility requires evaluating your herb constituents but also your solvent.  
 

Abbreviations:  

ETOH Ethanol Alcohol  

 

• Most pungent sulfur containing amino acids derivatives are oil soluble  

• Cyanogenic glycosides:  water soluble, more so in hot water, less soluble in ETOH, more so in 

hot ETOH  

• Amines: more soluble in acidic aqueous solutions, amine salts are highly water-soluble  

• Peptides: generally water soluble.  

• Proteins: generally somewhat water soluble (pH dependant)  

• Larger tannins can bind and precipitate some kinds of proteins. 

 

 

CATEGORY FOUR: POLYPHENOLS  

 

Polyphenols, often referred to as Phenolic Compounds are produced in secondary metabolite 

pathways. They form a very large and diverse category of physiologically active plant molecules.  

 

All polyphenols have one thing in common: An aromatic ring structure bearing one or more 

hydroxyl groups. Polyphenol is short for poly-hydroxylated phenol.  

 

Many of the polyphenols exist in plants in both as glycoside and aglycones.  
The glycosidic forms are typically water soluble while the aglycones have less solubility in water and 

are more soluble in hydroethanolic solutions.  

 

We see phenols all around, for example the beautiful fall colours in the leaves of the trees are 

generally phenolic compounds and provide the tree with specific antioxidants.  

Plants provide phenolic compounds in an effort to protect themselves and often these compounds 

have a bluish, reddish bright orange colour.  
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EXAMPLES OF PHENOLIC COMPOUNDS  
Hawthorn is an example of a phenol rich herb, hidden in the leaf, but shown in the fruit as a visual 
cue to the animal world that the fruit is ripe.  
 
Resins, which are not a constituent proper, are also high in phenolic compounds (and terpenes), such 
as in Cottonwood / Poplar bud resin.  
High phenol rich resins are produced by the plant to heal wounds, protect the plant from injury, 
infestation, containing high levels of antimicrobial compounds.  
 
FACTS  

• Phenol, aka carbolic acid is the basic unit of a Benzene / aromatic / phenolic ring with a 
hydroxyl group: C6H5OH 

• Phenols comprise the largest group of plant secondary metabolites.  
• Complex alcohols  
• Antimicrobial properties: used by Joseph Lister in the 19th c. as an antiseptic during surgery 
• “Phenol” also refers to any phenolic or polyphenolic compound. 
• Polyphenols include many potent antioxidants, in part due to their stable structure.  
• Antioxidants prevent free radical damage, within the organism as well as environmental 

exposure. 
• They range from simple structures with only one benzene ring to larger molecules such as 

flavonoids and coumarins.  
 
CLASSES OF PHENOLIC COMPOUNDS:  
 

1) Simple Phenols 
2) Phenolic acids 
3) Phenylpropanoids 

 Coumarins   
 Lignans   
 Stillbenoids 
 Xanthones 
 Styrylpyrones 
 Flavonoids   

1. Chalcones 
2. Flavanols  
3. Proanthocyanidins (condensed tannins)  
4. Hydrolysable Tannins  
5. Anthocyanidins & Anthocyanins 
6. Flavanols 
7. Flavones 
8. Flavanones in Citrus      

 
4) Isoflavones  
5) Quinones: Naphthoquinones/ Anthraquinones  



 24 

 
Within the Foundations Program we will be covering:  

 Simple Phenols  

 Phenolic Acids  

 Phenyproanoids: Courmarins, Lignans, Flavonoids (Tannins)  
 Isoflavones  

 Anthraquinones  

 

PHENOLIC COMPOUND: SIMPLE PHENOL 

The distribution of simple phenols is widespread among all plants. Properties of simple phenols 

include antibacterial, antiseptic, and anthelmintic. .  

 

EXAMPLES:  

Arbutin 

• Found in uva ursi, pipsissewa, blueberry leaf, pear tree leaves.  

• The glycoside of arbutin is hydrolyzed in alkaline urine to hydroquinone 

• This affect is strictly localized in the urinary tract.  

• Urinary antiseptic, diuretic, cystitis, urethritis and prostatitis.  

 

Thymol  

• Found in Thyme 

• Powerful antiseptic and antifungal 

 

PHENOLIC COMPOUND: PHENOLIC ACIDS  

All green plants contain phenolic acids, although some plants accumulate more of these compounds 

than others do.  

 
FACTS  

• Antioxidants and anti-inflammatory agents associated with other polyphenols  

• Often bound in tannins  

• Found in many plants and some mushrooms 

• Contains at least one phenolic hydroxyl group & one carboxylic acid group 
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Phenolic Acid Example:  

Salicylic Acid  

• The most known simple phenol is salicylic acid.  

• Its precursors are widespread in small quantities, in larger quantities in willows, meadowsweet, 

wintergreen, poplar, birch 

• Salicin, a glycoside, is hydrolyzed to salicylic acid in the body; also occurs as methyl salicylate 

• Salicylic acid has antipyretic, anti-inflammatory, analgesic, anticancer properties  

• Protective / defensive mechanism role in plants  

• First prepared in pure form from meadowsweet in 1838.  

• Acetylsalicylic acid (aspirin) is a synthetic derivative of salicylic acid.  

• Synthetic Salicylic acid on its own would be harsh / damaging to the gut, with the addition of 

an Acetyl group this mitigates this slightly. (bio-piracy?)  

 

 

PHENOLIC COMPOUND: PHENYLPROPANOIDS 
Phenylpropanoids take their name from the fact they contain a phenolic ring with a 3 carbon 
attachment. They also contain a carboxyl group and are sometimes considered a subcategory of 
phenolic acids.  
 

• Phenyl = contains the phenolic ring 
• Propanoid = 3 carbons  
• Antioxidant in nature  
• Found in colourful fruits and veggies / herbs 

 
 
PHENYLPROPANOIDS DIVISIONS   
Coumarins   
Lignans   
Stillbenoids  
Xanthones  
Styrylpyrones 
Flavonoids   

• Chalcones  
• Flavanols  
• Proanthocyanidins (condensed tannins)  
• Hydrolysable Tannins  
• Anthocyanidins & Anthocyanins 
• Flavanols  
• Flavones 
• Flavanones in Citrus     
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PHENOLIC COMPOUND: PHENYLPROPANOIDS: Courmarins  

Tend to smell aromatic (freshly mown hay) but taste bitter 

A type of phenylpropanoid that have formed rings with themselves 

Coumarin has been found in 150 plant species in more than 30 families.  

