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TEXT BOOK OF PHARMACEUTICS
ABOUT THE BOOK

The Textbook of Pharmaceutics is a comprehensive and well-structured guide that introduces students to the
fundamental concepts of pharmaceutical sciences in a clear and systematic manner. It is designed to meet the
academic requirements of Diploma, Bachelor’s, and Master’s level pharmacy students while also serving as a
useful reference for industry professionals. The book begins with an overview of the historical background
and development of pharmacy as a profession in India, highlighting pharmacy education, regulatory bodies,
career opportunities, and major pharmacopoeias such as IP, BP, and USP. It provides detailed explanations of
dosage forms, including their classification, definitions, and applications, followed by an in-depth discussion
on prescriptions, their components, handling procedures, and common errors. The posology chapter focuses
on dose calculation methods with special emphasis on pediatric dosing. Pharmaceutical calculations are
explained thoroughly, covering metric and imperial systems, percentage solutions, isotonic solutions, proof
spirit, and molecular weight calculations. The book offers extensive coverage of powders, liquid dosage forms,
suppositories, pharmaceutical incompatibilities, and semi-solid dosage forms, along with their preparation
methods, excipients, evaluation techniques, and stability considerations. With its structured content, practical
examples, and industry relevance, the Textbook of Pharmaceutics stands as an essential resource for
understanding pharmaceutical formulation and dispensing practices.
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TEXT BOOK OF PHARMACEUTICS
PREFACE

The authors feel great pleasure in presenting the first edition of the book “Text Book of Pharmaceutics” ”
for graduate and post graduate students. The present book on Text Book of Pharmaceutics-I has been written
according to the syllabus of B. Pharm-I semester of Pharmacy Council of India and covers full course of the
subject.

THE SALIENT FEATURES OF THE BOOK ARE:-
o Easy to understand style of writing which makes the book a self-study material.

o FEach new concept has been introduced through day-today problem of interest to the students which
makes the subject matter interesting.

o The language of the book, on the whole, is lucid and easy to understand.
o Wherever needed neatly labeled figures have been drawn.

The authors hope that the students, teachers and other readers will find the book interesting and to the point
covering the course. We hope that the students will receive the book warmly.

I express a sincere thank you to the Management of School of Pharmaceutical Sciences, Vels Institute of
Science Technology and Advanced studies, Department of Pharmaceutical Sciences, Jharkhand Rai
University, Institute of Pharmaceutical Sciences, RKDF University, Vivekanand College of Pharmacy and
Career Point school of Pharmacy, Career Point University for their support during the writing of this book.

Every effort is made to keep the book error free. The author will gratefully acknowledge the suggestions to
improve the book to make it more useful.

Wishing our readers success in examination and life ahead. The authors feel that their efforts will be fully
rewarded if the book serves the purpose for which it is written.
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CHAPTER 1

HISTORICAL BACKGROUND AND DEVELOPMENT OF
PROFESSION OF PHARMACY

INTRODUCTION:

Pharmacy is one of the oldest professions in the world, deeply rooted in ancient civilizations and constantly
evolving with advances in science, medicine, and society. The profession of pharmacy has transformed from the art of
herbal preparation and empirical healing into a highly specialized science-based healthcare discipline focused on drug
development, patient care, and public health.

1. Ancient Beginnings (Prehistoric to 3000 BCE)

a. Empirical Medicine: The earliest forms of pharmacy were practiced by shamans, priests, and healers who used
herbs, animal parts, and minerals to treat diseases.

b. Medicinal Plants: Knowledge was passed orally and often intertwined with spiritual and magical beliefs.
2. Pharmacy in Ancient Civilizations
a. Mesopotamia (3000 BCE - 500 BCE)
i.  Clay Tablets from Sumerian and Babylonian cultures recorded hundreds of medicinal preparations.
ii. ~ Pharmacy and medicine were practiced by separate individuals—apothecaries and physicians.
b. Egypt (2600 BCE onwards)
i.  The Ebers Papyrus (c. 1500 BCE), one of the oldest medical documents, listed over 700 drugs and recipes.
ii.  Pharmacists (Wab Sekhmet) were recognized and trained professionals.
c. India
i.  The Ayurvedic system (from ~1500 BCE) outlined extensive herbal pharmacopoeia.
ii.  Texts like Charaka Samhita and Sushruta Samhita included detailed drug formulations.
d. China
i.  Shennong’s Herbal Classic (Shennong Bencao Jing) from 1st century CE listed 365 medicinal plants.
ii.  Traditional Chinese Pharmacy emphasized balance (Yin-Yang) and holistic health.
e. Greece and Rome
i.  Hippocrates (460—370 BCE) promoted rational medicine, separating it from superstition.

ii.  Dioscorides (1st century CE) authored De Materia Medica, a cornerstone of pharmaceutical knowledge for
centuries.

iii.  Galen (130-200 CE) introduced compounded medications ("Galenicals") and established pharmaceutical
techniques.

3. Islamic Golden Age (8th — 13th Century CE)
i.  Islamic scholars preserved and expanded Greek and Roman knowledge.
ii.  Al-Razi (Rhazes) and Ibn Sina (Avicenna) contributed greatly to medical and pharmaceutical texts.
iii.  First apothecaries/pharmacies were established in Baghdad (~8th century).
iv.  Distillation and extraction methods were refined.
4. Middle Ages to Renaissance (13th — 17th Century)
i.  Apothecaries’ Guilds formed in Europe, laying the foundation for professional pharmacy.

ii.  In 1240, Emperor Frederick II legally separated the professions of medicine and pharmacy in his Edict of
Salerno.
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1ii.

1v.

Universities began teaching pharmacy; pharmacists were regulated professionals.

Renaissance sparked advances in chemistry and botany, influencing pharmacy.

5. Modern Scientific Pharmacy (18th — 19th Century)

1.
1i.
1ii.
1v.

V.

Pharmaceutical chemistry emerged as a discipline.

Active ingredients were isolated: e.g., morphine (1804), quinine, caffeine, and codeine.
Pharmacies evolved into community-based drugstores.

Professional associations (e.g., the American Pharmacists Association in 1852) were established.

Pharmacists gained legal and social recognition as healthcare professionals.

6. Industrial and Technological Revolution (19th — 20th Century)

1.
il.
1il.

1v.

Mass production of drugs began (e.g., aspirin by Bayer in 1899).
Pharmacy education became standardized in many countries.
Introduction of pharmacopoeias for drug standards and quality control.

Emergence of hospital pharmacy, clinical pharmacy, and regulatory pharmacy roles.

7. Contemporary Pharmacy (21st Century)

1.
ii.

1ii.

1v.

Focus has shifted from product-oriented to patient-centered care.
Pharm.D. programs now emphasize clinical skills, evidence-based practice, and pharmaceutical care.

Pharmacists play a key role in medication therapy management (MTM), vaccination, chronic disease
management, and pharmacovigilance.

Integration of AL, nanotechnology, pharmacogenomics, and biotechnology into pharmaceutical practice.

HISTORY OF PROFESSION OF PHARMACY IN INDIA IN RELATION TO PHARMACY EDUCATION,
INDUSTRY AND ORGANIZATION

India has a rich heritage of traditional medicine systems like Ayurveda, Siddha, and Unani, which contributed

significantly to the early roots of pharmacy. However, the modern pharmacy profession in India evolved during British
rule and has grown remarkably since independence, particularly in pharmacy education, pharmaceutical industry,
and professional organizations.

1. Ancient and Medieval Period (Before 19th Century)

L.

1l

ii.

1v.

Ayurvedic texts like Charaka Samhita and Sushruta Samhita (written ~1000 BCE to 200 CE) describe detailed
herbal formulations, dosages, and preparation methods—early forms of pharmacy practice.

The Siddha and Unani systems also contributed to formulation science.
Knowledge was passed via gurukuls or traditional apprenticeship models.

No formal separation of physician and pharmacist roles existed—vaidya or hakim prepared and administered
medicine.

2. Colonial Period (19th — early 20th Century)

Pharmacy Education

i.
il.
iii.

1v.

Western medicine and pharmacy were introduced by the British.
No formal pharmacy education existed until the early 20th century.
Medical assistants or compounders were trained on the job in dispensaries to dispense medicine.

Pharmacy was seen as a subordinate trade, not a recognized profession.

Pharmaceutical Industry

1.
ii.

1.

Most drugs were imported from Britain.
Small-scale compounding pharmacies operated in cities like Bombay, Calcutta, and Madras.

Indigenous drug manufacturing was limited.
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Professional Organizations

i

il.

There were no pharmacy-specific organizations initially.

Medical and public health services were governed by colonial authorities.

3. Pre-Independence Reforms (Early 20th Century)

Pharmacy Education

1.

il.

ii.

The first formal pharmacy course in India was started in 1932 at Banaras Hindu University (BHU).

In 1937, Prof. M. L. Schroff, known as the Father of Pharmacy Education in India, introduced a 2-year
diploma course in pharmacy at BHU.

He emphasized the need for scientific training in drug formulation, quality, and dispensing.

Professional Organizations

1.

ii.

Growing concerns about drug quality led to the formation of the Drug Enquiry Committee (1930) under Col.
R. N. Chopra.

This led to the enactment of the Drugs Act, 1940 to regulate drug manufacturing and distribution.

4. Post-Independence Development (1947 onwards)

Pharmacy Education

1.

ii.
iii.

1v.

Pharmacy Act, 1948: Passed to regulate pharmacy practice and education in India.

a. Established the Pharmacy Council of India (PCI).

b. Set minimum standards for Diploma in Pharmacy (D.Pharm) education.
Degree courses (B.Pharm) expanded to major universities like Bombay, Madras, and Punjab.
M.Pharm and Ph.D. programs introduced later to promote research.

In the 2000s, Pharm.D. (Doctor of Pharmacy) programs began to focus on clinical pharmacy and patient care.

Pharmaceutical Industry

1.

ii.
iii.

1v.

Rapid growth due to government initiatives like:
a. Establishment of Indian Drugs and Pharmaceuticals Limited (IDPL) in 1961.
b. Drug Price Control Orders (DPCO) and patent laws encouraging generics.
India became a global hub for generic drug manufacturing and exports.
Major Indian pharmaceutical companies like Ranbaxy, Cipla, Dr. Reddy’s, Sun Pharma emerged.

Post-2005 TRIPS compliance saw a shift towards R&D and innovation.

Professional Organizations

i.
1l.

iii.

1v.

Pharmacy Council of India (PCI) — regulatory body for pharmacy education and registration.
Indian Pharmaceutical Association (IPA) — promotes pharmacy profession and ethics.

All India Council for Technical Education (AICTE) — oversees technical and professional pharmacy
programs.

National Institutes like NIPER (National Institute of Pharmaceutical Education and Research) established to
boost research and innovation.

5. Contemporary Era (2000s—Present)

Education

1.
ii.

1ii.

Growing number of pharmacy colleges across India.
Shift from industry-focused B.Pharm to patient-centered Pharm.D.

Introduction of outcome-based education, accreditation (NBA, NAAC), and online learning platforms.
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Industry
i.  India is known as the ""Pharmacy of the World" for its role in affordable generics.
ii.  Major contributor to global vaccine production, including during the COVID-19 pandemic.
iii.  Investment in biotechnology, nanotechnology, Al in drug discovery.
iv.  Growth of contract research organizations (CROs) and pharma startups.
Organizations
i.  Collaboration with WHQO, US FDA, and global regulatory bodies.
ii.  PCI Vision 2025 aims to standardize and elevate pharmacy education and practice in India.
PHARMACY AS A CAREER

Pharmacy, as a career, has evolved alongside the growth of medicine, science, and healthcare systems throughout
history. From its roots as an art of preparing herbal remedies to becoming a high-tech, science-driven profession,
pharmacy now offers a diverse and respected career path with global relevance.

Historical Context of Pharmacy as a Career
1. Ancient Times — Role of the Healer and Herbalist

i.  In ancient civilizations (Mesopotamia, Egypt, India, China), pharmacy was not a separate career but integrated
into the duties of healers or priests.

ii.  These early practitioners prepared, preserved, and dispensed medicines using natural substances.
iii.  Pharmacy was passed through apprenticeship and oral tradition, not formal education.
2. Medieval Era — Rise of the Apothecary
i.  In medieval Europe and the Islamic world, the apothecary emerged as a distinct professional role.
ii.  Apothecaries compounded and sold medications, often in shops, and became recognized community figures.

iii.  The separation of pharmacy from medicine (e.g., by Frederick Il in 1240 CE) laid the groundwork for pharmacy
as an independent career.

3. 18th—19th Century — Birth of Scientific Pharmacy

i.  Advances in chemistry led to the discovery of active drug components (e.g., morphine, quinine), making
pharmacy more scientific.

ii.  Formal education and licensure for pharmacists began.
iii.  Pharmacists became respected professionals working in community pharmacies, hospitals, and academia.

iv.  The career shifted from traditional compounding to scientific dispensing and pharmaceutical
manufacturing.

4. 20th Century — Expansion into Industry and Clinical Roles

i.  After World Wars, especially WWII, pharmaceutical industries boomed, offering pharmacists roles in research,
development, quality control, and production.

ii.  Hospital and clinical pharmacy began growing as pharmacists started contributing to patient care.

iii.  Pharmacy colleges and universities expanded, establishing pharmacy as a full-time professional career.

iv.  Professional organizations (e.g., FIP, APhA, IPA) promoted the interests and development of pharmacists.

5. 21st Century — Diversification and Globalization
i.  Pharmacy became a multi-disciplinary career with opportunities in:

a. Clinical pharmacy (working in hospitals with physicians)
b. Industrial pharmacy (formulation, manufacturing, regulatory affairs)
c. Academia and research
d. Regulatory and drug safety bodies

e. Pharmacovigilance and pharmacoeconomics
4 | TEXT BOOK OF PHARMACEUTICS



f. Retail/Community pharmacy
g. Pharmaceutical marketing and consultancy
h. Pharmacogenomics and precision medicine

ii.  Emerging roles include Al in pharmacy, telepharmacy, healthcare data analytics, and biotech product
development.

Pharmacy Career in the Indian Context
i.  Pharmacy became a regulated career in India after the Pharmacy Act, 1948, and has grown rapidly.
ii.  Pharmacists today can pursue:
Diploma in Pharmacy (D.Pharm) — Entry-level, community or retail pharmacist roles.
b. Bachelor of Pharmacy (B.Pharm) — Opens doors to industry, hospital, and quality control roles.

c. Doctor of Pharmacy (Pharm.D) — Focus on clinical practice, patient counseling, and therapy
optimization.

d. Master’s (M.Pharm) & Ph.D. — Careers in teaching, research, R&D.

iii.  India is among the largest producers of pharmacists globally, supporting both domestic and international
healthcare sectors.

Key Highlights of Pharmacy as a Career

Aspect Details

Nature of Work Scientific, clinical, technical, and patient-centered

Career Fields Industry, hospital, academia, research, community pharmacy

Skills Required Analytical skills, communication, scientific knowledge, ethics
Professional Growth Opportunities for specialization, global mobility, leadership

Job Roles Pharmacist, Clinical Pharmacist, Drug Inspector, R&D Scientist, Quality

Analyst, Academician

PHARMACOPOEIAS:
INTRODUCTION TO INDIAN PHARMACOPOEIA
What is a Pharmacopoeia?

A pharmacopoeia is an official publication that contains a list of approved drugs, their standards of purity, dosage
forms, methods of analysis, and storage conditions. It serves as a legal and scientific standard for drug quality,
safety, and efficacy.

Pharmacopoeias are essential to the profession of pharmacy because they guide pharmacists, manufacturers, and
regulatory agencies in ensuring standardized drug quality and public safety.

Introduction to the Indian Pharmacopoeia (IP)

The Indian Pharmacopoeia (IP) is the official book of standards for drugs manufactured and marketed in India. It
plays a critical role in shaping the profession of pharmacy by laying down the quality benchmarks for drug substances
and formulations.
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Historical Development of Indian Pharmacopoeia
Year Milestone

1940 Enactment of the Drugs and Cosmetics Act, 1940, which emphasized the need for a

national pharmacopoeia.

1944 Formation of the Indian Pharmacopoeia Committee under the Chairmanship of Col.
R. N. Chopra.
1955 First edition of the Indian Pharmacopoeia published. Based on British

Pharmacopoeia but included Indian traditional formulations.
1966, 1985, 1996 Subsequent editions released with expanded content and updated monographs.

2005 Establishment of the Indian Pharmacopoeia Commission (IPC) in Ghaziabad as an

autonomous institution under the Ministry of Health and Family Welfare.
2007 onwards Regular publication of updated editions/supplements every 3-5 years.

Latest Edition (IP 2022) Contains over 3,000 monographs, including new biotechnological, herbal, and

veterinary drugs.
Role of the Indian Pharmacopoeia Commission (IPC)
i.  Prepares and revises the IP periodically.
ii.  Sets standards for identity, purity, strength, and quality of drugs.
iii.  Ensures compliance with global benchmarks such as WHO, USP, BP, and EP.
iv.  Publishes other documents like:
a. National Formulary of India (NFI)
b. IP Addendums and Supplements
c. Good Pharmacopoeial Practices (GPP)
Key Objectives of Indian Pharmacopoeia
i.  Ensure the quality and safety of medicines used by the Indian population.
ii.  Assist regulatory authorities in drug approval and quality control.
iii.  Promote uniformity in drug formulations and testing methods.
iv.  Support the growth of the Indian pharmaceutical industry by aligning with international quality standards.
Importance in the Development of Pharmacy Profession
i.  Standardization: Empowers pharmacists to dispense medications with assured quality.
ii.  Education: Forms the core of pharmacy curricula and practical training.
iii.  Industry Compliance: Guides manufacturers in developing and testing drugs.
iv.  Legal Reference: Acts as a legally enforceable document under the Drugs and Cosmetics Act.
v.  International Trade: Helps Indian pharmaceutical companies gain global credibility in exports.
INTRODUCTION TO BRITISH PHARMACOPOEIA
What is a Pharmacopoeia?

A pharmacopoeia is an authoritative book that sets quality standards for medicines—covering the identity, strength,
purity, and testing methods for pharmaceutical substances and formulations. It plays a central role in ensuring drug
safety, efficacy, and standardization—making it a foundational pillar of the pharmacy profession and pharmaceutical
regulation.
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Introduction to the British Pharmacopoeia (BP)

The British Pharmacopoeia (BP) is the official pharmacopoeia of the United Kingdom, and it sets legally
enforceable standards for the quality of medicines. It is one of the oldest and most influential pharmacopoeias in the
world and has had a major impact on the development of pharmacy as a profession, both in the UK and in
Commonwealth countries—including India during colonial times.

Historical Development of the British Pharmacopoeia

Year Milestone

Before 1864 Various local pharmacopoeias existed (e.g., London Pharmacopoeia, Edinburgh
Pharmacopoeia).

1864 First edition of the British Pharmacopoeia (BP) was published, merging all regional

pharmacopoeias into a unified national standard.

1885 onward Revisions became more systematic, incorporating advances in pharmacology and chemistry.

1948 BP became legally enforceable under the Medicines Act in the UK.

1971 The Medicines Act of 1968 reinforced the role of BP as the official standard for drug quality
in the UK.

Modern Era Published annually, updated with international harmonization, electronic access, and

broader global relevance.

Authority and Governance
i.  The British Pharmacopoeia Commission (BPC) is responsible for preparing the BP.
ii.  Operates under the Medicines and Healthcare products Regulatory Agency (MHRA) of the UK government.
iii.  Incorporates monographs from the European Pharmacopoeia (Ph. Eur.) as applicable in the UK.
Contents and Structure of the BP
i.  Monographs for:
a. Active pharmaceutical ingredients (APIs)
b. Formulated products
c. Biologics and vaccines
d. Herbal drugs
ii.  Testing Methods:
a. Identification
b. Assay (quantification)
c. Purity and impurity profiling
iii.  General Notices and Appendices on testing methods (e.g., pH, IR spectroscopy, microbial limits)
iv.  British Approved Names (BANs) — official drug nomenclature
Global Influence and Relevance
i.  Used as a reference pharmacopoeia in many Commonwealth countries, especially during colonial times.

ii.  Served as a model for the early development of other national pharmacopoeias, including the Indian
Pharmacopoeia (IP).
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iii.  Often referred to by regulatory authorities, pharmaceutical companies, educators, and pharmacists
worldwide.

Importance in the Development of Pharmacy Profession

Aspect Contribution of BP

Standardization Ensured consistent drug quality, aiding pharmacists in accurate dispensing :

compounding.

Education BP has long been a foundational reference for pharmacy students and
educators.

Legal Framework Gave pharmacists and manufacturers a clear legal basis for quality assuranc

Global Benchmark Elevated pharmacy practice and pharmaceutical manufacturing in colonial a

post-colonial regions.

Inspiration for IP The first Indian Pharmacopoeia (1955) was largely based on the structure a
format of the BP.

INTRODUCTION TO UNITED STATE PHARMACOPOEIA
What is a Pharmacopoeia?

A pharmacopoeia is an official reference book containing legally enforceable standards of quality, strength, purity,
packaging, and labeling for drugs and pharmaceutical substances. These standards are crucial for ensuring drug safety
and efficacy, forming the backbone of modern pharmacy practice and regulatory systems.

Introduction to the United States Pharmacopoeia (USP)

The United States Pharmacopoeia (USP) is the official pharmacopoeia of the United States, first published in 1820.
It was created by a group of physicians who recognized the need for a standardized and authoritative guide for the
identity, strength, quality, and purity of medicines used in the U.S.

The USP played a crucial role in the professionalization of pharmacy by providing a scientific foundation for the
preparation and dispensing of medicines. Its development marks a major milestone in the transition of pharmacy from
an art to a regulated science-based healthcare profession.

Today, the USP is legally recognized under the Federal Food, Drug, and Cosmetic Act, and its standards are enforced
by the U.S. Food and Drug Administration (FDA). It works in coordination with the National Formulary (NF)—
together published as USP-NF.

The USP also contributes to the global harmonization of drug standards, influencing pharmacopoeias and regulatory
practices in over 140 countries. It supports pharmacists, pharmaceutical industries, and regulators by ensuring the safety,
quality, and efficacy of drugs, and by providing reference standards, testing protocols, and guidelines that define
modern pharmaceutical care.

Historical Development of the USP

The United States Pharmacopoeia (USP) has undergone a remarkable evolution since its inception in the early 19th
century. Its development reflects the growing need for standardization, safety, and scientific rigor in pharmacy and
medicine—an essential step in the formalization and professionalization of pharmacy in the U.S. and globally.
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Key Milestones in USP History

Year Development

1820 First edition of the United States Pharmacopoeia (USP) was published by a group of physicians led
by Dr. Lyman Spalding. It aimed to standardize the quality of medicines across the newly formed
United States.

1850 Formation of the American Pharmaceutical Association (APhA), which later published the National

Formulary (NF) to include drugs not listed in the USP.

1906 The Pure Food and Drug Act recognized the USP and NF as official compendia, giving them legal
authority for drug quality standards.

1942-1947 Post-war revisions included modern analytical techniques and expanded content, improving drug

quality and safety.

1975 USP and NF were officially combined into a single publication (USP-NF), covering both active

ingredients and excipients.

1980s-1990s Introduction of biotechnology standards, good manufacturing practices (GMP), and reference

materials for laboratories.

2000s—Present USP standards were increasingly harmonized with international pharmacopoeias (e.g., EP, JP)
through the Pharmacopeial Discussion Group (PDG). Electronic versions and digital access

expanded global reach.

Impact on Pharmacy Profession
i.  Standardized drug formulation and dispensing practices in the U.S.
ii.  Elevated the scientific credibility and ethical responsibilities of pharmacists.
iii.  Supported education and licensing by providing a uniform standard of drug quality.
iv.  Enabled the growth of the pharmaceutical industry through consistent quality benchmarks.

v.  Became a global model, influencing the development of other national pharmacopoeias, including the Indian
Pharmacopoeia.

Governance and Structure

The United States Pharmacopoeia (USP) is governed by a unique, independent, non-governmental, non-profit
organization known as the United States Pharmacopeial Convention. Despite its independent status, it holds legal
recognition under U.S. federal law and works closely with regulatory bodies like the U.S. Food and Drug
Administration (FDA).
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Organizational Overview

Aspect Details

Governing Body United States Pharmacopeial Convention (USP Convention)
Headquarters Rockville, Maryland, USA

Type Non-profit, Scientific Organization

Founded 1820, reorganized into a formal convention with scientific experts and

stakeholders

Key Components of USP Governance
i.  USP Convention (General Membership):

a. Composed of over 400 member organizations from pharmacy, medicine, academia, industry, and
healthcare.

b. Elects the USP Council of Experts.
c. Convenes every 5 years to set goals and elect leadership.
ii. ~ USP Council of Experts:
The primary decision-making scientific body.
b. Comprised of elected experts in pharmacy, chemistry, medicine, biotechnology, and related sciences.

c. Responsible for developing and approving all monographs, general chapters, and reference
standards.

iii.  Expert Committees:
Specialized groups under the Council of Experts.
b. Draft and revise monographs, testing methods, and guidelines.

c. Cover areas such as chemical medicines, biologics, dietary supplements, microbiology, and
compounding.

iv.  USP Staff and Laboratories:
a. Full-time scientific and technical staff operate USP’s state-of-the-art laboratories.
b. Develop and validate reference standards and analytical methods.
Legal Authority and Collaboration
i.  While USP is not a government agency, its standards are:
a. Legally enforceable under the Federal Food, Drug, and Cosmetic Act.
b. Used by the FDA as the official quality benchmarks for approved drugs.
ii.  USP collaborates globally with:
a. WHO
b. Pharmaceutical Discussion Group (PDG) (with EP and JP)
c. National regulatory authorities worldwide
Public Involvement and Transparency
i.  Draft monographs and revisions are published for public comment.

ii.  Stakeholders including manufacturers, healthcare professionals, and academics can provide input, ensuring
transparency and inclusiveness.
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Significance in Pharmacy Profession Development

i.  The scientific rigor and transparent governance of USP promote trust and accountability in pharmaceutical
standards.

ii.  Ensures pharmacists have access to validated, legally recognized standards for drug formulation and
dispensing.

iii.  Encourages professional involvement of pharmacists, scientists, and healthcare stakeholders in policymaking
and standard setting.

iv.  Contributes to educational excellence and ethical practice in pharmacy.
Contents of the USP

The United States Pharmacopoeia (USP) is a comprehensive reference that sets official quality standards for
medicines, dietary supplements, and related substances. It is published together with the National Formulary (NF) as
a single volume known as the USP-NF.

The contents of USP-NF play a critical role in the development of the pharmacy profession, by providing pharmacists,
manufacturers, and regulatory authorities with standardized methods to ensure drug safety, identity, strength, quality,
and purity.

Main Components of the USP-NF

Section Description

Monographs Detailed standards for individual drug substances, dosage forms, biologics,

compound preparations, and dietary supplements.

General Chapters Provide testing methods, procedures, and technical guidance on areas such a

sterility, dissolution, microbiology, chromatography, spectroscopy, and validati

Reagents and Solutions Lists chemical reagents, solutions, and preparation methods used in standard

testing procedures.

Reference Standards Specifies the official USP Reference Standards, which are pure substances use

to verify analytical testing and product identity.

USP-NF Introductory Notices Include guidance on how to use the book, interpretation of monographs, legal

status, and harmonization efforts.

Types of Monographs in the USP
i.  Drug Substance Monographs

a. Name, structure, identification, purity criteria, and assay methods.

ii.  Dosage Form Monographs
a. Includes tablets, capsules, injections, creams, and other finished products.

iii.  Biologics Monographs
a. Standards for vaccines, blood products, monoclonal antibodies, etc.

iv.  Dietary Supplement Monographs
a. Standards for vitamins, minerals, botanicals, and nutraceuticals.

General Chapters (Below <1000> and Above <1000>)

Type Examples

Mandatory Chapters (<1> to <999>) <61> Microbial Limits, <71> Sterility Tests, <621> Chromatography

Informational Chapters (> <1000>) <1046> Biotechnology, <1115> Risk Evaluation, <1225> Method
Validation
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Importance of USP Contents in Pharmacy Profession
i.  Standardization: Ensures consistency and safety in pharmaceutical products dispensed by pharmacists.

ii.  Education: Forms the basis of drug quality education in pharmacy curricula and licensing exams (e.g.,
NAPLEX).

iii.  Clinical Practice: Assists in understanding drug formulations, storage, compounding, and legal compliance.
iv.  Industrial Application: Guides pharmaceutical companies in R&D, production, packaging, and quality control.
Global Relevance and Influence

The United States Pharmacopoeia (USP) is not only the official compendium for drug standards in the United States
but also a globally respected authority in pharmaceutical quality. Over time, it has evolved into a world-leading
reference that shapes regulatory frameworks, quality benchmarks, and pharmaceutical education across nations—thus
contributing significantly to the global advancement of the pharmacy profession.

Recognition in Over 140 Countries

i.  USP standards are officially recognized or referenced by national regulatory authorities in more than 140
countries.

ii. ~ Many nations that lack their own pharmacopoeia adopt or adapt USP-NF monographs and methods as their
primary reference.

iii. It is especially influential in developing countries, where it supports drug quality control and capacity
building.

Collaboration with International Bodies

i.  World Health Organization (WHO): USP collaborates with WHO to support global drug quality initiatives,
particularly in areas like antimalarials, antibiotics, and HIV/AIDS drugs.

ii.  Pharmacopoeial Discussion Group (PDG): USP is a founding member, along with:
a. European Pharmacopoeia (EP)
b. Japanese Pharmacopoeia (JP)

iii.  Together, they work toward harmonization of pharmaceutical standards to facilitate international trade and
regulatory convergence.

USP’s Role in Global Health and Safety

i.  USP Verified Program: Certifies the quality of dietary supplements and APIs worldwide, boosting consumer
trust.

ii.  USP Reference Standards: Widely used by international laboratories and pharmaceutical industries for
testing and validation.

iii.  Capacity Building in LMICs (Low- and Middle-Income Countries): USP provides technical assistance,
training, and infrastructure support to strengthen national quality control laboratories.

Impact on International Pharmacy Profession

Area USP’s Influence

Education Used globally in pharmacy curricula to teach drug standards, quality control, and analytical
methods.

Industry Adopted by international pharmaceutical manufacturers to meet global export standards.

Regulation Referenced by regulatory bodies for drug approvals, GMP inspections, and legal
enforcement.

Research Provides standardized references for pharmaceutical R&D and clinical studies.
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Importance in the Development of the Pharmacy Profession

The United States Pharmacopoeia (USP) has played a foundational role in transforming pharmacy from a craft-based
practice to a scientific, regulated, and patient-centered healthcare profession. Since its inception in 1820, USP has
consistently elevated the standards of pharmacy education, practice, and public health by establishing legally
recognized, evidence-based drug quality standards.

