
Study Guide with Test Questions 

Herbal Constituents: Foundations of Phytochemistry 
by Lisa Ganora  

*Do not use this resource as a reference! - it is not written with references and 
there is a mixture of direct quotes and paraphrases. The notes are almost 
exclusively taken from class notes provided by Lisa Ganora. 

CLASS: G480-E: Part Five: Chapters 9 & 10 

Chapter Nine 

TERPENOIDS: Major Subcategories 
• Monoterpenes (Iridoids, Monoterpene lactones) 
• Sesquiterpenes (Sesquiterpene lactones) 
• Essential Oils & Oleoresins  
• Diterpenes 
• Triterpenes 
• Saponins (Triterpenoid saponins, Steroidal saponins) 
• Botanical steroids (Phytosterols, Cardiac glycosides ,Misc. steroids) 
• Tetraterpenes (carotenoids) 
• Carotenes (Xanthophyll, Apocarotenoid) 

Terpenoids are generally oil- and/or alcohol- soluble and usually occur in essential oils, resins, 
oleoresins, latexes, and as dissolved compounds within many plant oils (the saponins, which are 
water-soluble, are an exception). Terpenoids are named after compounds first identified in 
turpentine (distilled Pine oleoresin). 

MONOTERPENES 

1. The 10-carbon monoterpenes, all derived from the biosynthetic precursor geranyl 
pyrophosphate, generally occur as major components of ________. They are low-molecular-
weight volatile compounds with a wide range of structures. Approximately 600 different 
monoterpenes are known. 

A. Decoctions 
B. Infusions 
C. Essential Oils 

2. Almost all monoterpenes occur as pairs of ________ (enantiomers or mirror-image 
molecules); these are designated by (+)- or (–)- preceding the compound’s name. Some 
species synthesize only one of the enantiomers, while others contain both in varying 
proportions. 

A. Stereoisomers 
B. Monoisomers 
C. Either A or B 
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The chemical and physiological properties of one enantiomer may be 
quite different from those of the other. (+)-carvone smells distinctly of 
Caraway seed; but (–)-carvone has the aroma of Spearmint.. 

Cellular receptors are stereospecific: they will only accept one 
enantiomer or the other, but not usually both. Plants sometimes 
make only one enantiomer of a pair, but other times they will make 

a mixture of both. If the mixture consists of 50 % (+)- enantiomer and 50 % (–)- enantiomer, 
it’s called a racemic mixture or a racemate. 

3. Some systems (e.g., aromatherapy) classify the monoterpenes according to which functional 
groups they feature, i.e., alcohols, aldehydes, ketones, etc. However, the classification of 
monoterpenes can also be based on ________ relationships: regular monoterpenes; irregular 
monoterpenes; and the iridoids and seco-iridoids.  

A. Personal 
B. Solubility 
C. Structural 

Monoterpenes, in general, are potent constituents of the highly concentrated essential oils and are 
easily absorbed through the skin and are taken directly into the central nervous system via the 
olfactory receptors. 

4. Changes in alertness, relaxation, mood, and sleep patterns have been noted in several 
human trials using Lavender (Lavandula spp.) oil INHALATION. One animal study found 
that the SCENT of both Lavender oil and its major constituent, ________ had a significant 
effect on the autonomic nervous system (exciting the parasympathetic gastric nerve while 
inhibiting the sympathetic innervation of the adrenal glands and adipose tissue); suppressed 
lipolysis via a histaminergic response; and enhanced appetite and weight gain in rats. The 
same researchers also noted that the essential oil of Grapefruit basically had the opposite 
effect. 

A. Linalool 
B. Thymol 
C. Eugenol 

(+)-Pulegone is found in European Pennyroyal (Mentha pulegium) and American Pennyroyal 
(Hedeoma pulegioides), and makes up 70–90% of the total oil content. Pulegone repels 
mosquitoes and fleas (highly toxic to cats) and the oil has been used in natural insect repellant 
formulas. However, the plant is an emmenagogue and a possible abortifacient. Large doses of 
the essential oil (~ 10 mL) can be moderately to severely hepatotoxic, or even fatal, if 
taken internally. 

Thujone (a-thujone and its isomer, β-thujone) is found in the essential oils of a number of herbs 
including Wormwood (Artemisia spp.), White Cedar (Thuja occidentalis), Tansy (Tanacetum 
vulgare), Sage, and Yarrow. As with all monoterpenes, the content of total thujone, as well as 
the proportions of a-thujone to β-thujone, can vary widely from plant to plant. One analysis 
found that the total thujone content in the essential oil of Wormwood oil was anywhere from 0 to 
90%. Thuja oil may have up to 73% total thujone and Tansy oil up to 81%. 
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5. Thujone is a reversible GABAA receptor modulator; this results in an analeptic effect similar to 
that of the pesticide dieldrin, a GABAA antagonist. High doses of thujone produce 
epileptiform  ________  in mammals. On the other hand, it has antimicrobial, anthelmintic, 
and insecticidal properties. 

A. Concussions 
B. Convulsions 
C. Neuropathy 

6. Antiseptic monoterpenes: Many of the monoterpenes are antimicrobial/antiseptic 
compounds, mainly because the plants synthesize them as phytoalexins. One of the most 
powerful monoterpenes in this respect is ________ which makes up about 80% of the 
essential oil in Bee Balm (Monarda spp.) flowers and leaves and about 40% of the oil of 
Thyme, from which it takes its name. 

A. Ambrinol 
B. Thymol 
C. Dodecanol 

7. Thymol is also found in Oregano oil along with a closely-related monoterpene, ________  
both of these constituents have demonstrated activity against a number of bacteria, including 
Salmonella typhimurium, Escherichia coli, and several strains of MRSA. Oregano (Origanum 
spp.) and some species of Thyme, Marjoram and Savory contain high levels of 
carvacrol. 

A. Muurol 
B. Heptanol 
C. Carvacrol 

Other herbs with antiseptic properties include Eucalyptus spp., White Sage, and Rosemary. They 
feature the antimicrobial monoterpene cineole (1,8-cineole). In Eucalyptus, this constituent can 
account for up to 80% of the essential oil content. Cineole has antibacterial activity against E. coli 
and gram-positive organisms; it is also antifungal. Cineole-rich Eucalyptus oil has significant 
activity against numerous organisms responsible for upper respiratory tract infections; especially 
toxic to H. influenzae, H. parainfluenzae, and Streptococcus pneumoniae. 

EUCALYPTUS TOXICITY: The essential oil 1,8-cineole (eucalyptol), is a bicyclic 
monoterpene ether with a concentration range of ~47-95% depending on the species 
and chemotype of the eucalyptus plant. Numerous other EOs contain significant 
amounts of eucalyptol as well so, the neurotoxicity of large oral doses of eucalyptus 
EO may be due to the synergistic effects with other constituents including a-pinene. 
Cases of serious toxicity has occurred in children after ingesting 5 mL of the EO and 
15-30 mL was fatal for children who swallowed the EO (25 mL for an adult). A few 
cases of CNS depression and seizures have been reported in children when 
the EO was used topically. 
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The three main types of toxicity that may be experienced from ingesting high or prolonged 
doses of some essential oils are: neurotoxicity (most EOs can cross the blood-brain barrier), 
hepatoxicity and/ or nephrotoxicity (as the liver and kidneys attempt to detoxify them), and 
skin or mucosal reactions (irritation, allergy, or phototoxicity). Children and the elderly are 
potentially more sensitive to EO toxicity. 

What is expression in the context of EO extraction? Expression means squeezing or cold 
pressing and is a common extraction method for Citrus fruit peels – they contain so much EO that 
steam distillation or other methods are not necessary to get a high yield. 

8. (True or False?) Bitter and Sweet Orange peel oil contains greater than 90% (+)-limonene 
(synonym: D- limonene). This compound and its alcohol derivative, perillyl alcohol, work 
against cancer in several different ways: by inducing the phase II liver enzymes responsible 
for detoxifying carcinogens; by increasing the differentiation of cancer cells, which inhibits 
tumor growth; by enhancing apoptosis; and by disabling proteins made by cell-growth-
promoting oncogenes. This versatile monoterpene has also been used clinically to dissolve 
cholesterol-containing gallstones, to reduce gastric hyperacidity in GERD, and to support 
intestinal peristalsis. 

A. True 
B. False 

(+)-Limonene and perillyl alcohol are also found in citrus albedo, citrus juices, and in the 
essential oils of perilla, caraway, dill, and the mints. Eating a silver-dollar sized piece of orange 
peel (both outer and inner parts) several times a week would provide the essential oil 
constituents, bioflavonoids, vitamin C, and pectin for an antioxidant, detoxifying and cancer 
chemopreventive effect. 

Both (+)-Limonene and β-caryophyllene (a sesquiterpene) essential oils are THC blockers - or 
modify THC action. β-caryophyllene is a predominant terpenoid in dried cannabis flowers and 
leaves. It is a potent anti-inflammatory and binds with CB2 receptors, modulates the activity of 
cannabinoids. 

Bergamot, grapefruit, lemon, lime, and both sweet and bitter orange 
peels contain a synergistic mixture of antiseptic constituents including 
citric acid and the monoterpenes (+)-limonene, a-pinene and b-pinene, 
and y-terpinene. Bergamot essential oil contains furanocoumarins 
(bergapten, psoralen) that have the potential to cause phototoxicity.  
The essential oil labeled  Bergamot FCF has had the furanocoumarins 
removed. Skin exposed to both UV light and citrus EOs can cause skin 
burns of varying degrees. 

Citrus and oxidation: Citrus essential oils are rich in (+)-limonene, which when exposed to air 
and light becomes oxidized; the multiple oxidation products can be respiratory irritants, allergenic/
skin sensitizers and are potentially somewhat toxic/mutagenic. Citrus EO should be stored in 
tightly-capped bottles, in the dark, and preferably in the refrigerator. They should also have 
antioxidants added when they are produced. 

G480-E Part Five – Phytochemistry – Genesis School of Natural Health – Page 4



MONOTERPENES: IRIDOIDS 
Iridoids are bitter compounds that generally occur in the plants as glycosides. Some iridoids 
contain a lactone ring and so are called monoterpene lactones. 

Aucubin (glycoside) is found in: Plantain, Eyebright, and Chaste Tree (Vitex agnus-castus). 
Chaste Tree also has another iridiod, agnoside. Plantain contains aucubin and its companion 
monoterpene lactone, catalpol. All of these compounds are anticarcinogenic, anti-
inflammatory, and antiseptic. Aucubin has also demonstrated hepatoprotective, neuroprotective, 
and wound-healing properties. 

Nepetalactone, a monoterpene lactone from the essential oil of Catnip (Nepeta cataria), has 
recently been discovered to act as a potent mosquito repellant. Studies demonstrate that it is as 
effective as DEET, while being approximately ten times less toxic. 

Valerian (Valeriana officinalis): valepotriates are modified monoterpene iridiods with low-
solubiltiy in water - need at least 70% ethanol but they are unstable in tinctures. In just 2 weeks 
the valepotriates are transformed but, it is not just the EO in valerian tinctures that provided 
the many benefits. In Germany the valepotriates are extracted and used as tranquilizers. 

Water Figwort: Scrophularia auriculata L., contains at least two iridoid glycosides, scropolioside A 
and scrovalentinoside, which have demonstrated anti-inflammatory properties and reduced edema 
both in vivo and in vitro. 

MONOTERPENES: SECO-IRIDOIDS 
Seco-iridiods are derived from iridoids (seco = open ring) and include gentiopicroside (synonym: 
gentiopicrin), amarogentin, sweroside, and swertiamarin, which are found in various digestive 
stimulant plants like Yellow Gentian (Gentiana lutea) and Qinjiao (G. macrophylla). These are 
extremely bitter compounds that stimulate salivary, gastric, and intestinal secretions: 
Digestive Bitters. 

9. In animal studies, ________ has been found to have analgesic activity against persistent 
inflammatory pain and antispasmodic activity in smooth muscle tissue. Along with its several 
companion seco-iridoids, gentiopicroside (pic=bitter) has demonstrated cytoprotective 
effects that are likely to contribute to the traditionally-observed wound-healing activities of 
Gentian. These and similar compounds are also found in Swertia, another genus in the 
Gentianaceae family that has long been used for dysentery and various digestive system 
problems. 

A. Devil’s Claw 
B. Curcumin 
C. Gentiopicroside 

SESQUITERPENES 
The sesquiterpenes (derived from the 15-carbon precursor farnesyl pyrophosphate) are the 
heavier, yet still volatile, components of many essential oils.. Many of the sesquiterpenes have 
anti-inflammatory characteristics. 
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Some EO examples from familiar medicinal herbs include: 

• (–)-a-bisabolol and chamazulene are found in Chamomile (Matricaria recutita), Yarrow 
(Achillea millefolium); antioxidant, anti-inflammatory, anticancer, vasorelaxant, 
neuroprotective. 

• Hops essential oil contains a-caryophyllene (synonym: humulene); neuroprotective, 
anticancer, antioxidant, and anti-inflammatory. 

• β-caryophyllene is found in Clove, Sage (Salvia officinalis), Cannabis, Black Pepper, 
Rosemary, Lavender, and Copaiba Balsam (Copaifera langsdorfii). This sesquiterpene is a 
full CB2 receptor agonist (a phytocannabinoid); antioxidant, antimicrobial, anti-
inflammatory, analgesic, anticancer. 

• a-zingiberene is largely responsible for the aroma of Ginger and it occurs in Turmeric 
rhizomes; carminative and anticancer. 

• Niaouli (Melaleuca quinquenervia): nerolidol, a acyclic sesquiterpene alcohol that is 
antioxidat, anti-inflammatory, analgesic, antimicrobial, antibiofilm, anti-parasitic, antitumor. 

