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Preface

Pharmacognosy and Phytochemistry form the foundation of pharmaceutical sciences by establishing a
scientific understanding of natural drugs derived from plants, animals, marine organisms, and
microorganisms. With the renewed global interest in herbal medicines, nutraceuticals, and plant-based
therapeutics, the role of Pharmacognosy has become increasingly significant in modern drug
discovery, quality assurance, and evidence-based traditional medicine systems.

The Textbook of Pharmacognosy and Phytochemistry — 1 has been carefully designed in
accordance with the latest syllabus prescribed by the Pharmacy Council of India (PCI) for B. Pharm,
IV Semester. This book aims to provide undergraduate pharmacy students with a clear, systematic,
and conceptual understanding of crude drugs, their sources, classification, cultivation, collection,
processing, evaluation, and phytochemical constituents.

The subject matter is presented in a student-friendly and exam-oriented manner, with emphasis on
fundamental principles as well as contemporary developments in the field. Each topic is explained in
simple and precise language, supported by suitable diagrams, flowcharts, and tabulated information to
enhance comprehension and retention. The content bridges classical pharmacognostic knowledge with
modern phytochemical and analytical approaches, enabling students to appreciate the relevance of
natural products in present-day pharmaceutical practice.

Special attention has been given to topics such as classification of drugs, plant tissue culture,
adulteration and evaluation of crude drugs, biosynthesis of secondary metabolites, and quality control
aspects, which are essential for building a strong conceptual base for higher studies and research. The
book also encourages logical thinking and application-based learning, preparing students for
university examinations as well as competitive and professional challenges.

This textbook is intended not only for B. Pharm students, but also as a useful reference for teachers,
postgraduate students, researchers, and professionals involved in herbal drug development and
standardization. Every effort has been made to ensure accuracy, clarity, and relevance; however,
constructive suggestions from readers are always welcome for further improvement of future editions.

It is hoped that this book will serve as a reliable companion for students and contribute meaningfully
to their academic growth and professional competence in the field of Pharmacognosy and
Phytochemistry.
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INTRODUCTION TO PHARMACOGNOSY
(A) DEFINITION, HISTORY, SCOPE, AND DEVELOPMENT OF PHARMACOGNOSY
1. Definition of Pharmacognosy

Pharmacognosy is a specialized branch of pharmaceutical sciences that deals with the study of crude
drugs obtained from natural sources such as plants, animals, microorganisms, and minerals, with
particular emphasis on their identification, cultivation, collection, processing, evaluation, chemical
constituents, biological activities, and therapeutic applications. The discipline integrates knowledge
from botany, chemistry, biochemistry, molecular biology, ethnomedicine, pharmacology, and
biotechnology to understand natural drugs in their entirety, from source to therapeutic use.
Pharmacognosy not only focuses on traditional medicinal substances but also plays a crucial role in
the discovery and development of new drugs by exploring bioactive compounds present in natural
resources.

2. History of Pharmacognosy

The history of pharmacognosy is as old as human civilization, as the use of natural substances for
healing predates written history. Early humans relied on empirical knowledge and observation to
identify plants and natural materials with medicinal properties, which gradually evolved into
organized systems of medicine.

e Ancient Period
In ancient civilizations, medicinal knowledge was closely linked to religion, culture, and philosophy.

> India: The Indian system of medicine, particularly Ayurveda, which dates back more than
5000 years, extensively documented medicinal plants and their therapeutic uses in classical
texts such as the Charaka Samhita and Sushruta Samhita.

» China: Traditional Chinese Medicine recorded the use of herbal drugs in texts like the Pen
Ts’ao Ching, attributed to Emperor Shen Nung.

> Egypt: The Ebers Papyrus (around 1500 BC) provided detailed descriptions of plant-based
remedies, demonstrating advanced medicinal practices.

» Greece and Rome: Scholars such as Hippocrates, Theophrastus, and Dioscorides laid the
foundation for systematic study of medicinal plants, with Dioscorides’ De Materia Medica
serving as a standard reference for centuries.

e Medieval Period
During the medieval era, pharmacognostic knowledge was preserved and expanded by Arab and
Persian scholars such as Avicenna (Ibn Sina), whose work The Canon of Medicine integrated Greek,
Roman, and Arabic medicinal practices. Monasteries in Europe also played a key role in cultivating

medicinal plants and compiling herbals that described their medicinal uses.

e Modern Period
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The scientific development of pharmacognosy began during the 18th and 19th centuries with
advancements in chemistry and microscopy. The isolation of pure compounds such as morphine from
opium marked a significant milestone, shifting pharmacognosy from empirical use toward
experimental and analytical science. The term pharmacognosy was formally introduced in the early
19th century, and the discipline gradually became an integral part of pharmaceutical education and
research.

3. Scope of Pharmacognosy

The scope of pharmacognosy is extensive and continuously expanding due to growing interest in
natural products and traditional medicines.

e Study of Natural Sources
Pharmacognosy encompasses the study of drugs derived from:

Plants: Leaves, roots, barks, flowers, seeds, and whole plants

Animals: Hormones, enzymes, and glandular products

Microorganisms: Antibiotics and secondary metabolites

Marine organisms: Bioactive compounds from algae, sponges, and corals
Minerals: Inorganic substances used in therapy

YV V V V V

Identification and Authentication

A major scope of pharmacognosy lies in the proper identification and authentication of crude drugs
using morphological, microscopic, chemical, and molecular techniques to prevent adulteration and
ensure quality, safety, and efficacy.

e Phytochemical Investigation
Pharmacognosy involves the extraction, isolation, purification, and characterization of bioactive
constituents such as alkaloids, glycosides, flavonoids, terpenoids, tannins, and steroids, which form
the basis for therapeutic activity.

e Quality Control and Standardization

The discipline contributes to the establishment of quality standards for herbal drugs and formulations,
including evaluation parameters, pharmacopoeial specifications, and regulatory guidelines.

e Drug Discovery and Development
Pharmacognosy plays a vital role in modern drug discovery by providing lead compounds for the
development of novel therapeutic agents, particularly in areas such as anticancer, antimicrobial, anti-
inflammatory, and neuroprotective drugs.

4. Development of Pharmacognosy

The development of pharmacognosy reflects the evolution of science and technology.
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Classical Pharmacognosy

Initially, pharmacognosy focused mainly on the descriptive study of crude drugs, including
their macroscopic and microscopic characteristics, geographical sources, and traditional uses.
Chemical and Analytical Phase

With the advancement of analytical chemistry, pharmacognosy expanded to include
phytochemical analysis, isolation of active principles, and structure elucidation using modern
techniques such as chromatography and spectroscopy.

Biological and Pharmacological Phase

Integration with pharmacology enabled the evaluation of biological activities and mechanisms
of action of natural compounds, bridging the gap between traditional knowledge and scientific
validation.

Modern and Molecular Pharmacognosy

Contemporary pharmacognosy incorporates biotechnology, genomics, metabolomics, and
bioinformatics to explore natural resources at the molecular level, ensuring sustainable
utilization and innovative drug development.

(B) SOURCES OF DRUGS - PLANTS, ANIMALS, MARINE AND TISSUE CULTURE

Natural sources have served as the primary origin of medicinal agents since the earliest periods of
human history. Despite remarkable progress in synthetic chemistry, drugs obtained from natural
sources continue to play a vital role in modern therapeutics due to their structural diversity, biological
specificity, and better patient acceptance. Pharmacognosy systematically studies drugs derived from
plants, animals, marine organisms, and tissue culture, focusing on their origin, nature, chemical
constituents, and medicinal applications.

1. Plant Sources of Drugs

Plants constitute the most important and widely explored source of drugs in pharmacognosy. A large
proportion of traditional and modern medicines are derived directly or indirectly from plant materials,
which contain a wide range of secondary metabolites responsible for therapeutic activity.

1.1 Plant Parts Used as Drugs

Different parts of plants are utilized depending on the nature and localization of active constituents:

Roots and rhizomes: Rauwolfia, Ginger, Turmeric
Barks: Cinchona, Cinnamon

Leaves: Digitalis, Senna, Eucalyptus

Flowers: Clove, Saffron

Fruits and seeds: Fennel, Coriander, Castor
Whole plant: Ephedra, Andrographis

1.2 Chemical Constituents of Plant Drugs

Plant drugs are rich in diverse phytochemicals such as:

Alkaloids (morphine, quinine)
Glycosides (digoxin, sennosides)
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e Flavonoids (quercetin, rutin)
e Terpenoids and essential oils
e Tannins and resins

These compounds exhibit a wide range of pharmacological activities including analgesic, cardiotonic,
laxative, antimicrobial, and anticancer effects.

1.3 Importance of Plant Drugs

Plant-derived drugs are widely used in traditional systems of medicine such as Ayurveda, Siddha,
Unani, and Traditional Chinese Medicine, as well as in modern medicine. Their renewable nature,
chemical diversity, and comparatively lower toxicity make plants an indispensable source of drugs.

2. Animal Sources of Drugs

Animals have been an important source of medicinal substances, particularly for hormones, enzymes,
vaccines, and biological products.

2.1 Types of Animal-Derived Drugs
Animal drugs may be obtained from:
e Organs and glands: Thyroid gland (thyroxine), pancreas (insulin)
e Body fluids: Blood, serum, bile
e Secretions and excretions: Honey, beeswax, musk
o Tissues: Heparin from liver and lungs
2.2 Examples of Animal Drugs
e Insulin: Derived from pancreas of cattle or pigs
e Heparin: Anticoagulant obtained from intestinal mucosa
e Cod liver oil: Source of vitamins A and D
e Gelatin: Obtained from bones and connective tissues
e Antivenoms and vaccines: Prepared from animal sera
2.3 Significance of Animal Drugs
Animal-derived drugs are particularly important in emergency medicine, endocrinology, and
immunotherapy. However, ethical concerns, risk of disease transmission, and availability of
recombinant alternatives have led to controlled and regulated use of animal sources.

3. Marine Sources of Drugs

Marine organisms represent a relatively untapped but highly promising source of novel drugs. The
marine environment offers unique chemical diversity due to extreme ecological conditions.

3.1 Marine Organisms as Drug Sources
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Medicinal compounds are obtained from:

e Marine algae (seaweeds): Agar, alginates, carrageenan

e Sponges: Anticancer and antiviral compounds

e Corals and mollusks: Anti-inflammatory agents

e Marine bacteria and fungi: Antibiotics and bioactive metabolites
3.2 Therapeutic Applications

Marine-derived drugs exhibit activities such as:

e Anticancer

e Antiviral
e Anti-inflammatory
e Analgesic

e Antimicrobial
Examples include compounds used in cancer chemotherapy and pain management.
3.3 Importance of Marine Drugs
Marine pharmacognosy has emerged as a major research area due to the increasing demand for new
drugs against resistant diseases. Sustainable harvesting and marine biotechnology play key roles in the
development of marine-based pharmaceuticals.

4. Drugs from Tissue Culture

Tissue culture is a modern biotechnological technique used to produce plant-based drugs under
controlled laboratory conditions, independent of geographical and climatic limitations.

4.1 Concept of Tissue Culture

Plant tissue culture involves the in vitro cultivation of plant cells, tissues, or organs on a nutrient
medium under aseptic conditions to produce bioactive compounds.

4.2 Types of Tissue Culture

e Callus culture: Undifferentiated mass of cells

e  Cell suspension culture: Cells grown in liquid medium

e Organ culture: Cultivation of roots, shoots, or embryos

e Hairy root culture: Genetically stable and high-yield system

4.3 Advantages of Tissue Culture

e Continuous and uniform production of drugs

e Elimination of adulteration and seasonal variation
e Conservation of endangered medicinal plants

e Enhanced yield of secondary metabolites
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4.4 Applications in Pharmacognosy

Tissue culture is widely used for the production of alkaloids, glycosides, terpenoids, and anticancer
compounds, and plays a crucial role in modern herbal drug standardization.

Plants, animals, marine organisms, and tissue culture represent major sources of drugs studied under
pharmacognosy. Each source contributes uniquely to the discovery and development of therapeutic
agents, ranging from traditional remedies to advanced biopharmaceuticals. With growing interest in
natural products and sustainable drug development, these sources continue to provide immense
potential for future pharmaceutical research and healthcare innovation.

(C) ORGANIZED AND UNORGANIZED DRUGS

In pharmacognosy, crude drugs obtained from natural sources are broadly classified into organized
drugs and unorganized drugs based on their structural organization and morphological characteristics.
This classification is fundamental for the identification, evaluation, standardization, and quality
control of crude drugs. Organized drugs retain their cellular structure and anatomical features,
whereas unorganized drugs are amorphous substances lacking any definite cellular organization and
are usually obtained as exudates or processed products from plants.

1. Organized Drugs
1.1 Definition

Organized drugs are crude drugs that consist of definite plant organs or tissues and retain their cellular
structure, histological features, and morphological identity, enabling their identification through
macroscopic and microscopic examination.

1.2 Characteristics of Organized Drugs

e Possess well-defined anatomical and cellular structure

o Derived from specific plant parts

o Identifiable by morphological and microscopic characters

o Chemical constituents are localized in specialized cells or tissues

1.3 Classification of Organized Drugs
Organized drugs are classified according to the plant part from which they are obtained:

¢ Roots and rhizomes: Rauwolfia, Ginger, Turmeric
e Barks: Cinchona, Cinnamon

o Leaves: Digitalis, Senna, Eucalyptus

o Flowers: Clove, Saffron

e Fruits: Fennel, Coriander

e Seeds: Nux vomica, Castor

e Whole plant: Ephedra, Andrographis

1.4 Importance of Organized Drugs
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Organized drugs form the backbone of classical pharmacognostic studies, as their identification
depends heavily on anatomical features such as vascular tissues, secretory structures, trichomes,
fibers, and starch grains. They are widely used in traditional and modern medicine and serve as
primary sources of many active pharmaceutical ingredients.
2. Unorganized Drugs
2.1 Definition
Unorganized drugs are crude drugs that do not possess any cellular or histological structure and are
obtained mainly as exudates, secretions, or processed plant products, usually in the form of dried
masses.
2.2 General Characteristics of Unorganized Drugs

o Lack definite morphological structure

e Cannot be identified by microscopy

o Identification depends on physical, chemical, and analytical tests

e Often occur as solids, semi-solids, or viscous liquids
3. Types of Unorganized Drugs
3.1 Dried Latex

Definition

Dried latex is an unorganized drug obtained by drying the milky or colored latex that exudes from
certain plants upon incision.

Characteristics
e Colloidal in nature
e Contains alkaloids, resins, proteins, and enzymes
e Usually obtained by incision of plant tissues
Examples and Uses
e Opium: Obtained from Papaver somniferum, rich in alkaloids such as morphine and codeine,
used as analgesic and antitussive
o Rubber latex: Used in pharmaceutical and medical devices
3.2 Dried Juices

Definition

Dried juices are unorganized drugs prepared by expressing the juice from fresh plant parts and
subsequently drying it under controlled conditions.
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Characteristics
o Water-soluble constituents are predominant
e Hygroscopic in nature
e Require careful preservation

Examples and Uses

e Aloe: Obtained from Aloe species, used as laxative
e Colocynth juice: Used in purgative preparations

3.3 Dried Extracts
Definition

Dried extracts are concentrated solid products obtained by evaporating the solvent from plant extracts
prepared using suitable extraction methods.

Characteristics
o Standardized concentration of active constituents
o  Greater stability and uniformity
e Used in pharmaceutical formulations

Examples and Uses

e Belladonna extract: Anticholinergic
e Ginseng extract: Adaptogenic activity

3.4 Gums and Mucilages
Definition

Gums and mucilages are amorphous, polysaccharide-based unorganized drugs that swell or dissolve
in water to form viscous solutions or gels.

Differences between Gums and Mucilages

e Gums: Pathological products formed due to injury
e Mucilages: Normal physiological products formed within cells

Characteristics

e Highly hydrophilic
e Used as suspending, emulsifying, and soothing agents

Examples and Uses
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e Acacia gum: Emulsifying agent
e Tragacanth: Thickening agent
e Isapghula husk mucilage: Bulk laxative

3.5 Oleoresins
Definition

Oleoresins are unorganized drugs consisting of a mixture of volatile oils and resins, obtained by
extraction of plant materials.

Characteristics

e Aromatic in nature
e Insoluble in water but soluble in organic solvents
e Strong pharmacological and flavoring properties

Examples and Uses

e Capsicum oleoresin: Counter-irritant and spice
e Ginger oleoresin: Digestive and flavoring agent

3.6 Oleo-Gum-Resins
Definition

Oleo-gum-resins are complex unorganized drugs composed of essential oils, gums, and resins, usually
obtained as plant exudates.

Characteristics

e Emulsify with water due to gum content
e Possess aromatic and medicinal properties

Examples and Uses

o Asafoetida: Carminative and antispasmodic
e Myrrh: Antiseptic and anti-inflammatory
e Guggul: Anti-inflammatory and hypolipidemic

Organized and unorganized drugs represent two fundamental categories of crude drugs in
pharmacognosy, differing in their structural organization, method of identification, and nature of
constituents. Organized drugs retain cellular structure and are identified anatomically, whereas
unorganized drugs lack structural identity and are evaluated mainly through physicochemical and
chemical methods. A thorough understanding of these classifications is essential for proper
identification, quality control, standardization, and therapeutic application of natural drugs in
pharmaceutical sciences.
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CLASSIFICATION OF DRUGS:
1. ALPHABETICAL CLASSIFICATION OF DRUGS

Definition
Alphabetical classification is a method in which crude drugs are arranged alphabetically by their
official, botanical, English, Latin, or common names, making it easy to locate and reference
individual drugs quickly.
Basis of Alphabetical Classification
Drugs may be arranged alphabetically based on:

o Botanical names (e.g., Atropa belladonna)

e English/common names (e.g., Belladonna)

e Latin or pharmaceutical names

e Official names as recognized by pharmacopoeias

The choice of naming system depends on the reference book or pharmacopoeia being followed.

Examples of Alphabetical Arrangement

e Acacia

e Aloe

e Belladonna
e Cinchona

o Digitalis

e Ginger

e Opium

e Senna

e Turmeric

Each drug is treated independently, with no grouping based on therapeutic use or chemical
composition.

Importance of Alphabetical Classification
Alphabetical classification is extensively used in:
e Pharmacopoeias and official compendia
o Pharmaceutical dictionaries and encyclopedias
e Drug indexes and formularies
o Storage and labeling systems in pharmacies

This method is especially useful for quick reference and administrative purposes.

Advantages of Alphabetical Classification
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1. Simplicity:
The system is straightforward and does not require specialized knowledge of botany,
chemistry, or pharmacology.

2. Ease of Reference:
Drugs can be easily located without understanding their source or therapeutic category.

3. Universal Acceptance:
Widely used in pharmacopoeias such as the Indian Pharmacopoeia, British Pharmacopoeia,
and United States Pharmacopeia.

4. Convenience in Storage:
Facilitates systematic arrangement and labeling of crude drugs in pharmacies and warehouses.

Limitations of Alphabetical Classification

1. Lack of Scientific Basis:
Drugs with similar chemical constituents or therapeutic actions are not grouped together.
2. No Relationship Indicated:
The system does not reflect botanical, pharmacological, or chemical relationships among
drugs.
3. Name Variability:
Different common names or synonyms may lead to confusion if standard naming is not
followed.
4. Limited Educational VValue:
Less useful for academic understanding of drug origin, action, or classification principles.

Role of Alphabetical Classification in Pharmacognosy

Despite its limitations, alphabetical classification plays a crucial role in the documentation, indexing,
and official recognition of drugs. It serves as a foundational system for organizing vast amounts of
drug-related information and supports efficient communication among pharmacists, researchers, and
regulatory authorities.

Alphabetical classification is a practical and user-friendly system for organizing drugs based on their
names. Although it lacks scientific depth and does not indicate relationships among drugs, its
simplicity, ease of use, and widespread adoption make it indispensable in pharmacopoeias and
reference literature. Therefore, alphabetical classification remains an important supplementary system
in the study and practice of pharmacognosy.

2. MORPHOLOGICAL CLASSIFICATION OF DRUGS
Introduction

Morphological classification is one of the most important and widely used systems in pharmacognosy
for the study of crude drugs. In this method, drugs are classified on the basis of their external form,
shape, size, and the plant part or organ from which they are obtained. This system is particularly
valuable for the identification, collection, storage, and preliminary evaluation of crude drugs, as it
relies on easily observable characters.

Definition
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Morphological classification of drugs is defined as the systematic arrangement of crude drugs
according to the morphological and structural characteristics of the plant parts such as roots, stems,
leaves, flowers, fruits, seeds, or the whole plant, irrespective of their chemical constituents or
pharmacological action.
Basis of Morphological Classification
This classification is based on:

o Nature of the plant organ

o External appearance and structure

e Shape, size, color, surface characteristics

e Presence or absence of organized cellular structure
Major Groups in Morphological Classification
Morphologically, crude drugs are broadly classified into organized drugs and unorganized drugs.

1. Organized Drugs

Organized drugs are those crude drugs that retain their cellular structure and anatomical organization
and are obtained from definite plant organs.

Type of I _
D)r/Sg Definition / Source Examples Key Characteristics
. . - Presence of root hairs
Obtained from underground | Rauwolfia,
. . . - Absence of nodes and
Root Drugs | plant parts responsible for | Liquorice, internodes
absorption and anchorage Ipecacuanha .
- Distinct root anatomy
- Presence of nodes and
. Underground stems growing | .. .| internodes
Rhizomes . Ginger, Turmeric
horizontally - Scale leaves and buds present
- Aromatic in nature
- Storage organs
Underground storage organs . . . .
Bulbs g g g Onion, Garlic - Rich in carbohydrates and
composed of fleshy leaves L
bioactive compounds
- Storage organs
Swollen underground stem . . .
Corms bases g Colchicum - Rich in carbohydrates and
bioactive compounds
. . . - Presence of cork, cortex, and
Outer protective tissues of | Cinchona, ' '
Bark Drugs woody stems or roots Cinnamon phioem
y - Rich in alkaloids and tannins
Stem and . .
. . Ephedra, Quassia | - Nodes and internodes present
Wood Aerial stems or woody tissues :
wood - Fibrous structure
Drugs
Leaves, major site of | Digitalis, Senna, | - Presence of venation
Leaf Drugs .
photosynthesis and secondary | Eucalyptus - Large surface area

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 12




Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication | [2026]

metabolite synthesis - Rich in glycosides and volatile
oils
Clove flower . .
Flower ( - Highly aromatic
Flowers or floral parts bud), Saffron .
Drugs ) - Delicate and valuable
(stigmas)
Fruit Druas Fruits containing seeds and | Fennel, - Aromatic
g reserve food materials Coriander - Rich in essential oils
Seeds, reproductive structures | Nux vomica, | - High oil or alkaloid content
Seed Drugs | . . .
rich in storage compounds Castor - Hard protective coat
- Uniform distribution  of
Whole Entire plant harvested for | Ephedra, constituents
Plant Drugs | medicinal use Andrographis - Collected during flowering
stage

2. Unorganized Drugs

Unorganized drugs are those crude drugs that do not show any cellular structure and are obtained as
exudates or processed plant products.

Examples

e  Gums and mucilages

e Dried latex (Opium)

e Dried juices (Aloe)

e Resins and oleoresins

e Oleo-gum-resins (Asafoetida)

Advantages of Morphological Classification

Simple and easy to understand

Useful for identification of crude drugs
Helpful in collection and storage

Widely used in pharmacopoeias and textbooks

Mo e

Limitations of Morphological Classification
1. Does not indicate chemical composition
2. No information about pharmacological action
3. Closely related drugs may be placed in different groups

Importance in Pharmacognosy

Morphological classification forms the foundation of classical pharmacognosy, aiding students and
professionals in recognizing crude drugs in their natural or dried form and preventing adulteration.

Morphological classification of drugs is a practical and systematic method based on observable plant
structures. Although it lacks chemical and pharmacological considerations, it remains an essential tool
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for the identification, study, and standardization of crude drugs and continues to hold significant
importance in pharmacognosy education and practice.

3. TAXONOMICAL CLASSIFICATION OF DRUGS

Introduction
Taxonomical classification is a scientific and systematic method used in pharmacognosy for the study
and arrangement of crude drugs based on the botanical classification of the source plants. This system
follows the principles of plant taxonomy, which include identification, nomenclature, and
classification of plants according to their natural relationships. Taxonomical classification helps in
understanding the phylogenetic relationships among drug-yielding plants and provides a reliable basis
for the identification and authentication of crude drugs.
Definition
Taxonomical classification of drugs is defined as the arrangement of crude drugs according to the
taxonomic hierarchy of the source organisms, such as family, genus, and species, based on their
morphological, anatomical, and genetic similarities.
Basis of Taxonomical Classification
This classification is based on:

e Botanical nomenclature

e Morphological and anatomical characters

e Reproductive structures

e Genetic and evolutionary relationships
The system follows internationally accepted rules of plant taxonomy and nomenclature.

