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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



Herbal medicine is complex
Contain several constituents at minimum
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 



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…



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. 



TOP 3 REASONS TO STUDY THE PLANT CONSTITUENTS 

• Quality Assurance 

• Appropriate Extraction Methods 

• Understanding Pharmacological Activity 



QUALITY ASSURANCE 

• Successful Quality Assurance testing is dependant on the intricate 
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 

• 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.



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. 

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. 



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 & 
PRIMARY AND SECONDARY PLANT 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

• Includes catabolism: the breakdown

• Anabolism:  the synthesis. 



PRIMARY METABOLITES 

• 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. 



SECONDARY METABOLITES 

• Plants also use metabolic pathways to produce compounds that seem to 
have no essential or life sustaining function.  

• Primary metabolites participate in nutrition and essential metabolic processes 
inside the plant

• Secondary metabolites influence ecological interactions between the plant 
and its environment.



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 are created this way. 



• Phytoalexins are toxic chemicals formed in response to damage, 
especially from fungal attack.

• 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). 



Cons t i t uen t s :  Ma jo r  Ca tego r i e s

P r ima r y  Me tabo l i t e s  

• Carbohydrates
• Lipids
• Amino acids
_________________

Seconda r y  Me tabo l i t e s  

• Polyphenols
• Terpenoids and Steroids
• Alkaloids



CARBOHYDRATES 
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. 



Types of Carbohydrates

• Monosaccharides 
• Disaccharides
• Oligosaccharides
• Inulin
• Polysaccharides
• Mucilage 



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



INULIN

• 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



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. 



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. 
(especially in mushrooms) 

Saccharides become less water-soluble as they get larger 
(application of heat can increase solubility)



MUCILAGE 

Derive their properties from the polysaccharides they contain. 
Slippery, mild taste, swell in water and produce a gel like mass that soothes and 
protects irritated tissues. 

• Most mucilage is not broken down by the human digestive system
• When taken internally with water will sooth and protect inflamed or irritated 

nerve endings along the mucous membrane. It can absorb toxins from the 
bowel, regulate intestinal flora, act as a bulking agent, promote peristalsis and 
regulate bowel movements. 

• Mucilage also aid in the respiratory system by promoting healthy 
expectoration. 

• Externally mucilage has an emollient and vulnerary action. 



Mucilage is best extracted with a cold infusion. 

Safety Considerations 

Increase consumption of water when taking mucilagenic herbs 
Herbs with a higher mucligenic content can slow absorption of nutrients and 
drugs hence taken away from meals and medication 

Herbal Examples of Mucilage containing Herbs: 

• Althea officinalis
• Plantago major 
• Plantago ovate
• Symphytum officinalis
• Trigonella foenum-graecum
• Ulmus fulvus



SOLUBILITY OF CARBOHYDRATES 

Quite polar, therefore quite water soluble. Will precipitate out of higher ethanol solutions 
and are not soluble in oil. 

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 



SOLUBILITY OF CARBOHYDRATES 

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



GLYCOSIDES 

• Glycosides are not a major classification of phytochemicals themselves and are 
represented in almost every therapeutic class. 

• Glycosides or sugar ethers, are a complex grouping of aldehydes and alcohols 
that can be broken down to yield one or more sugars (glycones), plus a non-sugar 
component (aglycones). 

• Glycosides are better absorbed and extracted than agylocones, but the aglycone
is usually the active component with some therapeutic effects. 

• Glycosides are mostly classified according to the chemical nature of the aglycone
and have vast medicinal applications. We will be reviewing a few glycoside 
categories throughout our content. 



Glycoside examples include: 

• Alcohol 

• Aldehyde

• Anthraquinone

• Cardiac

• Cyanogenic

• Flavonoid 

• Isothiocyanate

• Iridoid

• Lactone

• Phenol

• Saponin



Cons t i t uen t s :  Ma jo r  Ca tego r i e s

P r ima r y  Me tabo l i t e s  
• Carbohydrates

• Lipids
• Amino acids
_________________

Seconda r y  Me tabo l i t e s  

• Polyphenols
• Terpenoids and Steroids
• Alkaloids



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). 



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 % 
ETOH



Cons t i t uen t s :  Ma jo r  Ca tego r i e s

P r ima r y  Me tabo l i t e s  
• Carbohydrates
• Lipids

• Amino acids
_________________

Seconda r y  Me tabo l i t e s  

• Polyphenols
• Terpenoids and Steroids
• Alkaloids



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.

In animals: neurotransmitters, proteins, muscle and connective 
tissue, hemoglobin, & some vitamins such as niacin (B3) are all 
derived from Amino 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 cells



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



SOLUBILITY OF AMINO ACID DERIVATIVES 

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.



Cons t i t uen t s :  Ma jo r  Ca tego r i e s

P r ima r y  Me tabo l i t e s  
• Carbohydrates
• Lipids
• Amino acids
_________________

Seconda r y  Me tabo l i t e s  

• Polyphenols
• Terpenoids and Steroids
• Alkaloids



We see  pheno l s  a l l  a round :  

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. 



EXAMPLES  OF  PHENOL IC  COMPOUNDS 

Hawtho r n 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. 

Res i n s ,  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 
Pheno l ,  a k a  ca r bo l i c  a c i d  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: 

Simple Phenols
Phenolic acids
Phenylpropanoids

Coumarins  
Lignans  
Stillbenoids
Xanthones 
Styrylpyrones
Flavonoids  

Chalcones 
Flavanols 
Proanthocyanidins (condensed tannins) 
Hydrolysable Tannins 
Anthocyanidins & Anthocyanins
Flavanols 
Flavones
Flavanones in Citrus      

Isoflavones 
Quinones: Naphthoquinones / Anthraquinones 



HHF 2021 Study of Phenolic Compounds: 

• Simple Phenols
• Phenolic acids
• Phenylpropanoids
• Coumarins  
• Lignans
• Flavonoids (including Tannins) 

• Isoflavonoids
• Anthraquinones 



PHENOL IC  COMPOUNDS :  S IMPLE  PHENOL

Phenols are the largest groups of secondary plant constituents and 
are aromatic alcohols since the hydroxyl group is always attached to 
a benzene ring. 

Like all alcohols, the names of phenols always end in the letters ‘ol’. 
In addition the ring system may be other substitutes, especially 
methyl groups. 

Simple phenols consist of an aromatic ring in which a hydrogen is 
replaced by a hydroxyl group. 

Their distribution is widespread among all plants. Properties of simple 
phenols include antibacterial, antiseptic, and anthelmintic. 