10.Chamomile: Along with numerous flavonoids, (–)-a-bisabolol and ________ (derived 
from matricin) are contributors to the anti-inflammatory, antioxidant, antimicrobial, 
antispasmodic, antipyretic, and relaxing effects of Chamomile. Recently, it was found that 
(–)-a-bisabolol can rapidly induce apoptosis in human and mouse malignant glioblastoma 
cells (via selective mitochondrial damage) and also in pancreatic carcinoma cell lines, 
without damaging fibroblasts. 

A. Luteolin 
B. Chamazulene 
C. Theoflavin 

Matricin is a major sesquiterpene lactone and strong anti-inflammatory found in Roman 
Chamomile (Matricaria recutita L.). During steam distillation chamazulene (the blue 
sesquiterpene derivative) is formed from matricin. 

Chamazulene is also found in the essential oils of Yarrow (Achillea 
millefolium) and Wormwood (Artemisia absinthium). In Yarrow, chamazulene 
and its precursor compounds, matricin, achillicin, and achillin, have 
demonstrated anti-inflammatory, antibacterial, and wound-healing activities.  

Butterbur (Petasites hybridus): Petasin, and its relatives isopetasin and neopetasin, are 
sesquiterpenes with strong antispasmodic properties and they inhibit allergy-associated 
leukotriene synthesis and histamine release in the nasal mucosa. Although Petasites contains 
potentially problematic levels of pyrrolizidine alkaloids, these compounds have been 
removed from the commercially-available extracts. 

SESQUITERPENE LACTONES 
The sesquiterpene lactones (another kind of bitter principle) are characteristic constituents of 
plants in the Asteraceae family. The sesquiterpene lactones increase with the summer heat. The 
lowest levels are found in early Spring and in the Fall. Most are not very water-soluble (lower 
polarity) but, decoctions (no more than 15 minutes to prevent damage) or higher ethanol will 
extract the sesquiterpene lactones. 
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The lactone ring takes its name from these compounds (lact = milk), which concentrate in the 
milky- white, latex-like sap of such plants as dandelion. You can easily see and taste this 
substance which oozes out when you break off a leaf or stem, or slice the roots of these herbs. 
Sesquiterpene lactones are non-volatile, they are not found in essential oils. 

Important: Not all milky-white and bitter sap in plants are sesquiterpene lactones! 
The sesquiterpene lactones are found in the Asteraceae plant family (Wild lettuces, 
Dandelion, Chicory, Burdock, etc.). Other latexes (milky-white) could be rich in 
toxic substances like cardiac glycosides (milkweeds, dogbane, etc.) or 
poisonous diterpenes (spurges, etc.). 

11. In general, the sesquiterpene lactones have antibacterial, antiparasitic (trypanocidal and 
leishmanicidal), anti-inflammatory and anticancer (prevention of metastasis, and 
induction of apoptosis), and/or antispasmodic properties, as well as being ________ 
stimulants that increase the production and release of bile from the liver. 

A. Digestive 
B. Pancreatic 
C. Hydrochloric Acid 

Parthenolide, although perhaps more famous as an anti-inflammatory and antispasmodic 
contributor to the migraine-prevention properties of Feverfew, has also been found to have 
anticancer effects. This compound has also demonstrated antibacterial and antifungal activity. If 
you are using Feverfew for migraines it is the FRESH LEAVES that work best - 3 fresh 
leaves per day.  

Many herbs traditionally used to improve fat digestion and nutrient absorption contain 
sesquiterpene lactones (e.g., lactucin and lactupicrin): Dandelion, Chicory, Burdock, Artichoke, 
Yarrow, and Wormwood. 

Artemisia annua (Sweet Annie, Sweet Wormwood): The bitter constituent artemisinin is 
especially effective for treating multiple-drug- resistant malaria. This compound is able to kill 
immature plasmodia in the erythrocytes, thereby preventing them from progressing to the more 
pathological stages. 

Wormwood (Artemisia absinthium) contains a range of bitter sesquiterpene lactones called 
absinthins with anthelmintic and antiparasitic actions. They are anti-inflammatory, can benefit 
inflammatory bowel diseases, and contribute to the antimicrobial and potential anticancer 
properties of Wormwood. 

Boneset, also known as Feverwort is a very bitter herb and the sesquiterpene 
lactones are the main bitter principles. Boneset was formerly classified as 
Eupatorium perfoliatum but is now called Eutrochium perfoliatum. In the 1800s it 
was commonly used as a ‘pure relaxant’, alterative, bitter tonic, lymphatic, 
immunostimulant, aperient and diaphoretic. The hydroethanolic extract is 
antiplasmodial (anti-malarial) and antiviral. Pyrrolizidine alkaloids were recently 
found in boneset but no cases of hepatotoxicity have been reported. Avoid during 
pregnancy and lactation. 
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12.A potential downside of the sesquiterpene lactones is that they can act as mild to powerful 
allergens for susceptible individuals. Because these compounds are so widely distributed 
among the Asteraceae, ________ can easily occur. A person might become sensitized to the 
sesquiterpene lactones in one plant (e.g., Ragweed – Ambrosia spp.) and subsequently will 
have a reaction to a novel species (e.g., Chamomile or Yarrow) in the family. This is why the 
herbalist should be cautious when using Asteraceae herbs for people who have a 
tendency toward respiratory and contact allergies or problems with chronic eczema. 

A. Cross-Reactions 
B. Criss-Crosses 
C. Algorithms  

ESSENTIAL OILS AND OLEORESINS 
Essential oils are the volatile constituents in plants - small, light, ‘oily’ but non-lipid compounds 
that can evaporate (volatile) - why we can smell them. These types of compounds are 
sometimes called aromatic and are used in aromatherapy; but the term aromatic has a different 
meaning in organic chemistry.. 

Essential oils contain mainly monoterpenes (smaller, lighter “top notes”) and sesquiterpenes 
along with other small volatile compounds including the 5-carbon hemiterpenes. The larger 
terpenes (diterpenes on up) are generally too heavy to be volatile, so they are absent from EO 
but are found in substances like oleoresins, resins, etc. The exceptions are essential oils like 
Clove, Cinnamon, Basil, Fennel, etc., which contain oil-soluble, aromatic phenylpropanoids. 

Aromatic phenylpropanoids: Eugenol (Clove), Anethole (Fennel, Anise), Apiole (Parsley 
seeds) and Myristicin (Parsley), beta-asarone (Calamus), Cinnamaldehyde (Cinnamon), 
Estragole (Tarragon, Basil), Myristicin (Parsley, Nutmeg), Safrole in Sassafras. 

Eugenol is HOT and can be caustic. It is a phenylpropanoid that makes up ~75-90% of clove 
oil and must be very diluted to use. It is antiseptic, antifungal, anesthetic, antispasmotic, and anti-
inflammatory. Excess doses may result in CNS depression, convulsions, liver damage and 
hemostatic abnormalities. 

13.Essential oils are complex mixtures with numerous minor constituents in addition to 
the prominent major ones. Furthermore, the presence of ________ allows for a great deal 
of phytochemical variation within the oil of a single species. The most accurate way to know 
the exact composition of a given batch of essential oil is by chemical analysis using gas 
chromatography. 

A. Petrochemicals 
B. Flavones 
C. Chemotypes 

The concentration of different constituents in an essential oil can vary considerably 
because plants continually alter the composition and concentration of EO constituents in response 
to multiple factors including genetics (chemotypes). These chemotypes might look exactly the 
same as one another, but can have very different constituent profiles. An example is Thymus 
vulgaris, which produces at least six different chemotypes with essential oils having 
considerably different ratios of constituents. The high-thymol chemotype is the most powerful 
antimicrobial, since thymol kills bacteria better than other constituents of the oil. 
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Thyme chemotypes: Thymus vulgaris - carvacrol; Thymus vulgaris - geraniol; Thymus vulgaris - 
linalool; Thymus vulgaris - terpineol; Thymus vulgaris - thujanol-4; Thymus vulgaris - thymol. 

Another example is Rosemary with 3 known chemotypes: Romarinus officinalis - camphor 
(cineole up to 30%); Romarinus officinalis - cineole (cineole up to 60%); Romarinus officinalis - 
verbenone (cineole up to 19%). White sage has up to 70% cineole but don’t wildcraft - it is 
endangered! It can be cultivated.  

CAUTION: Extracted EO are highly concentrated and biologically potent substances that should 
be used cautiously as they are potentially more able to cause adverse effects than the herbal 
extracts of the same plants. A whole plant contains a much broader range of phytochemicals, and 
a much lower concentration of the volatile constituents. Because EO’s represent a fraction of the 
total constituents in herbal material, they are perhaps better thought of as low-dose 
phytopharmaceuticals than as herbal products. Essential oils DO NOT have the synergy of the 
whole plant, it is an isolated chemical. 

Because the physiological activities of monoterpenes and other constituents of essential oils can 
be so pronounced, coupled with the fact that the oils are highly concentrated substances as 
opposed to ‘whole plant’ material, most herbalists and aromatherapists suggest diluting essences 
in carriers for topical use, and caution against taking them internally. 

Wintergreen Essential Oil Toxicity: Wintergreen EO contains up to ~99% 
methyl salicylate which is contraindicated during pregnancy, breastfeeding, and 
for babies and young children; for those with blood clotting disorders or who are 
taking anticoagulant medication; and with GERD or salicylate sensitivity. There 
are multiple case reports of fatalities in children from ingesting ~4-8 mL of methyl 
salicylate. Methyl salicylate can be absorbed transdermally in sufficient quantities 
to cause poisoning. In a massage oil blend methyl salicylate is found in the blood 
20 to 30 minutes after application. Maximum dermal use is 2.4% for wintergreen 
EO. 

Pennyroyal, Wintergreen and Eucalyptus are responsible for 
several cases of fatal poisoning. 

Sassafras EO (safrole) is an oil-soluble phenylpropanoid considered a lowgrade 
hepatocarcinogen from rodent studies. 

EO constituents are relatively delicate and subject to oxidation, so different methods of extraction 
using different amounts of heat and exposure to oxygen or solvents can generate derivative 
compounds as the original terpenoids are broken down to varying degree. These breakdown 
products can have different aromas or potential irritant properties than the original EO 
plant material, and can affect the quality of the final extracted product. 

How does an EO differ from an absolute? Absolutes are solvent (e.g., hexane) extractions 
which contain mainly the less volatile EO constituents along with heavier molecules such as 
benzenoid compounds (small molecules having a substituted benzene ring – benzyl acetate, 
benzyl salicylate, etc.), coumarins, indoles, or phytol. Some EO are made by hexane extraction 
followed by ‘ethanol partition’ – using ethanol to separate the lighter constituents from the broader- 
spectrum hexane extract. 
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OLEORESINS 
Resin is a general term to describe a thick, sticky substance that can harden. The oleo (oil) resins 
are mixtures of smaller and larger terpenoids. The smaller ones, monoterpenes and 
sesquiterpenes, are commonly found in essential oils. The larger ones are diterpenes and 
triterpenes and are commonly called resins. Many conifers exude oleoresins, and they are also 
found in the “gum” of Grindelia spp. (Gumweed). Oleoresins can be distilled to separate the 
essential oil (e.g., turpentine from Pinus). The heavier fraction of the resin is mostly composed of 
diterpenoids with some triterpene aglycones. Bees use the exudates to make propolis. 

14.Gum oleoresins such as ________ (Boswellia spp.) tears are complex blends of water- 
soluble gums, essential oil constituents, and heavier resinous compounds. Some materials 
that we call resins contain mainly polyphenolic, as opposed to terpenoid, aglycones (e.g., 
Cottonwood bud exudate). 

A. Myrrh 
B. Frankincense 
C.Pine 

There are 43 different species of Boswellia, Boswellia serrata is a commercially important plant 
due to its highly valuable gum oleoresin and essential oil. Boswellia serrata essential oil has 
biological activities such as anticarcinogenic, antimicrobial, antiulcer, antioxidant, and anticancer. 

Propolis is the third most important component of bee products. It is composed 
mainly of resin (50%), wax (30%), essential oils (10%), pollen (5%), and other 
organic compounds (5%). Phenolic compounds, esters, flavonoids, terpenes, 
beta-steroids, aromatic aldehydes, and alcohols are the important organic 
compounds present in propolis. 

Twelve different flavonoids, namely, pinocembrin, acacetin, chrysin, rutin, luteolin, kaempferol, 
apigenin, myricetin, catechin, naringenin, galangin, and quercetin; two phenolic acids, caffeic acid 
and cinnamic acid; and one stilbene derivative called resveratrol have been detected in propolis 
extracts by capillary zone electrophoresis. 

Propolis also contains important vitamins, such as vitamins B1, B2, B6, C, and E and useful 
minerals such as magnesium (Mg), calcium (Ca), potassium (K), sodium (Na), copper (Cu), zinc 
(Zn), manganese (Mn), and iron (Fe). A few enzymes, such as succinic dehydrogenase, 
glucose-6-phosphatase, adenosine triphosphatase, and acid phosphatase, are also present in 
propolis. - ttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC5549483/ 

DITERPENES 
About 2,500 different kinds of diterpenes (derived from the Grindelic acid 20-carbon precursor 
geranyl geranyl pyrophosphate) have been identified. Because you can join 20 carbons in so 
many different ways, there is great structural diversity within the class. The diterpenes (with a few 
exceptions) are too large to be volatile, so they are for the most part limited to being constituents 
of oleoresins and resins. 

