
Secondary metabolites 

ÅGlycosides 

ÅTannins 

ÅAlkaloids 

Secondary metabolites - perform various 

functions related to the protection, survival, fertility, 

plant adaptation to environmental stress conditions, 

and interspecies relations: terpenes, phenols and 

nitrogen-containing compounds - alkaloids. 



ɯ. Glycosides - consist of the sugar (glycoside) unit and the non-sugar unit, 

named (aglycone).  

glycoside 
glucosidases 

Sugar residue (glycol) + aglycone 



  Glycosides types : 

1.  Anthraquinone  

2. Phenolic 

3. Pigment 

4. Coumarin 

5. Cardio glycosides 

6. Saponins 

7. Iridoids 

8. Tioglycosides 

9. Cyanogenic  



1. Anthraquinone glycosides  - with aglycone anthracene and its derivatives 

-    Emodin (Aloe vera - Aloe, Liliaceae)  

- Rheine (Rheum officinale - Rhubarb, 

Polygonaceae) 

-  Hypericin (Hypericum perforatum - St. 

John's wort, Hypericaceae) 

-  Chrysophanol (Senna obtusifolia -

senna, Fabaceae) 

Action: The sugar residue facilitates 

absorption and translocation of the 

aglycone to the site of action. The 

anthraquinone glycosides and their 

derivatives  have cathartic effect  on 

organs of the digestive system by raising 

the tone of the smooth muscle in wall of 

the large intestine. 



2. Phenolic glycosides - with aglycone  benzene ring, combined 

with an alcohol.  

Structural formula of 

phenol 

Caffeic acid -  in all plants because it is a key intermediate in 
the biosynthesis of lignin -  coniferous resin, poplar buds , 
etc.,  

 

 

http://en.wikipedia.org/wiki/File:Phenol2.svg
http://en.wikipedia.org/wiki/File:Phenol-2D-skeletal.png
http://en.wikipedia.org/wiki/File:Phenol-3D-balls.png
http://en.wikipedia.org/wiki/File:Phenol-3D-vdW.png
http://en.wikipedia.org/wiki/File:Kaffees%C3%A4ure.svg
http://en.wikipedia.org/wiki/File:CaffeicAcid3d.png


Salicylic acid - bark of white willow (Salix alba, Salicaceae) - widely used in 

organic synthesis and functions as a plant hormone - for regulation of the 

growth, development, photosynthesis, transpiration, ion uptake and transport. 

 

 

 

 

 

Å Important active part of aspirin (acetylsalicylic acid),  which acts 

in part as a prodrug to salicylic acid -  best known for its use as a 

key ingredient in anti-acne products.  

ÅSalicylic acid is the basis of aspirin and a whole class of non-

steriodal anti-inflammatory drugs. Salycilates are well known to 

cause severe stomach irritation, even leading to stomach 

hemorrhage.  

 

Other sources:  unripe fruits of blackberries, blueberries, 

cantaloupes, dates, grapes, kiwi fruits, guavas, apricots, 

green pepper , olives, tomatoes, radish, chicory and 

mushrooms, legumes, seeds,  nuts and cereals, only 

almonds, water chestnuts and peanuts have significant 

amounts. 
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Gallic acid - oak bark (Quercus sp., Fagaceae), tea leaves 

(Thea sinensis, Theaceae), tanning sumac - Rhus coriaria, 

Anacardiaceae) , gallnuts 

Gallic acid is found both free and as part of hydrolyzable tannins. The gallic acid groups 

are usually bonded  to form dimers  such as ellagic acid.  

http://en.wikipedia.org/wiki/File:Gallic_acid-3D.png
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Ellagic acid - raspberry (Rubus 

idaeus, Rosaceae), blackberry  (R. 

caesius) 

The highest levels of ellagic acid are found in walnuts, pecans, cranberries, 

strawberries, and grapes, as well as distilled beverages 

Å antiproliferative properties  - tending to suppress cell growth 



Arbutin - bearberry (Arctostaphyllos uva-ursi, Ericaceae Family) 

Eugenol - clover (Genus Trifolium, Fabaceae Family)  

Gossypol - cotton (Gossypium hirsutum, Malvaceae Family) 