Phenols are not generally water soluble. 



• Phenols are defined as compounds that have at least one hydroxyl 
group attached to a benzene ring. 

• The benzene molecule is composed of 6 carbon atoms joined in a 
ring with 1 hydrogen atom attached to each.

• Phenols differ in their chemical properties from other tertiary 
alcohols because the presence of the benzene ring stabilizes the 
phenolate ion; they are therefore more acidic and more reactive.



Arbu t i n

• 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. 

Thymo l  

• Found in Thyme
• Powerful antiseptic and antifungal



P H E N O L I C  C O M P O U N D S :  P H E N O L I C  A C I D S

A phenolic acid also known as a hydroxybenzoic acid, is a molecule 
containing at least one phenolic ring along with an acidic carboxyl group.

They are phenolic carboxyl 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



Pheno l i c  Ac i d  Examp les :  

Sa l i c y l i c Ac i d

• 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?)



Ma in  de r i v a t i ves  o f  sa l i c y l i c  ac i d :

Glycosides:  
Salicin: found in the bark of Salix spp., Populus spp., Virburnum spp. 
Populin – Populus spp. 
Gaultherin - Wintergreen / Gaultheria spp. 
Spiraein – Filipendula spp

Esters: 
Methyl salicylate – Meadowsweet 
Salicylaldehyde – Meadowsweet 



PHENOL IC  COMPOUNDS :  PHENYLPROPANO IDS

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 
• Courmarins, Lignans and Flavonoids (including Tannins



P h e n y l p r o p a n o i d s  D i v i s i o n s   
**Coumarins  
**Lignans  
Stillbenoids
Xanthones 
Styrylpyrones
**Flavonoids  

Chalcones 
Flavanols 
**Proanthocyanidins (condensed tannins) 
**Hydrolysable Tannins 
Anthocyanidins & Anthocyanins
Flavanols 
Flavones
Flavanones in Citrus      



PHENYLPROPANOIDS :  COURMAR INS 

The 700 or more plant coumarins, a variety of phenols, are derived from 
the parent compound coumarin, which has a characteristic odour of freshly 
mown hay. 

The compound occurs widely in plants. 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: 

• anti-inflammatory
• antispasmodic
• anti-edematous 
• vascular tonic
• anti-hemorrhagic
• anti-fungal
• anti-tumour

Herbs containing courmarins include: 

• Aesculus hippocastanum:  Anti-inflammatory, vascular tonic
• Ammi visnaga (khella) Antispasmodic, coronary vasodilator
• Angelica archangelica (Arch Angelica) Antispasmodic
• Melilotus officinalis (sweet clover) Anti-inflammatory, anti-

edematous, vascular tonic
• Trifolium pratense (red clover) Anti-tumour 
• Apium graveolens (celery) Anti-edematous 



PHENYLPROPANO IDS :  L IGNANS

Lignans are a very diverse group of compounds formed by joining together 
units of hydroxycinnamyl alcohols derived from phenylpropanoid 
precursors. 

FACTS
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 in 
Schisandra berry)
Formed from two joined phenylpropanoid units 
Hepatoprotective, antioxidant, protects cell membranes



FLAVONOIDS  

• Flavonoids, a variety of phenols and the largest class of polyphenols 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.

Many flavonoid plants are yellow, however, many others are white and the special 
flavonoid-related anthocyanins are red, blue or purple. 

Flavonoids in leaves protect the plant tissue against the damaging effects of ultraviolet 
radiation.

Major classes of flavonoids include: 

• Tannins 
• Anthocyanidins & Anthocyanins
• Flavonols
• Flavones
• Flavanones in Citrus 



La rges t  c l a ss  o f  po l ypheno l s :  ~  4 , 000  k i nds

• Historically referred to as “Vitamin P”
• Often responsible for red/blue/purple (some yellow) colors in flowers, 

fruits, vegetables
• Serve as antioxidants for the plants during photosynthesis; protection 

against UV radiation, and signaling to pollinators and symbiotic 
frugivores

• Include antioxidant, anti-inflammatory, cancer preventative, & 
cardioprotective compounds

• As glycosides generally water soluble; aglycone is generally lipophilic



Flavonoids have a wide range of actions and many medicinal uses.

Ability to modify the body’s reaction to compounds such as allergens, 
viruses and carcinogens. 

Anti-inflammatory, anti-allergic, antiviral, and anticancer properties. 

Strengthen vascular capillaries to prevent leakage of body fluids into 
surrounding tissues, 

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 myrtillus



Ma jo r  c l a sses  o f  f l a vono i d s  i n c l ude :  

Chalcones 
Flavanols 
Proanthocyanidins (condensed tannins) 
Hydrolyzable Tannins 
Anthocyanidins & Anthocyanins
Flavonols
Flavones
Flavanones in Citrus      



FLAVONO IDS :  TANN INS  
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) 



Examp les  o f  Tann i n  con ta i n i ng  He rbs :  

• Filipendula ulmaris (meadowsweet)
• Geranium maculatum
• Artcostaphylos uva-ursi
• Equisetum arvense
• Achillea millefolium
• Vaccinium myrtillus
• Capsella bursa-pastoris
• Rubus ideaus
• Hamamelis virgininicus



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



P roan thocyan i d i n s
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. 
Or i g i n  o f  t he  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

P roan thocyan i d i n s Fac t s :   
• 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



Sa fe t y  Conce r ns  and  Cons i de r a t i ons  fo r  Tann i n s  
• 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.



PHENOL IC  COMPOUNDS :  I SOFLAVONES
In isoflavones the benzene ring has migrated to the position 3 of the 
central ring, rendering the isoflavones quick colourless. 

FACTS 
• 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 COMPOUNDS: ANTHRAQUINONES

• Anthraquinones 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. 

• 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. 

• High dosages are gastrointestinal irritants, causing toxicity symptoms that 
include nausea, vomiting, diarrhoea, dizziness, and blood in the stool, 
acute abdominal cramping and pain. 



Safety Concerns & Contraindications of Anthraquinones

• Use with extreme caution with irritable bowel, spastic colon, and acute 
intestinal inflammation and in children less than 12 years old. 

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

• Continual abuse in larger dosages can cause electrolyte imbalance.
• 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. 



Anthraquinones containing Herbs 

• Aloe barbadensis (Aloe)
• Cassia spp. (Senna)
• Rheum palmatum (Turkey Rhubarb)
• Rhamnus fangula (Cascara sagrada)
• Rumex crispus (Yellowdock



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.  



