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Pharmacognosy and Phytochemistry - ii 

Unit 4 

toPic :  

 Industrial production, estimation and utilization of the following 

phytoconstituents : Forskolin, Sennoside, Artemisinin, Diosgenin, 

Digoxin, Atropine, Podophyllotoxin, Caffeine, Taxol, Vincristine 

and Vinblastine 



 Forskolin 
 Forskolin is a diterpenoid compound obtained from the roots of Coleus 

forskohlii (also known as Plectranthus barbatus), belonging to the 
family Lamiaceae (Labiatae). 

 It is one of the most important labdane-type diterpenes, known for its 
unique ability to activate adenylate cyclase enzyme, which increases 
the intracellular level of cyclic AMP (cAMP). 

 Due to this mechanism, Forskolin exhibits several therapeutic and 
pharmacological effects, making it useful in pharmaceutical and 
research industries. 

Source 
 Biological Source: Coleus forskohlii (Roots) 
 Family: Lamiaceae 
 Active Constituent: Forskolin 
 Chemical Nature: Diterpenoid (Labdane-type) 
 Molecular Formula: C₂₂H₃₄O₇ 
 Molecular Weight: 410.50 g/mol 

Industrial Production of Forskolin 

The production of forskolin on an industrial scale involves several stages — 
from plant cultivation to extraction, isolation, and purification. 

A. Plant Cultivation 

1. Plant Material: 
o Coleus forskohlii is propagated through stem cuttings or tissue 

culture. 
o It grows well in tropical and subtropical climates with well-

drained sandy soil. 
2. Harvesting: 

o Roots are harvested after 10–12 months when forskolin content 
is maximum. 

o The dried roots contain about 0.1–0.3% forskolin. 



B. Extraction Process 

1. Drying and Powdering: 
o Collected roots are cleaned, shade-dried, and ground into 

coarse powder. 
2. Solvent Extraction: 

o The powdered roots are extracted using ethanol or methanol in 
a Soxhlet apparatus or industrial extractor. 

o Extraction is continued for several hours to ensure complete 
removal of diterpenoids. 

3. Concentration: 
o The extract is filtered and concentrated under reduced 

pressure using a rotary evaporator. 
4. Fractionation: 

o The concentrated extract is dissolved in chloroform or ethyl 
acetate, then washed with water to remove impurities. 

o The organic layer is separated and evaporated. 
5. Purification: 

o Purified by column chromatography using silica gel as 
stationary phase and chloroform:methanol (9:1) as the mobile 
phase. 

o Fractions containing forskolin are identified by TLC and pooled 
together. 

6. Crystallization: 
o Pure forskolin is obtained as colorless crystalline compound by 

recrystallization from acetone or ethanol. 

  



Estimation of Forskolin 

 Estimation or quantitative determination is carried out to ensure 
quality control and standardization of forskolin-containing 
preparations. 

A. TLC (Thin Layer Chromatography) 
 Stationary phase: Silica gel G 
 Mobile phase: Toluene : Ethyl acetate : Formic acid (7:3:0.5) 
 Detection: Under UV light at 366 nm or by spraying with vanillin-

sulfuric acid reagent (violet spot). 
 Rf value: 0.45 (approx.) 

B. UV-Visible Spectrophotometric Method 
1. Prepare ethanolic solution of forskolin. 
2. Measure absorbance at λmax = 320 nm. 
3. Calculate concentration using Beer–Lambert’s law. 
4. This method is simple, economical, and suitable for preliminary 

estimation. 

C. HPLC Method (High Performance Liquid Chromatography) 
 Column: C18 reverse-phase 
 Mobile Phase: Acetonitrile : Water (70:30) 
 Flow Rate: 1.0 mL/min 
 Detection Wavelength: 220 nm 
 Retention Time: 6–8 minutes (depends on system) 
 Application: Quantitative determination in plant extracts and 

formulations. 

D. HPTLC Method 
 Mobile Phase: Toluene : Ethyl acetate : Formic acid (6:4:0.2) 
 Detection Wavelength: 254 nm 
 Purpose: Used for simultaneous estimation of forskolin and other 

diterpenoids in Coleus forskohlii extracts. 



Utilization of Forskolin 

 Forskolin has multiple pharmacological, therapeutic, and industrial 
applications due to its unique mechanism of increasing cyclic AMP 
(cAMP) levels in cells. 

A. Pharmacological Uses 
1. Antihypertensive: 

o Relaxes smooth muscles in blood vessels and lowers blood 
pressure. 

2. Antiglaucoma: 
o Reduces intraocular pressure; used in ophthalmic preparations. 

3. Antiasthmatic: 
o Relaxes bronchial smooth muscle by increasing cAMP levels. 

4. Cardiotonic: 
o Increases contractility of cardiac muscle and improves heart 

function. 
5. Weight Management: 

o Enhances lipolysis (breakdown of fat) by activating hormone-
sensitive lipase. 

6. Antiplatelet and Vasodilator: 
o Inhibits platelet aggregation and improves blood circulation. 

7. Anticancer and Anti-inflammatory: 
o Modulates signaling pathways involved in inflammation and 

cell proliferation. 

B. Industrial and Research Applications 
 Used as a biochemical tool for studying cAMP-mediated cell 

signaling. 
 Incorporated in herbal formulations and dietary supplements for 

obesity and heart health. 
 Utilized in cosmetic industries for skin toning and metabolic 

enhancement products. 
 Being explored in biotechnological research for tissue culture 

enhancement and cell metabolism studies. 



Sennosides 

 Sennosides are anthraquinone glycosides obtained mainly from the 
leaves and pods of Cassia angustifolia (Indian Senna) and Cassia 
acutifolia (Alexandrian Senna). 

 They are natural stimulant laxatives, widely used in pharmaceutical 
preparations to relieve constipation. 

 The most active constituents are Sennoside A and Sennoside B. 
 These compounds act on the large intestine to stimulate peristaltic 

movement and promote bowel evacuation. 