Hierarchy in Taxonomical Classification

Drugs obtained from plants are classified according to the following taxonomic ranks:

¢ Kingdom
e Division
e Class

e Order

o Family

e (Genus

e Species

In pharmacognosy, family, genus, and species are the most commonly used categories.
Examples of Taxonomical Classification

Solanaceae Family
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e Atropa belladonna — Belladonna
e Datura stramonium — Datura
e Hyoscyamus niger — Hyoscyamus

Rubiaceae Family

e Cinchona officinalis — Cinchona
o Coffea arabica — Coffee

Apiaceae (Umbelliferae) Family

e Foeniculum vulgare — Fennel
e Coriandrum sativum — Coriander

Lamiaceae (Labiatae) Family

e Mentha piperita — Peppermint
e Ocimum sanctum — Tulsi

Papaveraceae Family
e Papaver somniferum — Opium
Importance of Taxonomical Classification

1. Scientific Accuracy:
Ensures correct identification and nomenclature of crude drugs.
2. Detection of Adulteration:
Helps distinguish genuine drugs from substitutes and adulterants.
3. Prediction of Chemical Constituents:
Plants belonging to the same family often contain similar types of chemical constituents.
4. Educational Value:
Provides a logical and systematic framework for academic study.
5. Global Acceptance:
Universally accepted system based on international botanical codes.

Advantages of Taxonomical Classification

o Scientifically sound and systematic

o Indicates natural relationships among plants

o Useful in plant identification and research

o Facilitates discovery of new drugs from related species

Limitations of Taxonomical Classification
e Requires sound knowledge of botany

e Not suitable for drugs of animal, marine, or mineral origin
e Does not directly indicate pharmacological activity
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Role of Taxonomical Classification in Pharmacognosy

Taxonomical classification forms the foundation for modern pharmacognostic studies, especially in
quality control, pharmacopoeial standards, and herbal drug authentication. It bridges classical botany
with pharmaceutical sciences and supports rational exploration of medicinal plants.

Taxonomical classification of drugs is a scientifically robust system based on botanical principles that
ensures accurate identification and systematic arrangement of plant-derived drugs. Although it does
not directly describe chemical or pharmacological properties, its importance in preventing
adulteration, supporting research, and maintaining uniformity in drug nomenclature makes it
indispensable in pharmacognosy.

4, CHEMICAL CLASSIFICATION OF DRUGS

Introduction
Chemical classification is one of the most important and scientifically meaningful systems of
classification used in pharmacognosy. In this method, crude drugs are classified on the basis of the
nature and chemical structure of their chief active constituents. Since the therapeutic activity of a drug
is largely dependent on its chemical constituents, chemical classification provides a rational approach
for the study, evaluation, and utilization of crude drugs.
Definition
Chemical classification of drugs is defined as the systematic arrangement of crude drugs according to
the chemical nature and structural characteristics of their predominant bioactive constituents,
irrespective of their morphological or taxonomical origin.
Basis of Chemical Classification
This classification is based on:

e Predominant chemical constituents

e  Chemical structure and functional groups

e Biosynthetic origin of compounds

o Pharmacologically active principles
Major Classes under Chemical Classification

1. Alkaloids

Alkaloids are nitrogen-containing organic compounds of plant origin that exhibit significant
physiological activity.

Characteristics

e Basic in nature
e Usually occur as salts of organic acids
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o Bitter taste
Examples: Morphine (Opium), Quinine (Cinchona), Atropine (Belladonna), Caffeine (Coffee)
Therapeutic Uses: Analgesic, antimalarial, anticholinergic, central nervous system stimulant
2. Glycosides

Glycosides are organic compounds that on hydrolysis yield one or more sugar moieties (glycone) and
a non-sugar part (aglycone).

Types and Examples
e Cardiac glycosides: Digitalis
e Anthraquinone glycosides: Senna, Aloe
e Saponin glycosides: Liquorice
e Cyanogenic glycosides: Bitter almond
Therapeutic Uses: Cardiotonic, laxative, expectorant, anti-inflammatory
3. Tannins
Tannins are high-molecular-weight polyphenolic compounds capable of precipitating proteins.
Characteristics
e Astringent taste
e Water soluble
e Form complexes with proteins
Examples: Catechu, Nutgalls, Tea
Therapeutic Uses: Astringent, antidiarrheal, antimicrobial

4. Volatile Oils (Essential Oils)

Volatile oils are aromatic, volatile substances obtained from plant materials and responsible for
characteristic odors.

Characteristics
e Evaporate at room temperature
e Insoluble in water
e Soluble in organic solvents

Examples: Clove oil, Peppermint oil, Eucalyptus oil

Therapeutic Uses: Carminative, antiseptic, flavoring agent
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5. Fixed Oils, Fats, and Waxes
These are esters of fatty acids with glycerol or long-chain alcohols and are non-volatile in nature.
Examples: Castor oil, Olive oil, Cocoa butter
Therapeutic Uses: Laxative, emollient, pharmaceutical base
6. Resins and Resin Combinations
Resins are amorphous, solid or semi-solid substances formed as oxidation products of terpenes.
Types and Examples
e Resins: Colophony
e Oleoresins: Ginger oleoresin
e Oleo-gum-resins: Asafoetida, Myrrh
Therapeutic Uses: Antiseptic, expectorant, anti-inflammatory
7. Carbohydrates and Derived Products
Carbohydrates are polyhydroxy aldehydes or ketones and their derivatives.
Examples: Starch, Acacia gum, Isapghula mucilage
Therapeutic Uses: Demulcent, bulk laxative, suspending agent
8. Steroids and Triterpenoids
These are compounds with a steroid nucleus or triterpene skeleton derived from isoprene units.
Examples: Diosgenin (Dioscorea), Glycyrrhizin (Liquorice)
Therapeutic Uses: Anti-inflammatory, hormone precursors
9. Proteins and Enzymes
Biologically active macromolecules involved in metabolic processes.
Examples: Papain, Pepsin, Insulin
Therapeutic Uses: Digestive aid, anti-inflammatory, antidiabetic
Advantages of Chemical Classification

1. Directly correlates with pharmacological activity
2. Useful in drug evaluation and standardization
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3. Helps in phytochemical and pharmacological research
4. Facilitates drug discovery

Limitations of Chemical Classification

1. Drugs with multiple constituents may be difficult to classify

2. Requires advanced chemical knowledge

3. Does not consider morphological or taxonomical aspects
5. PHARMACOLOGICAL CLASSIFICATION OF DRUGS
Introduction
Pharmacological classification is a widely accepted and clinically relevant system of classification
used in pharmacognosy and pharmacology. In this method, crude drugs are classified according to
their therapeutic action or pharmacological effect on the human body. Since the ultimate purpose of
any drug is its therapeutic use, pharmacological classification provides a practical and functional
approach for the study and application of crude drugs.
Definition
Pharmacological classification of drugs is defined as the systematic arrangement of crude drugs based
on their primary pharmacological actions or therapeutic uses, irrespective of their source,
morphology, or chemical composition.
Basis of Pharmacological Classification
This classification is based on:

o Pharmacological activity

e Therapeutic application

e Target organ or system

e Mechanism of action
Major Classes under Pharmacological Classification
1. Drugs Acting on the Central Nervous System
These drugs influence brain and spinal cord functions.
Examples and Uses

e Analgesics: Opium — pain relief

o Sedatives and hypnotics: Valerian — induces sleep

e Stimulants: Coffee (caffeine) — CNS stimulation

2. Drugs Acting on the Cardiovascular System
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These drugs affect heart and blood vessels.
Examples and Uses

e Cardiotonic agents: Digitalis — increases cardiac output
e Antihypertensive agents: Rauwolfia — reduces blood pressure

3. Drugs Acting on the Digestive System

These drugs influence gastrointestinal functions.

Examples and Uses
e Carminatives: Fennel, Cardamom — relieve flatulence
e Laxatives: Senna, Isapghula — promote bowel movement
o Digestives: Papaya (papain), Ginger

4. Drugs Acting on the Respiratory System

These drugs help in respiratory disorders.

Examples and Uses
e Expectorants: Vasaka — promotes sputum expulsion
e Antitussives: Opium — suppresses cough
e Bronchodilators: Ephedra — relieves asthma

5. Drugs Acting on the Urinary System

These drugs affect urine formation and excretion.

Examples and Uses

o Diuretics: Uva ursi, Juniper berries
e Urinary antiseptics: Buchu

6. Drugs Acting on the Reproductive System
These drugs influence reproductive functions.
Examples and Uses

e Oxytocics: Ergot — stimulates uterine contraction
e Emmenagogues: Saffron — promotes menstruation

7. Drugs Acting on the Endocrine System

These drugs affect hormone secretion and regulation.
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Examples and Uses

e Antidiabetic drugs: Gymnema, Bitter gourd
e Thyroid regulators: lodine-containing drugs

8. Anti-infective Agents
These drugs act against microorganisms.
Examples and Uses

e Antimalarials: Cinchona

e Antibacterials: Garlic

e Antifungals: Neem
9. Anti-inflammatory and Antirheumatic Drugs
These drugs reduce inflammation and pain.

Examples and Uses

e Anti-inflammatory agents: Turmeric, Guggul
e Antirheumatic agents: Colchicum

10. Drugs Used in Skin Disorders
These drugs are used for dermatological conditions.
Examples and Uses

e Antiseptics: Neem, Turmeric
o Emollients: Aloe, Coconut oil

Advantages of Pharmacological Classification

Directly related to therapeutic use

Useful for clinical and practical application
Easy to understand and remember

Helpful in prescribing and dispensing

Howbhe

Limitations of Pharmacological Classification
1. Drugs with multiple actions may fall into more than one category
2. Does not provide information about chemical nature or source

3. Therapeutic action may vary with dose

6. CHEMO-TAXONOMICAL CLASSIFICATION OF DRUGS
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Definition

Chemo-taxonomical classification of drugs is defined as the classification of plants and crude drugs
based on the correlation between their chemical constituents and botanical taxonomy, particularly at
the family, genus, or species level.

Basis of Chemo-Taxonomical Classification
This system is based on:

e Presence of characteristic secondary metabolites

e Chemical markers specific to plant families or genera
e Biosynthetic pathways of metabolites

o Distribution patterns of chemical constituents

Principle

Plants that are taxonomically related often synthesize similar types of chemical constituents due to
shared genetic and biosynthetic pathways. Hence, chemical profiles can be used to support or refine
botanical classification.

Examples of Chemo-Taxonomical Relationships

e Solanaceae family: Rich in tropane alkaloids (Atropine, Hyoscyamine)

o Papaveraceae family: Characterized by isoquinoline alkaloids (Morphine, Codeine)
¢ Rubiaceae family: Known for indole and quinoline alkaloids (Quinine)

e Lamiaceae family: Rich in volatile oils (Menthol, Thymol)

e Apiaceae family: Abundant in essential oils and coumarins

Applications of Chemo-Taxonomy

Helps in identification and authentication of crude drugs
Aids in detection of adulterants and substitutes

Facilitates discovery of new drugs from related species
Supports taxonomical classification with chemical evidence
Useful in quality control and standardization

akrwbdPE

Advantages of Chemo-Taxonomical Classification

o Scientifically robust and reliable

o Links chemistry with plant taxonomy

o Useful in phytochemical screening

o Helps predict chemical constituents in unexplored plants

Limitations of Chemo-Taxonomical Classification

e Chemical composition may vary due to environmental factors
e Requires advanced analytical techniques
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* Not applicable to drugs lacking characteristic metabolites
7. SERO-TAXONOMICAL CLASSIFICATION OF DRUGS
Definition

Sero-taxonomical classification of drugs is the classification of plants and crude drugs based on
immunological reactions between plant proteins (antigens) and specific antibodies, thereby revealing
genetic and evolutionary relationships.

Basis of Sero-Taxonomical Classification
This system is based on:

e Antigen—antibody reactions

e Protein similarities among plants

e Immunological cross-reactivity

e Precipitation and agglutination tests

Principle

Closely related plants possess similar protein structures, which produce similar immune responses
when exposed to specific antisera. The degree of immunological similarity reflects taxonomical
proximity.

Methodology

e Proteins are extracted from plant tissues

e Antisera are prepared using laboratory animals

e Immunological tests such as precipitation reactions are conducted
o Degree of reaction indicates taxonomical relationship

Applications of Sero-Taxonomy

Useful in identification of closely related plant species
Helps in confirming botanical origin of crude drugs
Assists in detecting adulteration

Supports classical taxonomy in ambiguous cases

Mo E

Advantages of Sero-Taxonomical Classification
o Highly specific and sensitive
o  Useful where morphological characters are insufficient
o Provides genetic relationship evidence

Limitations of Sero-Taxonomical Classification

e Technically complex and time-consuming
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o Requires animal experimentation and laboratory facilities
e Limited application in routine pharmacognostic studies

QUALITY CONTROL OF DRUGS OF NATURAL ORIGIN

Drugs of natural origin, including those obtained from plants, animals, and minerals, form the
foundation of traditional medicine systems such as Ayurveda, Siddha, Unani, and also contribute
significantly to modern pharmaceutical preparations. Due to their biological nature, these drugs
exhibit considerable variation in chemical composition, therapeutic efficacy, and safety. Therefore,
quality control of drugs of natural origin is essential to ensure their identity, purity, strength, safety,
and therapeutic effectiveness. Quality control involves systematic evaluation using organoleptic,
microscopic, physical, chemical, and biological methods, as well as detection and prevention of
adulteration.

ADULTERATION OF DRUGS OF NATURAL ORIGIN

Adulteration refers to the intentional or unintentional substitution, mixing, or contamination of a
genuine crude drug with inferior, spurious, spoiled, or harmful substances, resulting in reduced
quality, efficacy, or safety of the drug.

Types of Adulteration

1. Substitution with Inferior Varieties
Genuine drugs may be replaced partially or completely with lower-grade varieties of the same
species or closely related species that lack the required medicinal properties.

2. Substitution with Morphologically Similar Drugs
Drugs resembling the original in size, shape, or color but differing in chemical composition
are often used to deceive consumers.

3. Use of Exhausted Drugs
Drugs from which active constituents have already been extracted are reused and sold as
genuine crude drugs.

4. Artificial Adulteration
Addition of synthetic chemicals, dyes, starch, sand, chalk powder, or other foreign materials
to increase weight or improve appearance.

5. Adulteration with Harmful Substances
Toxic plant parts, heavy metals, pesticide residues, or microbial contaminants may be present
due to poor handling or intentional addition.

6. Adulteration Due to Improper Collection and Storage
Collection at wrong season, incorrect plant part collection, improper drying, or storage under
humid conditions can lead to deterioration and fungal contamination.

Effects of Adulteration

o Reduction or loss of therapeutic efficacy

e Variation in pharmacological action

e Increased risk of toxicity and adverse effects
e Loss of consumer confidence

e Legal and regulatory consequences
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ORGANOLEPTIC EVALUATION OF DRUGS OF NATURAL ORIGIN
Introduction

Organoleptic evaluation is one of the oldest and most fundamental methods used in the quality control
of drugs of natural origin. Long before the development of sophisticated analytical instruments, crude
drugs were identified and judged for quality based on their sensory characteristics. Even in modern
pharmacognosy, organoleptic evaluation continues to play a vital role as a preliminary, rapid, and
cost-effective method for assessing the identity, purity, and quality of crude drugs obtained from
plant, animal, or mineral sources. This method relies on the careful observation and perception by
human sensory organs, making it a valuable skill that requires training and experience.

Definition

Organoleptic evaluation is defined as the assessment of crude drugs by means of the sense organs,
including sight, smell, taste, and touch, in order to determine their authenticity, quality, and degree of

purity.
Objectives of Organoleptic Evaluation
e To identify crude drugs in their entire or powdered form
e To detect adulteration or substitution
e To assess the freshness and degree of deterioration
e To ensure batch-to-batch consistency
e To provide a quick preliminary evaluation before advanced testing
Parameters of Organoleptic Evaluation
Organoleptic evaluation involves the systematic examination of the following characteristics:
1. Colour
Colour is one of the most important and immediately noticeable characteristics of a crude drug.
Significance
e The natural colour of a drug is often species-specific and depends on the presence of
pigments, resins, oils, or other chemical constituents.
e Any deviation from the normal colour may indicate improper drying, aging, microbial
growth, or adulteration.
Examples
e Fresh digitalis leaves exhibit a characteristic green colour, while brownish coloration suggests

deterioration.
e Turmeric rhizomes show a deep yellow to orange colour due to curcuminoids.
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Evaluation

Colour is examined under natural daylight, as artificial lighting may distort the true appearance of the
drug.

2. Odour

Odour is a highly distinctive feature and often arises from the presence of volatile oils or specific
chemical compounds.

Significance

e A characteristic odour helps in rapid identification of aromatic drugs.
e Loss of odour may indicate volatilization of essential oils due to poor storage.

Examples

e Clove has a strong, aromatic, spicy odour.
e Asafoetida emits a pungent, sulfur-like smell.

Evaluation

The drug is crushed lightly or warmed between fingers to release volatile components for proper
assessment.

3. Taste

Taste is an important diagnostic feature, particularly for drugs used in traditional systems of medicine.

Types of Taste
e Bitter
e Sweet
e Sour
o Salty
e Pungent

e Astringent
Significance
o Taste often correlates with the chemical nature of active constituents, such as alkaloids
producing bitterness or tannins causing astringency.
o Abnormal taste may indicate adulteration or degradation.

Precautions

Taste testing is performed only when the drug is known to be non-toxic and in very small quantities.
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4. Size
The size of a crude drug, including length, breadth, and thickness, provides useful identification clues.
Significance
e Size helps differentiate between genuine drugs and closely resembling substitutes.
e Variations in size may occur due to environmental factors but should remain within
acceptable limits.
Examples
e Senna leaflets have a specific length and width that distinguishes them from other species.

5. Shape

Shape refers to the overall form of the crude drug, whether it is cylindrical, conical, spherical,
flattened, or irregular.

Significance

o Shape is often characteristic of the plant part used, such as roots, rhizomes, bark, or seeds.
e Alteration in shape may suggest mechanical damage or substitution.

Examples

e Ginger rhizomes show a branched, laterally flattened shape.
o Fennel fruits are elongated and slightly curved.

6. Surface Characteristics
Surface features include smoothness, roughness, wrinkles, ridges, cracks, hairs, or markings.
Significance

o Surface characteristics provide important diagnostic markers.
o Presence or absence of specific surface structures can confirm authenticity.

Examples

e Cinnamon bark shows longitudinal striations.
o Nutmeg has a characteristic reticulated surface.

7. Texture and Fracture

Texture refers to the feel of the drug when touched, while fracture describes the nature of the break
when the drug is snapped.
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Types of Texture
e Hard
e Soft
e Fibrous
e Brittle
e Spongy

Types of Fracture

e Short

e Smooth

e Fibrous

e Granular
Significance

e These features are useful for identifying woody and fibrous drugs.
o Fracture pattern often reveals internal structural composition.

8. Consistency
Consistency indicates the resistance of the drug to pressure or handling.
Significance

e It helps distinguish between fresh and dried materials.

e Abnormal consistency may indicate excess moisture or degradation.

Advantages of Organoleptic Evaluation

e Simple and rapid method

o Cost-effective and does not require instruments
o Useful for routine quality control

o Applicable at the collection and storage stages

Limitations of Organoleptic Evaluation

e Subjective in nature

o Requires skilled and experienced personnel
e Cannot detect chemical adulterants

o Not sufficient for final quality confirmation

Organoleptic evaluation forms the foundation of quality control of crude drugs. By systematically
examining colour, odour, taste, size, shape, surface features, texture, fracture, and consistency, this
method enables rapid identification and detection of gross adulteration. Although it has certain
limitations, when combined with other evaluation methods, organoleptic analysis significantly

contributes to ensuring the authenticity, safety, and therapeutic value of drugs of natural origin.
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MICROSCOPIC EVALUATION OF DRUGS OF NATURAL ORIGIN

Introduction

Microscopic evaluation is one of the most reliable and scientific methods used in the quality control
of drugs of natural origin. Unlike organoleptic evaluation, which depends on external sensory
characters, microscopic evaluation focuses on the internal structural features of crude drugs, which are
often unique and difficult to falsify. This method is particularly valuable for the identification of drugs

that are powdered, broken, or processed, where external morphology is lost.

In pharmacognosy, microscopic evaluation serves as a confirmatory technique for authentication and
plays a crucial role in detecting adulteration, substitution, and deterioration of crude drugs.

Definition

Microscopic evaluation is defined as the systematic study of the histological and cellular structure of
crude drugs using a microscope, in order to establish their identity, purity, and quality.

Obijectives of Microscopic Evaluation

e To confirm the authenticity of crude drugs

e To detect adulterants and substitutes

e To study diagnostic cellular structures

e Toidentify drugs in entire, cut, or powdered form

e To support pharmacopoeial standards and monographs
Scope of Microscopic Evaluation
Microscopic evaluation is applicable to:

e Leaves, stems, roots, rhizomes, barks, seeds, and fruits

e Animal drugs such as wool, silk, and honey

e Powdered crude drugs where macroscopic identification is not possible
Methods of Microscopic Evaluation
Microscopic evaluation is carried out using the following approaches:

1. Histological (Sectional) Microscopy

Histological microscopy involves the examination of thin transverse or longitudinal sections of crude
drugs to study their internal tissue arrangement.

Procedure
e The drug is softened by soaking in water or glycerin.

e Thin sections are cut manually or with a microtome.
e Sections are cleared, stained, and mounted on slides.
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o Observation is done under low and high magnification.
Diagnostic Features Observed

1. Epidermis

Structure, thickness, presence of cuticle, stomata, and trichomes.
2. Ground Tissue

Arrangement of parenchyma, collenchyma, and sclerenchyma.
3. Vascular Tissue

Xylem and phloem arrangement, type of vessels and fibers.
4. Secretory Structures

Oil glands, resin ducts, latex vessels, mucilage cells.
5. Mechanical Tissue

Stone cells, fibers, and sclereids providing strength.

Importance

e Reveals internal structural organization
e Provides permanent diagnostic characters
e Helps distinguish genuine drugs from substitutes

2. Leaf Microscopy
Leaf microscopy is especially important due to the wide use of leaves as crude drugs.
Key Diagnostic Characters

1. Stomatal Type

Anomocytic, anisocytic, diacytic, or paracytic stomata.
2. Stomatal Index

The ratio of number of stomata to total epidermal cells.
3. Trichomes (Hairs)

Glandular or non-glandular, unicellular or multicellular.
4. Vein Islet and Vein Termination Numbers

Useful for species identification.
5. Palisade Ratio

Number of palisade cells beneath each epidermal cell.

Significance
o Highly specific and constant features
o Not affected by environmental conditions
o Useful in detecting leaf adulteration

3. Powder Microscopy

Powder microscopy involves the microscopic examination of powdered crude drugs to identify
characteristic fragments.
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Diagnostic Powder Characters

Starch Grains; Shape, size, hilum position, and lamellae.

Calcium Oxalate Crystals: rismatic, rosette, acicular, or sandy crystals.
Fibers and Vessels: Spiral, annular, reticulate, or pitted vessels.
Trichomes and Epidermal Cells: Fragments retain distinctive patterns.
Sclereids and Stone Cells: Thick-walled cells with pits.
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Importance

e Essential for powdered and processed drugs
e Detects exhausted or adulterated materials
e Widely used in herbal drug industries

4. Quantitative Microscopy

Quantitative microscopy involves numerical measurements of microscopic parameters that are
constant for a particular drug.

Parameters Measured

e Stomatal number and stomatal index
e Vein-islet number

¢ Vein-termination number

o Palisade ratio

o Fiber length and width

Importance

e Provides objective and reproducible data
o Useful in pharmacopoeial standards
o Differentiates closely related species

5. Microscopy of Adulterants
Microscopic evaluation helps detect adulteration by identifying:

o Presence of foreign tissues

e Absence of characteristic structures
e Unexpected cellular inclusions

o Excessive starch or fillers

Advantages of Microscopic Evaluation

e Highly specific and reliable

e Detects adulteration effectively

e Applicable to whole and powdered drugs
e Requires minimal chemical reagents
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Limitations of Microscopic Evaluation
e Requires trained personnel
e Time-consuming preparation
e Cannot quantify active constituents
e Limited in detecting chemical adulterants

PHYSICAL EVALUATION METHODS AND PROPERTIES

Physical evaluation refers to the determination of physical constants and measurable properties of
crude drugs that help assess their quality, purity, and suitability for medicinal use.