 
The three major classes of plant Coumarins include:  

• Hydrocourmarins  

• Furanocourmarins 

• Pyranocourmarins  

 

Herbal energetics this chemical group are vast including anti-inflammatory, antispasmodic, anti-

edematous, vascular tonic, anti-hemorrhagic, anti-fungal and anti-tumour.  

 

Herbs containing courmarins include:  

• Aesculus hippocastanum:  Anti-inflammatory, vascular tonic 

• Angelica archangelica (Arch Angelica) Antispasmodic 

• Melilotus officinalis (sweet clover) Anti-inflammatory, anti-edematous 

• Trifolium pratense (red clover) Anti-tumour  

• Apium graveolens (celery) Anti-edematous  

 

PHENOLIC COMPOUND: PHENYLPROPANOIDS: Lignans 

 

• Lignans are insecticidal & antimicrobial for the plants 

• Major dietary sources of lignans with hormonal activity: Flax, Chia 

• Minor dietary sources: Pumpkin seeds, Green tea, berries  

• Some have hormone modulatory effect, but many do not  

• (e.g., flavonolignans in Milk Thistle; NDGA in Chaparral; Schizandrins) 

• Formed from two joined phenylpropanoid units  

• Hepatoprotective, antioxidant, protects cell membranes 
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PHENOLIC COMPOUND: PHENYLPROPANOIDS: Flavonoids  

 

A variety of phenols and the largest class of polyphenols, flavonoids are extremely common and 

widespread in the plant kingdom.  

 
They function as plant pigments and are responsible for the colours of many flowers and fruits.  

Being abundant in plants, flavonoids are commonly consumed in the human diet, especially if it is rich 

in fruits and vegetables. 

 

The word ‘flavonoid’ is derived from the Latin word flavus meaning yellow and many flavonoid plants 

are indeed yellow. However, many others are white, and the special flavonoid-related anthocyanins 

are red, blue or purple. Flavonoids are also present in leaves, where they are said to protect the plant 

tissue against the damaging effects of ultraviolet radiation. 
 

Major classes of flavonoids include:  

 

• Tannins  

• Anthocyanidins & Anthocyanins 

• Flavonols  

• Flavones 

• Flavanones in Citrus  

 

Flavonoids have a wide range of actions and many medicinal uses.  
Flavonoids have the ability to modify the body’s reaction to compounds such as allergens, viruses 

and carcinogens.  

They have anti-inflammatory, anti-allergic, antiviral, and anticancer properties.  

They strengthen vascular capillaries to prevent leakage of body fluids into surrounding tissues, they 

have phyto-estrogenic and liver protective activity.  

 

Examples of Flavonoid contain herbs include:  

 

• Calendula officinalis  

• Crataegus spp.  

• Curcuma long  

• Gingko biloba 

• Marticaria recutita  

• Trifolium pratense 

• Vaccinium myrtillu 
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PHENOLIC COMPOUND: PHENYLPROPANOIDS: Flavonoids: TANNINS  

 

Tannins are produced to a great or lesser degree by all plants with a higher concentration found in 

the parts that the plant sheds such as leaves, fruits and barks.  

The chemistry of Tannins exists in polyphenolic compounds based on a benzene ring with a hydroxyl 
group attached.  

 

There are two broad classes of tannins:  

 

Hydrolyzable and Condensed (also referred to as Proanthocyandins) 

 

Examples of Tannin containing Herbs:  

• Filipendula ulmaris  

• Geranium maculatum  

• Artcostaphylos uva-ursi 

• Equisetum arvense 

• Achillea millefolium  

• Vaccinium myrtillus 

• Capsella bursa-pastoris 

• Rubus ideaus 

• Hamamelis virgininicus  

 

Hydrolyzable Tannins 

 

Hydrolyzable Tannins are broken down readily by acid, alkali and certain enzymes to yield gallic or 

ellagic acid, which is antiseptic, caustic and hepatotoxic.  

Use with extreme caution for small portions of time. (found in Quercus sp.).  

 

FACTS 

• Most of what we call “tannins” 

• High levels in oak (and oak galls), witch hazel, lady’s mantle, raspberry leaf, geranium, grape, 

tea – raspberry ellagitannin  

• Many complex variations, constructed around a central sugar molecule (such as glucose) 

• Astringents for digestive mucosa, skin 

• Skin healing: protective, superficial vasoconstrictors 

• Antioxidant, anti-cancer 

• Water and alcohol soluble 
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Proanthocyanidins 

 

Condensed tannins also known as proanthocyanidins are flavonoids precursors and very 

common in darkly pigmented foods and fruits.  

 

Condensed tannins inhibit cellular secretions and reduce the absorption of substances across the gut 

wall. They reduce peristalsis making them useful for infectious diarrhea issues. When applied topically 

they are very useful in treating burns.  
 

Origin of the name: 

• Pro = before 

• antho = flower 

• cyan = the color / blue 

• idin = aglycone 

 

Proanthocyanidins + acids anthocyanidins: pigments that color flowers & fruits in the 
blue/red/purple spectrum.  

Also known as OPCs (oligomeric proanthocyanidins) or condensed tannins – also called 

Polyflavanoid Tannins 

 

Proanthocyanidins Facts:   

• OPCs – oligomeric proanthocyanidins 

• Short chains of flavanols such as catechin 

• Water-soluble; can form complexes 

• Antioxidant, anti-inflammatory, astringent, cardioprotective, protect cell membranes 

• Both pycnogenol and grape seed extract sold as supplements 

• Found in red wine, grape skins & seeds, elderberries, blueberries, cranberries, hawthorn, 

ginkgo, green tea 

Safety Concerns and Considerations for Tannins  

• Contraindicated for use when there is constipation, iron deficiency, malnutrition.  