Action : antiseptic,  anthelminitic & 

caustic  activity; fever reduction, 

general anti-inflammatory effect, and 

rubefacient action  



3. Pigment glycosides - flavonoids and anthocyanins 

Flavonoids glycosides (flavonoids) - with aglycone flavone or 

isoflavone - gives yellow color of plant parts  



Action: anti-spasmotic, diuretic, heart and cardiac stimulant properties - for treatment 

of cardiovascular diseases - inhibit coagulation and  thrombus  formation  



Anthocyanins  (anthocyans) - with aglycone anthocyanin 

Å a subgroup of flavonoids, which give plants their distinctive colors - 

blue to violet  

Å present in the vacuolar sap of the epidermal tissues of flowers and fruit  

-  to attract pollinators and eaters 

Å formation depends on the breakdown of sugars in the presence of bright 

light  

Å in photosynthetic tissues (leaves and stems) - play role as a 

"sunscreen", protecting cells from high-light damage by absorbing blue-

green and ultraviolet light, thereby protecting the tissues 

from photoinhibition  (high-light stress).   

ÅThe red coloration of leaves has been proposed to possibly camouflage 

leaves from herbivores, blind to red wavelengths, or signal unpalatability, 

since anthocyanin synthesis often coincides with synthesis of 

unpalatable phenolic compounds. 

 



 Examples:  

Cyanidin - grapes, blueberries, cherries 

Malvidin - common mallow (Malva sylvestris, 

Malvaceae) 

Delphinidin -  larkspur (Consolida  regalis, 

Ranunculaceae) 

Pelargonidin - pelargonium (Pelargonium sp., 

Geraniaceae)  

Peonidin - peony (Paeonia  peregrina,Paeoniaceae) 

Action: increase the elasticity of capillary blood vessels - bleeding diuretic, 

antispasmodic, stimulate Cardio Vascular System (CVS), antioxidant 

The sugar-free molecule  - is 

called anthocyanidins 



 

  Autumn coloration (including red) -  the result of 

breakdown of green chlorophyll, which unmasks the already-

present orange, yellow, and red pigments 

(carotenoids,  xanthophylls, and anthocyanins).   



4.  Coumarin glycosides - with aglycone coumarine and specific smell of     

       "newly mown hay"   

Coumarin molecule 

! When it occurs in high concentrations in forage plants, 

coumarin is a somewhat bitter-tasting appetite 

suppressant, and is presumed to be produced by plants 

as a chemical defense to discourage grazing.  

Examples: Coumarin - green shield bug (Anthoxantum 

odoratum, Poaceae), lady's bedstraw (Galium odoratum, 

Rubiaceae) 

Dicoumarol - sweet clovers (Melilotus alba & M. 

officinalis, Fabaceae)   

Psoralen - Fig (Ficus carica, Moraceae), Parsley (Apium 

graveolens, Apiaceae) 

Pastinatsin,  Bergapten - Parsnips (Pastinaca sativa, 

Apiaceae) 

Umbelliferone - Carrot (Daucus carota, Apiaceae), 

Coriander (Coriandrum sativum, Apiaceae)  

Aesculin - in the bark of Horse chesnut (Aesculus 

hippocastanum, Hippocastanaceae) 
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Action:  

Å Anticoagulant - inhibit synthesis of vitamin K - block the blood clotting 

process and provoke hemorrhaging 

Å antifungicidal properties - plant produced furocoumarins in response to 

fungal infestation 

Å increased photosensitivity in animals - absorb  

long-wave ultra-violet radiation and causes   

severe blistering and peeling of light-skined  

parts of the animal, clouding of the cornea and eye lesions  and in severe 

cases -  blindness; blistering and erythema of the udder of lactating 

females, e.g. ewes and cows, in severe cases - starvation of their 

offspring when dams refuse to nurse;  

ÅIn humans - "celery dermatitis" - blistering of arms of farm workers 

handling celery when the celery is diseased with pink rot (Sclerotinia 

sclerotiorum). 

 

 



5.Cardiac glycosides - increase cardiac output by increasing the force of 

contraction of the cardiac muscle 

TYPES: 

× Cardenolides: 

Å Strophanthin, ubain (Strophantus combe, Erythroxilaceae) 

Å Digitoxin, digoxin (Digitalis purpurea, Scrophullariaceae)  

Å Oleandrin (Nerium oleander, Apocynaceae) 

Å Convalozid, Convalatoxin (Convallaria majalis, Liliaceae) 

Å Adoni toxin (Adonis vernalis, Ranunculaceae) 

Å Periplocinum (Periploca graeca, Apocynaceae) 

× Bufadienolides: 

ÅHelleborine (Helleborus odorus, Ranunculaceae) 

ÅScilaren (Allium maritimum, Liliaceae) 

 

Action: diuretic, emetic, insecticide 

Extremely toxic! 