Physical Properties Evaluated

1. Moisture Content

Moisture content indicates the amount of water present in a crude drug.
Significance:

e Excess moisture promotes microbial growth, enzymatic degradation, and chemical instability.
o Insufficient drying may reduce shelf life.

Evaluation:

e Loss on drying method
o Karl Fischer titration (for precise measurement)

2. Ash Values
Ash values represent the inorganic residue remaining after incineration of crude drugs.
Types of Ash Values

o Total Ash: Indicates total inorganic matter.

e Acid-Insoluble Ash: Represents silica and sand contamination.

e Water-Soluble Ash: Measures water-soluble minerals.

Significance:

o Detects adulteration and contamination.
o Indicates improper handling or processing.

3. Extractive Values

Extractive values measure the amount of active constituents extractable in a specific solvent.

Types:
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¢ Alcohol-soluble extractive
o Water-soluble extractive

Significance:

o Indicates presence of soluble active constituents.
e Helps detect exhausted drugs.

4. Foreign Organic Matter
Foreign organic matter includes extraneous materials such as stems, soil, insects, or other plant parts.
Significance:

e Indicates purity and cleanliness.
e High levels reduce quality and safety.

5. Melting Point and Boiling Point
Used for isolated natural compounds.
Significance:

e Confirms identity and purity.
o Detects presence of impurities.

6. Optical Rotation
Measures the rotation of plane-polarized light by optically active substances.
Significance:

o Useful in identification of alkaloids, glycosides, and sugars.
Importance of Physical Evaluation

e Simple and reproducible

¢ Quantitative in nature

o Useful for routine quality control

e Helps maintain pharmacopoeial standards

CHEMICAL EVALUATION METHODS AND PROPERTIES

Chemical evaluation involves the qualitative and quantitative analysis of chemical constituents
present in crude drugs to establish their identity, purity, and potency.

Chemical Properties Evaluated
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1. Preliminary Phytochemical Screening
Used to detect major classes of phytoconstituents.
Detected Constituents:

o Alkaloids

e Glycosides

o Flavonoids

e Tannins

e Saponins

e Steroids and terpenoids

Significance:

e Confirms chemical nature of the drug.
e Provides initial quality assessment.

2. Chemical Assay
Quantitative estimation of active or marker compounds.
Significance:

e Ensures therapeutic consistency.
e Important for standardization.

3. Chromatographic Techniques

Used for separation, identification, and quantification.

Common Methods:
e Thin Layer Chromatography (TLC)
o High Performance Thin Layer Chromatography (HPTLC)
e High Performance Liquid Chromatography (HPLC)

Significance:

o Detects adulteration and substitution.
e Provides fingerprint profiles.

4. Spectroscopic Methods
Includes UV-Visible, IR, NMR, and Mass spectroscopy.

Significance:

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M.

Page 34



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication | [2026]

o Structural identification
e High sensitivity and specificity

5. Detection of Contaminants
Includes testing for:
e Heavy metals
e Pesticide residues
e Mycotoxins
Significance:
e Ensures safety and regulatory compliance.
Importance of Chemical Evaluation
e Confirms identity and potency
e Detects chemical adulterants
e Ensures batch-to-batch uniformity
e Essential for modern herbal formulations

BIOLOGICAL EVALUATION METHODS AND PROPERTIES

Biological evaluation assesses the pharmacological activity and biological potency of crude drugs
using living systems or biological models.

Biological Properties Evaluated
1. Pharmacological Activity
Assessment of therapeutic effects such as:
e Analgesic
e Anti-inflammatory
e Antimicrobial
e Antidiabetic
e Antioxidant
Significance:
o Confirms claimed therapeutic effects.
2. Bioassay Methods

Used when chemical evaluation is insufficient.

Examples:
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e Hormones

e Enzymes
o Antibiotics
Significance:

o Measures biological potency directly.
3. In Vivo Methods
Evaluation using laboratory animals.
Significance:

e Provides whole-body response.
o Useful for toxicity and efficacy studies.

4. In Vitro Methods
Use of isolated tissues, cells, or enzymes.
Significance:

o Ethical and cost-effective.
e Suitable for preliminary screening.

5. Toxicity Studies
Includes acute, sub-acute, and chronic toxicity testing.
Significance:

e Ensures safety of natural drugs.
o Determines safe dosage levels.

Importance of Biological Evaluation

e Confirms therapeutic efficacy

o Useful when active constituents are unknown
e Ensures biological consistency

o Complements chemical evaluation

QUANTITATIVE MICROSCOPY OF CRUDE DRUGS
Quantitative microscopy is an important branch of pharmacognostical evaluation that deals with the

numerical measurement of specific microscopic characteristics of crude drugs. Unlike qualitative
microscopy, which describes the presence or absence of diagnostic features, quantitative microscopy
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provides objective, reproducible, and measurable data that are characteristic for a particular plant
species.

These quantitative parameters remain fairly constant irrespective of environmental conditions, making
them extremely useful for identification, standardization, and detection of adulteration, especially in
powdered or fragmented crude drugs.

Definition

Quantitative microscopy is defined as the microscopic evaluation of crude drugs based on numerical
values of certain histological features, which are specific and constant for a given species.

Importance of Quantitative Microscopy

e Provides accurate and reproducible identification
o Helps differentiate closely related species

o Useful for pharmacopoeial standardization

o Detects substitution and adulteration

e Applicable to leaf drugs and powdered materials

Methods of Quantitative Microscopy
Quantitative microscopy mainly includes:
Lycopodium spore method

Leaf constants

Use of camera lucida
Drawing microscopic objects to scale

Mo RE

1. Lycopodium Spore Method
Principle

The lycopodium spore method is based on the principle that lycopodium spores have a known,
constant number of spores per milligram. By mixing a powdered crude drug with a known quantity
of lycopodium powder, the number of diagnostic particles (such as starch grains, pollen grains, or
crystals) per unit weight of the crude drug can be calculated.

Properties of Lycopodium Spores

e Obtained from Lycopodium clavatum
e Uniform size and shape

e Average 94,000 spores per mg

e Do not clump easily

e Easily identifiable under microscope

Procedure
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Calculation Formula

e N =number of characteristic particles per mg of drug

e n=number of particles counted

e W = weight of lycopodium taken

e s =number of spores per mg of lycopodium
e m =weight of crude drug

e | =number of lycopodium spores counted

Applications

o Determination of starch grains in ginger

o Estimation of pollen grains

o Detection of adulteration in powdered drugs
Advantages

e Accurate and reliable

e Applicable to powdered drugs

o Simple and cost-effective

2. Leaf Constants

A known weight of powdered crude drug is taken.

A known weight of lycopodium powder is added and mixed uniformly.

A small quantity of the mixture is mounted on a slide.

The number of lycopodium spores and diagnostic particles are counted under the microscope.
Calculations are performed using a standard formula.

Leaf constants are numerical values of microscopic leaf characters that remain constant for a species

and are widely used in identification and quality control of leaf drugs.

Types of Leaf Constants

1. Stomatal Number: The average number of stomata per square millimeter of leaf surface.

Significance:

e Helps in identification of species
¢ Not affected significantly by environment
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2. Stomatal Index

The percentage ratio of number of stomata to the total number of epidermal cells.

Formula:

S
Stomatal Index = E—}S x 100

Where:

e S =number of stomata
e E =number of epidermal cells

Significance:

e More reliable than stomatal number
e Used in pharmacopoeial standards

3. Palisade Ratio
The average number of palisade cells beneath one epidermal cell.
Significance:

e Highly constant for a species
o Useful in powdered leaf drugs

4. Vein-Islet Number
The number of vein-islets per square millimeter of leaf surface.
Significance:

o Important for species differentiation
e Used in quality control of leaf drugs

5. Vein-Termination Number
The number of vein endings per square millimeter of leaf surface.
Significance:

e Helps identify closely related species
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o Useful in detecting substitution
3. Camera Lucida

A camera lucida is an optical drawing device attached to a microscope that allows the observer to
simultaneously view the microscopic object and the drawing surface, enabling accurate drawing to
scale.

Principle

The camera lucida uses a prism or mirror system to superimpose the image of the microscopic object
onto the drawing paper, ensuring correct proportions and measurements.

Procedure

The camera lucida is attached to the microscope.

The microscopic specimen is focused.

The drawing paper is placed beside the microscope.

The observer traces the image seen through the camera lucida.
Scale is determined using a stage micrometer.

arwbdPE

Uses

o Drawing diagnostic microscopic structures
e Accurate representation of size and shape
e Educational and documentation purposes

4. Diagrams of Microscopic Objects to Scale Using Camera Lucida
Importance of Scaled Diagrams

e Provides permanent visual record
e Helps in comparison and identification
o Essential for practical examinations and research documentation

Common Microscopic Objects Drawn

e Stomata

e Trichomes

e Starch grains

e Calcium oxalate crystals
o Fibers and vessels

o Palisade cells

Guidelines for Drawing

e Drawings must be neat and clear
e Proper labeling of structures
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e Correct scale indication
o No shading; use single clear lines

Advantages of Quantitative Microscopy

e Obijective and precise

e Highly reproducible

e  Useful for powdered and fragmented drugs
o Accepted in pharmacopoeial standards

Limitations

o Requires trained personnel
e Time-consuming
e Limited to drugs with distinct microscopic features

Quantitative microscopy is a powerful and dependable tool in the quality control of crude drugs.
Techniques such as the lycopodium spore method, leaf constants, and camera lucida drawings provide
numerical and visual standards that ensure authenticity, purity, and consistency of natural drugs.
When combined with other pharmacognostical evaluation methods, quantitative microscopy
significantly strengthens the scientific validation and standardization of drugs of natural origin.
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CULTIVATION AND COLLECTION OF DRUGS OF NATURAL ORIGIN
Introduction

Drugs of natural origin, especially those obtained from plants, have been used for medicinal purposes
since ancient times. With the growing demand for herbal medicines, phytopharmaceuticals, and
natural products, reliance on wild sources alone has become insufficient and unsustainable. As a
result, systematic cultivation and scientific collection of medicinal plants have become essential to
ensure a continuous supply of high-quality raw materials with consistent therapeutic efficacy.

Cultivation and collection directly influence the chemical composition, safety, and pharmacological
activity of crude drugs. Improper practices at these stages may lead to reduced potency, adulteration,
or complete loss of medicinal value.

Definition

e Cultivation refers to the scientific growing of medicinal plants under controlled conditions to
obtain uniform, genuine, and high-quality crude drugs.

e Collection refers to the systematic harvesting of medicinal plant parts at the appropriate stage
of growth and time to ensure maximum yield of active constituents.

Importance of Cultivation and Collection

e Ensures authenticity and purity of crude drugs

e Maintains uniform quality and potency

e Prevents adulteration and substitution

e Conserves endangered medicinal plants

o Facilitates large-scale commercial production

e Supports standardization and quality control
CULTIVATION OF DRUGS OF NATURAL ORIGIN
Objectives of Cultivation

e To obtain maximum yield of active constituents

e To produce standardized raw material

e Toreduce dependence on wild plant populations

e To ensure availability of drugs throughout the year
Factors Influencing Cultivation of Medicinal Plants
1. Climate
Climate plays a crucial role in the growth and chemical composition of medicinal plants.

Components:

e Temperature
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o Rainfall

e Humidity

e Light intensity
Significance:

e Influences plant metabolism and biosynthesis of secondary metabolites
e Unsuitable climate can reduce active constituent content

2. Soil

Soil provides mechanical support and essential nutrients.

Types of Soil:
e Sandy soil
e Loamy soil
e Clayey soil

Soil Characteristics:
° pH
o Fertility
o Drainage capacity
e Organic matter content

Significance:

o Soil quality affects root development and chemical profile
e Certain plants require specific soil conditions

3. Altitude
Altitude affects temperature, oxygen levels, and sunlight exposure.
Significance:

o High-altitude plants often produce higher concentrations of bioactive compounds
o Influences morphological and chemical characteristics

4. Water Supply and Irrigation
Adequate water is essential for proper plant growth.
Significance:

e EXxcess water causes root rot
o Insufficient water reduces biomass and active constituents
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5. Propagation Methods
Medicinal plants can be propagated by:
A. Sexual Propagation

e By seeds
e Maintains genetic diversity

B. Vegetative Propagation

e By cuttings, rhizomes, tubers, bulbs
o Ensures genetic uniformity

Significance:

e Vegetative propagation is preferred for plants with poor seed viability

6. Use of Manures and Fertilizers
Organic manures and biofertilizers are preferred.
Significance:

e Improve soil fertility

e Maintain ecological balance

e Excess chemical fertilizers may alter phytochemical content
7. Pest and Disease Control
Medicinal plants are vulnerable to insects, fungi, and bacteria.
Control Measures:

e Biological control

e  Cultural practices

e Minimal and controlled use of pesticides

Significance:

e Prevents contamination
o Ensures safety of herbal drugs

8. Plant Growth Regulators
Used to enhance growth and yield.

Examples:
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e Auxins

o Gibberellins

e Cytokinins
Significance:

o Improve rooting, flowering, and biomass
e Must be used judiciously

COLLECTION OF DRUGS OF NATURAL ORIGIN
Importance of Proper Collection
e Determines quality and potency
e Prevents deterioration
e Ensures maximum therapeutic value
Factors Affecting Collection
1. Correct ldentification of Plant
Accurate botanical identification is essential to avoid substitution and adulteration.

Significance:

e Ensures authenticity
e Prevents toxicity due to wrong species

2. Proper Stage of Growth

Different plant parts must be collected at specific growth stages.

Plant Part Ideal Collection Stage

Leaves Before flowering

Flowers Fully opened stage

Roots After flowering or in dormancy

Bark Active growing season

Seeds Fully mature stage

3. Time of Collection
Time of day and season influence active constituent content.
Examples:

e Volatile oil drugs collected in the morning
e Alkaloid-rich plants collected during specific seasons
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4. Method of Collection
Improper collection may damage the plant or reduce quality.
Methods:

e Manual harvesting
e Mechanical harvesting

Significance:

e Avoids injury to useful plant parts
e Ensures sustainability

5. Collection of Specific Plant Parts
¢ Roots and Rhizomes: Dug carefully to avoid damage
e Barks: Collected without girdling the tree
e Leaves: Picked without destroying branches
e Flowers and Fruits: Handpicked gently
6. Post-Collection Handling
Includes cleaning, washing, drying, and storage.

Significance:

e Prevents microbial growth
e Maintains chemical stability

7. Drying of Collected Material
Drying reduces moisture content and prevents spoilage.
Methods:
e Sundrying
o Shade drying
o Artificial drying
8. Storage Conditions
Proper storage preserves quality.

Requirements:

e Dryand cool place
e Protection from light and insects
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o Suitable packaging
FACTORS INFLUENCING CULTIVATION OF MEDICINAL PLANTS

Cultivation of medicinal plants is a scientific process aimed at obtaining high-quality crude drugs with
uniform chemical composition and maximum therapeutic value. The successful cultivation of
medicinal plants depends on several environmental, biological, and agronomic factors, each of which
directly influences plant growth, yield, and the biosynthesis of active constituents. Any variation in
these factors may significantly affect the quality, potency, and safety of the resulting crude drug.

Understanding these factors is essential for achieving standardization, sustainability, and commercial
viability of medicinal plant cultivation.

1. Climate
Climate is one of the most critical factors influencing the cultivation of medicinal plants.
Components of Climate
e Temperature
e Rainfall
e Humidity
o Light and photoperiod
Influence on Cultivation
e Temperature regulates enzyme activity and metabolic processes.
o Rainfall and humidity affect growth, flowering, and secondary metabolite production.
o Light intensity and day length influence photosynthesis and synthesis of active constituents
such as alkaloids, glycosides, and essential oils.

Significance

Each medicinal plant has a specific climatic requirement, and deviation from the optimum climate can
lead to reduced growth and medicinal value.

2. Soil
Soil acts as the primary medium for plant growth and nutrient supply.
Soil Characteristics Affecting Cultivation

e Texture (sandy, loamy, clayey)

e Soil pH

e  Fertility and mineral content

e Drainage and aeration
e Organic matter content

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 48



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication | [2026]

Influence on Medicinal Plants
o Soil quality determines root development and nutrient uptake.
e Certain medicinal plants require specific soil types to accumulate active constituents
effectively.
Significance
Improper soil conditions can result in poor growth, low yield, and altered phytochemical composition.
3. Altitude
Altitude affects environmental conditions such as temperature, light intensity, and oxygen availability.
Influence on Cultivation
e Plants grown at higher altitudes often show increased concentrations of secondary
metabolites.
o Altitude may influence morphological characteristics and growth patterns.

Significance

Many medicinal plants are altitude-specific and cannot be cultivated successfully outside their natural
elevation range.

4. Water Supply and Irrigation
Water is essential for all physiological processes in plants.
Influence on Cultivation
e Adequate irrigation supports healthy growth and biomass production.
e Excess water may cause root rot and nutrient leaching.
o Water stress can reduce yield and affect active constituent content.
Significance
Balanced irrigation is necessary to maintain optimal plant health and medicinal quality.
5. Propagation Methods
Propagation determines the genetic uniformity and yield of medicinal plants.

Types of Propagation

e Sexual propagation: By seeds
e Vegetative propagation: By cuttings, rhizomes, tubers, bulbs, and grafting
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Influence on Cultivation

e Sexual propagation promotes genetic diversity.
e Vegetative propagation ensures uniformity and consistency in active constituents.

Significance
Vegetative propagation is preferred for plants with poor seed viability or high variability.
6. Use of Manures and Fertilizers
Nutrient management plays a vital role in cultivation.
Types
e Organic manures
o Biofertilizers
e Chemical fertilizers (used cautiously)
Influence on Cultivation
e Proper nutrition enhances plant growth and yield.
e Excessive use of chemical fertilizers may alter the natural chemical profile of medicinal
plants.
Significance
Organic and eco-friendly fertilizers are preferred to maintain medicinal quality and soil health.
7. Pest and Disease Management
Medicinal plants are susceptible to insects, fungi, bacteria, and viruses.

Influence on Cultivation

e Pest infestation reduces yield and quality.
o Disease-affected plants may contain toxic metabolites.

Control Measures
e Cultural practices
e Biological control
e Minimal and regulated pesticide use

Significance

Effective pest management ensures safe and contamination-free crude drugs.
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8. Plant Growth Regulators

Plant growth regulators influence growth and development.

Types
e Auxins
e Gibberellins
e Cytokinins

Influence on Cultivation

e Promote rooting, flowering, and biomass accumulation.
e Improve yield and quality when used judiciously.

Significance

Improper use may adversely affect plant metabolism and medicinal value.

9. Harvesting Practices

Although harvesting is a post-cultivation process, it strongly influences cultivation planning.
Influence

e Correct harvesting stage ensures maximum active constituent content.
e Poor harvesting practices can damage plants and reduce future yield.

10. Environmental and Ecological Factors
Environmental sustainability plays a key role.
Influence

e Soil erosion, pollution, and climate change affect plant growth.
e Sustainable practices ensure long-term cultivation success.

Significance

Eco-friendly cultivation preserves biodiversity and medicinal plant resources.

PLANT HORMONES AND THEIR APPLICATIONS

Plant hormones, also known as phytohormones, are naturally occurring organic chemical substances
produced in small quantities within plants. These substances play a crucial role in regulating growth,
development, and physiological activities of plants. Unlike nutrients, plant hormones are not required

in large amounts, yet they exert profound effects on processes such as cell division, elongation,
differentiation, flowering, fruiting, and senescence.
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In the cultivation of medicinal plants, plant hormones are widely applied to improve germination,
enhance vegetative growth, increase yield, and regulate the production of active constituents. Their
controlled application has become an important tool in modern agricultural and pharmacognostical
practices.

Definition

Plant hormones are defined as organic substances synthesized in one part of the plant and transported
to another part, where they influence specific physiological processes at very low concentrations.

General Characteristics of Plant Hormones

e Produced naturally within plant tissues

e Active in very small quantities

e Can be transported from their site of synthesis
e May promote or inhibit growth

o Exhibit specific physiological effects

Classification of Plant Hormones
Plant hormones are broadly classified into the following major groups:

Auxins
Gibberellins
Cytokinins
Ethylene
Abscisic Acid
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1. Auxins

Auxins are plant hormones primarily involved in cell elongation and growth regulation. They are
synthesized mainly in the apical meristems, young leaves, and developing seeds.

Common Natural and Synthetic Auxins
e Indole-3-acetic acid (IAA)
e Indole-3-butyric acid (IBA)
o Naphthalene acetic acid (NAA)

Physiological Functions

o Promote cell elongation

e Maintain apical dominance

e Stimulate root initiation

e Prevent premature leaf and fruit drop

Applications of Auxins
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o Widely used in vegetative propagation to induce rooting in cuttings
e Used to prevent pre-harvest fruit drop

o Applied in tissue culture for callus formation

e Aid in uniform growth of medicinal plants

2. Gibberellins

Gibberellins are growth-promoting hormones involved in stem elongation, seed germination, and

flowering. They are synthesized in young tissues, roots, and developing seeds.
Common Gibberellins
e Gibberellic acid (GAs)
Physiological Functions
e Promote stem elongation
e Break seed dormancy
e Enhance enzyme production during germination
e Induce flowering in certain plants
Applications of Gibberellins
e Used to increase plant height and biomass
e Improve seed germination in dormant seeds

e Enhance flowering and fruit size
e Increase yield of medicinal plant raw material

3. Cytokinins
Cytokinins are plant hormones that primarily stimulate cell division (cytokinesis). They are
synthesized in roots, developing fruits, and seeds.
Common Cytokinins
e Zeatin
e Kinetin
e Benzylaminopurine (BAP)
Physiological Functions
e Promote cell division
o Delay leaf senescence
o Enhance lateral bud growth
e Mobilize nutrients
Applications of Cytokinins
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e Used in plant tissue culture for shoot formation
o Delay aging and yellowing of leaves

o Improve leaf biomass in medicinal plants

e Promote branching and bushy growth

4. Ethylene

Ethylene is a gaseous plant hormone that regulates fruit ripening and senescence. It is produced by

ripening fruits, aging tissues, and stressed plants.
Physiological Functions

e Induces fruit ripening

e Promotes leaf and fruit abscission

e Regulates senescence

o Influences flowering in some plants

Applications of Ethylene
e Used to control fruit ripening
e Applied in synchronized harvesting
e Regulates flowering in certain medicinal plants

e Used in post-harvest management

5. Abscisic Acid (ABA)

Abscisic acid is primarily a growth-inhibiting hormone involved in stress response and dormancy. It is

synthesized in leaves, roots, and developing seeds.
Physiological Functions

e Induces seed and bud dormancy
e Promotes leaf abscission

e Regulates stomatal closure

o Enhances stress tolerance

Applications of Abscisic Acid

e Used to induce dormancy in seeds

o Enhances plant resistance to drought stress

o Helps regulate growth under adverse conditions

e Maintains quality of medicinal plants during stress

Role of Plant Hormones in Medicinal Plant Cultivation
e Improve germination and survival rate

e Enhance vegetative growth and yield
e Regulate flowering and harvesting time
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e Maintain uniform quality of crude drugs
o Increase production of secondary metabolites

Advantages of Using Plant Hormones

e Increase yield and quality

e Reduce cultivation time

e Improve uniformity of plant growth

e Support large-scale commercial cultivation

Limitations and Precautions

e Overuse may cause abnormal growth
e Incorrect concentration may reduce medicinal value
o Residual effects must be controlled

Plant hormones play a vital role in regulating plant growth and development and have wide-ranging
applications in the cultivation of medicinal plants. Hormones such as auxins, gibberellins, cytokinins,
ethylene, and abscisic acid, when applied judiciously, enhance growth, yield, and quality of crude
drugs. Their scientific use contributes significantly to standardized, sustainable, and high-quality
production of medicinal plants, which is essential for modern pharmacognosy and herbal medicine
industries.

POLYPLOIDY, MUTATION AND HYBRIDIZATION WITH REFERENCE TO
MEDICINAL PLANTS

Medicinal plants are the primary source of many therapeutic agents used in traditional and modern
medicine. The quality, quantity, and consistency of bioactive constituents present in medicinal plants
are strongly influenced by their genetic makeup. To improve yield, potency, and adaptability, various
plant improvement techniques such as polyploidy, mutation, and hybridization are employed.

These techniques help in developing medicinal plant varieties with enhanced secondary metabolite
production, disease resistance, better growth characteristics, and uniform quality, thereby supporting
large-scale cultivation and pharmaceutical utilization.

