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L E AR N ING  G O AL S  O F  CO NST I T U ENT  ST U D Y  

Gain an understanding the varieties of phenolic compounds and their 
chemical framework. 

Discover what plants contain this phytochemical family. 

Understand the pharmacological effect. 

Gain an understanding of the solubility relation to pharmacy and 
application / route of administration of herbal medicine extracts. 



PR IMARY METABOL ITES  
• Carbohydrates
• Lipids
• Amino acids
_________________

SECONDARY METABOL ITES  
• Polyphenols
• Terpenoids and Steroids
• Alkaloids



CO NST I T U ENT  ST U D Y :  PO L YPHENO L S  

Polyphenols, often referred to as Phenolic Compounds are the first in our 
constituent study that are produced in secondary metabolite pathways. 

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

All polyphenols have one thing in common:

An aromatic ring structure bearing one or more hydroxyl groups. 

Polyphenol is short for poly-hydroxylated phenol. 



Seconda r y  pa thway  sys tem  

Polyphenols arise from either or both the shikimic acid pathway and    
the acetate pathway as well as the mevalonic acid pathway.

Many of the polyphenols exist in plants in both as glycoside and 
aglycones. 

The glycosidic forms are typically water soluble

The aglycones have less solubility in water and are more soluble in 
hydroethanolic solutions. 



We see  pheno l s  a l l  a round :

The beautiful fall colours in the leaves of the trees are 
generally phenolic compounds and provide the tree with 
specific antioxidants. 

Plants provide phenolic compounds in an effort to protect 
themselves and often these compounds have a bluish, 
reddish bright orange colour. 



EXAMPLES  OF  PHENOL IC  COMPOUNDS 

Hawtho r n is an example of a phenol rich herb, hidden in the leaf, but 
shown in the fruit as a visual cue to the animal world that the fruit is ripe. 

Res i n s ,  which are not a constituent proper, are also high in phenolic 
compounds (and terpenes), such as in Cottonwood / Poplar bud resin.

High phenol rich resins are produced by the plant to heal wounds, 
protect the plant from injury, infestation, containing high levels of 
antimicrobial compounds. 



FACTS 
Pheno l ,  a k a  ca r bo l i c  a c i d  is the basic unit of a 
Benzene / aromatic / phenolic ring with a hydroxyl group: C6H5OH

Phenols comprise the largest group of plant secondary metabolites. 

Complex alcohols 

Antimicrobial properties: used by Joseph Lister in the 19th c. as an 
antiseptic during surgery

• “Phenol” also refers to any phenolic or polyphenolic compound.
• Polyphenols include many potent antioxidants, in part due to their stable 

structure. 
• Antioxidants prevent free radical damage, within the organism as well 

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

molecules such as flavonoids and coumarins. 



CLASSES OF PHENOLIC COMPOUNDS: 

Simple Phenols
Phenolic acids
Phenylpropanoids

Coumarins  
Lignans  
Stillbenoids
Xanthones 
Styrylpyrones
Flavonoids  

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

Isoflavones 
Quinones: Naphthoquinones / Anthraquinones 



PHENOL IC  COMPOUNDS :  S IMPLE  PHENOL

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

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

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

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

Phenols are not generally water soluble. 



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

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

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



Arbu t i n

• Found in uva ursi, pipsissewa, blueberry leaf, pear tree leaves. 
• The glycoside of arbutin is hydrolyzed in alkaline urine to hydroquinone
• This affect is strictly localized in the urinary tract. 
• Urinary antiseptic, diuretic, cystitis, urethritis and prostatitis. 

Thymo l  

• Found in Thyme
• Powerful antiseptic and antifungal



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

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

They are phenolic carboxyl acids. 
All green plants contain phenolic acids, although some plants accumulate 
more of these compounds than others do. 