6. Saponin glycosides (saponins) - with aglycone sapogenin   (ʉ 27) or 

triterpenes (ʉ30) 

Åform foam when  were shaken in aqueous solutions 

Åmake are complexes with cholesterol to form pores in cell membrane - result is 

hemolysis of red blood cells  

Molecule of sapogenin 



Action -  In plants, saponins may serve as anti-feedants, and to protect the plant against 

microbes and fungi 

Å Some plant saponins (e.g. from oat and spinach) may enhance nutrient absorption and 

aid  in animal digestion. 

Åsaponins are often bitter to taste, and so can reduce plant palatability (e.g., in livestock 

feeds), or even imbue them with life-threatening animal toxicity 

Å  Some saponins are toxic  to cold-blooded organisms and insects at particular 

concentrations  

Most saponins, which dissolve in water, are poisonous to fish 



Saponins were first  found in 

sea cucumber 



Plant  Sources of Saponins: 

Å corn cockle (Agrostemma githago (1), soapwort (Saponaria officinalis- 

family Caryophyllaceae) -  cause serious toxicity problems for grazing livestock 

Åfamily Sapindaceae, genus Sapindus (Soapberry or soapnut);     

Å family  Aceraceae (Maples) (2) ; 

Å family  Hippocastanaceae (horse chestnuts); 

Å ginseng or red ginseng (Panax, Araliaceae) -  in a form called ginsenosides ;  

Å soap bark (or soapbark) tree -  Quillaja saponaria (Quillajaceae) (3) 

Å alfalfa  (Medicago sativa - Fabaceae) (4) - cause bloating  in ruminants; 

chickpeas (Cicer arietinum), soybeans (Glycine max), and common beans 

(Phaseolus vulgaris ) 

 

 

1 

2 

3 

4 



Action:  

Å Role of surfactans  (compounds that lower the surface tension  (or interfacial tension) 

between two liquids or between a liquid and a solid) - can be used to enhance 

penetration of macromolecules such as proteins  through cell membranes 

Å used as adjuvants  in vaccines 

Å dietary  supplements and food ingredients  

Å have the unique ability to enhance immunity. 

Å used widely for their effects on ammonia emissions in animal feeding. The mode of 

action seems to be an inhibition of the urease enzyme, which splits up excreted urea in 

feces into ammonia and carbon dioxide. Animal trials have shown that a reduced 

ammonia level in farming operations causes less damages to the respiratory tract of 

animals, and may help to make them less vulnerable to diseases. 

Saponins drying action on the 

poultry litter 



Types of Saponins: 

× Steroidal saponins 

- Ruskogenin - mouse thorn (Ruscus aculeatus, Liliaceae) 

 - Diosgenin - Dioscorea sp. (Dioscoreaceae), Trigonella sp. (Fabaceae) 

Usage: basis for the synthesis of steroid  hormones and derivatives of cortisone   

× Triterpenoid saponins 

 -     Aescin - horse chestnut (Aesculus hippocastanum, Hyppocastanaceae) 

-  Saporubin - soapwort (Saponaria officinalis, Caryophyllaceae) 

-  Glycyrrhizin - liquorice (Glycirhiza glabra, Fabaceae) 

-  Primula saponin - primrose (Primula officinalis, Primulaceae) 

- Header saponin ï ivy (Hedera helix, Araliaceae) 

- Panax saponin - ginseng (Panax ginseng, Araliaceae) 

- Soyasapogenol  -  soybean  (Glycine max, Fabaceae) 

Action: antiplatelet, hypocholesterolemic, antitumoral, anti-HIV, immunoadjuvant, anti-

inflammatory, antibacterial, insecticide, fungicide and anti-leishmanial agents.  



  7. Iridoid glycosides - with aglycone iridoids (ʉ10). 

Iridoid molecule 

Iridomyrmex purpureus 

Action:  Found in many plants, Iridoids are very bitter in taste. These bitter principles 

stimulates the release of gastrin in the digestive system, which in turn stimulates the 

secretions of bile and other digestive chemicals. Iridoid glycosides have laxative and 

antimicrobial properties; have also very weak anti-inflammatory properties 



Aucubin - genus Plantago (Plantain -  (Plantaginaceae 

family) 

Harpagoside - genus Ajuga (Bugle - Lamiaceae family) 

Amarogentin, gentiopicrin (secoiridoides) ï genus 

Gentiana (Gentian - Gentianaceae family) 

Valtrate, isovalerate (valepotriates) -  genus Valeriana 

(Valerian - Valerianaceae family)  