1. Standardization and Scientific Foundation
i.  USP provides uniform standards for identity, purity, strength, and quality of drugs.
ii.  Pharmacists rely on USP monographs and general chapters for:
a. Accurate compounding and dispensing
b. Quality assurance in hospital and retail settings
c. Detection of substandard or counterfeit medicines
iii.  This scientific approach laid the groundwork for pharmacy as a clinical and regulatory discipline.
2. Legal and Ethical Responsibility

i.  USP standards are legally enforceable in the United States under the Federal Food, Drug, and Cosmetic Act
(FDCA).

ii.  This shifted the pharmacist’s role from merely preparing medicines to ensuring regulatory compliance and
patient safety.

iii. It also supported the ethical responsibility of pharmacists in drug safety and public health.
3. Education and Training
i.  USP is integral to pharmacy education, especially in subjects like:

a. Pharmaceutics
b. Pharmaceutical chemistry
c. Pharmaceutical analysis
d. Quality assurance

ii.  Pharmacy students and professionals are trained using USP methods in both theory and lab practice.

iii.  USP also influences licensure examinations such as NAPLEX (North America) and other national boards
globally.

4. Advancing Clinical Pharmacy Practice

i. By including standards for dosage forms, drug interactions, compounding, and biological products, USP
supports clinical pharmacists in:

a. Medication therapy management
b. Safe drug administration
c. Monitoring patient outcomes
ii.  Ensures that pharmacists have a scientific reference for decision-making in patient care.
5. Empowering Industrial and Regulatory Pharmacists
i.  USP is essential in:
a. Pharmaceutical manufacturing
b. Quality control labs
c. R&D divisions
d. Pharmacovigilance
ii.  Regulatory pharmacists use USP standards to:
a. Draft dossiers

b. Conduct audits and inspections
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c. Enforce compliance with global quality norms
6. Global Recognition of the Pharmacy Profession
i.  As USP standards are accepted in over 140 countries, pharmacists trained on USP principles are seen as:
a. Technically proficient
b. Globally competent
c. Ethically accountable
ii.  This boosts the international mobility and credibility of pharmacists.
INTRODUCTION TO EXTRA PHARMACOPOEIA
What is an Extra Pharmacopoeia?

An Extra Pharmacopoeia is a comprehensive, non-official reference book that provides detailed scientific, clinical,
and therapeutic information about drugs, including those not listed in official pharmacopoeias like the Indian
Pharmacopoeia (IP), British Pharmacopoeia (BP), or United States Pharmacopoeia (USP).

i.  Unlike official pharmacopoeias, which are legally binding standards, an Extra Pharmacopoeia is not a
statutory document but serves as an authoritative and widely respected source of information.

ii. It is primarily used by pharmacists, physicians, researchers, and students for its in-depth explanations of
drug actions, pharmacokinetics, adverse effects, therapeutic uses, and international availability.

Example: Martindale — The Extra Pharmacopoeia
i.  Published since 1883, Martindale is the most renowned Extra Pharmacopoeia.

ii.  Compiled by William Martindale, a London-based pharmacist.

iii.  Currently titled “Martindale: The Complete Drug Reference”, it includes:
a. Thousands of drug monographs
b. Herbal medicines
c. Investigational drugs
d. Brand names across countries

Key Features of an Extra Pharmacopoeia

Feature Details
Scope Includes official, investigational, and withdrawn drugs
Content Chemical structure, pharmacodynamics, pharmacokinetics, therapeutic uses,

adverse effects

Global Perspective Lists brand names and drug availability across countries
Utility Supports education, research, clinical decisions, and formulary development
Non-Legal Status Used as a reference but not legally enforceable like IP/BP/USP

Importance in Pharmacy Profession Development
i.  Acts as a supplementary learning resource for pharmacy students and professionals.
ii.  Helps pharmacists understand new drugs and formulations not yet included in official pharmacopoeias.
iii.  Guides rational drug use and evidence-based prescribing in clinical practice.

iv.  Serves as a valuable international reference for drug comparisons and substitutions.
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Introduction to Martindale: The Extra Pharmacopoeia

Martindale: The Extra Pharmacopoeia is one of the most comprehensive and globally respected drug reference
books, widely used in pharmacy and medicine. Although it is not an official pharmacopoeia, Martindale plays an
essential role in pharmacy education, research, and clinical practice by providing unbiased, evidence-based

information on a vast range of medicinal substances.

Historical Background

i.  First published in 1883 by William Martindale, a London-based pharmacist.

ii.  Initially known as "The Extra Pharmacopoeia" because it contained drug information beyond what was

listed in the British Pharmacopoeia.

iii.  Over time, it evolved into a global reference book for healthcare professionals, covering both official and

unofficial drugs, including international formulations.

iv.  Now published by the Pharmaceutical Press (a division of the Royal Pharmaceutical Society, UK) under the

title:

“Martindale: The Complete Drug Reference.”

Contents of Martindale

Component

Drug Monographs

Therapeutic Categories

Pharmacological Data

International Index

Investigational and Withdrawn

Drugs

Description

Includes detailed information on over 6,000 drugs and 180,000 proprietary

(brand) names across countries.

Covers all major drug classes, including antimicrobials, cardiovascular drugs, CNS

agents, biologics, and herbal products.

Offers information on mechanism of action, indications, adverse effects, drug

interactions, and toxicology.
Lists drug brand names and availability across over 40 countries.

Provides insights into new, experimental, and discontinued therapies.

Global Significance

i.
1l
iii.

1v.

Used by pharmacists, physicians, regulatory bodies, and researchers worldwide.
Recognized as a standard reference in many hospitals, universities, and drug information centers.
Assists pharmacists in identifying international equivalents and generic substitutions.

Complements official pharmacopoeias by including clinical context and therapeutic rationale.

Role in the Development of the Pharmacy Profession

1.

il.

1il.

1v.

Educational Tool: Used extensively in pharmacy and medical curricula to teach clinical pharmacology and
therapeutics.

Clinical Decision Support: Assists in evidence-based prescribing and drug safety monitoring.

Global Reference: Enhances the international understanding of drug formulations, contributing to universal
pharmacy practice.

Professional Credibility: Empowers pharmacists to provide informed medication counseling and
therapeutic recommendations.

Historical Significance in Pharmacy Development

The Extra Pharmacopoeia, particularly Martindale, has had profound historical importance in shaping the academic,
clinical, and global dimensions of the pharmacy profession. While not a legally enforceable pharmacopoeia, its
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broad coverage, clinical relevance, and international scope made it an essential companion to official
pharmacopoeias throughout modern pharmacy history.

1. Bridging Gaps in Official Pharmacopoeias
i.  Early pharmacopoeias (e.g., BP, USP, IP) included only selected drugs with approved standards.
ii.  Martindale’s Extra Pharmacopoeia filled the gap by:
a. Including non-official, investigational, herbal, and foreign drugs.
b. Offering therapeutic context, dosage details, and clinical applications.

iii.  Enabled pharmacists to understand new and emerging therapies, thereby staying updated with medical
advancements.

2. Educational Advancement
i.  Widely used in pharmacy colleges and universities for teaching:
a. Clinical pharmacology
b. Drug interactions
c. Rational drug therapy
ii.  Served as a reference for dissertations, case studies, and drug information centers before the digital age.
iii.  Helped shape the curriculum for evidence-based pharmacy education.
3. Globalization of Pharmacy Practice
i. By listing proprietary drug names and formulations used in over 40 countries, Martindale:
a. Facilitated cross-border drug substitution and understanding of international practices.
b. Supported pharmacists working in multinational hospitals, travel medicine, and global public health.

ii.  Played a key role in the harmonization of drug knowledge worldwide before WHO and ICH standards
matured.

4. Clinical and Hospital Pharmacy Development
i.  Provided ready access to therapeutic drug data, enabling hospital pharmacists to:
a. Advise on drug choice, dosage, and interactions.
b. Support clinicians with evidence-based recommendations.
ii.  Martindale contributed to the rise of clinical pharmacy as a respected healthcare role.
5. Influence on Official Pharmacopoeias

i.  Informed the revision and expansion of content in later editions of BP, IP, and other national
pharmacopoeias.

ii.  Many drugs first discussed in Martindale were later included in official standards after gaining acceptance and
evidence.

Contents and Usefulness

The Extra Pharmacopoeia, particularly Martindale, offers a wide and detailed spectrum of pharmaceutical,
therapeutic, and clinical drug information that is not typically found in official pharmacopoeias. While official
pharmacopoeias focus on legal standards for drug identity, strength, and purity, Martindale expands on how drugs are
used in clinical practice worldwide, making it an invaluable resource for pharmacy professionals.
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A. Key Contents of Martindale: The Extra Pharmacopoeia

Section

Monographs on Drugs

Therapeutic Use and Classification

Brand Names and International

Equivalents

Pharmacokinetics and Toxicology

Investigational and Obsolete Drugs

Herbal and Alternative Medicines

B. Usefulness in Pharmacy Profession

Area

Pharmacy Education

Clinical Pharmacy Practice

Hospital Drug Information Services

Global Drug Identification

Formulary Development

Description (

Detailed entries on over 6,000 drug substances, covering chemical nature, mechanism of

action, clinical uses, adverse effects, contraindications, and interactions.

Organized by therapeutic categories such as antimicrobials, cardiovascular drugs, CNS

agents, anti-cancer drugs, biologics, and herbal remedies.

Lists over 180,000 proprietary names from more than 40 countries, useful for identifying

drug equivalents globally.

Provides data on absorption, metabolism, half-life, and toxic effects, aiding in clinical

decision-making.

Includes new, withdrawn, or lesser-known drugs for reference in specialized or historical

contexts.

Information on natural products, nutraceuticals, and herbal therapies increasingly used |

modern healthcare.

Contribution of Extra Pharmacopoeia

A core reference for pharmacy students studying pharmacology, therapeutics,

and medicinal chemistry.

Assists pharmacists in advising physicians on drug selection, dosage

adjustments, and adverse effect management.

Used in drug information centers for answering queries about drug use,

interactions, or foreign brand equivalents.

Helps pharmacists in identifying international drug names and substitutions,

especially in medical tourism or import/export settings.

Guides the inclusion of drugs in hospital or institutional formularies, based on

comprehensive efficacy and safety profiles.

Use in Indian Pharmacy Education and Practice

In India, Martindale: The Extra Pharmacopoeia plays a vital role in both academic training and professional
pharmacy practice. While not a legal standard like the Indian Pharmacopoeia (IP), Martindale serves as a key
reference resource that complements the official pharmacopoeias and enhances the scientific and clinical competence
of pharmacy professionals.

Use in Pharmacy Education
i.  Academic Curriculum
a. Recommended reading in B.Pharm, M.Pharm, and Pharm.D programs, especially in:
i.  Pharmacology
ii.  Clinical pharmacy
iii. ~ Medicinal chemistry
iv.  Pharmaceutical care

b. Used for case-based learning, therapeutic decision-making, and drug information exercises.
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ii.  Project Work and Research
a. Referenced in student projects, dissertations, and literature reviews for its:
i.  Detailed monographs
ii.  Global brand names
iii.  Evidence-based therapeutic uses
iii.  Drug Information & Viva Preparation

a. Helps students compare drug classifications, understand adverse effects, and interpret drug
interactions during practical exams and interviews.

Use in Professional Practice
i.  Clinical Pharmacy and Hospitals
a. Used by clinical pharmacists to:
1. Evaluate alternative drugs
2. Verify international drug brands
3. Advise prescribers on drug selection and substitution

b. Especially helpful in multispecialty hospitals serving international patients or prescribing imported
medications.

ii. ~ Community and Retail Pharmacy
a. Assists in:
1. Identifying branded vs. generic names
2. Counseling patients on international medications
3. Understanding pharmacokinetics and side effects
iii. ~ Pharmacovigilance and Drug Information Centers
a. Used as a reliable reference to assess:
1. Reported adverse drug reactions (ADRSs)
2. Comparative safety profiles of drugs
iv.  Regulatory and Formulary Settings

a. Helps in developing hospital formularies and evaluating foreign or investigational drugs for use in
special cases.

Why It’s Indispensable in India
Advantage Impact

Global drug listings Aids pharmacists in identifying medications not listed in Indian

Pharmacopoeia

Rich therapeutic context Enhances clinical decision-making in both urban and rural healthce
settings

Educational bridge Fills the gap between official standards and real-world drug use

Supports medical tourism & imports Useful for institutions dealing with international patients or import
drugs
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MCQs (Multiple Choice Questions)

L.

10.

11.

Sulfonylureas act primarily by
a. Increasing peripheral glucose uptake
b. Inhibiting hepatic gluconeogenesis

c. Stimulating insulin release by blocking K*-ATP channels

d. Activating GLP-1 receptors

The most common adverse effect of metformin is
a. Hypoglycemia

b. Lactic acidosis

c. Constipation

d. Osteoporosis

GLP-1 agonists lower blood glucose by all mechanisms except

a. Delayed gastric emptying

b. Increased insulin secretion

c. Decreased glucagon secretion

d. Direct B-cell destruction

Oral contraceptives prevent ovulation mainly by
a. Inhibiting FSH and LH surge

b. Increasing GnRH release

c. Stimulating ovulation

d. Blocking progesterone receptors

A major risk of combined oral contraceptive pills is
a. Hypoglycemia

b. Venous thromboembolism

c. Cataract

d. Hypercalcemia

The main glucocorticoid secreted by humans is
a. Cortisone

b. Cortisol

c. Aldosterone

d. Prednisolone

Long-term corticosteroid therapy causes

a. Hypoglycemia

b. Osteoporosis

c. Hyperkalemia

d. Miosis

Bisphosphonates inhibit bone resorption by

a. Inhibiting PTH

b. Inhibiting osteoclast activity

c. Increasing calcitriol

d. Blocking osteoblasts

The most potent bisphosphonate is

a. Etidronate

b. Clodronate

c. Zoledronate

d. Tiludronate

First-line drug for hyperthyroidism in pregnancy is
a. Methimazole

b. Propylthiouracil

c. Carbimazole

d. Iodine

Rapid inhibition of thyroid hormone release by iodine is called

a. Wolff—Chaikoff effect

b. Jod—Basedow phenomenon
c¢. Hashimoto effect

d. Graves reaction
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Insulin activates its receptor leading to

a. G-protein activation

b. Tyrosine kinase activation

c. Adenylate cyclase inhibition

d. Na*/K* pump inhibition

Mechanism of corticosteroid anti-inflammatory action includes
a. Blocking TXA: synthesis

b. Inhibiting phospholipase A:

c. Inhibiting COX-2 only

d. Increasing IL-2

Calcitonin decreases serum calcium by
a. Increasing intestinal absorption

b. Increasing bone resorption

c. Inhibiting osteoclasts

d. Sm stimulating PTH

A selective estrogen receptor modulator (SERM) used in osteoporosis is
a. Tamoxifen

b. Raloxifene

c. Clomiphene

d. Mifepristone

Pioglitazone acts by

a. Activating PPAR-y

b. Stimulating insulin release

c. Blocking a-glucosidase

d. Inhibiting DPP-4

Acarbose lowers post-prandial glucose by
a. Delaying carbohydrate absorption

b. Increasing insulin secretion

c. Increasing renal glucose loss

d. Blocking glucagon receptors

A serious adverse effect of thiazolidinediones is
a. Heart failure

b. Hypothyroidism

c. Agranulocytosis

d. Hypercalcemia

Corticosteroids cause all except

a. Muscle wasting

b. Moon face

c. Hyperglycemia

d. Hypotension

PTH increases serum calcium by

a. Inhibiting renal Ca?* reabsorption

b. Increasing bone resorption

c. Decreasing calcitriol formation

d. Increasing urinary phosphate retention

Short Questions (SAQs)

000N LR W

10

11.
12.

Describe the mechanism of action of sulfonylureas.

List the therapeutic uses of metformin.

What are incretin-based therapies? Give two examples.

Mention two advantages of DPP-4 inhibitors.

Explain the mechanism of action of SGLT-2 inhibitors.
Enumerate contraindications of combined oral contraceptive pills.
Explain the role of progesterone in oral contraceptives.

What is the mechanism of selective estrogen receptor modulators?
Write adverse effects of long-term glucocorticoid therapy.
Describe the anti-inflammatory mechanism of corticosteroids.
What are the pharmacological effects of aldosterone?

Define bisphosphonates and mention their clinical uses.
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13.
14.
15.
16.
17.
18.
19.
20.

How does calcitriol regulate calcium metabolism?

What is the Wolff—Chaikoff effect?

Name two antithyroid drugs and their mechanisms.

Describe the mechanism of insulin receptor action.

What are the adverse effects of thionamides?

What are the actions of calcitonin?

Describe the mechanism of action of acarbose.

Write two therapeutic uses of corticosteroids in non-endocrine disorders.

Long Questions

1.

Discuss in detail the classification, mechanism of action, therapeutic uses, and adverse effects of oral hypoglycemic
agents.

2. Explain the molecular and cellular mechanism of insulin action and its physiological significance.

3. Describe the types of oral contraceptives, their mechanisms, benefits, risks, and contraindications.

4. Write a detailed account of corticosteroids: biosynthesis, mechanism of action, pharmacological actions, therapeutic
uses, adverse effects, and withdrawal.

5. Discuss antithyroid drugs in detail including thionamides, iodine, radioactive iodine, B-blockers, and adjuvant
therapy.

6. Explain regulation of calcium metabolism and detailed pharmacology of drugs affecting calcium homeostasis (PTH,
calcitonin, vitamin D, bisphosphonates).

7. Describe the mechanism of steroid receptor activation and genomic/non-genomic effects of steroids.

8. Discuss glucocorticoid therapy in chronic diseases including rational use, complications, and prevention of long-
term toxicity.

9. Write an essay on GLP-1 agonists and DPP-4 inhibitors: mechanisms, advantages, clinical uses, and limitations.

10. Explain in detail the pharmacology of sex hormones and their synthetic analogues.

Answer Key

1. ¢

2. b

3. d

4. a

5. b

6. b

7. b

8 b

9. ¢

10. b

11. a

12. b

13. b

14. c

15. b

16. a

17. a

18. a

19.d

20. b
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CHAPTER 2
DOSAGE FORMS

INTRODUCTION:

Dosage forms are the means by which active pharmaceutical ingredients (APIs) are delivered to the body for
therapeutic purposes. They are the physical forms of medication that make drugs easy to administer, absorb, and
distribute throughout the body. The design and preparation of dosage forms are critical for ensuring that the medication
is delivered in the most effective and safe manner possible.

Classification of Dosage Forms

1. Solid Dosage Forms:

a.

Tablets: These are the most common solid dosage forms and come in different types (e.g., tablets for
immediate release, controlled-release tablets, chewable tablets, and effervescent tablets). Tablets are
generally manufactured by compressing powdered drug substances into a solid form.

Capsules: These are usually made from gelatin and contain the drug substance in powder, liquid, or
pellet form. Capsules offer the advantage of easier swallowing and can be designed for controlled or
extended release.

Powders: These are loose, fine particles of drugs that can be taken orally or used externally. They are
often used for reconstitution before administration (e.g., antibiotic powders).

Granules: These are small, solid particles that may be taken orally or used to prepare oral solutions or
suspensions. They are often used for controlled-release formulations.

2. Liquid Dosage Forms:

a.

Solutions: A solution is a homogeneous mixture of the drug and a solvent. It can be administered orally,
topically, or by injection.

Suspensions: These are heterogeneous mixtures where the drug particles are suspended in a liquid,
making them useful for drugs that are poorly soluble in water.

Emulsions: These are mixtures of two immiscible liquids (e.g., oil and water) with the drug dissolved
or dispersed in one phase. Emulsions are often used for drugs that are poorly water-soluble.

Syrups: These are concentrated solutions of sugar (usually sucrose) and water, often used to dissolve
the drug for oral administration.

Elixirs: Alcoholic solutions of drugs that are usually flavored and sweetened, designed for oral
administration.

3. Semi-Solid Dosage Forms:

a.

Ointments: These are thick, greasy preparations used for topical application. They are used to deliver
drugs through the skin or to a localized area.

Creams: Similar to ointments but with a higher water content. They are less greasy and are often used
for skin conditions.

Gels: Semi-solid systems in which the drug is dissolved or dispersed in a gel matrix. They are used for
both topical and sometimes internal applications.

Pastes: These are similar to ointments but contain a higher proportion of solid substances, making them
thicker and less greasy.

4. Parenteral Dosage Forms:

a.

Injectables: These are sterile preparations administered by injection or infusion, either subcutaneously,
intramuscularly, or intravenously. They include solutions, suspensions, and emulsions that must be free
from microbial contamination and particles.

Implants: These are solid dosage forms that are implanted into the body, where they release the drug
over an extended period.
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5.

Inhalable Dosage Forms:

a.

Inhalers: These are devices used to deliver drugs to the lungs, typically in the form of aerosols or
powders, for the treatment of respiratory conditions like asthma or COPD.

Nebulizers: These devices convert liquid drugs into a fine mist, which can be inhaled directly into the
lungs.

6. Transdermal Dosage Forms:

a.

Patches: These are adhesive preparations that deliver drugs through the skin over an extended period,
offering a controlled release of the drug.

7. Other Dosage Forms:

a.

Suppositories: These are solid dosage forms designed for insertion into body cavities (such as the
rectum or vagina), where they melt or dissolve to release the drug.

Lozenges: These are solid dosage forms designed to dissolve in the mouth and are typically used for
local effects, such as treating a sore throat.

Key Considerations in Dosage Form Design

L.

Drug Stability: The drug must remain stable throughout its shelf life. Different dosage forms provide different
challenges for maintaining the stability of the drug.

Bioavailability: This refers to the extent and rate at which the active drug is absorbed and becomes available at
the site of action. Different dosage forms can impact the bioavailability of the drug.

Patient Compliance: The design of the dosage form must consider the ease of administration to ensure that
patients adhere to the prescribed treatment regimen.

Controlled Release: Some dosage forms are designed to release the drug slowly over time, helping maintain a
consistent level of the drug in the body and reducing the frequency of dosing.

CLASSIFICATION OF DOSAGE FORMS

Dosage forms are classified based on their physical state, route of administration, and release characteristics. Here’s a
more detailed classification of dosage forms:

1. Solid Dosage Forms

Solid dosage forms are widely used due to their convenience, stability, and ease of manufacture. They are designed for
oral or external use.

a. Tablets:
i.  Immediate-release Tablets: These dissolve rapidly in the stomach for quick absorption.

ii.  Extended-release Tablets: These are formulated to release the drug slowly over time, providing a
prolonged effect.

iii.  Chewable Tablets: Designed to be chewed before swallowing, making them suitable for pediatric or
geriatric patients.

iv.  Effervescent Tablets: These dissolve in water and release carbon dioxide, producing a solution for
easier ingestion.

v.  Sublingual/Buccal Tablets: Designed to dissolve under the tongue or in the cheek for fast absorption
into the bloodstream.

b. Capsules:

1.

ii.

iii.

Hard Gelatin Capsules: These are used for solid drugs and are designed to be swallowed whole.

Soft Gelatin Capsules: Used for liquid formulations, especially oils or substances that are not suitable
for solid forms.

Controlled-release Capsules: These capsules are designed to release the drug slowly over a period,
often through special mechanisms.
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c. Powders:

i.  Oral Powders: These are intended to be dissolved in water before administration. They are commonly
used for antibiotics, oral rehydration salts, and nutritional supplements.

ii.  Topical Powders: These are applied to the skin for various dermatological conditions.
d. Granules:

i.  Granules for Oral Administration: Similar to powders but coarser in texture, they are designed to be
dissolved or suspended in water.

ii.  Effervescent Granules: When dissolved in water, these release gas, often used for antacids.
2. Liquid Dosage Forms
Liquid dosage forms allow for easy swallowing and are used for both local and systemic effects.
a. Solutions:

1. Oral Solutions: The drug is dissolved in a solvent, often used for children, elderly patients, or those
with difficulty swallowing tablets.

ii.  Injectable Solutions: These are sterile solutions administered by injection.
iii.  Topical Solutions: These are applied directly to the skin or mucous membranes for local effect.
b. Suspensions:

i.  Oral Suspensions: These contain fine drug particles dispersed in a liquid but not dissolved. They must
be shaken before administration.

ii.  Injectable Suspensions: Used for drugs that do not dissolve well in water, requiring a suspension for
proper delivery.

iii.  Topical Suspensions: These are applied to the skin for localized effects.
c. Emulsions:

i.  Oil-in-water Emulsions: The oil phase is dispersed in a water-based medium. Commonly used in
injectable drugs or oral preparations.

ii. ~ Water-in-oil Emulsions: The water phase is dispersed in oil. These are usually used in topical
formulations like ointments or creams.

d. Syrups:

i.  Oral Syrups: These are concentrated sugar solutions used to dissolve drugs, often used for children or
those with difficulty swallowing tablets.

ii.  Cough Syrups: Syrups specifically formulated to treat coughing, often containing additional soothing
ingredients.

e. Elixirs:

i.  Alcoholic Elixirs: These contain both alcohol and water as solvents, often used for drugs that require
higher solubility in alcohol than in water.

3. Semi-Solid Dosage Forms
These are mainly applied to the skin or mucous membranes and are used for both local and systemic effects.
a. Ointments:

i.  Hydrophobic Ointments: These are greasy and used for providing a barrier, often for dry or scaly skin
conditions.

ii.  Hydrophilic Ointments: These contain water and are less greasy, used for moist skin conditions or
wounds.

b. Creams:

i.  Oil-in-water Creams: These are lighter and non-greasy, used for moisturizing and treating mild skin
conditions.

ii.  Water-in-o0il Creams: These are more occlusive and are used for dry skin.
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c. Gels:

i.  Hydrogel: These are water-based gels that are used for various topical applications, often for cooling
or moisturizing.

ii.  Alcohol-based Gels: These are used for antiseptic or cleansing purposes.
d. Pastes:

i.  Topical Pastes: These are thicker than ointments and contain a higher proportion of solid substances,
used for providing long-lasting effects.

4. Parenteral Dosage Forms
These are administered by injection or infusion, bypassing the digestive system and ensuring rapid onset of action.

a. Injectable Solutions: These are sterile solutions of drugs used for intravenous, intramuscular, or subcutaneous
administration.

b. Injectable Suspensions: Used for drugs that are insoluble in water, the drug particles are suspended in a sterile
medium.

Injectable Emulsions: For drugs that are oil-soluble, emulsions are used to facilitate their injection.

d. Implants: These are solid dosage forms that release a drug over time when implanted under the skin, used for
long-term drug delivery.

5. Inhalable Dosage Forms
These are administered to the respiratory system to treat pulmonary conditions.
a. Aerosols:

i.  Metered-dose Inhalers (MDIs): These deliver a specific amount of drug in the form of a fine mist for
inhalation.

ii.  Dry Powder Inhalers (DPIs): These deliver a dose of powdered medication directly to the lungs.
b. Nebulizers:

i.  These are devices that convert liquid drugs into a fine mist for inhalation, commonly used for asthma
or COPD treatment.

6. Transdermal Dosage Forms
These forms are designed to deliver the drug through the skin over an extended period.

a. Transdermal Patches: These patches are applied to the skin and release the drug steadily over time. They are
often used for pain management, hormone therapy, or nicotine replacement.

7. Other Dosage Forms
These are specialized dosage forms for specific routes of administration or for targeted therapy.

a. Suppositories: These are solid dosage forms inserted into body cavities (rectum, vagina, or urethra), where they
dissolve and release the drug.

i.  Rectal Suppositories: Often used for local effects (e.g., hemorrhoids) or systemic absorption (e.g., for
nausea or fever).

ii.  Vaginal Suppositories: Used for local treatment of infections or hormonal delivery.

b. Lozenges: These are solid preparations that dissolve slowly in the mouth. They are typically used for throat
infections or cough.

c. Buccal Tablets: These dissolve in the cheek and are absorbed directly into the bloodstream, offering quick
onset of action.

Key Points in Dosage Form Design

a. Route of Administration: Dosage forms are designed to deliver the drug via various routes like oral, parenteral,
topical, or inhalational.

b. Drug Release Profile: Dosage forms are often designed to release drugs at specific rates, such as immediate
release, sustained release, or controlled release.

25 | TEXT BOOK OF PHARMACEUTICS



c. Patient Compliance: Ease of administration, taste, and frequency of dosing all influence patient adherence to
the prescribed regimen.

Classification
Solid Dosage forms

I
! !

Unit Dose Bulk Dose
Tablets, Capsules, Granules, Powder:
dry powders, Sachet, Pills, — External
Lozenges and Chewable — Internal

DEFINITIONS OF DOSAGE FORMS

A dosage form refers to the physical form in which a drug is produced and administered to patients. It is a
system designed to deliver the active pharmaceutical ingredient (API) in a precise, controlled manner to achieve the
desired therapeutic effect. Dosage forms are developed to ensure that the drug is safely and efficiently absorbed,
distributed, metabolized, and excreted by the body.

Key Definitions:
a. Tablet

i. A solid dosage form in which a drug is compressed into a small, solid, disk-like shape. Tablets are typically
intended for oral administration and may come in various formulations such as immediate-release,
controlled-release, and chewable tablets.

b. Capsule

i. A solid dosage form consisting of a gelatin shell that contains the drug in powder, liquid, or pellet form.
Capsules are usually intended for oral administration. They may be designed for immediate release,
sustained-release, or controlled-release of the drug.

c. Powder

i. A solid dosage form consisting of finely divided particles of the drug. Powders can be administered orally,
topically, or reconstituted into a solution or suspension. They are commonly used for drugs that are not
stable in liquid form

d. Granule

i. A small, solid particle of drug substance, often mixed with excipients, that can be taken orally or dissolved
in water. Granules are coarser than powders and are often used for controlled-release formulations or to
prepare suspensions.

e. Solution

i. A liquid dosage form in which the active drug is dissolved in a solvent (often water or alcohol). Solutions
are typically clear and homogeneous and can be administered orally, topically, or by injection.
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Suspension

i. A heterogeneous liquid dosage form in which the drug is dispersed as fine particles throughout a liquid, but
the drug is not dissolved. Suspensions must be shaken before use to evenly distribute the drug particles.
Commonly used for drugs that are poorly soluble in water.

Emulsion

i. A liquid dosage form consisting of two immiscible liquids (usually oil and water) where one liquid is
dispersed in the other. Emulsions are used to administer drugs that are poorly soluble in water and can be
formulated for oral, parenteral, or topical use

Syrup

i.  Aliquid dosage form that contains a high concentration of sugar (often sucrose) dissolved in water. Syrups
are used to dissolve water-soluble drugs and are commonly used in pediatric formulations due to their
palatable taste

Elixir
i.  Aclear, flavored liquid dosage form containing a drug dissolved in alcohol and water. Elixirs are used when
a drug is not soluble in water alone and are often used for both oral and topical administration.

Ointment

i. A semi-solid dosage form that is thick and greasy, intended for application to the skin or mucous
membranes. Ointments are used to provide localized drug effects or to create a barrier for the skin.

Cream

i. A semi-solid dosage form that contains a higher proportion of water than ointments. Creams are typically
used for topical applications to treat skin conditions, as they are less greasy and easier to spread.

