Classification of secondary metabolites
1-Alkaloids
Alkaloids are among the most important and diverse classes of secondary metabolites. They are widely distributed in plants, fungi, bacteria, and even marine organisms. Chemically, alkaloids are defined as naturally occurring organic compounds that contain nitrogen atoms, usually within heterocyclic rings, and often exhibit strong biological activity. 
General Characteristics
• Alkaloids are nitrogen‑containing organic compounds, often with oxygen, sulfur, and other elements.
• They are typically basic (alkaline) in nature, hence the name “alkaloid.”
• Most alkaloids are heterocyclic, meaning the nitrogen atom is part of a ring structure.
• They are usually colorless, crystalline solids, bitter in taste, and physiologically active.
• Found mainly in plants (especially seeds, roots, bark, and leaves), but also produced by fungi, bacteria, yeasts, and algae.
Classification of Alkaloids
Alkaloids are classified based on their chemical structure and biosynthetic origin.
A- By Chemical Structure
• Pyridine alkaloids → Nicotine (from tobacco).
• Quinoline alkaloids → Quinine (from cinchona bark).
• Isoquinoline alkaloids → Morphine, Codeine (from opium poppy).
• Indole alkaloids → Strychnine, Vinblastine (from Catharanthus roseus).
• Tropane alkaloids → Atropine, Cocaine (from Atropa belladonna and coca leaves).
• Steroidal alkaloids → Solanine (from potatoes, tomatoes).

B- By Biosynthetic Origin
• Shikimate pathway → Indole alkaloids (tryptophan derived).
• Acetate pathway → Some alkaloids with polyketide origins.
• Mevalonate pathway → Terpenoid alkaloids (taxol, diterpenoid alkaloids).
• Mixed pathways → Ergot alkaloids (shikimate + acetate).

Ecological and Physiological Roles
• Defense against herbivores → Bitter taste and toxicity deter feeding.
• Antimicrobial activity → Protect plants and microbes from pathogens.
• Allelopathy → Released into soil to inhibit growth of competing plants.
• Signaling molecules → Some alkaloids act in plant–microbe interactions.
• Storage of nitrogen → Serve as reservoirs of nitrogen in plants.
Applications of Alkaloids
Alkaloids are among the most important natural products in medicine, agriculture, and industry.
1-Medical Applications
• Analgesics → Morphine, Codeine.
• Antimalarials → Quinine.
• Cardiovascular drugs → Reserpine, Digoxin (glycoside‑alkaloid hybrids).
• Anticancer agents → Vinblastine, Vincristine.
• Neurological drugs → Atropine (anticholinergic), Scopolamine.
2-Agricultural Applications
• Natural pesticides → Nicotine, Rotenone.
• Growth regulators → Certain alkaloids influence plant development.
3-Industrial Applications
• Flavorings and stimulants → Caffeine, Theobromine (from tea, coffee, cocoa).
• Dyes and tannins → Some alkaloids contribute to coloration.


2-Glycosides
Glycosides are a major class of secondary metabolites found widely in plants, microorganisms, and some animals. They are defined as compounds consisting of a sugar molecule (glycone) bound to a non‑sugar molecule (aglycone) through a glycosidic bond. This structural feature gives glycosides unique chemical properties and diverse biological activities. 


General Characteristics
• A glycoside is formed when the hydroxyl group of a sugar reacts with the hydroxyl group of another compound (aglycone).
• The glycone (sugar part) enhances solubility and transport.
• The aglycone (non‑sugar part) determines biological activity.
• Glycosides are often stored in plant tissues in inactive form and activated upon tissue damage.
• They are usually colorless, crystalline compounds with bitter taste.
 Classification of Glycosides
A- By Aglycone Type
• Cardiac glycosides → Digoxin, Digitoxin (from Digitalis species).
• Cyanogenic glycosides → Amygdalin (from bitter almonds), release hydrogen cyanide.
• Saponins → Found in Glycyrrhiza (licorice), produce foam in water.
• Anthraquinone glycosides → Laxative effect, found in senna.
• Flavonoid glycosides → Pigments in flowers and fruits.
B-By Sugar Type
• Glucosides → contain glucose.
• Rhamnosides → contain rhamnose.
• Galactosides → contain galactose.
Ecological and Physiological Roles
• Defense against herbivores → Cyanogenic glycosides release toxic hydrogen cyanide when plant tissue is damaged.
• Antimicrobial activity → Saponins disrupt microbial membranes.
• Pigmentation and signaling → Flavonoid glycosides attract pollinators and aid in plant–microbe interactions.
• Storage → Glycosides act as reservoirs for sugars and bioactive aglycones.

Applications of Glycosides
1- Medical Applications
• Cardiac therapy → Digoxin and digitoxin strengthen heart contractions.
• Anticancer potential → Certain glycosides show cytotoxic activity.
• Laxatives → Anthraquinone glycosides from senna.
• Anti‑inflammatory → Saponins and flavonoid glycosides.
2-Agricultural Applications
• Natural pesticides → Cyanogenic glycosides deter herbivores.
• Growth regulators → Some glycosides influence plant development.
3-Industrial Applications
• Foaming agents → Saponins used in beverages and cosmetics.
• Pigments and dyes → Flavonoid glycosides contribute to coloration.

Biosynthetic Origin of Glycosides
Glycosides are formed when a sugar unit (glycone) is attached to a non‑sugar molecule (aglycone). Their biosynthesis combines primary metabolism (sugar formation) with secondary metabolism (bioactive aglycone formation).

Step‑by‑Step Origin (simple form)
1. Sugar part (glycone)
• Comes from primary metabolism (carbohydrate pathways like glycolysis).
• Common sugars: glucose, rhamnose, galactose.
• These sugars provide solubility and transport.
2. Aglycone part (non‑sugar) 
• Originates from secondary metabolic pathways:
• Shikimate pathway → aromatic aglycones (phenolics, flavonoids).
• Acetate pathway → polyketide aglycones (anthraquinones).
• Mevalonate pathway → terpenoid aglycones (cardiac glycosides).
3. Linkage (glycosidic bond) 
• Enzymes called glycosyltransferases attach the sugar to the aglycone.
• This bond stabilizes the compound and often stores it in inactive form until needed.
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