Subtypes include linear/acyclic subtypes like phytol. Phytol is the anti-biofilm, anti-inflammatory, 
antioxidant, potential anxiolytic which forms the low-polarity ‘tail’ of the chlorophyll molecule and is 
a precursor of vitamins E and K. Most diterpenes tend to be sticky or resinous compounds. 
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Grindelia squarrosa (gumweed): grindelic acid occurs along with some twenty other diterpenes 
(called grindelanes). Gumweed takes its name from the white, gum-like substance (not a gum!), 
rich in diterpenes, which oozes abundantly from the flower buds. This flower bud exudate is bitter 
and very aromatic, indicating that it also contains smaller, more volatile monoterpene compounds 
including borneol, borneol, bornyl acetate, a-pinene, b-pinene, limonene, and germacrene D; 
additionally, anti-inflammatory triterpene aglycones (e.g., grindeliasapogenin D, oleanolic acid, 
and bayogenin) have been identified in the exudate. Sesquiterpenes, flavonoids, phenolic acids, 
polyalkynes, and saponins also contribute to the effects of this complex and powerful medicinal 
herb. 

Why might we want to make an infused honey extract of Grindelia squarrosa? Grindelia 
exudate is not a water-soluble gum; rather it’s a sticky white oleoresin that oozes out of the flower 
buds just prior to opening. While diterpenes are most thoroughly extracted with the higher-
percentage hydroethanolic or fixed oil menstrua, honey makes a fair extraction fluid and an 
excellent corrigent for this strongly-flavored herb. By combining the Grindelia honey extract with 
hydroethanolic extracts of this or complementary herbs you can make a potent respiratory elixir 
with anti-spasmodic/relaxant, expectorant, and antiseptic qualities for acute and chronic 
bronchitis, asthma, and whooping cough. 

Elecampane (Inula helenium) is another warm, aromatic Asteracea herb used for 
similar indications as Grindelia. Do they have any constituents in common? 
While elecampane flower buds aren’t known for a copious exudate, this somewhat 
sticky herb does contain monoterpenes and the sesquiterpene lactones 
(alantolactone and isoalantolactone) which have anti-inflammatory and 
antispasmodic properties (they also induce apoptosis in cancer cells), along with 
various diterpenes. Elecampane, as a broad-spectrum extract is antimicrobial and 
used for respiratory infections, bronchitis and spasmodic cough. 

15.The specific physiological role of the diterpenes has not been clearly established, but it is 
likely that they are ________ contributing to the antispasmodic, anti-inflammatory, 
antibacterial, and antitussive effects of this herb which has been traditionally used for 
respiratory conditions including bronchitis. Many herbs in cough remedies, e.g., Horehound 
(Marrubium vulgare)contain diterpenes. 

A. Antagonists 
B. Indirectly 
C. Synergists 

16.________  is another source of interesting diterpenes. Carnosol, which 
also occurs in Sage (Salvia officinalis), is an aromatic bitter principle with 
antioxidant, anticarcinogenic, and anti-inflammatory activities. Carnosic 
acid, a closely-related diterpene, is an antioxidant. Because of these and 
other low-polarity constituents (e.g., rosmarinic acid), supercritical carbon 
dioxide extracts of Rosemary are popular additions to many herbal 
antioxidant and anti-inflammatory formulas. 

A. Rosemary 
B. Oregano 
C.Thyme 
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• Carnosol and carnosic acid are also classified as a phenolic diterpenes because they 
contain a phenolic ring; they have neuroprotective and cognitive-enhancing effects. They 
have also demonstrated potent in-vitro anticancer effects on prostate cancer, colon cancer, 
melanoma, breast cancer, and leukemia cells. 

• Marrubiin is a bitter antitussive from Horehound (Marrumbium spp.) with analgesic, 
antioxidant, cardioprotective, vasorelaxant, antispasmodic, immunomodulating, anti-ulcer 
and antidiabetic properties. Super Bitter! 

• Stevioside, rebaudioside A, and dulcoside from Stevia rebaudiana are sweet non-
carbohydrate molecules with hypoglycemic, hypotensive, anti-inflammatory, and 
immunomodulating activities. 

• Propolis diterpenes have antioxidant, anti-inflammatory, antibacterial, and anticancer 
activities. 

• Colophony (colophonium - also called rosin) is the heavier fraction of the oleoresin from 
Pinus spp. and other conifers. They are mainly composed of diterpene acids including the 
potential anticancer, anti-melanoma compound abietic acid. 

17.Ginkgolides: Ginkgo biloba contains physiologically active diterpenoid constituents. 
Ginkgolides A, B, C, J, and M are diterpene lactones and these compounds are unique to this 
ancient tree species. They occur along with closely-related molecules known as the 
bilobalides. The ginkgolides and bilobalides, which are featured in standardized extracts of 
the herb (appearing on the label as ‘6% terpene lactones’), are strong platelet-activating factor 
(PAF) inhibitors and bronchodilators which contribute to the herb’s efficacy for ________. In 
addition, these constituents have been found to act synergistically with the flavonols for anti-
inflammatory and CNS-protective effects. 

A. Migraines 
B. Asthma 
C.Vasculitis 

Paclitaxel (Taxol ®), the anti-estrogenic and antimitotic drug used to treat breast 
and lung cancer, was discovered in the bark of the Pacific Yew (Taxus brevifolia) 
which contains a complex mixture of tricyclic diterpene derivatives based on the 
taxadiene skeleton and known as taxanes. Paclitaxel has a unique mode of action: 
disabling the ability of cancer cells to grow by hyper-stabilizing the microtublule 
assemblies responsible for organizing many functions during the cell cycle. 

TOXIC: Highly toxic diterpenes known collectively as the grayanotoxins are found in 
wild and cultivated species of Ericaceae including Rhododendron and Kalmia 
(Rhododendrons or Mountain Laurels). These compounds, which are sodium 
channel toxins, have been known to kill livestock and, on occasion, human beings. 
Toxic and irritant diterpenes are also found in the latexes of various Spurges 
(Euphorbia species) where they are referred to as ‘euphorbia factors.’ These 
molecules have been implicated in many cases of livestock poisoning (sheep, goats, 
and cattle) and severe skin irritation. 
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TRITERPENES 
Triterpenes, the largest subgroup of the terpenoids. Biosynthetically, triterpenes are derived from 
their precursor squalene; in turn, they are the precursors of steroidal compounds in plants. 

18.________ is a triterpene aglycone; along with its saponins, it accumulates in many plants 
including Olive (Olea europaea), Privet (Ligustrum sinense), Agrimony (Agrimonia eupatoria), 
Rosemary, Oregano, Thyme, Lavender, Peppermint, Pomegranate, and Hawthorn; it is also 
found as part of the waxy surface coating of many fruits. Ursolic acid is anticarcinogenic, 
chemoprotective, hepatoprotective, anti-inflammatory, and suppresses NF-κB activation. 

A. Ursolic Acid 
B. Citric Acid 
C.Battery Acid 

 

Oleanolic acid is an important triterpenoid constituent in the fruit and leaves of 
the Olive, after which it is named; it is thought to contribute to that herb’s 
antidiabetic properties along with a synergistic seco-iridoid, oleuropein. Because it 
is a low-polarity compound, oleanolic acid is also present in high-quality olive oil. 
Oils will naturally contain the oil-soluble constituents within the plant. 

Oleanolic acid (OA), ursolic acid (UA) and betulinic acid (BA) are pentacyclic triterpene 
aglycones that accumulate in many medicinal plants: Olive, Bearberry, Calendula, Prunella, 
Plantain, Rosemary, Oregano, Thyme, Lavender, Schisandra, Pomegranate, Hawthorn, and Birch 
(Betula spp.) and many others. Oleanolic acid, ursolic acid and betulinic acid have broad-
spectrum hepatoprotective, anticancer, cardio-protective, nephroprotective, and neuroprotective 
actions. They help normalize blood lipids and are strongly anti- inflammatory and antioxidant. 

Reishi mushroom (Ganoderma) features triterpenes and immunomodulating polysaccharides. 
The shiny ‘varnish’, tough coating on the fruit bodies is composed of a synergistic array of multiple 
bitter tetracyclic lanostane triterpenoids with notable anticancer properties. These triterpenes are 
not in a saponin form and have very low solubility in water. 

19.Black Cohosh (________, formerly Cimicifuga racemosa) contains a series of unusual 
triterpene glycosides along with the cimicifugosides HI and H2. These triterpenes may 
modulate luteinizing hormone (LH) activity; they have a distinct antiestrogenic, pro-apoptotic 
effect on breast cancer cells; and they contribute to the menopausal hormone-balancing and 
hot-flash mitigating activities of the herb. Positive effects on PCOS and associated infertility 
have also been reported. 

A. Silybum marianum 
B. Symphytom officinale 
C.Aceta racemosa 

Cimicifugosides found in ethanol extracts inhibit estradiol-induced proliferation of breast cancer 
cells and they inhibit estrogen-induced gene transcription in vitro - clinical studies suggest a 
similar clinical effect. The triterpene saponins in Black Cohosh are not classical phytoestrogens; 
they do not bind to estrogen receptors as do many of the isoflavonoids. Some books report 
that Black Cohosh contains formononetin, an isoflavonoid and phytoestrogen, and this is why it’s 
‘good for’ menopause. 
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Actaea (Black cohosh) extracts don’t contain any constituents that bind with estrogen receptors; 
their effects are based on some other type of activity. One early analysis reported formononetin in 
the herb but none of the later literature was able to confirm this; furthermore, isoflavonoids do 
not characteristically occur in species of this family (Ranunculaceae). Generally, we find them in 
herbs of the Fabaceae (legume) family - red clover, soy. 

United Plant Savers: “Due to the massive demand for Black Cohosh the similarity 
in appearance of North America’s eastern Actaea species, the wild harvest of Black 
Cohosh is having a dramatic impact on populations of plants that are mistakenly 
harvested. Black Cohosh (A. racemosa) is often confused with Mountain Bugbane 
(A. podocarpa), White Baneberry (A. pachypoda), and Appalachian Bugbane (A. 
rubifolia). A. podocarpa has been listed as endangered in Illinois and rare in 
Pennsylvania, and A. rubifolia is threatened in Illinois, Kentucky, and Tennessee; 
and endangered in Indiana. All due to habitat loss and wild harvest, which is only 
exacerbated by misidentifying and harvesting them as Black Cohosh.” 

SAPONINS (sapo = soap) 
The widely distributed saponins are often present in high concentrations relative to other 
constituents of an herb. They are believed to play a role in defending the plant from insects, 
predators, and fungal infestations. Saponins occur in numerous food plants (e.g., legumes, garlic), 
and are featured in antiarthritic and adaptogenic herbs (e.g., yucca, pokeberry, ginseng, licorice). 

The aglycone portion of the molecule (the sapogenin) is 
lipophilic, while the attached sugar units are hydrophilic; as a 
result, saponins are amphipathic. They are able to alter the 
surface tension of water and to form micelles in aqueous 
solution, which generally gives them a soap-like character. If you 
shake a water infusion of a saponin-rich plant soapy bubbles will 
form and float on the surface. 

This amphipathic property also makes saponins able to enhance the solubility of various other 
constituents, other compounds, both in individual herbs and in formulas; they act as emulsifiers 
in herbal extracts, allowing oily constituents to better dissolve in watery media, and vice versa. 
They can also alter the bioavailability of other compounds once inside the body. Most of the 
saponins are relatively harmless however, large amounts do tend to irritate the digestive system; 
and some exceptional molecules can be toxic to mammals. 

TRITERPENE SAPONINS 
These molecules are based on the pentacyclic, 30-carbon triterpene skeleton; most have 3-5 
sugar units attached. Many are anti-inflammatory, while others are adaptogenic. 

20.A well-known example is ‘aescin’ (synonym: escin) from Horse Chestnut (Aesculus 
hippocastanum), which is not a single molecule but rather a complex ________ of saponins 
based on the aglycones protoaescigenin and barringtogenol; these compounds have 
antioxidant, anti-inflammatory, and vascular tonic properties. Aescin acts synergistically 
with the coumarins in Horse Chestnut to treat venous and lymphatic vessel insufficiency. 

A. Mixture 
B. Separation 
C.Division 

G480-E Part Five – Phytochemistry – Genesis School of Natural Health – Page 14



21.One of the most familiar triterpenoid saponins is glycyrrhizin (synonym: glycyrrhizic acid), the 
main saponin found in ________ (Glycyrrhiza glabra) root. Based on the aglycone 
glycyrrhetinic acid, it has two uronic acids (simple sugar derivatives bearing carboxyl groups) 
as its sugar moiety. 

A. Poke 
B. Marshmallow 
C. Licorice 

Glycyrrhizin, a saponin, has strong anti-inflammatory actions that are synergistic with flavanones 
in the herb. Glycyrrhizin inhibits excess stomach acid secretion, and is immunostimulating, 
antiviral, and a potent hepatoprotective. It likely contributes to the adaptogenic properties of this 
versatile herb. Glycyrrhizin is the major sweet constituent in Licorice; it is said to be some 50 times 
sweeter than sucrose. 

How can Licorice raise blood pressure? Glycyrrhizin is similar to the human 
hormone called aldosterone; if ingested in high, prolonged doses, the glycyrrhizin 
in licorice can cause a condition called pseudo-hyperaldosteronism. Pseudo- 
hyperaldosteronism results from increased sodium and water retention, along with 
increased potassium excretion – which both serve to raise blood volume and 
blood pressure. This phenomenon is uncommon, and usually results from things 
like addiction to strong, authentic licorice candy; however, the occasional person 
will be especially sensitive to glycyrrhizin and will experience hypertensive effects 
from prolonged use of normal therapeutic doses. 

This is a temporary effect and resolves when the Licorice is discontinued. It is not unreasonable to 
consider higher doses of licorice to be contraindicated for people with high blood pressure. Too 
much licorice for too long can also cause generalized edema. A product called DGL (de-
glycyrrhizinated Licorice) is available for those needing to avoid this constituent. DGL is often used 
in protocols for healing gastric and duodenal ulcers. 