Cons t i t uen t s :  Ma jo r  Ca tego r i e s

P r ima r y  Me tabo l i t e s  
• Carbohydrates
• Lipids
• Amino acids
_________________

Seconda r y  Me tabo l i t e s  

• Polyphenols
• Terpenoids and Steroids
• Alkaloids



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  

• Monoterpenes 
• Sesquiterpenes 

* Terpenes as Essential/Volatile oils 
• Diterpenes 
• Triterpenes and Saponins 
• Steroidal saponins 
• Phytosterols 
• Cardiac glycosides 
• Tetraterpenes 

*See Appendix for more information 



FACTS

• Largest group of secondary compounds
• In 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
• Named for number of cardons in their structure. 



T E R PENO ID S  
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



TR ITERPENES  &  STERO IDS
Largest subgroup (approx. 4000); 30 carbons, not going to be volatile 
molecules. 

Saponins
– Triterpenoid
– Steroid 

Steroids
– Misc. steroids
– Phytosterols
– Cardiac glycosides



SAPONINS (A subgroup of Triterpenes) 
From the Latin “sapo” meaning soap
When they are added to water produce a frothy soapy outcome. 

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. 

• Amphiphilic, mainly water-soluble glycosides; aglycones (sapogenins) 
are lipophilic

• Form ‘soapy’ solutions or foams
• Toxic to cold-blooded animals, usually not to warm-blooded animals
• Example: Horse chestnut: aescin is anti-inflammatory, increases 

vascular tone, works synergistically with coumarins to improve 
venous insufficiency



Ac t i ons  o f  Sapon i n s  

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



Two  Ca tego r i e s :  

S te r o i da l  Sapon i n s
• The chemical structure is similar to many of the body’s hormones 

(cortisol, estrogen) 
• Their marked hormonal activity was the basis the first contraceptive pill 

was first developed and many of the bio-identical hormones now on 
the market. 

T r i t e r peno i d  Sapon i n s  
• These have less hormone activity and are more focused on 

expectorant activity and nutrient absorption. 



Sa fe t y  Conce r ns  and  Cons i de r a t i ons  
May be irritating to the mucous membranes of the respiratory and 
digestive systems, potentially causing urticarial, sneezing, 
bloating, nausea, vomiting. 

Examp les  o f  Sapon i n  Con ta i n i ng  He rbs  
• Dioscorea vilosa 
• Glycyrrihiza glabra
• Medicago sativa
• Panax ginseng 



Adap togen i c Sapon i n s

• 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)



Ste ro i da l  Sapon i n s

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 

B i t t e r  t r i t e r pene  compounds  i n  Ganode rma
• 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  (CAROTENO IDS )
40 carbons
Orange/yellow/red pigments
Highly lipophilic compounds
Bioavailability increases with processing and cooking, and when 
combined with small amounts of lipids
Many carotenoids are powerful antioxidants for plants & animal
• Lycopene – parent compound of carotenoids
• Carotenes – alpha-, beta-, delta- & gamma-carotenes are closely 

related
• Xanthophylls – carotenoids with oxygen in their structures – include 

lutein, neoxanthin & violaxanthin; capsanthin & capsorubin; 
astaxanthin



SOLUB I L I TY  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). 



Cons t i t uen t s :  Ma jo r  Ca tego r i e s

P r ima r y  Me tabo l i t e s  
• Carbohydrates
• Lipids
• Amino acids
_________________

Seconda r y  Me tabo l i t e s  

• Polyphenols
• Terpenoids and Steroids
• Alkaloids



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: 

• An ability to cross the blood-brain barrier and exert depressant or stimulant 
effects on the central nervous system 

• 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.  

Alkaloids are generally soluble in ethanol (alcohol) but only slightly soluble in 
water. Tincturing between 50 – 60% alcohol is preferable for most alkaloid 
extraction. 



Alkaloids as Neurotransmitter analogues

Ephedrine Noradrenaline 

Psilocin Serotonin Mescalin Dopamine 



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)



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



SAFETY CONSIDERATIONS OF ALKALOIDS 

• 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 diaherra
• Delirium, incoherent speech & confusion 
• Uncoordinated movements 



SOLUB I L I TY  OF  ALKALO IDS  
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
. 



A SOLUBLITY REVIEW BY PHYTO-CHEMICAL FAMILY 

ALKALOIDS 
The activity of alkaloidal herbs is extremely diverse including 
antiseptic, antispasmodic, expectorant, nervine, stimulant etc. 
Alkaloids have the ability to cross the blood brain barrier. 

Alkaloid containing herbs: Goldenseal, Lobelia.  
Solubility: Very soluble in Alcohol/Ethanol and only slightly soluble 
in water. Alkaloids can be rendered unstable by heating and 
alkaloids can be neutralized by tannins. 



POLYSACCHARIDES 
Herbs that contain polysaccharides are generally immune 
influencing and nutritive. 

Polysaccharide containing herbs: Astragalus, Burdock, 
Echinacea, Codonopsis
Solubility: Water soluble. 



GLYCOSIDES 
Actions of Glycosides include analgesic, bitter, cardiotonic, laxative. 

Glycoside containing herbs: Gentian, Hawthorn, Licorice, Milk Thistle 
Solubility: Generally soluble in both alcohol and water. 

MUCILAGE 
Herbs that contain mucilage have an emollient action to the mucous 
membrane soothing injured tissues. 

Mucilage containing herbs: Comfrey, Marshmallow, Rosehips 
Solubility: Strictly water soluble and will precipitate out of solution by the 
addition of alcohol. Better cold water extracted than warm. 



RESINS
Herbs that contain resins have an expectorant, relaxing, bitter, stimulant effect. (Very 
diverse) 
Resin containing herbs: Rosemary, Calendula, Gumweed 
Solubility: Soluble in alcohol and hot oil but not water. 

SAPONINS 
Saponin containing herbs have a diverse action including apaptogenic, diuretic, 
expectorant etc. 
Saponin containing herbs: Violets, American Ginseng, Sarsaparilla 
Solubility: Alcohol and water 

TANNINS
Tannin containing herbs are generally astringent in action. Tannins precipitate soluble 
protein and may render certain alkaloids inactive. 
Tannin containing herbs: Uva Ursi, Self-Heal, Witch Hazel 
Solubility: Water and Glycine. Tannins in solution are bound up and rendered inactive 
by the addition of milk 



ESSENTIAL/VOLATILE OILS 
The action of Volatile oils include antiseptic, anti-inflammatory, 
expectorant, hypotensive, sedative. 
Volatile oil containing herbs: Anise, Peppermint, Sage, Hyssop 

Solubility: Soluble in alcohol/ethanol, generally soluble in cold pressed 
fixed oils, slightly soluble in water, modestly in glycerin. 