Gel

i. A semi-solid dosage form in which a drug is dispersed in a gel matrix, often used for topical administration.
Gels are frequently used in situations where a cooling or moisturizing effect is desired.

. Paste

i. A semi-solid dosage form that is similar to an ointment but contains a higher proportion of solid material.
Pastes are used for topical applications and are more viscous and thicker than ointments.

Injectable

i. A sterile liquid dosage form administered via a syringe or needle directly into the body by intramuscular,
intravenous, subcutaneous, or other injection methods. Injectable forms include solutions, suspensions, and
emulsions.

Implant

i. A solid dosage form that is inserted into the body, typically under the skin, where it slowly releases the drug
over an extended period. Implants are often used for hormone therapy or for the long-term release of
medications.

Inhaler

i. A device used to deliver a drug to the lungs in the form of a spray (aerosol) or dry powder. Inhalers are used
for treating respiratory conditions such as asthma or COPD.

Nebulizer

i. A device that turns liquid medication into a fine mist or aerosol for inhalation, typically used for respiratory
conditions.

Transdermal Patch

i. A dosage form designed to be applied to the skin, where the drug is absorbed through the skin over an
extended period. Transdermal patches are used for controlled drug delivery, such as in pain management or
hormone replacement therapy.
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Suppository

i. A solid dosage form designed to be inserted into body cavities such as the rectum, vagina, or urethra, where
it melts or dissolves to release the drug for local or systemic effect.

Lozenge

i. A small, solid dosage form designed to dissolve slowly in the mouth. Lozenges are often used for localized
effects, such as relieving sore throats or coughs

Buccal Tablet

i. A tablet that is placed between the gum and cheek (buccal cavity) and dissolves slowly for absorption
through the mucous membranes, offering rapid drug delivery into the bloodstream.

Sublingual Tablet

i. A tablet that is placed under the tongue and rapidly dissolves for quick absorption into the bloodstream,
often used for drugs that require fast onset of action.

MCQs (Multiple Choice Questions)

1.

The physical form in which a drug is produced and administered is known as
a. API

b. Dosage form

c. Excipient

d. Drug delivery

Immediate-release tablets are designed to
a. Dissolve slowly

b. Release drug rapidly

¢. Avoid dissolution

d. Produce controlled release

Hard gelatin capsules are mainly used to contain
a. Liquids only

b. Solid drugs

c. Gases

d. Semi-solids only

Soft gelatin capsules are ideal for

a. Water-soluble powders

b. Oils and liquid drugs

c. Sublingual administration

d. Buccal absorption

Suspensions are

a. Homogeneous solutions

b. Heterogeneous mixtures of undissolved particles
c. Gaseous preparations

d. Sterile emulsions

Emulsions consist of

a. Two miscible liquids

b. Two immiscible liquids

c. Gas in a liquid

d. Powder in oil

Syrups contain high concentration of

a. Alcohol

b. Water

c. Sugar

d. Oil

Elixirs differ from syrups because they

a. Contain no solvents

b. Contain high alcohol content

c. Are only for injections

d. Must be refrigerated

28 | TEXT BOOK OF PHARMACEUTICS



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Ointments are

a. High-water semi-solid systems

b. Thick greasy preparations for topical use
c. Oral semi-solids

d. Nebulized liquids

Creams differ from ointments mainly by
a. Higher water content

b. Lower water content

c. Being sterile

d. Being parenteral

Gels are

a. Solid suspensions

b. Semi-solids with drug dispersed in a gel matrix

c. Completely oily

d. Only for oral use

Pastes contain

a. More solids than ointments
b. Less solids than gels

c. Only liquids

d. Only lipophilic materials
Parenteral preparations must be
a. Flavored

b. Sterile

c. Non-sterile

d. Chewable

Implants release drugs

a. Instantly

b. Over extended periods

c. Only in the stomach

d. Only by inhalation

MDIs deliver medication as

a. Powders only

b. Liquid sprays/aerosols

c. Tablets

d. Sterile solids

Transdermal patches deliver drugs through
a. Respiratory tract

b. Gastrointestinal tract

c. Skin

d. Rectal mucosa
Suppositories are administered
a. Orally

b. Intravenously

c. Into body cavities

d. Through the skin

Lozenges are designed to

a. Dissolve rapidly

b. Dissolve slowly in the mouth
c. Be injected

d. Be inhaled

Sublingual tablets are absorbed through
a. Stomach lining

b. Rectal mucosa

c¢. Under the tongue

d. Skin layers
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20.

A good dosage form must ensure
a. Poor stability

b. Low compliance

c. Safe and efficient drug delivery
d. No absorption

Short Questions (SAQs)

1. Define dosage form and explain its importance in drug delivery.
2. Differentiate between tablets and capsules.

3. What are effervescent tablets? Mention one use.

4. Describe controlled-release formulations with one example.

5. Define hard gelatin and soft gelatin capsules.

6. What are oral powders? Give two examples.

7. Describe oral solutions and their advantages.

8. Explain the need for shaking suspensions before use.

9. Differentiate between oil-in-water and water-in-oil emulsions.
10. What are elixirs? List two characteristics.

11. Define ointments and mention one use.

12. How do creams differ from ointments?

13. Describe gels and their uses.

14. What are injectable dosage forms?

. Explain the purpose of implants.

. Define MDIs and DPIs.

. What are nebulizers? Mention one clinical indication.
. Describe transdermal patches and their advantages.

. What is a suppository? Give one example.

. What are buccal and sublingual tablets?

Long Questions

1.
2.
3.

=0 XNk

Explain the classification of dosage forms in detail with suitable examples.

Describe solid dosage forms including tablets, capsules, powders and granules with types and advantages.

Discuss liquid dosage forms—solutions, suspensions, emulsions, syrups, and elixirs—highlighting their features
and applications.

Write an elaborate note on semi-solid dosage forms such as ointments, creams, gels and pastes.

Explain parenteral dosage forms, their types, requirements, advantages and limitations.

Describe inhalation dosage forms—MDIs, DPIs, and nebulizers—along with their mechanisms.

Write a detailed note on transdermal drug delivery systems, their advantages, disadvantages and applications.
Discuss suppositories and lozenges: formulation, classification, advantages and limitations.

Explain key considerations in dosage form design including stability, bioavailability, and patient compliance.

. Provide definitions and detailed explanations of 20 major dosage forms (tablets, capsules, solutions, suspensions,

emulsions, gels, ointments, patches, etc.).
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CHAPTER 3
PRESCRIPTION

INTRODUCTION:
Definition:

A prescription is a written, verbal, or electronic order from a qualified healthcare provider (typically a physician,
dentist, or veterinarian) that authorizes a pharmacist to dispense a specific medication to a patient. It serves as a legal
document and a communication tool between the prescriber and the pharmacist.

Purpose of a Prescription:
1. To ensure accurate drug delivery to the patient.
2. To provide directions for correct usage and dosage.
3. To document the treatment plan and legal responsibility.
4. To ensure patient safety by minimizing errors.
5. To enable record-keeping for clinical or regulatory reference.
Historical Background:
1. The term "prescription" comes from the Latin word praescriptio, meaning "written before."
2. Ancient prescriptions were mostly herbal and written in Latin, the universal medical language of the time.
3. Over time, prescriptions evolved with standard abbreviations, symbols (e.g., K), and structured formats.
General Format of a Prescription:
A standard prescription generally consists of the following parts:
1. Date — When the prescription is issued.
Patient Information — Name, age, sex, and sometimes weight.
Superscription — The symbol R, which means "Take thou."
Inscription — Name, strength, and quantity of the drug.

Subscription — Instructions to the pharmacist (e.g., formulation, quantity to dispense).

AN

Signatura (Sig.) — Directions for the patient on how to take the medication.
7. Prescriber’s Information — Name, signature, registration number, and contact details.
Types of Prescriptions:
1. Standard Prescription — For routine medications.
2. Controlled Drug Prescription — For narcotics or psychotropics, requiring special format and regulations.
3. Emergency Prescription — Issued in urgent cases with immediate need.
4. Repeat Prescription — For chronic illnesses needing long-term treatment.
Legal and Ethical Aspects:
1. Only registered medical practitioners are authorized to prescribe.
2. Prescriptions must be legible, complete, and free from ambiguity.
3. Forging or altering a prescription is a punishable offense.
4. Pharmacists must verify and validate each prescription before dispensing.
DEFINITION OF PRESCRIPTION
A prescription is a written, verbal, or electronic instruction issued by a licensed medical practitioner that

authorizes a pharmacist to prepare and dispense a specified medication to a particular patient. It serves as a legal

32 | TEXT BOOK OF PHARMACEUTICS



document and a communication bridge between the prescriber and the dispenser, ensuring that the right drug is given
in the correct dosage, form, and frequency.

Key Elements of the Definition:
1. Issued by a qualified practitioner (doctor, dentist, veterinarian).
2. Directed to a pharmacist for drug compounding or dispensing.
3. Includes detailed instructions: drug name, dosage, route, frequency, and duration.
4. Used for diagnosis, prevention, or treatment of illness or condition.
5. Legally binding and regulated under medical and pharmaceutical laws.
PARTS OF PRESCRIPTION

A complete and legally valid prescription includes several key components, each serving a specific purpose to ensure
safe and accurate medication dispensing.

1. Date
a. The day the prescription is issued.
b. Important for:
i.  Verifying validity period.
ii.  Legal and record-keeping purposes.
iii.  Monitoring duration of therapy.
2. Patient Information
a. Name
b. Age (especially important for pediatric/geriatric dosing)
c. Gender
d. Weight (sometimes required for pediatric or narrow therapeutic index drugs)
3. Superscription
a. Represented by the symbol R (Latin: Recipe = "Take thou").
b. It marks the beginning of the prescription and is a conventional symbol for medical prescriptions.
4. Inscription
a. The main body of the prescription containing:
i.  Name of the drug (generic or brand)
ii.  Strength or concentration
iii.  Dosage form (tablet, capsule, syrup, ointment, etc.)
iv.  Quantity of drug (amount per dose and total quantity to be dispensed)
5. Subscription
a. Instructions to the pharmacist regarding:
i.  Compounding, if required.
ii.  Quantity to be dispensed.
iii. ~ Dosage form preparation, if not commercially available.
Note: Often skipped in modern prescriptions when drugs are commercially available.
6. Signatura (Sig.)
a. Directions to the patient on how to take the medication.

b. Written in abbreviated medical Latin or in the local language.
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Includes:
a. Route of administration (oral, topical, etc.)
b. Dosage frequency and timing
c. Duration of therapy
7. Prescriber’s Signature and Details
a. Name and signature of the authorized prescriber
b. Registration number
c. Contact information
d. Seal or stamp (in some jurisdictions)
Optional Components:
a. Refill information — If repeats are allowed and how many times.
b. Diagnesis or indication — Helpful for the pharmacist.
c. Special instructions — e.g., “Do not substitute”, “Take with milk”.
HANDLING OF PRESCRIPTION

Proper handling of a prescription is crucial for ensuring patient safety, therapeutic effectiveness, and legal
compliance. It involves a series of steps and responsibilities undertaken by both the pharmacist and healthcare team
to process, interpret, and dispense medications correctly.

1. Receiving the Prescription

Receiving a prescription is the first and crucial step in the dispensing process. It requires careful verification,
validation, and professional judgment by the pharmacist or pharmacy staff to ensure that the prescription is authentic,
complete, and appropriate for dispensing.

Key Steps in Receiving the Prescription:
1. Accepting the Prescription
a. Accept only from authorized prescribers (registered doctors, dentists, veterinarians).
b. Prescriptions may be received in various forms:
i.  Handwritten (paper-based)
ii.  Electronic (eRx systems)
iii.  Telephonic (verbal orders allowed under specific protocols)
iv.  Faxed copies (only in special cases as per regulations)
2. Verifying the Prescription
Ensure all essential components are present:
a. Patient details: Name, age, gender, and sometimes weight.
b. Date of issue.
c. Drug name, strength, dosage form.
d. Directions for use (dose, frequency, route).
e. Prescriber’s signature and registration number.
3. Checking for Legibility and Clarity
a. For handwritten prescriptions, ensure:
i.  Clear drug names (avoid confusion due to poor handwriting).
ii.  Clear dosage and frequency instructions.

b. Ifillegible, do not guess — consult the prescriber immediately.
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4. Assessing Prescription Validity

a. Check the date: Ensure the prescription is still within the valid period (usually up to 3—6 months, or less for
controlled drugs).

b. Confirm:
i.  No overwriting
ii. ~ No unauthorized alterations
iii.  Authenticity of the prescription and prescriber (especially for narcotics).
5. Initial Screening
a. Quickly assess for:
i.  Drug interactions
ii.  Patient allergies (if known or on file)
iii.  Duplicate therapies
iv.  Contraindications based on age, gender, or condition

Example (Checkpoints While Receiving):

Checkpoint Example

Is the prescriber registered? Dr. X with MCl registration no.
Is the drug name clear? Amoxicillin or Ampicillin?

Are instructions readable? 1 tab TID x 7 days — confirmed
Any signs of forgery? Overwritten quantity — clarify

2. Interpreting the Prescription

Interpreting a prescription is the process by which a pharmacist accurately understands and translates the
prescriber’s intent into a correct dispensing and patient counseling action. This step ensures that the medication is given
in the correct dose, form, and manner, minimizing the risk of errors.

Key Aspects of Interpreting a Prescription:
1. Understanding the Superscription and Inscription
a. Identify the drug name — whether brand or generic.
b. Note the strength/concentration — e.g., Amoxicillin 250 mg vs. 500 mg.
c. Determine the dosage form — e.g., tablet, capsule, syrup, ointment.
d. Recognize any compounded instructions (rare in modern practice).
2. Reading the Subscription
a. Check instructions for the pharmacist on quantity to be dispensed.
b. Identify any special preparation methods (e.g., mixing powders with a vehicle).
3. Decoding the Signatura (Sig.)
a. Interpret the prescriber’s directions to the patient:
i.  Dosage (e.g., 1 tablet)
ii.  Frequency (e.g., twice a day — b.i.d.)
iii.  Route of administration (e.g., oral, topical, IM)
iv.  Timing (e.g., before meals, at bedtime)
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v.  Duration (e.g., for 7 days)
b. Convert Latin abbreviations to plain instructions:
i.  p.o. =by mouth
ii.  ti.d. =three times a day
iii.  g.h.s. = every night at bedtime
4. Analyzing for Clinical Appropriateness
a. Isthe dose appropriate for the patient’s age, weight, and condition?
b. Are there any drug-drug interactions with current therapy?
c. Isthere a known allergy or contraindication?
d. Does the patient require dose adjustments (renal/liver conditions)?
5. Identifying and Clarifying Ambiguities
a. Check for:
i.  Illegible handwriting
ii.  Inconsistent or unclear instructions
iii. ~ Ambiguous abbreviations
b. Always clarify with the prescriber before proceeding if unsure.
6. Checking for Legal and Ethical Compliance
a. Confirm:
i.  Valid prescriber details and signature
ii.  No unauthorized alterations

iii.  Validity period of prescription

Interpretation:
a. Drug: Ciprofloxacin
b. Strength: 500 mg
c. Form: Tablet
d. Dose: 1 tablet

e. Frequency: Twice a day
f. Duration: 5 days
g. Route: Oral

Goal of Interpretation:

To ensure the right drug, in the right dose, via the right route, for the right duration, and to deliver the correct

information to the patient.

3. Checking for Drug-Related Problems

Checking for drug-related problems (DRPs) is a critical step after interpreting the prescription. It involves identifying
potential issues that may compromise patient safety, treatment efficacy, or lead to adverse drug reactions. This

clinical review is a key pharmacist responsibility in prescription handling.

What Are Drug-Related Problems?

A drug-related problem (DRP) is any event or circumstance involving drug therapy that actually or potentially

interferes with the desired health outcome.
Common Categories of Drug-Related Problems:
1. Incorrect Drug Selection

a. Drug not suitable for the patient’s condition.
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b. Prescriber chooses a drug that is ineffective, obsolete, or inappropriate
Example: Prescribing aspirin to a patient with a history of peptic ulcers.
2. Incorrect Dose or Frequency
a. Dose too high — Toxicity
b. Dose too low — Therapeutic failure
c. Incorrect interval or duration
Example: Amoxicillin 125 mg instead of 500 mg for adult acute infection.
3. Drug Interactions
a. Drug-drug interactions (pharmacokinetic or pharmacodynamic)
b. Drug—food or drug—alcohol interactions
Example: Warfarin + NSAIDs — increased bleeding risk.
4. Allergic Reactions and Hypersensitivity
a. Drug prescribed despite known allergy or intolerance.
b. Allergy history must be checked and documented.
Example: Prescribing penicillin to a penicillin-allergic patient.
5. Contraindications
a. Condition where drug should not be used due to risk.
Example: Prescribing propranolol in asthmatic patients.
6. Therapeutic Duplication
a. Two or more drugs from the same class or with the same effect given unnecessarily.
Example: Prescribing both ibuprofen and diclofenac together.
7. Improper Route of Administration
a. Route is not appropriate for the drug or patient condition.
Example: Prescribing oral medication for a vomiting patient.
8. Polypharmacy
a. Especially in elderly patients — more risk of side effects, non-compliance, and interactions.
Example: Elderly patient taking >5 medications with unclear benefit-risk balance.

How to Check for Drug-Related Problems:

Step Action

1. Review patient’s medical history and allergy profile

2. Analyze age, weight, renal/hepatic function

3. Check current medication list for interactions or duplication
4. Evaluate dose, route, frequency for suitability

5. Use drug interaction checkers/CDSS if available

6. Consult prescriber for clarification if needed

37 | TEXT BOOK OF PHARMACEUTICS



Pharmacist’s Role:

a.
b.
C.
d.

Identify and prevent DRPs.
Document and report significant interactions or errors.
Educate the patient about risks and warning signs.

Communicate with the prescriber to optimize therapy.

4. Dispensing the Medication

Dispensing is the process by which a pharmacist prepares and supplies medications to a patient as per the
prescription after performing all necessary checks. It is a crucial responsibility that ensures the patient receives the

right drug, dose, and instructions in a safe and effective manner.

Steps in Dispensing the Medication:

1. Prescription Validation

a.

b.

Confirm all previous checks are completed:
i.  Drug name and strength.
ii.  Dose and dosage form.
iii.  Route and duration.
iv.  Legal and ethical validity of the prescription.

Ensure no drug-related problems (interactions, allergies, etc.) exist.

2. Drug Selection

a.

Choose the correct medicine from inventory:
i.  Verify brand vs. generic name.
ii.  Check batch number, expiry date, and storage conditions.

iii.  Select appropriate pack size and quantity as per the prescription.

3. Preparation and Counting

a.
b.

C.

Use clean tools for counting or measuring.
For liquids, ensure accurate volume with measuring cylinders.

For ointments or powders, ensure proper packaging in containers.

4. Labeling the Medication

The label must include:

ISR

/e o

g.

Patient’s name

Drug name (generic or brand), strength, and dosage form.
Directions for use (clearly written in patient’s language).
Storage instructions (e.g., store in a cool, dry place).
Date of dispensing

Pharmacy name and contact info

Cautionary warnings (e.g., “May cause drowsiness,” “Do not take with alcohol™)

5. Final Check by Pharmacist

a.

b.

Recheck:
i.  Correct medicine, quantity, and label
ii.  Appearance of medicine (e.g., no discoloration or contamination)

Verify compatibility with any other medications the patient is on.
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6. Record Keeping
a. Log the dispensed medicine in:
i.  Manual register or digital pharmacy software
ii.  Controlled drug register (if applicable)
b. Maintain prescription copies as required by law.
Best Practices in Dispensing:
a. Practice double-checking with another pharmacist or technician.
b. Use barcode scanning (if available) to ensure correct selection.
c. Maintain clean and organized dispensing counters.
d. Keep high-alert medications separately to avoid mix-ups.
5. Patient Counseling

Patient counseling is a vital step in the prescription handling process where the pharmacist communicates directly
with the patient to ensure the correct and safe use of medications. Effective counseling improves treatment
adherence, reduces medication errors, and enhances therapeutic outcomes.

Objectives of Patient Counseling:

a. To educate the patient about the proper use of the prescribed medicine.

b. To inform about side effects, precautions, and drug interactions.

c. To promote compliance/adherence to the therapy.

d. To reduce the risk of misuse or non-compliance.

e. To empower the patient to manage their own health responsibly.
Key Information Provided During Counseling:
1. Drug Name and Purpose

a. Generic and/or brand name.

b. Therapeutic purpose (e.g., “for infection,” “for lowering blood pressure”).
2. Dosage and Administration

a. Correct dose, route, frequency, and duration.

b. When and how to take (e.g., before/after meals, with water/milk).

c. What to do if a dose is missed.
3. Side Effects and Warnings

a. Common and serious side effects to watch for.

b. What to do if side effects occur.

c. Specific warnings (e.g., avoid alcohol, not to drive, stay hydrated).
4. Drug Interactions and Contraindications

a. Potential interaction with:

i.  Other medications
ii.  Food (e.g., grapefruit juice)
iii.  Alcohol

b. Special precautions (e.g., pregnancy, liver/kidney disease).
5. Storage Instructions

a. Store in a cool, dry place, refrigerator, or original container.

b. Keep out of reach of children.
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c. Check expiry date before use.
6. Follow-Up and Monitoring
a. Advise on when to report back to the physician.
b. Encourage reporting of any unexpected symptoms.
c. Monitor response to therapy if chronic.
Example Counseling Dialogue:

“Mr. Rahul, this is Amoxicillin 500 mg. Take one capsule three times a day after meals for 7 days. Complete the
full course even if you feel better. Some patients experience mild stomach upset. If you develop a rash or difficulty
breathing, stop the medicine and consult your doctor immediately. Store this at room temperature and away from
moisture.”

Counseling Tips for Pharmacists:
a. Use simple, non-technical language.
b. Encourage questions from the patient.
c. Use visual aids or written instructions if needed.
d. Maintain privacy and confidentiality.
¢. Be empathetic and patient-centered.

Special Counseling Scenarios:

Patient Type Consideration

Pediatric Patients Address parents/guardians, use child-friendly language
Elderly Patients Speak clearly, confirm understanding

llliterate Patients Use pictorial labels, demonstrate usage

Chronic Patients Emphasize long-term adherence and monitoring

6. Record-Keeping

Record-keeping is the final but critically important step in handling prescriptions. It involves maintaining accurate,
systematic, and secure documentation of all prescriptions received, reviewed, and dispensed. Good record-keeping
supports legal compliance, audit readiness, continuity of care, and pharmacovigilance.

Objectives of Record-Keeping:

a. To maintain a legal record of all prescriptions dispensed.

b. To facilitate tracking of patient medication history.

c. To aid in inventory control and avoid misuse.

d. To provide data for audits, inspections, and research.

e. To support pharmacovigilance and adverse event monitoring.
Types of Records Maintained:
1. Prescription Records

a. Copies of original prescriptions (manual or digital).

b. Include:

i.  Patient name and ID

il. Prescriber’s details
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iii.  Date of issue and dispensing
iv.  Drug name, dose, quantity dispensed
2. Controlled Drug Register
a. Mandatory for narcotics and psychotropic substances.
b. Must include:
i.  Drug name, batch number, quantity received and dispensed
ii.  Name of prescriber and patient
iii.  Date and signature of pharmacist
c. Entries must be chronological, non-erasable, and auditable.
3. Patient Medication Records (PMR)
a. Digital profile of each patient.
b. Tracks:
i.  Previous prescriptions
ii.  Allergies
iii.  Drug interactions
iv.  Refills
4. Inventory Records
a. Track stock levels, expiry dates, incoming and outgoing quantities.
b. Helps in reordering and preventing shortages or wastage.
5. Adverse Drug Reaction (ADR) Reports
a. Records of patient-reported or pharmacist-observed ADRs.
b. Can be submitted to regulatory bodies for pharmacovigilance.

Format of Record-Keeping:

Field Example

Date 18/07/2025

Patient Name Mr. Ramesh Sharma
Prescription No. RX20250718-23

Drug Name Metformin 500 mg
Quantity Dispensed 30 tablets

Prescriber Name Dr. Anjali Mehta
Dispensed By Pharmacist: R. Kulkarni

Legal and Ethical Considerations:
a. Records should be accurate, legible, and tamper-proof.
b. Must be retained for a minimum period (often 2—5 years depending on country laws).

c. Must be confidential — access restricted to authorized personnel only.
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d. Electronic records must be password-protected and regularly backed up.
Storage Methods:

a. Manual: Binders, registers, filing cabinets (for small setups).

b. Digital: Pharmacy management software, hospital EHR systems.

c. Use of barcoding or QR-based tracking for enhanced accuracy.
Benefits of Effective Record-Keeping:

a. Supports continuity of care for chronic patients.

b. Aids in litigation defense if dispensing is questioned.

c. Enables regulatory compliance during audits.

d. Enhances pharmacy workflow efficiency.
7. Handling Errors or Forged Prescriptions

Handling errors or forged prescriptions is a critical component of prescription management to ensure patient safety,
legal compliance, and ethical pharmacy practice. Pharmacists must be vigilant in identifying and appropriately
responding to inaccuracies, alterations, or forgeries in prescriptions.

1. Identifying Prescription Errors
a) Common Errors to Watch For:
i.  Illegible handwriting
ii.  Incorrect dosage or unclear directions
1. Omissions (e.g., missing dose, route, duration)
iv.  Inappropriate drug choice for patient condition
v.  Drug interactions, duplicate therapy, or contraindications
b) Causes of Prescription Errors:
i.  Prescriber fatigue or distraction
ii.  Lack of access to patient history
iii.  Use of ambiguous abbreviations
iv.  Miscommunication in verbal orders
2. Identifying Forged Prescriptions
a) Signs of Forgery:
i.  Overwritten or altered text (e.g., changed quantity or drug name)
ii.  Inconsistent handwriting or ink
iii.  Unusual dosage or quantities (especially of controlled drugs)
iv.  Fake or unregistered doctor’s name or license number
v.  Absence of prescriber’s signature or seal
vi.  Photocopied prescription presented as original
b) Common Targets for Forgery:
i.  Controlled substances (e.g., opioids, benzodiazepines)

ii.  Habit-forming drugs or expensive medicines
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3. Steps to Take When an Error is Found

Action Description

Verify Contact the prescriber to confirm and correct unclear or erroneous informatior
Clarify Ask the patient about allergies, history, or ongoing medications if needed.
Correct Document and rectify minor errors after verification (e.g., incorrect frequency).
Document Note the clarification or correction made, along with date and time.

4. Steps to Take When a Forged Prescription is Suspected

Step Action

Do not dispense Politely delay processing the prescription.

Verify authenticity Call the doctor’s clinic or use a professional registry to validate prescriber credentials.
Check identity Ask for a valid ID from the patient.

Inform supervisor Report to the pharmacy manager or higher authority.

Notify authorities If forgery is confirmed, report to police or local drug control authorities as per law.
Record the incident Maintain documentation of the suspicious or confirmed forged prescription for legal

and audit purposes.

Legal and Ethical Considerations
a. Dispensing a forged prescription, even unintentionally, can lead to:
i.  License suspension
ii.  Legal penalties
iii.  Loss of public trust
b. Pharmacists must act as gatekeepers to prevent drug misuse and uphold ethical standards.
Preventive Measures:
a. Use of electronic prescriptions (eRx) to eliminate forgery.
b. Regular training on prescription validation and detection of forgery.
c. Implementing two-step verification for controlled drugs.
d. Maintain CCTYV surveillance and record logs of all high-risk transactions.
Good Handling Practices Include:

Good Prescription Handling Practices are standardized procedures followed by pharmacists and healthcare staff to
ensure that medications are dispensed safely, legally, and ethically. These practices help reduce errors, ensure
patient safety, and maintain professional accountability.

Key Elements of Good Handling Practices:

1. Verification and Validation
a. Always verify the completeness and authenticity of the prescription.
b. Ensure:

i.  Patient and prescriber details are clear.
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ii.  Medication name, dose, dosage form, and duration are specified.
iii.  Signature and date are present.
c. Reject incomplete or suspicious prescriptions unless verified with the prescriber.
2. Clear Interpretation
a. Accurately interpret:
i.  Drug names (avoid confusion with look-alike/sound-alike drugs).
ii.  Latin abbreviations and medical terminology.
iii.  Dosage instructions and special directions.
3. Patient-Centric Approach
a. Confirm patient identity before dispensing.
b. Consider patient-specific factors: age, weight, allergies, comorbidities.
c. Provide counseling in understandable language.
d. Ensure privacy during counseling.
4. Accurate Dispensing
a. Dispense the correct drug, strength, and quantity.
b. Check expiry date, batch number, and storage conditions.
c. Use clean tools and proper packaging for all dosage forms.
d. Label medications properly with usage instructions and warnings.
5. Documentation and Record-Keeping
a. Maintain proper records of prescriptions dispensed.
b. Use prescription registers or pharmacy software.
c. Record details of controlled substances in separate registers as per law.
d. Retain documents for the legally required duration.
6. Ethical and Legal Compliance
a. Dispense drugs only against valid prescriptions.
b. Avoid dispensing controlled or habit-forming drugs without proper authorization.
c. Report and document forged or misused prescriptions.
d. Maintain confidentiality of patient health and medication data.
7. Use of Technology
a. Adopt electronic prescribing systems (eRx) where possible.
b. Use drug-interaction checkers or clinical decision support tools.
c. Maintain digital backups of patient records.
8. Professional Conduct
a. Maintain courtesy, respect, and empathy while interacting with patients.
b. Engage in continuous professional development and training.
c. Stay updated with latest guidelines, drug updates, and pharmacy laws.
ERRORS IN PRESCRIPTION

Prescription errors are mistakes that occur during the writing, transcribing, or interpreting of a prescription. These
errors can lead to incorrect treatment, adverse drug reactions, or serious harm to the patient. Identifying and
preventing such errors is a key responsibility of both prescribers and pharmacists.
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1. Types of Prescription Errors:

Prescription errors are preventable mistakes that occur during the writing, transcribing, or interpreting of a
prescription. These errors can lead to adverse drug events, therapeutic failure, or harm to the patient.

Types of Prescription Errors:
1. Omission Errors
a. Missing essential information on the prescription such as:
i. Drug name or strength
ii.  Dosage or route of administration
iii.  Frequency or duration of treatment
iv.  Prescriber’s signature or date
Example: A prescription that reads ‘“Paracetamol” but does not mention the dose or frequency.
2. Wrong Drug Prescribed
a. Occurs due to:
i.  Confusion between look-alike/sound-alike (LASA) drugs
ii.  Misdiagnosis or poor understanding of patient condition
iii.  Poor handwriting
Example: Prescribing “Celebrex” (celecoxib) instead of “Celexa” (citalopram).
3. Incorrect Dosage
a. Dose is too high (risk of toxicity) or too low (ineffective treatment).
b. Common in pediatric, geriatric, renal, or hepatic patients.
Example: Giving 500 mg of amoxicillin when only 250 mg is appropriate.
4. Wrong Dosage Form
a. Medication prescribed in an inappropriate form.
Example: Prescribing a tablet to a patient who requires a liquid due to difficulty swallowing.
5. Wrong Route of Administration
a. Prescribing the correct drug but via the wrong route.
Example: Prescribing insulin orally instead of subcutaneously.
6. Wrong Frequency or Duration
a. Prescribing incorrect number of doses per day or length of therapy.
Example: Metronidazole prescribed “once daily” instead of “three times daily”.
7. Illegible Handwriting

a. Poor handwriting may lead to misinterpretation by the pharmacist, leading to wrong drug or dose being
dispensed.