Asperuloside - Galium aparine (Cleavers - Rubiaceae 

Family) 

Activity: cardiovascular, antihepatotoxic, choleretic, 

hypoglycemic, analgesic, antispasmodic, and purgative 

activities 

 

 

 

Gentian Family (Gentianaceae)  -  

one of the most bitter in taste  

families 



8. Tioglycosides (glucosinolates) - sulphur and nitrogen containing 

glucosides  

Examples: Mustard glycosides - Brassicaceae family  

Sinalbin - white mustard (Sinapis 

alba) 

 Sinigrin - black mustard (Sinapis nigra) 

Action: bile eviction, appetite exciting, diuretic, expectorant,  natural pesticides  

Sulphur 

http://en.wikipedia.org/wiki/File:Sinalbin_structure.png
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Cauliflower 

Brussels sprouts  

                  Mustard 



Pieris brassicae (Large white, cabbage butterfly) 

Anthocharis cardamines 

 (Orange tip) 

oviposits its eggs on these glucosinolate-

containing plants because they help the larvae 

survive 



  9. Cyanogenic glycosides - with aglycones cyanide group 

Cyanide group - 

construction 

Hydrogen cyanide - final product of cyanogenic glycosides 

degradation - one of the most potent, rapidly acting, poisons known. 

In cells of  humans and animals cyanides inhibit the oxidative 

processes causing them to die very quickly, because have the ability 

of linking with metals (Fe++, Mn++ and Cu++) that are functional 

groups of many enzymes, inhibiting processes like the reduction of 

oxygen in the cytochrome respiratory chain, electron transport in the 

photosynthesis, and the activity of enzymes like catalase, oxidase.   

Aside from death, acute cyanide toxicity at small doses can cause 

headache, tightness in throat and chest, and muscle weakness. 

Hydrogen cyanide is released from the cyanogenic glycosides when 

fresh plant material is macerated as in chewing, which allows 

enzymes and cyanogenic glycosides to come together, releasing 

hydrogen cyanide. This is called cyanogenesis. Cyanogenesis is 

the process by which plants produce hydrogen cyanide gas (HCN) 

to defend themselves against herbivores. HCN is poisonous not 

only to animals that eat plants, but to the plants themselves. To 

prevent poisoning themselves, the plants store cyanogenic 

glycosides in a vacuole of the cell and an enzyme that acts to 

produce HCN in a separate compartment. When the cell is 

damaged, the compartment walls are breached, allowing the 

reaction to take place. In this way, HCN is produced only when 

needed. Cyanogenic aren't all parts of plant. For example, common 

vetch store glycosides in seeds, lima bean in seeds and roots, 

sorghum in green parts, but fully-grown seeds not. 

 Plant cyanogenesis is a common 

process and has been documented in 

>3,000 different plant species distributed 

over ~110 different families of ferns, 

gymnosperms, and angiosperms. Of 

these plants, ~300 species are potential 

causes of acute and chronic cyanogenic 

glycoside poisoning, and there are ~75 

different cyanogenic glycosides  

http://en.wikipedia.org/wiki/File:Hydrogen-cyanide-2D.svg


Biological effects 

 
The most important biologic effect is cytochromoxidase inhibiton as enzyme 

necessary for tissular breathing. Others enzymes and biochemical processes 

are influenced too - directly or indirectly. The most affected is system central 

nervous and heart. Primary symptoms are more intensive breathing, peripheral 

anesthesia, next is totter, breathing difficulties, tetany convulsions, paralysis 

and death. Aside from death, acute cyanide toxicity at small doses can cause 

headache, tightness in throat and chest, and muscle weakness. 

 

Monogastric animals particularly fission cyanogenic glycosides. Hydrogen 

cyanide is degraded by microflora in large intestine (optimal pH for enzymes is 

4.0 - 6.2) There is wide difference between animal races and individuals too. 

Very resistant are e.g. rats. Chronical intoxication was detected in pigs fed by 

untreated cassava, which contented 500 mg/kg of hydrogen cyanide. There is a 

little data about poultry, performance probably degrease with content of HCN 

higher than 100 mg/kg. 

 

Many rumen bacteria can hydrolyze cyanogenic glycosides in ruminants, 

whereas effectivity level depends on kind of glycoside - risk is mainly Prunasin - 

and feed ration character. Therefore ruminants are more sensitive to 

cyanogenic glycosides than other animals. It depends on race, category and 

size of animal, kind of feed intake along with toxic forage and animal 

detoxication ability. 