The glycyrrhizin in Licorice has been demonstrated to delay the metabolic breakdown of 
endogenous cortisol (in other words, it extends the half-life of cortisol in the body). Cortisol 
supports the sympathetic fight-or-flight state by increasing available metabolic fuels (blood sugar, 
triglycerides, etc.) in the blood, while acting as a powerful anti-inflammatory substance to limit the 
damage from injuries. Short-term higher-end therapeutic doses (1-2 mL of Licorice tincture) 
can help with the orthostatic hypotension that can occur during adaptation to high altitude. 
It can also be useful during the induction phase of a very low-carb or ketogenic diet, because as 
insulin goes down, cortisol and aldosterone also decrease; this can lead to excess urination. 
Licorice can help counteract this phenomenon. 

22. (True or False?) Eleutherosides occur in the adaptogenic herb Eleuthero (formerly called 
Japanese Ginseng: Eleutherococcus senticosus). The eleutherosides are thought to 
contribute to the plant’s ability to reduce stamina and acceptance to stress, possibly 
through a tonic action on the adrenal gland. 

A. True 
B. False 
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“There is growing evidence that cognitive dysfunction induced by anesthetics (pain 
medications) is adversely affecting a large number of elderly surgical patients. 
Eleutheroside E (EE), a principal component of Eleutherococcus senticosus, exerts 
obvious protective effects on cognition. The aim of this study was to investigate 
the neuroprotective effect of EE on isoflurane (ISO)- induced cognitive 
dysfunction and explore the possible mechanisms… our results suggested that EE 
may be a potential therapeutic agent against ISO- induced cognitive dysfunction.” - 
https:// www.ncbi.nlm.nih.gov/pubmed/30585907 

STERODIAL SAPONINS 
Steroidal saponins are common constituents of herbs traditionally used as tonics for vitality and 
longevity. These compounds generally accumulate in seeds, bulbs, or roots. The suffix –genin 
indicates an aglycone for both types of compounds. The -oside suffix (ginsenosides) indicates a 
saponin. 

The ginsenosides contribute to the adaptogenic and tonic effects of these herbs which enhance 
energy, stamina, and concentration, and are restoratives for use during convalescence. They have 
also demonstrated protective activity against radiation toxicity and neuroprotective effects on both 
the peripheral and central nervous systems. Traditionally, Ginseng has been used in TCM to treat 
dementia and to promote learning and memory. The closely-related quinquenosides occur in 
American Ginseng along with the ginsenosides. 

American (Panax ginseng) and Asian (Panax quinquefolius) ginsengs contain complex mixtures 
of triterpenoid steroidal saponins. The ginsenosides are a group of some 30 steroidal saponins. 
Ginsenosides (also called panaxosides) are found in Panax ginseng. Both ginsenosides and 
quinquenosides are found in Panax quinquefolius. 

23.________ is the aglycone basis for the steroidal saponins found in Yam (Dioscorea) species, 
including dioscin; it also occurs as the aglycone of numerous steroidal saponins in the seeds 
of Fenugreek (Trigonella foenum-graecum). The Mexican Yam (Dioscorea mexicana) was the 
original source of compounds used for the semi-synthesis of steroid drugs (cortisone, 
prednisone, and the androgens and estrogens - current commercial source material comes 
mostly from Soybeans). 

A. Diosgenin 
B. Dioscin 
C.Disulfide 

24.The steroidal saponins in the Yams do not act as ‘hormone precursors’ inside the body, 
despite what can be read in some marketing literature. The human body lacks the enzyme 
to convert these compounds into sex hormones. However, the saponins may influence 
hormonal balance in other ways, and most likely contribute to the antispasmodic and anti-
inflammatory effects of the yams. This latter activity is reflected in the fact that American Wild 
Yam (Dioscorea villosa) is commonly known as Colic Root or ________ Root. 

A. PMS 
B. Rheumatism 
C.Sweet 
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According to Penn State Hershey, there are about 600 species of yam in the  genus 
Dioscorea and they do not all contain diosgenin. Many are wild species that thrive in 
the damp woodlands. Wild yam is a perennial vine with pale brown, knotty, woody 
cylindrical rootstocks, or tubers. Unlike sweet potato yams, the roots are not fleshy. 
The roots of wild species are dry, narrow, crooked, and have horizontal branches of 
long creeping runners. The stems are reddish-brown and thin, growing to a length of 
over 30 feet. The roots initially taste starchy, but soon after taste bitter and acrid. 

25. Dioscin and related steroidal glycosides are also found in the fruits of Puncture Vine (Tribulus 
terrestris), which has traditionally been used as a sexual/hormonal tonic and aphrodisiac. 
Animal studies show that this herb increases levels of androgens including testosterone 
and dehydroepiandrosterone (DHEA); the saponins are thought to contribute to this effect. 
Ethanolic extracts of Tribulus fruits have also demonstrated broad-spectrum antibacterial 
activity and antifungal activity against ________. 

A. Morel 
B. Hen of the Woods 
C.Candida albicans 

Tribulus terrestris: Studies using Tribulus have shown that dioscin has a 
remarkable protective effect against acetaminophen-induced liver damage, induced 
hepatotoxicity. In the Chinese Pharmacopoeia, the fruits of Tribulus were used for 
tonifying the kidneys, improving eyesight, and for the treatment of skin pruritus, 
vertigo, and mammary duct blockage. In India, the fruits have been used for 
infertility, impotence, erectile dysfunction and low libido. Over 100 types of steroidal 
saponins have been isolated, including protodioscin and protogracillin which are 
thought to provide the unique biological activities. 

The ethanol extract of Tribulus exhibits antibacterial activity against Streptococcus mutans, 
Streptococcus sanguis, Actinomyces viscosus, Enterococcus faecalis, Staphylococcus aureus, 
and Escherichia coli. However, complexes of T. terrestris, Shepherd's Purse (Capsella bursa-
pastoris), and Glycyrrhiza glabra had synergistic effects. www.ncbi.nlm.nih.gov/pubmed/29086839 

Ruscogenin and its saponin glycosides, the ruscosides, are prominent constituents of Butcher’s 
Broom (Ruscus aculeatus) root; the total glycoside fraction of this plant contributes to its 
traditionally- established effectiveness for chronic venous insufficiency, edema, varicose veins, 
and hemorrhoids. Ruscogenin and related compounds are also found in Dragon’s Beard 
(Ophiopogon japonicus), a classic yin tonic herb used in TCM to clear heat and quiet irritability. 
Saponins based on ruscogenin have been found to contribute to the herb’s antithrombotic effects 
in animal studies. 

North American Pokeberry (Pokeroot, Pokeweed: Phytolacca americana): Saponins 
occur in all parts of the plant, including the berries, but are most highly concentrated in 
leaves and roots. Collectively, the saponins in Pokeweed are referred to as 
‘phytolaccatoxin’ in older sources, and sometimes as ‘phytolaccosides’ in more recent 
literature. These compounds have demonstrated considerable anti-inflammatory 
activity, which helps to explain the traditional use of Pokeberries as an alterative and 
a treatment for ‘rheumatism’ and arthritis. 
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Potent anti-inflammatory activity has also been identified for the closely-related saponins from 
Phytolacca esculenta. Recently another set of triterpene saponins (phytolaccasaponins N-l 
through N-5) was discovered in poke root; these compounds have demonstrated the ability to 
reverse resistance to cytotoxic drugs in multiple-drug-resistant cervical cancer cells.. 

26.A great deal of its toxicity is due to the high saponin content. It is very likely that the detergent 
nature of saponins is behind the gastrointestinal symptoms of vomiting and severe diarrhea in 
the reported cases of accidental Phytolacca poisoning, which usually comes about when 
people mistakenly eat the mature leaves or root of the plant. The saponins are known to 
damage mucous membrane linings, which temporarily destroys the tissue integrity of the 
________ mucosa and results in the observed bleeding. 

A. Sinus 
B. Eye 
C. Intestinal 

Although this damage can be intense and acute, it is relatively superficial. As experience 
has shown, the symptoms of saponin ‘poisoning’ soon pass and the victims almost always recover 
within 24 hours. Other constituents in pokeweed can have problematic hypotensive or neurotropic 
effects when very large amounts or root or leaf are ingested. However, the poisonous nature of 
this plant has, in general, been exaggerated; fatalities are extremely rare. 

Are Pokeberries toxic?  
All parts of the Phytolacca plant have a high saponin content, although the berries 
tend to have the most tolerable concentration; however, the numerous little seeds 
inside the berries contain a very toxic peptide and should never be broken 
open and ingested. Whether eating a few berries or making a tincture of them, it’s 
best to spit or sieve out the seeds. In Appalachian tradition, one berry (seeds and 
all) was swallowed whole daily for ‘rheumatism.’ In this case, the unbroken seeds 
would pass harmlessly through the digestive system. The berries are rich in 
betalain alkaloids, which are potent antioxidant, anti-inflammatory, and anticancer 
constituents. They are medicine, not food and are considered to be a low-dose 
alterative. 

Sarsaparilla (Smilax spp.): Smilax is a genus of 300–350 species, found in the tropics and 
subtropics worldwide and in the warm areas of Asia and North America. Many different species 
are called by the general name sarsaparilla. Sarsaparilla contains steroidal saponins 
(sarsasapogenin, spirostane, isospirostane, furostane, pregnane, and cholestane), phytosterols 
(beta-sitosterol), flavonoids, phenylpropanoids, and stilbenoids. These steroidal saponins showed 
significant antifungal, cytotoxic, and anti- inflammatory activities. 

The rhizomes of S. china and S. glabra, called ‘‘Jin Gang Teng’’ and ‘‘Tu Fu Lin’’ in 
Pharmacopoeia of People’s Republic of China respectively, are clinically used to treat chronic 
pelvic inflammatory disease and rheumatic arthritis. The rhizomes of S. riparia, S. nipponica, S. 
bockii, S. microphylla, and S. discotis were recorded in the Chinese Herbal Medicines to treat joint 
pain, edema, and rheumatoid arthritis. 
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King's Dispensatory writes 'Sarsaparilla is generally considered as a blood 
cleansing alterative though stated by some to possess diuretic, diaphoretic, and 
emetic properties. Its mode of action, however, is not well understood... There is no 
doubt, however, that, when properly prepared, it exerts a favorable influence over 
the system. It has been used in several chronic diseases as of the skin, as herpes, 
rheumatic affections, passive general dropsy, gonorrheal rheumatism, and other 
conditions of the system where an alterative is required’. 

Astilbin, a main flavonoid among Smilax species, showed unique immunosuppressive activity 
(likely why Smilax has been used for active auto-immune conditions). Reports on the effect of 
sarsaparilla on psoriasis occur in early European literature. Reports have also shown anti-
inflammatory and liver-protecting effects for this herb. In Mexico, sarsaparilla is most commonly 
used by herbalists for rheumatism and skin diseases. 

BOTANICAL STEROIDS 
Plant steroids and human steroids have a similar basic structure: a tetracyclic spirostane, fused- 
ring skeleton, usually with 27 carbons. In mammals, the steroids are biosynthetically derived from 
lanosterol, while in plants, the precursor of both triterpenes and steroids is cycloartenol. 

The subtypes of steroids found in medicinal plants are: 
• Phytosterols 
• Cardiac glycosides 
• Steroidal saponins (above) 
• Miscellaneous steroid compounds (including a few bioidentical human sex hormones) 

PHYTOSTEROLS 

27.(True or False?) Phytosterols are tetracyclic steroids found mainly in the unsaponifiable 
matter of plant oils and in certain lipophilic herbal extracts such as Saw Palmetto…The 
richest edible sources of phytosterols include nuts, olive oil and other vegetable oils, and 
the oily fruits of Arecaceae (Palm) family, including Saw Palmetto (Serenoa repens). 

A. True 
B. False 

Although supplemental dietary phytosterols have been demonstrated to lower serum 
cholesterol levels, they are not necessarily health-promoting and may come from questionable 
sources like ‘tall oil’ - an industrial byproduct of the paper pulping industry. Phytostanols are 
very similar to phytosterols, but less common; both types of compounds have been found to 
lower serum cholesterol mainly by inhibiting its absorption, but they also reduce levels of fat-
soluble vitamins and carotenoids in the blood - contributing to higher risk of heart disease. 

28.The major phytosterols are believed to contribute to the sexual and hormonal ________ 
activities of herbs such as Pygeum, Epimedium, Saw Palmetto, Nettles root, Pumpkin 
seed, and Wild Oats; phytosterols are also found in many of the adaptogens including 
Licorice, Sarsaparilla, Eleuthero, and the Ginsengs. 

A. Enhancing 
B. Tonic 
C. Destabilizing 

β-Sitosterol accounts for roughly 70% of the phytosterol content in a typical plant. Used 
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therapeutically, this compound reduces plasma total cholesterol and LDL levels in humans and is 
prescribed for benign prostatic hyperplasia (BPH); Anticancer activities of phytosterols include 
direct inhibition of tumor growth, slowing of cell cycle progression, induction of apoptosis, and 
inhibition of metastasis. Animal cholesterol is very similar to plant β-sitosterol; both compounds 
have equivalent functions in adjusting the fluidity of cell membranes. In humans, cholesterol is the 
precursor for steroidal sex hormones, corticosteroids, vitamin D, bile, and is part of our cell 
membrane structure. 

Saw Palmetto: The most common form of an enlarged prostate is benign prostatic 
hyperplasia (BPH). The prostate gland can become inflamed or enlarged which 
compresses the urethra. This often results in difficulty with urination or bladder 
infections and stones. BPH is often the result of hormonal changes (such as excess 
estrogen), deteriorating blood vessels and a zinc deficiency. Saw Palmetto extracts 
have been shown to inhibit of 5α-reductase and reduce inflammation but is usually 
most effective when also addressing the underlying/root causes. 

BOTANICAL STEROIDS: CARDIAC GYCOSIDES 
Cardiac glycosides are steroidal compounds having an additional 5-membered lactone ring 
attached to the aglycone. “Cardiac” is a human relational term - these steroidal glycosides have 
distinct actions on the function of the heart. 