Heating, processing through drying or cooking will result in the 
volatilization of the essential oils and loss of efficacy. 



Solubility of Plant
Constituents

Carbohydrates/
Water Soluble (e.g. glucose,

fructose): highly water soluble

Monosaccharides 

(e.g. citric acid, formic acid):

generally water soluble varies with pH

Organic acids 

(e.g. sucrose, maltose):

highly water soluble

Disaccharides 

(e.g. inulin, FOS):

water soluble especially in hot water

Oligosaccharides 

(e.g mucilages,

gums): highly water soluble

Heteropolysaccharides 

Homopolysaccharides

starch: hot water soluble

cellulose: insoluble

Dietary Fiber

Soluble
includes heteropolysaccharides such as

mucilages, gums, and pectins

Insoluble (e.g. cellulose, lignin)

Carbohydrates generally stay dissolved in low-

ethanol (20–30%) preparations and in glycerites

Carbohydrates generally will precipitate

out at higher ethanol ratios

Tannins can bind to and precipitate

complex carbohydrates

Lipids/Oil
Soluble

(e.g. Omega 3s, EFAs, PUFAs, DHA,

EPA): mostly oil soluble, slightly soluble in ethanol

Fatty acids 

(triacylglycerols; fixed oils such as

Olive or Almond are mostly composed of

triglycerides): very slightly soluble in ethanol, not in

water, and will dissolve many oil soluble compounds

Triglycerides 

(e.g. beeswax): soluble in warm

oils but not in cold

Waxes 

(e.g. lecithin, phosphatidyl choline,

PS): are emulsifiers

Phospholipids 

(e.g. the tingly isobutylamides in

& ): soluble in 40–

60% ethanol

Alkamides 
Echinacea spp.  Acmella oleracea

(e.g. arctinal from ;

PHT from Bidens): similar to alkamides

Polyacetylenes  Arctium lappa

(anything dissolved in an oil,

such as olive, which is not a fatty acid or triglyceride;

includes oil-soluble vitamins, phytosterols,

carotenoids, etc.)

Unsaponifiable matter 

Essential oils are not lipids, but rather are composed

mainly of small terpene compounds; soluble in mid-

to high-percentage ethanol, fixed oils, slightly

soluble in water

Lipids are generally soluble in other lipids

Amino Acids &
derivatives

at pH 7 are zwitterions

very water soluble, generally soluble in

low percentage ethanol

Free amino acids 

(e.g. ajoene and sulfides from ): oil

soluble, some sulfides have limited water solubility

Some sulfur-containing amino acid derivatives
 Allium sativum

(e.g. amygdalin, prunasin):

soluble in water, more so in hot water, somewhat soluble

in cold ethanol, more so in hot ethanol

Cyanogenic glycosides 

like alkaloids: generally more soluble in acidic

media; : water soluble (ionic)

Amines 
 amine salts 

Proteins and enzymes denature in ethanol

Tannins can bind and precipitate proteins

(e.g. cafffeine): hot water

soluble, less so in cold water

Methylxanthines 

(e.g. glutathione): generally water

soluble, depends on pH (lose solubility at

isoelectric point)

Peptides 

: generally water soluble,

depends on pH (lose solubility at

isoelectric point)

Proteins

: generally water soluble, depends

on pH (lose solubility at isoelectric point)

Enzymes

Phenolic Compounds

Structures of phenolic compounds (polyphenols)

vary widely, and many can occur as either

glycosides or aglycones. Glycosides are generally

more water soluble than the aglycones. Depending

on pH, the hydroxyl groups may be ionized; this

enhances water solubility.

: solubility varies with structure and pHPhenolic acids

: solubility varies with structure

and pH

Phenylpropanoids

: glycosidea generally water and ethanol

soluble; aglycones less so

Coumarins

s: generally soluble in acetone/water

(Flaxseed lignans are not oil soluble)

Lignan

(e.g. capsaicin,

curcumin, gingerol): soluble in high percentage

ethanol and fixed oils

Phenylpropanoid derivatives 

(e.g. resveratrol): soluble in ethanolStilbenoids 

: generally soluble in ethanol and fixed

oils

Xanthones

(e.g. kavalactones): soluble in high

percentage ethanol and acetone)

Styrylpyrones 

: solubility varies, but many

are water and ethanol soluble

Flavonoids

: water and ethanol solubleAnthocyanins

: water and ethanol solubleOPCs

: smaller tannis soluble in hot water and

ethanol; larger tannins relatively insoluble

Tannins

: soluble in ethanol; low water

solubility; however, glycosidic forms are more water

soluble

Isoflavonoids

(e.g. usnic acid): soluble in hot

ethanol; solubility in water and ethanol is very low

Benzofurans 

(e.g. khellin): soluble in hot water and

hot ethanol

Chromones 

(e.g. anthraquinones): solubility varies; most

soluble in water and ethanol; bianthraquinones in

are oil soluble.

Quinones 
 Hypericum

perforatum 

(e.g. hyperforin,

cannabinoids): soluble in oil and high percentage

ethanol

Phloroglucinol derivatives 

(terpene

compounds)

Terpenoids

As a general rule, terpenoids tend to be oil and high-percentage

ethanol soluble. Triterpene and steroidal saponins are water

soluble because of their sugar groups. The smaller terpenoids (in

essential oils) have very limited solubility in water, and are soluble

in fixed oils and ethanol. Small terpenes include

Hemiterpenes

Monoterpenes

Sesquiterpenes

The larger terpenes are not volatile and tend to be oily or resinous

substances. In general, they are soluble in fixed oils or high

percentage ethanol. Many resinous materials are composed of larger

terpenes (and/or polyphenolic aglycones)

Diterpenes

Triterpenes

(carotenoids)Tetraterpenes 

The aglycones of triterpenoid saponins (sapogenins) are practically

insoluble in water or ethanol, while their glycosidic forms are highly

water soluble and amphiphilic (soapy/foamy).