I. Polyploidy in Medicinal Plants

Polyploidy refers to the condition in which a plant possesses more than two complete sets of
chromosomes in its somatic cells, unlike the normal diploid condition.

Types of Polyploidy
1. Autopolyploidy
Occurs when chromosome sets are duplicated within the same species.
2. Allopolyploidy

Results from hybridization between two different species followed by chromosome doubling.

Methods of Inducing Polyploidy
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e Treatment with colchicine
o Use of other antimitotic agents
e Tissue culture techniques

Effects of Polyploidy on Medicinal Plants

e Increase in cell size and plant vigor

o Larger leaves, flowers, roots, and fruits

e Enhanced production of secondary metabolites
o Improved resistance to environmental stress

Advantages of Polyploidy in Medicinal Plants

e Higher yield of crude drugs

¢ Increased concentration of active constituents
e Improved adaptability and survival

e Better commercial value

Examples of Polyploidy in Medicinal Plants

e Datura — Increased alkaloid content

e Atropa belladonna — Enhanced atropine yield

e Papaver somniferum — Improved morphine production

o Rauwolfia serpentina — Higher reserpine content
Limitations of Polyploidy

e Reduced fertility in some plants

e Slower growth rate

o Difficulty in maintaining stable polyploid lines

I1. Mutation in Medicinal Plants

Mutation refers to a sudden, heritable change in the genetic material of an organism, resulting in new

traits that were not present in the parent plant.
Types of Mutations
1. Spontaneous Mutations
Occur naturally without external influence.
2. Induced Mutations

Caused by physical or chemical mutagens.

Mutagens Used

e Physical mutagens: X-rays, gamma rays, ultraviolet radiation

e Chemical mutagens: Ethyl methanesulfonate (EMS), nitrosoguanidine
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Effects of Mutation on Medicinal Plants

e Development of new chemotypes

e Altered metabolic pathways

e Increased production of specific secondary metabolites
o Improved disease resistance

Applications of Mutation in Medicinal Plants

o Creation of high-yielding varieties

e Improvement in drug quality and potency
e Development of early-maturing plants

e Reduction of undesirable traits

Examples of Mutation in Medicinal Plants

e Catharanthus roseus — Enhanced alkaloid content
e Mentha species — Improved essential oil yield
e Papaver somniferum — Modified alkaloid profile

Limitations of Mutation Breeding

e Most mutations are harmful or neutral
e Requires extensive screening
e Time-consuming and unpredictable

I11. Hybridization in Medicinal Plants

Hybridization is the process of crossing two genetically different plants to produce offspring with
desirable characteristics of both parents.

Types of Hybridization

1. Intraspecific Hybridization

Crossing within the same species.
2. Interspecific Hybridization

Crossing between different species of the same genus.
3. Intergeneric Hybridization

Crossing between plants of different genera.

Objectives of Hybridization
e Combine desirable traits
e Increase yield and potency
e Improve adaptability

e Develop disease-resistant varieties

Effects of Hybridization on Medicinal Plants
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o Hybrid vigor (heterosis)

e Enhanced growth and biomass

o Improved phytochemical profile
e Uniformity in cultivated plants

Examples of Hybridization in Medicinal Plants

e Mentha species — High menthol yield
e Cinchona — Improved quinine content
o Digitalis — Enhanced cardiac glycoside production

Advantages of Hybridization

o Combines useful traits from two parents
e Produces superior plant varieties
e Improves quality and yield

Limitations of Hybridization

e Hybrid sterility in some cases
e Requires skilled breeding techniques
o Maintenance of hybrid lines can be difficult

CONSERVATION OF MEDICINAL PLANTS

Medicinal plants form the backbone of traditional systems of medicine and are also an important
source of modern pharmaceuticals. A large proportion of the world’s population depends directly on
plant-based medicines for primary healthcare. However, increasing demand, unscientific harvesting,
habitat destruction, deforestation, urbanization, climate change, and overexploitation have placed
serious pressure on natural populations of medicinal plants. As a result, many valuable medicinal
species have become rare, threatened, or endangered.

Conservation of medicinal plants is therefore essential not only to preserve biodiversity and ecological
balance, but also to ensure the sustainable availability of raw materials for pharmaceutical, herbal, and
traditional medicine industries.

Definition

Conservation of medicinal plants refers to the protection, preservation, sustainable management, and
restoration of medicinal plant species and their natural habitats, ensuring their availability for present
and future generations without causing ecological damage.

Need for Conservation of Medicinal Plants

e Increasing demand for herbal medicines

e Overharvesting from wild sources

e Loss of natural habitats due to deforestation and agriculture
e Extinction of rare and endemic species
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e Genetic erosion and loss of biodiversity
o Ensuring long-term pharmaceutical resources

Threats to Medicinal Plants

e Overexploitation
Unregulated and excessive collection of medicinal plants from the wild leads to depletion of
natural populations, especially when roots, rhizomes, or whole plants are harvested.

e Habitat Destruction
Deforestation, mining, urbanization, road construction, and agricultural expansion destroy
natural ecosystems where medicinal plants grow.

e Unsustainable Harvesting Practices
Improper methods such as uprooting entire plants or collecting immature plant parts reduce
regeneration capacity.

e Climate Change
Changes in temperature, rainfall, and seasonal patterns affect growth, flowering, and survival
of medicinal plants.

e Lack of Awareness and Documentation
Traditional knowledge about medicinal plants is often poorly documented and is gradually
being lost.

Methods of Conservation of Medicinal Plants
Conservation strategies are broadly classified into in situ and ex situ methods.
I. In Situ Conservation

In situ conservation involves the protection and maintenance of medicinal plants within their natural
habitats, allowing them to grow, reproduce, and evolve naturally.

Methods of In Situ Conservation
1. Protected Areas
o National parks
e Wildlife sanctuaries
o Biosphere reserves
These areas provide legal protection to medicinal plants and their ecosystems.
2. Sacred Groves
Sacred groves are forest patches protected due to religious or cultural beliefs.

Significance:

e Preserve rare and endemic medicinal plants
e Promote community-based conservation
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3. Medicinal Plant Conservation Areas (MPCAS)
Designated areas specifically developed for conserving medicinal plant species.
Advantages of In Situ Conservation

e Maintains natural genetic diversity

e Preserves ecological interactions

o Cost-effective in the long term

Limitations

e Vulnerable to environmental changes
e Requires strong legal protection

I1. Ex Situ Conservation

Ex situ conservation involves the conservation of medicinal plants outside their natural habitats
under controlled conditions.

Methods of Ex Situ Conservation

1. Botanical Gardens

Medicinal plants are cultivated and maintained for conservation, research, and education.
2. Seed Banks

Seeds of medicinal plants are stored under controlled temperature and humidity.
Significance:

o Long-term conservation of genetic material
o  Useful for reintroduction programs

3. Field Gene Banks

Living collections of medicinal plants maintained in agricultural fields.
4. Tissue Culture and Micropropagation

In vitro techniques are used to propagate plants rapidly.

Significance:

e Conservation of endangered species
e Production of disease-free planting material
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5. Cryopreservation

Plant tissues or seeds are preserved at ultra-low temperatures.

Advantages of Ex Situ Conservation

e Protects plants from immediate extinction
e Allows large-scale propagation
o Useful for research and breeding

Limitations

e High initial cost
e Limited genetic diversity
o Atrtificial environment

Importance of Conservation of Medicinal Plants

e Preserves biodiversity

e Ensures availability of raw materials

e Supports pharmaceutical research

e Maintains traditional medicine systems
e Promotes ecological balance

Conservation of medicinal plants is a global responsibility that requires coordinated efforts involving

scientific research, sustainable cultivation, legal protection,

biotechnology, and community

participation. Both in situ and ex situ conservation strategies play vital roles in safeguarding medicinal
plant resources. Effective conservation not only protects biodiversity but also ensures the sustainable
future of herbal medicines and natural product-based pharmaceuticals, benefiting both present and

future generations.
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UNIT — I

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 62



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication | [2026]

PLANT TISSUE CULTURE

Plant tissue culture is a powerful biotechnological technique that involves the in vitro cultivation of
plant cells, tissues, or organs under aseptic and controlled environmental conditions. This technique is
based on the principle of cellular totipotency, which states that every living plant cell has the inherent
ability to regenerate into a complete plant when provided with suitable conditions. Plant tissue culture
plays a vital role in medicinal plant propagation, conservation of endangered species, production of
secondary metabolites, and genetic improvement.

HISTORICAL DEVELOPMENT OF PLANT TISSUE CULTURE

The development of plant tissue culture has progressed through several important scientific
discoveries and experimental advancements.

Early Concepts

e In 1838-1839, Schleiden and Schwann proposed the cell theory, establishing that all living
organisms are composed of cells.

e 1In 1902, the German botanist Gottlieb Haberlandt introduced the concept of totipotency and is
regarded as the father of plant tissue culture. He attempted to culture isolated plant cells,
though his experiments were unsuccessful due to limited knowledge of nutrients and growth
regulators.

Major Milestones

e 1920s-1930s: Successful culture of excised root and stem tips by scientists such as Kotte and
Robbins.

e 1940s: Discovery of the role of auxins in cell division and differentiation.

e 1950s: Development of nutrient media by White and Gautheret, enabling sustained growth of
plant tissues.

e 1957: Skoog and Miller demonstrated the role of auxin—cytokinin balance in organ formation.

e 1962: Murashige and Skoog developed the widely used MS medium, which remains the
standard medium for plant tissue culture.

e 1970s onwards: Advances in micropropagation, somatic embryogenesis, protoplast culture,
and genetic engineering.

TYPES OF PLANT TISSUE CULTURES

Plant tissue culture techniques are classified based on the type of explant and the purpose of
cultivation.

1. Callus Culture
Callus culture involves the growth of unorganized, undifferentiated mass of cells from plant tissues.
Applications:

e Study of cell differentiation

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 63



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication | [2026]

e Secondary metabolite production
e Genetic manipulation

2. Cell Suspension Culture
In this method, callus cells are grown in a liquid medium under continuous agitation.
Applications:

e Large-scale production of bioactive compounds
e Cell physiology studies

3. Organ Culture

Organ culture involves the in vitro cultivation of intact plant organs such as roots, shoots, leaves, or
flowers.

Applications:

e Study of organ development
e Micropropagation

4. Meristem Culture
Meristem culture uses actively dividing meristematic tissue.
Applications:

e Production of virus-free plants
o Rapid clonal propagation

5. Embryo Culture
Isolated embryos are cultured to overcome seed dormancy or embryo abortion.
Applications:

e Hybrid rescue
e Conservation of rare species

6. Anther and Pollen Culture
This method is used to produce haploid plants.
Applications:

e Plant breeding
e Development of homozygous lines

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 64



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication

[2026]

7. Protoplast Culture
Protoplasts are plant cells without cell walls.
Applications:

e Somatic hybridization
e Genetic engineering

NUTRITIONAL REQUIREMENTS OF PLANT TISSUE CULTURE

Proper nutrition is essential for successful in vitro growth and differentiation.

1. Macronutrients
These elements are required in large amounts.
Examples: Nitrogen, phosphorus, potassium, calcium, magnesium, sulfur.
Role:
e Structural components
e Enzyme activation
e Energy transfer
2. Micronutrients
Required in trace amounts.
Examples: Iron, zinc, manganese, copper, boron, molybdenum.

Role:

e Enzyme function
¢ Redox reactions

3. Carbon Source
Sucrose is the most commonly used carbon source.

Role:

o Energy supply
e Osmotic balance

4, Vitamins

Essential vitamins include thiamine, nicotinic acid, and pyridoxine.
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Role:
e Act as enzyme cofactors
e Promote cell growth
5. Plant Growth Regulators
Growth regulators control cell division and differentiation.
e Auxins: Promote cell elongation and root formation
e Cytokinins: Promote cell division and shoot formation
e Gibberellins: Promote elongation and embryo development
6. Organic Additives
Coconut milk, yeast extract, and casein hydrolysate enhance growth.
GROWTH OF PLANT TISSUE CULTURES
Growth in tissue culture occurs in distinct phases.
1. Lag Phase
Cells adapt to the new environment with little growth.
2. Exponential Phase
Rapid cell division and biomass increase.
3. Stationary Phase
Growth slows due to nutrient depletion.
4. Decline Phase
Cell death occurs if subculturing is not performed.
MAINTENANCE OF PLANT TISSUE CULTURES
Proper maintenance ensures long-term viability and genetic stability.
1. Aseptic Conditions
o Sterilization of explants, media, and instruments
e Use of laminar airflow cabinets
2. Environmental Conditions
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e Temperature: 25 + 2°C
e Light: 16-hour photoperiod
e Humidity control

3. Subculturing
Regular transfer of cultures to fresh media prevents nutrient exhaustion.
4. Prevention of Contamination

e Proper sterilization
e Use of antibiotics when necessary

5. Genetic Stability

e Avoid excessive subculturing
o Periodic evaluation of regenerated plants

Plant tissue culture has evolved into an essential biotechnological tool with wide applications in
medicinal plant propagation, conservation, plant improvement, and pharmaceutical research.
Understanding its historical development, types of cultures, nutritional requirements, growth phases,
and maintenance techniques is fundamental for successful application. With continuous
advancements, plant tissue culture remains a cornerstone technology for the sustainable utilization of
plant resources.

APPLICATIONS OF PLANT TISSUE CULTURE IN PHARMACOGNOSY

Pharmacognosy deals with the study of crude drugs obtained from natural sources, particularly
medicinal plants. With increasing demand for herbal medicines and the rapid depletion of natural
plant resources, conventional methods of collection and cultivation alone are no longer sufficient to
ensure a continuous and uniform supply of high-quality raw materials. In this context, plant tissue
culture has emerged as an invaluable tool in pharmacognosy, providing scientific solutions for
conservation, propagation, quality control, and production of bioactive constituents.

Plant tissue culture involves the in vitro growth of plant cells, tissues, or organs under aseptic and
controlled conditions, based on the principle of cellular totipotency. Its applications in
pharmacognosy extend from the preservation of endangered species to the industrial production of
therapeutically important secondary metabolites.

1. Rapid Multiplication of Medicinal Plants

One of the most important applications of plant tissue culture in pharmacognosy is the large-scale
propagation of medicinal plants.

Explanation

e Through techniques such as micropropagation and meristem culture, thousands of genetically
identical plants can be produced from a small amount of starting material.

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 67



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication | [2026]

o This method ensures uniformity in plant characteristics and chemical composition.
Significance
e Helps meet the increasing demand for medicinal plants.
o Reduces dependence on wild populations.
e Ensures consistent quality of crude drugs.
2. Conservation of Endangered and Rare Medicinal Plants
Many medicinal plants have become rare or endangered due to overexploitation and habitat loss.
Explanation
e Tissue culture allows the conservation of threatened species through in vitro propagation,
seed banks, and cryopreservation.
e Plants can be maintained under controlled conditions without disturbing natural habitats.
Significance
e Preserves genetic diversity.
e Supports sustainable use of medicinal plant resources.
o Plays a key role in biodiversity conservation.
3. Production of Disease-Free and Virus-Free Plants
Pathogens can reduce both yield and medicinal quality of crude drugs.
Explanation
e Meristem culture is used to produce pathogen-free plants, as meristematic tissues are usually
free from viruses.
e These plants serve as healthy planting material for cultivation.
Significance
e Improves crop health and yield.
o Ensures safety and efficacy of herbal drugs.
o Reduces losses due to plant diseases.
4. Standardization and Quality Control of Crude Drugs
Uniformity in chemical composition is essential in pharmacognosy.

Explanation

e Tissue-cultured plants grow under controlled conditions, reducing variations caused by
climate, soil, and environmental factors.
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e This leads to consistent accumulation of active constituents.
Significance

e Enhances reproducibility of therapeutic effects.
e Supports quality assurance of herbal medicines.

5. Production of Secondary Metabolites

Many medicinal plants are valued for their secondary metabolites such as alkaloids, glycosides,
terpenoids, and flavonoids.

Explanation
e Callus culture, cell suspension culture, and organ culture are used to produce bioactive
compounds in vitro.
o Elicitors and precursors can be added to enhance metabolite production.
Examples
e Production of alkaloids, essential oils, and anticancer compounds in cultured cells.

Significance

o Independent of seasonal and geographical variations.
e Enables controlled and continuous production of active constituents.

6. Study of Biosynthesis of Active Constituents
Understanding the biosynthetic pathways of phytochemicals is important in pharmacognosy.
Explanation

o Tissue culture provides a controlled system to study metabolic pathways.
o Radiolabeled precursors can be used to trace biosynthesis.

Significance

e Helps in improving yield of medicinally important compounds.
e Aids in metabolic engineering.

7. Genetic Improvement of Medicinal Plants
Plant tissue culture supports genetic enhancement programs.

Explanation
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e Techniques such as somaclonal variation, protoplast fusion, and genetic transformation can be
used to develop improved plant varieties.
o Desired traits include higher metabolite content, disease resistance, and better adaptability.
Significance

e Enhances medicinal value.
o Improves cultivation efficiency.

8. Authentication and Identification of Medicinal Plants
Correct identification of crude drugs is crucial in pharmacognosy.
Explanation

e Tissue culture technigues help maintain authenticated plant material.
e Invitro plants can be used as reference standards.

Significance

e Prevents adulteration and substitution.
e Ensures authenticity of herbal drugs.

9. Germplasm Conservation and Storage
Preservation of genetic material is essential for future research.
Explanation

o Tissue culture facilitates the storage of germplasm in vitro and through cryopreservation.
o Valuable medicinal plant species can be preserved for long periods.

Significance

o Safeguards medicinal plant diversity.
e Supports breeding and research programs.

10. Supply of Uniform Raw Material for Herbal Industry
The herbal drug industry requires consistent and reliable raw materials.
Explanation

o Tissue culture ensures continuous availability of standardized planting material.
e Plants grown from tissue culture exhibit uniform growth and chemical profiles.

Significance
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e Supports industrial-scale production.
o Improves global acceptance of herbal medicines.

EDIBLE VACCINES

Vaccination is one of the most effective methods for preventing infectious diseases. Conventional
vaccines, although highly effective, often require complex manufacturing processes, cold-chain
storage, sterile injections, and trained healthcare personnel. These limitations pose significant
challenges, especially in developing countries. To overcome these constraints, the concept of edible
vaccines emerged as a novel and promising approach.

Edible vaccines are produced by genetically engineering edible plants to express antigenic proteins
derived from pathogens. When consumed orally, these antigens stimulate the immune system, leading
to the development of protective immunity. This innovative strategy combines principles of plant
biotechnology, immunology, and pharmacognosy, offering a cost-effective and patient-friendly
alternative to traditional vaccines.

Definition

An edible vaccine is a vaccine in which the antigenic protein of a pathogen is produced in an edible
part of a transgenic plant, and immunity is induced in the individual upon consumption of that plant
material.

Historical Background

e The concept of edible vaccines was first proposed in the early 1990s.

e In 1992, Charles Arntzen demonstrated the feasibility of expressing vaccine antigens in
plants.

o Early experiments involved the expression of hepatitis B surface antigen and cholera toxin
subunit in plants such as tobacco and potato.

e Subsequent research focused on edible plants like banana, tomato, rice, maize, and lettuce.

Principle of Edible Vaccines
Edible vaccines work on the principle of oral immunization.
Mechanism

e The gene encoding a specific antigen from a pathogen is inserted into the genome of an edible
plant.

e The plant synthesizes the antigenic protein in its edible tissues.

e Upon consumption, the antigen is released in the gut.

e The antigen is taken up by M cells of Peyer’s patches in the intestinal mucosa.

e This triggers both mucosal immunity (IgA production) and systemic immunity (IgG
production).

Production of Edible VVaccines
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1. Selection of Antigen

o Antigen should be immunogenic and safe.
e |t should not cause disease.

2. Gene Cloning and Plant Transformation
e The gene encoding the antigen is cloned into a suitable plant expression vector.
e Transformation is achieved using methods such as:
o Agrobacterium-mediated transformation
o Particle bombardment (gene gun)

3. Regeneration of Transgenic Plants

e Transformed cells are cultured using tissue culture techniques.
e Whole plants are regenerated from transformed cells.

4. Expression and Accumulation of Antigen
o Antigen is expressed in edible plant parts such as fruits, seeds, or leaves.

Plant Systems Used for Edible Vaccines

e Banana
e Tomato
o Potato
e Rice

¢ Maize
e Lettuce
e Carrot

Each plant is selected based on edibility, stability of antigen, ease of cultivation, and acceptability.
Advantages of Edible Vaccines
1. Needle-Free Immunization
o Eliminates pain and fear associated with injections.
2. Cost-Effective

e Low production and storage costs.
o No requirement for cold-chain storage.

3. Ease of Administration

e Can be administered orally without trained personnel.
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4. Induction of Mucosal Immunity
e Particularly effective against pathogens entering through mucosal surfaces.
5. Improved Patient Compliance
e Especially beneficial for children.
6. Safe and Non-Invasive
* Reduced risk of contamination and infection.
Limitations of Edible Vaccines
1. Dose Standardization
o Difficulty in controlling the exact antigen dose in plant material.
2. Stability of Antigen
e Antigen degradation during digestion may reduce efficacy.
3. Regulatory Challenges
o Strict biosafety and approval processes for genetically modified plants.
4. Public Acceptance
o Ethical and social concerns regarding genetically modified organisms.
5. Cooking Effects
e Heat may denature antigens in cooked plant foods.
Applications of Edible Vaccines

o Prevention of infectious diseases such as:

o Hepatitis B

o Cholera

o Diarrheal diseases
o Measles

o Potential use in veterinary vaccines.
e Use in mass immunization programs.

Role of Edible Vaccines in Pharmacognosy

e Integration of plant biotechnology with natural product research.
e Use of medicinal and edible plants as vaccine delivery systems.
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UNIT - IV
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ROLE OF PHARMACOGNOSY IN ALLOPATHY

Pharmacognosy is the branch of pharmaceutical science that deals with the study of drugs of natural
origin, particularly from plants, animals, and minerals. Traditionally, pharmacognosy focused on the
identification, extraction, and characterization of crude drugs. In modern medicine, allopathy, which
relies on chemically standardized drugs, also benefits immensely from pharmacognostic research.
This is because a large number of allopathic drugs have their origin in natural products, and
understanding their source, chemistry, and pharmacological activity is essential for drug development,
quality control, and therapeutic applications.

Thus, pharmacognosy serves as a bridge between natural medicine and modern allopathic
therapeutics, contributing to the discovery, standardization, and safe use of drugs.

1. Source of Allopathic Drugs

Many modern allopathic drugs are derived directly or indirectly from natural sources studied in
pharmacognosy.

Examples:
e Morphine from Papaver somniferum (opium) — analgesic
e Quinine from Cinchona species — antimalarial
o Digoxin from Digitalis species — cardiotonic
e Atropine from Atropa belladonna — anticholinergic

Significance

e Pharmacognosy provides knowledge of plant sources, active constituents, and
standardization, which is vital for pharmaceutical extraction and formulation.

2. Discovery of Lead Compounds

Pharmacognosy plays a critical role in identifying bioactive compounds that serve as leads for
synthetic drug development.

Explanation
e Many allopathic drugs were originally isolated from medicinal plants and later modified
chemically to enhance efficacy, reduce toxicity, and improve stability.
o Example: Paclitaxel (Taxol), an anticancer drug, was originally isolated from the bark of
Taxus brevifolia and later led to semi-synthetic derivatives for chemotherapy.
Significance

e Provides the foundation for drug design and development in allopathy.

3. Standardization and Quality Control of Drugs
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Pharmacognosy contributes to the quality assurance of raw materials and crude drugs used in drug
production.

Explanation
e Proper identification, authentication, and evaluation of natural raw materials ensure that
allopathic drugs contain consistent amounts of active ingredients.
e Techniques include:
o Organoleptic, microscopic, and macroscopic evaluation
o Phytochemical analysis
o Chromatography and spectroscopic methods

Significance

e Ensures safety, efficacy, and reproducibility of allopathic formulations derived from natural
sources.

4. Phytochemical Screening for Pharmacological Activity

Pharmacognosy involves the study of chemical constituents of medicinal plants and their therapeutic
effects.

Explanation
e Phytochemicals such as alkaloids, glycosides, flavonoids, and terpenoids are screened for
pharmacological properties.
e These studies help in the identification of new drug candidates for allopathy, including
analgesics, anticancer agents, and antimicrobials.

Significance

e Supports evidence-based drug development.
e Enables modern medicine to utilize natural products in targeted therapy.

5. Safety and Toxicological Evaluation
Pharmacognosy provides toxicological information on plant-derived drugs.
Explanation
e Many natural compounds are bioactive but can also be toxic if improperly used.
o Pharmacognostic studies include dose determination, toxicity evaluation, and identification of
harmful constituents.