Cardiac glycosides are powerful, potentially toxic molecules with a limited botanical distribution. 
They are found in Lily-of-the-Valley (Convallaria majalis, C. keiskei), Pleurisy Root (Asclepias 
tuberosa), Foxglove (Digitalis purpurea; D. lanata), Dogbanes (Apocynum spp.), Oleander 
(Nerium oleander), Helleborus niger, Adonis vernalis, and Squill (Drimia maritima). 

29.The names of molecules with lactone rings sometimes contain the suffix –olide, hence the 
name cardenolides which is often applied to this class of cardioactive molecules. By exerting 
a positive inotropic action on the heart (increasing the force of________), they lead to an 
enhancement of cardiac output and work capacity. This action is accompanied by a negative 
chronotropic effect (decrease in the heart rate) and a negative dromotropic effect (decrease 
in conduction velocity at the AV junction). In other words, they make the heart beat more 
efficiently without speeding up. 

A. Contraction 
B. Lymphatic Movement 
C.Blood Flow 

30. It has recently been discovered that the human ________ glands make digoxin and another 
cardiac glycoside compound called oubain, which may be responsible for some cases of 
essential hypertension; there is a positive correlation between elevated endogenous oubain, 
cardiac dysfunction and hypertrophy, and arterial hypertension. 

A. Adrenal 
B. Endocannabinoid 
C.Lymphatic 

The cardiac glycosides are used for cardiac insufficiency and congestive heart failure; isolated 
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and purified forms are employed as Pharmaceuticals (e.g., digoxin and digitoxin). However, they 
are potent compounds with a narrow therapeutic window, and can have cumulative toxic 
effects. Foxglove was traditionally used as part of a formula for treating ‘dropsy’ - the edema 
caused by congestive heart failure. Foxglove, like the pharmaceuticals, is able to paralyze the 
heart - an effect never produced by Convallaria. Only trained cardiologists should attempt 
using Foxglove! 

31.Convallaria is still used in naturopathic therapeutics to treat various arrhythmias. This herb 
contains a mixture of some cardenolides; convalloside, convallatoxin, and convallatoxol are the 
major constituents. These compounds are rather ________ absorbed in the human digestive 
tract, resulting in a greatly reduced toxic potential compared to that of Digitalis. Although 
Convallaria is often regarded as a poisonous plant, some 85–90% of accidental ingestions 
result in no toxicity symptoms, nausea and vomiting occur in 10–15% of cases. 

A. Easily 
B. Favorably 
C.Poorly 

Lily-of-the-Valley (Convallaria majalis) is sometimes mistakenly harvested as Wild 
Leeks, or ingested accidentally by people or pets. It is responsible for more than 250 
reports per year to poison control centers. While most cases are asymptomatic, 
about 15% involve nausea and vomiting, and may require medical care. No human 
fatalities have been reported. Convallaria majalis contains at least 38 cardiac 
glycosides and the steroidal saponin, convallamaroside (credited with antitumor 
actions via antiangiogenic effects). 

Convallaria is sparing to the kidneys, but the cardiac glycosides can produce bradycardia in 
overdose. At lower doses, Convallaria bulbs have been used as a cardiotonic to regulate blood 
pressure and manage the symptoms of heart failure, improving ejection fraction and cardiac 
output and reducing pulmonary pressure without causing deleterious increases in heart rate or 
decreases in blood pressure. Although mostly recommended for hypotension due to weak 
circulation, it was also included in formulas for hypertension due to its regulating effects on the 
cardiovascular system. 

What are the cardiac glycosides in Milkweed (Asclepias spp.)? The milky latex of various 
milkweeds contains a variety of unusual cardenolides with a slightly different fused ring structure 
than the more potent and potentially toxic ones in Convallaria and Digitalis. Although human 
cases are rare, some animals have been poisoned by feeding on milkweeds. Butterflies like the 
Monarch and its caterpillars feed on milkweed flowers and harmlessly incorporate the 
cardenolides into their bodies; this makes them bitter and nasty-tasting to potential predators. 

Pleurisy Root (Asclepias tuberosa) contains a mixture of cardenolides based on 
aglycone tuberogenin, a secopregnane fused-ring structure that limits their potential 
toxicity. Unlike some members of its genus, pleurisy root (butterfly weed) does not 
form the milky latex with its higher concentration of cardenolides. Cardenolides are 
found in the root, leaves, and flowers/nectar of pleurisy root, their polarities and 
stereochemical configurations of the ring fusions are both associated with lower 
toxicity to mammals, compared to the cardenolides in Convallaria and Digitalis. 
Young, green pods of common milkweed are safe to cook and eat. 
Miscellaneous Steroids 
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32.Many plants actually contain ________ human steroid sex hormones. Very small 
concentrations of estrogens, progesterone, and androgens have been discovered in some 60–
80% of plant species investigated; the hormones appear to be involved in growth, 
development, and reproductive processes of the plants. 

A. Fraternal 
B. Semi-identical 
C.Bioidentical 

33.Estrone (identical to one human estrogen) occurs in Palm (Elaeis guineensis) ________ oil 
and in Pomegranate ________. Pomegranate also contains low concentrations of estriol, 17-
a- estradiol, and testosterone; one wonders if the presence of these compounds could be 
associated with the traditional reputation of the plant as a promoter of fertility. 

A. Fruit, Rind 
B. Kernel, Seed 
C.Seed, Flesh 

34. (True or False?) The steroidal compounds called guggulsterones and guggulsterols are the 
major components of bee propolis, a resinous material from the Mukul Myrrh tree (also known 
as Guggul: Commiphora mukul or C. wightii). Guggulipid is a highly ineffective Ayurvedic 
remedy that lowers elevated serum triglycerides and cholesterol levels and acts as a 
cardiovascular poison as well as an anti-atherosclerotic agent. 

A. True 
B. False 

Research has established that guggulsterone is a farnesoid X receptor antagonist, one 
mechanism through which it can regulate cholesterol levels and bile acid homeostasis. This 
compound was recently discovered to stimulate the bile salt export pump, which accelerates 
the metabolism of cholesterol into bile acids.  It has also been found that guggulsterone is a 
potent inhibitor of NF-κB activation, contributing to the anti-inflammatory properties of guggulipid 
and helping to explain its traditional use for arthritis. In addition, this highly active molecule can 
induce apoptosis in a number of different human cancer cell lines. Guggulsterone has also 
demonstrated anti-angiogenic activity. 

The history of guggul can be traced to 1700 BC. The ancient script, Sushrut Samhita, states that 
guggul can cure internal tumors, malignant sores, obesity, liver dysfunction, intestinal worms, 
leucoderma, sinus, and edema. In Ayurvedic medicine it is used for inflammatory bowel disease, 
ulcers, arthritis, and cardiovascular diseases. The main ingredients of guggul are guggulsterone 
and boswellic acid which are obtained from Commiphora and Boswellia respectively. - 
www.ncbi.nlm.nih.gov/pmc/articles/PMC6087759 

Boswellic acids: There are a variety of chronic inflammatory diseases which 
respond to treatment with extracts from the resin of Boswellia species. The number of 
cases is small in related clinical studies, but their results are convincing and 
supported by the preclinical data. These studies include rheumatoid arthritis, 
osteoarthritis, chronic colitis, ulcerative colitis, collagenous colitis, Crohn's disease 
and bronchial asthma. While not a cure, there was improvement of symptoms in 
about 60-70 % of the cases. -https://www.ncbi.nlm.nih.gov/pubmed/27671822 
TETRATERPENES (Carotenoids, Xanthophylls, Apocarotenoids) 
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Tetraterpenes are the largest terpenoids. They are highly unsaturated, lipophilic (oil-soluble; very 
low- polarity) 40-carbon compounds (4 sets of 10 carbons) that reflect light in the yellow/orange/
red end of the color spectrum. In all green leaves, carotenoids function as accessory light-
gathering pigments in the photosynthetic antenna complex, as well as being antioxidants that 
protect against reactive oxygen species generated by damaging UV rays and over-excited 
chlorophyll molecules. 

35.For animals, substantial concentrations of various carotenoids enter the blood plasma and 
accumulate in body tissues and cell membranes (e.g., adrenals, testes, ovaries) where they 
provide antioxidant protection for ________ substances (e.g., cell membranes, cholesterol and 
other lipids in chylomicrons, and adipose tissue); act as precursors of and antioxidant 
protectors for the visual pigments in the retina; contribute to cellular growth and 
regulation processes; and are necessary for the proper function of the immune system. 

A. Glandular 
B. Synovial 
C.Fatty 

Lycopene, precursor (parent) of all the carotenoids 

36.Lycopene, a non-cyclized tetraterpene, is the biosynthetic precursor (parent) of ALL the 
carotenoids and xanthophylls. A very ________, oil-soluble compound, it is highly 
concentrated in red tomato products, especially paste and catsup; lesser amounts are found in 
wolfberries/goji berries (Lycium spp.), watermelon, pink grapefruit, papaya, apricots and pink 
guava. Accumulating evidence suggests that lycopene is a strong antioxidant and may help to 
prevent prostate cancer, lung cancer, stomach cancer, and possibly other types as well. 

A. Heat-Stable 
B. Gelatinous 
C.Fatty 
 

Heat will alter some constituents significantly, but can have very little effect on others. 
The essential oils in plant material are easily driven off by heating, because they are 
volatile (they evaporate easily). This is one reason that I steep my herbal infusions in 
canning jars with tight lids. Most compounds, however, are not changed much by the 
degree of heat used in making infusions and decoctions or in cooking. Carotenoids, 
in particular, are very heat-resistant and maintain their antioxidant properties even 
after long periods of cooking. One such carotenoid is lycopene, the red molecule in 
tomatoes. Even though tomato paste is cooked for a long period of time it retains its 
rich red color, which indicates that the lycopene is still a vital antioxidant. 

The familiar orange carotenes are based on the lycopene backbone but contain shorter versions 
of the chromophore (the system of conjugated double bonds), and have one or two rings at the 
ends. They occur as carotenoid mixtures in all green leaves/dark green leafy vegetables and 
yellow/orange/ red fruits and vegetables. Carotenes are also found in similarly-colored flowers 
such as those of Dandelion, Calendula, and Nasturtium, and in unrefined red Palm berry oil. 

37.β-Carotene is the most abundant and widely-distributed of the carotenoids in nature. 
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This compound is an important ________ of vitamin A (retinol) in the human body and is 
necessary for the formation and maintenance of the visual pigments. It has immunomodulating 
and cardioprotective properties, and is also an antioxidant – but probably not when taken in the 
form of an isolated supplement. 

A. Heir 
B. Precursor 
C.Contemporary 

38.One large study found an increase in cancer rates among 29,000 smoking and drinking men 
who took 20 mg/day of β-carotene alone; this increase did not occur if vitamin E was 
taken along with the β-carotene. The same study indicated that high-carotenoid diets were 
protective against cancer. This evidence suggests that free radicals in the bodies of smokers 
and drinkers can damage ________ β-carotene, turning it into a pro-oxidant as opposed to an 
antioxidant; and that other antioxidants protect the β-carotene from oxidation. 

A. All 
B. Synthetic 
C. Isolated 

The berries of Mountain Ash (Sorbus spp.) are rich in carotenoids, organic acids, 
vitamin C and multiple polyphenols. Sorbus constituents vary among wild and 
cultivated varieties, but all contain powerful antioxidants and anti-inflammatory 
compounds. Sorbus berries are an excellent addition to elixirs for use with 
respiratory infections. The carotenoids are highly lipophilic, oil-soluble compounds - 
need 95% hydroethanolic solvent to make a tincture. Rose hips also contain a rich 
array of carotenoids and organic acids, and can be used similarly. 

Rich sources of alpha-carotene include palm berry oil, carrots, orange varieties of squash, and 
pumpkin. Alpha-carotene can be converted into vitamin A in the body, but has about half the 
provitamin- A activity of β-carotene. Alpha-carotene and beta-cryptoxanthin status is 
specifically associated with lower lung cancer risk. 

How do carotenoids relate to vitamin A and the visual pigments in the eye? 

39.  Alpha-carotene, beta-carotene, and beta-cryptoxanthin (a xanthophyll) are the three 
carotenoids which the body can change into retinol (one form of vitamin A); hence these three 
carotenoids can be called “provitamin A”. Retinol goes on to become ________, the main 
visual pigment. While carotenoids are not structurally identical to retinol, they are often referred 
to as “forms of vitamin A” in a nutritional context. Animal-sourced or synthetic vitamin A can be 
toxic in excess, but carotenoids are generally not. 

A. Retinal 
B. Opsin 
C.Rhodopsin 
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Dandelion Flowers: Polyphenols in the flowers include ferulic, caffeic, sinapic, 
chlorogenic, and chicoric acids (phenylpropanoids); and flavonoids including 
luteolin, isorhamnetin, apigenin, and quercetin; along with several flavonoid 
glycosides. These constituents are anti- inflammatory, antimutagenic, and can 
activate the body’s endogenous antioxidant systems. 

Dandelion flowers are also rich in carotenoids and xanthophylls (oil-soluble antioxidants) including 
lutein and zeaxanthin, which have a well-established role in protecting the macula lutea (yellow 
spot – it’s yellow because it accumulates these compounds) of the retina against UV damage and 
the potential development of macular degeneration. The flowers also contain the synergistic 
xanthophylls called violaxanthin and neoxanthin, along with carotenes. This combination of 
carotenoids helps to protect cells (including skin cells) against free radical damage. Several 
studies have also found that Dandelion carotenoids are protective to the respiratory system and 
may help prevent inflammation in the lungs. 