 

There are at least two forms of chronic cyanide poisoning in domestic animals: 

1) hypothyroidism due to disruption of iodide uptake by the follicular thyroid cell 

sodium-iodide symporter by thiocyanate, a metabolite in the detoxification of 

cyanide, and 2) chronic cyanide and plant cyanide metabolite (eg, various 

glutamyl ɓ-cyanoalanines) ï associated neuropathy toxidromes (eg, equine 

sorghum cystitis ataxia syndrome, cystitis ataxia syndromes in cattle, sheep, 

and goats). 

 

Human oral lethal dose is 0.7 

- 3.5 mg/kg body weight, 

sheep 2.0 - 2.4 mg/kg live 

weight. Cattle with body 

condition score 3 or more are 

more resistant to HNC than 

slimmer animals. The first 

ones can have intake of HCN 

on level of 50 mg/kg live 

weight without poisoning 

symptoms, the second ones 

have poisoning symptoms in 

much lower intake. 



Amygdalin (vitamin B 17) - poisonous cyanogenic glycoside found in many plants, but most 

notably in the seeds (kernels) of apricot, bitter almonds, apple, peach, and plum (Rosaceae 

family) 

Food Sources of Cyanogenic Glycosides and Amount of hydrogen 

cyanide (HCN) Produced 

Plant mg/100 g HCN Glucoside 

Bitter almonds 250 Amygdalin 

Cassava root 53 Linamarin 

Whole sorghum 250 Dhurrin 

Lima bean 10-312 Linamarin 

Since the early 1950s, both amygdalin and a modified form named laetrile have been 

promoted as alternative cancer treatments, often using the misnomer Vitamin B17. 

But studies have found them to be clinically ineffective in the treatment of cancer, as well as 

potentially toxic or lethal when taken by mouth, due to cyanide poisoning. Neither amygdalin 

nor laetrile is a vitamin. 

 

The promotion of laetrile to treat cancer has been described in the medical literature as a 

canonical example of quackery, and as "the slickest, most sophisticated, and certainly the 

most remunerative cancer quack promotion in medical history." 



!!! Many plant species contain cyanogenic glycosides, and most of them are edible!!!!!:  

Å CG-containing taxa is at least 2500, and a lot of such taxa belong to families Fabaceae, 

Rosaceae, Linaceae, Asteraceae and others. 

 
Å 25 known cyanogenic glycosides and these are generally found in the edible parts of plants, 

such as apples, apricots, cherries, peaches, plums, quinces, particularly in the seed!! of such 

fruits. The chemicals are also found in almonds, stone fruit, pome fruit, cassava, bamboo 

shoots, linseed/flaxseed, lima beans, coco yam, chick peas, cashews, and kirsch.  

Stone fruits 



Manihot esculenta - Cassava  

Cassava is the third-largest source of food carbohydrates in the tropics, after sugarcane and sugar beets - and 

root and leaves are full of cyanogenic glycosides! 

!!! Hydrogen cyanide is also known as prussic acid, and cyanide salts liberate cyanide gas in the presence of 

acids (eg, in the stomach). Cyanide preparations are still used as vertebrate pest control agents for control of feral 

pigs, fox, Australian brush-tailed possums, and other pest or predator species in a number of countries. Cyanide 

salts are still used as killing agents in entomology and (illegally) as a method of fishing and/or collection of 

aquarium fish species (ie, cyanide fishing). Combustion of common polyacrylonitriles (plastics), wool, silk, keratin, 

polyurethane (insulation/upholstery), melamine resins (household goods), and synthetic rubber results in the 

release of cyanide gas. Car fires are notorious sources of cyanide exposure, and cyanide is also a notable 

component of internal combustion engine exhaust and tobacco smoke. Carbon monoxide poisoning with cyanide 

gas is thus an extremely common component of smoke inhalation toxidromes!!!  



Prunazin - figwort family (Scrophullariaceae) 

Sambunigrin - coffee family (Rubiaceae) 

Linamarin -  flax family (Linaceae) 

Durin - grasses  family (Poaceae) - Sorghum bicolor 

Contents of  Cyanicogenic glycosides in 

Eucalyptus globulus leaf 

Inflorescence of Sambucus nigra 



Table 1  

List of plant species from the Forestry Reserve on the Doralice Farm, Ibipor«, PR, Brazil assayed for the presence of cyanogenic glycosides  

 
FAMILY                               SPECIES                   COMMOM NAME                                        VEGETATIVE PART  

Acanthaceae            Justicia brasiliana                       Junta-de-cobra-vermelha                           Leaf  