Example: Misreading “Hydralazine” as “Hydroxyzine”.
8. Use of Ambiguous Abbreviations
a. Use of unsafe, unclear, or obsolete abbreviations can cause confusion.
Example: Using “U” for units can be misread as “0” (10U — 100 units).
9. Duplicate Therapy
a. Prescribing two drugs from the same class without realizing it.

Example: Prescribing ibuprofen and diclofenac simultaneously.
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10. Allergy or Contraindication Ignored

a. Prescribing a drug the patient is allergic to or which is contraindicated due to their medical condition.
Example: Giving penicillin to a penicillin-allergic patient.
2. Causes of Prescription Errors:

Prescription errors often arise from various human, system, and environmental factors. Understanding these causes
is essential for developing strategies to prevent them and ensure safe and effective medication use.

Major Causes of Prescription Errors:
1. Illegible Handwriting
a. Handwritten prescriptions that are unclear or difficult to read can lead to misinterpretation by the pharmacist.
Example: Confusing “morphine” with “hydromorphone” due to poor handwriting.
2. Lack of Drug Knowledge
a. Prescriber’s insufficient understanding of drug indications, doses, interactions, or contraindications.
Example: Prescribing a high dose of digoxin to an elderly patient with renal impairment.
3. Confusion Due to Similar Drug Names
a. Look-alike/sound-alike (LASA) medications can be easily confused.
Example: Confusing “Zantac” with “Zyrtec” or “Lamictal” with “Lamisil”.
4. Use of Unsafe or Ambiguous Abbreviations
a. Use of abbreviations that can be misread or misunderstood.
Example: Writing “IU” (international units) may be mistaken for “IV” (intravenous).
5. Lack of Access to Patient Information
a. Prescribing without complete knowledge of:
i.  Allergies
ii.  Medical history
iii.  Current medications
iv.  Lab results
Example: Prescribing NSAIDs to a patient with a history of gastric ulcers.
6. Inadequate Communication
a. Poor communication between:
i.  Doctor and pharmacist
ii.  Doctor and patient
iii.  Within the healthcare team
Example: Verbal prescriptions misheard or miscommunicated over the phone.
7. Fatigue or Workload Pressure
a. Overworked or tired healthcare professionals are more prone to mistakes.
Example: Writing a wrong dose due to distraction or time pressure.
8. System and Workflow Failures
a. Lack of:
i.  Standardized prescription format
ii. ~ Computerized systems
iii.  Verification checks
Example: Absence of alerts for drug interactions in handwritten prescriptions.
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9. Improper Use of Technology

a. Errors arising from autocorrect, copy-paste, or software glitches in e-prescribing systems.

Example: Wrong patient selected in an electronic prescribing system.
10. Language Barriers or Misunderstanding Instructions
a. Miscommunication due to:
i.  Language difference between prescriber and patient
ii.  Misunderstood instructions or dosage units
Example: Misinterpreting “once” (Spanish for 11) as once-daily.

3. Prevention of Prescription Errors:

Preventing prescription errors is essential to ensure patient safety, therapeutic effectiveness, and legal compliance. It
requires a multifaceted approach involving prescribers, pharmacists, healthcare systems, and technology.

Key Strategies for Prevention of Prescription Errors:
1. Use of Legible and Clear Writing
a. Prefer block letters if handwritten.

b. Avoid sloppy or rushed handwriting.

c. Use printed prescriptions or opt for digital systems when possible.

2. Adoption of Electronic Prescribing (eRx)
a. Eliminates handwriting errors.
b. Enables:
i.  Standardized templates
ii.  Auto-population of patient data
iii.  Alerts for allergies, interactions, and duplications
3. Avoiding Ambiguous Abbreviations
a. Follow approved lists of standard abbreviations.

b. Avoid:

i.  “IU” — write “international units”
ii.  “q.d.” — write “once daily”
. .5 mg” — write “0.5 mg”

4. Double-Checking Prescriptions

a. Review by another healthcare professional (peer or pharmacist).

b. Verify:
i.  Drug name and strength
ii.  Patient details
iii.  Dose, route, frequency, and duration
5. Continuous Medical and Pharmaceutical Education
a. Train healthcare staff regularly on:
i.  Safe prescribing practices
ii.  New drug updates
iii.  High-risk medications
iv.  LASA (Look-Alike/Sound-Alike) drugs
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6. Use of Tall Man Lettering
a. Capitalize unique portions of similar drug names to distinguish.
Examples:
a. predniSONE vs. prednisoLONE
b. DOBUTamine vs. DOPamine
7. Patient Involvement
a. Encourage patients to:
i.  Ask questions about their prescriptions.
ii.  Confirm the drug name, purpose, and how to take it.
iii.  Inform the pharmacist of allergies and current medications.
8. Implementing Clinical Decision Support Systems (CDSS)
a. Integrated with electronic prescribing to:
i.  Alert for contraindications
ii.  Suggest dosing adjustments
iii.  Flag drug interactions
9. Maintaining Complete Patient Records
a. Include:
i.  Drug allergies
ii.  Medical history
iii.  Past medications
iv.  Weight, renal/liver function for dose adjustments
10. System-Based Approaches
a. Implement standard operating procedures (SOPs) for prescribing and dispensing.
b. Regular audits and quality checks.
c. Maintain error-reporting systems for learning and improvement.
4. Role of Pharmacist in Error Detection:

Pharmacists are the last line of defense in preventing prescription errors before medications reach the patient. Their
role in detecting, resolving, and preventing errors is critical for ensuring safe, effective, and rational drug use.

Key Responsibilities of the Pharmacist in Error Detection:
1. Thorough Prescription Review
a. Carefully analyze every prescription for:
i.  Legibility and completeness
ii.  Correct drug name, strength, dosage form
iii.  Proper route, frequency, and duration
iv.  Prescriber details and signature
Example: Spotting a missing dose instruction or an unreadable abbreviation.
2. Verification of Patient Details
a. Confirm:
i.  Patient name, age, weight
ii.  Allergy history
iii.  Pregnancy/lactation status
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1v. Comorbid conditions (renal, hepatic, cardiac, etc.)
Example: Identifying that a nephrotoxic drug is prescribed to a patient with renal impairment.
3. Checking for Drug Interactions and Duplications

a. Use clinical tools or knowledge to assess:
i.  Drug—drug and drug—food interactions

ii. ~ Therapeutic duplication (e.g., two NSAIDs)

iii.  Contraindications
Example: Flagging a potentially dangerous combination like warfarin + NSAID.
4. Detecting LASA (Look-Alike Sound-Alike) Drug Confusion

a. Be alert for:
i.  Similar drug names (e.g., Zantac vs Zyrtec)
ii. ~ Wrong drug due to handwriting or software error
Example: Intercepting a prescription for "Hydralazine" meant to be "Hydroxyzine".
5. Clarification with the Prescriber
a. Communicate proactively with the doctor for:
i.  Ambiguous or unclear prescriptions
ii.  Dosage or frequency mismatches
iii.  Suspected errors or omissions
Example: Calling the prescriber to confirm an unusually high insulin dose.
6. Patient Counseling and Education
a. While counseling, pharmacists may uncover:
i.  Discrepancies in what was prescribed vs what the patient expects
ii.  Patient misunderstanding of instructions
Example: A patient thinks they need to take the medicine once weekly instead of once daily.
7. Documentation and Reporting
a. Maintain records of:
i.  Identified errors
ii.  Corrective actions taken
iii.  Reported incidents to pharmacovigilance or regulatory authorities
Example: Reporting an ADR caused by an inappropriate dose to the national pharmacovigilance program.
8. Participating in Quality Improvement Programs
a. Contribute to:
i.  Medication error tracking systems
ii.  Audits and reviews
iii.  Training sessions for staff and interns

Example: Sharing lessons from a dispensing error during staff meetings.
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MULTIPLE CHOICE QUESTIONS (MCQs)

1. The symbol “R” in a prescription represents:
a) Directions to the pharmacist
b) Take thou / Recipe
¢) Drug name
d) Patient instructions
2. Which part of the prescription contains the name, strength, and dosage form of the drug?
a) Superscription
b) Inscription
c¢) Subscription
d) Signatura
3. The part of the prescription where the pharmacist is instructed how to prepare the medication is:
a) Superscription
b) Inscription
¢) Subscription
d) Signatura
4. Directions to the patient for medication use are written in:
a) Inscription
b) Subscription
¢) Signatura
d) Superscription
5. Controlled drug prescriptions require:
a) No signature
b) Special format and regulations
¢) Only electronic issue
d) Verbal communication
6. Which is NOT included in patient information?
a) Age
b) Weight
c¢) Blood pressure
d) Gender
7. A forged prescription often includes:
a) Clear handwriting
b) Correct doctor details
¢) Altered quantities
d) Verified stamp
8. Therapeutic duplication occurs when:
a) Two drugs have opposite effects
b) Same class drugs are prescribed unnecessarily
c¢) Dosage form is incorrect
d) Duration is too short
9. A key pharmacist responsibility during prescription handling is:
a) Making the diagnosis
b) Identifying drug-related problems
c¢) Performing surgery
d) Changing the drug dose without consulting the doctor
10. LASA stands for:
a) Long-acting safe agents
b) Look-alike sound-alike drugs
c¢) Local anesthetic safety alert
d) Low-action synthetic analogues
11. The first step in prescription handling is:
a) Dispensing
b) Counseling
c¢) Receiving the prescription
d) Record keeping
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Illegible handwriting can lead to:
a) Forgery

b) Wrong drug dispensing

c¢) Faster dispensing

d) No effect

The most effective method to eliminate handwriting errors is:

a) Verbal orders

b) Electronic prescribing (eRx)

c¢) Faxed prescriptions

d) Use of abbreviations

Patient counseling should include information about:
a) Medical history

b) Storage, dosing, warnings

¢) Disease diagnosis

d) Pharmacist salary

Which is an omission error?

a) Wrong dose

b) Wrong drug

c¢) Missing duration of therapy

d) Illegible handwriting

Tall Man Lettering is used to prevent:
a) Theft

b) LASA medication errors

¢) Drug expiry

d) Counseling errors

A prescription becomes invalid if:
a) Patient age is mentioned

b) Date is missing

¢) Strength is written

d) Route is mentioned
Polypharmacy refers to:

a) No medicines

b) Using >2 drugs

¢) Using >5 drugs unnecessarily
d) Using herbal medicines
Record-keeping is important for:
a) Entertainment

b) Regulatory compliance

¢) Prescriber promotion

d) Increasing sales

A pharmacist must contact the prescriber when:
a) Patient is in a hurry

b) Drug name is unclear

¢) Drug is in stock

d) Prescription is typed

SHORT ANSWER QUESTIONS

NN R WD =

9.

10.
11.
12.

Define a prescription.

List the main parts of a prescription.

What is the purpose of the superscription “R’?
What information is included in the inscription?
What is the role of the subscription?

What is Signatura (Sig.) in a prescription?

Give any three types of prescriptions.

What details must be present in the prescriber’s information?
Define drug-related problems.

Mention any two examples of LASA drugs.
What is polypharmacy?

What are omission errors?
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13.
14.
15.
16.
17.
18.
19.
20.

List two causes of prescription errors.

Why is checking for drug interactions important?

What should a pharmacist check before dispensing a drug?
Define therapeutic duplication.

What is the importance of record keeping in pharmacy?
What are the signs of a forged prescription?

Mention two key components of patient counseling.

What is the role of a pharmacist in error detection?

LONG ANSWER QUESTIONS

1
2
3
4.
5.
6
7
8
9.
1

0.

Describe the parts of a prescription in detail with examples.

Explain the steps involved in receiving and interpreting a prescription.

Discuss drug-related problems (DRPs), their types, and methods to prevent them.

Describe in detail the procedure of dispensing medication by a pharmacist.

Explain the importance, objectives, and components of effective patient counseling.

Discuss record-keeping in pharmacy, its importance, types, and legal aspects.

Describe prescription errors, their types, examples, and clinical consequences.

Explain the causes of prescription errors and strategies for their prevention.

Discuss the role of the pharmacist in identifying, preventing, and resolving medication errors.

Write detailed notes on handling forged prescriptions—identification, response, and legal implications.

ANSWER KEY (MCQs)
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CHAPTER 4
POSOLOGY

INTRODUCTION:

Posology is the branch of medicine that deals with the study of the dosages of drugs. It focuses on the correct
administration of pharmaceutical substances to achieve the desired therapeutic effect while minimizing the risk of side
effects or toxicity. The term "posology" is derived from the Greek word posos, meaning "how much," and logos,
meaning "study," referring to the study of the quantity of drugs and medicines administered.

In a more detailed sense, posology covers the following key areas:
1. Determining the Correct Dosage:

a. The primary purpose of posology is to determine the optimal dosage of a medication for an individual patient.
This is influenced by various factors, such as age, weight, sex, disease state, genetic factors, and the presence
of other conditions or medications.

b. Dosage is calculated to ensure efficacy and minimize adverse effects. The therapeutic dose is the amount
required to achieve the desired effect without causing harm, while the minimum effective dose is the lowest
dose at which a therapeutic effect is observed.

2. Dose Frequency:

a. Posology also concerns the frequency with which a drug should be taken, considering factors like how long the
drug stays in the body (half-life), the metabolism rate, and the target disease.

b. Some drugs require frequent dosing (e.g., antibiotics), while others may be administered less often (e.g., some
chronic disease treatments).

3. Route of Administration:

a. The route of administration (oral, intravenous, intramuscular, etc.) plays a critical role in determining the
dosage. Drugs administered through different routes may have different bioavailability, meaning the amount of
the drug that reaches the bloodstream may vary

b. Posology takes into account the most efficient and safest route for a given medication.
4. Therapeutic Window:

a. The therapeutic window is the range of drug concentrations in the bloodstream where a drug is effective without
causing toxic effects. Posology considers this range to avoid underdosing or overdosing.

b. A narrow therapeutic window means the dosage must be precise and well-monitored, while a wider window
offers more flexibility.

5. Age and Special Populations:

a. Pediatrics: Children, especially infants, metabolize drugs differently from adults. Posology takes into account
the specific developmental stage, weight, and age-related factors when determining pediatric dosages.

b. Geriatrics: Elderly patients often have altered liver and kidney function, which can affect how a drug is
metabolized and excreted. Adjustments in dosage and frequency are often necessary.

c. Pregnancy and Lactation: Posology must also consider the potential effects of drugs on the fetus or infant, which
can require special dosing guidelines.

6. Pharmacokinetics and Pharmacodynamics:

a. Pharmacokinetics: This refers to how the body absorbs, distributes, metabolizes, and eliminates drugs. Posology
takes into account factors like drug absorption rates, distribution volumes, metabolic pathways, and elimination
times.

b. Pharmacodynamics: This refers to the effects a drug has on the body. Posology must ensure the drug achieves
the intended effect without overloading the body or causing harmful reactions.
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7. Titration and Adjustments:

a. In some cases, drugs require titration, which means adjusting the dosage gradually to find the optimal dose for
a specific patient. This is common for drugs with a narrow therapeutic range or when a patient's condition
changes.

b. Adjustments are also made based on individual response or laboratory results (e.g., blood tests to monitor drug
levels).

8. Clinical Guidelines and Regulations:

a. Posology is guided by clinical pharmacology, which provides established protocols and standards for dosage in
various diseases and conditions. Regulatory authorities such as the FDA (Food and Drug Administration) or
EMA (European Medicines Agency) issue guidelines on proper drug dosing.

b. Manufacturers provide recommended dosage information based on clinical trials, but healthcare providers may
adjust these recommendations based on individual patient needs.

9. Personalization of Treatment:

a. Posology is increasingly moving toward personalized medicine, where the drug dosage is tailored to the genetic
makeup of the individual. This is especially relevant in the field of pharmacogenomics, where variations in
genes can affect how drugs are metabolized and how effective they are.

10. Overdose and Toxicity:

a. One of the most important aspects of posology is to ensure that the dosage does not exceed the amount that
could lead to toxicity. The risk of overdose is a critical concern, especially for drugs with a narrow therapeutic
window or in vulnerable populations.

Examples of Posology in Practice:

a. Pain management: Opioid dosages require careful posology to balance pain relief with the risk of addiction or
overdose.

b. Chemotherapy: Cancer treatments often require precise posology to ensure the drugs are effective without
causing excessive harm to healthy cells.

c. Diabetes: Insulin dosages must be adjusted based on blood sugar levels, diet, exercise, and other factors.
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DEFINITION OF POSOLOGY

Posology is the branch of pharmacology that focuses on the study of drug dosages, including the determination of the
correct dose, frequency, and duration of treatment required to achieve a desired therapeutic effect while minimizing the
risk of adverse effects or toxicity.

In essence, posology addresses:
1. The appropriate amount of a drug to be administered to achieve the intended effect.

2. The frequency of administration to ensure the drug remains effective without accumulating to dangerous
levels.

3. The duration of treatment to ensure the drug is used for the optimal period for maximum therapeutic benefit,
while preventing underuse or overuse.

Posology involves evaluating numerous factors such as the patient’s age, weight, health conditions, metabolism, and the
pharmacokinetic properties of the drug (e.g., absorption, distribution, metabolism, and elimination). It ensures that drug
therapy is both safe and effective for individual patients.

FACTORS AFFECTING POSOLOGY

Factors Affecting Posology are numerous and play a critical role in determining the correct drug dosage for a patient.
These factors must be considered to ensure the safety and efficacy of a medication. Here are the main factors that
influence posology:

1. Age:

a. Pediatrics: Children, especially infants, have developing organs, and their metabolism and organ function differ
significantly from adults. Posology takes into account age-specific dosages to avoid under or overdosing.

b. Geriatrics: Older adults often experience changes in metabolism, liver, and kidney function, making drug
clearance slower and requiring adjusted doses or frequencies to avoid toxicity.

2. Body Weight and Surface Area:

a. Drug dosages are often based on body weight (mg/kg) or body surface area (BSA). Obesity or malnutrition can
alter drug metabolism and pharmacokinetics, so adjusting dosages based on the individual’s weight or surface
area is essential for effective therapy.

3. Sex (Gender):

a. Men and women may metabolize drugs differently due to hormonal differences and variations in organ function.
For example, women might process certain drugs slower than men. This may necessitate gender-specific dosing
recommendations.

4. Genetics (Pharmacogenetics):

a. Genetic variations can affect how a person metabolizes drugs. Some individuals may have a genetic
predisposition to process medications more quickly (rapid metabolizers), while others may do so more slowly
(slow metabolizers). Pharmacogenetic testing can provide valuable insights for tailoring drug dosages to
individual genetic profiles.

5. Liver and Kidney Function:

a. Liver: The liver is the primary organ responsible for drug metabolism. Impaired liver function (e.g., cirrhosis)
can slow down the metabolism of drugs, requiring lower dosages to avoid toxicity.

b. Kidneys: The kidneys excrete many drugs or their metabolites. Renal insufficiency can lead to the accumulation
of drugs in the body, necessitating dose adjustments to prevent harmful buildup.

6. Health Conditions and Co-morbidities:

a. Chronic Diseases: Conditions such as diabetes, hypertension, or cardiovascular diseases can influence how a
drug is metabolized, absorbed, or eliminated, requiring modifications in the prescribed dosage.

b. Acute Illnesses: Infections or temporary conditions might alter drug metabolism or absorption, necessitating
dosage modifications.

c. Drug Interactions: Concurrent use of multiple drugs can alter the metabolism and efficacy of one or more of
the drugs. Some drugs may increase or decrease the effectiveness of others, requiring careful posological
adjustment to avoid negative interactions.
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7. Pregnancy and Lactation:

a. Pregnancy: During pregnancy, changes in the body (e.g., altered renal function, increased blood volume) can
affect drug absorption and metabolism. Medications must be carefully chosen, and dosages are often adjusted
to avoid harm to the fetus while maintaining maternal health.

b. Lactation: Many drugs can pass into breast milk, so posology must consider whether the drug poses any risk
to the infant. Certain drugs may be contraindicated during breastfeeding, while others may require modified
dosages.

8. PharmacoKkinetics:

a. Absorption: The rate at which a drug is absorbed into the bloodstream can vary depending on its formulation
(oral, intravenous, etc.), presence of food in the stomach, or gastrointestinal health.

b. Distribution: Factors like blood flow and protein binding affect how a drug is distributed throughout the body.
Certain health conditions (e.g., liver disease) can affect protein binding, leading to altered drug distribution.

c. Metabolism: The liver enzymes involved in drug metabolism (e.g., cytochrome P450) can affect how quickly
a drug is metabolized. Individuals with variations in these enzymes may require different dosages.

d. Excretion: The kidneys’ ability to excrete drugs influences how often and at what dose drugs should be given.
In cases of renal impairment, drug dosages must be adjusted to avoid accumulation.

9. Therapeutic Window:

a. Drugs have a specific range of plasma concentration (known as the therapeutic window) within which they are
effective without being toxic. The posology must ensure that the drug's concentration stays within this window,
considering both peak and trough levels. Narrow therapeutic windows require very precise dosing.

10. Route of Administration:

a. The way a drug is administered can affect its bioavailability, i.e., the amount of the drug that reaches the
bloodstream. Oral medications may be affected by factors like gastrointestinal pH and motility, while
intravenous drugs are absorbed directly into the bloodstream, leading to a more predictable effect.

11. Duration of Action:

a. Some drugs have a long duration of action, requiring less frequent dosing, while others may have a short half-
life, requiring more frequent administration. The required frequency and dosage must be tailored to the drug's
pharmacodynamic properties to ensure consistent therapeutic effects.

12. Environmental Factors:

a. Diet: Certain foods can influence the absorption or metabolism of drugs (e.g., grapefruit juice can inhibit the
metabolism of some drugs, leading to increased blood levels).

b. Lifestyle Factors: Smoking, alcohol consumption, and exercise can all alter the way drugs are processed in the
body, potentially requiring dose adjustments.

c. Temperature and Season: Extreme temperatures or seasonal changes (e.g., in the case of cold weather or heat)
may affect drug metabolism, requiring adjustments in dosing.

13. Tolerance and Sensitivity:

a. Over time, some patients may develop tolerance to a drug, meaning that the same dosage no longer produces
the desired effect. In such cases, dosages may need to be increased or alternative medications may be considered.

b. Conversely, some individuals may be more sensitive to certain medications and may require lower dosages to
achieve the desired therapeutic effect without adverse reactions.

14. Drug Formulation:

a. The physical form of a drug (e.g., tablet, liquid, patch) affects how it is absorbed and processed by the body.
Different formulations may require different dosages even for the same active ingredient.
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PEDIATRIC DOSE CALCULATIONS BASED ON AGE

Pediatric dosing is a critical aspect of posology because children are not simply “small adults.” Their
physiology, metabolism, and drug-processing abilities differ significantly and change rapidly with age. Therefore, age-
based dosing is one of the most commonly used approaches to estimate safe and effective drug dosages in children,
especially when other information (like weight or body surface area) is unavailable.

Why Pediatric Dosing Is Different
a. Immature liver and kidney function alters metabolism and excretion.
b. Different body water and fat composition affect drug distribution.
c. Variability in enzyme activity across developmental stages.

Age Classifications in Pediatrics

Understanding the classification of pediatric age groups helps apply the correct dose adjustment:

Age Group Age Range
Neonate Birth to 28 days
Infant 1 month to 1 year
Toddler 1to 3 years
Preschool child 3to 5 years
School-age child 6 to 12 years
Adolescent 13 to 18 years

Common Formulas for Pediatric Dose Calculation Based on Age

These formulas are empirical and used when specific pediatric dosage guidelines are not available. They should not
replace clinical judgment or manufacturer recommendations.

1. Young’s Rule (For Children Aged 1-12 Years)

A formula that uses the child’s age in years:

Age (in years)

Age . 12 X Adult dose

Child’s dose =

Example: 1f the adult dose of a drug is 200 mg and the child is 6 years old:

x 200 = % x 200 = 66.6 mg

)
Dose —
ose 6~ 12

2. Dilling’s Formula
Another age-based method, slightly simpler:

Age (in years)
20

Child’s dose = x Adult dose
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Example: For a 5-year-old child with an adult dose of 100 mg:

5
Dose = 20 X 100 = 25 mg

3. Cowling’s Rule
Uses the next birthday for better approximation:

Age at next birthday
24

Child’s dose = x Adult dose

Example: 1f a child is 3 years old, next birthday is 4:

Dose = 4 x Adult dose
24
Limitations of Age-Based Formulas
a. They don’t account for weight or body surface area, which are more accurate.
b. Can lead to under- or over-dosing, especially in malnourished or obese children.
c. Should be used only when weight or BSA data is not available.
Best Practice

Whenever possible, use weight-based dosing (mg/kg) or BSA-based dosing (mg/m?). These methods are safer and
more precise.

Key Considerations in Pediatric Dosing
a. Always consult standard pediatric references (e.g., Harriet Lane Handbook, BNF for Children).
b. Monitor for adverse drug reactions, as children may exhibit different side effects than adults.
c. Reassess dosing regularly, as children grow quickly.

PEDIATRIC DOSE CALCULATIONS BASED ON BODY WEIGHT

Body weight—based dosing is one of the most accurate and commonly used methods for calculating pediatric
drug doses. In pediatric posology, weight (measured in kilograms) plays a vital role in determining the correct dosage,
ensuring efficacy and safety while minimizing the risk of toxicity.

Why Use Weight-Based Dosing in Children?
a. Children have different pharmacokinetics (absorption, metabolism, distribution, excretion) than adults.
b. Dosing must be tailored to body size, as both underdosing and overdosing can be harmful.
c. Age-based formulas can be misleading in underweight or overweight children.

General Formula for Weight-Based Pediatric Dosing
Pediatric Dose (mg) = Dose per kg (mg/kg) x Body weight (kg)

a. The “mg/kg” dose is drug-specific and provided in standard pediatric references.

b. Dosing frequency (e.g., every 6 hours, twice a day) must also be followed as per clinical guidelines.
Example 1: Paracetamol (Acetaminophen)

a. Recommended pediatric dose: 10—15 mg/kg per dose every 4—6 hours

b. Child's weight: 20 kg
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Let’s calculate a single dose using 15 mg/kg:

Dose = 15 mg/kg x 20 kg = 300 mg

So, the child should receive 300 mg of paracetamol per dose.
Example 2: Amoxicillin
a. Recommended dose: 25 mg/kg/day divided into two doses
b. Weight: 16 kg

Total daily dose = 25 mg/kg/day x 16 kg = 400 mg/day

Each dose (twice daily) = ? = 200 mg

Step-by-Step Pediatric Weight-Based Dose Calculation

1. Check the standard dose per kg for the specific drug.

2. Multiply by the child’s weight in kg.

3. Divide by dosing frequency, if needed.

4. Ensure the result matches available formulations (e.g., syrup concentration).
Important Considerations
1. Maximum Dose Limit

a. Always compare the calculated dose with the maximum adult dose. Never exceed it, even if the formula
suggests a higher amount.

2. Weight Must Be in Kilograms
a. If the weight is provided in pounds:

Weight (Ib)

Weight (kg) = 55

3. Drug-Specific Variations
a. Some drugs have loading doses, maintenance doses, or age-adjusted doses.
b. Always use up-to-date references like:
i.  BNF for Childre
ii.  Harriet Lane Handbook
iii.  Lexicomp Pediatric Dosage Handbook
Why It’s Better Than Age-Based Dosing

a. More precise, especially in cases where age does not correlate with body mass (e.g., malnourished or obese
children).

b. Helps avoid toxicity or therapeutic failure.
Clinical Tip
For neonates and infants, further caution is needed:

a. Renal and hepatic immaturity affects drug clearance.

b. Some drugs have specific neonatal dosing guidelines based on postnatal age (PNA) or gestational age (GA).
PEDIATRIC DOSE CALCULATIONS BASED ON BODY SURFACE AREA

Body Surface Area (BSA)-based dosing is one of the most accurate methods for determining drug dosages in
children, particularly in critical care, chemotherapy, and for drugs with narrow therapeutic ranges. This method is
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superior to both age-based and weight-based dosing when precision is essential, because it reflects metabolic mass
more accurately than body weight alone.

Why Use BSA-Based Dosing in Pediatrics?

a. BSA correlates more closely with physiological functions like cardiac output, glomerular filtration rate (GFR),
and liver metabolism.

b. More accurate for infants, small children, and overweight children, where weight alone may misrepresent
metabolic capacity.

c. Essential for drugs where precise control of dosage is required (e.g., cytotoxic drugs, antivirals, steroids,
immunosuppressants).

Common Formula to Calculate Pediatric Dose Using BSA

BSA of Child (m”)

Child’s Dose = 173

x Adult Dose

1.73 m?is the standard BSA for an average adult. This formula adjusts the adult dose to the child’s BSA.
Calculating BSA (Body Surface Area)

There are several formulas, but the Mosteller formula is most widely used due to its simplicity:

BSA (m?) — \/ (Height (cm‘)3 gOSNeight (kg))

Example 1: Calculating BSA
a. Height =100 cm
b. Weight =20 kg

100 x 20

BSA = < 3600

) = v/0.555 ~ 0.745 m?

Example 2: Drug Dosage Using BSA
a. Adult dose of a medication = 300 mg
b. Child’s BSA = 0.745 m?
0.745
1.73

Pediatric dose = x 300 = 0.43 x 300 = 129 mg

So, the child would receive 129 mg of the drug.
Steps for BSA-Based Pediatric Dosing
1. Calculate BSA using the Mosteller formula.

2. Use the standard formula:

Pediatric Dose = Clnl;l—;:?)bA x Adult Dose

3. Adjust dosing schedule (e.g., once daily, twice daily) as per the drug’s pharmacokinetics.
4. Check the result against maximum pediatric limits and verify using drug reference sources.
Important Considerations

a. Accurate height and weight measurements are essential for BSA calculations.
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b. Use BSA-specific dosing only when required, such as:
i.  Chemotherapy agents (e.g., Methotrexate, Vincristine)
ii.  Certain antibiotics (e.g., Vancomycin in critical care)
iii.  Immunosuppressants
c. Double-check dosage with standard pediatric dosing references.
d. Monitor for side effects especially with narrow therapeutic index drugs.