FACTS 
• Antioxidants and anti-inflammatory agents associated with other 

polyphenols 
• Often bound in tannins 
• Found in many plants and some mushrooms
• Contains at least one phenolic hydroxyl group & one carboxylic acid 

group



Pheno l i c  Ac i d  Examp les :  

Sa l i c y l i c Ac i d

• The most known simple phenol is salicylic acid.
• Its precursors are widespread in small quantities, in larger quantities in

willows, meadowsweet, wintergreen, poplar, birch
• Salicin, a glycoside, is hydrolyzed to salicylic acid in the body; also occurs

as methyl salicylate
• Salicylic acid has antipyretic, anti-inflammatory, analgesic, anticancer 

properties 
• Protective / defensive mechanism role in plants
• First prepared in pure form from meadowsweet in 1838.
• Acetylsalicylic acid (aspirin) is a synthetic derivative of salicylic acid.
• Synthetic Salicylic acid on its own would be harsh / damaging to the gut,

with the addition of an Acetyl group this mitigates this slightly. (bio-piracy?)



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

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

Esters: 
Methyl salicylate – Meadowsweet 
Salicylaldehyde – Meadowsweet 



PHENOL IC  COMPOUNDS :  PHENYLPROPANO IDS

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

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



Pheny l p r opano i ds :  Ch l o r ogen i c  &  Ca f fe i c  Ac i d s

• Chlorogenic acid is found in many herbs, fruits, Coffee, Cacao
• Antioxidant
• Antimutagenic
• Antitumor
• Antibacterial
• Antiviral
• Antifungal



Pheny l p r opano i ds  i n  Rosema r y :  Rosma r i n i c ac i d

• Rosmarinic acid / Chlorogenic acid / Caffeic acid 
• Most common in the Lamiaceae family 
• Powerful antioxidants; also anti-inflammatory, antiviral



Pheny l p r opano i ds  i n  Se l f  Hea l ,  P r une l l a  v u l ga r i s
• Very high concentration of rosmarinic acid, along with other polyphenols
• Vulnerary: for bleeding gums, gingivitis, mucous membrane ulcerations
• Antimicrobial (bacteria, viruses incl. Herpes)
• Anti-inflammatory
• Antioxidant
• Also: Triterpenoids incl. ursolic acid  
• Immunostimulant polysaccharides: anti-tumor “lymphatic”



Pheny l p r opano i ds  i n  Ech i nacea

• Cichoric acid is a derivative of caffeic acid
• Contributes to the immunostimulant effects of 

Echinacea purpurea (along with polysaccharides)



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

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



PHENYLPROPANO IDS :  COUMAR INS  

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

A Coumarin is a phenylpropanoid based molecule that have formed 
rings with themselves. 
Coumarin has been found in 150 plant species in more than 30 
families. 

Most common coumarins & their glycosides:
Aesculetin (aesculin, cichoriin)
Scopoletin (scopolin)
Umbelliferone (skimmin)



The  t h r ee  ma j o r  c l a s ses  o f  p l a n t  Couma r i n s  i n c l u de :  

• Hydrocourmarins
• Furanocoumarins
• Pyranocourmarin



Herbal energetics this chemical group are vast: 

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

Herbs containing courmarins include: 

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

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



Couma r i n s  i n  Aescu l u s  h i ppocas tanum

Aesculin is extracted from Horse Chestnut bark & seed coat
Has vascular protective properties
Helpful in cases of venous & lymphatic vessel insufficiency, 
varicose veins, hemorrhoids



Couma r i n s  i n  Me l i l o t u s  o f f i c i n a l i s  
Melilotoside, a glycoside precursor of coumarin, is found in Sweet Clover
Antiedemic
Venous & lymphatic insufficiency
Decreases capillary permeability
Only weakly anticoagulant unless fermented / wilted



D icouma ro l
Dicoumarol is strongly anticoagulant; hemorrhagic; formed by the fusion 
of two coumarin units via fungal activity
Can form in poorly dried Sweet Clover
Inhibits Vitamin K activation
Warfarin (Coumadin) and phenprocoumon include the anticoagulant 
structure of dicoumarol



Fu ranocouma r i n s
Derived from coumarins: additional Furan ring
Can cause phototoxicity
Apiaceae such as giant hogweed (Heracleum mantegazzianum)
Also evident in grapefruit which inhibits CYP-450 liver pathway system 