Alismataceae            Echinodorus grandiflorus             Chap®u-de-couro                                      Leaf  

Apocynaceae   Aspidosperma polyneuron   Peroba-rosa  `         Leaf  

Bombacaceae   Chorisia speciose    Paineira    Leaf  

Caesalpinaceae   Bauhinia forticata   Pata-de-vaca    Leaf 

 Caesalpinaceae   Holocalyx balansae   Alecrim    Leaf  

Capparidaceae   Capparidastrum sp      Leaf  

Cecropiaceae   Cecropia glazioui    Emba¼ba    Leaf  

Cecropiaceae   Cecropia pachystachya   Emba¼ba    Leaf  

Euphorbiaceae   Croton floribundus   Capixingui    Leaf  

Fabaceae   Lonchocarpus guilleminianus   Embir§-branca    Leaf  

Fabaceae   Machaerium hatschbachii   Cavi¼na    Leaf  

Lauraceae   Endlicheria paniculata   Canela-de-frade    Leaf 

 Lauraceae   Nectandra megapotamica   Canela-preta    Leaf  

Lauraceae   Ocotea indecora    Canela    Fruit 

 Malvaceae   Bastardiopsis densiflora      Peduncle  

Melastomataceae  Miconia discolor    Pixirica    Leaf 

 Meliaceae   Cabralea canjerana   Canjerana, canjaran   Fruit  

Meliaceae   Guarea kunthiana   Figo-do-mato    Fruit/seed/leaf  

Meliaceae   Guarea macrophylla   Ata¼ba    Fruit 

 Meliaceae   Trichia casaretti    Catigu§-vermelho   Fruit  

Meliaceae   Trichilia catigua    Catigu§    Leaf  

Meliaceae   Trichilia elegans    Pau-ervilha    Leaf 

 Meliaceae   Trichilia pallida    Baga-de-morcego   Leaf  

Mimosaceae   Acacia polyphylla    Monjoleiro    Leaf 

 Mimosaceae   Anadenanthera colubrine   Angico    Leaf  

Mimosaceae   Inga marginata    Ing§-mirim    Leaf 

 Mimosaceae   Inga striata    Ing§-banana    Leaf  

Mimosaceae   Piptadenia gonoacantha   Pau-jacar®    Leaf  

Moraceae   Ficus guaranitica   Figo-do-mato    Fruit  

Moraceae   Sorocea bomplandi   Falsa espinheira-santa   Leaf  

Myrsinaceae   Rapanea umbellata   Capororoca    Leaf  

Nyctaginaceae   Bougainvillea spectabilis   Primavera    Leaf  

Nyctaginaceae   Pisonia aculeate    Pega-pinto    Fruit  

Phytolaccaceae   Galesia intergrifolia   Pau-dôalho    Leaf  

Piperaceae   Piper sp Leaf  

Rubiaceae   Palicourea sp       Leaf  

Rutaceae   Baufourodendron   Riedelianum Pau-marfin   Leaf  

Rutaceae   Pilocarpus pennatifolius   Cutia-branca, jaborandi   Leaf  

Rutaceae   Zanthoxylum riedelianum   Mamica-de-porca    Leaf  

Sapotaceae   Crysophyllum gonocarpum   Guatamb¼-de-leite   Leaf 

 Simaroubaceae   Picramnia ramiflora   Cedrilho, cedrinho   Leaf  

Verbenaceae   Aegiphila sp       Leaf  

Verbenaceae   Vitex megapotamica   Tarum«    Leaf  

Violaceae   Hybanthus biggibosus         Leaf 



ɯɯ. Tannins - complex nitrogen- free organic compounds with 

many hydroxyl groups 

Molecule of tannic acid 



Basic property of tannins - 

precipitation of proteins and 

nucleic acids. 

Tanning is the process of treating 

skins and hides of animals - 

removing the flesh and fat to produce 

leather 





Types of tannins: 

1. Hydrolizable tannins - with a strong astringent action 

V Gallotannins - Gallic acid , digallic acid   

 

 

 

 

 

 

 

V Ellagotanins - leaves of sumac, madder, alder, walnut, oak and oak galls 

 

 

 

 

 

! Hydrolizable tannins are toxic to ruminants -  they complex with  proteins, starch, 

cellulose and minerals. In digestive system of ruminants microbial metabolism and 

gastric digestion convert hydrolizable tannins into absorbable low molecular weight 

metabolites, some of these are toxic.  

 

!Tannins negatively affect an animal's feed intake, feed digestibility, and efficiency of 

production, but they are toxic for many stomach and rumen bacteria and parasites. 