Source and Chemical Nature 

Feature Description 
Biological Source Dried leaves and pods of Cassia angustifolia and 

Cassia acutifolia 
Family Fabaceae (Leguminosae) 
Active Principles Sennoside A, B (main); C, D (minor) 
Chemical Nature Anthraquinone glycosides (Dianthrone type) 
Molecular Formula 
(Sennoside A) 

C₄₂H₃₈O₂₀ 

Molecular Weight 862.74 g/mol 

Industrial Production of Sennosides 

 The industrial production of sennosides involves several stages — from 
cultivation of Senna plants to extraction and purification of active 
glycosides. 

A. Plant Cultivation 

1. Plant Source: 
o Cassia angustifolia (Indian Senna) is cultivated in tropical and 

subtropical regions, mainly in India, Egypt, and Sudan. 
2. Cultivation Conditions: 



o Requires warm climate, sandy loam soil, and good drainage. 
o Propagated by seeds. 

3. Harvesting: 
o Leaves are harvested 4–6 months after planting. 
o Pods are collected when mature and dried in shade. 
o Dried material contains about 2–3% sennosides. 

B. Extraction Process 

1. Drying and Powdering: 
o Dried leaves/pods are powdered to increase surface area. 

2. Extraction: 
o The powdered drug is extracted with hot water, ethanol, or 

hydroalcoholic solvents (70% ethanol). 
o Industrially, percolation or Soxhlet extraction is used for 

efficiency. 
3. Filtration and Concentration: 

o The extract is filtered and concentrated under reduced 
pressure to form a syrupy mass. 

4. Precipitation of Impurities: 
o The concentrate is treated with lead acetate or activated 

charcoal to remove unwanted pigments and impurities. 
5. Isolation of Sennosides: 

o The purified extract is adjusted to acidic pH and extracted with 
n-butanol or ethyl acetate. 

o The organic layer is separated and evaporated to obtain crude 
sennosides. 

6. Purification: 
o Crude product is recrystallized from ethanol or methanol to 

yield pure Sennoside A and B. 

 

Estimation of Sennosides 



 Estimation is important for standardization, quality control, and dose 
determination in pharmaceutical formulations. 

A. Chemical Tests 
1. Bornträger’s Test: 

o The sample is hydrolyzed with dilute HCl, extracted with 
benzene, and shaken with ammonia. 

o A pink to red color appears, indicating anthraquinone 
derivatives. 

2. Modified Bornträger’s Test: 
o Performed for C-glycosides (like sennosides) using ferric 

chloride and hydrochloric acid before extraction. 
o Produces rose-red color in the ammoniacal layer. 

B. TLC Identification  
Parameter Description 

Stationary 
Phase 

Silica gel G 

Mobile Phase Ethyl acetate : Methanol : Water (100:17:13) 
Detection Under UV light at 254 nm or spraying with 10% KOH 

(pink-orange spot) 
Rf Value 0.5–0.6 (for Sennoside A) 
C. UV-Visible Spectrophotometric Estimation 

1. Extract Sennosides in aqueous methanol. 
2. Measure absorbance at λmax = 270–275 nm. 
3. Apply Beer–Lambert’s law for concentration determination. 
4. Used for routine analysis in herbal standardization labs. 

D. HPLC Method 
 Column: C18 reverse-phase 
 Mobile Phase: Acetonitrile : 0.1% Orthophosphoric acid in water 

(30:70) 
 Flow Rate: 1 mL/min 
 Detection: UV at 270 nm 
 Retention Time: ~6–10 min (depending on system) 

Utilization of Sennosides 



A. Medicinal Uses 

1. Stimulant Laxative: 
o Acts on the large intestine to stimulate peristalsis and promote 

defecation. 
o Used in constipation and bowel preparation before surgery. 

2. Treatment of Piles and Anal Fissures: 
o Helps in softening stools and reducing strain during defecation. 

3. Detoxification Therapies: 
o Used in Ayurvedic formulations for body cleansing and detox. 

4. Pharmaceutical Preparations: 
o Available as Senokot®, Ex-Lax®, Cremaffin Plus, etc. 
o Formulated as tablets, granules, syrups, and teas. 

B. Industrial and Research Uses 

 Used in standardization of herbal drugs containing anthraquinone 
glycosides. 

 Employed as a marker compound in quality control of Senna 
extracts. 

 Studied for its structure–activity relationship (SAR) in drug design. 
 Used in the formulation of laxative and detox products in the herbal 

and nutraceutical industries. 

  



Artemisinin 

 Artemisinin is a sesquiterpene lactone endoperoxide compound 
obtained from the plant Artemisia annua (family: Asteraceae). 

 It is one of the most important antimalarial phytoconstituents, 
especially effective against Plasmodium falciparum, including 
chloroquine-resistant strains. 

 Due to its potent activity and limited natural availability, large-scale 
industrial production and semi-synthetic routes have been developed. 

Source 

 Botanical Source: Artemisia annua L. (Sweet wormwood) 
 Family: Asteraceae 
 Plant Part Used: Leaves and flowering tops 
 Active Constituent: Artemisinin (C₁₅H₂₂O₅) 

Industrial Production 

A. Cultivation of Source Plant 
 Artemisia annua is cultivated in tropical and subtropical regions 

such as China, India, Vietnam, and Africa. 
 Requires warm climate and well-drained soil. 
 The plant is harvested at the pre-flowering stage when artemisinin 

content is maximum. 

B. Extraction Process 
1. Drying and Powdering: 

o The aerial parts are shade-dried and powdered. 
2. Solvent Extraction: 

o Extracted using non-polar solvents like hexane, petroleum 
ether, or dichloromethane. 

3. Concentration: 
o Solvent is evaporated under reduced pressure to obtain a crude 

extract. 



4. Purification: 
o Crude extract is purified by column chromatography or 

recrystallization to isolate pure artemisinin crystals. 