PHENYLPROPANO IDS :  L IGNANS

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

FACTS
Lignans are insecticidal & antimicrobial for the plants
Major dietary sources of lignans with hormonal activity: Flax, Chia
Minor dietary sources: Pumpkin seeds, Green tea, berries 
Some have hormone modulatory effect, but many do not 
(e.g., flavonolignans in Milk Thistle; NDGA in Chaparral; Schizandrins in 
Schisandra berry)
Formed from two joined phenylpropanoid units 
Hepatoprotective, antioxidant, protects cell membranes



L i gnans  i n  M i l k  Th i s t l e  ( S i l y bum ma r i anum )

• Silymarin is a mixture of several flavonolignans – hybrid 
molecules made of a phenylpropanoid & a flavonoid

• Silybin, silydianin, silychristin
• Not very water soluble
• Hepatoprotective, antioxidant, protects cell membranes



St i l beno i d s :  Resve ra t r o l  

Resveratrol: defends plant from UV stress, microbial attack

• Occurs free or as a glycoside
• May be a mild estrogenic modulator
• In roots of Japanese Knotweed (Polygonum cuspidatum)
• Also in grapes / red wine, mulberries, peanuts
• Anti-inflammatory, antioxidant, antimutagenic
• Chemopreventive; induces apoptosis (programmed cell death) 

in cancer cells
• Inhibits platelet aggregation
• Research on resveratrol based on very high doses



PHENYLPROPANO IDS :  XANTHONES 

Cinnamic acid derivative, with a structure that contains two phenolic 
rings fused to a central pyranone ring.  

Xantho = ‘yellow’
Yellow antioxidant pigments from only a few botanical families
A range of biological activities

Xanthones: St. John’s Wort (Hypericum perforatum) 
Contains a variety of Xanthones. 
Act synergistically with other molecules (hypericin, hyperforin) to 
enhance the antidepressant action. 



PHENYLPROPANO IDS :  STYRYLPYRONES
Cinnamic acid derivative, not overly common, found mostly in the 
Lauraceae and Piperaceae families. 

Kavapyrones or Kavalactones, Yangonin, kavain, methysticin

Contribute to the relaxant, antispasmodic, analgesic & anxiolytic 
properties of Kava

Alcohol soluble (not very water soluble)

Traditionally dissolved in fat rich coconut milk. 



PHENYLPROPANO IDS :  FLAVONO IDS  
A variety of phenols and the largest class of polyphenols, flavonoids are 
extremely common and widespread in the plant kingdom. 

They function as plant pigments and are responsible for the colours of 
many flowers and fruits. Being abundant in plants, flavonoids are 
commonly consumed in the human diet, especially if it is rich in fruits and 
vegetables.

The word ‘flavonoid’ is derived from the Latin word flavus meaning yellow 
and many flavonoid plants are indeed yellow. 
However, many others are white, and the special flavonoid-related 
anthocyanins are red, blue or purple. 

Flavonoids are also present in leaves, where they are said to protect the 
plant tissue against the damaging effects of ultraviolet radiation.



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

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

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

against UV radiation, and signaling to pollinators and symbiotic 
frugivores

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

• As glycosides generally water soluble; aglycone is generally lipophilic



F l avono i ds  have  a  w i de  r ange  o f  ac t i ons  and  many  
med i c i na l  u ses .

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

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

They strengthen vascular capillaries to prevent leakage of body fluids into 
surrounding tissues, they have phyto-estrogenic and liver protective 
activity. 

Lipophilic



Examples of Flavonoid contain herbs include: 

• Calendula officinalis 
• Crataegus spp. 
• Curcuma long 
• Gingko biloba
• Marticaria recutita
• Trifolium pratense
• Vaccinium myrtillus



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

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



FLAVONOIDS: CHALCONES 

Chalcones are the parent compounds of all the flavonoids that have an 
open ring as their central structure. 