Steroids

Plant steroids are oil-soluble, with the

exception of glycosidic forms (e.g.

steroidal saponins and cardiac

glycosides); the latter are slightly water

soluble

: soluble in fixed oils and high

percentage ethanol

Phytosterols

: aglycones are not water

soluble; glycosidic forms are

Steroidal saponins

: slightly water soluble; more so

in dilute alcohol; aglycones are oil soluble

Cardiac glycosides

Alkaloids

The pH of the solution influences the solubility of

alkaloids. In general, alkaloids are more oil soluble

in high pH (alkaline) solutions. Conversely, they are

more water soluble in acidic solutions. Most

alkaloids are soluble in mid- to high-percentage

ethanol/water solutions.

(pseudo-alkaloids): oil solubleCapsaicinoids 

The purple and yellow betalain alkaloids (found in

beets, pokeberries, prickly pear cactus, amaranth,

etc.) are very soluble in water and will remain

dissolved in low- to mid-percentage ethanol

solutions.

The isoquinoline alkaloids are soluble in moderate-

to high-ethanol solutions with the exception of

berberine, which is far more water soluble than the

others.

The N-oxide forms of pyrrolizidine alkaloids (PAs)

are very water soluble. PAs are soluble in low-pH

solutions, but insoluble in high-pH solutions. They

are also soluble in ethanol and in organic solvents

such as acetone. They are nearly insoluble in fixed

oils.

Polarity of Solvent Solutions

The overall polarity of a solvent mixture depends on

the ratios of ethanol and water (and glycerin, if you

are using it) in it. Adding glycerine (glycerol) could

either raise the overall polarity of an ethanol/water

solvent mixture, or could lower it, depending on this

ratio. One way to measure the polarity of a

compound is to give it a number called the 'dielectric

constantl

Water

80

Glycerol 46

Ethanol 25

You can determine the polarity of a solvent mixture

by multiplying the volume fraction of each solvent

times its dielectric constant and summing. For

example:

If you are using 50% ethanol and 50% water, without

any glycerol, your overall polarity would be 52.5:

(.50)(25) + (.50)(80) = 52.5

if you are using 50% ethanol, 45% water, and 5%

glycerol, your overall polarity would be (.50)(25) =

(.45)(80) = (.05)(46) = 12.5 + 36 + 2.3 = 50.8. So in

this case replacing 5% of the  with glycerol

would decrease the overall polarity of the mixture.

water

What if you replaced 5% of the

 rather than 5% of the

water with glycerol? The overall

polarity would be 53.55. So in this

case you have increased the

polarity of the mixture (relative to

just ethanol + water).

ethanol

Websites with table of relative polarities, densities,

etc. for organic solvents:

 and

.

This page has a good not-too-technical explanation

of how polarity works:

 It’s from this paper on solvent theory:

http://www.iqo.csic.es/pagperso/afm/disolven.htm#

TABLE%202

http://www.speckanalytical.co.uk/products/Tips/bps.

html

http://palimpsest.stanford.edu/byauth/burke/solpar/s

olpar4.html

http://palimpsest.stanford.edu/byauth/burke/solpar/

:
Water 1.00
Glycerol (glycerin) 0.812
Ethanol (EtOH) 0.654

Relative polarity of the common
solvents used in herbal extraction

Mixing water and ethanol together (hydroethanolic), in different proportions,

determines the overall polarity of the solvent mixture. The higher the water

percentage and the lower the ethanol, the higher the overall polarity (since

water is more polar than ethanol). Conversely, the lower the water

percentage and the higher the ethanol, the lower the overall polarity will be

(since ethanol is less polar than water). So a 24 % EtOH tincture would

have 76 % water and would be very polar, while a 95 % EtOH tincture

would have only 5 % water and would be much less polar.

For detailed solubility of individual, isolated molecules, consult the Merck

Index (Merck & Co., Inc., Whitehouse Station, NJ).

Solubility in a given solvent is influenced by the polarity of a molecule’s

skeleton and functional groups, the molecular size, temperature, the pH of

the solution, and other factors. The solubility of an isolated compound is

easy to determine, but this may change in the complex matrix of a

medicinal plant extract. The general principle: like dissolves like. A high-

polarity solvent will pull high-polarity molecules out of the herbal material; a

low-polarity solvent will select for low-polarity molecules.

Content sourced from

"Solubility_of_Constituents.pdf"

by Lisa Ganora

Quick Reference

Water
Aromatic Bitters (sesqueterpene lactones and triterpenes) GOOD

Simple (nonalkaloidal) Bitters (diterpenes, glycosides) GOOD

Alkaloidal Bitters (alkaloids) GOOD

Acrid Herbs (resins, alkaloids) GOOD

Astringent Herbs (tannins) GOOD

Salty Herbs (minerals) EXCELLENT

Sweet or Tonic Herbs (polysaccharides, saponins, glycosides) EXCELLENT

Demulcent Herbs (mucilage and gums) GOOD

Sour Herbs (organic acids) GOOD

adapted from

by

Thomas Easley and Steven

Horne and

by James Green

 The Modern

Herbal Dispensatory 

 The Herbal

Medicine-Maker's

Handbook 

Ethanol

Aromatic Herbs (essential oils) GOOD

Pungent Herbs (alkamindes) EXCELLENT

Pungent or Resinous Herbs (resins) EXCELLENT

Aromatic Bitters (sesquiterpene lactones and triterpenes EXCELLENT

Simple (nonalkaloidal) Bitters (diterpenes, glycosides) EXCELLENT

Alkaloidal Bitters (alkaloids) GOOD

Acrid Herbs (resins, alkaloids) EXCELLENT

Sweet or Tonic Herbs (polysaccharides, saponins, glycosides) GOOD

Sour Herbs (organic acids) GOOD

Glycerin

Aromatic Herbs (essential oils) EXCELLENT

Pungent Herbs (alkamindes) EXCELLENT

Acrid Herbs (resins, alkaloids) GOOD

Astringent Herbs (tannins) EXCELLENT

Sweet or Tonic Herbs (polysaccharides, saponins, glycosides) GOOD

Sour Herbs (organic acids) EXCELLENT

Vinegar

Aromatic Herbs (essential oils) GOOD

Pungent Herbs (alkamindes) GOOD

Alkaloidal Bitters (alkaloids) GOOD

Oil

Aromatic Herbs (essential oils) EXCELLENT

Pungent Herbs (alkamindes) EXCELLENT

Pungent or Resinous Herbs (resins) EXCELLENT

Oily Herbs (oils) EXCELLENT



What  a r e  Essen t i a l  O i l s ?  
• 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 (aldehyde/ethers) 

derivatives
• Essential oils help to protect plants from bacterial, fungal, or viral infection
• EO constituents with alcohol or phenolic functional groups have strong antibacterial 

activity
• Levels of EO constituents in plant vary as a response to infection
• Notable antiseptics: Thyme, Eucalyptus, Tea Tree, Lavender, Rosemary, Sage, 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

APPENDIX A: THE CHEMISTRY OF ESSENTIAL OIL EXTRACTS VOLATILE MOLECULES



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  p rom inen t  f am i l i e s  w i t h  h i gh  l e ve l s  o f  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



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



Essen t i a l  O i l s :  Va r i ab i l i t y
• 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



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.