C. Semi-Synthetic Production 
 Due to limited natural yields (0.01–1%), biotechnological production 

is used: 
o Microbial fermentation using genetically engineered 

Saccharomyces cerevisiae (yeast) produces artemisinic acid, 
which is chemically converted to artemisinin. 

o This method is cost-effective and sustainable for large-scale 
production. 

Estimation of Artemisinin 

A. Spectrophotometric Method 

 Principle: Measurement of UV absorbance at 260 nm after 
derivatization. 

 Reagent Used: Sodium hydroxide or acidic solution for 
derivatization. 

 Application: Useful for routine estimation in plant extracts and 
formulations. 

B. High-Performance Liquid Chromatography (HPLC) 

 Column: C18 reverse-phase column 
 Mobile Phase: Acetonitrile:Water (70:30) 
 Detection: UV detector at 210 nm 
 Purpose: Quantitative determination of artemisinin and related 

derivatives with high precision. 

C. TLC (Thin Layer Chromatography) 

 Stationary Phase: Silica gel G 
 Mobile Phase: Toluene:Ethyl acetate (7:3) 



 Visualization: Anisaldehyde-sulfuric acid reagent gives blue spots. 

Utilization / Applications 

1. Antimalarial Agent: 
o Used in Artemisinin-based Combination Therapies (ACTs) such 

as: 
 Artesunate + Amodiaquine 
 Artemether + Lumefantrine 
 Dihydroartemisinin + Piperaquine 

o Rapidly acts on Plasmodium falciparum, killing both blood and 
gametocyte stages. 

2. Antiparasitic and Antiviral Potential: 
o Shows activity against Toxoplasma gondii, Leishmania, and 

Schistosoma. 
o Also investigated for antiviral effects (including SARS-CoV-2). 

3. Anticancer Research: 
o Exhibits cytotoxic effects on cancer cells due to peroxide bridge 

interaction with intracellular iron. 
4. Pharmaceutical Formulations: 

o Available as tablets, injections, and capsules in combination with 
other drugs to prevent resistance. 

  



Diosgenin 
 Diosgenin is a steroidal sapogenin, a naturally occurring compound 

obtained from certain species of Dioscorea (yams). 
 It is one of the most important precursors for the industrial synthesis 

of steroidal drugs such as corticosteroids, oral contraceptives, and sex 
hormones. 

 Diosgenin itself has pharmacological properties like anti-inflammatory, 
anticancer, and hypocholesterolemic effects. 

Source 
Particular Description 

Botanical source Dioscorea species such as Dioscorea deltoidea, D. 
floribunda, D. composita 

Family Dioscoreaceae 
Plant part used Tubers and rhizomes 
Chemical nature Steroidal sapogenin (Aglycone part of saponin) 
Molecular 
formula 

C₂₇H₄₂O₃ 

Industrial Production of Diosgenin 
A. Cultivation of Source Plants 

 Dioscorea plants are cultivated in tropical and subtropical regions 
(India, Mexico, China). 

 The plants are propagated by tuber pieces or stem cuttings. 
 They require humid climate, loamy soil, and rainfall between 100–

150 cm. 
B. Harvesting 

 Tubers are harvested after 2–3 years when diosgenin content is 
maximum. 

 They are washed, sliced, dried, and powdered before extraction. 
C. Extraction and Isolation Process 

1. Acid Hydrolysis Method: 
o The powdered tubers are soaked in dilute acid (e.g., 2N HCl) 

and heated. 



o This step hydrolyzes saponins into sapogenins (diosgenin) and 
sugars. 

o The hydrolyzed mass is filtered and washed. 
2. Solvent Extraction: 

o The residue is extracted using organic solvents such as 
petroleum ether or chloroform. 

o Solvent is evaporated under reduced pressure. 
3. Purification: 

o The crude diosgenin is purified by recrystallization using 
solvents like ethanol or acetone. 

o The final product is a white crystalline powder. 
D. Biotechnological Production (Alternative Method): 

 Modern industrial production may use biotransformation using 
Rhizopus or Cunninghamella species. 

 These microorganisms can convert plant saponins into diosgenin 
efficiently. 

Estimation of Diosgenin 
A. Spectrophotometric Method 

 Principle: Diosgenin reacts with acid to produce a chromogen 
measured spectrophotometrically. 

 Procedure: 
o Diosgenin is treated with vanillin and sulfuric acid reagent. 
o The colored complex is measured at 540 nm. 

 Application: Simple and widely used for quantification in crude 
extracts. 

B. High Performance Liquid Chromatography (HPLC) 
 Column: C18 reverse-phase 
 Mobile phase: Methanol : Water (90:10) 
 Detection: UV detector at 205–210 nm 
 Advantage: High accuracy and reproducibility for standardization. 

C. Thin Layer Chromatography (TLC) 
 Stationary phase: Silica gel G plates 
 Mobile phase: Chloroform : Methanol (9:1) 



 Visualization: Anisaldehyde–sulfuric acid reagent gives violet spots 
confirming diosgenin. 

Utilization of Diosgenin 

A. Industrial Utilization 

1. Precursor for Steroid Drugs: 
o Diosgenin is used as the starting material in the semisynthesis 

of steroidal hormones: 
 Corticosteroids (Hydrocortisone, Prednisolone) 
 Estrogens and Progestogens (Progesterone, 

Norethindrone) 
 Androgens (Testosterone derivatives) 

o It serves as a key raw material for the pharmaceutical steroid 
industry. 

2. Oral Contraceptive Production: 
o Diosgenin → Progesterone → Norethindrone → Oral 

contraceptives. 
3. Corticosteroid Manufacture: 

o Used in the production of anti-inflammatory and anti-allergic 
drugs. 

B. Medicinal and Pharmacological Uses 

 Shows anti-inflammatory, antioxidant, hypolipidemic, and 
anticancer effects. 

 Also reported to have antidiabetic and immunomodulatory 
properties. 