• Tannin rich herbs should not be combined with alkaloid containing herbs in a formula as they 

will form a precipitate and potentially decrease its therapeutic potential. 

• Certain herbs rich in Hydrolysable tannins should be reserved for external use only due to 

potential hepatotoxic effects. 
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PHENOLIC COMPOUND: Isoflavones 

• Hormonally Active 

• Isomers of flavones 

• Occur primarily in the Fabaceae family, help to attract nitrogen-fixing bacteria 

• Hormonally active: a type of communications molecule 

• Biochanin A, formononetin, daidzein, genistein & their glycosides 

• Major sources: Red Clover, Kudzu root, Soybeans, Licorice 

 

 

PHENOLIC COMPOUND: Anthraquinones 

Anthraquinones, as the name implies, are phytochemicals based on anthracene (three benzene rings 

joined together). At the apex of the central ring is a carbonyl group, which is the Quinone part. 

Pharmacology of Anthraquinones is well studied due to their ability to move the lower bowel and 

promote healthy regular bowel movements. Anthraquinones are considered a variety of phenols.  

 

Anthraquinones act directly on the intestinal mucosa, their laxative effect is largely due to increased 

peristalsis of the colon, reducing transit time and consequently the reabsorption of water from the 

colon making the stool more liquid and easing bowel movements.  

 
The action of Anthraquinones is very dose dependent; lower dosages promote a milder, tonic, 

laxative effect while larger dosages will have a powerful stimulant to cathartic effect.  

 

The following Herbs contain Anthraquinones in their chemical composition. 

 

• Rheum palmatum (Turkey Rhubarb) 

• Rhamnus fangula (Cascara sagrada) 

• Rumex crispus (Yellowdock)  

 

Safety Concerns & Contraindications of Anthraquinones  

 
At high dosages herbs containing anthraquinones are gastrointestinal irritants, causing toxicity 

symptoms that include nausea, vomiting, diarrhoea, dizziness, and blood in the stool, acute 

abdominal cramping and pain.  

 

In general follow these considerations for usage:  

 

• Use with extreme caution with irritable bowel, spastic colon, and acute intestinal inflammation 

and in children less than 12 years old.  
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• A harmless red colouring to the urine and feces may occur due to the pigmentation of this 

herb. 

• Use anthraquinone containing herbs for less than 10 days in a row.  

• Continual abuse in larger dosages can cause electrolyte imbalance due to the nature of the 

action of the anthraquinone.  

• Decrease in transit time can decrease nutrient absorption levels.  

• May provoke reflex contractions in the uterus when taken during pregnancy.  

• Long-term usage can cause brownish pigmentation in the bowel lining called melanosis, a 

potential risk factor for bowel cancer.  

 
 

SOLUBILITY OF PHENOLIC COMPOUNDS  

Structure of phenolic compounds vary widely and most can occur as either glycosides or aglycones.  

Glycosides are generally much more water-soluble than the aglycone form. Compounds which have 

low water solubility are generally more soluble in ethanol. The smaller polyphenols tend to be more 

water soluble than the larger ones as do those with numerous hydroxyl and/or carboxyl groups.  

Determining solubility requires evaluating your herb constituents but also your solvent.  

Abbreviations:  

ETOH Ethanol Alcohol  
 

• Phenolic Acids: solubility varies with structure and pH  

• Phenylpropanoids: solubility varies with structure and pH 

• Coumarins: glycosides generally in water and ethanol soluble; aglycones less so  

• Lignans: generally soluble in acetone/water. At times not soluble at all.  

• Stillbenoids: soluble in ETOH solutions, including wine  

• Xanthones: generally soluble in higher percentage ETOH, acetone and oils  

• Styrylpyrones: soluble in high – percentage ETOH and oils  

• Flavonoids: solubility will vary, but many are water and middle percentage ETOH solutions. 
Smaller Tannins soluble in hots water, mid-percent ETOH, larger tannins generally insoluble in 
water and/or ethanol.  

• Isoflavonoids: soluble in ETOH solutions, aglycones have low water solubility; However the 
glycosidic forms are more water – soluble.  

• Quinones: solubility varies, most are soluble in hot water and low to mid percentage of ETOH. 
Some are oil soluble (hypericin)  

• Phenolic Resins: soluble in high percent ETOH and fixed oils, especially if heated.   
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CATEGORY FIVE: TERPENOIDS AND STEROIDS  

 

TERPENES 

Originally named from compounds first found in turpentine distilled from Pine oleoresin, terpenes were 

formerly called isoprenoids. Terpenes are the largest class of secondary metabolite compounds and 
have a wide range of biological functions. There are four main subgroups of the terpenoids (terpenes) 

based on the total number of carbon atoms in their basic structure.  

 

Terpenes Facts:  

• Largest group of secondary compounds 

• Generally less water soluble, more alcohol and fixed-oil soluble, although some are water-

soluble glycosides 

• Volatile essential oils, latexes, and pungent resins – protect plants from insects 

• Diverse structure and wide range of medicinal / pharmacological activity (some toxic) 

• Built from building blocks of five-carbon units 

 

TERPENOID DIVISIONS  

 

Monoterpenes: ten carbons 

– In essential oils 

– In oleoresins 

– Iridoids (monoterpene lactones) 

 
Sesquiterpenes: fifteen carbons 

– In essential oils 

– Sesquiterpene lactones 

 

Diterpenes: twenty carbons 

 

Triterpenes & Steroids: thirty carbons 

– Saponins 

– Cardiac glycosides 
– Phytosterols 

 

Tetraterpenes : forty carbons 

– Carotenoids 
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SAPONINS (A subgroup of triterpenes)  

Saponins are found in many plants and acquired their name by the reaction the produce when they 

are added to water, a frothy soapy outcome. Saponin comes from the Latin “sapo” meaning soap. 

Saponins are extremely complex chemical structures that differ from each other where on the basic 

framework of carbon atoms smaller groups are attached. It is presumed that Saponins provide a 
major role in the immune response in plants.  