Only a few chalcones have known medicinal activities, Licorice and 
Hops being examples. 

FACTS

• Open ring structure w/ ketone group
• Chalcones; yellow flower pigments
• Chalcones and their derivatives have varying pharmacological 

activity: estrogenic and antiandrogenic, antidiabetic, antioxidant



FLAVONO IDS :  FLAVANOLS

Saturated alcohols, most commonly studied Flavanols are a hydroxyl 
group attached to C3 of the saturated central ring and are called 
flavan-3-ols. 

FACTS

• Highly studied flavonoid group
• Hydroxyl group at third carbon in central saturated ring
• Antioxidant compounds such as catechins and epigallocatechin 

gallate (EGCG) in green tea
• Water soluble (hot infusion) 
• Also join to form OPCs (oligomeric proanthocyanidins) and tannins



FLAVONO IDS :  TANN INS  
Tannins are produced to a great or lesser degree by all plants with a 
higher concentration found in the parts that the plant sheds such as 
leaves, fruits and barks. 

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

There are two broad classes of tannins: 
Hydrolyzable and Condensed (also referred to as Proanthocyandins) 



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

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



Hydrolyzable Tannins are broken down readily by acid, alkali and 
certain enzymes to yield gallic or ellagic acid, which is antiseptic, 
caustic and hepatotoxic. 
Use with extreme caution for small portions of time. (found in Quercus 
sp.). 

FACTS
• Most of what we call “tannins”
• High levels in oak (and oak galls), witch hazel, lady’s mantle, 

raspberry leaf, geranium, grape, tea – raspberry ellagitannin 
• Many complex variations, constructed around a central sugar 

molecule (such as glucose)
• Astringents for digestive mucosa, skin
• Skin healing: protective, superficial vasoconstrictors
• Antioxidant, anti-cancer
• Water and alcohol soluble



P roan thocyan i d i n s
Condensed tannins also known as proanthocyanidins are 
flavonoids precursors and very common in darkly pigmented foods 
and fruits. 

Condensed tannins inhibit cellular secretions and reduce the absorption 
of substances across the gut wall. 
They reduce peristalsis making them useful for infectious diarrhea 
issues. 
When applied topically they are very useful in treating burns. 
Or i g i n  o f  t he  name :
• Pro = before
• antho = flower
• cyan = the color / blue
• idin = aglycone



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

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

P roan thocyan i d i n s Fac t s :   
• OPCs – oligomeric proanthocyanidins
• Short chains of flavanols such as catechin
• Water-soluble; can form complexes
• Antioxidant, anti-inflammatory, astringent, cardioprotective, protect 

cell membranes
• Both pycnogenol and grape seed extract sold as supplements
• Found in red wine, grape skins & seeds, elderberries, blueberries, 

cranberries, hawthorn, ginkgo, green tea



Sa fe t y  Conce r ns  and  Cons i de r a t i ons  fo r  Tann i n s  
• Contraindicated for use when there is constipation, iron deficiency, 

malnutrition. 
• Tannin rich herbs should not be combined with alkaloid containing 

herbs in a formula as they will form a precipitate and potentially 
decrease its therapeutic potential.

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



FLAVONOIDS: ANTHOCYANIDINS & ANTHOCYANINS
Characterized by having a positive charge on the oxygen atom of the 
central Carbon ring, which associates with a negative ion such as 
chloride. 

-idin = aglycone; -in = glycoside

• Occur in Nature as different kinds of glycosides
• Water- & alcohol-soluble pigments
• Bilberries and Blueberries, Elderberries, Cranberries & Black Currants 

are all rich in anthocyanins: various glycosides of cyanidin, 
delphinidin, pelargonidin, & peonidin

• Anti-Inflammatory, antioxidant, venotonic, improve night vision, 
encourage apoptosis of cancer cells. 



FLAVONO IDS :  FLAVONOLS  
Have both ketone and hydroxyl groups on the unsaturated central ring 
and they assist in quenching the UV generated free radicals that may 
damage the plant. 