C. Cosmetic Industry 

 Used in the formulation of skin creams and anti-aging products due 
to its steroidal structure. 

  



Digoxin 
 Digoxin is a cardiac glycoside obtained from the leaves of Digitalis 

lanata (commonly known as Woolly Foxglove). 
 It is a potent cardiotonic agent used in the treatment of congestive 

heart failure (CHF) and certain cardiac arrhythmias. 
 Digoxin acts by inhibiting Na⁺/K⁺-ATPase, increasing intracellular 

calcium, which enhances cardiac contractility. 
Source 

Particular Description 
Biological Source Dried leaves of Digitalis lanata Ehrhart 
Family Scrophulariaceae 
Plant Part Used Leaves 
Active Constituent Digoxin 
Chemical Nature Cardiac glycoside (C₄₁H₆₄O₁₄, MW = 780) 
Industrial Production of Digoxin 

A. Cultivation of the Plant 
 Digitalis lanata is a biennial or perennial herb, cultivated in 

temperate climates such as India, Germany, and the U.K. 
 The plant requires well-drained soil, moderate rainfall, and partial 

shade. 
 Leaves are harvested before flowering, when glycoside content is 

highest. 
 After harvest, leaves are shade-dried at low temperature to prevent 

enzyme degradation. 
B. Extraction Process 

1. Powdering and Defatting: 
o Dried leaves are powdered and defatted with petroleum ether 

to remove chlorophyll and waxes. 
2. Extraction: 

o Extracted with 70% alcohol or methanol under reflux. 
o The extract contains a mixture of cardiac glycosides, including 

lanatoside A–E. 
3. Purification and Conversion: 



o Lanatoside C (a major glycoside) is isolated and enzymatically 
hydrolyzed using β-glucosidase to yield digoxin. 

o Reaction: 
 
 
Digoxin is purified by crystallization from aqueous alcohol. 

C. Industrial Scale Production 
 Industrial processes use controlled enzymatic hydrolysis of 

lanatoside C obtained from plant extracts. 
 The process includes: 

1. Extraction of total glycosides. 
2. Isolation of lanatoside C by chromatography. 
3. Enzymatic hydrolysis to digoxin. 
4. Crystallization and drying under vacuum. 

 Yield: About 0.1–0.2% digoxin from dry leaves. 
Estimation of Digoxin 

A. Spectrophotometric Method 
 Principle: Digoxin forms a colored complex with 3,5-dinitrobenzoic 

acid or vanillin–sulfuric acid reagent, measurable at 510 nm. 
 Use: Preliminary quantitative estimation in extracts or formulations. 

B. High Performance Liquid Chromatography (HPLC) 
 Column: C18 reverse-phase 
 Mobile Phase: Acetonitrile : Water (25:75) 
 Flow Rate: 1 mL/min 
 Detection: UV detector at 220 nm 
 Use: Accurate and precise method for quantifying digoxin in raw 

materials and dosage forms. 
C. Bioassay Method 

 Digoxin activity can also be bioassayed using pigeon or frog heart, 
based on its cardiotonic effect (as per BP/IP methods). 

D. Thin Layer Chromatography (TLC) 
 Stationary Phase: Silica gel G 
 Mobile Phase: Chloroform : Methanol : Water (65:35:10) 



 Visualization: Anisaldehyde–sulfuric acid reagent → violet spots. 

Utilization of Digoxin 

1. Congestive Heart Failure (CHF): 
o Increases myocardial contractility (positive inotropic effect). 
o Improves cardiac output and reduces heart size. 

2. Atrial Fibrillation and Atrial Flutter: 
o Decreases AV conduction (negative dromotropic effect). 
o Helps control ventricular rate. 

3. Atrial Tachycardia: 
o Used for rate control and rhythm stabilization. 

  



Atropine 

 Atropine is a tropane alkaloid obtained from plants belonging to the 
Solanaceae family such as Atropa belladonna (Deadly Nightshade), 
Datura stramonium, and Hyoscyamus niger (Henbane). 

 It is one of the most important anticholinergic (parasympatholytic) 
drugs used in medicine. 

 Chemically, it is an ester of tropine and tropic acid. 
 Atropine acts by blocking muscarinic acetylcholine receptors 

(mAChRs) in smooth muscles, secretory glands, and the central 
nervous system. 

Source 

Particular Description 
Biological 
Source 

Leaves and roots of Atropa belladonna L., Datura 
stramonium, Hyoscyamus niger 

Family Solanaceae 
Chemical 
Nature 

Tropane alkaloid 

Molecular 
Formula 

C₁₇H₂₃NO₃ 

Chemical 
Structure 

Ester of tropic acid and tropine 

Synonym dl-Hyoscyamine 

Industrial Production of Atropine 

A. Cultivation of Source Plants 

 Plants are cultivated in temperate climates (Europe, India, and 
North America). 

 Require fertile, well-drained soil, and moderate sunlight. 
 The roots and leaves are collected when alkaloid content is 

maximum (usually before flowering). 



B. Extraction Process 

1. Drying and Powdering: 
o The plant material (leaves/roots) is shade-dried and finely 

powdered. 
2. Extraction of Alkaloids: 

o Powdered material is moistened with alkali (lime or ammonia) 
to liberate free alkaloids. 

o Extracted with organic solvents like chloroform or ether. 
3. Acid-Base Extraction: 

o The organic layer containing alkaloids is treated with dilute 
sulfuric acid to form soluble alkaloid salts. 

o Then basified again with ammonia, which liberates free 
atropine. 

o The free base is re-extracted into organic solvent. 
4. Purification and Crystallization: 

o Crude atropine is purified by recrystallization from ether or 
benzene to obtain pure atropine crystals. 

C. Industrial or Semi-Synthetic Production 

 Industrially, atropine is also prepared semi-synthetically from tropic 
acid and tropine via esterification reaction: 

 

 

 

This method ensures high yield and purity compared to direct 
extraction. 