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  he r b  w i t h  mu l t i p l e  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)





MONOTERPENES (have names ending in ENE)  

Monoterpenes are ubiquitous in essential oils being found in varying 
degrees in nearly all essential oils. They are a class of Terpenes that 
consist of two isoprene units and have the molecular formula 
C10H16.

Physical Characteristics 
• At least some terpene content in all essential oils 
• Highly volatile 
• Insoluble in water (they won’t show up in hydrosols) 
• Colorless
• Low Boiling Point
• Prone to oxidation 
• Generally, lack aroma 
• Non-polar compounds (not soluble in water) 



General Therapeutic Actions of Monoterpenes 

• Least bioactive agents
• Serve as antiseptics and/or solvents
• Medium strength expectorants
• Act as a buffer for other oils (smooth out the blend) 
• General Tonic 
• Lymphatic Tonic 
• Stimulant/Energizing and Uplifting 
• Airborne anti-microbial 
• Drying/Dehydrating to the skin and mucous membrane 



Examples: 
Limonene found in all Citrus oils, Cajeput, Lemongrass, and Lavender 
Pinene: Found in all needle oils (entirely solvent, able to dissolve) 
Myrcene: Juniper, Lemongrass, Laurel 
Terpinene: Marjoram, Thyme, Tea Tree 
Terpinolene: Coriander 

ENERGETICS 
• Non-polar (hydrophobic), dry, lipophilic (fat-loving) molecules 
• Warm, stimulating and tonic with a mild yang energy. 
As monoterpenes have dry and warming energy, they tend balance the 
cold/damp nature of the phlegmatic humor. They are beneficial when excess 
mucous is present and would likely balance a Kapha imbalance. 

CAUTIONS 
Monoterpenes tend to oxidize and over time become skin irritants. They also 
can be drying to the skin and mucous membrane. Best used within one year 
of purchase. 



SESQUITERPENES 

Heavier than monoterpenes and tend to appear towards the end of the 
distillation process. They commonly occur in roots, resins and woods. 
Sesquiterpenes have 15 carbon atoms and are based upon the joining of 
three isoprene units. 
Generally, they are colorless with one main exception, chamazulene, which is 
blue. They are insoluble in water and are more aromatic, less volatile and 
have higher boiling points than monoterpenes. They also oxidize more slowly. 

Physical Characteristics of Sesquiterpenes 
• Generally colorless 
• Insoluble in water 
• More aromatic and less volatile than monoterpenes 
• Oxidize more slowly 
• Rarer 



General Therapeutic Actions of Sesquiterpenes

• Fairly gentle in action 
• Calming/Sedating/Soothing to the Nervous System 
• Anti-inflammatory
• Hypotensive
• Analgesic 
• Antispasmodic 
• Immune stimulating and modulating 



Examples
Cadinene found in Cedarwood and Frankincense 
Caryophyllene found in Lavender, Thyme, Tea Tree 
Chamazulene (Azulene) found in Tansy, Chamomile and Yarrow (blue tinge)

ENERGETICS 
• Non-polar, dry, lipophilic molecules
• Both warming and cooling, stimulating or relaxing and as much yin as yang. 
• Exhibit anti-allergenic and anti-inflammatory actions, activating venous and 

lymph systems and lowering blood pressure. 
• Remarkable immune modulatory effects. 

CAUTIONS 
Sesquiterpene components tend to be very gentle with no known 
contraindications or concerns. 



MONOTERPENE ALCOHOLS (ending in OL) 

Terpene Alcohols are organic compounds that contain a hydroxyl group (-
OH) attached to one of the carbon atoms of the monoterpene, sesquiterpene 
or diterpene chain. 
Essential oils can have monoterpenols (monoterpene alcohols) and 
sesquiterpenols (sesquiterpene alcohols) as well as on the rare occasion 
diterpenols (diterpene alcohols) found in clary sage (sclareol). 

Physical Characteristics of Monoterpenols 
• Polar Molecules 
• Higher boiling point
• Slightly soluble with water 



General Therapeutic Actions of Monoterpenols 
• All are excellent infection fighters
• Anti-infectious/anti-bacterial
• Anti-viral 
• Well tolerated by the skin 
• Uplifting fragrance
• Strengthens the terrain 
• Excellent for longer term use
• Safe for children and eldercare 
• Harmonize and tone the nervous system 

General Therapeutic Actions of Sesquiterpenols  
• Hormone regulator 
• Endocrine system influence 
• Strong affinity to the skin 
• Musculature system tonic 



Examples: 
Geraniol found in Geranium, Grapefruit and Lavender
Linalool found in Geranium, Lavender, Peppermint 
Menthol found in Peppermint 
Terpineol found in Laurel, Eucalyptus globulus 
Terpineol.4.ol found in Juniper, Marjoram, Tea Tree, Ravensara

ENERGETICS 
• Monoterpenols are polar, hydrophilic, moist/wet molecules warming, 

stimulating and tonic in nature with more yang energy. 
• Supporting the overall health of the terrain yields an excellent 

preventative to disease, considered non-toxic at normal doses. 
• Tend to be sedative, tonic to the nervous system and offer valuable 

support to the immune system. 

• Sesquiterpenols are polar, dry, hydrophilic, molecules that tend to be 
slightly warming, calming, yet stimulating/uplifting and balancing. 

• They have a more balanced yin/yang quality and are suited for 
melancholic and choleric humor



CAUTIONS 
When exposed to air, primary monoterpenols slowly oxidize to aldehydes and 
acids or form resins meaning they need to be stored away from air and 
light/heat. 

Special caution regarding Peppermint Essential Oil: Menthol 
Avoid using internally or close to the face on young and sensitive folks due to 
the potential to cause bronchospasm. 

Special Caution regarding Linalol: Linalol readily oxidates on air exposure, 
forming linalool hydroperoxides, which are strong sensitizers. It is 
recommended to add 0.1% vitamin E oil to linalol rich oils such as ho wood, 
coriander, lavender and certain thymes. 