Significance

e Ensures safe incorporation of natural products into allopathic medicine.
e Prevents adverse drug reactions from herbal and plant-derived sources.
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6. Development of Semi-Synthetic and Synthetic Drugs
e Active compounds identified by pharmacognosy often serve as templates for chemical
modification.
o Example:
o Morphine — Codeine
o  Quinine — Chloroquine
o Digitalis glycosides — Digitoxin derivatives
Significance
e Leads to safer, more effective, and commercially viable drugs in allopathy.
7. Contribution to Novel Drug Delivery Systems
Pharmacognosy also aids in designing drug formulations and delivery systems.
Explanation
e Plant-derived excipients, stabilizers, and bioenhancers are utilized in allopathic formulations.
e Examples:
o Natural gums as suspending agents
o Starch for tablet disintegration
o Plant-derived nanoparticles for targeted delivery
Significance
e Improves bioavailability, stability, and patient compliance.
8. Bridge Between Traditional Medicine and Modern Allopathy
Pharmacognosy serves as a link between ethnomedicine and modern drug therapy.

Explanation

o Traditional uses of plants are scientifically validated.
o Leads to discovery of allopathic drugs from ethnobotanical knowledge.

Significance

e Reduces the time and cost of drug discovery.
e Supports integration of evidence-based herbal knowledge into mainstream medicine.

Pharmacognosy plays a vital role in allopathy by providing knowledge of natural sources, chemical
constituents, pharmacological activities, and safety of drugs. It contributes to:

e Discovery of new lead compounds
e Quality control and standardization of natural drug sources
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o Development of semi-synthetic and synthetic derivatives
o Formulation of modern drug delivery systems
o Integration of traditional knowledge with modern therapeutics

In essence, pharmacognosy ensures that allopathic medicine benefits from the vast potential of natural
products while maintaining safety, efficacy, and reproducibility. it forms a scientific foundation for
bridging nature with modern pharmaceuticals.

ROLE OF PHARMACOGNOSY IN TRADITIONAL SYSTEM OF MEDICINE: AYURVEDA

Ayurveda, the ancient system of medicine originating in India, emphasizes holistic health care and the
use of natural resources, particularly medicinal plants, for the prevention and treatment of diseases.
The Ayurvedic pharmacopoeia consists of thousands of plant, mineral, and animal-based drugs that
are classified according to their properties, actions, and therapeutic uses.

Pharmacognosy plays a crucial role in Ayurveda by providing the scientific foundation for the
identification, standardization, authentication, and quality evaluation of Ayurvedic crude drugs,
thereby bridging traditional knowledge with modern scientific methods. This ensures the safety,
efficacy, and reproducibility of Ayurvedic medicines.

1. Identification and Authentication of Ayurvedic Drugs

One of the primary roles of pharmacognosy in Ayurveda is to identify and authenticate medicinal
plants used in Ayurvedic formulations.

Explanation
e Many Ayurvedic drugs are referred to by Sanskrit names, which may vary regionally.
e Pharmacognostic methods such as macroscopy, microscopy, organoleptic evaluation, and
physicochemical analysis help in:
o Correct botanical identification
o Detection of adulteration and substitution
o Ensuring purity of plant materials

Significance

o Guarantees that Ayurvedic preparations contain the correct plant species.
e Prevents the use of toxic or ineffective substitutes.

2. Quality Control of Ayurvedic Crude Drugs

Pharmacognosy provides scientific methods for standardization and quality assessment of raw
Ayurvedic materials.

Explanation

e Parameters such as moisture content, ash values, extractive values, and presence of foreign
matter are evaluated.
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e Techniques like thin-layer chromatography (TLC), HPTLC, and HPLC help quantify active
constituents.
o Ensures batch-to-batch consistency in Ayurvedic formulations.

Significance

e Maintains the therapeutic efficacy of Ayurvedic medicines.
e Enhances consumer confidence in Ayurvedic products.

3. Detection of Adulteration and Contamination

Adulteration is a major concern in Ayurvedic crude drugs due to similarity in appearance, rarity of
species, and high market demand.

Explanation
e Pharmacognostic examination allows detection of:
o Substituted species
o Contaminants such as sand, soil, or other plant parts
o Microbial contamination
e Microscopic, chemical, and biological tests are employed for this purpose.

Significance

e Ensures safety of Ayurvedic medicines.
e Protects against reduced efficacy due to substandard materials.

4. Understanding Morphology and Organoleptic Properties
Pharmacognosy emphasizes the macroscopic and sensory characteristics of medicinal plants.
Explanation
e Organoleptic evaluation (color, taste, odor, texture) helps in initial identification of drugs.
e Macroscopic characteristics such as leaf shape, root structure, bark texture, and fruit type are
used to differentiate species.

Significance

o Preserves traditional knowledge of drug identification in Ayurveda.
o Facilitates correct raw material selection for Ayurvedic formulations.

5. Study of Active Constituents in Ayurvedic Drugs
Pharmacognosy investigates the bioactive chemical compounds present in Ayurvedic plants.

Explanation
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o Alkaloids, glycosides, tannins, flavonoids, terpenoids, and essential oils are studied to:
o Understand pharmacological activity
o Correlate traditional uses with modern science
o Optimize therapeutic potential
Significance

o Provides a scientific rationale for Ayurvedic drug actions.
e Helps integrate Ayurveda with modern pharmacology for research and drug development.

6. Conservation and Cultivation of Medicinal Plants
Many Ayurvedic drugs come from rare, endangered, or slow-growing species.
Explanation
e Pharmacognosy guides sustainable harvesting, cultivation, and in vitro propagation of these
plants.
o Ensures availability of high-quality raw materials without endangering natural populations.

Significance

e Supports sustainability of Ayurvedic practice.
e Prevents extinction of valuable medicinal plants.

7. Documentation and Standardization of Ayurvedic Materia Medica
Pharmacognosy contributes to the scientific documentation of Ayurvedic plants.
Explanation
o Detailed studies of morphology, microscopy, chemistry, and pharmacological activity provide
reliable references.
e Helps in compiling standard monographs for Ayurvedic crude drugs.

Significance

o Facilitates regulatory approval of Ayurvedic medicines.
e Assists in modern quality control and global acceptance.

8. Integration with Modern Research and Drug Development
Pharmacognosy allows Ayurvedic drugs to be scientifically validated.
Explanation

e Studies of Ayurvedic plants lead to isolation of bioactive compounds.
e These compounds may serve as leads for modern drug development.
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o Example: Withania somnifera (Ashwagandha) — used traditionally as a rejuvenator, now
studied for immunomodulatory and anti-inflammatory properties.

Significance

e Bridges traditional wisdom and modern pharmacology.
e Enhances credibility and global acceptance of Ayurveda.

ROLE OF PHARMACOGNOSY IN TRADITIONAL SYSTEM OF MEDICINE: UNANI

Unani medicine, also known as Greco-Arabic medicine, is an ancient system of healthcare that
originated in Greece and was further developed by Arab and Persian physicians. It emphasizes holistic
treatment based on the balance of the four humors — blood, phlegm, yellow bile, and black bile — and
relies heavily on herbal, mineral, and animal-derived drugs.

Pharmacognosy plays a crucial role in Unani medicine by providing scientific methods for the
identification, authentication, standardization, and quality control of Unani crude drugs. This ensures
that formulations are safe, effective, and consistent in their therapeutic effects.

1. Identification and Authentication of Unani Drugs
Accurate identification of medicinal substances is fundamental in Unani practice.
Explanation
e Unani drugs are often known by Arabic, Persian, or vernacular names, which may vary
regionally.
e Pharmacognostic methods such as:
o Organoleptic evaluation (taste, odor, color, texture)
o Macroscopic and microscopic analysis
o Physicochemical tests
help ensure the correct identification of plants, minerals, and animal products.

Significance

o Prevents misidentification, substitution, and adulteration.
o Guarantees therapeutic efficacy of Unani medicines.

2. Quality Control and Standardization of Crude Drugs
Pharmacognosy provides scientific validation of Unani drugs.
Explanation
e Parameters such as moisture content, ash values, extractive values, and foreign matter are
evaluated.

e Modern chromatographic and spectroscopic techniques (TLC, HPTLC, HPLC) are employed
for active constituent analysis.
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Significance

e Ensures consistency, purity, and potency of Unani formulations.
e Aligns Unani drugs with modern quality standards for regulatory compliance.

3. Detection of Adulteration and Contamination
Adulteration is common in the Unani market due to high demand and similarity of plant parts.
Explanation
e Pharmacognostic tools help detect:
o Substituted plant species
o Contamination with sand, soil, or foreign plant material
o Microbial contamination

Significance

e Enhances safety and therapeutic reliability.
e Protects patients from ineffective or harmful drugs.

4. Study of Morphology and Organoleptic Properties
Understanding sensory and morphological characteristics of Unani drugs is essential.
Explanation
e Organoleptic evaluation (color, taste, odor, texture) aids in initial identification.
e Macroscopic features such as leaves, roots, bark, seeds, or fruits are used to distinguish
species.

Significance

e Preserves traditional knowledge of drug identification.
e Provides reliable methods for selecting correct raw materials.

5. Phytochemical and Bioactive Constituent Analysis
Pharmacognosy studies the chemical composition of Unani medicinal plants.
Explanation
e Active compounds such as alkaloids, glycosides, flavonoids, tannins, and essential oils are
analyzed to:
o Understand pharmacological activity

o Correlate traditional use with scientific evidence

Significance
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o Provides a scientific rationale for therapeutic claims of Unani medicine.
e Supports research into new drugs based on Unani plants.

6. Conservation and Cultivation of Unani Drugs
Many Unani drugs are derived from rare or slow-growing plants.
Explanation
e Pharmacognosy promotes sustainable harvesting, cultivation, and tissue culture for
endangered species.
e Ensures a continuous supply of quality raw materials without threatening natural populations.

Significance

e Supports sustainable practice of Unani medicine.
e Preserves biodiversity and traditional resources.

7. Documentation and Standardization of Unani Materia Medica
Pharmacognosy aids in the scientific documentation of Unani drugs.
Explanation
o Detailed studies of morphology, microscopy, chemistry, and pharmacological activity help
create standard monographs.
e Serves as a reference for researchers, practitioners, and regulatory authorities.

Significance

o Facilitates regulatory approval and global acceptance of Unani medicines.
o Helps integrate Unani medicine with modern healthcare systems.

8. Integration with Modern Research

Pharmacognosy allows Unani medicine to be scientifically validated and integrated into contemporary
medical practice.

Explanation

o Bioactive compounds from Unani plants can be isolated and studied for:
o Antimicrobial activity
o Anti-inflammatory effects
o Antioxidant properties
e Examples:
o Glycyrrhiza glabra (Licorice) — anti-inflammatory and hepatoprotective
o Terminalia chebula — antimicrobial and digestive benefits
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Significance

o Enhances the credibility, safety, and efficacy of Unani medicines.
e Supports evidence-based practice and modern pharmacological research.

ROLE OF PHARMACOGNOSY IN TRADITIONAL SYSTEM OF MEDICINE: SIDDHA

Siddha medicine is one of the oldest traditional systems of medicine, originating in South India,
attributed to the ancient sages known as Siddhars. It emphasizes holistic health, prevention of
diseases, and restoration of balance in the body through the management of humors (Vatham, Pitham,
and Kabam).

Siddha medicine relies heavily on herbal, mineral, and animal-derived drugs. Pharmacognosy plays a
critical role in Siddha by providing scientific methods for the identification, authentication, quality
control, and standardization of Siddha drugs. This ensures that formulations are safe, effective, and
consistent, bridging traditional wisdom with modern scientific validation.
1. Identification and Authentication of Siddha Drugs
Correct identification of medicinal substances is fundamental in Siddha medicine.
Explanation
e Siddha drugs are often known by Tamil names, which may differ regionally.
e Pharmacognostic methods such as:
o Organoleptic evaluation (color, odor, taste, texture)
o Macroscopic and microscopic examination
o Physicochemical tests
help ensure the correct identification of medicinal plants and other materials.

Significance

o Prevents misidentification, substitution, and adulteration.
o Ensures therapeutic efficacy and safety in Siddha formulations.

2. Quality Control and Standardization of Crude Drugs
Pharmacognosy provides scientific validation of Siddha drugs.
Explanation
o Parameters such as moisture content, total ash, acid-insoluble ash, and extractive values are
evaluated.
e Modern analytical methods like TLC, HPTLC, HPLC, and spectrophotometry are employed

for the detection and quantification of bioactive compounds.

Significance
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e Ensures consistency and reproducibility in Siddha formulations.
e Supports quality assurance for both domestic and global markets.

3. Detection of Adulteration and Contamination
Adulteration is a common concern due to high demand and similarity of plant parts.
Explanation
e Pharmacognostic examination helps detect:
o Substituted species
o Presence of foreign matter like dust, soil, or sand
o Microbial contamination

Significance

e Protects patients from ineffective or harmful drugs.
o Ensures therapeutic reliability of Siddha medicines.

4. Study of Morphology and Organoleptic Properties
Morphological and sensory characteristics of drugs are essential in Siddha medicine.
Explanation

o Organoleptic properties (taste, color, smell, texture) provide a preliminary identification tool.
e Macroscopic features like leaves, roots, seeds, fruits, and bark help distinguish species.

Significance

e Preserves traditional knowledge of Siddha drug identification.
e Ensures the correct selection of raw materials for formulations.

5. Phytochemical and Bioactive Constituent Analysis
Pharmacognosy helps in studying chemical constituents responsible for therapeutic activity.
Explanation
e Active compounds such as alkaloids, glycosides, flavonoids, saponins, and essential oils are
analyzed.
e These studies validate traditional uses of Siddha drugs and explore mechanisms of action.

Significance

e Provides a scientific rationale for therapeutic claims.
e Supports modern research and development of Siddha-based drug products.
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6. Conservation and Sustainable Cultivation of Siddha Drugs
Many Siddha medicinal plants are rare, slow-growing, or overharvested.
Explanation
o Pharmacognosy guides cultivation, propagation, and in vitro conservation.
e Tissue culture, seed banks, and sustainable harvesting practices are employed to maintain
natural populations.

Significance

e Ensures continuous availability of raw materials.
e Preserves biodiversity and traditional knowledge.

7. Documentation and Standardization of Siddha Materia Medica
Pharmacognosy aids in the scientific documentation and monograph development of Siddha drugs.
Explanation
o Detailed studies of morphology, microscopy, chemistry, and pharmacological activity are
compiled into monographs.
o Provides a reference for researchers, practitioners, and regulatory authorities.

Significance

o Facilitates regulatory compliance.
e Enhances global acceptance of Siddha medicines.

8. Integration with Modern Research

Pharmacognosy allows Siddha medicine to be scientifically validated and integrated into modern
healthcare.

Explanation

e Bioactive compounds from Siddha plants can be studied for:
o Anti-inflammatory
o Antimicrobial
o Antioxidant
o Immunomodulatory activities
o Example:
o Andrographis paniculata (Nilavembu) — anti-inflammatory and hepatoprotective
o Ocimum sanctum (Tulasi) — antioxidant and immunomodulatory

Significance
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e Supports evidence-based practice.
e Bridges traditional Siddha knowledge and modern pharmacology.

Pharmacognosy plays a fundamental role in Siddha medicine by providing scientific methods for:

e Accurate identification and authentication of drugs

e Quality control and standardization

o Detection of adulteration and contamination

o Study of bioactive constituents and their therapeutic actions

o Conservation and sustainable utilization of medicinal plants

e Documentation and integration with modern scientific research

In essence, pharmacognosy ensures that Siddha medicine remains safe, effective, and scientifically
validated, preserving traditional wisdom while enhancing credibility and global acceptance.

ROLE OF PHARMACOGNOSY IN HOMEOPATHY

Homeopathy is a system of medicine founded by Dr. Samuel Hahnemann in the late 18th century. It is
based on the principle of “like cures like”, where substances that produce symptoms in healthy
individuals are used to treat similar symptoms in patients. Homeopathic medicines are prepared from
plant, mineral, and animal sources, primarily through trituration and potentization, often to extremely
high dilutions.

Pharmacognosy plays a crucial role in homeopathy by providing scientific methods for the
identification, authentication, and standardization of crude drugs, particularly plant-based substances.
This ensures that homeopathic medicines are safe, consistent, and effective, despite the extreme
dilutions in their final forms.

1. Identification and Authentication of Homeopathic Drugs

Correct identification of the raw material is critical in homeopathy, as the therapeutic properties of
the final remedy depend on the starting substance.

Explanation

e Many homeopathic drugs are derived from plants, which are often known by vernacular or
Latin names.
e Pharmacognostic methods such as:
o Macroscopic evaluation (size, shape, color, texture)
o Microscopic examination (cell structure, stomata, trichomes)
o Organoleptic evaluation (taste, odor) help ensure the correct species and plant part is
used.

Significance

o Prevents substitution and adulteration.
e Ensures correct therapeutic action of homeopathic medicines.
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2. Quality Control and Standardization of Crude Drugs
Although homeopathic remedies are highly diluted, the starting material must be of high quality.
Explanation
e Pharmacognosy provides parameters for assessing purity, moisture content, and foreign
matter.
o Active constituents are identified using:
o Phytochemical analysis
o Thin-layer chromatography (TLC)
o Other modern analytical methods

Significance

o Guarantees reproducibility and safety of the final homeopathic preparation.
e Prevents variation due to poor quality starting materials.

3. Detection of Adulteration and Contamination
Homeopathic crude drugs are often expensive or rare, making them susceptible to adulteration.
Explanation
e Pharmacognostic methods detect:
o Substituted or misidentified plant species
o Contamination with sand, soil, or other plant parts
o Microbial contamination

Significance

o Ensures safety of patients.
e Maintains the therapeutic integrity of remedies.

4. Study of Morphology and Organoleptic Properties
Morphological and sensory characteristics of medicinal plants and other raw materials are essential.
Explanation
e Organoleptic evaluation includes taste, smell, and appearance, which are particularly
important for Materia Medica verification.
e Microscopy and macroscopic examination help differentiate species that are visually similar.

Significance

e Preserves traditional identification knowledge in homeopathy.
e Ensures correct plant parts are used, as different parts may have different therapeutic actions.
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5. Phytochemical and Bioactive Constituent Analysis

Even though homeopathic remedies are highly diluted, the initial extraction depends on active
constituents.

Explanation
o Pharmacognosy helps in identifying key chemical constituents such as alkaloids, glycosides,
and essential oils.
o Knowledge of these compounds assists in the preparation of mother tinctures, which are the
basis for potentization.

Significance

e Provides a scientific understanding of the crude material used in homeopathy.
e Ensures that the initial tincture accurately reflects the plant’s pharmacological properties.

6. Conservation and Cultivation of Homeopathic Drugs
Some homeopathic drugs come from rare or endangered plant species.
Explanation

e Pharmacognosy guides sustainable cultivation, propagation, and conservation.
e Tissue culture, seed banks, and controlled cultivation help preserve valuable species.

Significance

e Ensures availability of raw materials for homeopathic medicine.
e Supports environmentally responsible practice.

7. Documentation and Standardization of Homeopathic Materia Medica
Pharmacognosy aids in the scientific documentation of medicinal plants used in homeopathy.
Explanation
e Morphology, microscopy, chemistry, and pharmacological data are compiled into reference
monographs.
o Provides a reliable database for researchers, practitioners, and manufacturers.

Significance

o Enhances reliability and regulatory compliance.
e Supports quality control and global acceptance of homeopathic medicines.

8. Integration with Modern Research
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Pharmacognosy allows homeopathic crude drugs to be studied scientifically.
Explanation
e Bioactive compounds identified in plants can be studied for:

o Pharmacological effects
o Safety and toxicity

e Examples:
o Atropa belladonna — contains atropine, used as a homeopathic remedy for fever and
inflammation

o Nux vomica — contains strychnine alkaloids, used for digestive and nervous disorders
Significance

e Provides scientific validation of traditional claims.
e Supports integration of homeopathy with modern pharmacological research.

ROLE OF PHARMACOGNOSY IN TRADITIONAL CHINESE MEDICINE (TCM)

Traditional Chinese Medicine (TCM) is an ancient system of healthcare, practiced for over 2,500
years in China and increasingly worldwide. TCM emphasizes holistic balance of Yin and Yang, the
flow of Qi (vital energy), and harmony among the organs and meridians. It employs herbal, mineral,
and animal-based drugs, often in complex formulations, for disease prevention and treatment.

Pharmacognosy plays a crucial role in TCM by providing scientific methods for the identification,
authentication, quality control, and standardization of Chinese medicinal drugs. This ensures the
safety, consistency, and efficacy of TCM formulations, bridging traditional knowledge with modern
pharmaceutical science.

1. Identification and Authentication of TCM Drugs

Accurate identification of medicinal materials is essential in TCM, as many herbs share similar
appearances.

Explanation

e TCM drugs are known by Chinese or Latin names, and misidentification can lead to reduced
efficacy or toxicity.
e Pharmacognostic methods such as:
o Organoleptic evaluation (color, taste, odor, texture)
o Macroscopic and microscopic examination
o Physicochemical tests
are employed to correctly identify plant, mineral, or animal substances.

Significance

e Prevents substitution and adulteration.
e Ensures that the correct materials are used in formulations, maintaining therapeutic integrity.
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2. Quality Control and Standardization

Pharmacognosy provides scientific validation of TCM drugs, essential for safe and consistent
medicine.

Explanation
e Parameters such as moisture content, total ash, acid-insoluble ash, extractive values, and
foreign matter are assessed.
e Advanced analytical techniques like HPTLC, HPLC, GC-MS, and spectrophotometry are
used for quantification of active constituents.

Significance

e Ensures batch-to-batch consistency in TCM formulations.
e Supports regulatory compliance for global acceptance.

3. Detection of Adulteration and Contamination
Due to high demand and similarity of herbal species, TCM drugs are vulnerable to adulteration.
Explanation
e Pharmacognostic methods detect:
o Incorrect species or plant parts
o Foreign matter such as soil, sand, or debris
o Microbial contamination

Significance

o Enhances safety and efficacy of TCM medicines.
e Prevents adverse reactions caused by misidentified or contaminated raw materials.

4. Study of Morphology and Organoleptic Properties
Morphological and sensory characteristics are crucial for initial verification of TCM drugs.
Explanation
o Organoleptic properties such as taste (sweet, bitter, pungent), color, odor, and texture help
practitioners identify correct herbs.
o Macroscopic features like leaves, roots, rhizomes, flowers, and seeds are examined.

Significance

e Preserves traditional knowledge of materia medica.
e Assists in selecting authentic raw materials for preparations.
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5. Phytochemical and Bioactive Constituent Analysis

Pharmacognosy studies the chemical constituents of medicinal plants, correlating them with
therapeutic effects.

Explanation
e Active compounds such as alkaloids, flavonoids, terpenoids, glycosides, saponins, and
essential oils are analyzed.
e These studies validate traditional claims and provide a scientific rationale for TCM
formulations.

Significance

o Facilitates evidence-based practice in TCM.
e Supports discovery of new therapeutic agents.

6. Conservation and Cultivation of Medicinal Plants
Many TCM herbs come from rare or endangered species.
Explanation

e Pharmacognosy promotes sustainable harvesting, cultivation, and tissue culture propagation.
e Ensures a reliable supply of medicinal plants without overexploitation.

Significance

e Maintains ecological balance and biodiversity.
e Guarantees continuous availability of raw materials for TCM practice.

7. Documentation and Standardization of TCM Materia Medica
Pharmacognosy aids in scientific documentation and monograph development for TCM drugs.
Explanation
o Detailed morphological, microscopic, chemical, and pharmacological studies are compiled
into monographs.
o These serve as reference standards for researchers, manufacturers, and regulatory authorities.

Significance

o Facilitates quality assurance, global acceptance, and regulation of TCM.
e Helps modern practitioners and researchers use TCM drugs with confidence.

8. Integration with Modern Research
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Pharmacognosy allows TCM to be scientifically validated and integrated with modern medicine.
Explanation

e Bioactive compounds isolated from TCM herbs are studied for:
o Anti-inflammatory effects
o Antioxidant and immunomodulatory activity
o Cardioprotective and anticancer properties
o Example:
o Panax ginseng — immunomodulatory and adaptogenic
o Glycyrrhiza glabra — hepatoprotective and anti-inflammatory

Significance

e Supports evidence-based validation of TCM.
o Facilitates integration of TCM into global healthcare and pharmaceutical research.

ALKALOIDS: DEFINITION, CLASSIFICATION, PROPERTIES, AND IDENTIFICATION
TESTS

1. Definition of Alkaloids

Alkaloids are naturally occurring organic nitrogen-containing compounds that are primarily found in
plants. They usually exhibit marked physiological activity on humans and animals.