 

The major actions of Saponin containing herbs are vast and varied including:  

 

• Alterative 
• Diuretic 
• Expectorant 
• Anti-catarrhal 
• Anti-inflammatory 
• Anti-spasmodic 
• Antioxidant 
• Emmenagogue 
• Hormone modulating  
• Hepatoprotective 
• Adrenal Adaptogenic  

 

Saponins have been classed into two categories:  

• Steroidal Saponins: The chemical structure of steroidal saponins is similar to that of many of 

the body’s hormones (cortisol, estrogen et al) and their marked hormonal activity was the 

basis from which the first contraceptive pill was first developed as well as many of the bio-

identical hormones now on the market.  

• Triterpenoid Saponins: These have less hormone activity and are more focused on 

expectorant activity and nutrient absorption.  

 
Safety Concerns and Considerations  

• May be irritating to the mucous membranes of the respiratory and digestive systems, 

potentially causing urticarial, sneezing, bloating, nausea, vomiting.  

 
Examples of Saponin Containing Herbs  

• Dioscorea vilosa  

• Glycyrrihiza glabra 

• Medicago sativa 

• Panax ginseng 
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Adaptogenic Saponins 

• Eleutherosides: triterpenoid saponins 

• Ginsenosides/quinquenosides: steroidal saponins in Panax ginseng & P. quinquefolius 

• Withanolides: steroidal lactones 

• Glycyrrhizin in licorice: anti-inflammatory, inhibits deactivation of cortisol, immune nourishing 

antihepatotoxic, antiviral. Is responsible for raising blood pressure w/excess ingestion (sodium 

& water retention) 

 

Steroidal Saponins 

Steroidal skeleton has 27 carbons and usually occur in bulbs, seeds, or roots.  

Has similar properties to triterpenoid saponins 

• Diosgenin in Disocorea spp.: aglycone 

• Beta-sitosterol, campesterol, stigmasterol most common 

• May exist as glycosides or as esters with fatty acids 

• Important components of plant cell membranes (like cholesterol in animal cell membranes) 

• Hormone-like activities in plants 

 

BITTER TRITERPENE COMPOUNDS IN MEDICINAL MUSHROOMS 

As with polysaccharides, triterpene levels are higher in the fruiting body than in the mycelium.  

Sometimes occur as glycosides (i.e. water soluble).  

Example: 119 triterpenoids identified in Ganoderma lucidum alone  
 

Bitter triterpene compounds in Ganoderma 

Antihistamine, anti-inflammatory, respiratory and bronchodilative effects, hypotensive (ACE inhibiting) 

antihepatotoxic, antimicrobial, and blood lipid modulating activity 

Also shown  potentially antioxidant and potentiating to the anticancer and immune modulating activity 

of the Polysaccharides 

 

Tetraterpenes (Carotenoids)  

40 carbons  

• Orange/yellow/red pigments 

• Highly lipophilic compounds 

• Bioavailability generally increases with processing and cooking, and when combined with 

small amounts of lipids 

• Many carotenoids are powerful antioxidants for plants & animals 

• Lycopene – parent compound of carotenoids 

• Carotenes – alpha-, beta-, delta- & gamma-carotenes are closely related  
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Beta-carotene is the most abundant carotenoid in nature. Important for forming visual pigment 

(especially night vision), pro-vitamin A activity. Antioxidant and anticancer activity protect eyes against 

retinal damage; aid in prevention of macular degeneration, cataracts. It is also lung nourishing; 

protective against lung cancer when accompanied by other antioxidants. When taken as an isolated 
supplement may in some cases do harm.  

 

SOLUBILITY OF TERPENE COMPOUNDS  

 

Terpenoids tend to be oil and high percentage of ETOH soluble. Triterpene steroidal saponins 

(glycosides with triterpene / steroidal skeleton ) are amphiphilic because of their low-polarity skeletons 

and their high-polarity sugar groups.  

 
Smaller terpenoids found in essential oils have very limited solubility in cold water, quite soluble in 

steam, are soluble in fixed oils and mid to high percentage ETOH solutions.  Small Terpenes include 

monoterpenes and Sesquiterpenes.  

 

Larger terpenes are not volatile, tend to be sticky, oily or resinous, substances. They are soluble in 

fixed oils and other low-polarity solvents and in high percentage ETOH solutions. Many resinous 

substances are comprised of complex mixtures of the larger terpenes. Oleoresins are mixtures of 

essential oils and resins.  
Larger terpenes include Diterpenes, Triterpenes and Tetraterpenes.  

 

The aglycones of the triterpenoid saponins are insoluble in water, while their glycosidic forms are 

highly water-soluble and amphiphilic (soapy / foamy).  
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CATEGORY SIX:  ALKALOIDS  

 

FACTS  

• Second largest group of secondary compounds with over 10,000 identified   

• Different texts and/or chemists will arrange this group differently 

• Nitrogen containing organic compounds; characterized by a nitrogen atom in a ring – 

heterocyclic nitrogenous ring systems 

• Most are derived from amino acids (amine-based) 

• Often alkaline (high pH) but not always 

• Usually bitter tasting (generally not used as digestive bitters) 

• Many powerful medicines, psychotropic, hallucinogens, toxins, and stimulants 

• Often have an effect on the nervous system; many can mimic or block the action of 

Neurotransmitters 

• Tend to be lower-dose medicines 

• Many sacred plants worldwide 

• Isolation of morphine first occurred by Friedrich Seturner in 1806 

• Often named for the plant they were first identified in, but can sometimes occur in other 

plants  

• Names end in ‘-ine’ or ‘-in 

 
Plant Functions of Alkaloids  

• Generally produced in root systems then transported elsewhere.  

• Different parts of the same plant can contain different types or concentrations of alkaloids.  

• Some plants contain several dozen different alkaloids.  

• Alkaloids are found in 15-30% of all flowering plants.  

• Very common in Solanaceae, also Apocynaceae, Papaveraceae, Liliaceae, Ranunculaceae, 

Berberidaceae.  