PHENOLS (ending in OL) 

Phenols contain a hydroxyl group (-OH) attached to the carbon of a 
benzene ring, also known as an aromatic ring. The -OH group attachment 
to the benzene ring makes phenols more reactive which possibly creates 
more irritating compounds. 

Physical Characteristics of Phenols 
• Complex alcohols
• More water soluble than alcohol. 
• Higher boiling point 
• Polar compounds (due to the polar hydroxyl group) 



General Therapeutic Actions of Phenols 

• Strongest infection fighters
• Too strong to use neat
• Immune stimulant
• Bactericide 
• Fungicide 
• Analgesic 
• Use 9:1 with a ‘safe’ alcohol (example 9 parts tea tree and 1 part 

oregano) 



Examples: 
Carvacrol found in some mints, oregano, and thyme 
Thymol found in Oregano and Red Thyme 

ENERGETICS 
• Phenols are polar, hydrophilic, wet, moist molecules that end to be 

warming (hot), stimulating, tonic and yang energy. 
• Hydroxyl molecules are stimulating, strong immunomodulators through 

interaction with the psycho-neuro, endocrine immunity network. 

CAUTIONS 
Phenol compounds may exhibit skin irritating properties. Use in very low 
dilutions and always with a carrier oil prior to applying to the skin. Phenol 
sounds like F-F-F-Fire! Phenol compounds are hot and are potential 
hepatotoxins. 



Special Caution regarding CT. Thymol & CT Eugenol 
Avoid oral use of essential oils high in thymol when taking anticoagulant 
drugs or before major surgery, with a peptic ulcer, during childbirth, or for 
those with bleeding disorders. High and/or prolonged dosages of thymol rich 
essential oils may contribute to hepatoxicity. 

Special Caution regarding CT. Carvacrol 
Avoid oral use of essential oils high in carvacrol when taking medication to 
control blood glucose for diabetes in addition to the above contraindications 
listed for CT. Thymol. 

*CT Thymol: Thymus vulgaris, CT Eugenol: Clove bud/leaf, & CT Carvacrol: 
Oregano 



OXIDES (ending in OLE) 

Oxides are organic compounds which have an oxygen molecule situated 
between two carbon molecules. 

Physical Characteristics of Oxides 
• Fairly unstable 
• Oxidize rapidly upon exposure to air and/or water 
• Susceptible to heat 
• Strongest odorants of all the functional groups 



General Therapeutic Actions of Oxides 
• Work to stimulate the active mucous glands of the lungs 
• Airborne antimicrobial
• Analgesic
• Antibacterial
• Antifungal
• Anti-inflammatory
• Antispasmodic
• Antiviral
• Expectorant
• Increases cerebral blood flow
• Mucolytic
• Reduces tension headaches
• Smooth muscle antispasmodic
• Cough suppressant



Examples:
1,8 Cineole Eucalyptus, Rosemary, Lavender, Ravensara. 
Eucalaytole found in Basil, Lavender, Laurel, Niaoulli, Rosemary, Tea Tree 

ENERGETICS 
• Oxides are neither extreme polar or non-polar. 
• Balanced between wet and dry and hydrophilic and lipophilic. 
• Warming, stimulating and tonic in action with more of a neutral yang energy. 

CAUTIONS 
• When used properly, these oils can be highly effective and safe. 
• If oxidized, essential oils high in 1,8 cineole may cause skin or mucus 

membrane irritation or sensitization. 
• These oils may antidote homeopathic remedies. 

High concentrations are too strong to use with babies or children under five 
years old. Do not use with animals. Care must be taken when using with 
asthmatics and those with compromised breathing, as they may not respond 
well to these oils.



ALDEHYDES (ending in AL) 

Aldehydes and Ketones are two very closely related molecules. They 
are a special type of long link chain (hydrocarbon chain) with attached 
hydrogen molecules that form a functional group. 
Like ketones, aldehydes are known as a carbonyl group, a carbon 
atom connected to an oxygen atom by a double bond. 
But, in aldehydes, this group is situated at the end of the chain vs 
ketones which are in the middle of the group. 

Physical Characteristics of Aldehydes 
• Powerful aromas 
• Very reactive molecules 
• Can combine with oxygen to form acids (carboxylic acids) 
• Can be skin irritants and sensitizers 
• Mildly polar 
• Slightly more soluble in water than alcohol 



General Therapeutic Actions of Aldehydes 

• Calming, soothing and sedative to the nervous 
system 

• Anti-inflammatory
• Can be antiseptic
• Anxiolytic 
• Calms fears, activates solar plexus 
• Low dose aromatic 



Examples: 
Geranial found in Geranium 
Fufurol found in Cinnamon and Cloves 
Citronellal found in Lemon, Lemongrass and Eucalyptus citriadora 

ENERGETICS 
Aldehydes are polar, moist, hydrophilic molecules. 
Tend to be cooling, anti-inflammatory, nervines with more yin energy. 
Calming to the nervous system while cooling and toning. Ideal for a choleric 
temperament. 

CAUTION 
Can combine with oxygen to form acids called carboxylic acids which in turn 
can be skin irritants and sensitizers. 



KETONES  (ending in ONE)*
*expect Camphor

Ketones are similar to aldehydes with the exception that only carbons 
are directly attached to the carbonyl group (C=O)

Physical Characteristics of Ketones
• Modestly polar 
• Stable and not prone to oxidation 
• Slightly more soluble in water than alcohols



General Therapeutic Actions of Ketones

• Best friend of the skin
• Best wound healer (vulnerary) 
• Strong mucolytic and lipolytic (break down mucous and fats) 
• Anti-viral 
• Many ketones must be avoided altogether or used sparingly during 

early pregnancy and/or with children or for internal use. 
• Many Ketones have serious precautions see CAUTIONS 



Examples: 
Carvone found in Peppermint 
Lactone found in Bergamot and Lime
Thujone found in Hyssop, Sage, Tansy, Wormwood 
Verbanome found in Rosemary 

ENERGETICS 
Ketones are polar, moist, hydrophilic molecules. 
Generally cooling, anti-inflammatory and relaxing (nervine) with more 
yin energy. Indicated for Choleric temperament. 



CAUTIONS 
All Ketones are mucolytic and lipolytic, meaning they melt mucous and fat. 
They need to be avoided in pregnancy, with children and for internal use. 
Avoid with nerve disorders. 