Action: anti-parasitic (anthelmintic) 



2. Condensed tannins - catechins and gallocatechins 

Acacia catechu (Fabaceae Family) 

Å In plants - catechin tannins accumulate in large quantities in the meristem cells of the roots of certain species to 

inhibit the growth of neighboring species -  allelopathy (interspecies relationships). Catechin tannins  sources: 

strawberry leaves, persimmon, pomegranate, hazelnuts; fir bark, acacia, chestnut, coffee, tea, wine, beer, 

chocolate.  

Å Condensed tannins are not absorbed by the digestive tract, they may damage the mucosa of the 

gastrointestinal tract, decreasing the absorption of nutrients, and may reduce the absorption of essential amino 

acids. Both, condensed and hydrolizable tannins, reduce the effectiveness of the digestive process in animals 

gut by inhibiting digestive enzymes.  

Å For monogastrics animals a diets with a level of tannins under 5% lead to depressed growth rates, low protein 

utilization, damage to the mucosal lining of the digestive tract, alteration in the excretion of certain cations, and 

increased excretion of proteins and essential amino acids.  

   ! Levels of tannins above 5% of the diet are often lethal ! 

   ! Moderate levels of tannins (less than 4% ) in forage legumes can have beneficial responses in ruminants, 

resulting in higher growth rates and milk yield! 

 ! For humans - The tannins are easily 

connected with ions of metals (Fe +) -  

drinking large  amounts of wine may cause 

iron deficiency anemia. 



Roots and bark of plants - sources of 

tannins 



Freshwater dolphins in tannins 

saturated waters of the 

Amazon River 



ɯɯɯ. Alkaloids - nitrogen - containing organic compounds of alkaline nature. 

They are synthesized from amino acids or organic acids. 

Types:  

ÅTrue alkaloids 

Å Proto alkaloids  

Å Pseudo alkaloids 

 1. True alkaloids: 

Å  Pyridine 

Å  Piperidine 

Å  Tropane 

Å  Quinoline 

Å  Isoquinoline 

Å  Quinolizidine 

Å  Indole 



  True alkaloids  - heterocyclic ringed, with nitrogen containing nucleus, which 

is unsaturated, formed from amino acids 

Å Pyridine alkaloids  

Nicotine, anabazin - tobacco (Nicotiana tabacum, Solanaceae); trigonelline - 

fenugreek (Trigonella foenum - graecum, Fabaceae) 

Action: affect  the nervous system by 

blocking autonomic ganglia and 

neuromuscular junctions 

Poisoning in livestock progresses in: 

Åexcitement 

Åshaking and  twitching 

Årapid breathing 

Åstaggering 

Åweakness and prostration 

Åcoma 

Ådescending paralysis of the central nervous 

system to death by respiratory failure. 

Deformed offspring due to ingestion of the anabasine alkaloid in tobacco have been 

documented in cattle, sheep, and swine.  



Nicotine  - pyridine alkaloid produced in large quantities in the tobacco plant 

(Nicotiana tabacum), but is also found in lower concentrations in other species such as 

the potato, tomato, and pepper. Like the tropanes, it acts on cholinergic neurons, but 

with the opposite effect -  as a stimulant in mammals, which causes the dependency in 

smokers.  



Å Piperidine alkaloids - identified by their saturated heterocyclic ring, i.e., piperidine 

nucleus.  

Poison hemlock   

Conium maculatum 

(Apiaceae) 

Action:  acutely toxic to adult 

livestock species and 

produce musculoskeletal 

deformities in neonatal 

animals, and also affect the 

nervous system. 

Poisoning in livestock 

progresses in: muscle 

weakness, tremors, 

incoordination and mydriasis, 

followed by bradycardia, 

depression, coma and death 

from respiratory failure 

Toxic dosages: 

ÅSwine (1g of C. maculatum seed/kg lw given orally) - Lethal 

ÅCattle(3.3 mg coniine/kg lw given orally) - Severe toxic signs 

ÅHorses (15.5 mg coniine/kg lw given orally) - Severe toxic signs 

ÅSheep s(44 mg coniine/kg lw given orally) - Moderate toxic signs 



Examples: Sedamin - yellow sedum (Sedum acre, Crassulaceae) 

Lobeline -Indian tobacco (Lobelia inflate, Campanulaceae) 

Piperine - black pepper (Piper nigrum, Piperaceae) 

Isopeletierin - pomegranate (Punica granatm, Punicaceae)  

 

Plant sources: poison hemlock (Conium maculatum), lupine (Lupinus spp.), and 

tobacco (Nicotiana tabacum)  

Sedum acre 
Lobelia inflata 



Å Tropane alkaloids -  contain tropane ring   

Tropane 

molecule 

http://en.wikipedia.org/wiki/File:Tropane_numbered.svg


Contamination of feed with Datura seeds is most likely to occur in oil-producing crops, 

particularly in soybeans and linseed.  