FACTS
• Unsaturated alcohols 
• Quercetin, kaempferol, myricetin 
• Found in ~ 80% of plants
• Strong antioxidants that protect the plants from excess UV light 

during photosynthesis
• For humans: antioxidant, anti-inflammatory, anti-allergenic



Que rce t i n :  A  po ten t  f l a vono l .
More than 135 different glycosides of quercetin exist in leaves, fruits, 
flowers
• Rutin (quercetin-3-rutinoside) used for capillary fragility & venous 

integrity
• Quercetin inhibits mast cell degranulation
• Powerful anti-inflammatory, antioxidant
• Rich dietary sources of rutin and other quercetin compounds: 

onions, kale, broccoli, olives, capers, raspberries, buckwheat, 
cranberries, currants, tea



F l avono l s i n  G i n kgo  b i l oba
Multiple glycosides of quercetin, kaempferol, myricetin & isorhamnetin

Contribute antioxidant & radical-scavenging activities

Work synergistically with the ginkgolide terpenes as anti-
inflammatories, for cerebral vascular insufficiency



FLAVONO IDS :  FLAVONES 
Less widely distributed than the other subtypes. 
The central ring has a ketone function but lacks the hydroxyl group of the 
favonols. 
There is also a double bond between C2 and C3 as opposed to a single 
bond (flavanones). 

FACTS 
• Unsaturated, with ketone group
• Not as widespread as flavonols
• Dandelion, Parsley, Thyme, Celeriac, Celery, Artichoke, Peppermint, 

Rosemary, Oregano, Red peppers 
• Most common: luteolin, apigenin
• Anti-inflammatory, anti-bacterial, spasmolytic, inhibit cancer cell growth 

Chamomile flowers are rich in various glycosides of luteolin & apigenin, 
contribute to anti-inflammatory & spasmolytic properties



FLAVONO IDS :  FLAVANONES 
These compounds are mostly common in citrus fruits and accumulate in 
the white spongy areas (albedo). 
They have a ketone functional group on the central ring but lack a double 
bound between C2 and C3 and are often called bioflavonoids. 
FACTS
• Saturated, with ketone group 
• Citrus bioflavonoids occur with ascorbic acid
• Naringenin (glycoside: naringin) contributes to the drug interaction 

effects of Grapefruit juice
• Hesperetin (glycosides: hesperidin, neohesperidin)
• Eriodictyol (glycosides: eriodyctin, eriocitrin, neoeriocitrin)
• Concentrated in white inner rinds
• Regulate capillary permeability and tonify the blood vessels. 
• Evident also in Rosemary, Yerba Santa, and Licorice. 



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

FACTS
• Hormonally Active
• Isomers of flavones
• Occur primarily in the Fabaceae family, help to attract nitrogen-fixing 

bacteria
• Hormonally active: a type of communications molecule
• Biochanin A, formononetin, daidzein, genistein & their glycosides
• Major sources: Red Clover, Kudzu root, Soybeans, Licorice



I s o f l a vones  i n  Soy

Genistein, daidzein, glycitein (aglycones)
Glucosides: genistin, daidzin, glycitin

In fermented soy products, the aglycones predominate & are more 
active 



I s o f l a vones  i n  Red  C love r
Concentrated in the leaves, much less in the flowers

Biochanin A is metabolized to genistein
Formononetin is metabolized to daidzein



Isoflavones are Phytoestrogenic

• Estradiol have similar molecular shapes Genistein
• Can bind (have resonance?) to estrogen receptors
• Ring structures are similar
• Distance between –OH groups are nearly identical
• Similar molecular weights & polarities



Compe t i t i v e  I n h i b i t i on :  I so f l a vones  can  be  Ampho te r i c

When levels of strong endogenous estrogens are low, the weaker 
phytoestrogens activate some empty receptors for an overall increased 
effect.

When levels of strong endogenous estrogen are high, the weaker 
phytoestrogens fill many receptors, displacing some of the stronger 
estrogen molecules & resulting in an overall lower estrogenic effect.