Key Points in Definition:

e Contain nitrogen, usually in a heterocyclic ring.

e Mostly basic in nature.

e Often found as salts of organic acids in plants.

e Have pronounced pharmacological effects, including therapeutic and toxic effects.

Examples: Morphine from Papaver somniferum, Atropine from Atropa belladonna, Quinine from
Cinchona species.

2. Classification of Alkaloids

Alkaloids can be classified based on chemical structure, biosynthetic origin, or pharmacological
activity.

A. Structural Classification

1. Tropane Alkaloids: Contain the tropane ring

o Examples: Atropine, Scopolamine

o Sources: Atropa belladonna, Datura stramonium
2. Isoquinoline Alkaloids: Contain isoquinoline nucleus

o Examples: Morphine, Codeine, Papaverine

o Sources: Papaver somniferum
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3. Quinoline Alkaloids: Contain quinoline nucleus
o Examples: Quinine, Quinidine
o Sources: Cinchona species
4. Indole Alkaloids: Contain indole nucleus
o Examples: Reserpine, Vincristine, Vinblastine
o Sources: Rauwolfia serpentina, Catharanthus roseus
5. Purine Alkaloids: Contain purine nucleus
o Examples: Caffeine, Theobromine, Theophylline
o Sources: Tea, Coffee, Cocoa
6. Pyrrolizidine Alkaloids: Contain pyrrolizidine nucleus
o Examples: Senecionine, Retrorsine
o Sources: Senecio species

B. Pharmacological Classification

e Analgesic: Morphine

e Antimalarial: Quinine

e Antispasmodic: Atropine

e Stimulants: Caffeine
3. General Properties of Alkaloids
Alkaloids exhibit distinct physical, chemical, and pharmacological properties:
A. Physical Properties

e Usually crystalline solids or amorphous powders.

e Colorless or slightly colored; some may be colored naturally.

o Bitter taste (common characteristic of most alkaloids).

e Sparingly soluble in water but soluble in organic solvents like ethanol, chloroform, or ether.
B. Chemical Properties

e Basic in nature due to presence of nitrogen atom.

o React with acids to form alkaloidal salts, which are usually water-soluble.

e Can form metal complexes.

e May undergo oxidation, reduction, hydrolysis, depending on structure.
C. Pharmacological Properties

o Many alkaloids are potent biologically active substances.

e Can be therapeutic (e.g., morphine as analgesic, quinine as antimalarial).

e Can be toxic in higher doses (e.g., strychnine).

4, Tests for Identification of Alkaloids

Pharmacognosy provides qualitative and preliminary tests to detect the presence of alkaloids in plant
extracts. These tests rely on precipitation, color formation, or complex formation.
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A. Mayer’s Test

e Reagent: Mayer’s reagent (Potassium mercuric iodide solution)
e Procedure: Add a few drops to the extract
e Observation: Formation of white or cream-colored precipitate indicates alkaloids

B. Dragendorff’s Test

e Reagent: Dragendorff’s reagent (Potassium bismuth iodide)
e Procedure: Add reagent to extract
o Observation: Orange-red precipitate indicates presence of alkaloids

C. Wagner’s Test

e Reagent: lodine in potassium iodide solution
e Procedure: Add Wagner’s reagent to extract
e Observation: Reddish-brown precipitate confirms alkaloids

D. Hager’s Test

e Reagent: Saturated aqueous solution of picric acid
e Procedure: Add Hager’s reagent to extract
e Observation: Yellow crystalline precipitate indicates alkaloids

E. Tannic Acid Test

e Reagent: Aqueous solution of tannic acid
e Procedure: Add to extract
e Observation: Formation of white precipitate confirms alkaloids

F. Dragendorff and Mayer’s Microscopic Test

o Alkaloids can also be detected microscopically in crude drugs using powdered plant material.
o Formation of colored granules under microscope indicates presence of alkaloids.

Alkaloids are important nitrogen-containing bioactive compounds widely found in medicinal plants.
Understanding their definition, classification, properties, and identification tests is essential in
pharmacognosy for:

o Authentication of plant materials

e  Quality control of crude drugs

e Screening for pharmacological activity

e Isolation and preparation of therapeutic drugs

By combining chemical, physical, and pharmacological knowledge, pharmacognosy ensures that
alkaloid-containing plants are safely and effectively used in medicine.
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GLYCOSIDES: DEFINITION, CLASSIFICATION, PROPERTIES, AND IDENTIFICATION
TESTS

1. Definition of Glycosides

Glycosides are naturally occurring compounds composed of a sugar part (glycone) and a non-sugar
part (aglycone or genin), linked by a glycosidic bond.

Key Points in Definition:

e Found mainly in plants.

e The sugar part is usually glucose, galactose, rhamnose, or xylose.

e The non-sugar part (aglycone) determines the biological activity of the glycoside.

e Glycosides are inactive in the plant, but hydrolysis releases active pharmacological agents.

Examples:

e Cardiac glycosides: Digoxin (Digitalis lanata)

e Cyanogenic glycosides: Amygdalin (Prunus amygdalus)
e Anthraquinone glycosides: Emodin (Rheum species)

e Saponin glycosides: Ginsenosides (Panax ginseng)

2. Classification of Glycosides
Glycosides are classified based on the nature of the aglycone, as it determines therapeutic activity.
A. Cardiac Glycosides

e Aglycone: Steroidal lactone

o Effect: Increase cardiac contractility; used in heart failure

o Examples: Digoxin, Digitoxin, Ouabain

e Sources: Digitalis lanata, Digitalis purpurea, Strophanthus species
B. Anthraquinone Glycosides

e Aglycone: Anthraguinone derivatives

o Effect: Laxative, purgative

o Examples: Emodin, Rhein, Chrysophanol

e Sources: Rheum species, Cassia species
C. Saponin Glycosides

e Aglycone: Triterpenoid or steroidal

o Effect: Expectorant, emulsifying agents, immunomodulatory

e Examples: Ginsenosides, Diosgenin

e Sources: Panax ginseng, Dioscorea species

D. Cyanogenic Glycosides
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e Aglycone: Cyanohydrin

e Effect: Release hydrogen cyanide upon hydrolysis (toxic)
o Examples: Amygdalin, Prunasin

e Sources: Prunus species, Linum usitatissimum

E. Flavonoid Glycosides

e Aglycone: Flavonoid structure

e Effect: Antioxidant, anti-inflammatory, vasoprotective
e Examples: Rutin, Quercetin glycosides

e Sources: Sophora japonica, Citrus species

F. Phenolic Glycosides
o Aglycone: Phenolic derivatives
o Effect: Anti-inflammatory, analgesic
e Examples: Salicin (Salix alba)
e Sources: Willow bark
G. Coumarin Glycosides
e Aglycone: Coumarin derivatives
o Effect: Anticoagulant, anti-inflammatory
o Examples: Esculin, Aesculin
e Sources: Aesculus hippocastanum

3. General Properties of Glycosides

A. Physical Properties

Usually crystalline solids or amorphous powders.
Soluble in water, alcohol, or dilute alcohol.
Often colorless or slightly colored.

Bitter taste is common in many glycosides.

B. Chemical Properties

Hydrolyzed by:
o Acidic hydrolysis
o Enzymatic hydrolysis (e.g., B-glucosidase)
Produces sugar (glycone) + active aglycone.
Aglycone determines pharmacological or toxicological effects.

C. Pharmacological Properties

e Cardiac glycosides: Strengthen heart muscle contractions
e Anthraquinone glycosides: Laxative and purgative
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e Saponins: Expectorant, anti-inflammatory, immune booster
e Cyanogenic glycosides: Toxic; can release HCN
e Flavonoid glycosides: Antioxidant and vascular protection
e Phenolic glycosides: Anti-inflammatory and analgesic
4. Tests for Identification of Glycosides
A. General Glycoside Detection (Keller-Kiliani Test)
e Purpose: Detection of cardiac glycosides (deoxysugars)
e Procedure: Hydrolyze glycoside — add glacial acetic acid, ferric chloride, concentrated
H2S04
e Observation: Formation of blue-green color indicates cardiac glycosides
B. Borntrager’s Test (Anthraquinone Glycosides)
e Procedure: Extract with alcohol — hydrolyze — add dilute ammonia
e Observation: Pink, red, or violet color in ammoniacal layer indicates anthraquinone
glycosides

C. Foam Test (Saponin Glycosides)

e Procedure: Shake aqueous extract vigorously
e Observation: Persistent frothing or foam indicates saponin glycosides

D. Salicin Test (Phenolic Glycosides)

e Procedure: Add Fehling’s solution after hydrolysis
e Observation: Brick-red precipitate indicates sugar + aglycone

E. FeCI3 Test (Phenolic Glycosides)

e Procedure: Add Ferric chloride solution to hydrolyzed extract
o Observation: Formation of green, blue, or violet color indicates phenolic glycosides

F. General Color Reactions
o Flavonoid glycosides: Yellow coloration with Mg + HCI (Shinoda test)
e Cyanogenic glycosides: Liberation of HCN upon enzymatic hydrolysis detected with NaOH
and FeClI3

FLAVONOIDS: DEFINITION, CLASSIFICATION, PROPERTIES, AND IDENTIFICATION
TESTS

1. Definition of Flavonoids

Flavonoids are a large group of naturally occurring polyphenolic compounds widely found in plants,
particularly in fruits, vegetables, seeds, flowers, and leaves.

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 98



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication | [2026]

Key Points:

e They are secondary metabolites produced by plants.

e Consist of a 15-carbon skeleton arranged as C6-C3-C6, forming two aromatic rings (A and
B) connected via a three-carbon bridge (C ring).

e Responsible for color, taste, and biological activity in plants.

o Exhibit antioxidant, anti-inflammatory, antimicrobial, and cardiovascular-protective
properties.

Examples: Quercetin, Kaempferol, Luteolin, Rutin, Hesperidin.
2. Classification of Flavonoids

Flavonoids are classified based on the oxidation state of the central C-ring and the position of
hydroxyl groups.

A. Flavones
e Structure: Double bond between C2—-C3, ketone at C4
e Examples: Apigenin, Luteolin
e Sources: Parsley, Celery, Chamomile
B. Flavonols
e Structure: Hydroxyl group at C3
o Examples: Quercetin, Kaempferol
e Sources: Onions, Broccoli, Apples
C. Flavanones
e Structure: Saturated C2—-C3 bond
o Examples: Hesperidin, Naringenin
e Sources: Citrus fruits
D. Flavanols (Catechins)
e Structure: No ketone at C4; hydroxylated at various positions
o Examples: Catechin, Epicatechin, EGCG (from green tea)
e Sources: Tea leaves, Cocoa, Grapes
E. Isoflavonoids
e Structure: B-ring attached at C3 instead of C2
o Examples: Genistein, Daidzein

e Sources: Soybeans, Legumes

F. Anthocyanidins
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e Structure: Glycosides responsible for red, blue, or purple color
o Examples: Cyanidin, Delphinidin, Pelargonidin
e Sources: Berries, Grapes, Red cabbage

G. Chalcones

e Structure: Open-chain flavonoids (precursors of flavones and isoflavones)
o Examples: Phloretin
e Sources: Apples, Pears

3. General Properties of Flavonoids
A. Physical Properties

o Crystalline solids, usually yellow in color.

e Water-soluble or soluble in alcohols and acetone.

e Often bitter in taste.

e Color contributes to flower pigmentation and UV protection in plants.

B. Chemical Properties

e Phenolic compounds: possess hydroxyl groups on aromatic rings.
e Undergo glycosylation, forming flavonoid glycosides.

e Can form complexes with metal ions, resulting in color changes.
e Oxidizable by alkaline conditions.

C. Pharmacological Properties

e Antioxidant: Scavenges free radicals and reduces oxidative stress.

o Anti-inflammatory: Inhibits enzymes like COX and lipoxygenase.

e Cardioprotective: Prevents LDL oxidation, improves vascular function.

e Antimicrobial: Effective against bacteria, fungi, and viruses.

e Hepatoprotective: Protects liver from toxic insults.

o Neuroprotective: Protects neurons against oxidative stress and neurodegeneration.
4. Tests for Identification of Flavonoids
Flavonoids are identified using chemical reactions, color tests, and fluorescence.
A. Shinoda Test

o Reagent: Magnesium turnings + concentrated HCI

e Procedure: Add reagent to flavonoid extract

e Observation: Pink, red, or orange color indicates presence of flavonoids

B. Lead Acetate Test

¢ Reagent: Lead acetate solution
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e Observation: Formation of yellow precipitate confirms flavonoids
C. Alkaline Reagent Test
e Reagent: Dilute NaOH or KOH
e Observation: Formation of intense yellow color that becomes colorless on acidification
indicates flavonoids
D. Ferric Chloride Test
e Reagent: FeCl3 solution
e Observation: Formation of green, blue, violet, or black coloration indicates phenolic
hydroxyl groups in flavonoids
E. Fluorescence Test
e Flavonoids exhibit characteristic fluorescence under UV light.
F. Glycoside Detection

e Hydrolyze flavonoid glycosides — sugar detected by Fehling’s test

TANNINS: DEFINITION, CLASSIFICATION, PROPERTIES, AND IDENTIFICATION
TESTS

1. Definition of Tannins
Tannins are naturally occurring polyphenolic compounds found in plants that have the ability to
precipitate proteins and other macromolecules. They are responsible for the astringent taste of many
fruits, leaves, and barks.
Key Points:

o Widely distributed in bark, leaves, seeds, fruits, and roots of plants.

o React with gelatin, albumin, and alkaloids to form insoluble complexes.

o Exhibit antioxidant, antimicrobial, and anti-inflammatory properties.

o Commonly used in traditional medicine, tanning leather, and as dyes.

Examples: Catechins (Camellia sinensis), Gallic acid (Terminalia chebula), Ellagic acid (Punica
granatum).

2. Classification of Tannins
Tannins are classified based on chemical structure and behavior:

A. Hydrolysable Tannins
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e Structure: Esters of gallic acid (gallotannins) or hexahydroxydiphenic acid (ellagitannins)
with a polyol such as glucose.

e Hydrolysis: Can be broken down by acids, bases, or enzymes to produce sugars and phenolic
acids.

o Examples: Gallic acid, Ellagic acid

e Sources: Terminalia chebula, Punica granatum, Quercus species

e Properties: Soluble in water; astringent taste

B. Condensed Tannins (Proanthocyanidins)

e Structure: Polymers of flavan-3-ols like catechin and epicatechin.

e Hydrolysis: Not easily hydrolyzed; stable under mild conditions

o Examples: Catechin, Epicatechin

e Sources: Camellia sinensis (tea), Acacia nilotica, Vitis vinifera (grapes)
e Properties: Water-soluble, form dark precipitates with iron salts

C. Complex Tannins

e Combination of hydrolysable and condensed tannins.
e Found in some plants and exhibit both hydrolysable and condensed properties.

3. General Properties of Tannins
A. Physical Properties

e Usually amorphous or crystalline powders.

e Color: Pale yellow to brown.

o Bitter and astringent taste.

e Soluble in water, alcohol, and dilute acids; slightly soluble in ether.

B. Chemical Properties

o Polyphenolic: Contain multiple phenolic hydroxyl groups.

o Form complexes with proteins, alkaloids, and metallic salts.

e Can be oxidized to colored compounds.

e Hydrolysable tannins break down to sugars and phenolic acids under acidic or enzymatic
conditions.

C. Pharmacological Properties

e Astringent: Useful in treating diarrhea, dysentery, and hemorrhoids.

e Antimicrobial: Inhibit growth of bacteria, fungi, and viruses.

e Antioxidant: Scavenge free radicals and protect cells from oxidative stress.
e Anti-inflammatory: Reduce inflammation in tissues.

e Wound healing: Promote tissue contraction and repair.

4, Tests for Identification of Tannins
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Tannins are identified by their ability to form colored complexes with proteins and metal salts.
A. Ferric Chloride Test

e Reagent: 5% FeClI3 solution

e Procedure: Add reagent to aqueous extract

e Observation: Formation of blue-black (hydrolysable) or green-black (condensed) color

B. Gelatin Test

e Reagent: Gelatin solution containing NaCl
e Observation: Formation of white precipitate indicates tannins

C. Lead Acetate Test

e Reagent: Lead acetate solution
e Observation: Formation of white precipitate confirms tannins

D. Potassium Dichromate Test

e Procedure: Add K2Cr207 to extract
e Observation: Formation of orange-red precipitate indicates presence of tannins

E. Vanillin-HCI Test (for Condensed Tannins)

e Procedure: Treat extract with vanillin and concentrated HCI
e Observation: Formation of red or pink color confirms condensed tannins

F. Fluorescence Test
e Some tannins exhibit characteristic fluorescence under UV light.

VOLATILE OILS: DEFINITION, CLASSIFICATION, PROPERTIES, AND
IDENTIFICATION TESTS

Volatile oils, also called essential oils, are aromatic, oily, volatile, and usually colorless or slightly
colored liquids extracted from plants. They are secondary metabolites responsible for the

characteristic fragrance and flavor of plants and are soluble in organic solvents but insoluble in water.

Examples: Menthol (Mentha piperita), Eugenol (Syzygium aromaticum), Cineole (Eucalyptus
globulus), Limonene (Citrus sinensis).

Classification of Volatile Oils
Volatile oils are classified based on chemical composition:

1. Terpenes
o Monoterpenes (C10): Limonene, Pinene
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o Sesquiterpenes (C15): Caryophyllene
2. Oxygenated derivatives

o Alcohols: Menthol

o Aldehydes: Citral

o Ketones: Camphor

o Phenols: Eugenol
3. Sulfur-containing oils

o Found in Allium species (garlic, onion)
4. Nitrogen-containing oils

o Found in mustard oils

Properties of Volatile Oils
Physical Properties:

e Usually volatile liquids at room temperature

e Characteristic aromatic odor

e Insoluble in water, soluble in ethanol, ether, or chloroform
e Lighter or heavier than water

Chemical Properties:

e Composed mainly of terpenes, alcohols, aldehydes, ketones, esters, and phenols
e Undergo oxidation, reduction, esterification
e May polymerize on exposure to air or light

Pharmacological Properties:

e Carminative: Menthol, Cardamom oil

e Antimicrobial: Eugenol, Tea tree oil

e Stimulant: Peppermint oil, Ginger oil

e Analgesic/anti-inflammatory: Clove oil

e Flavoring and fragrance agents in medicine, food, and cosmetics

Tests for Identification of Volatile Oils

Odor test: Characteristic smell of the oil

Solubility test: Insoluble in water, soluble in ethanol

Specific gravity test: Usually less than or greater than water

Refractive index: Determined using a refractometer

Reaction with sulfuric acid: Some oils yield colored solutions

Microscopic test: QOil glands in plant parts may be observed under a microscope

No okrwbdE

Gas Chromatography (GC): Modern method for chemical identification and purity

RESINS: DEFINITION, CLASSIFICATION, PROPERTIES, AND IDENTIFICATION

TESTS
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Resins are solid or semi-solid, amorphous, amorphous substances of plant origin, generally insoluble
in water but soluble in alcohol, chloroform, ether, or acetone. They are non-volatile and sticky, often
associated with volatile oils, forming oleo-resins.

Examples: Colophony (Rosin from Pinus), Benzoin resin (Styrax benzoin), Myrrh (Commiphora
myrrha), Asafoetida (Ferula asafoetida).

Classification of Resins

1. Resins
o Pure, solid, amorphous substances
o Example: Colophony (Rosin)
2. Oleoresins
o Contain resin + volatile oil
o Example: Ginger oil (Zingiber officinale)
3. Resinous acids
o Contain resin acids like abietic acid
o Example: Colophony
4. Gum-resins
o Contain resin + gum (polysaccharide)
o Example: Asafoetida, Myrrh

Properties of Resins
Physical Properties:
e Usually brittle, amorphous solids
e Yellow, brown, or reddish in color
o Insoluble in water, soluble in alcohol, ether, chloroform
e Often aromatic or pungent odor
Chemical Properties:
e Consist of resin acids, neutral resins, and sometimes volatile oils
e Undergo oxidation and polymerization
e Can form esters and salts
Pharmacological Properties:
o Expectorant: Myrrh, Benzoin
e Antimicrobial: Asafoetida
e Anti-inflammatory: Boswellia
o Protective and aromatic: Colophony in plasters and topical formulations

Tests for Identification of Resins

1. Solubility test: Insoluble in water, soluble in ethanol, chloroform, or ether
2. Microscopic examination: Fragments observed under microscope
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3. Flame test: Burn slowly with characteristic odor
4. Acid test: Treat with nitric acid or sulfuric acid to check color change
5. Gum-resin differentiation: Dissolve in water; gum portion swells forming viscous solution
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STUDY OF BIOLOGICAL SOURCE, CHEMICAL NATURE, AND USES OF SELECTED
PLANT PRODUCTS

1. Fibers

Fibers are thread-like structures of plant origin that are used mainly for textiles, ropes, and industrial
applications. They may be cellulosic, lignocellulosic, or proteinaceous in nature.

A. Cotton (Gossypium spp.)
Biological Source:

e Family: Malvaceae
e Plant Part Used: Seed fibers surrounding the seeds
e Species: Gossypium hirsutum, Gossypium arboreum

Chemical Nature:

e  Major component: Cellulose (~90%)
e Minor components: Waxes, pectins, proteins
e Insoluble in water; burns with a yellow flame leaving soft ash

e Textile industry: Clothes, bedsheets, towels
e Medical: Cotton wool in dressings and swabs
e Industrial: Filters, threads, and ropes

B. Jute (Corchorus spp.)
Biological Source:

o Family: Malvaceae
e Plant Part Used: Bast fibers from stem
e Species: Corchorus capsularis, Corchorus olitorius

Chemical Nature:

e  Major component: Cellulose (~61-71%)

o Lignin content: 12-13% (provides rigidity)
e Hemicellulose: 13-20%

e Tough, coarse, and strong fibers

e Rope, sacks, and hessian cloth
e Carpets, mats, and industrial packing material
e Eco-friendly biodegradable material
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C. Hemp (Cannabis sativa)
Biological Source:

e Family: Cannabaceae
e Plant Part Used: Bast fibers from stem

Chemical Nature:
e Cellulose-rich (~70%)
e Lignin (~5-15%)

e Hemicellulose and waxes (~20%)
e Long, strong, and flexible fibers

e Textile fabrics and ropes
e Paper industry and canvas production
e Medicinal: Historically used in traditional medicine for pain and inflammation

2. Hallucinogens

Hallucinogens are plant-derived substances that alter perception, mood, or consciousness. These are
used in medicine, ritual, or recreationally, but can be toxic at high doses.

A. Cannabis (Cannabis sativa)
Biological Source:

e Family: Cannabaceae
e Plant Part Used: Leaves, flowers, and resin (hashish)

Chemical Nature:

e Active constituents: Tetrahydrocannabinol (THC), Cannabidiol (CBD)
e THC is psychoactive, CBD is non-psychoactive

Uses:

o Recreational: Altered perception, euphoria

o Medical: Analgesic, antiemetic, muscle relaxant

o Research: Studied for epilepsy, chronic pain, and neurodegenerative diseases
B. Datura (Datura stramonium)

Biological Source:

e Family: Solanaceae
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e Plant Part Used: Leaves and seeds
Chemical Nature:

e Alkaloids: Atropine, Scopolamine, Hyoscyamine (tropane alkaloids)
o Highly toxic hallucinogens

Uses:

e Historically in rituals for visionary experiences
e Modern pharmacology: Atropine for ophthalmology and organophosphate poisoning

3. Teratogens

Teratogens are plant-derived agents causing developmental abnormalities in embryos or fetuses.
A. Veratrum (Veratrum californicum)

Biological Source:

e Family: Melanthiaceae
e Plant Part Used: Roots and rhizomes

Chemical Nature:

e Alkaloids: Jervine, Cyclopamine
e Teratogenic effects via Hedgehog signaling pathway inhibition

Uses / Importance:

o Not used therapeutically due to toxicity
o Studied for research in developmental biology and cancer

B. Lupinus species (Lupine)
Biological Source:

o Family: Fabaceae
¢ Plant Part Used: Seeds

Chemical Nature:

o Alkaloids: Sparteine, Lupinine
e Can cause skeletal deformities in livestock

Uses / Importance:

e Some species cultivated for protein-rich seeds after processing
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e Studied in pharmacology for cardiac arrhythmias
4. Natural Allergens
Natural allergens are plant-derived substances causing hypersensitivity reactions.
A. Ragweed (Ambrosia artemisiifolia)
Biological Source:

e Family: Asteraceae
¢ Plant Part Used: Pollen

Chemical Nature:

e Proteins and glycoproteins acting as allergens
e Small, water-soluble molecules triggering immune responses

Uses / Importance:

e Model allergen in allergy research
o No therapeutic use; causes hay fever, asthma

B. Poison lvy (Toxicodendron radicans)
Biological Source:

e Family: Anacardiaceae
e Plant Part Used: Leaves, stems, and roots

Chemical Nature:

e Contains Urushiol, a phenolic oil
o Causes contact dermatitis via immune hypersensitivity

Uses / Importance:

o No therapeutic use
o Studied in dermatology for allergic reaction mechanisms

PRIMARY METABOLITES: CARBOHYDRATES — ACACIA (GUM ARABIC)

1. General Introduction to Primary Metabolites

Primary metabolites are compounds essential for the growth, development, and reproduction of plants.
They are universally present in all living cells and include carbohydrates, proteins, lipids, and nucleic

acids.
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Key Points:

e Serve as energy sources, structural components, and biosynthetic precursors.

e Directly involved in metabolic pathways and cell maintenance.

e Unlike secondary metabolites, primary metabolites are not restricted to specific plant species
but are widespread in nature.