Advantages of BSA-Based Dosing

Feature Advantage

Accuracy Reflects physiological function more closely

Personalized Accounts for size and metabolic capacity

Safer for high-risk drugs Used in chemotherapy, critical care, transplant medications

MULTIPLE CHOICE QUESTIONS (MCQs)

1. The term ‘Posology’ is derived from which Greek word meaning “how much”?
a) Pharmakon
b) Posos
c) Logos
d) Dosis
2. Posology is primarily concerned with:
a) Drug formulation
b) Study of drug dosages
¢) Drug marketing
d) Drug storage
3. Which factor MOST significantly affects pediatric drug dosing?
a) Age alone
b) Body temperature
c¢) Body weight and surface area
d) Eye color
4. The minimum drug quantity required to produce therapeutic effect is called:
a) Toxic dose
b) Lethal dose
¢) Minimum effective dose
d) Loading dose
5. The range between minimum effective concentration and toxic concentration is called:
a) Pharmacodynamic window
b) Therapeutic window
¢) Titration zone
d) Half-life
6. Dosage adjustment is MOST critical in which group?
a) Adolescents
b) Adults
¢) Geriatrics
d) Athletes
7. Which organ is primarily responsible for drug metabolism?
a) Kidney
b) Heart
c¢) Liver
d) Pancreas
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10.

11.

12.

13.

14.

15.

16.

17.

18.

In renal impairment, drug doses should be:
a) Increased

b) Decreased

c¢) Not changed

d) Doubled

Young’s rule for pediatric dosing is based on:
a) Weight

b) Age

c) BSA

d) Genetic testing

The BSA of a child is used for dosing especially in:
a) Antacids

b) Vitamins

¢) Chemotherapy

d) Herbal medicines

The Mosteller formula is used to calculate:
a) Weight

b) BMI

c) BSA

d) Height

Rapid metabolizers require:

a) Lower doses

b) Higher doses

c¢) No drug

d) Only IV drugs

Titration of dose means:

a) Giving maximum dose at once

b) Adjusting the dose gradually

¢) Stopping the drug suddenly

d) Giving drug through IV only

Which of the following affects bioavailability?
a) Route of administration

b) Drug color

c¢) Bottle size

d) Time of purchase

Grapefruit juice causes:

a) Increased metabolism

b) Decreased drug metabolism

¢) No effect

d) Immediate toxicity of all drugs
Cowling’s rule uses:

a) Age at last birthday

b) Age at next birthday

c¢) Weight

d) Height

The dose that may cause death in 50% of subjects is:
a) ED50

b) LD50

¢) TD50

d) MD50

In pregnancy, dosage must be adjusted due to:
a) Increased liver size

b) Increased plasma volume

¢) Decreased metabolism

d) Increased drug stability
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19.

20.

For neonates, drug clearance is generally:

a) Higher

b) Lower

¢) Same as adults

d) Unpredictable

The safest and most accurate method for pediatric dosage calculation is:
a) Age-based

b) Height-based

c) BSA-based

d) Guessing-based

SHORT ANSWER QUESTIONS

1. Define posology.

2. List any four factors affecting posology.

3. What is meant by therapeutic dose?

4. Define minimum effective dose.

5. What is a toxic dose?

6. Give two examples of conditions requiring dosage adjustment.

7. Why is pediatric dosing different from adult dosing?

8. What is Young’s rule?

9. What is the formula for calculating dose using BSA?

10. Define body surface area (BSA).

11. What is the Mosteller formula?

12. Why is BSA dosing important in chemotherapy?

13. Define titration of dose.

14. How does renal failure affect drug dosing?

15. What is meant by therapeutic window?

16. Name two environmental factors affecting drug dosing.

17. What is pharmacogenetics?

18. Why are elderly patients more prone to drug toxicity?

19. What is meant by loading dose?

20. What precautions are needed in pregnancy-related dosing?

LONG ANSWER QUESTIONS

1. Explain posology in detail, including its definition, objectives, and importance.
2. Describe all the factors affecting posology with suitable examples.

3. Discuss pediatric dose calculations based on age with formulas and examples.

4. Explain weight-based pediatric dosing with formulas, advantages, and examples.
5. Describe BSA-based pediatric dosing, including the Mosteller formula and clinical applications.
6. Explain the influence of pharmacokinetics (ADME) on drug dosing.

7. Discuss how age affects drug dosage: pediatrics, adults, geriatrics.

8. Describe the importance of therapeutic window and consequences of overdose/underdose.
9. Explain titration and adjustment of drug dosages with clinical examples.

10. Describe the effect of special populations (pregnancy, liver disease, kidney disease) on drug dosing.
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ANSWER KEY (MCQs)
1
2
3,
4,
5
6
7
8

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
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CHAPTER 5
PHARMACEUTICAL CALCULATIONS

INTRODUCTION:

Pharmaceutical calculations are essential mathematical operations used in the preparation and dispensing of

medications. These calculations ensure that patients receive the correct dosage of medications, that drug formulations
are accurate, and that pharmaceutical practices maintain both safety and efficacy. It forms a foundational part of
pharmacy education and practice, as even small errors can have serious consequences for patient health.

Importance of Pharmaceutical Calculations

1.

A

Accurate Dosage: Ensures patients receive the correct amount of active drug substance.
Drug Formulation: Helps pharmacists prepare correct drug concentrations and mixtures.
Compounding and Dispensing: Supports the preparation of customized drug formulations.
Patient Safety: Prevents overdoses, underdoses, or adverse reactions due to miscalculations.

Regulatory Compliance: Meets industry standards for pharmaceutical manufacturing and practice.

Key Areas of Pharmaceutical Calculations

L.

Units and Conversions
a. Metric, apothecary, and household systems
b. Converting between units (e.g., mg to g, mL to L)
Percentage Calculations
a. Weight-in-volume (w/v), volume-in-volume (v/v), and weight-in-weight (w/w)
b. Used for solutions, suspensions, and ointments
Dosage Calculations
a. Based on body weight (mg/kg) or body surface area (BSA)
b. Pediatric and geriatric dose adjustments
Dilution and Concentration
a. Calculating final concentrations
b. Using the formula CiV: = C.V: for dilutions
Allegation Method
a. A method for mixing two solutions of different concentrations to achieve a desired concentration
Molarity, Molality, and Normality
a. Used in preparing chemical solutions for testing or treatment
Isotonicity and Osmolarity
a. Calculations to ensure intravenous and ophthalmic solutions are physiologically compatible
Milliequivalent (mEq) Calculations
a. Used for electrolyte solutions (e.g., Na*, K*, Cl")
Infusion Rate Calculations
a. Flow rates in mL/hr or drops/min

b. Critical in intravenous therapy

10. Powder Blending and Compounding

a. Ratio strength, density, and volume displacement factor
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Real-World Applications

1. Hospital Pharmacy: Accurate IV fluid preparation, chemotherapy dosing, and TPN (Total Parenteral Nutrition)

solutions.

2. Community Pharmacy: Reconstitution of antibiotics, compounding creams, or suspensions.

3. Industrial Pharmacy: Batch scaling, quality control, and compliance with GMP (Good Manufacturing

Practices).

WEIGHTS AND MEASURES - IMPERIAL SYSTEM

The Imperial system (also called the British Apothecary system) was traditionally used in pharmaceutical
and medical practice in many English-speaking countries. While it's largely been replaced by the metric system,
knowledge of the Imperial system is still necessary for understanding older prescriptions, textbooks, and certain contexts

where it remains in use.

1. Apothecary (Imperial) Units of Weight

Unit Abbreviation
Grain gr

Scruple 3

Dram (Drachm) 3

Ounce z

Pound b

Equivalent (Approx.)

1 grain = 64.8 mg

1 scruple = 20 grains

1 dram = 3 scruples = 60 gr

1 ounce = 8 drams = 480 gr

1 pound =12 0z = 5760 gr

Note: In modern practice, 1 grain = 64.8 mg (commonly approximated as 65 mg for ease).

2. Apothecary (Imperial) Units of Volume

Unit

Minim

Fluid dram

Fluid ounce

Pint

Quart

Gallon
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Abbreviation

m,

flz

fI3

pt

gt

gal

Equivalent (Approx.)

T minim = 0.0616 mL

1 flz = 60 minims = 3.696 mL

1113 = 8 flz = 29.57 mL

1pt=16f1F = 473 mL

Tgt=2pt=946mL

1gal =4 qt=3785mL



3. Conversions Between Imperial and Metric

Imperial Unit Metric Equivalent (Approx.)
1 grain 64.8 mg

1 ounce (weight) 2835¢g

1 pound (weight) 45369

1 fluid ounce 29.57 mL

1 pint 473 mL

1 quart 946 mL

1 gallon 3.785L

4. Common Household Equivalents (Sometimes encountered in prescriptions)

Household Unit Approximate Metric Equivalent
1 teaspoonful 5mL

1 tablespoonful 15 mL

1 wineglassful 60 mL

1 teacupful 120 mL

1 tumblerful 240 mL

5. Practical Use in Calculations
Example 1: Convert 2 grains to milligrams
1 grain = 64.8 mg So, — 2 grains =2 x 64.8 = 129.6 mg
Example 2: Convert 3 fluid ounces to milliliters
1l 0z=29.57 mL — 3 fl oz=3 x29.57 =~ 88.71 mL
6. Relevance Today
Although no longer the standard, the Imperial system:
a. Isseen in legacy prescriptions, old compounding books, or traditional compounding pharmacy.
b. Is occasionally used in veterinary, homeopathic, or UK-based pharmacy practices.
For modern pharmacy practice, it’s crucial to:
a. Understand and convert accurately between Imperial and metric systems.
b. Know when standard rounding rules apply for dosing precision.
WEIGHTS AND MEASURES -METRIC SYSTEM

The metric system is the globally accepted and standardized system used in pharmaceutical calculations. It offers
simplicity, accuracy, and uniformity, which are crucial for drug formulation, dispensing, and patient safety.
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1. Metric Units of Weight (Mass)

Unit Symbol Relationship
Kilogram kg 1 kg = 1000 grams
Gram g Base unit
Milligram mg 1g = 1000 mg
Microgram Hg 1 mg = 1000 ug
Nanogram ng 1 pg = 1000 ng

Practical Tip: Always express doses in the smallest practical unit (e.g., use mg or pug instead of g).

2. Metric Units of Volume

Unit Symbol Relationship
Liter L Base unit
Milliliter mL 1L =1000 mL
Microliter pL 1 mL = 1000 pL

Common Usage: Liquid medications are often dosed in mL, IV solutions in L, and lab values in pL or nL.

3. Metric Units of Length (used in dermatology, wound measurement, etc.)

Unit Symbol Relationship
Meter m Base unit
Centimeter cm 1m =100 cm
Millimeter mm Tcm =10 mm

4. Prefixes in the Metric System (used for scaling units)

Prefix Symbol Factor

kilo- k % 1,000

hecto- h x 100

deca- da x 10

deci- d +10

centi- c + 100

milli- m + 1,000

micro- u + 1,000,000
nano- n + 1,000,000,000
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5. Key Pharmaceutical Conversions

Conversion Value

1 kg 1000 g
19 1000 mg
1mg 1000 pg
1L 1000 mL
1T mL 1000 pL
Tcm 10 mm

6. Practical Examples
Example 1: Convert 0.5 g to mg
1g=1000 mg — 0.5 g=0.5 x 1000 = 500 mg
Example 2: A prescription reads “Paracetamol 650 mg.” How many grams is that?
1g=1000 mg — 650 mg =650 + 1000 = 0.65 g
Example 3: You need to administer 2.5 mL of an injection. How many pL is that?
1 mL =1000 pL. — 2.5 mL = 2.5 x 1000 = 2500 pL
7. Metric System Advantages in Pharmacy
a. Decimal-based system: Simple to scale up or down.
b. Minimizes errors: No complex conversions like in imperial or apothecary systems.
c. Globally standardized: Used in scientific, clinical, and industrial settings.
d. Easy integration with digital and automated systems.

8. Common Metric Dosing Units in Practice

Type of Medication Common Unit Used
Oral tablets mg, Hg

IV fluids mL, L

Inhalers Hg per puff

Insulin Units (but in mL volume)
Creams/Ointments g

Syrups mg/mL, mL

9. Best Practices

a. Use leading zeros (e.g., 0.5 mg), but never trailing zeros (e.g., write 2 mg, not 2.0 mg).
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b. Double-check units when converting (especially between mg and pg).
c. For children and elderly, use body weight-based dosing (e.g., mg/kg).
CALCULATIONS INVOLVING PERCENTAGE SOLUTIONS WITH EXAMPLE

In pharmacy, percentage solutions are used to express the concentration of a drug in a preparation. It is one of the
most common and practical methods used for liquid and semi-solid formulations such as creams, ointments, syrups, and
injections.

1. Types of Percentage Concentrations

Percentage concentrations describe how much of a drug (solute) is present in a given amount of solution or mixture
(solvent + solute).

Type Definition Example

% w/v Weight in Volume: g of solute per 100 mL 5% w/v = 5 g in 100 mL

% v/v Volume in Volume: mL of solute per 100 mL 10% v/v = 10 mL in 100 mL
% w/w Weight in Weight: g of solute per 100 g 2% w/w=2gin100g

2. Formulas for Percentage Solutions

1. % w/v — \text{Concentration (% w/v)} = \left( \frac{\text{Weight of solute (g)}} {\text{Volume of solution
(mL)}} \right) \times 100

2. % v/v — \text{Concentration (% v/v)} = \left( \frac {\text{Volume of solute (mL)} } {\text{Volume of solution
(mL)}} \right) \times 100

3. % w/w — \text{Concentration (% w/w)} = \left( \frac{\text{Weight of solute (g)}}{\text{Total weight of
solution (g)}} \right) \times 100

3. Common Applications in Pharmacy
a. Injectable solutions (e.g., 2% lidocaine)
b. Topical creams/ointments (e.g., 1% hydrocortisone)
c. Oral liquids (e.g., 5% dextrose IV fluid)
4. Detailed Examples
Example 1 — % w/v
Q: How many grams of sodium chloride are needed to prepare 250 mL of a 0.9% w/v solution?

Solution: Use the formula:

\text{Amount of solute (g)} = \frac{\text{% w/v} \times \text{Volume (mL)}}{100}

- 0.9 x 250 B 225 _ 295
~ 100 100 =228
Example 2 — % v/v
Q: How much ethanol (in mL) is needed to make 1000 mL of a 70% v/v solution?
Solution:
70 x 1000
Amount of ethanol = oo - 700 mL
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Example 3 — % w/w
Q: How many grams of salicylic acid are needed to prepare 200 g of a 2% w/w ointment?

Solution:

2200

A t of salicylic acid =
mount of salicylic aci 100

4g

5. Reverse Calculations (Finding % concentration)
Q: A solution contains 3 g of drug in 150 mL. What is the % w/v?
Solution:

3

fow/v = (150

)><100:2%

6. Dilution Using Percentage Solutions
If you need to dilute a stock solution to a lower percentage, use:
CiVi=CV;
Where:
a. Ci = initial concentration
b. Vi =volume of stock solution
c. C: = final concentration
d. V2= final volume of diluted solution

Example: How much of a 10% w/v solution is needed to make 100 mL of a 2% solution?

200
1()-V1:2-10()=>V1=W:

— Use 20 mL of 10% solution and dilute with 80 mL of solvent to get 100 mL of 2% solution.
7. Tips for Accurate Calculations

a. Always label units clearly.

b. Check whether the question asks for grams, milliliters, or percent.

c. Watch for density if converting between w/w and w/v (not needed unless specified).

d. Use C:iV:1= C:V: when diluting or mixing two solutions of different strengths.
CALCULATIONS INVOLVING ALLEGATION WITH EXAMPLE

Allegation is a simple and quick arithmetic method used in pharmacy to calculate how to mix two components
of different concentrations to obtain a desired concentration. It is especially useful when compounding medications from
available stock solutions.

1. Definition

Allegation is a method used to determine the proportion or quantity of two solutions or ingredients with known
concentrations that must be mixed to obtain a desired concentration.

It applies to:
a. % w/v, % v/v, % w/w solutions

b. Mixing two strengths of the same drug
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2. Basic Allegation Setup (Allegation Medial)

When two concentrations are mixed to produce a third, the setup is:

Higher Strength (Ci) > A
\
\
- Desired Strength (C)
/
/
Lower Strength (C3) - B

Difference across:

B=C- Cs

Then,

Parts of Higher Strength : Parts of Lower Strength=B:A\text{Parts of Higher Strength : Parts of Lower Strength} =B :
AParts of Higher Strength : Parts of Lower Strength=B:A

3. Allegation Method Formula Summary

Let:
a. Ci = higher concentration
b. Cz=lower concentration
c. C=desired concentration
d. A =parts from C: (weaker)

e. B =parts from C: (stronger)
Ci1 - C = parts of weaker (A)

C - C: = parts of stronger (B)

Then mix in ratio:

Ci:C:=B:A

4. Step-by-Step Example

Example — % w/v Allegation

Q: How many parts of a 10% and a 2% solution are needed to prepare 100 mL of a 5% solution?

Step 1: Set Up Allegation Grid
10

\ > Desired = 5

Now subtract diagonally:
a. 10 -5=S5 parts (from 2% solution)
b. 5-2=3 parts (from 10% solution)
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So, Ratio =3 (10%) : 5 (2%)
Step 2: Add Total Parts
3 + 5 =8 parts total
Step 3: Find Each Volume
We want to make 100 mL total.
a. Volume of 10% solution = 38x100=37.5 mL
b. Volume of 2% solution = 58x100=62.5 mL
Final Answer:
a. Mix 37.5 mL of 10% solution with 62.5 mL of 2% solution to make 100 mL of 5% solution.
5. Another Example — Solid Mixture (w/w)
Q: How many grams of 8% and 2% zinc oxide ointment should be mixed to prepare 50 g of a 6% ointment?

Step 1: Allegation Grid

> Desired = 6

a. 8-6=2 parts (from 2%)
b. 6 -2 =4 parts (from 8%)
Ratio: 4 (8%) : 2 (2%) =2:1
Step 2: Total parts=2+1=3
To make 50 g:
a. 8% ointment =23x50=33.33 g\frac{2} {3} \times 50 = 33.33 \text{ g}32x50=33.33 g
b. 2% ointment = 13x50=16.67 g\frac{1} {3} \times 50 = 16.67 \text{ g}31x50=16.67 g
Final Answer:
a. Mix 33.33 g of 8% with 16.67 g of 2% to prepare S50 g of 6% ointment.
6. Key Advantages of Allegation
a. Simple ratio-based method
b. Avoids algebraic calculations
c. Works for both liquid and solid preparations
d. Time-saving in compounding practice
7. Tips and Best Practices
a. Always ensure Ci > C>C;
b. Keep units consistent (mL with mL, g with g)
c. Total parts = sum of parts from both solutions
d. Use the method only when mixing two concentrations of the same ingredient
CALCULATIONS INVOLVING PROOF SPIRIT WITH EXAMPLE

In pharmacy and pharmaceutical preparations, proof spirit is a traditional measure of the strength of alcoholic
solutions, particularly ethanol. Understanding and converting proof strength to percentage and vice versa is important
for preparing tinctures, spirits, and other ethanol-based formulations.
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1. Definition of Proof Spirit
Proof Spirit refers to:
a. A solution of alcohol (ethanol) with a specific strength.
b. In the British Imperial System, 100° proof is defined as a solution containing 57.1% v/v ethanol.
So, 100 proof = 57.1% v/v alcohol
From this base:
a. If alcohol strength > 57.1% — called Overproof
b. Ifalcohol strength < 57.1% — called Underproof

2. Common Terms

Term Meaning

Proof spirit 57.1% v/v ethanol
Overproof Stronger than proof spirit
Underproof Weaker than proof spirit

3. Important Conversion Formulas

To convert % v/v alcohol to proof degrees:

. 100
Proof = Strength in % v/v x ——
‘ 57.1
To convert proof degrees to % v/v alcohol:
57.1
% v /v Alcohol = Proof x ——
/ 100
4. Examples of Calculations
Example 1: Convert 40% v/v alcohol to proof spirit
100 ~
Proof = 40 x —— =40 x 1.75 =|70" Proof
57.1
So, 40% alcohol is 70° proof (Underproof).
Example 2: Convert 140° Proof to % v/v
o 57.1 >
70Alcohol = 140 x 100 = 79.94%w /v

So, 140° proof = 79.94% alcohol (Overproof).
Example 3: A spirit contains 45.68% v/v alcohol. What is its proof strength?

100
Proof = 45.68 x —— = |80 Proof
57.1

5. Application in Pharmacy
a. Used when preparing alcoholic tinctures (e.g., Tincture of iodine)

b. To determine appropriate dilution of ethanol
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c. Alcohol strength affects solubility, preservation, and volatility of drugs

6. Alcohol Strength and Pharmaceutical Use

% Alcohol (v/v) Approx. Proof Use in Pharmacy

95% 166° Absolute alcohol, used as solvent

70% 122° Disinfectants, hand sanitizers

45% 78.8° Tincture preparation

20% 35° Preservative in oral liquid formulations

7. Example of Use in Preparation
Q: How much alcohol of 95% v/v should be mixed with water to prepare 500 mL of 45% v/v alcohol?
Use C1Vi1 = C;V; formula:

Let:

1. Ci=95%

2. Cz = 45%

3. V2=500mL

4, V=7

22500
95-V, =45-500 = V; = oF =236.84 mL

So, mix:

a. 236.84 mL of 95% alcohol
b. with 263.16 mL of water to make S00 mL of 45% alcohol
8. Tips and Notes
a. In pharmacy, % v/v is commonly used; proof is more historical but still appears in reference texts.

b. Always clarify whether using British Proof System (57.1%) or US Proof System (50%). The examples above
use British (imperial) system.

c.  When compounding, rely on % v/v for accuracy in formulations.
CALCULATIONS INVOLVING ISOTONIC SOLUTIONS BASED ON FREEZING POINT WITH EXAMPLE

In pharmaceutical science, isotonic solutions are critical for preparing medications for ocular, intravenous (IV),
intranasal, and parenteral use. The freezing point depression method is one of the most precise approaches to
calculating tonicity adjustments.

1. What Is an Isotonic Solution?

An isotonic solution has the same osmotic pressure as that of body fluids (e.g., blood plasma, tears). This ensures:
a. No cell swelling or shrinking
b. No tissue irritation upon administration

2. Freezing Point of Body Fluids
a. Normal freezing point of blood/tears = -0.52°C

b. An isotonic solution must also have a freezing point depression of 0.52°C
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3. Freezing Point Depression Method (Cryoscopic Method)
The principle:

a. The depression of freezing point (ATf) is proportional to the total number of solute particles in the
solution.

4. Key Formula

Required amount of substance = (WT_G)

Where:
a. a= Freezing point depression of the drug solution (per 1% concentration)
b. b = Freezing point depression of NaCl per 1% solution (= 0.576°C)
c. 0.52 = Freezing point of blood/tear

5. Another Common Formula

Then,

NaCl needed (g) = (0.9% x volume) — (amount of drug x E-value)

a. 0.9% NaCl is isotonic with body fluids
b. E-value helps convert drug weight into its NaCl equivalent
6. Step-by-Step Example
Example: Adjust Tonicity of 1% Morphine Sulfate Ophthalmic Solution
Given:
a. Freezing point depression of 1% morphine sulfate = 0.08°C
b. NaCl causes 0.576°C depression per 1%
c. You want to prepare 20 mL isotonic solution.
Step 1: Determine how much more depression is needed
Target ATf = 0.52°C
Current ATf = 0.08°C
Required depression = (0.52 - 0.08 = 0.44°C

Step 2: Use NaCl to provide the remaining depression

Use:
.. (044 o
NaCl required = (0.576) x 1% = 0.7639%
In 20 mL:
Amount of NaCl = 0':(?(?9 x 20 =10.1528 g
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Final Answer:
Add 0.153 g of NaCl to 1% morphine sulfate solution in 20 mL to make it isotonic.
7. Another Example Using E-value

You have 0.5 g of a drug with an E-value of 0.18. How much NaCl should be added to make 30 mL of isotonic
solution?

Use:

NaCl needed = (0.9% x 30) — (0.5 x 0.18)

=0.27 — 0.09 = 0.18 g NaCl

8. Practical Applications

a. Eye drops, nasal sprays, injectables

b. Prevents cell damage, pain, and irritation

c. Essential in parenteral and ophthalmic preparations
9. Tips for Accuracy

a. Always check if the drug already contributes to tonicity

b. Use E-values if available for quicker calculations

c. Account for volume — use in mL unless stated otherwise

d. Avoid overcorrection (hypertonic can also cause issues)
CALCULATIONS INVOLVING MOLECULAR WEIGHT WITH EXAMPLE

Understanding and using molecular weight (MW) is foundational in pharmaceutical sciences. It's crucial for
determining dosages, concentrations, drug formulations, and conversion between moles and grams.

1. Definition: Molecular Weight (MW)

Molecular weight is the sum of the atomic weights of all atoms in a molecule. It is expressed in grams per mole
(g/mol).

MW=} (atomic weights of all atoms in the molecule)\text{MW} = \sum (\text{atomic weights of all atoms in the
molecule} )MW=} (atomic weights of all atoms in the molecule)

a. It tells us how much 1 mole of a substance weighs in grams.
2. Importance in Pharmacy

a. Convert moles <> grams

b. Prepare molar or millimolar solutions

c. Calculate dosages based on molar concentrations

d. Determine drug equivalency
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3. Common Atomic Weights

Element Symbol Atomic Weight
Hydrogen H 1.008
Carbon C 12.01
Nitrogen N 14.01
Oxygen 0O 16.00
Sodium Na 22.99
Chlorine a 35.45

4. Basic Formulas

1. Moles = Mass / Molecular Weight

grams
MW

mol =

2. Mass = Moles x Molecular Weight
grams = mol x MW

3. Molarity (mol/L) = Mass (g) / (MW x Volume in L)

5. Example 1: Calculate the molecular weight

a. What is the molecular weight of Sodium Chloride (NaCl)?
i. Na=22.99
ii. Cl=3545

MW of NaCl = 22.99 + 35.45 = | 58.44 g/mol

6. Example 2: How many grams of NaCl are required to prepare 250 mL of a 0.9% solution?

0.9% w/v=0.9 gin 100 mL So, in 250 mL:

09¢g

950 mL = [2.2
ToomL ~ °V* o8

(No molecular weight needed here, but MW is needed for molar solutions, as below.)
7. Example 3: How many grams of Glucose (CsH120s) are required to prepare 500 mL of 0.2 M solution?
i. MW of Glucose = (6x12.01) + (12x1.008) + (6x16.00) = 72.06 + 12.096 + 96 = 180.16 g/mol
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Use:

mass = mol x MW

mol = 0.2mol/L x 0.5L = 0.1 mol

mass = (0.1 x 180.16 = |18.016 g

8. Example 4: How many millimoles are in 5 g of CaCl.?
i. MW of CaCl. =40.08 + (2 x 35.45) =110.98 g/mol

mol = 11098 — 0.045mol = |45 mmol
9. Application in Pharmacy
Application Role of MW
Dosage calculation Convert between moles and grams
IV fluid preparation Molar or isotonic concentration
Electrolyte solutions Calculate milliequivalents (mEq)
Biochemical assays Determine molar concentrations

10. Tips for MW Calculations
i.  Always check units (convert mL to L if needed)
1. Know common molecular weights (NaCl, Glucose, KCI, etc.)
iii.  Use a periodic table for complex compounds

iv.  Forions, MW helps in calculating mEq and osmolarity
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MULTIPLE CHOICE QUESTIONS (MCQs)

1. The Imperial “grain” is approximately equal to:
a) 50 mg
b) 60 mg
c) 64.8 mg
d) 75 mg
2. One fluid ounce (fl 0z) is approximately:
a) 10 mL
b) 15 mL
¢) 20 mL
d) 29.57 mL
3. Which of the following is a metric unit of weight?
a) Dram
b) Grain
¢) Gram
d) Minim
4. 0.5 gisequal to:
a) 5 mg
b) 50 mg
¢) 500 mg
d) 5000 mg
5. 2.5 mL equals how many microliters (uL)?
a) 25 uL
b) 250 uL
c¢) 2500 pL
d) 25,000 pL
6. A 5% w/v solution contains:
a)5gin 10 mL
b) 5 gin 100 mL
¢) 50 gin 100 mL
d) 5 mg in 100 mL
7. % v/v refers to:
a)gperg
b) mL per mL
¢) g per mL
d) mL per g
8. To prepare dilutions, which formula is used?
a) EDso
b) LDso
C) CiVi=CaVs
d) A=B/C
9. Allegation method is used for:
a) Calculating molecular weight
b) Preparing isotonic solutions
¢) Mixing two concentrations of the same drug
d) Converting mg to g
10. In an allegation setup, the difference between the higher concentration and desired concentration represents:
a) Parts of weaker solution
b) Total solution
c¢) Parts of stronger solution
d) Required volume
11. British proof spirit (100° proof) equals:
a) 40% alcohol
b) 45% alcohol
¢) 50% alcohol
d) 57.1% alcohol
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Proof degrees are converted to % v/v alcohol by multiplying by:

a) 0.571

b) 1.75

c)2

d) 0.1

Freezing point of body fluids is:
a) —0.20°C

b) —0.45°C

c) —0.52°C

d) —-1.0°C

A solution is isotonic when its freezing point depression equals:

a) 0.20°C

b) 0.40°C

c) 0.52°C

d) 1.00°C

NaCl depresses freezing point by approximately:
a) 0.25°C per 1%

b) 0.50°C per 1%

¢) 0.576°C per 1%

d) 1.00°C per 1%

E-value represents:

a) Molecular weight

b) NaCl equivalent of a drug

¢) Specific gravity

d) Alcohol proof

Molecular weight of NaCl is:

a) 35 g/mol

b) 58.5 g/mol

c¢) 100 g/mol

d) 110 g/mol

A 0.2 M solution contains:

a) 0.2 mgper L

b) 0.2 moles per L

¢) 2 moles per L

d) 20 g per L

The formula to calculate moles is:
a) Mass x MW

b) Volume/MW

c) Mass/MW

d) MW/Volume

Advantage of the metric system is:
a) Complex conversions

b) Based on fractions

c¢) Used only in USA

d) Decimal-based & easy scaling

SHORT ANSWER QUESTIONS

000N LR W

10
11.

Define pharmaceutical calculations.

Why are accurate calculations essential in pharmacy practice?
What is the value of 1 grain in milligrams?
Convert 2 fluid ounces to milliliters.

State the formula for percentage w/v calculation.
What is meant by % v/v solution?

Give one example of % w/w preparation.

State the dilution formula.

What is the principle of allegation?

What does 100° proof spirit represent?

Convert 40% alcohol into proof strength.
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12.
13.
14.
15.

What is the freezing point of blood and tears?

Name the formula used to calculate required NaCl for isotonicity.
What is an E-value?

Define molecular weight.