 

 



Estimation of Atropine 
A. Chemical (Titrimetric) Method 

 Principle: Atropine sulfate is titrated against 0.02 N perchloric acid 
using methyl red as an indicator in a non-aqueous medium. 

 Use: Common in pharmacopeial assays for atropine sulfate injection 
or tablets. 

B. Spectrophotometric Method 
 Principle: Atropine reacts with certain reagents (e.g., bromocresol 

green) forming a colored complex measurable at 415 nm. 
 Use: Quantitative estimation in pharmaceutical formulations. 

C. High Performance Liquid Chromatography (HPLC) 
 Column: C18 reverse-phase column 
 Mobile Phase: Methanol : Water : Acetic acid (70:25:5) 
 Detection: UV at 215–220 nm 
 Advantage: Highly accurate and sensitive method used for quality 

control. 
Utilization of Atropine 

1. Anticholinergic Agent: 
o Blocks muscarinic acetylcholine receptors. 
o Reduces salivation, bronchial secretions, and gastric motility. 

2. Mydriatic and Cycloplegic: 
o Used in ophthalmology to dilate pupils and paralyze 

accommodation during eye examination. 
3. Preanesthetic Medication: 

o Administered before surgery to reduce salivary and bronchial 
secretions. 

4. Antidote in Organophosphate Poisoning: 
o Used as an antidote to counteract muscarinic effects of 

organophosphate insecticides and nerve agents. 
5. Treatment of Bradycardia: 

o Increases heart rate by blocking vagal effects on the sinoatrial 
node. 

6. Antispasmodic: 



o Relieves spasms in the gastrointestinal and urinary tracts. 

Podophyllotoxin 
 Podophyllotoxin is a lignan-type secondary metabolite obtained mainly 

from the roots and rhizomes of Podophyllum species, such as 
Podophyllum hexandrum (Indian Podophyllum) and Podophyllum 
peltatum (American Podophyllum). 

 It is a cytotoxic compound and serves as a precursor for the synthesis 
of important anticancer drugs like etoposide, teniposide, and 
etopophos. 

Industrial Production 
A. Source Plant 

 Botanical names: 
o Podophyllum hexandrum Royle (Himalayan mayapple) 
o Podophyllum peltatum Linn. (American mayapple) 

 Family: Berberidaceae 
 Plant part used: Rhizomes and roots 

B. Cultivation 
 Grown in cool temperate regions (mainly Himalayas at altitudes of 

2000–4000 meters). 
 Requires shady areas, well-drained soil, and moderate rainfall. 
 Plants are propagated through rhizome cuttings or seed 

germination. 
C. Extraction Process 

1. Collection & Drying: 
o The rhizomes and roots are collected in late summer, cleaned, 

and dried in shade. 
2. Powdering: 

o Dried roots are powdered to increase the surface area. 
3. Extraction: 

o Extracted with ethanol or methanol using Soxhlet extraction or 
percolation method. 

4. Concentration: 



o The extract is concentrated under reduced pressure to remove 
the solvent. 

5. Purification: 
o Podophyllotoxin is purified by solvent partitioning (using 

chloroform or ether) and recrystallization from methanol or 
acetone. 

6. Industrial yield: 
o Approximately 3–5% of podophyllotoxin can be obtained from 

P. hexandrum rhizomes. 

Alternative (Biotechnological) Production 

 Plant tissue culture and hairy root cultures are now used to produce 
podophyllotoxin sustainably. 

 Cell suspension cultures of P. hexandrum can yield high concentrations 
of podophyllotoxin with elicitors like methyl jasmonate. 

Estimation of Podophyllotoxin 

A. Spectrophotometric Method 

 The extract is reacted with phosphoric acid reagent and measured at 
290 nm using UV–Visible spectrophotometer. 

 Calibration curve is prepared using standard podophyllotoxin. 

B. High-Performance Liquid Chromatography (HPLC) 

 Column: C18 reverse-phase 
 Mobile phase: Methanol : Water (70:30) 
 Detection: UV detector at 290 nm 
 Retention time: Approximately 5–7 minutes 
 HPLC gives accurate quantitative estimation of podophyllotoxin in 

plant extracts and formulations. 



C. Thin Layer Chromatography (TLC) 

 Stationary phase: Silica gel G 
 Mobile phase: Chloroform : Methanol (9:1) 
 Detection: Under UV light (254 nm) or after spraying with sulfuric 

acid reagent (purple spot). 

Utilization / Applications 

A. Medicinal Uses 

1. Antimitotic and Cytotoxic Agent: 
o Inhibits mitotic spindle formation by binding to tubulin. 

2. Anticancer Precursor: 
o Used as a starting material in the semi-synthesis of anticancer 

drugs: 
 Etoposide 
 Teniposide 
 Etopophos 

3. Antiviral and Antiwart Agent: 
o Used in Podophyllin resin for the topical treatment of genital 

warts, condyloma acuminata, and molluscum contagiosum. 
4. Research Use: 

o Used as a model compound for studying microtubule assembly 
and cell division inhibition. 

B. Industrial / Pharmaceutical Applications 

 Podophyllin resin (containing ~25% podophyllotoxin) is used in 
dermatological preparations. 

 Etoposide and teniposide derived from it are commercial 
chemotherapeutic agents used in: 

o Lung cancer 
o Testicular cancer 
o Lymphomas 



o Leukemias 

C. Economic Importance 

 High export demand due to anticancer drug synthesis. 
 Overexploitation of P. hexandrum has led to its classification as an 

endangered species, hence biotechnological production is being 
emphasized. 