Carbohydrates are among the most abundant primary metabolites in plants and are classified as:

e Monosaccharides: Glucose, Fructose

e Disaccharides: Sucrose, Lactose

e Oligosaccharides: Maltodextrins

e Polysaccharides: Starch, Cellulose, Gum Arabic

Gum Arabic (Acacia) is a commercially important plant-derived carbohydrate, extensively used in
pharmaceutical, food, and industrial applications.

2. Detailed Study of Acacia (Gum Arabic)
2.1 Biological Source

o Botanical Name: Acacia senegal Willd., Acacia seyal

e Family: Fabaceae (Leguminosae)

e Plant Part Used: Hardened exudate from stem and branches

e Geographical Source: Native to Sudan, West Africa, and Arabia, cultivated in tropical and
sub-tropical regions

Description of Plant Exudate:

e Exudes naturally as tears or lumps from incisions in bark
e Appears as soft, amorphous, or nodular pieces, color ranging from pale yellow to brown
e Odorless and slightly sweet taste

2.2 Chemistry
Gum Arabic is a complex, branched heteropolysaccharide, mainly consisting of:

e Arabinose (~40-45%)

o Galactose (~35-40%)

e Rhamnose (~10%)

e  Glucuronic acid (~10-15%)

Key Points:

e Molecular weight: 250,000-400,000 Da

e Structure: Highly branched polysaccharide with side chains containing arabinogalactan
e Water-soluble and forms viscous colloidal solutions

e Acidic in nature due to glucuronic acid residues
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Chemical Formula (approx.): (C5H904), for arabinogalactan fraction
2.3 Preparation / Collection

1. Collection from Plant:
o Natural exudation from incisions in the bark
o Exudates collected manually as tears, lumps, or nodules
2. Cleaning and Processing:
o Impurities (wood chips, bark fragments, soil) removed manually
o Crude gum washed with water or ethanol
o Dried under shade to prevent oxidation and degradation
3. Powdering and Grading:
o Coarse pieces powdered for pharmaceutical applications
o Graded based on solubility, color, and purity

2.4 Evaluation / Quality Control
Organoleptic Evaluation:
e Color: Pale yellow or brown
e Odor: Almost odorless
e Taste: Slightly sweet
Physicochemical Evaluation:
e Solubility: Readily soluble in cold and hot water
e pH: 4.5-5.0 (aqueous solution)
e Ash Content: <2%
e Moisture Content: 10-12%

Microscopic Evaluation:

o Powder shows irregular fragments, polygonal shapes, and granular structures
e Can be observed under light or polarized microscopy

Chemical Tests:

e Molisch’s Test: Violet ring at the interface indicates carbohydrate
e Benedict’s Test: Mild reduction due to uronic acid content
e Solubility Test: Forms colloidal solution in water

2.5 Preservation and Storage

o Stored in airtight containers to prevent moisture absorption
e Protected from direct sunlight and microbial contamination
e Temperature: Room temperature (25°C)

e Shelf life: 3-5 years under proper storage
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Precautions:

e Hygroscopic nature can lead to caking and microbial growth if exposed to moisture
e Use of antioxidants (optional) to prevent color darkening

2.6 Therapeutic Uses

Gum Arabic exhibits pharmacological and medicinal properties, mainly as a demulcent, protective,
and prebiotic agent:

1. Demulcent:
o Forms protective film on mucous membranes
o Used in throat lozenges, cough syrups, and oral formulations
2. Antacid:
o Mild protective effect in gastric irritation
3. Dietary Fiber / Prebiotic:
o Promotes growth of beneficial gut bacteria
o Improves intestinal health
4. Anti-inflammatory:
o Reduces local irritation in mucosa

2.7 Commercial Utility
Gum Arabic is a highly valued industrial and pharmaceutical excipient:

1. Pharmaceutical Applications:
o Binder in tablets
o Emulsifying agent in suspensions, syrups, and elixirs
o Stabilizer in microcapsules
2. Food Industry:
o Stabilizer in soft drinks, confectionery, and ice creams
o Coating agent for candies and nuts
3. Other Industries:
o Used in printing inks, adhesives, paints, and cosmetic formulations

PRIMARY METABOLITES: CARBOHYDRATES — AGAR
1. General Introduction

Agar is a plant-derived polysaccharide widely used in pharmaceutical, food, and microbiological
industries.

Key Points:

e Derived from marine red algae (Rhodophyceae).

e lItisahighly branched polysaccharide composed mainly of galactose units.

e Forms colloidal gels in water and is thermoreversible (solidifies when cooled and melts on
heating).
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e Used as pharmaceutical excipient, stabilizer, thickener, and microbiological medium.
Examples of Agar-Producing Algae:

e Gelidium amansii
e Gracilaria edulis
e Gelidium corneum

2. Biological Source

e Botanical Source: Red algae (Gelidium and Gracilaria species)

e Family: Gelidiaceae, Gracilariaceae

e Part Used: Whole thallus (algal body)

e Habitat: Marine algae found in coastal waters of Japan, India, Philippines, and East Africa

Description:

e The dried thallus is reddish-brown, cartilaginous, tough, and flexible.
e Agar is obtained as dried, brittle, translucent sheets or powder.

3. Chemistry
Agar is a heteropolysaccharide, consisting mainly of:

1. Agarose: Linear component forming thermoreversible gels

o Polymer of D-galactose and 3,6-anhydro-L-galactose
2. Agaropectin: Branched, acidic component

o Contains sulfate groups and pyruvic acid residues

Key Properties:

e Forms gels at 0.5-2% concentration in water

o  Gel melting temperature: 85-95°C

o Gel setting temperature: 32-43°C

o Resistant to digestive enzymes, making it non-nutritive but hydrophilic

4. Preparation / Extraction

1. Collection:
o Algal thalli harvested from marine sources, washed to remove sand, salts, epiphytes,
and debris
2. Extraction:
o Boiled in water to extract polysaccharides
o Extract filtered to remove residual plant matter
3. Precipitation:
o Concentrated extract precipitated with alcohol or acetone
o Gelled mass washed and purified
4. Drying:
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o Dried under shade or controlled temperature to yield brittle sheets or powder

5. Evaluation / Quality Control
Organoleptic Evaluation:

e Color: Translucent, pale yellow, or reddish-brown

e Odor: Almost odorless

e Taste: Slightly sweet or bland
Physicochemical Evaluation:

e Solubility: Soluble in hot water; forms gels on cooling

e pH:5.0-7.0

e Ash Content: <1%

e  Gel Strength: 400-1000 g/cm? depending on agar quality
Microscopic Evaluation:

o Powder shows irregular fiber-like or flaky structures

Chemical Tests:

e Molisch’s Test: Positive (violet ring) indicates carbohydrate
e Gel Formation Test: Formation of thermoreversible gel confirms agar

6. Preservation and Storage
e Stored in airtight containers to prevent moisture absorption and microbial contamination
e Protected from sunlight and heat
o Shelf life: 3-5 years under proper storage

Precautions:

e Hygroscopic nature may cause clumping
o Store away from strong acids and bases which degrade polysaccharides

7. Therapeutic Uses
e Demulcent: Protects mucous membranes in throat and gastrointestinal tract
o Laxative / Bulk-forming: Swells in intestine, aids bowel movement
o Prebiotic: Promotes growth of beneficial gut bacteria
e Carrier in drug formulations: Used in microcapsules, tablets, and syrups

8. Commercial Utility / Pharmaceutical Applications

1. Pharmaceutical Uses:
o Gelling agent in jellies, suspensions, and lozenges
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o Stabilizer and thickener in syrups and elixirs
o Microbiological medium in agar plates and culture media
2. Food Industry:
o Thickener in jams, jellies, desserts, and confectionery
o Stabilizer in ice cream, puddings, and sauces
3. Other Industrial Uses:
o Used in cosmetics, photography, and biotechnology as gel matrix

PRIMARY METABOLITES: CARBOHYDRATES — TRAGACANTH
1. General Introduction

Tragacanth is a natural gum obtained from the exudates of certain leguminous plants, widely used as a
pharmaceutical excipient, stabilizer, and thickener.

Key Points:

e Itisacomplex, branched polysaccharide composed mainly of acidic sugars.

e Insoluble in water but forms viscous colloidal dispersions (gum solutions).

e Used in emulsions, suspensions, pastes, and lozenges due to its swelling, stabilizing, and
binding properties.

Example Plants:
e Astragalus gummifer
e Astragalus microcephalus
o Astragalus brachycalyx
2. Biological Source
o Botanical Name: Astragalus gummifer Labill. and related species
e Family: Fabaceae (Leguminosae)
e Plant Part Used: Exudate from stem and branches
o Habitat: Semi-arid regions of Iran, Turkey, and the Middle East
Description of Exudate:
o Obtained as tears, flakes, or ribbons from bark wounds
o Appears as white, cream, or yellowish pieces
e Odorless, tasteless, and insoluble in water in raw form
3. Chemistry
Tragacanth is a heteropolysaccharide consisting mainly of:
1. Bassorin (Water-swellable fraction):

o Forms highly viscous gels in water
o Composed of arabinose, galactose, glucuronic acid, xylose
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2. Tragacanthin (Water-soluble fraction):
o Forms colloidal solutions
o Contains neutral sugars and acidic polysaccharides

Chemical Features:

e Molecular weight: 800,000-2,000,000 Da
e Highly branched and acidic due to uronic acid residues
e Forms pseudoplastic colloidal dispersions

Approximate Composition:

e Galacturonic acid: 10-15%
e Arabinose and Galactose: 50-60%
e Rhamnose: 5-10%

4. Preparation / Collection

1. Collection from Plant:
o Exudates obtained by incisions in bark during dry season
o Gum exudes naturally as tears or ribbons
2. Cleaning and Sorting:
o Remove wood chips, dust, and sand
o Separate different grades based on color, size, and purity
3. Drying:
o Shade drying to prevent degradation
o Stored as flakes, tears, or powdered gum

5. Evaluation / Quality Control
Organoleptic Evaluation:
e Color: White to cream or pale yellow
e Odor: Almost odorless
e Taste: Slightly bland or tasteless
Physicochemical Evaluation:
o Solubility: Water-insoluble in lumps, but disperses in water to form gel
e pH: 5.0-7.0 (agqueous solution)
e Ash Content: 3-6%
o Viscosity: Measured to evaluate binding capacity

Microscopic Evaluation:

e lIrregular, fibrous fragments
e Observed under light microscopy for contaminants or adulterants
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Chemical Tests:

e Molisch Test: Positive for carbohydrate (violet ring formation)
o Solubility Test: Formation of mucilaginous dispersion in water confirms tragacanth

6. Preservation and Storage
e Store in airtight containers to prevent moisture absorption
e Keep away from direct sunlight, heat, and microbial contamination
e  Shelf life: 3-5 years under proper conditions

Precautions:

e Hygroscopic: may absorb moisture and become sticky
e Protect from fungal growth

7. Therapeutic Uses

Tragacanth exhibits pharmacological and protective properties:

Demulcent: Protects mucous membranes in throat and gastrointestinal tract
Laxative / Bulk-forming: Swells in intestine to aid bowel movements

Anti-inflammatory: Reduces irritation in topical pastes
Emulsifier and Stabilizer: In pharmaceutical emulsions, lozenges, and suspensions

HowpnRE

8. Commercial Utility / Pharmaceutical Applications

1. Pharmaceutical Industry:
o Used as binder, emulsifier, stabilizer, and suspending agent
o Component of ointments, pastes, capsules, and lozenges
o Excipient in controlled-release formulations
2. Food Industry:
o Thickener in sauces, jellies, and confectionery
o Stabilizer in beverages
3. Other Industrial Uses:
o Used in cosmetics, textiles, and printing
o Forms film coatings and adhesive pastes

PRIMARY METABOLITES: CARBOHYDRATES — HONEY
1. General Introduction

Honey is a natural sweet substance produced by honeybees from floral nectar or plant secretions,
serving as a source of carbohydrates and energy.

Key Points:
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e Classified as a primary metabolite because it mainly contains simple sugars (glucose and
fructose) essential for energy.

e Itis viscous, hygroscopic, and sweet, with medicinal, nutritional, and commercial value.

o Used in traditional medicine, food, and pharmaceutical preparations.

Common Honey-Producing Species:

o Apis mellifera (Western honeybee)
e Apis cerana (Asian honeybee)

2. Biological Source

e Source: Secreted by honeybees (Apis spp.) from nectar of flowers or honeydew of plant-
sucking insects.

e Plant Sources: Nectar from Acacia, Citrus, Eucalyptus, Clover, and Medicinal plants.

o Honey from medicinal plants may retain therapeutic properties of the flowers.

Characteristics of Natural Honey:

e Color: Ranges from pale yellow to dark amber depending on source
e Odor: Aromatic, characteristic of floral source
e Taste: Sweet, slightly acidic

3. Chemistry

Honey is primarily composed of carbohydrates, with minor components contributing to flavor, color,
and therapeutic properties.

3.1 Major Components

e Monosaccharides (~70-80%):
o Fructose (~38%) — reducing sugar
o Glucose (~31%) — reducing sugar
o Disaccharides (~7-9%):
o Sucrose, Maltose, Turanose

3.2 Minor Components

e Amino acids (e.g., Proline)

e Organic acids (e.g., Gluconic acid — contributes to acidity)
e Vitamins: B-complex, Vitamin C

e Minerals: Calcium, Potassium, Iron, Magnesium

o Enzymes: Invertase, Diastase (Amylase), Glucose oxidase

3.3 Chemical Properties

e Highly hygroscopic: absorbs moisture from air
e Acidic (pH 3.5-5.5)
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e Reduces Fehling’s solution (due to glucose and fructose)
e Forms viscous solution in water

4. Collection / Preparation

1. Collection from Hives:
o Bees store nectar in honeycombs, converting it into honey via enzymatic action
o Honey is harvested from frames after capping of combs
2. Straining and Filtration:
o Removal of wax, bee parts, and debris
3. Pasteurization / Processing:
o Gentle heating (optional) to destroy yeasts and pathogens
o Excessive heating avoided to retain enzymes and medicinal properties
4. Storage:
o Stored in airtight containers at room temperature

5. Evaluation / Quality Control
Organoleptic Evaluation:
e Color: Pale yellow to dark amber
e Odor: Characteristic floral aroma
e Taste: Sweet, slightly acidic
Physicochemical Evaluation:
e Moisture Content: 17-20% (lower moisture = better storage)
e pH:3555
e Specific Gravity: 1.36-1.42 at 20°C
e Sugar Content: High (glucose + fructose)
e Enzyme Activity: Diastase number >8 indicates quality

Microscopic Evaluation:

e Pollen grains present in unfiltered honey - used to identify botanical source
(Melissopalynology)

Chemical Tests:
e  Molisch’s Test: Violet ring indicates carbohydrate
e Fehling’s Test: Red precipitate confirms reducing sugars
o lodine Test: Negative (low starch content)
6. Preservation and Storage
e Stored in airtight, dry containers

e Auvoid direct sunlight and high temperatures
e Shelf life: 2-3 years if moisture <20%

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 121



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication | [2026]

e Hygroscopic nature may lead to fermentation if moisture >20%
7. Therapeutic Uses
Honey has been used traditionally as a food, medicine, and preservative:

1. Antimicrobial: Effective against wounds, burns, and ulcers due to hydrogen peroxide
formation

Cough and Throat Soother: Demulcent properties relieve irritation

Gastroprotective: Protects mucous lining of stomach and intestine

Energy Source: Readily available carbohydrate energy

Anti-inflammatory & Antioxidant: Contains flavonoids and phenolic acids

a bk~ wd

8. Commercial Utility / Pharmaceutical Applications

1. Pharmaceutical Uses:
o Ingredient in syrups, lozenges, and ointments
o Stabilizer in suspensions and emulsions
o Carrier for herbal extracts and probiotics
2. Food Industry:
o Sweetener in beverages, baked goods, confectionery
o Natural preservative due to low water activity
3. Other Industrial Uses:
o Cosmetics: Used in creams, face masks, and moisturizers
o Biotechnology: Medium for microbial growth in combination with other nutrients

PRIMARY METABOLITES: PROTEINS - GELATIN
1. General Introduction

Gelatin is a natural protein derived from collagen, obtained by partial hydrolysis of connective tissues
of animals.

Key Points:

e It is a primary metabolite protein used extensively in pharmaceutical, food, and cosmetic
industries.

o Gelatin is soluble in hot water, forms thermoreversible gels, and is non-toxic, biodegradable,
and biocompatible.

e Serves as a pharmaceutical aid, stabilizer, binder, and gelling agent in various dosage forms.

Forms of Gelatin:
e Sheet or leaf gelatin
e Powdered gelatin

e Pharmaceutical-grade gelatin

2. Biological Source
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e Primary Source:
o Connective tissues, bones, and skin of animals
o Commonly used species: Cattle (Bos taurus), Pig (Sus scrofa), and Fish
e Plant Alternatives: None for true gelatin; plant-derived agar, pectin, and tragacanth are used
as vegetarian substitutes

Description:

e Obtained as colorless, translucent sheets or pale yellow powder
e Odorless or slightly characteristic odor of protein
e Tasteless and hygroscopic

3. Chemistry
Gelatin is a mixture of polypeptides derived from the partial hydrolysis of collagen, which is rich in:

e Amino acids: Glycine (~30%), Proline, Hydroxyproline, Alanine
e Molecular weight: Highly variable, generally 50,000-100,000 Da

Key Chemical Features:

e Contains repeating units of Gly-X-Y, where X and Y are often Proline or Hydroxyproline
e Forms triple helix structure in collagen, which unwinds during hydrolysis

e Soluble in hot water, forming colloidal solutions

e Thermoreversible: Gel forms on cooling and melts on heating

4. Preparation / Extraction
Stepwise Process:

1. Raw Material Selection:
o Skin, bones, and connective tissues from cattle, pigs, or fish
o Free from fat, hair, or contaminants
2. Pre-treatment:
o Alkaline treatment: To remove non-collagen proteins and fats
o Acid treatment (optional): To swell collagen fibers
3. Extraction:
o Boiling in water to extract gelatin from collagen
o Filtration to remove residues and impurities
4. Concentration and Drying:
o Concentrated extract cooled to form gel
o Dried by freeze-drying, drum-drying, or air-drying
5. Powdering and Sieving:
o Converted into powder or sheets for pharmaceutical use

5. Evaluation / Quality Control

Organoleptic Evaluation:

Islam, A. M., Velraj, M., Prathyusha, V. S. C., & Mali, M. Page 123



Textbook of Pharmacognosy and Phytochemistry — I Mantra Publication

[2026]

e Color: Pale yellow or colorless

e Odor: Slight protein smell or odorless

e Taste: Bland
Physicochemical Properties:

e Solubility: Soluble in hot water; insoluble in cold water

e pH:5.0-7.0

e Moisture Content: 8-12%

e Gel Strength: Measured in Bloom units (150-300 Bloom)
Chemical Tests:

e Biuret Test: Violet color confirms protein

e Xanthoproteic Test: Yellow color on addition of nitric acid

e Ninhydrin Test: Purple color confirms presence of free amino acids

Microbiological Evaluation:

e Low microbial load
o Free from pathogens for pharmaceutical grade

6. Preservation and Storage
e Stored in airtight containers to prevent moisture absorption
e Protected from heat, light, and microbial contamination
o Shelf life: 2-3 years if moisture and storage conditions are controlled

Precautions:

o Hygroscopic: absorbs moisture, forming sticky masses
e Avoid contamination with fats, oils, and microbial spores

7. Therapeutic Uses

Gelatin is primarily used as a pharmaceutical excipient rather than a direct therapeutic agent:

1. Binder in Tablets: Enhances tablet integrity and compressibility
2. Capsule Shell Material:

o Hard gelatin capsules for powders

o Soft gelatin capsules for oils, emulsions, and liquid drugs

3. Plasters and Wound Dressings: Provides film-forming and protective action

&

Microencapsulation: Carrier for controlled-release drugs

5. Nutritional: Provides amino acids in dietary supplements and protein fortification

8. Commercial Utility / Pharmaceutical Applications

1. Pharmaceutical Industry:
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o Capsules, tablets, granules, and pastes
o Plasters, films, and microcapsules
o Stabilizer for emulsions and suspensions
2. Food Industry:
o Gelling agent in jellies, desserts, and confectionery
o Clarifying agent in juices and wines
3. Other Industrial Uses:
o Cosmetics: Face masks, creams, and hair products
o Photography: Used in photographic films
o Biotechnological applications: Culture media and microencapsulation

PRIMARY METABOLITES: PROTEINS — CASEIN
1. General Introduction

Casein is a major milk protein, representing 70-80% of total milk protein, and is classified as a
primary metabolite because it is essential for growth and metabolism.

Key Points:
e Casein is insoluble in water but soluble in dilute alkali.
o Forms micellar structures that stabilize calcium and phosphate in milk.
e Widely used in pharmaceuticals, food industry, and biotechnology as a binder, stabilizer, and
nutritional protein.
e Itisrich in essential amino acids, making it nutritionally valuable.

2. Biological Source

e Primary Source: Milk of cattle (Bos taurus), buffalo, goats, and sheep
e Part Used: Whole milk (from which casein is separated)

Types of Casein:
e a-casein: Predominant type; precipitates with acid
e [-casein: Amphiphilic; stabilizes micelles
e K-casein: Stabilizes micelles and prevents coagulation
3. Chemistry
Casein is a phosphoprotein and amphiphilic molecule, forming micellar aggregates in milk.
Chemical Composition
e Amino acids: High in proline, glutamic acid, serine, and lysine
e Phosphoserine residues bind calcium ions

e Molecular weight: 19,000-25,000 Da (monomeric)
e Forms insoluble calcium caseinate and soluble sodium or potassium caseinates
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Chemical Features

o Isoelectric Point (pl): 4.6 — precipitates at this pH

o Solubility: Insoluble in water at neutral pH; soluble in alkali

e Forms gel and film-forming properties useful in pharmaceuticals

o Heat-stable at moderate temperatures; denatures at very high temperatures

4. Preparation / Extraction

1. From Milk:

o  Skimmed milk or whole milk is used

o Milkis acidified (pH ~4.6) using acetic acid or HCI

o Casein precipitates as curd
2. Separation:

o Curds separated by filtration or centrifugation

o Washed with water to remove lactose and soluble salts
3. Purification:

o Dried to obtain powdered casein

o Can be converted to calcium, sodium, or potassium caseinate for pharmaceutical

applications

5. Evaluation / Quality Control
Organoleptic Evaluation:
e Color: White to pale cream
e Odor: Mild, characteristic milk-like
e Taste: Bland
Physicochemical Properties:
e Solubility: Insoluble in water, soluble in dilute alkali
o pH: 4.6 (isoelectric point), neutral when converted to caseinates
e Moisture Content: 5-10%
Chemical Tests:
e Biuret Test: Violet color indicates protein
e Xanthoproteic Test: Yellow color confirms aromatic amino acids
o Solubility Test: Insoluble in water; soluble in NaOH or KOH
Microscopic Evaluation:
e Curds show aggregated protein network under light microscopy

6. Preservation and Storage

e Store in airtight, moisture-free containers
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e Protect from heat, light, and microbial contamination
o Shelf life: 1-2 years if kept dry and cool

Precautions:

e Hygroscopic: absorbs moisture and may spoil
e Susceptible to microbial growth if contaminated

7. Therapeutic Uses

1. Nutritional Supplement:
o Rich in essential amino acids, used in infant foods, protein supplements, and dietetic
formulations
2. Pharmaceutical Binder:
o Forms films and tablets
o Used in sustained-release formulations
3. Microencapsulation:
o Used to encapsulate vitamins, probiotics, and enzymes for controlled release
4. Emulsion Stabilizer:
o Stabilizes suspensions, emulsions, and topical formulations

8. Commercial Utility / Pharmaceutical Applications

1. Pharmaceutical Industry:
o Binder in tablets and granules
o Microencapsulation of drugs and nutraceuticals
o Stabilizer in oral suspensions and emulsions
2. Food Industry:
o Cheese, milk powder, protein bars, and infant formula
o Emulsifier and stabilizer in confectionery
3. Other Industrial Uses:
o Adhesives, paints, and photographic films
o Cosmetic industry: used in face packs, creams, and hair products

PROTEOLYTIC ENZYMES (PROTEASES)
1. General Introduction

Proteolytic enzymes, or proteases, are a class of enzymes that catalyze the hydrolysis of peptide bonds
in proteins, breaking them down into smaller peptides or amino acids.