Jimson weed seeds  (Datura 

stramonium)  

All tropane alkaloids are extremely poisonous. 

Sympoms include thirst, mydriasis (dilation of the 

pupils) and associated vision impairment, 

hallucinations and loss of consciousness which 

can rapidly lead to death. Mild poisoning 

symptoms are dryness of skin and dehydration. 

Mandrake (Mandragora officinarum) 



× Atropine group (Solanaceae  family) - solanine, atropine, scopolamine, 

hyoscyamine: potato, datura, belladonna, henbane 

Action: anticholinergics (block the neurotransmitter acetylcholine in the central and the 

peripheral nervous system) or stimulant (increase activity of the body)   

Usage: sedative, anticonvulsant, pesticide 

All of these plants have long histories of 

hallucinogenic use and have been 

connected with sorcery, witchcraft, 

native medicine, and magico-religious 

rites dating back to 1500 BC and 

Homer's Odyssey.  

 

(Homer's use of the plant  moly as an 

antidote to Circe's poisonous 

anticholinergic drugs may have been the 

first recorded use of an 

anticholinesterase to reverse central 

anticholinergic intoxication.) 



× Cocaine group (Erythroxylaceae family) - cocaine, ecgonine : leaves of 

the coca bush (Erythroxylon coca)   

Action: strong CNS stimulant, local anesthetic, narcotic 



Å  Quinoline alkaloids - derivatives from amino acid L-tryptophan 

    Echinopsin - globe thistles (Genus Echinops , Asteraceae) 

Dictamin -  Gasplant (Dictamnus albus, Rutaceae) 

Quinine, cinchonine - Cinchona (Cinchona succirubra, Rubiaceae) 

Quinine is a medication used  

for  treatment of malaria  

and babesiosis.  



Action: antimalarial, digestive aid, antiparasitic, antispasmodic, and 

antipyretic 

Application of quinine 

Cinchona is used for increasing appetite; 

promoting the release of digestive juices; and 

treating bloating, fullness, and other stomach 

problems. It is also used for blood vessel 

disorders including hemorrhoids, varicose 

veins, and leg  and muscle cramps.  

! Quinine can cause unpredictable serious and life-threatening blood and cardiovascular 

reactions including low platelet count, cardiac arrhythmias, leukopenia,  neutropenia,  

kidney failure. 

http://en.wikipedia.org/wiki/File:Quinine.svg


Å Isoquinoline alkaloids - 130 types are known  

× Opium group (Papaveraceae family) - papaverine, morphine, codeine, thebaine, 

glaucine, heliotropin, chelidonine, protopin, berberine, sanguinarine  

Plant Sources: Cactaceae family, Goosefoot family (Chenopodiaceae),  Buddleia family 

(Loganiaceae),  Bean family (Fabaceae), Musaceae family, Water lilies family 

(Nympheaceae), and Cacao family (Sterculiaceae)  

Common poppy 

Action: analgesic, antitussive, sedative, narcotic 

Hypnotic (depressant) subgroup: morphine, 

codeine, narceine 

Convulsant (stimulant)  subgroup: papaverine, 

narcotine, thebaine 



× Amarillide group (Amaryllidaceae  family) - galantamine, nivalin, likorin 

 

Action: to treatment  atony to digestive canal and uterus; paresis, paralysis and 

muscular dystrophy - sensory and motor dysfunction associated with disorders of the 

central nervous system, memory impairments, in particular those of vascular origin.  

 

In plants - Lycorine is a powerful inhibitor of 

cell growth, cell division and organogenesis 

in higher plants, and algae.  



× Curare alkaloids: tubocurarine, alferin, toxiferin  - Strychnos toxifera (Loganiaceae)  

Action: muscle relaxant - causes paralysis of smooth muscles 

The poisonous principles include competitively 

and reversibly inhibiting the nicotinic acetylcholine 

receptors, located at the places of neuromuscular 

junctions. This causes weakness of the skeletal 

muscles and, when administered in a sufficient 

dose, eventual death by asphyxiation due to 

paralysis of the diaphragm. 

Aboriginal  people from South America use 

curare as a paralyzing poison. 