Caffeine 
 Caffeine is a purine alkaloid belonging to the xanthine group of 

compounds. 
 It is a central nervous system (CNS) stimulant found naturally in 

various plants. 
 It is widely used in pharmaceutical, food, and beverage industries due 

to its stimulant, diuretic, and bronchodilator properties. 
Industrial Production of Caffeine 

A. Natural Sources 
 Botanical sources: 

o Coffea arabica, Coffea robusta (Coffee seeds) 
o Camellia sinensis (Tea leaves) 
o Theobroma cacao (Cocoa beans) 
o Cola acuminata (Kola nuts) 
o Paullinia cupana (Guarana) 

 Family: Rubiaceae / Theaceae / Sterculiaceae (depending on the 
plant source) 

B. Plant Part Used 
 Tea leaves, coffee beans, cocoa beans, and kola nuts are used for 

extraction. 
C. Extraction and Industrial Production Process 

1. From Natural Sources 
1. Raw material preparation: 

o Dried and powdered plant material (e.g., tea leaves or coffee 
beans) is used. 



2. Defatting: 
o The powdered material is treated with petroleum ether or 

hexane to remove fats and waxes. 
3. Extraction of caffeine: 

o The defatted material is extracted with hot water or 
chloroform, or by supercritical CO₂ extraction method. 

o Caffeine is soluble in hot water and chloroform. 
4. Separation and purification: 

o The aqueous extract is treated with basic lead acetate or 
calcium hydroxide to remove tannins. 

o Caffeine is then extracted from the filtrate using chloroform. 
o The solvent is evaporated to obtain crude caffeine, which is 

recrystallized from hot water or ethanol. 
5. Drying and packaging: 

o The purified caffeine crystals are dried under vacuum and 
packed in moisture-proof containers. 

2. Synthetic Production (Industrial Scale) 
 Chemical synthesis is used for large-scale, economical production. 
 Common synthetic routes include: 

o From dimethylurea and malonic acid derivatives, using 
methylation and cyclization reactions. 

 However, most industrial caffeine is now produced by 
decaffeination of coffee and tea (as a by-product). 

Estimation of Caffeine 
A. Gravimetric Method 

 Involves extraction of caffeine from plant material using chloroform. 
 After solvent evaporation, the weight of caffeine crystals gives its 

quantitative amount. 
B. UV–Visible Spectrophotometric Method 

 Principle: Caffeine absorbs strongly at λmax = 273 nm in UV region. 
 Procedure: 

o Extract caffeine in chloroform and dilute appropriately. 
o Measure absorbance at 273 nm against solvent blank. 



o Determine concentration using Beer–Lambert law and 
standard calibration curve. 

C. High-Performance Liquid Chromatography (HPLC) 
 Column: C18 reverse-phase 
 Mobile phase: Water : Methanol (80:20) or Acetonitrile : Water 

(30:70) 
 Flow rate: 1 mL/min 
 Detection: UV detector at 273 nm 
 HPLC gives accurate quantification of caffeine in beverages and 

pharmaceuticals. 
D. Thin Layer Chromatography (TLC) 

 Stationary phase: Silica gel G 
 Mobile phase: Chloroform : Acetone (9:1) 
 Detection: Under UV light (254 nm); caffeine appears as a blue-

violet spot. 

Utilization of Caffeine 

A. Medicinal / Pharmacological Uses 

1. CNS Stimulant: 
o Increases alertness, reduces fatigue, and improves mental 

performance. 
o Used in headache and migraine formulations (with ergotamine 

or paracetamol). 
2. Cardiac Stimulant: 

o Stimulates heart rate and increases contractility at moderate 
doses. 

3. Diuretic: 
o Promotes urine formation by increasing renal blood flow. 

4. Respiratory Stimulant: 
o Used in treatment of neonatal apnea (as caffeine citrate 

injection). 



B. Industrial and Commercial Uses 

1. Food and Beverages: 
o Used in tea, coffee, energy drinks, soft drinks, and colas as a 

flavoring and stimulant ingredient. 
2. Pharmaceutical Industry: 

o Included in analgesic, antipyretic, and cold formulations (e.g., 
Anacin, Saridon). 

3. Cosmetic Industry: 
o Used in anti-cellulite creams, shampoos, and under-eye gels 

due to its vasoconstrictive and antioxidant properties. 

Taxol (paclitaxel) 

 Taxol (generic name: Paclitaxel) is a diterpenoid compound belonging 
to the taxane class of natural products. 

 It is a potent anticancer (antineoplastic) agent originally isolated from 
the bark of the Pacific yew tree (Taxus brevifolia). 

 Taxol works by stabilizing microtubules and inhibiting cell division 
(mitosis), leading to cell death in rapidly dividing cancer cells. 

Industrial Production 

A. Natural Source 
 Botanical source: Taxus brevifolia (Pacific yew) and Taxus baccata 

(European yew). 
 Family: Taxaceae 
 Plant part used: Bark, needles, and leaves. 

B. Problem with Natural Extraction 
 The concentration of Taxol in bark is extremely low (~0.01–0.03%). 
 Extraction from bark requires felling mature trees, making the 

process environmentally destructive and uneconomical. 
 Hence, alternative methods have been developed for large-scale 

production. 



C. Industrial Production Methods 
1. Extraction from Natural Source 

 Process: 
1. The powdered bark of Taxus brevifolia is extracted with 

organic solvents (e.g., methanol or ethanol). 
2. The extract is partitioned using solvents like chloroform or 

ethyl acetate. 
3. The crude extract is subjected to column chromatography 

using silica gel to purify Taxol. 
4. Final purification is done by recrystallization from suitable 

solvents (e.g., methanol). 
 Drawback: Not sustainable due to deforestation and low yield. 

2. Semi-Synthetic Production (Main Industrial Method) 
 The semi-synthetic method is the most widely used industrial 

process today. 
 Starting material: 10-Deacetylbaccatin III (a natural precursor) 

isolated from leaves and needles of Taxus baccata. 
 Steps: 

1. 10-Deacetylbaccatin III is extracted from Taxus baccata 
leaves. 

2. It undergoes chemical side-chain modification (esterification 
and acylation reactions). 

3. These chemical reactions convert the precursor into 
Paclitaxel (Taxol). 

 Advantages: 
o Leaves can be harvested without cutting down trees. 
o Higher yield and environmentally friendly. 