Key Points:

e Proteolytic enzymes are primary metabolic enzymes vital for digestion, inflammation
modulation, thrombolysis, and wound healing.
e Based on mechanism of action, they are classified into:
o Cysteine proteases (e.g., Papain, Bromelain)
o Serine proteases (e.g., Urokinase, Streptokinase, Pepsin)
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e These enzymes are widely used in pharmaceutical formulations, therapeutics, and
nutraceuticals.

2. Papain
Biological Source:

e Obtained from latex of unripe fruit of Papaya (Carica papaya)
e Family: Caricaceae

Chemistry:
e Proteinase of cysteine type, containing sulfhydryl (-SH) group at active site
e Molecular weight: ~23,400 Da
e Active at pH 6-7
Preparation:
o Latex collected from incised unripe fruits
e Precipitated by ammonium sulfate
o Purified by dialysis and lyophilization

Properties:

o Hydrolyzes proteins, gelatin, fibrin, and casein
e Stable in mild acidic to neutral pH

Therapeutic Uses:
o Digestive aid in protein digestion
e Anti-inflammatory in edema and soft tissue injuries
e Used in wound debridement
Pharmaceutical Applications:
o Tablet, capsule, ointment, and topical gels
3. Bromelain

Biological Source:

o Extracted from stem and fruit of pineapple (Ananas comosus)
o Family: Bromeliaceae

Chemistry:

e Cysteine protease
e Molecular weight: 23-35 kDa
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e Active at pH 5-8
Preparation:

e Extracted by crushing pineapple stem/fruit
o Purified by ammonium sulfate precipitation and chromatography

Properties:

e Proteolytic, anti-inflammatory, fibrinolytic
e Enhances absorption of certain antibiotics (bioavailability enhancer)

Therapeutic Uses:
e Reduces edema, inflammation, and post-operative swelling
e Used as digestive supplement
e Enhances immune response and wound healing
Pharmaceutical Applications:
e Tablets, capsules, topical gels, and nutraceuticals
4. Serratiopeptidase (Serrapeptase)
Biological Source:
o Derived from silk moth larvae gut bacteria (Serratia marcescens)
Chemistry:
e Serine protease
e Molecular weight: ~45-60 kDa
e Stable at pH 7.5-9

Preparation:

o  Cultured bacteria produce enzyme extracellularly
o Purified by precipitation, dialysis, and chromatography

Properties:

o Fibrinolytic, anti-inflammatory, mucolytic
o Degrades dead tissue, mucus, and inflammatory exudates

Therapeutic Uses:

e Reduces post-operative swelling and inflammation
e Dissolves chronic inflammatory deposits
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e Used in sinusitis, arthritis, and trauma injuries
Pharmaceutical Applications:

e Oral tablets and capsules
e Topical ointments

5. Urokinase
Biological Source:
e Human kidney cells or recombinant DNA technology
Chemistry:
e Serine protease (plasminogen activator)
e Molecular weight: 54 kDa
e Active at pH 7-8
Preparation:
e Isolated from human urine or produced recombinantly

Properties:

e Converts plasminogen to plasmin, dissolving blood clots
e Fibrinolytic activity

Therapeutic Uses:

e Thrombolytic agent for acute myocardial infarction, pulmonary embolism, and deep vein

thrombosis
Pharmaceutical Applications:

o Injectable solutions
e Administered intravenously in hospital settings

6. Streptokinase
Biological Source:

e Produced by B-hemolytic Streptococcus bacteria
Chemistry:

e Extracellular serine protease activator
e Molecular weight: ~47 kDa
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Preparation:

o Cultured bacteria secrete enzyme
o Purified by precipitation and chromatography

Properties:

e Activates plasminogen to plasmin
o Non-fibrin-specific but highly effective in clot dissolution

Therapeutic Uses:
o Thrombolytic agent in myocardial infarction, pulmonary embolism, and deep vein thrombosis
Pharmaceutical Applications:

e Lyophilized powders for intravenous injection
e Hospital-administered under monitoring

7. Pepsin
Biological Source:

e Obtained from gastric mucosa of pigs or calves
e Endogenous digestive protease

Chemistry:
e Aspartic protease (acid protease)
e Molecular weight: 34-37 kDa
e Optimal activity at pH 1.5-3.5

Preparation:

o Extracted from stomach lining using acidic extraction
o Purified by salt fractionation and dialysis

Properties:

o Hydrolyzes proteins to peptides
o Stable in acidic gastric environment

Therapeutic Uses:

o Digestive aid for hypochlorhydria or achlorhydria
e Used in enzyme therapy for protein digestion

Pharmaceutical Applications:
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o Digestive enzyme tablets and capsules
o Combined with hydrochloric acid in pancreatic enzyme preparations

PRIMARY METABOLITES: LIPIDS (WAXES, FATS, FIXED OILS)

Lipids are hydrophobic or amphiphilic biomolecules, primarily functioning as energy storage
molecules, structural components of cell membranes, and bioactive molecules. In pharmacognosy,
lipids from natural sources serve as therapeutic agents, pharmaceutical excipients, ointment bases, and
topical carriers.

1. Castor Oil
1.1 Biological Source

e Obtained from seeds of Ricinus communis (Family: Euphorbiaceae)
e Seeds are oval, brown mottled, and contain 40-50% oil

1.2 Chemistry

e Richinricinoleic acid (=85-90%), a hydroxy fatty acid (12-hydroxy-9-octadecenoic acid)
e Other fatty acids: oleic acid, linoleic acid, stearic acid

e Triglyceride-based fixed oil

e Physicochemical properties:

o Viscous, pale yellow oil

o Specific gravity: 0.96-0.97 at 25°C
o Refractive index: 1.471-1.476

o Saponification value: 175-187

1.3 Preparation / Extraction

e Seeds cold-pressed or extracted by solvent extraction
o Filtered, clarified, and stored in airtight containers

1.4 Properties and Evaluation

e Viscous, pale yellow, mild odor

¢ Insoluble in water, soluble in organic solvents

o Test for purity: Acid value, saponification value, iodine value
1.5 Therapeutic Uses

e Laxative: Oral administration

¢ Anti-inflammatory: Topical applications

e Carrier oil in emulsions, ointments, and liniments

1.6 Pharmaceutical Applications

e Laxatives, suppositories, topical ointments
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e Base for creams and medicinal emulsions
2. Chaulmoogra Oil
2.1 Biological Source

e Obtained from seeds of Hydnocarpus wightiana and related species (Family: Achariaceae)
e Seeds contain 25-50% oil

2.2 Chemistry
e Contains cyclopentenyl fatty acids, mainly:
o Hydnocarpic acid
o Chaulmoogric acid
o Gorlic acid
o Complex triglyceride oil with unique anti-leprotic activity
e Physicochemical properties:
o Viscous, pale yellow to brown oil
o Saponification value: 190-210
o lodine value: 90-100
2.3 Preparation / Extraction

e Seeds pressed or solvent-extracted
e Purified by filtration and mild heating

2.4 Properties and Evaluation
o Slightly unpleasant odor
e Insoluble in water
e Acid value and iodine value determined for quality

2.5 Therapeutic Uses

o Historically used in treatment of leprosy
¢ Anti-inflammatory and antimicrobial in topical applications

2.6 Pharmaceutical Applications

e Incorporated into ointments, pastes, and medicated oils
3. Wool Fat (Lanolin)
3.1 Biological Source

e Obtained from sebum-like secretion on sheep wool (Family: Bovidae)
¢ Crude wool contains 10-25% wool fat
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3.2 Chemistry

o Complex mixture of:
o Cholesterol esters
o Fatty alcohols
o Sterol esters
o Fatty acids (palmitic, stearic, oleic acids)
o Amphiphilic, semi-solid at room temperature
e Physicochemical properties:
o Yellowish waxy mass
o Melting range: 38-44°C
o Insoluble in water; soluble in organic solvents

3.3 Preparation / Extraction
e Raw wool washed to remove dirt and sweat
o Extracted by hot water or solvent treatment
e Purified by filtration and deodorization
3.4 Properties and Evaluation
e Semi-solid, greasy, yellowish
e Odorless after purification
e Tests: Acid value, saponification value, melting point
3.5 Therapeutic Uses
e Skin emollient
e Protects dry, chapped, or irritated skin
e  Carrier for topical drugs

3.6 Pharmaceutical Applications

o Base for ointments, creams, pastes, and suppositories
e Acts as moisturizer and drug vehicle

4. Beeswax

4.1 Biological Source
o Secreted by honeybees (Apis mellifera)
o Derived from wax glands of worker bees
e Found in honeycomb structures

4.2 Chemistry

e  Mixture of:
o Esters of fatty acids and long-chain alcohols (C24-C36)
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o Hydrocarbons (C27-C31)
o Free fatty acids and minor aromatic compounds
e Melting point: 62-65°C
e Insoluble in water; soluble in ether, chloroform, and benzene

4.3 Preparation / Extraction

e Honeycombs melted and filtered
e Purified by drying, deodorizing, and bleaching

4.4 Properties and Evaluation
e Yellowish, brittle solid
e Characteristic honey-like odor
e Tested by melting point, solubility, and acid value

4.5 Therapeutic Uses

e Protects wounds and burns
e Forms barrier ointments
o Mild antiseptic properties

4.6 Pharmaceutical Applications

e Base for ointments, creams, suppositories
e Component in cosmetics, polishes, and topical preparations

MARINE DRUGS: NOVEL MEDICINAL AGENTS FROM MARINE SOURCES
1. General Introduction

Marine drugs are bioactive compounds derived from marine organisms, including sponges, algae,
bacteria, fungi, mollusks, and marine invertebrates.

Key Points:

e Oceans cover over 70% of the Earth’s surface and harbor tremendous biodiversity.

e Marine organisms produce unique secondary metabolites to survive extreme environments
such as high pressure, salinity, low temperature, and microbial competition.

e These metabolites are chemically distinct from terrestrial compounds and are potential
sources of novel therapeutic agents.

o Marine drugs have gained attention for anticancer, antimicrobial, antiviral, anti-inflammatory,
analgesic, and neuroprotective applications.

2. Sources of Marine Drugs

Marine drugs are obtained from a wide range of marine organisms, each producing unique bioactive
molecules:
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1. Marine Algae (Seaweeds)
o Example: Sargassum, Gracilaria, Laminaria
o Produce polysaccharides (agar, carrageenan), phenolics, sterols, and carotenoids
o Applications: Antiviral, antioxidant, and anticoagulant activity
2. Marine Sponges
o Example: Halichondria okadai, Cryptotethya crypta
o Rich in alkaloids, terpenoids, and peptides
o Applications: Anticancer and antimicrobial agents
3. Marine Bacteria and Fungi
o Example: Streptomyces sp., Aspergillus sp.
o Produce polyketides, antibiotics, and antitumor compounds
4. Marine Invertebrates
o Example: Tunicates (Ecteinascidia turbinata), mollusks (Dolabella species)
o Produce peptides, macrolides, and unique sterols
o Applications: Anticancer, antiviral, analgesic
5. Marine Vertebrates
o Fish and marine mammals provide omega-3 fatty acids and bioactive peptides

3. Chemical Nature of Marine Drugs
Marine-derived medicinal compounds exhibit a diverse chemical nature, often structurally unique:

o Alkaloids: Containing nitrogen, potent anticancer and antimicrobial activity
o Example: Trabectedin from tunicate Ecteinascidia turbinata
o Polyketides: Aromatic or cyclic compounds, often cytotoxic
o Example: Ecteinascidins, Aplidine
e Peptides and Proteins: Linear or cyclic peptides with antimicrobial, antitumor, or enzyme
inhibitory activity
o Example: Didemnins, Dolastatins
e Terpenoids: Anti-inflammatory and anticancer activity
o Example: Sesterterpenes from sponges
o Polysaccharides: Sulfated polysaccharides with anticoagulant and antiviral properties
o Example: Fucoidan from brown algae
o Fatty acids and Lipids: Omega-3 fatty acids (EPA, DHA) with cardioprotective and anti-
inflammatory effects

4. Mechanisms of Action
Marine drugs exert biological effects via multiple mechanisms:

1. Anticancer activity:

o Inducing apoptosis

o Inhibiting DNA replication or microtubule function

o Example: Eribulin (from marine sponge Halichondria) inhibits microtubule dynamics
2. Antimicrobial activity:

o Disruption of microbial cell membranes

o Inhibition of essential microbial enzymes

o Example: Marine-derived actinomycin D
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3. Anti-inflammatory activity:
o Inhibition of cytokine release and COX pathways
o Example: Sulfated polysaccharides from algae
4. Cardiovascular protection:
o Omega-3 fatty acids reduce triglycerides and inflammation
5. Examples of Important Marine Drugs
Drug Source Chemical Nature | Therapeutic Use | Status
. Tunicate .
Trabectedin . - . Anticancer  (soft
. (Ecteinascidia Alkaloid . ( FDA approved
(Yondelis) . tissue sarcoma)
turbinata)
- Sponge .
Eribulin . . . Anticancer (breast
(Halichondria Terpenoid ( FDA approved
(Halaven) . cancer)
okadai)
. . Cone snail (Conus . Analgesic (severe
Ziconotide ( Peptide g_ .( FDA approved
magus) chronic pain)
Omega-3 fatty e . Polyunsaturated Cardioprotective, .
. Marine fish oil . .. Widely used
acids (EPA/DHA) fatty acids anti-inflammatory y
Tunicate Anticancer
Didemnin B (Trididemnum Peptide o ’ Clinical trials
. antiviral
solidum)
Brown algae . .
Fucoidan (Fucus Sulfated Anticoagulant, Experimental ~ /

vesiculosus)

polysaccharide

antiviral

nutraceutical

6. Evaluation and Screening of Marine Drugs

1. Extraction and Isolation
o Solvent extraction (methanol, ethanol, ethyl acetate)
o Fractionation using chromatography (HPLC, column, TLC)
2. Structural Elucidation
o NMR, Mass Spectrometry, IR, UV spectroscopy
3. Biological Screening
o Invitro: cytotoxicity, antimicrobial, enzyme inhibition
o Invivo: anti-inflammatory, analgesic, anticancer models
4. Quality Control
o Purity determination, stability studies, activity assays

7. Challenges in Marine Drug Development

o Scarcity of source material and difficulty in sustainable harvesting
o Complex chemical structures make synthesis and scaling challenging
o Regulatory hurdles for safety and efficacy testing
e Environmental concerns due to overharvesting

8. Advantages of Marine Drugs
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e Structural novelty compared to terrestrial drugs

e Potent bioactivity at low concentrations

e Wide range of pharmacological activities: anticancer, antiviral, antimicrobial, anti-
inflammatory, analgesic

e Serve as lead compounds for synthetic analogues

9. Future Prospects

e Advancements in marine biotechnology, aquaculture, and fermentation to produce drugs

sustainably

e Use of genetic engineering and recombinant DNA technology for marine enzymes and
metabolites

e Screening underexplored marine microorganisms and deep-sea organisms for new bioactive
compounds

o Development of marine-derived nutraceuticals and cosmeceuticals
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QUESTION PAPER
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UNIT-I : Introduction to Pharmacognosy

Section A — Very Short Answer (2 Marks x 10 = 20 Marks)
Answer all questions.

1. Define Pharmacognosy.

2. Mention any two sources of drugs of natural origin.
3. What are organized drugs? Give one example.

4. Define unorganized drugs with one example.

5. What are gums and mucilages?

6. What is adulteration of crude drugs?

7. Define alphabetical classification of drugs.

8. What is quantitative microscopy?

9. What is the lycopodium spore method used for?
10. Define leaf constants.

Section B — Short Answer (5 Marks x 7 = 35 Marks)
Answer any seven questions.

Discuss the history and development of Pharmacognosy.

Describe the scope and importance of Pharmacognosy in modern pharmacy.
Explain the classification of drugs based on source.

Write a note on organized and unorganized drugs with suitable examples.
Explain morphological classification of drugs with examples.

Describe chemical classification of crude drugs.

Explain pharmacological classification of drugs.

Write a short note on adulteration of drugs of natural origin.

Explain organoleptic and microscopic evaluation of crude drugs.

©CoNO~WNE

Section C — Long Answer (10 Marks x 3 = 30 Marks)
Answer any three questions.

1. Define Pharmacognosy and explain its history, scope, and development in detail.

2. Describe various sources of drugs of natural origin, including:
o Plant sources
o Animal sources
o Marine sources
o Tissue culture
3. Explain different methods of evaluation of crude drugs, including:
o Organoleptic evaluation
o Microscopic evaluation
o Physical evaluation
o Chemical evaluation
o Biological evaluation
4. Explain quantitative microscopy of crude drugs, including:
Lycopodium spore method
Leaf constants
Use of camera lucida
Drawing microscopic objects to scale

o

O O O
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UNIT-I1 : Cultivation, Collection, Processing and Storage of Drugs of Natural Origin

Section A — Very Short Answer (2 Marks x 10 = 20 Marks)
Answer all questions.

1. Define cultivation of medicinal plants.

2. What is collection of crude drugs?

3. Mention any two factors influencing cultivation of medicinal plants.
4. What are plant hormones?

5. Name any two plant growth regulators.

6. Define polyploidy.

7. What is mutation breeding?

8. What is hybridization in medicinal plants?

9. What is processing of crude drugs?

10. Define conservation of medicinal plants.

Section B — Short Answer (5 Marks x 7 = 35 Marks)
Answer any seven questions.

Explain the methods of cultivation of medicinal plants.

Describe the methods of collection of drugs of natural origin.

Discuss the factors influencing cultivation of medicinal plants.

Write a note on processing of crude drugs.

Explain the role of plant hormones in medicinal plant cultivation.
Describe polyploidy and its significance in medicinal plants.

Write a short note on mutation with reference to medicinal plants.
Explain hybridization and its importance in drug-yielding plants.
Write a note on storage of crude drugs and precautions during storage.

©CoNO~WNE

Section C — Long Answer (10 Marks x 3 = 30 Marks)
Answer any three questions.

1. Explain in detail the cultivation and collection of drugs of natural origin, including factors
affecting yield and quality.
2. Describe the factors influencing cultivation of medicinal plants, such as:
o Climatic factors
o Soil factors
o Water and irrigation
o Manures and fertilizers
o Pest and disease control
Explain plant hormones and their applications in medicinal plant cultivation.
4. Discuss polyploidy, mutation, and hybridization with reference to improvement of medicinal
plants.
5. Explain the conservation of medicinal plants, including:
o Need for conservation
o In-situ conservation
o Ex-situ conservation
o Role of cultivation and tissue culture

w
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UNIT-III : Plant Tissue Culture

Section A — Very Short Answer (2 Marks x 10 = 20 Marks)
Answer all questions.

1
2
3
4.
5.
6
7
8
9
1

Define plant tissue culture.

Who is known as the father of plant tissue culture?

What is an explant?

Define callus culture.

What is cell suspension culture?

Mention any two types of plant tissue cultures.

What are the basic nutritional requirements of plant tissue culture?
What is aseptic condition?

Define edible vaccines.

0. Give one example of an edible vaccine.

Section B — Short Answer (5 Marks x 7 = 35 Marks)
Answer any seven questions.

©CoNO~WNE

Describe the historical development of plant tissue culture.
Explain different types of plant tissue cultures.

Write a note on nutritional requirements of plant tissue culture media.

Explain growth and maintenance of plant tissue cultures.

Discuss the applications of plant tissue culture in pharmacognosy.
Write a short note on callus and suspension cultures.

Explain the importance of aseptic techniques in tissue culture.
Write a note on somatic embryogenesis and organ culture.
Describe the concept and advantages of edible vaccines.

Section C — Long Answer (10 Marks x 3 = 30 Marks)
Answer any three questions.

1.

2.

Explain the historical development of plant tissue culture and discuss various types of

cultures.

Describe in detail the nutritional requirements, growth, and maintenance of plant tissue

cultures, including:
o Macro- and micronutrients
o Vitamins and carbon sources
o Growth regulators
o Environmental conditions

Discuss the applications of plant tissue culture in pharmacognosy, including:

o Production of secondary metabolites
o Micropropagation
o Conservation of medicinal plants
o Genetic improvement
Explain edible vaccines, covering:
o Definition and concept
o Method of production
o Advantages
o Applications and future prospects
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UNIT-1V : Pharmacognosy in Various Systems of Medicine & Secondary Metabolites

Section A — Very Short Answer (2 Marks x 10 = 20 Marks)
Answer all questions.

1
2
3
4.
5.
6
7
8
9
1

Define Pharmacognosy in relation to allopathic medicine.
Name any two traditional systems of medicine.

What is Ayurveda?

Define Unani system of medicine.

What are secondary metabolites?

Define alkaloids.

What are glycosides?

Define flavonoids.

What are tannins?

0. Define volatile oils.

Section B — Short Answer (5 Marks x 7 = 35 Marks)
Answer any seven questions.

©CoNO~WNE

Explain the role of Pharmacognosy in allopathic system of medicine.
Discuss the role of Pharmacognosy in Ayurveda.

Write a short note on Unani system of medicine.

Explain the Siddha system of medicine and its medicinal importance.
Write a note on Homeopathy and Chinese system of medicine.
Define secondary metabolites and explain their classification.
Describe the properties and identification tests of alkaloids.

Explain the tests for identification of glycosides.

Write a short note on flavonoids and tannins.

Section C — Long Answer (10 Marks x 3 = 30 Marks)
Answer any three questions.

1.

Explain the role of Pharmacognosy in various systems of medicine, including:

o Allopathy

o Ayurveda

o Unani

o Siddha

o Homeopathy

o Chinese system of medicine
Define secondary metabolites and explain the classification, properties, and identification
tests of alkaloids.
Describe the classification, properties, and chemical tests of glycosides and flavonoids.
Explain tannins, volatile oils, and resins with respect to:

o Definition

o Classification

o Properties

o ldentification tests
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UNIT-V : Drugs of Natural Origin — Primary Metabolites & Marine Drugs

Section A — Very Short Answer (2 Marks x 10 = 20 Marks)
Answer all questions.

1. Give the biological source of cotton.
2. Name any two plant fibres used as pharmaceutical aids.
3. Define hallucinogens.

4. What are natural allergens?

5. Define primary metabolites.

6. Give the source of acacia.

7. What is gelatin?

8. Name any two proteolytic enzymes.
9. What is bees wax?

10. Define marine drugs.

Section B — Short Answer (5 Marks x 7 = 35 Marks)
Answer any seven questions.

Write a note on plant fibres — cotton, jute, and hemp.

Explain hallucinogens, teratogens, and natural allergens with examples.
Describe acacia and tragacanth with respect to source, chemistry, and uses.
Write a short note on agar and honey.

Explain gelatin and casein as pharmaceutical aids.

Describe proteolytic enzymes with reference to papain and bromelain.
Write a note on fixed oils with special reference to castor oil.

Explain wool fat and bees wax and their pharmaceutical applications.
Write a short note on novel medicinal agents from marine sources.

©CoNO~WNE

Section C — Long Answer (10 Marks x 3 = 30 Marks)
Answer any three questions.

1. Describe carbohydrates as primary metabolites, with detailed study of:

o Acacia

o Agar

o Tragacanth
o Honey

(Source, chemistry, preparation, evaluation, uses, and storage)
2. Explain proteins and enzymes as primary metabolites, including:
o Gelatin and casein

o Proteolytic enzymes (papain, bromelain, serratiopeptidase, urokinase, streptokinase,

pepsin)
with respect to source, preparation, evaluation, therapeutic uses, and commercial
utility.
3. Describe lipids (waxes, fats, and fixed oils) with special reference to:

o Castor oil

o Chaulmoogra oil

o Wool fat

o Bees wax

4. Write an essay on marine drugs, covering:
o Sources of marine drugs
o Novel medicinal agents from marine organisms
o Therapeutic importance and future prospects
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