• Outdated theory states these compounds are a byproduct of plant metabolism 

 

Alkaloids are known to:  

• Protect against predation and infection 

• Regulate growth 

• Attract pollinators or other symbionts 
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Potentially (speculatively) playing a role in:  

• Plant neuronal activity 

• Plant mood and emotional life 

 

Alkaloids and Medicine Making  

• Isolated alkaloids are usually not very water soluble 

• Overall, alkaloids are best extracted as tinctures in a hydroethanolic menstruum 

• Acidification (i.e. vinegar, acetic acid) can increase the potency of the extract in certain – not 

all - cases (examples: lobelia,) 

• Neutralized (i.e. broken down) by tannins 

• Excessive heat can neutralize alkaloids 

• Exceptions include caffeine and berberine, both of which are effectively water soluble and are 

also two of the most common alkaloids. 

 

Alkaloids are a very large and mixed group of plant constituents. Their chemical structure contains a 

nitrogen bearing molecule, as well alkaloids may contain oxygen, sulphur, and rarely at time other 

elements such as chlorine, bromine and phosphorus.  

  
Alkaloids account for the starting point of many pharmaceutical drug discoveries.  A mixture of 

morphine and narcotine was isolated from opium poppies in 1803. They have maintained an important 

role in drug therapy since then with codeine, atropine, quinine, pseudoephedrine all being part of 

modern drug medicine.  

 

Little is known about the role Alkaloids play within the plant’s structure other than they are a 

secondary metabolite and play an important defense role against herbivores and pathogens.  

 
 

Alkaloids have two key properties, which determine much of their action:  

 

1) An ability to cross the blood-brain barrier and exert depressant or stimulant effects on the 

central nervous system  

2) An ability to interact with various neurotransmitter receptor sites.  

 

Although alkaloids act on a variety of systems in humans they almost uniformly provoke a bitter taste, 
and all have the potential to be toxic.   
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Some of the Major Herbal Energetics of Alkaloids includes:  

 

• Antispasmodic 

• Analgesic  

• Anti-bacterial  

• Hypo/Hyperglycaemic  

• Nervine Stimulant  

• Psychotropic & Hallucinogenic 

 

Examples of Pharmacologically Active Alkaloids 

• Atropine, scopalamine – Datura, Atropa, etc. 

• Reserpine – from Rauwolfia serpentina 

• Vincristine – from Catharanthus roseus 

• Berberine – found in Berberis, Hydrastis, Coptis 

• Nicotine (lobeline is closely related) 

• Ephedrine, Cocaine, Quinine 

• Purine alkaloids: Caffeine / Theobromine 

• Pyrrolizidine alkaloids Saturated – non-toxic (Arnica, Echinacea, Euphrasia) Unsaturated - can 

become hepatotoxic after enzymatic conversion in liver (Borago, Symphytum, Tussilago, 

Eupatorium) 

• Some poisonous alkaloids: coniine, strychnine, curare (synthetic derivatives also used in 

surgery) 
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There are many classes (read: categories) of Alkaloids and all have very different 

Pharmacological effects. The following is a brief outline of some. 

 
Alkaloid Class Pharmacology Herbal Examples 

Tropane Anticholinergic with antispasmodic 
in the respiratory, genitourinary and 
digestive tracts.  

Atropa Belladonna (Deadly 
Nightshade)  
Hyoscyamus niger 
(Henbane)  

Isoquinoline  Anti-hypertensive, Anti-spasmodic, 
analgesic & antiseptic  

Hydrastis canadensis  
Mahonia repens  
Sanguinaria canadensis  
 

Pyridine & Piperdine  Anti-septic, Anti-hyperglycaemic, 
potentially narcotic.  

Lobelia inflata (lobeline) 
Nicotiana tabacum (nicotine) 
Trigonella foenum-graecum  

Pyrrolizidine Potentially nephrotoxic and 
hepatotoxic through a complex 
metabolism.  

Symphytum officinale  
Tussilago farfara 
Borago officinale  
Eupatorium perfoliatum  

Quinoline Anti-pryetic & Anti-malarial Cinchona spp.  
Indole Cardiotonic, Cytotoxic  Catharanthus spp.  

Rauwolfia serpentine 
Gelsemium sempervirens 

Purine Central nervous system stimulant 
and cardiotonic  

Camellia sinensis 
Coffea Arabica 
Theorbroma cacao 

Proto-Alkaloids  Sympathomimetic, narcotic  Colchicum spp.  
Ephedra sinica 
Taxus brevifolia  

Quinolizidine Alkaloids  Cardioactive, hypertensive  Cytisus scoparius  
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Safety Concerns & Contraindications of Alkaloids  
 
Herbs that contain alkaloids are considered some of the most potentially harmful and toxic due to the 
effects and accumulation of their chemical constituents. In some cases, the accumulation can be 
lethal. Maximum weekly and daily doses of these herbs much be strictly adhered to.  
 
It is crucial to identify early signs of toxicity including:  
 

• Dry mouth and eyes 
• Dilated pupils (Mydriasis)  
• Excessive sedation  
• Addiction or dependency  
• Hyper/Hypotension  
• Heart Palpitations 
• Rapid/Shallow Respiration 
• Nausea, vomiting and diarrhea 
• Delirium, incoherent speech & confusion  
• Uncoordinated movements  
 
SOLUBILITY OF ALKALOIDS  

• Isolated alkaloids are usually not very water soluble 
• Overall, alkaloids are best extracted as tinctures in a hydroethanolic menstruum 
• Acidification (i.e. vinegar, acetic acid) can increase the potency of the extract in certain – not 

all - cases (examples: lobelia,) 
• Neutralized (i.e. broken down) by tannins 
• Excessive heat can neutralize alkaloids 
• Exceptions include caffeine and berberine, both of which are effectively water soluble and are 

also two of the most common alkaloids 
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MEDICINAL PHYTOCHEMISTRY RESOURCES  
 
BOOKS   
Most recommended: 
Ganora, Lisa, Herbal Constituents, 2009 
 
Pengelly, Andrew, The Constituents of Medicinal Plants, 2nd Edition, CABI, 2004 
(note: 2nd edition is highly recommended; first edition is much less useful) 
 
Hanson, Bryan, PhD, Understanding Medicinal Plants: Their Chemistry and 
Therapeutic Action, Haworth Herbal Press, 2005, ISBN 0-7890-1552-8 
 