The flowers also contain a low level of sesquiterpene lactones, terpenoid constituents which also 
have anti-inflammatory and antimutagenic activity; but if you are allergic to other Asteraceae 
plants like Ragweed (Ambrosia) or Chamomile (Matricaria), you may want to avoid eating 
Dandelion flowers as it’s possible to have a cross-reaction to these constituents. - Lisa Ganora 
 

Are carotenoids the orange pigments in Turmeric (Curcuma longa)? 
NO, the orange constituents in turmeric are curcuminoids (phenylpropanoid 
derivative/ polyphenols). While carotenoids and curcuminoids are both 
orange-ish, low-polarity, antioxidant, anti-inflammatory and anticancer 
compounds, they have different biosynthetic origins and belong to different 
major categories. 

XANTHOPHYLLS 
Carotenes are the precursors of Xanthophylls (lycopene is the percursor of all the carotenes). 
Xanthophyll means, literally, ‘yellow leaf’ but xanthophylls are often orange to red. The 
xanthophylls are also known as ‘oxygenated carotenoids’ because they are hydroxylated 
derivatives of carotenes. Examples: b-carotene becomes zeaxanthin when an -OH group is 
added to each ring and alpha-carotene become lutein. 

Xanthophylls: Lutein, Neoxanthin, Violaxanthin, Capsanthin, Capsorubin, etc. occur in many 
plants along with carotenoids. Xanthophylls contribute significant antioxidant effects, and various 
ones have been associated with improved pulmonary function and protective activity against 
macular degeneration. 

Astaxanthin is an “animal carotenoid” produced in some algae, but mainly found in the various 
crustaceans including krill, shrimp, lobster, and in fish like salmon. Astaxanthin has demonstrated 
anti-inflammatory and cardioprotective activities, and it is known to help prevent lipid peroxidation 
in cell membranes. In addition, astaxanthin has the ability to enhance cell-mediated and humoral 
immune responses and to modulate angiogenesis, gene expression, and apoptosis of certain 
cancer cells. 
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Canthaxanthin, a precursor of astaxanthin, is also not a plant product. It occurs naturally in the 
yolks of eggs, crustacean shells, salmon, and trout. Several years ago, canthaxanthin was 
marketed as a sunless tanning agent; the FDA banned these when toxicity symptoms (including 
deposition of canthaxanthin crystals in the retina) became evident. Although it has GRAS status 
and is used as a food colorant (in amounts not to exceed 30 mg per pint or pound), canthaxanthin 
has been demonstrated to cause retinal changes (in mice) 50% of the time at a cumulative dose 
level of 37 grams and 100% of the time following a cumulative dose of 60 grams. 

40.Capsanthin and capsorubin are red-colored xanthophylls formed in both sweet and hot 
peppers (Capsicum spp.) during ripening. They are more resistant to decomposition than the 
other carotenoids and as strong antioxidants they are able to regenerate other antioxidants - 
very synergistic with various antioxidants. ________ is the most abundant xanthophyll (30–
60% of total carotenoids) in mature peppers, where it is accompanied by lesser amounts of 
capsorubin and some 30 to 40 other carotenoids. 

A. Zeaxanthin 
B. Capsanthin 
C.Lutein 

As an added antioxidant bonus, the white seed-bearing placentas of peppers are rich in 
flavonoids. Capsanthin from paprika juice has been found to accumulate in HDL in the human 
body, where it protects against oxidation and presumably contributes to the prevention of 
atherosclerosis. 

Lutein occurs in all green leaves (including leafy vegetables like kale), where it is usually the most 
abundant carotenoid present. It is also found in carrots, tomatoes, corn, and some orange/yellow 
fruits and flowers like dandelion and Calendula. Commercially, lutein is extracted from Marigold 
(Tagetes erecta) petals. 

41.Along with zeaxanthin, lutein concentrates in the macula lutea where it contributes to the 
prevention of retinal ________ degeneration. Macula lutea means yellow spot; it is the area of 
the retina which receives the greatest intensity of light -including the UV wavelengths. In 
order to protect this sensitive region from free radical damage the body concentrates ingested 
oil-soluble antioxidants there: specifically, lutein and zeaxanthin. These xanthophylls are 
literally what make the yellow spot yellow. They can also be found in the ovaries, scavenging 
free radicals there as well – and so we have the corpus luteum – yellow for the same reason 
(it also contains a rich concentration of beta-carotene). 

A. Macular 
B. Diabetic 
C.Age-related 

What is your corpus luteum? Your corpus luteum is a completely normal cyst that forms on the 
ovary every single month in women of childbearing age. This cyst is actually a group of cells 
inside your ovaries that forms during each menstrual cycle. It appears right after an egg leaves 
your ovary (ovulation).https://my.clevelandclinic.org  
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The Many Colors Of Peppers: The genetic expression of different phytochemicals 
is easy to see by the colors of peppers. This is much like the various chemotypes of 
plants as expressed in the essential oil content. 
 
Yellow: violaxanthin, neoxanthin, lutein Orange: zeaxanthin, carotenes 
Red: capsanthin, capsorubin 
Purple: anthocyanins 
Green: chlorophyll 

Violaxanthin, another universal xanthophyll in green leaves, is also common in yellow flowers 
and vegetables and in green (unripe) peppers where it is a precursor of the red xanthophylls 
capsanthin and capsorubin. Violaxanthin inhibits Epstein-Barr virus activation for an anti-tumor-
promoting effect and is antioxidant; it has also been found to accumulate in human ovarian tissue 
along with lutein, β-cryptoxanthin, and other carotenoids. 

β-Cryptoxanthin is found in citrus fruits like tangerines, papaya, oranges, peaches, mangoes, 
apples, apricots, corn, lemons, persimmons (Diospyros virginiana), paprika, and peppers. High 
cryptoxanthin status is strongly associated with improved pulmonary function in patients with 
asthma or COPD and in the elderly. 

Neoxanthin is universal in green leaves, and occurs in unripe peppers and oranges. 

Zeaxanthin (which means yellow corn) is common in leaves, corn, some fruits, paprika, and 
peppers – especially the orange varieties. This carotenoid accumulate (together with lutein) in the 
macula lutea of the retina, where it protects against oxidative damage. Zeaxanthin also has anti-
inflammatory properties and protects cell membranes again oxidative damage (not just the eyes). 
High zeaxanthin status is also associated with improved pulmonary function including improved 
measures of forced expiratory volume and forced vital capacity. The richest dietary source is 
orange bell peppers. 

When we consider the probable synergistic interactions of the numerous different carotenoids and 
xanthophylls that routinely occur in our fresh fruits, vegetables, and leafy greens, it is easy to 
understand why a diet rich in plant foods can help to prevent free-radical-associated 
degenerative diseases. 

APOCAROTENOIDS 
Apocarotenoids are carotenoid derivatives formed by the removal of fragments of the carbon 
backbone from either or both ends of a C-40 precursor such as lycopene or β-carotene (the root 
apo-means to cut off or shorten). Some of these compounds (including those from saffron) 
actually occur in the form of glycosides, which is unusual for a carotenoid; these amphipathic 
molecules have the special ability to act as antioxidants in both aqueous and fatty 
environments. 

Crocetin, occurring in the form of various glycosyl esters such as crocin, is the 
most abundant orange coloring principle of saffron (the stigma and style of 
Crocus sativus). It is a strong antioxidant and inhibits the proliferation of breast 
cancer and colon cancer cells and induces apoptosis in other types of cancer 
cells; it has also shown significant potential as an anti-tumor agent in animal 
models and cell culture systems. Crocetin has positive effects on learning and 
memory in test animals. 

G480-E Part Five – Phytochemistry – Genesis School of Natural Health – Page 27



Bixin is one of several highly-colored apocarotenoids extracted from Annatto (Bixa orellana) 
seed coats and used as a natural food coloring and antioxidant preservative for fat-rich 
substances such as cheese. Capsicum and Citrus spp. also contain small amounts of several 
apocarotenoids. 

CHAPTER TEN 

ALKALOIDS 
Alkaloids in General 

• Contain one or more nitrogen atoms, usually as part of the ring system - heterocyclic 
nitrogenous ring or ring system and a basic (alkaline) character. 

• The names of these molecules tend to end in the suffixes –ine or –in (lobeline, allatonin, 
etc.) 

• Most are derived from amino acids, some from other types of precursors (e.g. polyphenols). 
• Most have strong medicinal or toxic properties. 
• Occur in a limited number of plants. Different parts of the plant can contain different types 

or concentrations of alkaloids. 
• With a few exceptions, alkaloids are most soluble in mid to high EtOH% (hydroethanolic) or 

acidified water or vinegar. A good blend: 10% vinegar, 20% EtOH, and 70% water. A few 
alkaloids are water-soluble and a few are oil-soluble. 

• They generally occur as salts (e.g., chlorides or sulfates) and/or as N-oxides in the plants. 

ALLATOIN is an odd compound, arising biosynthetically from purine 
metabolism (the purines include two of the nitrogenous bases in DNA: 
adenine and guanine; the methylxanthines and uric acid are also purine 
derivatives). Allantoin can be described as a pseudoalkaloid, but it is 
more specifically classified as a ureide compound – a derivative of uric 
acid which comes from purine metabolism in plants. 

Allatoin is a well known as a cell proliferant - encourages the regrowth of healthy tissue after a 
burn, wound, or other injury. Allantoin enhances wound-healing with its emollient, vulnerary, anti- 
inflammatory and antioxidant properties; at the same time it facilitates the removal of dead and 
dying cells. Rich sources include herbs traditionally used for skin and tissue healing including 
Borage (Borago officinalis), Comfrey (Symphytum officinale), Plantain (Plantago spp.), Wild 
Comfrey (Cynoglossum officinale) and Lungwort (Pulmonaria officinalis). 

42.Allantoin is slightly soluble in hydroethanolic solutions, and very soluble in alkaline or hot 
water; but it can be made to dissolve in oily media by using an emulsifier. It is best known 
as a potent cell ________ (stimulates the growth of healthy tissue) and anti-scarring 
emollient. Because it is soothing, healing and helps the skin to slough off dead or damaged 
cells, synthetic allantoin is added to many medicinal and cosmetic products for topical 
application. 

A. Renewer 
B. Inhibitor 
C.Proliferant 
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43.Rich natural sources of allantoin include Comfrey (Symphytum officinale), especially the root; 
Houndstongue / Wild Comfrey (Cynoglossum offlcinale), Lungwort (Pulmonaria officinalis). 
Notice that all of the Latin names of these plants end in either officinale or offfcinalis, 
indicating that they were once officially included in the ________ of either Britain or the U.S. 

A. Pharmacopeias 
B. Dictionaries 
C.PDRs 

What is a pseudoalkaloid? True alkaloids are made primarily from amino acids and have their N 
atom(s) as part of a heterocyclic ring; pseudoalkaloids are biosynthesized mainly from other types 
of precursors such as polyphenols, terpenoids, steroids, or purines. Their nitrogens may or may 
not be in heterocyclic rings. Capsaicin (see below), caffeine (purine-derived, but often classified as 
a methylxanthine alkaloid) and allantoin (see below) could all be considered pseudoalkaloids. 
 

METHYLXANTHINES 
Methylxanthines (methylated purines) are sometimes classified as ‘purine alkaloids,’ ‘xanthine 
alkaloids,’ amines, or pseudoalkaloids. In plants, the precursor compound methylxanthine is first 
transformed into theobromine and then into caffeine. The methylxanthines are generally most 
soluble in hot water, as demonstrated in coffee and tea. Limited in distribution to a few genera, 
they are potent CNS stimulants that share some structural similarity to endogenous adrenaline. 

44.________, perhaps the most popular alkaloid in America and, for better or worse, a major 
contributor to the existence of this book, is the classic CNS, cardiac, and respiratory stimulant. 
It is also a diuretic and vasoconstrictor (helpful for some types of migraine). Judicious use of 
this alkaloid increases mental acuity; overuse can lead to adrenal exhaustion, kidney stress, 
anxiety, insomnia, impatience, aggression, etc. 

A. Chocolate 
B. Coffee 
C.Caffeine 

Caffeine occurs naturally in Coffee, Black and Green Teas, Yerba Maté (Ilex paraguariensii), 
Guarana (Paullinia cupana), Kola (Cola acuminata), and Cacao (Theobroma cacao); it is also 
added to numerous sodas and ‘energy’ drinks.” 

45.Theobromine, found mainly in Cacao and its derivative, chocolate, is also present in Yerba 
Mate. It is a diuretic, cardiac stimulant, vasodilator, CNS stimulant, and smooth muscle 
relaxant. This is the compound in chocolate that makes it specifically toxic for ________. 

A. Cats 
B. Dogs 
C.Birds 
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Theophylline occurs mainly in Tea, but traces are found in Cacao; it is also a diuretic and a 
cardiac and CNS stimulant. Because this compound is an effective smooth muscle relaxant, 
theophylline is used by pharmaceutical companies as a bronchodilator for the treatment of COPD, 
wheezing or shortness of breath caused by asthma, bronchitis, emphysema and other breathing 
disorders. 

Betalain Alkaloids 
Betalain alkaloids, named after the common beet (Beta vulgaris), are water-soluble, brightly 
colored alkaloids found in only a few plants from fewer than 20 different genera which are in the 
same order - Caryophyllales. Betalain alkaloids have potent antioxidant, anti-inflammatory, 
anticancer, and broad-spectrum cellular and tissue- protective properties. 

Why are betalain alkaloids water-soluble? One of the nitrogen atoms in ALL betalain alkaloids 
has a positive charge, regardless of the pH of the matrix or the extract in which it is found. The 
nitrogen atom has 4 bonds on it. Since nitrogen normally has 3 bonds, the fourth bond pulls 
electrons away from its nucleus, leaving behind a positive charge and making the molecule freely 
water-soluble. 

46.The betalains are a group of ________ alkaloids, derived from the amino acid tyrosine. A few 
authors classify them not as alkaloids, but as amino acid derivatives. Betalamic acid is the 
precursor of all the betalains and its structure provides the chromophore common to these 
pigments; this condenses with cyclo-dopa to produce the betacyanins or with amino acids or 
amines to make the betaxanthins. 