16. Calculate the molecular weight of water (H20).

17. What is molarity?

18. State one application of mEq calculation.

19. Give one practical use of isotonic solution calculations.

20. Why is the metric system preferred in pharmacy?

LONG ANSWER QUESTIONS

1. Describe in detail the importance of pharmaceutical calculations in pharmacy practice.

2. Explain the Imperial (apothecary) system of weight and volume, including conversions and examples.
3. Discuss the metric system used in pharmaceutical calculations with units, prefixes, and examples.
4. Explain percentage solution calculations (% w/v, % v/v, % w/w) with detailed solved examples.

5. Describe the dilution formula (C:V: = C2V2) with appropriate pharmaceutical examples.

6. Explain the allegation method step by step with problems involving liquid and solid preparations.

7. Discuss proof spirit calculations, including overproof, underproof, formulas, and worked examples.
8. Explain isotonic solution calculations using freezing point depression and E-value methods with examples.
9. Describe molecular weight calculations, molarity, and mole—gram conversions with examples.

10. Discuss real-world applications of pharmaceutical calculations in hospital, community, and industrial pharmacy.
ANSWER KEY (MCQs)

1. ¢

2. d

3. ¢

4. ¢

5. ¢

6. b

7. b

8. ¢

9. ¢

10. a

11.d

12. a

13. ¢

14. c

15. ¢

16. b

17. b

18. b

19. c

20. d
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CHAPTER 6
POWDERS

INTRODUCTION:

Powders are finely divided solid particles, typically less than 1,000 micrometers (1 mm) in diameter. They
represent a unique state of matter with distinct physical, mechanical, and processing behaviors compared to bulk solids
and fluids. Powders are commonly encountered in various industries, including pharmaceuticals, food, cosmetics,
chemicals, and metallurgy.

Key Characteristics of Powders
1. Particle Size and Distribution
a. Powder particles vary in size and are often classified using mesh sizes or microns.

b. The distribution of particle sizes (monodisperse vs. polydisperse) influences flowability, mixing, and
compaction.

2. Shape and Surface Texture
a. Particles can be spherical, irregular, fibrous, or flake-like.
b. Surface roughness affects flow properties and packing density.
3. Bulk and Tapped Density
a. Bulk density is the mass of powder per unit volume, including voids between particles.

b. Tapped density is measured after mechanically tapping the container, reducing the volume due to
rearrangement.

4. Flow Properties
a. Powders may exhibit poor or excellent flow depending on cohesion, moisture content, and particle size.
b. Measured using angle of repose, Hausner ratio, and Carr’s index.
5. Compressibility and Compactibility
a. Important in tablet formation and powder metallurgy.
b. Powders should deform under pressure without cracking or separating.
6. Moisture Content and Hygroscopicity
a. Powders may absorb moisture from the environment, affecting stability and flow.
b. Requires proper storage and handling.
Behavior of Powders
1. Powders behave differently than liquids or solid masses:
a. Segregation: Larger or denser particles may separate during mixing or transport.
b. Caking: Moisture or pressure can cause particles to bond and form lumps.
c. Electrostatic Charging: Fine powders can become charged during handling, affecting flow and safety.
Applications of Powders

1. Pharmaceuticals — Active ingredients and excipients are often used in powder form for tablets, capsules, and
inhalers.

Food Industry — Products like flour, milk powder, and spices are handled in powder form.
Metallurgy — Powder metallurgy uses metal powders to fabricate components.

Cosmetics — Face powders, pigments, and other formulations are commonly powder-based.

wok wn

Construction — Cement, lime, and other materials are used in powdered form.
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Start: Preparation of Simple Powders

1

Selection of Ingredients

4

l Sizing of Ingredients I

1
| Mixing |
1
Packaging I
1

End

DEFINITION OF POWDER

A powder is defined as a dry, bulk solid composed of a large number of fine particles that may flow freely
when shaken or tilted. Each individual particle retains the properties of the solid phase, but when present in bulk,
powders behave more like fluids due to the interaction between particles.

Key Elements of the Definition:

1. Dry Solid Material: Powders are composed of solid particles, usually in a dry state (low moisture content).

2. Fine Particles: Particle sizes typically range from a few nanometers to several millimeters, often classified

as:

a.
b.
c.

d.

Coarse powders: >355 pm
Moderate powders: 180—355 um
Fine powders: 125-180 pm
Very fine powders: <125 um

3. Bulk Behavior: When many particles are present together, they exhibit unique bulk properties—such as
compressibility, porosity, and flowability—that differ from single-particle behavior.

4. Flow-like Characteristics: While powders are solids, they can flow like liquids under gravity or vibration,
although with resistance due to interparticle friction and cohesion.

5. Interparticle Interactions:

Powders are influenced by:

a.
b.
C.
d.

Frictional forces
Van der Waals forces
Electrostatic forces

Moisture-induced cohesion

CLASSIFICATION OF POWDER

Powders can be classified in various ways depending on their particle size, flow properties, use, and origin. Here's a
comprehensive classification used in industrial and pharmaceutical contexts:
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1. Based on Particle Size (as per Pharmacopoeias like BP, USP)

Type Sieve Size (Approximate pm) Description

Very Coarse Powder Retained on sieve No. 18 (>1000 pm) Large particles

Coarse Powder Passes No. 18, retained on No. 60 1000-250 pm

Moderately Coarse Passes No. 40, retained on No. 80 425-180 pm

Fine Powder Passes through No. 80 sieve <180 pm

Very Fine Powder Passes through No. 120 sieve <125 pm

Micronized Powder <50 pm Used for inhalation or rapid dissolution
Nanopowder <100 nm Used in advanced drug delivery, coatings

2. Based on Flow Properties

Flow Type Description

Free-Flowing Low cohesion, flows easily (e.g., sugar, table salt)

Cohesive Tends to clump or stick together (e.g., flour, starch)

Sticky or Non-flowing Requires vibration or additives to move (e.g., wet powders)

3. Based on Origin or Composition
a. Single-component Powders — Contain only one substance (e.g., pure talc powder).

b. Multi-component Powders (Blends) — Mixtures of active ingredients and excipients (e.g., pharmaceutical
formulations).

4. Based on Application

Application Area Example

Pharmaceutical Antibiotic powders, dry syrups, inhalers
Food Industry Milk powder, baking powder, cocoa powder
Cosmetics Face powders, baby powders

Metallurgical Metal powders for sintering or 3D printing
Construction Cement, lime, plaster

Chemical Processing Catalysts, fertilizers, pigments

5. Based on Processing Behavior

a. Granular Powders — Flow better, easier to compress, used in tablet manufacturing.
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b. Amorphous Powders — No defined crystal structure; more soluble but less stable.
c. Crystalline Powders — Defined lattice structure; more stable, predictable flow.
ADVANTAGES OF POWDER

Powders offer several practical, economic, and functional benefits across industries such as pharmaceuticals,
food, chemicals, and metallurgy. Below is a detailed overview of the major advantages of powders:

1. Flexibility in Dosage and Formulation
a. Powders allow accurate dose adjustment and are suitable for both individual and bulk preparations.
b. Easily blended with other ingredients, enabling customized formulations.
2. Rapid Onset of Action
a. Large surface area due to fine particles increases dissolution rate.
b. Especially advantageous for oral and inhalation routes in pharmaceuticals.
3. Stability
a. Powders are generally more chemically stable than solutions or suspensions.
b. Less prone to microbial growth due to low moisture content.
4. Ease of Transport and Storage
a. Dry, lightweight, and compact—ideal for bulk handling and long-term storage.
b. Less need for special storage conditions compared to liquids.
5. Cost-Effective Manufacturing
a. Requires simpler equipment for processing and packaging.
b. Often lower production costs compared to other dosage forms like tablets or syrups.
6. Versatility in Application
a. Can be used internally (oral powders, dry syrups) and externally (dusting powders, topical agents).
b. Suitable for inhalers, injectables (after reconstitution), and transdermal powders.
7. Easy Administration
a. Ideal for children and elderly who have difficulty swallowing tablets or capsules.
b. Powders can be mixed with food or drinks to mask taste.
8. Enhanced Mixing and Reactivity
a. Fine powders enable uniform mixing of ingredients in processes like granulation or emulsification.
b. High surface area facilitates faster chemical reactions in industrial processes (e.g., combustion, catalysis).
9. Controlled Release Possibilities
a. Powders can be processed into controlled-release systems such as granules, pellets, or encapsulated forms.
10. Ideal for Complex Processing Techniques
a. Used in 3D printing (additive manufacturing), powder metallurgy, and spray drying.
b. Enables creation of complex shapes and structures with high precision.
DISADVANTAGES OF POWDER

While powders offer many advantages, they also present several challenges related to handling, processing, stability,
and patient compliance. Below is a detailed look at the disadvantages of powders across various applications:

1. Poor Flow Properties
a. Fine or irregularly shaped powders may exhibit poor flowability, making them difficult to process or package.

b. Prone to bridging or arching in hoppers and feeders, leading to inconsistent dosing or clogging.
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2. Segregation During Handling

a. Components of a powder blend (with different sizes, shapes, or densities) can segregate during mixing or
transport.

b. Leads to non-uniform distribution of active ingredients in pharmaceutical or food formulations.
3. Hygroscopicity and Moisture Sensitivity

a. Many powders are hygroscopic, absorbing moisture from the air.

b. Can cause caking, clumping, or degradation of sensitive compounds.

c. Requires controlled humidity and special packaging.
4. Dust Generation and Safety Risks

a. Fine powders can produce dust, posing:

i.  Health hazards (e.g., inhalation of harmful or allergenic particles).
ii.  Explosion risk in industries (especially with organic or metallic powders).

b. Requires ventilation, PPE, and dust control systems.
5. Dosing Inaccuracy

a. Without proper tools (e.g., measuring spoons or dispensers), powders can be difficult to dose accurately.

b. Risk of overdosing or underdosing, especially in home settings.
6. Poor Taste and Palatability

a. Many powders have a bitter or unpleasant taste.

b. Often require flavoring agents or need to be mixed with food or drink, which may not always be convenient.
7. Instability of Certain Drugs or Ingredients

a. Some active compounds may be unstable in powder form, especially when exposed to air, light, or moisture.

b. Requires special storage conditions or coating techniques to ensure stability.
8. Inconvenient for On-the-Go Use

a. Compared to tablets or capsules, powders can be messy and less convenient to carry and use outside the home.
9. Incompatibility with Some Processing Equipment

a. Fine or electrostatically charged powders may adhere to equipment surfaces, leading to cleaning difficulties
or material loss.

b. May require antistatic agents or special feeders.
10. Risk of Inhalation or Contamination

a. In open handling systems, powders may be inhaled by operators or become contaminated by airborne
particles.

b. Especially critical in sterile or cleanroom environments.
SIMPLE & COMPOUND POWDERS:
OFFICIAL PREPARATIONS

In pharmaceutics, powders are often categorized based on their composition as simple or compound powders.
Official preparations are those recognized by pharmacopeias (like USP, BP, IP) and are prepared according to standard
formulations for therapeutic use.

1. Simple Powders

Definition: A simple powder contains only one medicinal (active) ingredient, often with no additives or excipients
unless needed for stabilization or delivery.
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Examples of Official Simple Powder Preparations:

Name Description / Use

Sulfanilamide Powder Antibacterial powder for wounds and skin infections
Talcum Powder (Purified Talc) Used as a dusting powder or lubricant

Magnesium Oxide Powder Used as an antacid and laxative

Zinc Oxide Powder Astringent and protective for skin

Aspirin Powder Analgesic and antipyretic

2. Compound Powders

Pharmacopoeia

USP / BP

BP/IP

BP / USP

BP/IP

USP /IP

Definition: A compound powder contains two or more ingredients, which may be all active, or a combination of
active(s) and excipients. These powders are usually premixed for convenience, dosing accuracy, or combined

therapeutic effect.

Examples of Official Compound Powder Preparations:

Name Composition / Use Pharmacopoeia
Compound Powder of Oral Rehydration Salts Glucose + Sodium chloride + Potassium WHO /P / BP
(ORS) chloride + Sodium citrate (for dehydration)
Compound Magnesium Trisilicate Powder Magnesium trisilicate + Light magnesium BP
carbonate (antacid)
Compound Powder of Kaolin with Pectin Kaolin + Pectin (antidiarrheal) BP
Effervescent Powder Citric acid + Tartaric acid + Sodium BP / USP
bicarbonate (used for effervescence)
Compound Sodium Bicarbonate Powder Sodium bicarbonate + Citric acid (alkalinizing IP/BP
agent)
Characteristics of Official Powder Preparations:
Aspect Simple Powder Compound Powder
Number of actives One Two or more
Use Single therapeutic action Combination therapy or enhanced delivery
Formulation Minimal (may be just the active) Balanced ratios of actives and excipients
Pharmacopoeial status Some are monographed Many are standardized and included in

pharmacopeias

Examples Zinc oxide, Aspirin powder ORS, Effervescent powder

Official Preparations Packaging Forms:
a. Bulk powders — Measured by the patient (e.g., antacid powders)

b. Divided powders — Pre-measured doses packed in sachets or folded papers
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c. Topical powders — Applied to skin (e.g., dusting powders)
d. Effervescent powders — Dissolved in water before use
DUSTING POWDERS

Dusting powders are a specific category of topical powders intended for external use on the skin. They may
be either simple (containing a single ingredient) or compound (a mixture of active and/or inactive substances). These
powders are finely divided, non-irritating, and usually used to protect the skin, absorb moisture, or deliver

medication locally.

Definition of Dusting Powders

Dusting powders are medicated or non-medicated powders applied to intact skin for:

a. Protective

b. Soothing

c. Astringent

d. Antiseptic

e. Lubricating purposes

They are not intended for open wounds unless specifically sterile and labeled for such use.

Types of Dusting Powders

Official Examples of Dusting Powders

Ideal Properties of Dusting Powders

Type

Simple Dusting Powder

Compound Dusting Powder

Medicated Dusting Powder

Non-medicated Dusting Powder

Name

Zinc Oxide Dusting Powder

Talcum Dusting Powder

Compound Dusting Powder (IP)

Antifungal Dusting Powder

Menthol Dusting Powder

Description

Contains only one active or base ingredient

Contains a blend of ingredients with

combined effect

Contains active ingredients like antifungals,

antiseptics

Used for lubrication or moisture control only

Composition

Zinc oxide + starch or talc

Purified talc

Talc + Starch + Zinc stearate or Salicylic acid

Clotrimazole or Miconazole + Talc/Starch

Menthol + Kaolin or Talc

a. Fine particle size (typically 100-150 pm)
b. Free-flowing and non-gritty
c. Non-toxic and non-irritant
d. Chemically stable
Good adhesiveness to skin
f. High absorbency (for moisture or exudate)
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Purified Talc, Zinc Oxide

Talc + Starch + Zinc Oxide

Clotrimazole powder, Nystatin

powder

Baby powder, Cosmetic powders

Use ¢

Astringent and protective

Lubricant and moisture absorber

Antiseptic and skin protectant

Treats athlete’s foot and ringworm

Cooling and soothing effect



Preparation of Dusting Powders
Common Steps:
Weighing each ingredient accurately.

Sifting through a fine sieve (e.g., sieve No. 80) to ensure uniformity.

wonpo=

Mixing thoroughly in a dust-free environment.

4. Filling into suitable containers (sifter-top bottles or shaker tins).
For sterile use (like surgical dusting powders), sterilization by dry heat or gamma radiation is required.
Precautions and Labeling

a. Should carry a label: “For external use only”

b. Not to be applied to broken skin unless sterile

c. Must be stored in airtight containers to prevent contamination and moisture uptake
EFFERVESCENT POWDERS

Effervescent powders are a special type of compound powder designed to release carbon dioxide gas when mixed
with water or another liquid. This effervescence helps in masking the taste, enhancing solubility, and promoting
rapid absorption of the active drug.

Definition of Effervescent Powders

Effervescent powders are dry, free-flowing powder mixtures that effervesce (fizz) when dissolved in water due to the
reaction between acids and carbonates or bicarbonates, releasing carbon dioxide (CO-).

Basic Chemical Reaction

Acid (e.g., citric or tartaric) + Bicarbonate (e.g., sodium bicarbonate) — Salt + Water + CO: (gas)

Key Components
Component Function Examples
Acid Reacts with base to produce CO, Citric acid, Tartaric acid, Malic acid
Alkali (Base) Reacts with acid to produce CO, Sodium bicarbonate, Potassium bicarbonate
Active drug Therapeutic purpose Aspirin, Paracetamol, Vitamin C
Sweeteners/Flavors Improves taste Sucrose, saccharin, fruit flavors
Diluent (optional) Adjust bulk and flow Lactose, Mannitol

Types of Effervescent Powders

Type Description Examples
Simple Effervescent Powder One active + effervescent base Vitamin C + Citric acid + NaHCO;
Compound Effervescent Powder Two or more actives + Aspirin + Caffeine + Citric acid + NaHCO;

effervescent base
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Official Examples of Effervescent Powder Preparations

Name Composition Use

Effervescent Powder of Sodium Citric acid + Sodium bicarbonate Systemic alkalizer

Bicarbonate

Effervescent Aspirin Powder Aspirin + Citric acid + Tartaric acid + Analgesic, antipyretic

Sodium bicarbonate

Effervescent Vitamin C Powder Ascorbic acid + Citric acid + Sodium Antioxidant, immune booster

bicarbonate

Effervescent Paracetamol Powder Paracetamol + Acids + Sodium Pain and fever relief

LimarhAmada

Ideal Properties of Effervescent Powders
a. Rapid disintegration and dissolution in water
b. Pleasant taste (masked bitterness)
c. Stable under dry conditions
d. Free-flowing and non-caking
e. Non-toxic and non-irritating to GI tract
Preparation Method
1. Weigh and sift all ingredients individually.
2. Dry mix the powders thoroughly in a low-humidity environment.
3. Granulation (optional): Using minimal water or ethanol to make granules and then drying.
4. Packing immediately in airtight containers or moisture-proof sachets to avoid premature reaction.
Note: Moisture is the biggest risk—it can cause premature effervescence and ruin the product.
Labeling and Storage
a. Label: “Add to water before use”
b. Store in airtight, moisture-proof containers
c. “Protect from moisture” and “For oral use only”
Advantages of Effervescent Powders
a. Fast action due to rapid drug dissolution
b. Improved taste through CO: release
c. Better patient compliance, especially for those who dislike tablets
HYGROSCOPIC POWDERS

Hygroscopic powders are powders that absorb moisture from the atmosphere when exposed to air. This
property affects their stability, flowability, packaging, and shelf life. Hygroscopic behavior can occur in both simple
(single-component) and compound (multi-component) powders.

Definition of Hygroscopic Powders

Hygroscopic powders are those that readily absorb moisture from their surroundings but do not dissolve completely
upon moisture uptake (unlike deliquescent powders). They often become clumpy, sticky, or partially liquefied, leading
to processing and storage issues.
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Examples of Hygroscopic Substances

Simple Hygroscopic Powder Use

Magnesium chloride Electrolyte, drying agent
Calcium chloride Desiccant, preservative

Sodium hydroxide Laboratory reagent, pH adjuster
Ammonium chloride Expectorant, electrolyte
Potassium carbonate Alkalizer, buffering agent

Problems Caused by Hygroscopicity
a. Caking or clumping during storage
b. Reduced flow properties, affecting processing and dosing
c. Loss of potency due to chemical degradation in moisture
d. Shorter shelf life
e. Reduced patient acceptability
Packaging and Storage Requirements
To maintain quality, hygroscopic powders should be:
a. Stored in airtight, moisture-resistant containers (e.g., amber glass or HDPE bottles)
b. Packaged with desiccants (e.g., silica gel)
c. Labeled: "Store in a cool, dry place"
d. Handled in low-humidity environments during manufacturing

Techniques to Minimize Hygroscopic Effects

Technique Explanation

Use of protective coating Coating particles with hydrophobic agents
Addition of desiccants Absorb moisture inside the package

Blending with absorbent carriers Add starch or kaolin to absorb excess moisture
Granulation or encapsulation Convert powder into granules or capsules

Formulation Considerations

a. Use non-hygroscopic excipients where possible.

b. Avoid open-air mixing; use controlled humidity rooms.

c. Consider alternate dosage forms (e.g., tablets, capsules) if powder form is unstable.
Advantages of Hygroscopic Powders (when controlled properly)

a. Fast solubility due to moisture affinity

b. Useful for drying applications or moisture-sensitive environments (e.g., desiccants)

c. Some hygroscopicity helps prevent static cling in powder formulations
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EUTECTIC MIXTURES

Eutectic mixtures in powders are an important formulation challenge in pharmacy. These mixtures occur when
two or more substances—usually solids—melt at a lower temperature when mixed than either would alone. In
powder formulations, eutectic mixtures can form oily or sticky masses, leading to problems with stability, flow, and

handling.

Definition of Eutectic Mixtures

A eutectic mixture is a combination of two or more crystalline substances that, when mixed in certain proportions,
melt at a temperature lower than the melting point of any of the individual components.

In powder form, this behavior can lead to liquefaction or tackiness during storage or mixing.

Why Are Eutectic Mixtures Problematic in Powders?

a. Liquefaction can occur even at room temperature

b. Results in sticky, non-free-flowing powders

c. Can cause separation of components or loss of dose uniformity

d. Makes packaging and storage more difficult

Common Eutectic-Forming Substances

Substance A Substance B

Camphor Menthol

Thymol Salol (phenyl salicylate)
Phenol Chloral hydrate
Acetanilide Urea

Benzocaine Menthol

Use

In rubs, vapors, and nasal preparations

Antiseptic, analgesic powders

Topical antiseptic

Analgesic combinations

Local anesthetics in powders

These substances are often used alone as simple powders, but when combined (compound powders), they can create

eutectic effects.

Examples of Eutectic Mixtures in Official or Compounded Powders

Powder Name

Menthol and Camphor powder

Phenol-Chloral powder

Thymol-Salol Dusting powder

Composition

Camphor + Menthol

Phenol + Chloral hydrate

Thymol + Salol + base powder

Challenge

Forms oily mass due to eutectic point

Eutectic melting at room temperature

Requires absorption base
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Techniques to Prevent Liquefaction in Eutectic Mixtures

Technique Description

Triturate separately with absorbents Mix each component with a bulky, absorbent powder (e.g., starch,

kaolin, talc) before combining

Use of inert diluents Add non-reactive carriers like magnesium carbonate, light kaolin,
etc.
Encapsulation Place each eutectic-forming component in a capsule shell to avoid
contact
Use of minimum-contact method Mix lightly and quickly to limit contact time and reduce liquefaction
risk
Packaging and Labeling

a. Airtight containers recommended

b. Store in a cool, dry place

c. Label with “Protect from heat and moisture”
When Are Eutectic Mixtures Useful?
In some cases, the eutectic property is used intentionally to:

a. Improve solubility of poorly soluble drugs

b. Create liquid preparations from solid components

c. Enhance skin absorption in topical formulations
GEOMETRIC DILUTIONS

Geometric dilution is a technique used in pharmacy to ensure uniform mixing of very small quantities of a
potent drug (active ingredient) with a larger amount of excipient (inactive ingredient). This technique is particularly
important when preparing compound powders or pills that require precise dosing.

Definition of Geometric Dilution

Geometric dilution is a stepwise mixing technique where a small amount of active ingredient is gradually mixed
with an increasing amount of excipient in successive stages. This method ensures that the active ingredient is evenly
distributed throughout the mixture, preventing hot spots (areas with too much active ingredient) and ensuring dose
uniformity.

Step-by-Step Process of Geometric Dilution
a. Weigh the Active Ingredient: Accurately weigh the small amount of active ingredient (drug).

b. Weigh the First Quantity of Excipients: Weigh a sufficient amount of excipient (e.g., starch, lactose) to mix
with the active ingredient.

c. Mixing:
i.  Start by adding an amount of excipient equal to the weight of the active ingredient.
ii.  Step 1: Mix the active ingredient thoroughly with the first portion of excipient.

iii.  Step 2: Add an additional portion of excipient equal in weight to the mixture already prepared (active
+ first excipient), and mix again.

iv.  Repeat this process in successive steps until all excipient has been added.

d. Final Mix: After all excipient has been added, ensure the final mixture is uniform by giving a final
thorough mixing.
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e. Important: The key to geometric dilution is that each step adds a portion of excipient equal to the amount
of powder already mixed, not just the total excipient.

Example of Geometric Dilution

Let’s say you have to prepare 100 g of a compound powder with 1 g of active ingredient (e.g., a potent drug) and 99
g of excipient (e.g., starch or lactose).

1. Weigh 1 g of active ingredient and 1 g of excipient (total 2 g).

2. Mix the active ingredient and the 1 g excipient thoroughly.

3. Add another 2 g of excipient (equal to the mixture weight) and mix again.

4. Continue the process of adding 4 g, then 8 g, then 16 g, until all 99 g of excipient is mixed into the compound.
By following this stepwise process, the active ingredient is uniformly distributed throughout the entire mixture.
When to Use Geometric Dilution

a. Very small quantities of active ingredient: Geometric dilution is especially useful when dealing with potent
drugs or very small quantities of the active ingredient that must be mixed with a larger quantity of excipient.

b. Compound powders: When combining multiple ingredients, especially where the proportions are crucial,
geometric dilution ensures uniformity.

c. Custom formulations: Used in creating formulations for patients requiring precise and individualized doses.
Advantages of Geometric Dilution

1. Uniform distribution of active ingredients, ensuring consistent dosing.

2. Prevents overdose or underdose due to non-homogeneous mixing.

3. Can be used for potent substances where even slight variations can have a significant impact.

4. Simple and cost-effective method, requiring minimal equipment.
Challenges and Considerations

1. Time-consuming: Requires more time than simple mixing, especially for large batches.

2. Physical space: As the excipient quantity increases, space for mixing must accommodate larger quantities.

3. Accuracy in weighing: Requires precise weighing of both active ingredients and excipients at each step.
Applications of Geometric Dilution in Powder Preparation

1. Making compound powders (e.g., mixing a small amount of potent drug with a large amount of excipient)

2. Preparation of capsules with precise active ingredient amounts

3. Creating ointments, creams, or other formulations requiring even distribution of an active ingredient

4. Pharmacy and drug compounding where accurate and uniform mixing is critical for patient safety
Key Points to Remember

a. Geometric dilution is essential for uniform distribution when combining small amounts of active ingredients
with larger quantities of excipient.

b. The process is iterative, adding excipient in incremental amounts, ensuring thorough mixing at each stage.

c. Precision in weighing and careful mixing is crucial for success.
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MCQs

1. Powder particles are generally defined as particles less than:
a) 10 mm
b) 1 mm
¢) 5Smm
d) 20 mm
2. Bulk density refers to:
a) Density after compaction
b) Mass per unit volume including voids
c¢) Mass per unit volume excluding voids
d) Density of individual particles only
3. A powder with good flow properties generally has:
a) High cohesion
b) High Carr’s index
¢) Low Hausner ratio
d) High moisture content
4. Very fine powders have particle sizes:
a) > 355 um
b) 180-355 um
¢) 125-180 um
d) <125 pm
5. A mixture of solids that melts at a temperature lower than either component is called:
a) Hygroscopic mixture
b) Eutectic mixture
c) Effervescent system
d) Emulsion
6. The main cause of caking in powders is:
a) Low density
b) Electrostatic charge
¢) Moisture absorption
d) Mechanical mixing
7. Dusting powders must always be:
a) Sterile
b) For oral use
¢) Non-irritant and fine
d) Injected
8. An example of an effervescent agent is:
a) Magnesium oxide
b) Sodium bicarbonate
¢) Talc
d) Starch
9. Effervescence occurs due to release of:
a) Nitrogen
b) Hydrogen
c¢) Oxygen
d) Carbon dioxide
10. Hygroscopic powders:
a) Repel moisture
b) Absorb moisture but do not dissolve
¢) Dissolve completely in moisture
d) Do not interact with water
11. The preferred method of mixing potent drug powders is:
a) Direct mixing
b) Trituration
¢) Geometric dilution
d) Sifting
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12. A characteristic of granular powders is:
a) Very poor flowability
b) High moisture retention
c¢) Larger particle size and good flow
d) Sticky nature
13. Which of the following causes segregation in powders?
a) Similar particle sizes
b) High cohesiveness
c) Differences in particle density
d) Controlled humidity
14. Official powder preparations include:
a) Bulk powders
b) Capsules only
c) Sterile injections
d) Ointments
15. Angle of repose is used to measure:
a) Solubility
b) Flow properties
c) Density
d) Caking tendency
16. “For external use only” label is mandatory for:
a) Effervescent powders
b) Dusting powders
¢) Divided powders
d) Bulk antacid powders
17. A mixture of salol and menthol is a typical example of:
a) Hygroscopic mixture
b) Eutectic mixture
c¢) Adsorbent mixture
d) Dry granule
18. Removing moisture from effervescent powder formulation is important to prevent:
a) Improved stability
b) Premature reaction
¢) Increased solubility
d) Increased absorption
19. The main advantage of powders in dosage form is:
a) Slow onset of action
b) High microbial growth
¢) Rapid dissolution
d) Poor stability
20. Deliquescent powders:
a) Absorb moisture and liquefy
b) Absorb moisture but stay solid
¢) Do not attract moisture
d) Do not dissolve in water

Short Questions (2-3 marks each)

Define powders and list their main characteristics.
Differentiate between bulk density and tapped density.
What is angle of repose? How is it useful?

Define hygroscopic powders and give two examples.
Explain the concept of geometric dilution.

What are the problems caused by powder segregation?
Write two differences between crystalline and amorphous powders.
Why are dusting powders required to be non-irritant?
9. Define eutectic mixtures and give one example.

10. What is meant by effervescence?

11. List any two advantages of powder dosage form.

12. What are divided powders?
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13.
14.
15.
16.
17.
18.
19.
20.

1
2
3
4.
5.
6
7
8
9.
1

0.

Mention the ideal properties of effervescent powders.

What labeling is required for dusting powders?

State two disadvantages of powders.

Define caking and explain its cause.

List types of effervescent ingredients.

What precautions should be taken while storing hygroscopic powders?
Write the steps involved in preparation of dusting powders.

Mention the common causes of electrostatic charging in powders.

Long Questions (5-10 marks each)

Explain the classification of powders based on particle size, composition, and application.

Describe the advantages and disadvantages of powder dosage forms in detail.

Write a detailed note on hygroscopic powders including problems, prevention, and storage.

Discuss eutectic mixtures, their formation, problems, examples, and methods of handling.

Explain geometric dilution with steps and examples.

Describe the preparation, ideal properties, types, and examples of dusting powders.

Write a detailed note on effervescent powders, including composition, reactions, advantages, and labeling.
Explain the various flow properties of powders and how they are measured.

Discuss the behavior of powders including segregation, caking, electrostatic charging, and compressibility.
Describe official preparations of powders, including simple and compound powders, with examples.

Answer Key
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CHAPTER 7
LIQUID DOSAGE FORMS

INTRODUCTION:
Definition:

Liquid dosage forms are pharmaceutical preparations that contain active drug substances dissolved, suspended, or
emulsified in a suitable liquid base or vehicle. These forms are intended for oral, topical, parenteral, or other routes
of administration.