Additional books: 
Hoffmann, David, Medical Herbalism, Healing Arts Press, 2003, ISBN 0-89281- 749-6 (Chapters 3-10) 

Yarnell, Eric, Phytochemistry and Pharmacy for Practitioners of Botanical Medicine, Healing Mountain 
Publishing (2003) (note: out of print; useful if you find a used copy at a good price) 

McGuffin et al. ed., AHPA Botanical Safety Handbook, 2nd Edition, CRC Press, 2013 

(note: a good resource on herbal safety, includes some phytochemistry; 2nd edition is highly 

recommended; first edition is much less useful) 

Sumner, Judith, The Natural History of Medicinal Plants, Timber Press, 2000, ISBN 0-88192-483-0 (note: 

general reading / background) 

 
INTERNET RESOURCES  
 
Lisa Ganora: www.herbalconstituents.com 

All About Pharmacognosy: http://pharmacognosy.in 

Georges-Louis Friedli’s Phytochemistry Tutorials: 

http://www.friedli.com/herbs/phytochem/phyto_tutorial.html 

The American Society of Pharmacognosy: www.pharmacognosy.us 

Dr. Duke's Phytochemical and Ethnobotanical Databases: 

https://phytochem.nal.usda.gov/phytochem/search  http://www.ars-grin.gov/duke/ 
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RESOURCES AND REFERENCES  
 

AHPA Botanical Safety Handbook, CRC Press, 2nd ed., 2013 

Brinker, F., Herbal Contraindications and Drug Interactions, Eclectic Medical Publications, 4th ed., 2010 

Criollo, Julieta, Medicinal Herbs Quick Reference Guide, Revision 7, Published by Author, 2017  
Hoffman, D., Medical Herbalism, Healing Arts Press, 2003 

Kuhn, M., & Winston, D., Winston & Kuhn’s Herbal Therapy & Supplements, A Traditional & Scientific 

Approach, Lippincott, 2008 

Marciano, Marisa, Botanical Medicine, 2nd Edition, Professional Health Systems, 2020.  

Mills, S. & Bone, K., The Principles and Practice of Phytotherapy, Churchill Livingstone, 2nd ed., 2013 

Cech, R., Making Plant Medicines, Horizon Herbs, 2000 

Easley, Thomas The Modern Herbal Dispensatory North Atlantic Books (Nov. 29, 2016 

Ganora, L., Herbal Constituents, Foundations of Phytochemistry, Herbalchem Press, 2009 
Green, J., The Herbal Medicine-Makers Handbook, Crossing Press, 2000 

Hanson, Bryan, PhD, Understanding Medicinal Plants: Their Chemistry and Therapeutic Action, 

Haworth Herbal Press, 2005 

Heinrich, M., Fundamentals of Pharmacognosy and Phytotherapy, Churchill Livingstone, 2012 

Pengelly, Andrew, The Constituents of Medicinal Plants, 2nd Edition, CABI, 2004 

Willard T, Textbook of Advanced Herbology, WRC of Natural Healing, 1992  
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APPENDIX A: THE CHEMISTRY OF ESSENTIAL OIL EXTRACTS  

VOLATILE MOLECULES  

 

Volatile Oils also known as Essential Oils, are complex chemical constituents of certain herbs 

largely made up of mono and sesquiterpenes. They can range widely from plant to plant but are most 
often phenolic in nature. The various functional groups of volatile oils include alcohols, aldehydes, 

ketones, oxides and esters among others.  

 

Essential oils (from the word ‘essence’) are mixtures of aromatic compounds that can be isolated 

from plants by specific processes such as steam distillation. In this procedure, steam is driven 

through the plant material and then condensed, with the subsequent oil and water phases separating 

out. Since they are volatile in steam, and usually have pronounced aromas, essential oils are often 

referred to as volatile oils.  
 

Other processes are also used to produce essential oils, and these include solvent extract using 

hexane or liquid or supercritical carbon dioxide, enfleurage and expression. Essential oils comprise 

the medicines of the therapeutic system known as Aromatherapy. 

 

What are Essential Oils?  

• Highly concentrated 

• Contain the volatile aromatic principles of plants; small, light-weight, non-lipid 

• Soluble in alcohol or ‘fixed’ oils; lower polarity 

• Very slightly soluble in water 

• Complex mixtures of constituents 

• Monoterpenes, sesquiterpenes, some aromatic phenylpropane derivatives 

• Essential oils help to protect plants from bacterial, fungal, or viral infection 

• EO constituents with alcohol or phenolic functional groups tend to have strong antibacterial 

activity 

• Levels of EO constituents vary as a response to infection 

• Notable antiseptics: Thyme, Eucalyptus, Tea Tree, Lavender, Rosemary, Sages (Salvia & 

Artemisia spp.), Pine & Citrus spp., Clove & Black Pepper 

• Volatile aromatic terpenoids are vital in Plant-to- Plant Airborne Communication and Signaling 

• Traditionally obtained by steam distillation; some cheaper “essential oils” are extracted with 

industrial solvents 
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Essential Oils: Occurrence 

There are ~ 17,500 different species that make essential oils 

Found in all kinds of plant parts: flowers, leaves, fruits, seeds barks, woods, roots, rhizome 

 

Some prominent families with high levels of EOs: 

• Lamiaceae: lavender, rosemary, sage, thyme, peppermint, catnip, lemon balm, basil, oregano, 

etc. 

• Lauraceae: laurel, cinnamon, camphor, sassafras, spice bush 

• Burseraceae: myrrh, frankincense 

• Pinaceae: pine, hemlock, fir, spruce, etc. 