A. Fat-Soluble 
B. Alcohol-Soluble 
C. Water-Soluble 

 

Betalains are found in many edible plants including Amaranth (Amaranthus 
tricolor), the pigweeds and cultivated Red Orach/Orache/Arrach - also called 
Mountain Spinach (Atriplex hortensis); Beets, Swiss Chard, Spinach, Lamb’s 
Quarters (Chenopodium album) and Purslane (Portulaca oleracea). They also 
occur in the flowers and fruits of various cacti including Prickly Pear and the 
Chollas (Opuntia and Cylindropuntia spp.). 

Polyphenol or Betalain? The colors blue/red/purple are not exclusive to anthocyanidins. The 
betalain alkaloids formed in rainbow chard, prickly pear, etc. give them the same beautiful colors. 
The anthocyanidins are widely distributed and are responsible for almost all of the blue/red/purple 
colors we see in leaves, flowers, fruits, etc. A few plants however do not make anthocyanins but 
instead make the betalain subgroups called betaxanthins and betacyanins.  Plants that contain 
phenolic anthocyanin pigments do not contain betalains/betacyanins and vice versa. 

Betacyanins - the red/purple or orange betalains 
Betanin, a glycoside of betanidin, is a potent antioxidant with a strong affinity for cell membranes; 
both betanin and betanidin inhibit lipid peroxidation and heme decomposition inside the 
erythrocytes. Betanin was also found to be superior to most other substances tested, including 
catechin, in preventing the oxidation of LDL cholesterol and triglycerides. Neobetanin is an 
orange pigment present in the petals of some cacti flowers including Prickly Pear; small amounts 
also occur in Beets. 
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47.Gomphrenin I, gomphrenin II, and their several derivatives constitute a class of betacyanins 
that demonstrate extremely strong antioxidant activity; the richest known source is the 
flowering heads of ________.   Botanically a pseudo-grain rather than a true grain, amaranth 
has been grown for its tiny, nutritious seeds for thousands of years. 

A. Chia 
B. Amaranth 
C.Millet 

Amaranth leaves can be harvested as a vegetable. You can pick them as microgreens as soon as 
they sport two sets of true leaves, or you can wait and harvest baby leaves for fresh salads. Older 
leaves may be enjoyed steamed, sautéed, or baked in a variety of dishes, in the same way you 
would use spinach, beet greens, and Swiss chard. 

Betaxanthins – the yellow/orange betalains 
Among the betaxanthins, indicaxanthin is a yellow antioxidant found in Prickly Pear, Purslane 
flowers, yellow/orange stems of rainbow chard, and yellow beets, where it occurs along with the 
vulgaxanthins. Opuntia and Cylindropuntia cactus flowers the betaxanthins mix with the purplish 
betacyanins to create beautiful pinkish/orangish colors.  

Exception: Neobetanin is found in some species of Amaranthus and Opuntia and its structure is 
classified as a betacyanin but it appears yellow/orange. Neobetanin is also a transformation 
product created when beets are juiced. 

48.The following compounds have been isolated from beet roots: prebetanin, betanin, 
isobetanin, neobetanin, vulgaxanthin I, vulgaxanthin II, and indicaxanthin; the whole root 
extract has potent antioxidant, hepatoprotective, and anticancer activity, and induces phase II 
detoxification enzymes. Two studies using a variety of in vitro and in vivo assays have found 
that low doses of Beet root extract inhibited ________ activation, demonstrated potent 
anticarcinogenic activity in a mouse model of lung and skin carcinogenesis, and brought 
about a very significant reduction in the incidence and number of liver tumors. This is 
interesting information in light of the fact that beet juice is an old folk remedy for cancer. 

A. Herpes 
B. Lyme 
C.Epstein-Barr 

 
Pyrrolizidine Alkaloids (PA) 
Derived from the amino acids ornithine and arginine, via a wonderfully-named 
compound called putrescine, the pyrrolizidine nucleus consists of two fused five-
membered rings that share a nitrogen atom at their junction. This unit is known as 
a necine system. Toxic PA have a double bond in the 1,2 position of this 
structure. In all but the simple PA, the necine nucleus is esterified to a necic acid 
moiety having 5–10 carbons. The four major types of PA: simple pyrrolizidines, 
monoesters, diesters, and macrocyclic esters. 

PA occur in herbs as esterified bases or as water-soluble N-oxides; they tend to have low solubility 
in oils. There are at least 660 different kinds of pyrrolizidine alkaloids and their N-oxides. 
Monoesters and diesters are characteristic of the Boraginaceae, while macrocycles predominate 
in the Senecioneae tribe of the Asteraceae family. 
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Which two plant families commonly used in Western botanical medicine contain 
pyrrolizidine alkaloids? The Boraginaceae (Borage) and the Asteraceae (Sunflower) families 
include several herbs with pyrrolizidine alkaloids. In the Boraginaceae, we find Comfrey 
(Symphytum officinale), Borage (Borago officinalis), Lungwort (Pulmonaria officinalis), etc. In the 
Asteraceae, there are several herbs with potentially toxic pyrrolizidine alkaloids and several with 
harmless types of PA.  

• The potentially toxic group includes Senecio spp. and Butterbur (Petasites hybridus).  
• The least toxic are Boneset (Eutrochium/Eupatorium maculatum) - no cases of toxicity have 

been reported. Harmless PA are found Echinacea and Calendula officinalis. 

TOXICITY OF PYRROLIZIDINE ALKALOIDS 
How can some types of PA be hepatotoxic or potentially carcinogenic, while other types 
are completely harmless? Whether or not a PA is potentially toxic depends on one tiny 
molecular feature. If the molecule has a double bond between C1 and C2 in the necine ring 
system (i.e., if it is 1,2- unsaturated), it can release toxic pyrroles as it is metabolized in the 
hepatocytes (liver cells). If it has a single bond in that position, it is completely harmless (these 
types are known as platynecine PA). 

49.Macrocyclic compounds are potentially hepatotoxic and/or hepatocarcinogenic. Veno-
occlusive liver disease can result from long-term, ________ exposure to certain pyrrolizidine 
alkaloids. The actual toxicity of the 1,2-unsaturated PA arises in the liver from metabolites 
known as pyrroles or pyrrolic derivatives. These are capable of forming DNA adducts and can 
act as alkylating agents which damage proteins lining the interior of blood vessels. This 
results in scarring and eventual occlusion (blockage) of the small veins. Most reported cases 
of PA toxicity are due to contamination of food crops with Crotalaria, Heliotropium, or 
Senecio species containing macrocyclic PA and other PA esters. 

A. Low-dose 
B. Normal 
C.High-dose 

In regards to botanical medicine, evaluation of toxicity on a practical basis (i.e., in the context of 
therapeutic doses of whole plant extracts) must be done individually. Co-constituents and the 
concentration of the PA fraction are significant factors. Synergistic attenuation of toxicity has been 
conjectured to occur in the context of a whole medicinal plant such as Comfrey. Opinions on the 
safety of PA-containing herbal medicines vary widely, but reliable case reports of intoxications 
from properly identified and utilized Western herbs are few. 

50.Those practitioners who employ PA-containing herbs generally advocate ________ and/or 
external usage in order to avoid possible overexposure. PA can be rather easily removed 
from herbal extracts by using a process called resin bed ion-exchange chromatography; these 
alkaloids are also left behind when herbs are extracted with supercritical carbon dioxide. PA-
free preparations of Symphytum and Petasites are available in the marketplace. 

A. Long-term 
B. Low-dose 
C.Short-term 

G480-E Part Five – Phytochemistry – Genesis School of Natural Health – Page 32



Comfrey, a demulcent, regenerative remedy, was highly regarded in botanical 
medicine until contemporary concerns about PA toxicity suggested limiting its use. A 
very small number of serious intoxications have been associated with heavy 
internal use of the herb and are ascribed to its PA content. Several alkaloids 
present in Comfrey are hepatotoxic in the form of isolated substances. 

Is it OK to use Wild Comfrey (Cynoglossum officinale) internally?  
NO!!! Although once popular in European herbal medicine, we now know that Hound’s Tongue 
has a relatively high concentration of pyrrolizidine alkaloids (PA) which can damage the liver. But it 
makes a great external poultice for sprained and strained joints or injured muscles. High levels of 
PA include: heliosupine, heliosupine N-oxide, 3′-acetylheliosupine, echinatine, and viridiflorine. 

Is it OK to use Comfrey (Symphytum officinale) internally?  
According to regulatory authorities, no. However, Western herbalists have been using this herb 
(judiciously, in limited quantities, for limited amounts of time) safely for generations. Symphytum 
has a significantly lower concentration of PA than Cynoglossum. It is currently considered to 
be contraindicated (internally) during pregnancy, to be on the safe side.  

In general, young comfrey leaves contain considerably higher concentrations of PA than mature 
leaves, and overall levels can be quite variable depending on multiple environmental factors. 
Roots generally have higher levels of PA than leaves, and in Comfrey, the flowers and stems also 
contain more PA than the mature leaves. 

Symphytum use: “Prepare the dried leaves as a standard water infusion. Take no more than 2 
cups per day of standard infusion, 5 days/week, for no longer than 2 weeks. Consider formulating 
or combining the Comfrey with herbs that increase endogenous glutathione production, such as 
concentrated extract of Milk Thistle (Silybum marianum) seed, and/or Turmeric (Curcuma longa) 
combined with Black Pepper; supplemental resveratrol, NAC (N-acetylcysteine) and α-lipoic acid 
also increase glutathione and could help prevent PA toxicity.” - Lisa Ganora 
 
Is it OK to use Pulmonaria officinalis internally?  
Lungwort, has many of the beneficial properties of Symphytum and is rich in 
rosmarinic acid, phenylpropanoids, flavonoids, and other polyphenols. Although 
earlier studies reported the presence of pyrrolizidine alkaloids in the roots, no 
cases of hepatotoxicity have been reported. The European Food Safety Authority 
found that Pulmonaria officinalis had 4-5 times the PA content of Symphytum 
officinale, but the plant parts were not specified. Given this partial information 
avoid use of Pulmonaria root internally; to use the leaf in a similar fashion to 
Comfrey leaf; and to avoid internal use of the herb during pregnancy. 

Which North American herbs have the highest concentrations of the most toxic PA? 
Plants belonging to the genus Senecio have a high concentration of macrocyclic PA esters such 
as senecionine. Two infant poisonings have been recorded from accidental use of misidentified 
riddelliine-rich Senecio longilobus/S. flaccidus as herbal tea. Avoid any internal use. 

Which two species are called Coltsfoot and why does it matter in regard to PA content? 
Coltsfoot (Tussilago farfara) does contain some PA, but it has been used extensively throughout 
the history of Western herbalism, with no verified reports of toxicity. Western Coltsfoot (Petasites 
hybridus), a very different herb, is richer in PA and has been (possibly) associated with a fatal 
case of liver damage in an infant whose mother may have mistakenly drank it as a daily tea, 
thinking she was drinking Tussilago. However, the herbs in the tea were not positively identified. 
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51.Coltsfoot is used as an ________ and demulcent for asthma, bronchitis, and respiratory and 
gastrointestinal irritations. Many practitioners suggest short-term usage to limit PA exposure, 
especially for pregnant women or people with compromised liver function. Very high doses of 
this herb have exhibited hepatocarcinogenic activity…In contrast, one cup of Coltsfoot 
infusion contains an average of 1 ppm total pyrrolizidine alkaloids, a very low level of 
exposure. 

A. Antioxidant 
B. Expectorant\ 
C.Antibacterial 

 
ISOQUINOLINE ALKALOIDS 
All of the isoquinolines have the isoquinoline ring system in common: an 
aromatic ring fused to a six-membered nitrogen heterocycle (pyridine ring), with 
the nitrogen atom in position 2 of that ring. There are many subclasses of 
isoquinoline alkaloids, the most widely distributed being the aporphines and the 
protoberberines.  

Various other subtypes occur in potent medicinal or psychotropic plants such as the Peyote cactus 
(Lophophora williamsii), the Opium Poppy (Papaver somniferum), and the herbs in curare, an 
arrow poison used by indigenous peoples in South America. 

Isoquinoline alkaloids: Aporphines 
Only a few of these compounds are found in medicinal plants. 

52.Aristolochic acid is a modified aporphine occurring in Aristolochia spp. (e.g., A. contorta, A. 
debilis, A. fangchi, and A. manshuriensis, used in TCM); it is also found in Virginia Snakeroot, 
A. serpentina, and small concentrations have been reported in the North American Wild 
Gingers (Asarum spp.). This complex compound is anti-inflammatory, but it is also potentially 
nephrotoxic and ________. There have been a number of reports of Aristolochia species 
being associated with serious kidney damage, either when used alone or in conjunction with 
pharmaceuticals prescribed for weight loss. 

A. Carcinogenic 
B. Hepatotoxic 
C.Lymphotoxic 

 

Boldine is an aporphine alkaloid found in the traditional European herb Boldo 
(Peumus boldus), where it occurs with other related compounds including isoboldine. 
Boldine is antioxidant and contributes to the antispasmodic effects of the herb, which 
has been used for intestinal cramps, liver ailments, and as a cholagogue. However, 
one study reports that boldine (as an isolated constituent and in an ethanolic extract 
of Boldo leaf) demonstrated teratogenic and abortifacient activity in rats. Do not use 
during pregnancy or nursing. 
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53.California Poppy (Eschscholzia californica) contains a complex mixture of synergistic 
isoquinoline alkaloids including various aporphines accompanied by numerous isoquinoline 
derivatives: pavines (eschscholzidine and californidine), sanguinarine, and chelerythrine (see 
Bloodroot, below). This beautiful herb is used as an antispasmodic nervine sedative and 
for ________ and insomnia. A recent study found that some of the alkaloids (especially N-
methyllaurotetanine) in a hydroethanolic extract of Eschscholzia were able to affect serotonin 
receptors in vitro. 