Advantages of Liquid Dosage Forms:
1. Easy Swallowing: Ideal for children, elderly, or patients with dysphagia.
2. Flexible Dosing: Can be measured accurately and adjusted as needed.
3. Rapid Absorption: Active ingredients are already dissolved, leading to faster therapeutic effect.
4. Palatability: Flavoring agents can be added for taste masking.
5. Suitable for Insoluble Drugs: Through suspensions and emulsions.
Disadvantages:
1. Stability Issues: More prone to microbial contamination, hydrolysis, and oxidation.
2. Shorter Shelf Life: Compared to solid dosage forms.
3. Bulky and Less Portable
4. Need for Preservatives: To prevent microbial growth.
5. Deose Accuracy: May depend on measuring devices used by the patient.

Types of Liquid Dosage Forms:

Type Description Example
Solutions Homogeneous mixtures of drug in a solvent Syrups, oral rehydration salts
Suspensions Insoluble solid particles dispersed in a liquid Antacids like magnesium hydroxide
Emulsions Two immiscible liquids (oil and water) with an Cod liver oil emulsion
emulsifier
Syrups Sweetened, viscous aqueous solutions Paracetamol syrup
Elixirs Clear, sweetened hydro-alcoholic liquids Antihistamine elixirs
Tinctures Alcoholic or hydroalcoholic extracts of Tincture of iodine

plant/animal drugs

Spirits Volatile substances dissolved in alcohol Peppermint spirit
Aromatic Waters Saturated solutions of volatile oils in water Camphor water
Linctuses Viscous preparations for cough relief Codeine linctus
Drops Concentrated liquids administered in small Eye drops, ear drops

amounts
Injectables Sterile liquids for parenteral use Insulin, vaccines
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Key Components of Liquid Dosage Forms:

Active Pharmaceutical Ingredient (API) — The drug substance
Solvent/Vehicle — Water, alcohol, glycerin, oils

Preservatives — e.g., parabens, benzoic acid

Sweeteners — e.g., sucrose, sorbitol

Flavoring agents — e.g., vanilla, mint

S e e

Coloring agents — To improve appearance
7. Stabilizers, Buffers, Emulsifiers — For physical and chemical stability
Quality Control Tests (Oral Liquids):
pH determination
Viscosity measurement
Microbial limit test

Assay for drug content

A e

Stability studies
6. Uniformity of volume
Packaging and Storage:
1. Usually packed in amber glass or plastic bottles.
2. Label should include: “Shake well before use” (for suspensions), storage conditions, dosage.
3. Store away from light and moisture; some may need refrigeration.
Applications:
1. Pediatric and geriatric therapy
2. Emergency settings requiring rapid action
3. Drugs requiring flexible dosing
4. Topical treatments (e.g., lotions, liniments)
DEFINITION OF LIQUID DOSAGE FORMS

Liquid dosage forms are pharmaceutical preparations in which active drug substances are dissolved, suspended, or
emulsified in a suitable liquid vehicle or solvent. These forms are intended for internal (oral, injectable) or external
(topical, ophthalmic, otic, etc.) use, depending on the route of administration.

Key Characteristics:
1. The liquid can be aqueous, alcoholic, oily, or a combination.
2. They offer a homogeneous system (like solutions) or heterogeneous systems (like suspensions and emulsions).
3. May contain excipients such as preservatives, stabilizers, sweeteners, flavoring agents, and solvents.
ADVANTAGES OF LIQUID DOSAGE FORMS

Liquid dosage forms offer several clinical and pharmaceutical benefits, making them a preferred choice in many
therapeutic scenarios.

1. Easy Administration
a. Ideal for children, elderly, and patients with difficulty swallowing solid forms.
b. Suitable for oral, topical, parenteral, or mucosal routes.

2. Flexible and Accurate Dosing
a. Dose can be measured or adjusted based on patient needs.

b. Useful in pediatrics and geriatrics where doses often need to be titrated.
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3. Faster Absorption and Onset of Action
a. Drugs in solution are already dissolved, so they bypass the dissolution step required in tablets or capsules.
b. Leads to rapid therapeutic effect, especially in emergency or acute conditions.
4. Improved Palatability
a. Can be sweetened and flavored for better patient compliance.
b. Syrups and elixirs are often more acceptable to pediatric patients.
5. Suitable for Drugs Not Stable or Soluble in Solid Form
a. Suspensions and emulsions allow administration of insoluble or poorly soluble drugs.
b. Liquid vehicles can enhance the bioavailability of certain drugs.
6. Uniform Distribution

a. Ensures even distribution of drug throughout the preparation (especially in solutions), aiding in consistent
dosing.

7. Versatile Routes of Administration
a. Can be designed for:
i.  Oral (syrups, solutions)
ii.  Parenteral (injections)
iii.  Topical (lotions, liniments)
iv.  Ophthalmic/otic/nasal (drops)
v.  Rectal/vaginal (enemas, douches)
DISADVANTAGES OF LIQUID DOSAGE FORMS

While liquid dosage forms offer several benefits, they also come with certain limitations that need to be addressed in
formulation, storage, and use.

1. Poor Stability
a. More prone to chemical degradation (e.g., hydrolysis, oxidation) due to the presence of water.
b. Higher risk of microbial contamination, especially in aqueous preparations.
2. Shorter Shelf Life
a. Typically have a reduced shelf life compared to solid dosage forms.
b. Often require preservatives and airtight packaging to maintain integrity.
3. Bulky and Less Portable
a. Larger volume and weight make them less convenient for transport and storage.
b. Risk of breakage or spillage (especially with glass containers).
4. Inaccurate Dosing
a. Depends on measuring devices like spoons, cups, or droppers, which may lead to dosage errors.
b. Shaking is often required in suspensions and emulsions to ensure uniformity.
5. Unpleasant Taste and Odor
a. Some drugs have bitter or metallic taste which may not be fully masked by sweeteners or flavors.
b. May lead to poor patient compliance, especially in children.
6. Requirement of Special Storage Conditions
a. May need refrigeration or protection from light, moisture, and air.

b. Sensitive to temperature variations.
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7. Higher Manufacturing and Packaging Cost
a. Requires sterile environments, flavoring, preservatives, and complex packaging, increasing cost.
EXCIPIENTS USED IN FORMULATION OF LIQUID DOSAGE FORMS

Excipients are non-active ingredients added to liquid dosage forms to improve stability, palatability, appearance,
safety, and efficacy of the formulation.

Vehicles (Solvents)

Vehicles, also known as solvents, are the primary excipients used in liquid dosage forms to dissolve, suspend, or
emulsify the active pharmaceutical ingredient (API) and other additives. They form the bulk of the formulation and
determine its physical characteristics, stability, and route of administration.

Classification of Vehicles:
1. Aqueous Vehicles
Used in most oral, ophthalmic, injectable, and topical formulations.
Purified Water

a. Most commonly used vehicle.

b. Prepared by distillation, ion-exchange, or reverse osmosis.

c. Used in syrups, oral solutions, and reconstituted powders.
Aromatic Waters

a. Saturated aqueous solutions of volatile oils.

b. Used for flavor and mild therapeutic effect.

c. Example: Peppermint water, Camphor water.
Water for Injection (WFI)

a. Sterile and pyrogen-free.

b. Used in parenteral preparations.
2. Hydroalcoholic Vehicles
Mixtures of water and ethanol used for drugs with low water solubility.
Ethanol

a. Used as a co-solvent in elixirs and tinctures.

b. Also acts as a preservative and flavor enhancer.

c. Concentration must be controlled (especially in pediatric products).
Diluted Alcohol

a. Equal parts of ethanol and purified water.

b. Used in preparations requiring moderate polarity solvents.
3. Non-aqueous Vehicles (Polyols)
Used for solubilizing hydrophobic drugs and improving stability.
Glycerin (Glycerol)

a. Sweet, viscous solvent.

b. Solubilizes both hydrophilic and hydrophobic drugs.

c¢. Common in oral, topical, and ophthalmic solutions.
Propylene Glycol

a. Miscible with water and alcohol.

b. Excellent co-solvent for oral and injectable preparations.
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c. Also has preservative properties.

Polyethylene Glycol (PEG)

a. Used in topical, ophthalmic, and parenteral formulations.

b. Improves viscosity and solubility.

4. Oily Vehicles

Used primarily in injectable and topical preparations when water-based solvents are unsuitable.

Fixed Oils

a. Non-volatile, non-irritant, and biocompatible.

b. Common oils: Peanut oil, Sesame oil, Castor oil, Olive oil.

c. Used in depot injections, vitamin preparations, and ointments.

Mineral Oil (Liquid Paraffin)

a. Used in oral emulsions, laxatives, and topical creams.

Key Selection Criteria for Vehicles:
a. Solubility of the drug
b. Route of administration
c. Toxicity and safety
d. Stability and compatibility

e. Taste (for oral preparations)

f. Viscosity (especially for ophthalmic and topical forms)

Preservatives

Preservatives are excipients added to liquid dosage forms to prevent microbial growth (bacteria, fungi, molds) and
ensure the safety, efficacy, and shelf life of the formulation. They are especially essential in multi-dose containers
and aqueous-based formulations, which are highly prone to contamination.

Classification of Preservatives:

1. Antimicrobial Preservatives

Used to inhibit or kill microorganisms in the formulation.

Common Antimicrobial Preservatives:
Preservative

Methylparaben

Propylparaben

Benzyl alcohol

Benzoic acid / Sodium benzoate

Sorbic acid / Potassium sorbate

Phenol

Chlorocresol

Thymol

Phenylmercuric nitrate/acetate

Effective Against

Bacteria, fungi (mild)

Yeasts and molds

Bacteria

Fungi, yeasts (pH < 5)

Fungi, molds (pH < 6)

Bacteria and fungi

Bacteria

Fungi

Broad-spectrum

Common Use

Oral, topical, ophthalmic

Often combined with methylparaben
Parenterals, ophthalmic, topical

Oral syrups, elixirs

Oral and topical solutions
Ophthalmic, topical, some injectables
Topical and parenteral use
Mouthwashes, topical formulations

Ophthalmic (limited use now)
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2. Preservative Combinations

a. Often used in combination to provide a broader antimicrobial spectrum.

b. Example: Methylparaben + Propylparaben in many syrups and lotions.
Factors Affecting Preservative Effectiveness:

1. pH of formulation — Benzoic and sorbic acids are most effective in acidic pH.

2. Type of formulation — Oil-based systems may require lipophilic preservatives (e.g., parabens).
3. Packaging — Multi-dose containers require stronger preservatives than unit-dose.
4

Interactions with other excipients — Preservatives may be adsorbed onto suspended solids or inactivated by
surfactants.

5. Temperature and light — Can influence the stability of the preservative.

Limitations & Cautions:
a. Some preservatives can cause allergic reactions or toxicity (e.g., benzalkonium chloride in eyes).
b. Regulatory bodies like USP, FDA, and Ph. Eur. limit concentrations in different formulations.

C. Avoid or minimize use in neonates, pregnant women, and sensitive patients.

Examples of Use in Liquid Dosage Forms:

Dosage Form Preservative Used

Syrups Methylparaben, Sodium benzoate

Eye drops Benzalkonium chloride, Phenylmercuric nitrate
Oral solutions Benzoic acid, Sorbic acid

Injectable drugs Benzyl alcohol, Phenol

Topical lotions Parabens, Chlorocresol

Sweetening Agents

Sweetening agents are excipients added to liquid dosage forms to enhance palatability by masking the bitter, sour,
or metallic taste of active pharmaceutical ingredients (APIs). This is especially important for oral formulations
intended for children, elderly, or pediatric patients, where taste significantly affects compliance.

Classification of Sweetening Agents:
1. Natural Sweeteners
Sucrose
a. Most commonly used sweetener.
b. Provides pleasant taste, viscosity, and stability.
c. Used in syrups, elixirs, and oral solutions.
d. Not suitable for diabetic patients or microbe-sensitive formulations.
Glucose (Dextrose)
a. Less sweet than sucrose.
b. Provides quick energy.
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c. Common in rehydration and pediatric syrups.
Fructose

a. Sweeter than sucrose.

b. Used in diabetic-friendly and low-calorie formulations.
2. Artificial (Synthetic) Sweeteners
Saccharin Sodium

a. 300-500 times sweeter than sucrose.

b. Calorie-free.

c. Bitter aftertaste in high concentration.

d. Used in diabetic formulations.
Aspartame

a. 200 times sweeter than sucrose.

b. No bitter aftertaste.

c. Not heat stable.

d. Not suitable for phenylketonuric patients (contains phenylalanine).
Sucralose

a. 600 times sweeter than sucrose.

b. Heat stable, no bitter aftertaste.

c. Safe for diabetic patients.
Acesulfame Potassium (Acesulfame K)

a. 200 times sweeter than sucrose.

b. Often combined with other sweeteners to mask aftertaste.
3. Sugar Alcohols (Polyols)
Sorbitol

a. 50-70% as sweet as sucrose.

b. Provides viscosity and laxative effect in high doses.

c. Suitable for diabetics.
Mannitol

a. Cooling effect in mouth.

b. Used in chewable and oral liquid preparations.
Xylitol

a. As sweet as sucrose.

b. Also prevents dental caries.

c¢. Common in pediatric formulations and mouthwashes.
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Selection Criteria for Sweetening Agents:

Factor Consideration

Patient type Diabetic, pediatric, geriatrics

Taste masking Bitterness or metallic taste

Stability Compatibility with pH, heat, light

Caloric content Low or zero-calorie needed?

Regulatory acceptance GRAS (Generally Recognized As Safe) status
Cost and availability Industrial scalability

Common Uses in Liquid Dosage Forms:

Dosage Form Common Sweeteners Used
Oral syrups Sucrose, Sorbitol, Saccharin sodium
Pediatric drops Sucrose, Sucralose, Xylitol
Diabetic elixirs Sorbitol, Sucralose, Aspartame
Mouthwashes Xylitol, Sorbitol

Flavoring Agents

Flavoring agents are excipients added to liquid dosage forms to enhance taste and aroma, thereby improving
palatability and patient compliance, especially in pediatric and geriatric formulations. They help mask the
unpleasant taste or odor of active pharmaceutical ingredients (APIs).

Functions of Flavoring Agents:
a. Mask bitterness, sourness, or metallic taste
b. Provide a pleasant and familiar flavor
c. Improve patient acceptability
d. Aid in identification and differentiation of products
Types of Flavoring Agents:
1. Natural Flavoring Agents
a. Derived from plant or animal sources
b. Examples:
i.  Fruit extracts: Orange, Lemon, Raspberry, Strawberry
1. Spices and herbs: Mint, Ginger, Clove

11i. Others: Vanilla, Cocoa, Honey
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2. Synthetic Flavoring Agents
a. Artificially prepared but chemically identical or similar to natural flavors
b. More stable, cheaper, and available in large quantities
c. Examples
i.  Ethyl vanillin (synthetic vanilla)
ii.  Methyl salicylate (wintergreen flavor)
iii.  Ethyl butyrate (pineapple flavor)
Matching Flavor with Taste of Drug:

Drug Taste Preferred Flavoring Agents

Bitter (e.g., alkaloids) Chocolate, Mint, Wild cherry, Anise
Sour (e.g., citrates) Orange, Raspberry, Lemon

Salty (e.g., electrolytes) Butterscotch, Vanilla, Apricot

Sweet or bland Berry flavors, Bubblegum, Fruit punch
Metallic (e.g., iron) Strong citrus or mint flavors

Forms of Flavoring Agents:
a. Essential oils (e.g., peppermint, cinnamon)
b. Extracts (e.g., vanilla extract)
c. Aromatic waters (e.g., camphor water, rose water)
d. Flavor concentrates or emulsions (ready-to-use formulations)

Selection Criteria:

Criteria Consideration

Target patient group Children prefer sweet/fruit flavors

Type of formulation Oral, topical, mouthwash, etc.

Solubility Must be soluble or emulsifiable in vehicle
Stability Should not degrade or interact with drug
Regulatory approval Must be non-toxic and pharmaceutically accepted
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Examples of Use in Liquid Dosage Forms:

Dosage Form Common Flavors Used

Pediatric syrups Strawberry, Raspberry, Banana

Oral drops Orange, Grape, Cherry

Mouthwashes Mint, Cinnamon

Elixirs Vanilla, Lemon

Antacid suspensions Peppermint, Spearmint
Coloring Agents

Coloring agents are excipients added to liquid dosage forms to impart aesthetic appeal, aid in product identification,
and enhance patient acceptability. Though they have no therapeutic effect, they play a vital role in patient perception
and brand recognition.

Functions of Coloring Agents:
1. Enhance product appearance
2. Improve patient compliance (especially in children)
3. Aid in identification of strength or flavor
4. Differentiate between multiple products or doses
5. Mask the natural color of drug or excipients
Types of Coloring Agents:
1. Natural Coloring Agents
Derived from plant, animal, or mineral sources
a. Examples:
i.  Caramel — Brown color
ii. ~ Chlorophyll — Green color
iii.  Beetroot red — Reddish color
iv.  Curcumin (from turmeric) — Yellow color
v.  Annatto — Orange-yellow color
2. Synthetic Coloring Agents (Certified Dyes)

Prepared chemically and approved by regulatory agencies such as FD&C (Food, Drug & Cosmetic) in the USA or
IS:4707 in India.

a. Water-soluble dyes:
i.  Tartrazine (FD&C Yellow No. 5)
ii.  Sunset Yellow (FD&C Yellow No. 6)
iii.  Brilliant Blue (FD&C Blue No. 1)
iv.  Erythrosine (FD&C Red No. 3)
b. Lakes (Insoluble Pigments):
i.  Formed by precipitating dyes onto aluminum hydroxide
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ii.  Used in suspensions and emulsions
Regulatory Considerations:
a. Only approved colors must be used.
b. Use should be minimal and safe for intended use.
c. Must comply with pharmacopoeial standards (e.g., IP, USP, BP).
d. Label must mention coloring agents used.

Selection Criteria:

Factor Consideration

Route of administration Only non-toxic, hypoallergenic colors for oral, topical, ophthalmic use
Solubility Water-soluble dyes for clear liquids; lakes for opaque suspensions
Stability Should be chemically and physically stable in the formulation
Compatibility Should not interact with drug or other excipients

Patient group Avoid synthetic dyes in pediatric and sensitive populations

Examples in Liquid Dosage Forms:

Dosage Form Common Colors Used
Pediatric syrups Raspberry Red, Strawberry Pink
Antacids Mint Green, Sky Blue
Iron tonics Caramel Brown
Mouthwashes Blue, Green (Menthol or Mint flavored)
Topical lotions Pink, Yellow

Buffering Agents

Buffering agents are excipients used in liquid dosage forms to maintain a stable pH throughout the product's shelf
life. They help preserve the chemical stability, solubility, and biological activity of the drug and other excipients.

Functions of Buffering Agents:
1. Maintain pH stability during storage
Enhance solubility of active ingredients
Prevent degradation (e.g., hydrolysis, oxidation)

Improve preservative efficacy (some preservatives are pH-dependent)

A

Ensure compatibility with physiological pH (especially for parenterals and ophthalmics)
6. Enhance patient comfort (prevent irritation due to pH extremes)

Ideal Properties of a Buffering System:
a. Compatible with API and excipients

b. Maintain constant pH despite dilution or aging
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c. Non-toxic and non-irritating
d. Does not interfere with therapeutic activity
e. Stable and easily available

Common Buffering Agents:

Buffer System Typical pH Range Common Uses

Citric acid / Sodium citrate 30-62 Oral syrups, pediatric drops
Acetic acid / Sodium acetate 36-56 Ophthalmic solutions
Phosphoric acid / Sodium phosphate 58-80 Oral and injectable formulations

(mono-/dibasic)

Borax / Boric acid 50-6.8 Eye drops, nasal solutions

Gluconic acid / Sodium gluconate ~55-80 Injectable and intravenous fluids

Carbonic acid / Sodium bicarbonate 6.0-8.0 Antacid syrups, rehydration solutions
Lactic acid / Sodium lactate ~3.0-6.0 Parenterals and IV fluids (Lactated Ringer's)

Selection Criteria for Buffering Agents:

Factor Consideration

Desired pH range Depends on drug solubility and stability

Route of administration Ophthalmic and injectable products need buffers close to physiologic
pH (7.4)

Drug compatibility Should not react with the API or other excipients

Toxicity Should be non-toxic, especially in large-volume parenterals

Buffer capacity Should be strong enough to resist pH changes

Examples of Use in Liquid Dosage Forms:

Dosage Form Buffering Agent Used

Pediatric syrups Citric acid + Sodium citrate
Ophthalmic drops Boric acid + Borax

Injectable drugs Sodium phosphate (mono/di-basic)
IV fluids Sodium lactate

Nasal sprays Sodium acetate buffer
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Antioxidants

Antioxidants are excipients added to liquid dosage forms to prevent or delay the oxidation of active pharmaceutical
ingredients (APIs) and other susceptible excipients. Oxidation is a major cause of chemical degradation, leading to
loss of potency, discoloration, off-odor, and toxic degradation products.

Why Antioxidants Are Needed:
a. Oxygen, light, metal ions, and heat can trigger oxidative degradation.

b. Drugs like vitamins (A, C, E), phenols, aldehydes, essential oils, and unsaturated fatty acids are especially
prone to oxidation.

c. Antioxidants enhance product stability, extend shelf life, and maintain drug efficacy.
Types of Antioxidants:
1. Water-Soluble Antioxidants

Used in aqueous liquid dosage forms like syrups, oral drops, and injectables.

Antioxidant Function

Ascorbic acid (Vitamin C) Scavenges oxygen radicals

Sodium metabisulfite Reacts with oxygen to protect drug

Sodium bisulfite Similar to metabisulfite, often in parenterals
Sodium thiosulfate Reduces oxidizing agents

2. Oil-Soluble Antioxidants

Used in oily preparations like emulsions, vitamin oil drops, and some injections.

Antioxidant Function

Butylated Hydroxyanisole (BHA) Prevents peroxide formation in oils
Butylated Hydroxytoluene (BHT) Inhibits free radical oxidation in fats
a-Tocopherol (Vitamin E) Natural antioxidant for lipid-based drugs
Propyl gallate Prevents rancidity in oil-based formulations

3. Synergists

Enhance antioxidant activity by chelating metal ions that catalyze oxidation.

Synergist Function
Citric acid Chelates iron and copper ions
EDTA (Disodium edetate) Strong metal chelator, used with BHA/BHT
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Mechanisms of Action:
a. Scavenging free radicals
b. Reacting with oxygen before it can oxidize the drug
c. Chelating metal ions that catalyze oxidation
d. Breaking the chain reaction of oxidative degradation

Considerations When Using Antioxidants:

Factor Importance

Solubility Must match the base (water or oil)

Stability Should not degrade over shelf life

Safety and toxicity Concentration must be within pharmacopeial limits

pH sensitivity Some antioxidants are only effective at certain pH (e.g., bisulfites < pH 5)
Patient sensitivity Sulfites may cause allergic reactions in asthmatics

Examples in Liquid Dosage Forms:

Dosage Form Antioxidants Used

Vitamin C syrups Ascorbic acid

Injectable solutions Sodium metabisulfite, EDTA

Emulsions (oily) BHT, BHA, a-Tocopherol

Iron tonics Ascorbic acid (also enhances absorption)
Eye drops Sodium bisulfite + EDTA

Viscosity Enhancers / Thickeners

Viscosity enhancers, also known as thickeners or rheology modifiers, are excipients added to liquid dosage forms
to increase thickness, improve stability, and enhance patient acceptability. They play a critical role in suspensions,
emulsions, ophthalmic solutions, topical liquids, and oral syrups.

Functions of Viscosity Enhancers:

1. Improve physical stability of suspensions/emulsions by reducing sedimentation or creaming
Enhance the pourability and feel of oral and topical products
Ensure uniform dosing by maintaining homogeneous dispersion of insoluble APIs

Prolong contact time in ophthalmic and mucosal formulations

A

Modify mouthfeel and enhance palatability (especially in pediatric syrups)
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Classification of Viscosity Enhancers:

1. Natural Polymers

Agent Source Uses

Acacia (Gum Arabic) Plant exudate Emulsions, suspensions

Tragacanth Plant exudate Oral suspensions and mucilages
Xanthan gum Bacterial fermentation Stable thickener for suspensions, syrups
Guar gum Legume seeds Topical and oral formulations

Alginates (Sodium alginate) Seaweed Ophthalmic and oral liquids

2. Semi-Synthetic Cellulose Derivatives

Agent Properties and Uses

Methylcellulose (MC) Non-ionic, used in oral and ophthalmic forms
Hydroxypropyl methylcellulose (HPMC) High viscosity, used in eye drops and syrups
Sodium carboxymethylcellulose (Sodium CMC) Widely used in oral suspensions
Hydroxyethylcellulose (HEC) Stable in a broad pH range

3. Synthetic Polymers

Agent Properties and Uses

Carbomers (Carbopol 934, 940) High viscosity at low concentration, pH-sensitive
Polyvinyl alcohol (PVA) Used in ophthalmic and topical liquids
Polyvinylpyrrolidone (PVP) Used in clear solutions, also a binder

Selection Criteria:

Criteria Considerations

Desired viscosity Should suit the product type (oral vs topical vs ophthalmic)
pH compatibility Some thickeners lose viscosity in acidic or alkaline pH
Stability Should not degrade or promote microbial growth

Patient comfort Should provide acceptable mouthfeel and texture
Non-reactivity Should not interact with APl or preservatives

Regulatory approval Must be safe and pharmacopeially accepted
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Examples in Liquid Dosage Forms:

Dosage Form Viscosity Enhancer Used

Oral suspensions Sodium CMC, Xanthan gum, HPMC
Pediatric syrups Acacia, MC, Glycerin (mild thickener)
Eye drops HPMC, Carbopol, PVA

Topical lotions/liniments Carbopol, Xanthan gum, HEC
Emulsions Acacia, Tragacanth

Emulsifying and Suspending Agents

In liquid dosage forms, emulsifying agents and suspending agents are essential for ensuring physical stability of
heterogeneous systems like emulsions (oil + water) and suspensions (solid particles in liquid). They help prevent
phase separation, sedimentation, and ensure uniform dose delivery.

1. Emulsifying Agents (Emulsifiers)
Definition:

Emulsifying agents are excipients that stabilize emulsions by reducing interfacial tension between immiscible liquids
(usually oil and water) and forming a protective film around dispersed droplets.

Types of Emulsifying Agents:

a. Natural Emulsifiers

Agent Source Use

Acacia (Gum Arabic) Plant exudate Oral emulsions
Tragacanth Plant gum Oral and topical emulsions
Lecithin Egg yolk or soy Injectable/lipid emulsions

b. Semi-synthetic Emulsifiers

Agent Properties
Methylcellulose Forms viscous emulsions
Sodium CMC Used for oil-in-water emulsions
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c. Synthetic Emulsifiers

Agent Type Use

Tween 80 (Polysorbate 80) Non-ionic Oral, topical emulsions
Span 20 Non-ionic Water-in-oil emulsions
PEG stearates Non-ionic Cosmetic and topical uses

Selection Considerations:

a. Hydrophilic-Lipophilic Balance (HLB): Determines whether the emulsifier stabilizes oil-in-water (O/W) or
water-in-oil (W/O) emulsions.

b. Non-toxicity: Especially for oral and injectable emulsions.
c. Taste, stability, compatibility.

2. Suspending Agents

Definition:

Suspending agents are excipients that increase the viscosity of the liquid medium to retard the sedimentation of
insoluble particles and keep them evenly dispersed throughout the formulation.

Types of Suspending Agents:

a. Natural Polymers

Agent Use

Acacia Oral suspensions

Xanthan gum Stable and pH-independent suspensions
Tragacanth Flocculated suspensions

Sodium alginate Ophthalmic and oral formulations

b. Semi-synthetic Cellulose Derivatives

Agent Properties

Sodium CMC Widely used, forms clear gels
Methylcellulose (MC) Forms stable colloidal dispersions
HPMC Non-ionic, stable over pH range
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c¢. Synthetic Polymers

Agent

Carbopol

PVP

Selection Criteria:

Criteria

System Type

Dosage Form

Viscosity

pH and stability

Safety

Examples in Formulations:

Dosage Form

Oral emulsion (Cod liver oil)

Topical emulsion (Moisturizer)

Antacid suspension

Pediatric antibiotic suspension

Chelating Agents

Use

High-viscosity gels and suspensions

Used in clear liquid systems

Emulsifying Agent

O/W or W/O

Oral, topical, parenteral

Moderate to low

Stable under formulation pH

Non-toxic and inert

Emulsifier Used

Acacia, Tween 80

Span + Tween combination

Suspending Agent

Dispersed solids

Oral, ophthalmic, topical

Medium to high

Compatible with drug

GRAS status preferred

Suspending Agent Used

Sodium CMC, Xanthan gum

HPMC, Tragacanth

Chelating agents are excipients used in liquid dosage forms to bind and inactivate metal ions (like Fe?*, Cu?") that
can catalyze degradation reactions such as oxidation, discoloration, or precipitation of the active pharmaceutical
ingredient (API) or other excipients.