• Cupressaceae: juniper, arborvitae 

• Myrtaceae: eucalyptus, clove, tea tree 

 

Essential oil content varies considerably among (and within) different species: 

Melissa: 0.05% Sage: 0.7 – 2.5% 

Lemon: 0.1 – 3% Rosemary: 1 – 2% 

Wormwood: 0.2 – 0.6% Peppermint: 1 – 3% 

Lavender: 0.3 – 1% Eucalyptus: 1 – 3% 

Chamomile: 0.3 – 1.5% Camphor: 1 – 3% 

Bergamot: 0.5% Dill: 2.5 – 4% 

Thyme: 0.5 – 2.5% Caraway: 3 – 7% 

 

 

Essential Oils: Variability 

• Thousands of EOs have been identified 

• One common name can be applied to oils from different species with widely varying 

constituents 

• Within one species, essential oil plants often have different chemotypes* 

• Composition of essential oil varies greatly with the developmental stage of the plant 

• Environmental conditions have significant effects 

 

The term Chemotype is used to indicate certain essential oils of different chemical composition, even 

though they are obtained from plants which are botanically identical. Different soil conditions and 

climate can produce variations in the proportions of basic constituents of the essential oil, and slight 
variations of this kind, particularly from season to season, are quite usual. 
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When the difference between crops of a particular plant grown in different conditions is sufficient to 

produce some variation in the properties of the oil, and this difference is constant, season after 

season, the resulting oil may be classed as a chemotype, in order to distinguish it from the 'standard' 

oil from the same plant. 

 
The terroir of the essential oil rich plant greatly affects the chemotypes present. 

Aspects of the terroir include plant material, region it was grown in, relationship to the farmer, altitude, 

weather, soil quality, distillation technique, season harvested, part of plant and so on. 

 

Thyme, a herb with multiple chemotypes 

 

• Thymus vulgaris ct. carvacrol 

• Thymus vulgaris ct. geraniol 
• Thymus vulgaris ct. linalool 

• Thymus vulgaris ct. terpineol 

• Thymus vulgaris ct. thujanol-4 

• Thymus vulgaris ct. thymol 

 

Varieties differ in concentrations & proportions of monoterpenes present 

 

Stereoisomers in Essential oils  

Most essential oil components exist as stereoisomers 

Designated with (+)- & (–)- before name 

Different isomers can have different properties 

 

(+)-Carvone (caraway)   (–)-Carvone (spearmint) 
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Essential oils are often Classified According to Functional Group 

 

 
From Pengelly, The Constituents of Medicinal Plants 
 

 

THE MAIN FUNCTIONAL GROUPS OF ESSENTIAL OILS  

 

Terpenes (ending in ENE)  

• At least some terpene content in all essential oils  

• Least bioactive agents 

• Serve as antiseptics and/or solvents 

• Medium strength expectorants 

• Act as a buffer for other oils (smooth out the blend)  

 

Examples:  

Limonene found in all Citrus oils, Cajeput, Lemongrass Niaouli and Lavender   
Pinene: Found in all needle oils   
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Sesqui-Terpene (ending in ENE)  

• Rarer 

• Fairly gentle in action  

• Calming/Sedating 

• Anti-inflammatory, hypotensive, analgesic, antispasmodic  

 

Examples:  

Cadienene found in Cedarwood and Frankincense  

Caryophyllene found in Lavender, Thyme, Tea Tree  

Chamazulene (Azulene) found in Tansy, Chamomile and Yarrow (blue tinge) 

 
Alcohols (ending in OL)  

• All are excellent infection fighters 

• Anti-infectious/anti-bacterial 

• Most can be used neat 

• Uplifting fragrance 

 

Examples:  
Geraniol found in Geranium, Grapefruit and Lavender 

Linalool found in Geranium, Lavender, Myrtle, Peppermint  

Menthol found in Peppermint and Wintergreen 

Terpineol found in Laurel, Cajeput, Eucalyptus globulus and Lime  

Terpineol.4.ol found in Juniper, Marjoram, Tea Tree, Ravensara, Cajeput 

 

Phenols (ending in OL)  

• Complex alcohols 

• Strongest infection fighters 

• Too strong to use neat 

• Immune stimulant 

• Use 9:1 with a ‘safe’ alcohol (example 9 parts tea tree and 1-part oregano)  

 

Examples:  

Carvacrol found in some mints, oregano, savory, and thyme  

Thymol found in Oregano and Red Thyme  
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Oxides (ending in OLE)  

• Work to stimulate the active mucous glands of the lungs  

Examples:  

1,8 Cineole found in Eucalyptus, Rosemary, Lavender, Ravensara 

Eucalyptole found in Basil, Lavender, Laurel, Niaouli, Rosemary, Tea Tree  

 

Aldehydes (ending in AL)  

• Calming, soothing and sedative  

• Anti-inflammatory 

• Can be antiseptic 

• Powerful aroma 

Examples:  

Geranial found in Geranium  

Fufurol found in Cinnamon and Cloves  

Citronellal found in Lemon, Lemongrass and Eucalyptus citriadora  
 

Ketones (ending in ONE)  

• Best friend of the skin 

• Best wound healer (vulnerary)  

• Strong mucolytic and lipolytic (break down mucous and fats)  

• CAUTION many ketones must be avoided altogether or used sparingly during early 

pregnancy and/or with children or for internal use.  

Examples:  

Carvone found in Peppermint  

Lactone found in Bergamot and Lime 

Thujone found in Hyssop, Sage, Tansy, Wormwood  

Verbenone found in Rosemary  

 

Esters (ending in ATE)  

• Affect the central nervous system (balancing)  

• Anti-spasmodic 

• Sedative 

• Anti-fungal  

Examples:  

Linalyl acetate found in Bergamot, Clary Sage, Lime and Lavender  

Neryl acetate found in Helichrysum  
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Phenolic Ethers (ending in OL)  

• Similar to esters but stronger analgesics  

• Produce severe skin reactions  

 

Examples:  

Eugenol found in Clove, Cinnamon Leaf, Patchouli and Nutmeg  

 

 

EXAMPLES OF TERPENE COMPOUNDS  

 

Cryptomeria japonica, Japanese cedar 

A Case Study in Shinrin-yoku with volatile oils 
Mainly monoterpenes:  

• D - limonene emitted from C. japonica forests exhibited antianxiety and antinociceptive effects 

• Isopulegol appears to decrease depression and anxiety  

• Citral, myrcene, and limonene reduce locomotor activity and increase muscle relaxation. 