3. Plant Cell Culture Technique 
 Taxus species cell suspension cultures are used for large-scale 

biotechnological production. 
 The process involves: 



o Culturing Taxus cells in bioreactors using nutrient-rich 
media. 

o Addition of elicitors (like methyl jasmonate or fungal 
extracts) to enhance Taxol synthesis. 

o Extraction of Taxol from cultured cells using organic 
solvents. 

 Advantages: 
o Sustainable, eco-friendly, and scalable for pharmaceutical 

industries. 

4. Endophytic Fungi Production 
 Some endophytic fungi (e.g., Taxomyces andreanae) associated 

with Taxus trees also produce Taxol. 
 Fungal fermentation is being explored as a cost-effective 

industrial method for future large-scale production. 

Estimation of Taxol 

A. UV–Visible Spectrophotometry 

 Principle: Taxol absorbs light at λmax = 230 nm in methanol. 
 Procedure: 

o Prepare methanolic extract of Taxol. 
o Measure absorbance at 230 nm. 
o Quantify using Beer–Lambert law and a standard calibration 

curve of Taxol. 

B. High-Performance Liquid Chromatography (HPLC) 

 Most accurate and preferred method for estimation. 
 Column: C18 reverse-phase. 
 Mobile phase: Acetonitrile : Water (50:50). 
 Flow rate: 1.0 mL/min. 
 Detection wavelength: 230 nm (UV detector). 
 Retention time: Around 10–12 minutes. 



 Used for quantitative and purity analysis of Taxol in plant extracts 
and formulations. 

C. Thin Layer Chromatography (TLC) 

 Stationary phase: Silica gel G. 
 Mobile phase: Chloroform : Methanol (9:1). 
 Detection: UV light at 254 nm or spraying with sulfuric acid reagent 

(violet-blue spot). 
 Used for qualitative identification. 

  



Utilization / Applications 

A. Medicinal Uses 

1. Anticancer Agent: 
o Used in the treatment of several types of cancers, including: 

 Ovarian cancer 
 Breast cancer 
 Lung cancer 
 Kaposi’s sarcoma (HIV-related) 
 Cervical and pancreatic cancers 

2. Mechanism of Action: 
o Taxol binds to β-tubulin subunit of microtubules. 
o It stabilizes microtubules, preventing their depolymerization 

during mitosis. 
o This causes mitotic arrest, leading to apoptosis (programmed 

cell death) of cancer cells. 
3. Other Actions: 

o Exhibits antiangiogenic (prevents new blood vessel formation) 
and immunomodulatory effects. 

B. Industrial and Pharmaceutical Applications 

1. Pharmaceutical Formulations: 
o Used in injectable forms such as Paclitaxel injection (Taxol®) 

and Nanoparticle Albumin-bound Paclitaxel (Abraxane®). 
2. Nanotechnology Use: 

o Incorporated into liposomes, nanoparticles, and micelles to 
improve solubility and delivery. 

3. Research Use: 
o Used in cell biology studies for understanding microtubule 

dynamics and cell cycle regulation. 

  



Vincristine 

 Vincristine is a vinca alkaloid, a group of indole–indoline alkaloids 
obtained from the Madagascar periwinkle plant (Catharanthus roseus). 

 It is an important anticancer (antineoplastic) drug used in the 
treatment of various cancers. 

 Chemically, vincristine and its related compound vinblastine are 
dimeric indole alkaloids derived from the condensation of two 
monomeric alkaloids — vindoline and catharanthine. 

 Vincristine interferes with microtubule formation, thus preventing cell 
division (mitosis). 

Industrial Production 

A. Natural Source 
 Biological source: Catharanthus roseus (also known as Vinca rosea) 
 Family: Apocynaceae 
 Plant part used: Leaves (major source of vincristine and vinblastine) 

B. Cultivation 
 Catharanthus roseus is cultivated in tropical and subtropical regions. 
 Requires well-drained sandy soil, warm climate, and moderate 

rainfall. 
 The plant can be propagated by seeds or stem cuttings. 
 Leaves are harvested when the plant reaches maturity (about 6–8 

months old). 

C. Extraction and Isolation Process 
1. Collection and Drying 

 Leaves are collected, dried under shade, and powdered for 
extraction. 

2. Extraction 
 Powdered leaves are extracted with methanol or ethanol using 

Soxhlet extraction or percolation. 



 The crude extract is concentrated under reduced pressure. 

3. Acid–Base Extraction 
 The concentrated extract is treated with dilute acid (H₂SO₄ or 

HCl) to form water-soluble alkaloid salts. 
 The acidic solution is filtered and basified (pH ~9) using 

ammonia or sodium carbonate, liberating free alkaloids. 
 The free alkaloids are extracted using organic solvents like 

chloroform or benzene. 

4. Purification 
 The extract is concentrated, and vincristine is separated from 

other alkaloids (like vinblastine) using: 
o Column chromatography (on alumina or silica gel) 
o Preparative HPLC 

5. Industrial Scale Production 
 Because the natural yield is very low (0.0002–0.0005% dry 

weight), large-scale production uses plant tissue culture and 
biotechnological methods: 

o Cell suspension cultures of C. roseus are grown in 
bioreactors. 

o Addition of elicitors (e.g., methyl jasmonate) enhances 
vincristine production. 

o Extracted from culture media using organic solvents and 
purified chromatographically. 

D. Yield 
 Yield of vincristine from natural leaf extraction: 0.002–0.005%. 
 Biotechnological processes improve yield and reduce environmental 

impact. 

 

  



Estimation of Vincristine 

A. UV–Visible Spectrophotometric Method 

 Principle: Vincristine shows strong absorbance in the UV range due 
to its indole chromophore. 

 λmax: 297 nm in methanol or ethanol. 
 Procedure: 

1. Dissolve a known quantity of vincristine in methanol. 
2. Measure absorbance at 297 nm. 
3. Determine concentration using Beer–Lambert law and 

standard curve. 