A. Mania 
B. Depression 
C.Anxiety 

Isoquinoline alkaloids: Protoberberines 
Many of the protoberberines and their derivatives are important in herbal therapeutics. Their 
structures are based on a benzyltetrahydroisoquinoline ring system with the incorporation of an 
extra carbon atom; most are tetracyclic and bear one or two methylenedioxy groups. 
 

These alkaloids are found in many bright-yellow roots and barks including 
those from Goldthread and Chinese Goldthread (Coptis trifolia, C. chinensis – 
the richest known source), Goldenseal (Hydrastis canadensis), Oregon 
Grape (Mahonia spp.), Barberry (Berberis spp.), the Chinese herb Huang Bai 
(Phellodendron amurense), Corydalis (Corydalis turtschaninovii), and the 
Appalachian native, Yellow Root (Xanthorrhiza simplicissima). Protoberberine 
alkaloids also occur in Celandine (Chelidonium spp.), Bloodroot (Sanguinaria 
canadensis), Prickly Poppy (Argemone mexicana), and California Poppy. 

Berberine, which is common to the above-listed herbs, has been extensively researched in the 
modern era for its multiple actions and effects: topical/mucosal antiseptic, anti-inflammatory, 
antispasmodic, anticancer, anti-insulin resistance / metabolic syndrome / nonalcoholic fatty liver 
disease / hyperglycemia; cardiovascular protective; hepato- and nephroprotective. 

In the digestive system berberine containing herbs are beneficial for ulcers and act as bitter tonics, 
cholagogues, and choleretics to stimulate bile and enhance the digestion of fats and fat-soluble 
nutrients. Berberine’s astringent, antibacterial, and antiprotozoal properties provide an explanation 
for the common traditional use of these herbs to treat diarrhea and dysentery. 

54.Hydrastine is unique to ________; it is astringent and antiseptic, and was formerly used as 
a drug for uterine hemorrhage. Hydrastine is considerably less water-soluble than berberine, 
and so it is mostly present in hydroethanolic extracts of the plant. 

A. Barberry 
B. Goldenseal 
C.Oregon Grape 

How is berberine different from hydrastine? Both alkaloids feature the 
isoquinoline ring system, but the nitrogen atom in berberine bears four 
bonds and is positively charged; in hydrastine, the nitrogen only makes 3 
bonds and is uncharged. The result is that berberine is water-soluble, but 
hydrastine needs either an acidified medium or mid-to-higher-%-EtOH 
for optimal extraction. 
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Synergy: 5'-Methoxyhydnocarpin is a chemical compound that has been isolated from 
Berberis.5’-MHC acts as an inhibitor of a bacterial enzyme called the MDR pump or PGP (a type 
of cell-membrane efflux transporter). 5’-MHC inhibits the bacterial MDR pump, thus depressing the 
ability of a bacterium to eject molecules that it perceives as toxic. 

Berberine, in Hydrastis and Mahonia, has some antibacterial activity alone; but when combined 
with 5’-MHC, this activity is greatly enhanced. As the bacteria lose their ability to eject the 
berberine, it stays inside them longer and exerts its antibacterial activity much more effectively. 
Berberine concentrates in the root bark of Hydrastis and Mahonia, and is water-soluble; 5’-MHC is 
found mostly in the leaves, and requires EtOH for extraction. A good strategy would be to mix 
them both for topical antiseptic application. Many believe that berberine is like an antibiotic but 
it works topically on mucosa and skin - it is not a systemic antiseptic. 

Goldenseal (Hydrastis canadensis) has been used extensively throughout the 
history of herbalism in the U.S. It is a rich source of protoberberine alkaloids and has 
been seriously overharvested. Get certified, woods-grown / organic Hydrastis; do 
not wildcraft this increasingly rare herb. Use Hydrastis only when indicated, and 
when other herbs will not do. Oregon Grape (Mahonia repens; M. aquifolium) and 
Barberry (Berberis vulgaris) bush root bark are good substitutes and are more 
sustainable sources of berberine-type alkaloids. 

Traditional dosage for strong macerations or percolations of Hydrastis (root and/or leaf): 
The dosage range was generally about 5-15 drops of the tincture, 2-4x/day: Hydrastis was 
considered to be a lower-dose botanical, well known to produce vomiting if taken in excess. 

Barberry (Berberis vulgaris) has many similar constituents and activities as 
Goldenseal. It is a common and abundant source, and is considered to be a noxious 
weed in some areas. B. vulgaris contains isoquinoline alkaloids such as berberine; 
acanthine, bargustanine, berbamine, berlambine, palmatine and secondary 
metabolites such as aesculetin, ascorbic acid, caffeic acid, pectin and tannin. 

Barberry’s leaf, stem bark, and fruit are used medicinally. In Russia the fruit is used for painful 
menstruation, whooping cough, and hepatic malfunctions. B. vulgaris, like Goldenseal, has 
antihyperglycemic, hypolipidemic, antioxidant, anticholinergic, anticancer, antihistaminic, 
antimicrobial properties which confirm its traditional use in Ayurveda and Chinese medicine. 

Yellow Root (Xanthorhiza simplicissima): In the Southern Appalachian mountains, Yellow Root 
grows along the ‘creeks and is a local berberine source; traditionally, folks chew on a section of 
root for sore mouth/gums and sore throat and use it for the same indications as Hydrastis in 
general. Xanthorhiza contains anticancer alkaloids including berberine, liriodenine, and palmatine. 
However, it is not well studied scientifically, nor is it abundant enough for commercial use. 

55.Canadine (synonym: ________) is very similar in structure to berberine and occurs along with 
it in Goldenseal and Corydalis. Coptisine is another protoberberine from Coptis where it is 
found with related alkaloids including berberine and palmatine; the herb is used in TCM as a 
choleretic, digestive bitter, and sedative. Jatrorrhizine is found in Berberis, Coptis, and 
Mahonia spp.; studies report antifungal, antiprotozoal, and sedative properties. 

A. Tetrahydroberberine 
B. Jatrorrhizine 
C.Either A or B 
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56.Tetrahydropalmatine (THP), which is found along with berberine and protopine in 
Corydalis, has been found to block post-synaptic dopaminergic receptors and has sedative 
and analgesic effects. A recent paper reports that THP is very useful for treating ________ 
addiction, reducing craving for the drug and more than tripling the postwithdrawal abstinence 
rate. Corydalis is used in TCM for neuralgia, headache, and menstrual “pain. 

A. Alcohol 
B. Opiate 
C.Heroine 

57.Protopine is a modified protoberberine found in Celandine, Fumitory (Fumaria officinalis), 
Corydalis spp., and the Opium Poppy; it demonstrates antispasmodic, anticholinergic, 
antiarrhythmic, antihypertensive, sedative, and hepatoprotective properties and is a smooth 
muscle relaxant; it also has ________ activity (specifically against Gram-positive organisms). 

A. Antibacterial 
B. Antiviral 
C. Anticarcinogenic 

Blood Root Alkaloids: Bloodroot (Sanguinaria canadensis) is a powerful plant whose root oozes 
an acrid red latex-like substance when cut. It is the only species in the genus Sanguinaria. The 
chief constituent of this ‘blood’ is the alkaloid sanguinarine, which occurs along with related 
compounds including sanguilutine, sanguirubine, chelerythrine, chelilutine, chelirubine, and other 
isoquinolines. These alkaloids are yellow (lutine) and red (rubine), giving the root its unique hue. 
Sanguinarine is antibacterial, antiviral, antifungal, and anti-inflammatory. In addition, it is very 
effective against the bacteria which cause dental plaque. 

58.Concentrates of Bloodroot have traditionally been used on warts and skin ________; many 
successes have been reported. However, these extracts are so potent that only a small dose 
should be used. Some herbalists only employ them topically, while others recommend limited 
internal dosage. Similar compounds are found in Celandine, which also has a history of use 
for treating growths on the skin. A number of contemporary studies have found that 
sanguinarine has pronounced pro-apoptotic effects on various kinds of cancer cells. 

A. Rashes 
B. Hives 
C.Cancers 

PIPERIDINE ALKALOIDS 
Piperidine alkaloids are found in Poison Hemlock, Lobelia, Pomegranate, and Black Pepper 
(Pipernigrum).  

Coniine and γ-coniceine, found in Poison Hemlock (Conium 
maculatum), are highly toxic piperidine alkaloids originating not from 
amino acids, but from a nitrogen-containing polyacetate unit; they occur 
along with conhydrine, pseudoconhydrine, conhydrinone, N-
methylconiine, and N-methylconhydrine. The highest concentration of 
toxic alkaloids is found in the unripe fruit, but they are present to some 
degree throughout the entire plant. 
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59.The alkaloidal fraction of Poison Hemlock blocks ganglionic and neuromuscular 
neurotransmission, resulting in ________; death occurs through respiratory arrest. This 
powerful plant was formerly prescribed in minute doses as a narcotic sedative and analgesic; 
it is still used as a topical treatment for chronic pain by experienced practitioners. 

A. Skin Rash 
B. Paralysis 
C.Hives 

Lobelia (Lobelia inflata): lobeline, lobelanine, and lobelanidine are piperidine alkaloids. Lobeline 
is a known respiratory stimulant which acts on the brain centers and carotid chemoreceptors. It 
stimulates nicotinic receptor sites, and serves as an antispasmodic bronchodilator for asthma and 
bronchitis. Large doses are reported to be emetic; one common name for Lobelia is ‘Pukeweed.’ 
Lobeline has been found to modulate dopamine metabolism in neurons (where it inhibits 
dopamine uptake and promotes its release from storage vesicles in the presynaptic terminal) 

Extraction: Traditionally, Lobelia was extracted with vinegar (an acidic aqueous fluid with a 
polarity similar to EtOH) or was prepared as an acetract: a hydroethanolic extraction with a small 
percentage of acetic acid added to lower its pH. This approach maximized extraction of the 
alkaloids, because the abundance of H+ ions in the acidified fluid protonated the nitrogen atoms in 
the alkaloids, giving them a positive charge and increasing their water solubility. 

The North American botanical physicians called Lobelia a “pure relaxant” and used it 
for tight, tense or spasmodic conditions in both smooth and skeletal muscle (including 
muscle tension, stalled labor, and asthma). It was also favored as an expectorant, 
and is emetic but not toxic in high therapeutic doses. Overdose of Lobelia is 
diaphoretic, hypothermic, hypotensive, and tachycardic but not fatal (despite what 
you can read in many books). 

60.Pomegranate: pelletierine, N-methylpelletierine, and pseudopelletierine are piperidine 
alkaloids found in the fruit rind and root bark. Traditionally, these materials have been used as 
anthelmintics; a study from the 1950s found that the total alkaloid fraction from Pomegranate 
was an effective taeniacide (a substance which kills ________). 

A. Candida 
B. Fruit Flies 
C.Tapeworms 

61.Piperine, a piperidine amide, is the main pungent constituent of Black Pepper (Pipernigrum); 
it has been shown to ________ the absorption and delay the catabolism of other constituents 
in Ayurvedic formulas, resulting in enhanced bioavailability. In addition, it is insecticidal, a 
CNS depressant, and an anticonvulsive in rats. 

A. Slow 
B. Enhance 
C.Disrupt 
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TROPANE ALKALOIDS 
The oil-soluble dramatic tropane alkaloids are very powerful and occur in only a limited 
number of plants. With a few exceptions, these are not generally used in herbal medicine; but it 
is good to understand their activity as they are sometimes ingested by under-informed people in 
an attempt to ‘trip’ (tropane-containing plants have been used by experienced shamans). 

62.Tropane alkaloids are highly active and include compounds with anticholinergic, psychotropic, 
and/or toxic effects. Most tropane alkaloids are used as pharmaceuticals or in homeopathic 
preparations; the whole plants are generally too toxic except for advanced herbal 
therapeutics. Tropane-rich plants are also notable as sources of accidental intoxication; one 
(Erythroxylum coca) is the origin of the problematic addictive drug, ________. 

A. Metformin 
B. Lipitor 
C.Cocaine 

 
Atropine is not a single compound, but rather a racemic mixture of the two 
enantiomers of hyoscyamine. Atropine occurs in Atropa belladonna (Deadly 
Nightshade), Datura stramonium (Jimson Weed or Thorn Apple), and Duboisia 
myoporoides (Australian Corkwood Tree). Signs of atropine overdose (or accidental 

ingestion) include skin flush, rapid heartbeat, and CNS symptoms including disorientation, 
agitation, delirium, and hallucinations. On average, 100 mg of atropine is lethal to humans. 

Scopolamine (synonym: hyoscine) is a tropane alkaloid found in Brugmansia species, Sacred 
Datura (Datura wightii, D. meteloides, D. metel), and Henbane (Hyoscyamus niger). Scopolamine 
has parasympathetic and cardiac activities that are similar to, but weaker than, those of atropine. 

63. (Ture or False?) Also known as DL-hyoscyamine, this tropane alkaloid is an important 
pharmaceutical used in cardiology to prevent and treat A-V block and sinus bradycardia; in 
anesthesia, to prevent bradycardia upon induction; as an analgesic and antispasmodic for the 
urinary, gastrointestinal, and biliary tracts; and as an antidote to organophosphate poisoning 
(from pesticides or nerve gas). 

A. True 
B. False 

64. (True or False?) Datura is one of the few tropane-containing plants still used in 
advanced herbal therapeutics. It is a powerful bronchodilator. Traditionally, the powdered 
leaves have been burnt in a dish or on a flat stone, and small amounts of the smoke carefully 
inhaled to relax the bronchial passages (useful for acute asthma attacks). Extracts are also 
used topically for pain and in a salve for hemorrhoids. Be aware, however, that tropane 
alkaloids can be absorbed through the skin; handle with care. Despite this, the 
hemorrhoid salve is highly thought of among traditional Appalachian herbalists. 

A. True 
B. False 

~ END OF TEST ~
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