Essential Oils with Ketone Content with Safety Concerns 

Rue Ruta graveolens Abortifacient, phototoxic, 
photocarcinogenic

Mugwort Artemisia vulgaris Neurotoxic

Wormwood Artemisia absinthium Neurotoxic, embryofetotoxicity, 
abortifacient 

Thuja Thuja occidentalis Neurotoxic

Pennyroyal Mentha pulegium Hepatotoxic, neurotoxic. AVOID 

Sage Salvia officinalis Neurotoxic



ESTERS (ending in ATE) 

Esters are the product of a chemical reaction that occurs between 
an alcohol and an organic acid. Organic acids have a terminal 
carbon that shares electrons with both a carbonyl group and a 
hydroxyl group. This entire unit, COOH, is call a carboxyl group 

An example of an ester forming would be Acetic Acid + Linalol = 
Linalyl acetate + molecule of water 

Physical Characteristics of Esters 
• Intense, fruity aromas 
• Similar boiling point as alcohols or ketones 
• Somewhat soluble in water 



General Therapeutic Actions of Esters 

• 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 
Methyl salicylate found in Birch, Cloves and Wintergreen 

ENERGETICS 

• Esters are non-polar, lipophilic and dry molecules. 
• They tend to be cooling, anti-inflammatory and relaxing with more 

yin energy. Most essential oils contain a diverse range of esters, the 
intensity of the anti-inflammatory action is very diversified which 
contributes to the regulating, balancing and harmonizing actions. 

• Esters are great antispasmodics, working on several levels: central 
nervous system, muscle receptors and more. 



CAUTIONS 
Safety with ester rich oils lie within the specific ester: Methyl Salicylate.

Ingestion of this compound poses the threat of severe, rapid-onset 
salicylate poisoning. Excessive usage of these preparations in patients 
receiving warfarin may result in adverse interactions and bleedings. Can 
cause contact dermatitis. 

Both Birch and Wintergreen essential oils can contain upwards to 98% of 
this compound and its often adulterated with synthetic methyl salicylate. 
Death has been reported from ingestion of less than one tsp in a small 
child. 

Should be avoided in GERD disease and with small children. Do not sure 
on broken skin or with folks taking warfarin. 



PHENOLIC ETHERS (ending in OL) 
Also referred to as PHENLYPROPANOIDS 

Phenylpropanoids have a basic 3-carbon chain attached to a 
benzene ring. Phenylpropanoids are biosynthetically derived from the 
shikimic acid pathway. 
Plants often produce and store phenylpropanes in their vegetable 
parts as a defense against herbivores and parasitic bacteria and 
fungi. 

Physical Characteristics of Phenolic Ethers
• Quite rare in essential oils 
• Pleasing aromas and flavor 
• Higher polar molecules 



General Therapeutic Actions of Esters 

• Similar to esters but stronger analgesics 
• Produce severe skin reactions 
• Cardiotonic 
• Anti-bacteria 
• Spasmolytic 
• Stress modulating 
• Digestive 



Examples: 
Eugenol found in Clove, Cinnamon Leaf, Patchouli and Nutmeg 
Methyl Eugenol found in Basil 
Methyl Chavicol found in Basil 
Cinnamic Aldehyde found in Cinnamon bark 

ENERGETICS 
Phenolic ethers phenylpropanoids are highly polar, wet, hydrophilic 
compounds with warming, stimulating and tonic actions.



CAUTIONS 

Safety of Phenolic Ethers lies within individual chemotypes as indicated 
below: 
Cinnamic Aldehyde: Caution for those with diabetes taking drugs to control 
blood sugar, anyone taking anti-coagulant medicine, major surgery, childbirth, 
peptic ulcer, bleeding disorder. 
Eugenol: Dermal irritant, caution with MAOIs, SSRIs, pethidine, plus the above 
listed cautions. 
Methyl eugenol: closely related to estragole, otherwise known as methyl 
chavicol. Potential liver toxicity and tissue damage. 



FURANOCOURMARINS 

Furanocoumarins are one of the coumarin derivatives. They can be grouped 
into the linear type or the angular type based on their chemical formulation. 
Linear type includes psolaren, xanthotoxin, bergapten and isopimpinellin. 
Angular type is represented by angelicin, sphondin and pimpinellin. 

Physical Characteristics of Furanocoumarins 
• Coumarins are a type of lactone 
• Low volatility 
• Mostly found in citrus oils and angelica oil 
• Very slightly soluble in water 
• Linear furanocoumarins can cause photosensitization toward UV light 



General Therapeutic Actions of Furanocoumarins 

• Photosensitizers: helpful with skin pigmentation and psoriasis 
• Antimicrobial 
• Antitumoral activity 
• Stimulates melatonin production 
• Anti-depressant activity 
• Hepatoprotective 



Examples: 

Angelicin: Angelica root (angular type) 
Bergapten: Bergamot, Lime, Lemon, Grapefruit, Angelica root and 
Tangerine 
*Citrus oils only contain furanocoumarins when expeller pressed/cold 
pressed. 

ENERGETICS 
Furanocoumarins are quite polar, hydrophilic, moist/wet molecules 
that tend to be quite balancing in temperature and energetics. 



CAUTION 
The main risk with furanocoumarins lies within the 
photosensitivity of the following essential oils: 

• Angelica root Angelica archangelica
• Bergamot Citrus bergamia
• Cumin Cuminum cyminum
• Distilled or Expressed Grapefruit Citrus paradisi
• Expressed Lemon Citrus limon
• Expressed Lime Citrus medica
• Expressed Bitter Orange Citrus aurantium
• Rue Ruta graveolens



Cryp tome r i a  j apon i ca ,  J apanese  ceda r
A Case Study in Shinrin-yoku with volatile oils

Ma in l y  mono te rpenes :  
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.



An t i sep t i c  Mono te rpenes  i n  H i s t o r y  
“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 

. 



Mono te rpenes :  I r i do i d s
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). 



Sesqu i t e r penes
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



Sesqu i t e r pene  Lac tones
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. 



Ar tem i s i n i n  i n  A r t em i s i a  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
• 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)



D i te r penes
~ 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)



D i te r penes  i n  G i n kgo
Ginkgolides are diterpene lactones
Compounds unique to Ginkgo biloba

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

• Bronchodilators; used for asthma



Aco r u s  c a l amu s
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.



ESSENT IAL  O I LS :  TOX ICOLOGY
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 is fairly low when administered appropriately. 
• Children, pets especially those that are sensitive, should be 

cautious. 



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. 



EO  PR I NC I P L E PR ECAU T IO N  CHECKL I ST  
• 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.