 

Antiseptic Monoterpenes in History  

“Listerine is an agreeable non-irritant and nonescharotic antiseptic preparation composed of the 

essential antiseptic constituents of thyme, eucalyptus, gaultheria baptisia, and Mentha arvensis 

combined with refined benzo-boracic acid.” 

– King’s American Dispensatory  
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Monoterpenes: Iridoids 

Subclass of monoterpene 

500 different kinds 

Most occur as glycosides (sugar molecule)  

• Aucubin: anti-inflammatory and vulnerary (plantain) 

• Nepetalactone: potent insect repellant with low toxicity (catnip) 

• Gentiopicrin (Gentian): anti-inflammatory, antispasmodic; intensely bitter: stimulate salivary & 

gastric secretions (most digestive bitters are not mono-terpenes).  

 

Sesquiterpenes 

15 carbon atoms arranged in various ways 

Components of essential oils & oleoresins 

• Chamomile: chamazulene & guaiazulene: anti-inflammatory antipyretic α-Bisabolol: anti-

inflammatory, antispasmodic 

• Petasin: Butterbur (Petasites spp.) 

• Valerenic acid: Valerian 

 

Sesquiterpene Lactones 

Milky latexes 

Known traditionally as ‘bitter principles’ 

Digestive bitters (cholagogue, hepatic) in dandelion, chicory, artichoke leaf, lettuce, etc. 

• Many are antibacterial, antiparasitic, or anthelmintic 

• Some are toxic or allergenic 

• 3,000 different kinds identified; many subtypes; complex & varied structures 

• Parthenolides in feverfew 

• Some are sedative such as Lactuca species.  

 

Artemisinin in Artemisia annua 

Sesquiterpene lactone that is strongly antiparasitic including Plasmodium, the organism that causes 

malaria, and related organisms such as Babesia.  

• Useful in many Lyme protocols 

• Relatively nontoxic 

• Selectively kills cancer cells 



 54 

Bitter, acrid, and cold; leaf and stem used to clear heat, yin deficient heat, liver heat, used 

traditionally for malaria with alternative chills and fever (fresh considered strongest) 

 

Diterpenes 

~ 2,500 different kinds identified 
Larger, non-volatile; major components of resins 

20 carbon atoms 

• Carnosol in sage, rosemary 

• Premarrubiin in horehound 

• Grindelic acid and others in Grindelia (gumweed) 

• Stevioside, the sweet molecule, is a rare diterpene glycoside 

• Taxol (yew) 

 

Diterpenes in Ginkgo 

Ginkgolides are diterpene lactones 

• Compounds unique to Ginkgo biloba 

• Synergistic with the flavonoids (flavonols, proanthocyanidins) for anti-inflammatory effect 

• Bronchodilators; used for asthma 

 

Acorus calamus 

• Alpha- and beta-asarone are found in the essential oils of Acorus (sweet flag) and Asarum 

(wild ginger). 

• Has demonstrated renal carcinogenicity, but may also have nootropic therapeutic benefits. 

• Highest levels in Asian spp. (India and China), lowest in North American sp. 
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ESSENTIAL OILS: TOXICOLOGY 

Essential oils are highly concentrated substances with a narrow therapeutic index: toxic effects are a 

matter of dose. The TI is a ratio that compares the blood concentration at which a drug becomes 

toxic and the concentration at which the drug is effective.  

 
Guidance:  

• Generally for external use or use as inhalants only 

• Essential oils: more concentrated, more toxic than source plants – but acute toxicity fairly low 

when administered appropriately.  

• Children, pets especially those that are sensitive, should be cautious  

 

Specific Examples of Considerations:  

 

Essential oils of Pennyroyal (pulegone) & Wintergreen (methyl salicylate) can be fatal in large doses: 

• Neurotoxins 

• Hepatotoxins 

• Skin & mucosal irritant 

Thujone is neuroactive; large doses cause convulsions; insecticidal 

Present as a major constituent in the essential oils of: 

• Wormwood (Artemisia absinthium) 

• Cedar (Thuja occidentalis) 

• Tansy (Tanacetum vulgare) 

• Sage (Salvia officinalis) 

• Mugwort (Artemisia vulgaris) 

Note: Thujone has very low solubility in water & little is present in infusions of these herbs; it is 

soluble in ethanol and therefore in higher quantities in hydroethanolic tinctures. 

 

Safrole, a phenylpropanoid, is a major component of the essential oil of Sassafras (Sassafras 

albidum) 
Also occurs as a minor constituent in oils of Basil, Camphor, & Nutmeg 

• Low-grade hepatocarcinogen when concentrated and isolated; banned by the FDA in the ’60s 

• Antiseptic (topical), carminative, anticonvulsant 

• No demonstrated / established toxicity from traditional use.  
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GENERAL ESSENTIAL OIL PRINCIPLE PRECAUTION CHECKLIST  

• Only use essential oils that are 100% pure and unadulterated  

• Do not pour undiluted essential oils into water; emulsify them first in alcohol, oil, milk or a 

commercial dispersant. Essential oils are hydrophobic; they do not mix with water.  

• Never use neat essential oils on sensitive mucous membrane area  

• In the case of accidental ingestion, ingest a vegetable oil  

• In case of oils getting into the eye area, mop up with carrier oil, not water.  

• Do not use essential oils internally for children under six.  

• Be cautious when using essential oils with those who have respiratory concerns such as asthma. 

This includes diffusion within their surroundings.  

• Carry out a skin test prior to using essential oils for aromatic rubs or massage  

• Avoid use of certain essential oils in pregnancy and/or breastfeeding  

• Display extreme caution with use of phenolic containing oils. Diluted application only.  

• In renal and/or hepatic diseases avoid the use of essential oils internally.  

• Do not use photosensitive essential oils prior to sun exposure  

• Display caution with essential oils containing neurotoxin ketones.  

• Never put essential oils in the ear canal.  

• Avoid use of essential oils with cats and other small animals.  

• Use with dogs and larger animals should be done with extreme caution and diluted to administer 

with the guidance of an education professional. 

 
 
 

 

 

 

 

 
 
 
 
 

 