B. High-Performance Liquid Chromatography (HPLC) 

 Most accurate and preferred method. 
 Column: C18 reverse-phase column 
 Mobile phase: Methanol : Water (80:20) or Acetonitrile : Water 

(60:40) 
 Flow rate: 1.0 mL/min 
 Detection: UV detector at 297 nm 
 Retention time: Approximately 8–10 minutes 
 Used for quantitative estimation and quality control of vincristine in 

formulations. 

C. Thin Layer Chromatography (TLC) 

 Stationary phase: Silica gel G 
 Mobile phase: Chloroform : Methanol : Ammonia (90:10:1) 
 Detection: UV light at 254 nm or by spraying with Dragendorff’s 

reagent (orange-brown spot). 
 Used for qualitative identification. 

  



Utilization / Applications 
A. Medicinal Uses 

1. Anticancer Agent: 
o Vincristine is used to treat: 

 Acute lymphoblastic leukemia (ALL) 
 Hodgkin’s lymphoma 
 Non-Hodgkin’s lymphoma 
 Wilms’ tumor 
 Neuroblastoma 
 Rhabdomyosarcoma 

2. Mechanism of Action: 
o Vincristine binds to tubulin proteins, preventing their 

polymerization into microtubules. 
o This inhibits mitotic spindle formation, leading to metaphase 

arrest and cell death. 
3. Combination Chemotherapy: 

o Commonly used in combination regimens like: 
 CHOP (Cyclophosphamide, Doxorubicin, Vincristine, 

Prednisolone) 
 MOPP (Mechlorethamine, Oncovin [Vincristine], 

Procarbazine, Prednisone) 
B. Industrial and Pharmaceutical Uses 

1. Pharmaceutical Formulations: 
o Marketed as Vincristine sulfate injection (Oncovin®, 

Vincasar®). 
o Available in lyophilized vials or solution form for intravenous 

use. 
2. Research Applications: 

o Used as a reference standard in pharmacognostic and 
anticancer studies. 

o Useful in studying microtubule dynamics in cell biology. 
3. Economic Importance: 

o High-value anticancer compound with significant export 
potential. 



Vinblastine 
 Vinblastine is a vinca alkaloid obtained from the plant Catharanthus 

roseus (commonly known as periwinkle or Madagascar periwinkle). 
 It is a cytotoxic bisindole alkaloid with potent anticancer properties. 

Vinblastine acts by inhibiting microtubule formation in mitotic cells, 
preventing cell division. 

Industrial Production 
a) Source 

 Biological source: Catharanthus roseus (Family: Apocynaceae) 
 Parts used: Leaves and aerial parts 

b) Biosynthetic Origin 
 Vinblastine is formed by coupling two indole alkaloids: 

o Catharanthine (from tryptophan pathway) 
o Vindoline (from secologanin pathway) 

 The coupling occurs through a peroxidase-catalyzed reaction in the 
plant to form Vinblastine and Vincristine. 

c) Extraction and Isolation Process 
1. Collection and Drying: Mature leaves of Catharanthus roseus are 

collected, dried, and powdered. 
2. Extraction: 

o The powdered leaves are extracted with organic solvents such 
as methanol or ethanol. 

o The extract is concentrated and partitioned between acidic 
aqueous and organic layers (e.g., chloroform or 
dichloromethane). 

3. Purification: 
o Alkaloids are precipitated from the acidic extract by 

basification (pH adjustment). 
o Further purification is carried out by chromatographic 

techniques like column chromatography or HPLC. 
4. Isolation: 

o Vinblastine is separated from other vinca alkaloids by 
fractional crystallization or reversed-phase HPLC. 



d) Industrial Methods 
 Due to low natural yield (only about 0.0002–0.0005% of dry leaf 

weight), semi-synthetic production is preferred. 
 Vinblastine is often semi-synthesized from vindoline and 

catharanthine, isolated separately from the plant. 
 Biotechnology approaches like plant tissue culture, cell suspension 

culture, and hairy root culture are being developed to enhance 
alkaloid yield. 

Estimation (Assay Methods) 

a) Spectrophotometric Method 

 Based on formation of a colored complex between vinblastine and 
reagents like bromocresol green in acidic medium. 

 The absorbance is measured at λmax = 415 nm. 

b) High-Performance Liquid Chromatography (HPLC) 

 Most reliable and precise method. 
 Mobile phase: Methanol : Water or Acetonitrile : Buffer (pH 3–4). 
 Detection: UV detector at 254 nm. 
 Used for quantitative estimation of vinblastine and related alkaloids 

in plant extracts or formulations. 

c) Thin Layer Chromatography (TLC) 

 Used for qualitative identification. 
 Rf value helps confirm the presence of vinblastine. 

  



Utilization / Therapeutic Uses 

Vinblastine is a potent anticancer drug used mainly in chemotherapy. 

Major Therapeutic Applications 

1. Hodgkin’s lymphoma 
2. Non-Hodgkin’s lymphoma 
3. Testicular cancer 
4. Breast cancer 
5. Choriocarcinoma 
6. Kaposi’s sarcoma (associated with HIV/AIDS) 

Mechanism of Action 

 Vinblastine binds to tubulin, a structural protein in microtubules. 
 Prevents polymerization of microtubules, blocking mitotic spindle 

formation. 
 Leads to cell cycle arrest in metaphase, causing apoptosis 

(programmed cell death). 

Dosage Form 

 Administered as intravenous injection in combination chemotherapy 
regimens. 

Industrial and Commercial Aspects 

 Brand names: Velbe®, Cytoblastin®, Vinblastine Sulfate Injection. 
 Manufacturers: Eli Lilly, Cipla, Teva, and others. 
 Challenges: 

o Low yield from plant sources. 
o High cost of extraction and purification. 
o Need for biotechnological enhancement to ensure sustainability. 

 