PHENOL IC  COMPOUNDS :  QU INONES

Quinones are defined by a six carbon ring bearing two opposite 
ketone groups. In plants we find three sub- groups: 

• Naphthoquinones 
– Isoprenoid Naphthoquinones - Vitamin K

• Isoprenoid (terpenoid) benzoquinones
– Ubiquinones (CoQ 10)

• Anthraquinones



Qu i nones :  Naph thoqu i nones

• Drosera (sundew) contains plumbagin: antibacterial, antispasmodic (for 
cough), immunostimulant

• Juglans nigra (black walnut) contains ~ 10 naphthoquinones including 
juglone antibacterial, antifungal, antiparasitic



Qu i nones :  I sop reno i d  Naph thoqu i nones  

• Vitamin K1 / phylloquinone
• Vital to photosynthesis in plants
• Lipid (non-water) soluble
• Alfalfa, Brassicas, and other green vegetables are rich sources
• Converted in the gut to K2 (not apparently bacterially mediated)
• Necessary for blood clotting and Ca binding



Qu i nones :  I sop reno i d  Benzoqu i nones

• Ubiquinone (Co-enzyme Q 10)
• Long isoprenoid “tail”
• Necessary for energy production in the mitochondria 

(electron transport chain)
• Ubiquitous in plant & animal cells
• Commercial source: microbial fermentation
• Important for cardiovascular health



ANTHRAQU INONES

• Anthraquinones are phytochemicals based on anthracene (three 
benzene rings joined together). 

• At the apex of the central ring is a carbonyl group, which is the Quinone 
part. 



Pharmacology of Anthraquinones is well studied due to their ability to 
move the lower bowel and promote healthy regular bowel movements. 

Anthraquinones act directly on the intestinal mucosa, their laxative 
effect is largely due to increased peristalsis of the colon, reducing transit 
time and consequently the reabsorption of water from the colon making the 
stool more liquid and easing bowel movements. 

The action of Anthraquinones is very dose dependent; lower dosages 
promote a milder, tonic, laxative effect while larger dosages will have a 
powerful stimulant to cathartic effect. 



FACTS

• Red-orange pigments
• Water/alcohol soluble
• Anthraquinone glycosides are stimulant laxatives/purgatives
• Excessive use can cause pathological changes in colon
• Limited distribution in plants 



The following Herbs contain Anthraquinones in their 
chemical composition.

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



Safety Concerns & Contraindications of Anthraquinones
In general follow these considerations for usage: 

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

• A harmless red colouring to the urine and feces may occur due to the 
pigmentation of this herb.

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

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

• Decrease in transit time can decrease nutrient absorption levels. 

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

• Long-term usage can cause brownish pigmentation in the bowel lining called 
melanosis, a potential risk factor for bowel cancer. 



SOLUBILITY OF PHENOLIC COMPOUNDS 

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

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

Compounds which have low water solubility are generally more 
soluble in ethanol. 

The smaller polyphenols tend to be more water soluble than the larger 
ones as do those with numerous hydroxyl and/or carboxyl groups. 

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

Abbreviations: 

ETOH Ethanol Alcohol 



• Phenolic Acids: solubility varies with structure and pH 
• Phenylpropanoids: solubility varies with structure and pH
• Coumarins: glycosides generally in water and ethanol soluble; aglycones less so 
• Lignans: generally soluble in acetone/water. At times not soluble at all. 
• Stillbenoids: soluble in ETOH solutions, including wine 
• Xanthones: generally soluble in higher percentage ETOH, acetone and oils 
• Styrylpyrones: soluble in high – percentage ETOH and oils 
• Flavonoids: solubility will vary, but many are water and middle percentage ETOH 

solutions. Smaller Tannins soluble in hots water, mid-percent ETOH, larger 
tannins generally insoluble in water and/or ethanol. 

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

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

• Phenolic Resins: soluble in high percent ETOH and fixed oils, especially if 
heated.  



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

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

Seconda r y  Me tabo l i t e s  

• Polyphenols
• Terpenoids and Steroids
• Alkaloids