Functions of Chelating Agents:

1.

wok wn

Prevent oxidative degradation of sensitive drugs by inactivating metal ion catalysts

Enhance stability of preservatives, antioxidants, and colors

Improve clarity and appearance of liquid preparations (prevent haze or precipitation)

Support antioxidant function (often used in combination with antioxidants)

Increase shelf-life of the product

Mechanism of Action:

Chelating agents form stable, water-soluble complexes with trace metal ions, thereby removing their catalytic
activity in redox reactions that cause degradation.
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Common Chelating Agents Used:

Chelating Agent Primary Function Common Use

Disodium edetate (EDTA) Strongly binds divalent and trivalent Most widely used in oral, ophthalmic, and
metal ions injectable formulations

Calcium disodium EDTA Less aggressive, safer for systemic use Used in detoxification and as a stabilizer

Citric acid Weak chelator, also acts as buffer and Syrups, oral solutions
acidifier

Tartaric acid Mild chelator and stabilizer Oral and cosmetic liquids

Glucono delta-lactone Slowly hydrolyzes to gluconic acid, Oral liquids and suspensions

chelating Ca*, Fe**

Typical Concentration:
a. Disodium EDTA: 0.005-0.1%
b. Citric acid: 0.1-2%
c. Concentration depends on pH, type of metal ions, and formulation type

Points to Consider:

Factor Consideration

Solubility Should be water-soluble and stable at formulation pH
Compatibility Should not bind essential trace elements in multivitamin liquids
Toxicity EDTA is generally safe in low concentrations

Use with antioxidants Often combined with BHT, ascorbic acid, etc. for enhanced effect

Examples of Use in Liquid Dosage Forms:

Dosage Form Chelating Agent Used
Eye drops Disodium EDTA

Oral syrups Citric acid, EDTA
Injectable solutions EDTA, Calcium EDTA
Vitamin formulations Citric acid

Antioxidant emulsions EDTA + BHT

SOLUBILITY ENHANCEMENT TECHNIQUES

Solubility is a key factor influencing bioavailability and therapeutic efficacy of drugs in liquid formulations. Poorly
soluble drugs require special techniques to improve their solubility and dissolution rate in the liquid vehicle.
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Classification of Solubility Enhancement Techniques:
1. Use of Co-solvents
Definition: Addition of a water-miscible organic solvent to increase solubility of poorly water-soluble drugs.
a. Common co-solvents: Ethanol, Propylene glycol, Glycerin, Polyethylene glycol (PEG)
b. Mechanism: Co-solvents reduce polarity of water, increasing drug solubility.
Example: Diazepam oral solution uses ethanol and propylene glycol as co-solvents.
2. pH Adjustment
Definition: Altering the pH of the solution to favor ionized (soluble) form of the drug.
a. Used for weak acids or weak bases
b. Requires buffering agents to maintain stability.
Example: Salicylic acid is more soluble in alkaline pH; lidocaine is more soluble at acidic pH.
3. Salt Formation
Definition: Converting poorly soluble drugs into more water-soluble salts.
a. Acidic drugs — Sodium or potassium salts
b. Basic drugs — Hydrochloride, sulfate salts
Example: Diclofenac sodium is more soluble than diclofenac free acid.
4. Surfactant Use (Solubilization)
Definition: Addition of surfactants to reduce surface tension and improve wetting and solubilization.
a. Types of surfactants:
1.  Non-ionic: Tween 80, Poloxamers
ii.  Anionic: Sodium lauryl sulfate (SLS)
Example: Tween 80 used in oral or injectable formulations of paclitaxel.
5. Complexation
Definition: Formation of soluble complexes between the drug and complexing agents.
a. Common agents: Cyclodextrins (e.g., B-cyclodextrin), caffeine, polymer complexes
Example: -cyclodextrin used to solubilize itraconazole in oral solution.
6. Micronization / Nanosizing
Definition: Reduction of drug particle size to increase surface area and improve dissolution rate.
a. Micronization: Reduces particle size to 1-10 um
b. Nanosizing: Reduces to <1 um using techniques like high-pressure homogenization or sonication
Example: Nanosuspensions of poorly soluble drugs like fenofibrate.
7. Hydrotropy
Definition: Use of hydrotropic agents that enhance solubility without forming micelles.
a. Common agents: Sodium benzoate, urea, nicotinamide
Example: Hydrotropic solubilization of ibuprofen using urea.
8. Use of Solid Dispersions (for reconstitution liquids)
Definition: Drug dispersed in a soluble solid matrix to improve solubility.
a. Carriers: PVP, PEG

Example: Reconstitutable suspensions for poorly soluble antibiotics.
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MULTIPLE CHOICE QUESTIONS (MCQs)

L.

10.

11.

Liquid dosage forms are defined as:

a) Solid drug dispersed in a solid base

b) Drug dissolved, suspended, or emulsified in a liquid vehicle
¢) Only oral drug solutions

d) Only topical liquid preparations

Which of the following is an advantage of liquid dosage forms?
a) Poor stability

b) Easy swallowing and flexible dosing

c) Difficult to formulate

d) High dose inaccuracy

Most liquid dosage forms show faster absorption because:
a) They contain preservatives

b) Drug is already dissolved

c¢) They taste better

d) They are colored

A major disadvantage of liquid dosage forms is:
a) High stability

b) Long shelf life

c) Bulkiness and storage issues

d) No need for preservatives

The most commonly used aqueous vehicle is:

a) Alcohol

b) Purified water

¢) Mineral oil

d) Castor oil

Aromatic waters are:

a) Alcoholic solutions of drugs

b) Saturated solutions of volatile oils in water
¢) Oil preparations

d) Sweetened solutions

Hydroalcoholic vehicles are used when:

a) Drug is very soluble in water

b) Drug is poorly soluble in water

¢) Drug is only oil soluble

d) Drug is highly unstable

Which vehicle is commonly used in parenteral preparations?
a) Peppermint water

b) Water for Injection (WFI)

¢) Alcohol

d) Glycerin

Preservatives are essential in liquid dosage forms because they:
a) Improve color

b) Prevent microbial contamination

¢) Increase viscosity

d) Enhance sweetness

Methylparaben and propylparaben belong to:

a) Natural sweeteners

b) Polyols

c) Paraben preservatives

d) Synthetic colors

11. Sorbitol is classified as:

a) Natural sweetener

b) Artificial sweetener

¢) Sugar alcohol

d) Colorant
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12. Aspartame is not suitable for:
a) Diabetics
b) Adults
¢) Children
d) Patients with phenylketonuria
13. Which excipient improves taste and odor?
a) Buffering agents
b) Flavoring agents
c¢) Antioxidants
d) Suspending agents
14. Tartrazine, a synthetic colorant, belongs to:
a) Natural dye
b) Lake pigment
¢) FD&C dyes
d) Inorganic color
15. Buffering agents are used primarily to:
a) Increase sweetness
b) Maintain pH stability
c¢) Improve color appearance
d) Enhance aroma
16. EDTA acts mainly as a:
a) Preservative
b) Chelating agent
¢) Sweetener
d) Emulsifier
17. Antioxidants prevent:
a) Hydrolysis
b) Oxidation
c) Taste change
d) Sedimentation
18. Viscosity enhancers help:
a) Increase microbial activity
b) Improve stability of suspensions
¢) Reduce uniformity
d) Increase oxidation
19. Emulsifying agents primarily function to:
a) Reduce interfacial tension
b) Increase sweetness
¢) Decrease viscosity
d) Remove metal ions
20. Solubility of poorly soluble drugs can be enhanced by:
a) Use of co-solvents
b) Decreasing pH always
¢) Removing preservatives
d) Avoiding surfactants

SHORT ANSWER QUESTIONS

Define liquid dosage forms.

Mention any four advantages of liquid dosage forms.
State any two disadvantages of liquid dosage forms.
What are aqueous vehicles? Give two examples.
Define aromatic waters.

What are hydroalcoholic vehicles?

Mention the use of glycerin as a vehicle.

What is the role of preservatives in liquid dosage forms?
Give two examples of antimicrobial preservatives.

10 What are natural sweeteners? Give one example.

11. Why is aspartame contraindicated in phenylketonuria?
12. What are flavoring agents?

WX AN R
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13.
14.
15.
16.
17.
18.
19.
20.

Give two examples of synthetic colorants.

Define buffering agents and state their function.

Mention any two antioxidants used in liquid formulations.

What are viscosity enhancers?

Define emulsifying agents.

What are suspending agents?

Explain the concept of solubility enhancement using co-solvents.

Name two techniques used to improve solubility of poorly soluble drugs.

LONG ANSWER QUESTIONS

1
2
3
4.
5.
6
7
8
9.
1

0.

Describe the advantages and disadvantages of liquid dosage forms in detail.

Explain the classification and functions of vehicles used in liquid dosage forms.

Discuss preservatives used in liquid dosage forms, their mechanism, types, and factors affecting their effectiveness.
Explain sweetening agents: classification, examples, properties, and selection criteria.

Write a detailed note on flavoring and coloring agents used in liquid preparations.

Describe the role of buffering agents, their examples, properties, and applications.

Discuss antioxidants: mechanism of action, types, examples, and formulation considerations.

Explain viscosity enhancers and their importance in suspensions, emulsions, and ophthalmic liquids.

Differentiate between emulsifying agents and suspending agents with examples and applications.

Describe solubility enhancement techniques used in liquid dosage forms with suitable examples.

ANSWER KEY (MCQs)
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CHAPTER 8
MONOPHASIC LIQUIDS

INTRODUCTION:

Monophasic liquids are substances that exist in a single phase, meaning they consist of only one phase (solid,
liquid, or gas) and do not have any distinct separation of different phases. The term "monophasic" refers to the uniformity
of the material's composition in terms of its phase, and it is often contrasted with multiphasic systems, where two or
more phases are present (e.g., emulsions or suspensions).

Key Characteristics of Monophasic Liquids:
1. Homogeneity:

a. In a monophasic liquid, the components are uniformly mixed. The liquid has a consistent composition
throughout, meaning there are no visible separations between different substances within the liquid.

2. Single Phase:

a. The system exists in only one phase. In the case of a monophasic liquid, that phase is typically liquid,
although other types of monophasic systems can exist (such as solid monophasic or gaseous monophasic
systems).

3. Chemical Uniformity:

a. The components in a monophasic liquid are usually either a single chemical compound (e.g., water,
ethanol) or a mixture of substances that form a single, homogeneous liquid phase (e.g., solutions,
alcohol-water mixtures).

4. Examples:

a. Water: Pure water is an example of a monophasic liquid because it is a single liquid phase with a
consistent molecular composition throughout.

b. Alcohol Solutions: A mixture of ethanol and water, where both substances mix to form a homogeneous
liquid without separation of phases.

c. QOil: Certain oils, like vegetable oil, are monophasic liquids when pure (without emulsifiers or
suspended particles).

5. Physical Properties:

a. Monophasic liquids exhibit physical properties that are uniform throughout the liquid. Properties such
as density, viscosity, and refractive index are consistent in all parts of the liquid, unlike in multiphasic
systems where properties may differ across different phases.

6. Stability:

a. Monophasic liquids are generally stable under standard conditions (no phase separation occurs over
time). However, they can change phase under specific conditions like temperature or pressure changes
(for example, a monophasic liquid may freeze into a solid at low temperatures).

Applications of Monophasic Liquids:

1. Industrial processes: Monophasic liquids are often involved in processes like chemical reactions, distillation,
and mixing, where homogeneous solutions or mixtures are required.

2. Pharmaceuticals: Many drug formulations, such as syrups and suspensions, can be monophasic, offering a
uniform distribution of active ingredients.

3. Food Industry: Many beverages, sauces, and oils are monophasic liquids, which require no phase separation
for proper texture and consistency.

Behavior of Monophasic Liquids:

1. Thermal Behavior: The temperature of a monophasic liquid typically changes uniformly, without the formation
of new phases, unless subjected to extreme conditions.

122 | TEXT BOOK OF PHARMACEUTICS



2. Viscosity and Flow: Monophasic liquids follow predictable patterns of viscosity and flow based on their
molecular composition and external factors (e.g., temperature or shear rate).

Monophasic vs. Multiphasic Systems:
Monophasic systems should be differentiated from multiphasic systems, which involve multiple phases. For example:

1. Emulsions (oil-in-water or water-in-oil mixtures) are examples of multiphasic systems, where oil droplets are
dispersed in water or vice versa.

2. Suspensions involve solid particles dispersed in a liquid, creating a heterogeneous mixture.

Monophasic Liquid Dosage Form

=3 et

T

— Linctuses Use on Skin Use on Mouth Use on body
cavity
Liniment Gargles Ear Drop
—  Elixirs

Mouth Wash

Lotion Douche

Preparations Throat Paint Nasal Spray

Nasal Drop

DEFINITIONS AND PREPARATIONS OF GARGLES
1. Definition of Gargles:

A gargle is a therapeutic liquid that is used for oral hygiene or as a treatment for throat conditions, typically to relieve
symptoms such as sore throat, inflammation, or infections. Gargles are commonly used by holding the liquid in the
mouth and throat while tilting the head backward and expelling air, which helps the liquid come into contact with the
throat and mouth tissues.

Gargles can contain active ingredients such as antiseptics, analgesics, or anti-inflammatory agents to treat or prevent
oral and throat conditions. The goal of gargling is to cleanse the throat, reduce inflammation, or kill harmful
microorganisms.

In the context of monophasic liquids, gargles are prepared as solutions that consist of a single-phase liquid, meaning
the active ingredients and solvent (typically water or alcohol) are uniformly dissolved or mixed in the solution without
phase separation.

2. Characteristics of Gargles in Monophasic Liquids:

a. Single-Phase Solution: Monophasic gargles are prepared in such a way that all the active ingredients (such as
antiseptics, analgesics, or flavoring agents) dissolve or mix evenly in the solvent, creating a uniform solution.
There is no visible separation of phases (e.g., no oil droplets in water, etc.).

b. Homogeneity: The active pharmaceutical ingredients (APIs) used in gargles must be soluble or well-dispersed
throughout the monophasic liquid, ensuring that the solution is homogenous and effective during use.

c. Easy to Use: Monophasic gargles are easy to prepare and use because they consist of a single liquid phase
without the need for special equipment to maintain suspension or emulsification.

d. Therapeutic Action: Depending on the formulation, gargles can serve various purposes, such as antiseptic,
anti-inflammatory, analgesic, or soothing actions. They may contain ingredients like chlorhexidine,
cetylpyridinium chloride, or herbal extracts like sage or peppermint for therapeutic benefits.
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3. Ingredients of Gargles in Monophasic Liquids:
The main ingredients in monophasic gargles are:

a. Solvent: Water or alcohol (usually ethanol or isopropyl alcohol) is commonly used as the base solvent to
dissolve the active ingredients.

b. Active Pharmaceutical Ingredients (APIs): These are the therapeutic agents that give the gargle its effect.
Common APIs include:

i.  Antiseptics: Such as chlorhexidine, hydrogen peroxide, or iodine compounds, to kill bacteria or viruses
in the mouth and throat.

ii.  Anti-inflammatory Agents: Such as corticosteroids or nonsteroidal anti-inflammatory drugs
(NSAIDs), to reduce throat inflammation.

iii.  Anesthetics or Analgesics: Such as lidocaine or benzocaine, to numb the throat and relieve pain.
1v. Herbal Extracts: Such as aloe vera, sage, or chamomile, to soothe the throat or reduce irritation.

c. Preservatives: To prevent microbial growth and ensure the stability of the solution over time, preservatives like
sodium benzoate or potassium sorbate are commonly added.

d. Flavoring Agents: To improve the taste of the gargle, which can often be unpleasant due to the presence of
antiseptic or medicinal ingredients, flavoring agents such as mint, menthol, or citrus extracts are used.

e. pH Adjusters: To maintain the stability and efficacy of the active ingredients, pH adjusters like citric acid or
sodium hydroxide may be added to keep the solution in the optimal pH range.

4. Preparations of Gargles in Monophasic Liquids:

The preparation of gargles in monophasic liquids typically involves the following steps:
Step 1: Selection of Solvent

The choice of solvent is critical. The most common solvents used in gargles are:

a. Water: Usually purified or distilled water is used, as it provides a neutral medium for dissolving the active
ingredients.

b. Alcohol: Ethanol or isopropyl alcohol may be used in gargles for their antiseptic properties. However, alcohol-
based gargles can sometimes be drying and irritating to the throat.

Step 2: Dissolution or Mixing of Active Ingredients

a. Antiseptic Agents: Active ingredients such as chlorhexidine or cetylpyridinium chloride should be dissolved
in the solvent at a concentration that is effective for the intended therapeutic purpose.

b. Herbal or Active Extracts: Herbal extracts can be added in appropriate amounts to provide soothing effects or
anti-inflammatory benefits.

c. Preservatives: Add preservatives to ensure the solution’s shelf-life and prevent microbial contamination.

The preparation must be done in a clean, controlled environment to prevent contamination and ensure uniformity in the
final product.

Step 3: pH Adjustment (if needed)

If necessary, the pH of the solution is adjusted using pH adjusters to ensure the stability and solubility of the active
ingredients. For example, acidic gargles may require the addition of a base to reach a more neutral pH.

Step 4: Filtration

The preparation may be filtered to remove any undissolved particles, ensuring the solution is clear and free of
contaminants.

Step 5: Packaging

Once prepared, the gargle is packaged in suitable containers, typically small bottles with a dropper or cap that allows
the user to dispense the solution easily.
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Step 6: Quality Control

Before the product is released, it undergoes quality control checks to ensure:

a.

b.

C.

Proper concentration of active ingredients.
No microbial contamination.

Stability of the solution over its intended shelf life.

5. Example of a Gargle Formulation (Monophasic Liquid):

Chlorhexidine Gargle Solution:

a.
b.

C.

d.

c.

Active Ingredient: Chlorhexidine gluconate (0.12% w/v)
Solvent: Purified water or alcohol

Preservative: Sodium benzoate (to preserve the solution)
Flavoring: Mint or citrus extract (for a more pleasant taste)

pH Adjuster: Citric acid (to adjust the pH to a level conducive to the stability of chlorhexidine)

6. Instructions for Use:

a.

Dosage: Typically, a small amount of the gargle solution is poured into the mouth (about 10—15 mL) and held
in the mouth for 30 seconds to 1 minute.

Frequency: Gargling can be done multiple times a day, depending on the severity of the symptoms or as
prescribed by a healthcare provider.

DEFINITIONS AND PREPARATIONS OF MOUTHWASHES
1. Definition of Mouthwash:

A mouthwash is a liquid oral hygiene product that is used to rinse the mouth, typically to reduce oral bacteria, freshen
breath, and treat or prevent oral conditions such as gum disease or tooth decay. Mouthwashes are usually used after
brushing and are designed to cleanse the mouth by reaching areas that are difficult to clean with a toothbrush, such as
between teeth and along the gum line.

In the context of monophasic liquids, a mouthwash is a single-phase liquid solution where all the components (active
ingredients, solvents, and additives) are uniformly dissolved or mixed together, ensuring consistency and effectiveness
in its use.

2. Characteristics of Mouthwashes in Monophasic Liquids:

a.

Single-Phase Solution: The mouthwash is a homogenous solution that does not separate into different phases.
It is composed of a single liquid phase where the active ingredients are completely dissolved or uniformly mixed
in the solvent (usually water or alcohol).

Uniformity: The formulation ensures that the mouthwash has a consistent concentration of active ingredients
throughout the solution, which provides reliable therapeutic effects with every use.

Ease of Use: Since mouthwashes are monophasic, they do not require shaking or special handling to maintain
the effectiveness of the ingredients, unlike suspensions or emulsions that might need constant agitation.

Therapeutic Action: Mouthwashes can provide a range of therapeutic benefits, including antibacterial,
antifungal, anti-inflammatory, and freshening properties. Common active ingredients include antiseptics,
fluoride, and antimicrobial agents.

3. Ingredients of Mouthwashes in Monophasic Liquids:

A mouthwash in monophasic liquid form is typically made from the following key ingredients:

a.

Solvent: The main solvent in most mouthwashes is water, which serves as the medium to dissolve the active
ingredients. In some formulations, alcohol (ethanol or isopropyl alcohol) may be used as a solvent to enhance
the effectiveness of antiseptic agents and to preserve the mouthwash. Alcohol also helps the solution to
evaporate more quickly after use.
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b. Active Ingredients: These provide the therapeutic benefits of the mouthwash, which may include:

i.  Antiseptics: Such as chlorhexidine, cetylpyridinium chloride, hydrogen peroxide, or
benzalkonium chloride, which are used to kill or inhibit the growth of bacteria in the mouth, preventing
oral infections and improving oral hygiene.

ii.  Fluoride: Often included to help prevent tooth decay by remineralizing tooth enamel.

iii.  Antifungal Agents: In some mouthwashes, antifungal agents (e.g., nystatin) may be included to treat
fungal infections like oral thrush.

iv.  Astringents: Such as zinc compounds, which help tighten gum tissues and reduce gingivitis.

c. Preservatives: To prevent microbial contamination and ensure a long shelf life, preservatives like sodium
benzoate or potassium sorbate are commonly added.

d. Flavoring Agents: To make mouthwash more palatable and mask the often medicinal taste, flavoring agents
such as menthol, mint, citrus, or peppermint are added. These also help to freshen the breath after use.

e. Surfactants: Some mouthwashes may contain mild surfactants such as poloxamer to aid in the spreading of
the liquid within the mouth, ensuring that the active ingredients come into contact with all parts of the oral
cavity.

f.  pH Adjusters: To maintain the stability of the active ingredients, and to ensure the solution is comfortable and
effective for use in the mouth, the pH may be adjusted using agents like citric acid or sodium hydroxide.

4. Preparations of Mouthwashes in Monophasic Liquids:

The preparation of mouthwashes in monophasic liquids involves a series of carefully controlled steps to ensure the
uniformity, stability, and efficacy of the final product. Here’s how mouthwashes are typically prepared:

Step 1: Selection of Solvent
The solvent choice is important for the stability and effectiveness of the mouthwash. The most common solvents are:
Water: Often purified or distilled water, which forms the base of the solution.

b. Alcohol: Ethanol or isopropyl alcohol is often added to enhance the antimicrobial properties of the mouthwash
and act as a preservative.

Step 2: Addition of Active Ingredients

The active ingredients are then carefully dissolved or mixed into the solvent to create the desired therapeutic effect.
These include antiseptics (like chlorhexidine), fluoride, and any other ingredients that provide the mouthwash with its
intended function. This process requires the ingredients to be thoroughly dissolved to avoid any phase separation or
undissolved particles in the final product.

Step 3: Addition of Flavoring and Surfactants

After the active ingredients are dissolved, flavoring agents are added to make the mouthwash more pleasant for the
user. Surfactants may also be added to help distribute the mouthwash evenly across the surface of the mouth, especially
to areas like the gums and between teeth.

Step 4: pH Adjustment

The pH of the mouthwash is adjusted to ensure that the solution is comfortable in the mouth and that the active
ingredients remain stable and effective. For example, the pH may be adjusted using citric acid or sodium hydroxide.

Step 5: Filtration

Once all ingredients are thoroughly mixed, the mouthwash may be filtered to remove any residual particulate matter,
ensuring the solution is clear and free of any undissolved materials.

Step 6: Packaging

The mouthwash is then packaged into bottles or containers, which are typically designed to be used with a measuring
cap or dropper. The packaging must protect the solution from contamination and maintain its stability.

Step 7: Quality Control
The mouthwash undergoes rigorous quality control testing to ensure:

a. The proper concentration of active ingredients.
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b. The absence of microbial contamination.

c. The stability of the solution over time.

d. The pH, clarity, and organoleptic properties (e.g., taste and odor) are within acceptable limits.
5. Example of a Mouthwash Formulation (Monophasic Liquid):
Chlorhexidine Mouthwash:

a. Active Ingredient: Chlorhexidine gluconate (0.12% w/v)

b. Solvent: Purified water and ethanol (15-20%)

c. Preservative: Sodium benzoate (to prevent microbial growth)

d. Flavoering: Mint or citrus flavor (for fresh breath)

e. pH Adjuster: Citric acid (to adjust the pH to around 5.5-6.5)
6. Instructions for Use:

Dosage: Typically, 10-15 mL of mouthwash is used per rinse.

b. Frequency: Mouthwash is often used 1-2 times per day after brushing, or as directed by a dentist or healthcare
provider.

c. Method: Swish the mouthwash around in the mouth for 30 seconds to 1 minute and then spit it out. Avoid
swallowing the mouthwash.

7. Benefits of Mouthwashes in Monophasic Liquids:

a. Effective Oral Hygiene: Mouthwashes help in reducing the bacterial load in the mouth, preventing plaque
buildup and oral diseases like gingivitis and periodontal disease.

b. Breath Freshening: The flavoring agents, such as menthol, provide immediate fresh breath.

c. Convenience: Mouthwashes are easy to use, require no special equipment, and are an effective way to
complement regular brushing and flossing.

d. Therapeutic Properties: Many mouthwashes contain active ingredients that help in treating oral infections,
soothing irritated gums, and providing other therapeutic benefits.

DEFINITIONS AND PREPARATIONS OF THROAT PAINT
1. Definition of Throat Paint:

Throat paint is a liquid formulation that is applied directly to the throat and tonsils to provide relief from throat
irritation, pain, or inflammation. It is typically used to treat conditions such as sore throat, pharyngitis, or tonsillitis, by
coating the mucosal surfaces in the throat, offering a soothing, antiseptic, or anesthetic effect.

Throat paints are monophasic liquids, meaning they are a single-phase solution where all ingredients are uniformly
dissolved or mixed, ensuring an even distribution of the active ingredients in the liquid. The formulation usually involves
a combination of antiseptic, anesthetic, or anti-inflammatory agents, and is intended to be applied directly to the affected
areas for localized treatment.

2. Characteristics of Throat Paint in Monophasic Liquids:

a. Single-Phase Solution: As a monophasic liquid, throat paint is made of a homogeneous solution, ensuring no
separation of phases. All active ingredients and excipients are uniformly dissolved or mixed into the solvent.

b. Direct Application: Throat paint is generally applied directly to the throat using a brush, swab, or applicator,
which helps target the affected area.

c. Coating Action: One of the primary purposes of throat paint is to create a protective or soothing film over the
throat lining. This helps to reduce irritation, numb pain, or protect the mucosal surfaces from further damage,
particularly in cases of inflammation or infection.

d. Antiseptic, Anesthetic, and Anti-inflammatory Properties: Depending on the formulation, throat paints may
have ingredients that can reduce bacterial growth, numb pain, or reduce inflammation, providing relief from
throat discomfort.
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3. Ingredients of Throat Paint in Monophasic Liquids:
The formulation of throat paint typically includes several key components:
a. Solvent:

i.  The solvent is typically water or glycerin, which helps dissolve and carry the active ingredients and
ensures uniformity in the product.

ii.  Glycerin is often preferred for throat paints because it has a thick, syrupy consistency, which helps the
product adhere to the throat and provides a coating effect.

b. Active Pharmaceutical Ingredients (APIs): These are the key therapeutic agents in the throat paint. Common
active ingredients may include:

i.  Antiseptics: Such as iodine (e.g., povidone-iodine), chlorhexidine, or phenol. These agents help kill
bacteria, viruses, and fungi in the throat, reducing infection and promoting healing.

ii.  Anesthetics: Such as benzocaine or lidocaine, which numb the throat to provide relief from pain and
discomfort.

iii.  Anti-inflammatory Agents: Compounds like corticosteroids or non-steroidal anti-inflammatory
drugs (NSAIDs), which help reduce inflammation and soothe the throat.

iv.  Astringents: Such as zinc sulfate or tannins, which help reduce inflammation and constrict tissues to
decrease swelling in the throat.

c. Preservatives: To ensure the throat paint remains free from microbial contamination over time, preservatives
such as sodium benzoate or potassium sorbate may be added.

d. Flavoring Agents: For user comfort, throat paints often include flavoring agents like menthol, peppermint, or
spearmint to provide a more pleasant taste and a soothing sensation in the throat.

e. Thickening Agents: Some throat paints include thickeners like gellan gum or xanthan gum to improve the
texture of the solution and ensure it adheres to the throat lining. This also helps create a lasting effect as it stays
in place longer.

f. pH Adjusters: The pH may be adjusted with agents like citric acid to ensure the throat paint is not too acidic
or alkaline, which could irritate the throat lining.

4. Preparations of Throat Paint in Monophasic Liquids:

The preparation of throat paint involves a few critical steps to ensure the solution is effective, stable, and safe for use.
The following outlines the typical preparation process:

Step 1: Selection of Solvent

The solvent used in throat paint is usually water or glycerin. Glycerin is preferred in many throat paints because of its
thick consistency, which helps the product coat the throat more effectively.

Step 2: Dissolution or Mixing of Active Ingredients

The active ingredients, such as antiseptics, anesthetics, or anti-inflammatory agents, are carefully dissolved in the
solvent. For example, iodine-based compounds like povidone-iodine or phenol are dissolved in the solution to ensure
they are evenly distributed. This ensures that the throat paint delivers the therapeutic effects uniformly when applied.

Step 3: Addition of Preservatives and Flavoring Agents

Once the active ingredients are dissolved, preservatives (such as sodium benzoate) are added to prevent microbial
contamination. Flavoring agents like menthol or peppermint may also be added at this stage to improve the taste and
provide additional soothing effects.

Step 4: Thickening (if necessary)

If a thicker consistency is required, thickeners such as xanthan gum or gellan gum are added to the solution. This
ensures that the throat paint has a viscosity that allows it to adhere to the throat lining and stay in place longer.

Step 5: pH Adjustment

The pH of the throat paint is adjusted, if necessary, using citric acid or sodium hydroxide to ensure the product is safe
and comfortable for use. The ideal pH is typically neutral to slightly acidic, which is suitable for most therapeutic agents
used in throat paints.
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Step 6: Filtration

The solution is filtered to remove any impurities or undissolved particles, ensuring the throat paint is clear and free of
any residual material that could cause irritation.

Step 7: Packaging

Once the throat paint is prepared, it is packaged into suitable containers, often in small bottles with an applicator (such
as a dropper or swab) for easy application to the throat. The packaging should protect the product from contamination
and preserve its stability over time.

Step 8: Quality Control
Before the throat paint is released for use, it undergoes quality control testing to ensure:
a. Proper concentration of active ingredients.
b. No microbial contamination.
c. Stability of the solution over its shelf life.
d. pH, viscosity, and organoleptic properties (taste and smell) are within acceptable limits.
5. Example of a Throat Paint Formulation (Monophasic Liquid):
Phenol Throat Paint:
a. Active Ingredient: Phenol (1-2% w/v) — for its antiseptic and anesthetic properties.
b. Seolvent: Glycerin (as a thickening and solvent agent)
c. Preservative: Sodium benzoate (to prevent microbial contamination)
d. Flavoering: Peppermint or menthol (for a soothing effect)
e. Thickening Agent: Xanthan gum (to give the paint a viscous consistency)
f. pH Adjuster: Citric acid (to adjust the pH)
6. Instructions for Use:

a. Dosage: A small amount (typically 1-2 mL) of throat paint is applied directly to the sore or inflamed areas of
the throat using a brush, cotton swab, or applicator.

b. Frequency: Throat paint is usually applied 2-3 times a day or as directed by a healthcare provider.

c. Method: The user is instructed to tilt their head back and apply the throat paint directly to the back of the throat,
ensuring it coats the mucosal surfaces for maximum effect.

7. Benefits of Throat Paints in Monophasic Liquids:

a. Localized Treatment: Throat paints provide direct relief to the affected area, delivering antiseptic, analgesic,
and anti-inflammatory benefits where they are most needed.

b. Soothing Effect: The thick consistency of throat paint allows it to stay in place and create a protective barrier
over the mucosa, which helps soothe irritation and pain.

c. Effective for Infections and Inflammation: Many throat paints contain antiseptics or anesthetics that can
reduce the severity of throat infections and alleviate pain from sore throat or tonsillitis.

DEFINITIONS AND PREPARATIONS OF EARDROPS
1. Definition of Eardrops:

Eardrops are liquid medications specifically formulated to be instilled into the ear canal to treat various ear conditions.
They can address issues like ear infections, earwax buildup, itching, and inflammation. Eardrops typically provide
localized relief and are designed to target problems directly within the ear.

In the context of monophasic liquids, eardrops are a single-phase liquid where all the components (active ingredients,
solvents, and excipients) are uniformly dissolved or mixed, ensuring that the solution remains homogenous and effective
for ear treatment.
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2. Characteristics of Eardrops in Monophasic Liquids:

a.

Single-Phase Solution: As monophasic liquids, eardrops are made from a homogenous liquid where the active
ingredients are evenly dissolved, ensuring that the user gets the full dose of the medication in each drop.

Topical Application: Eardrops are applied directly into the ear canal, making them ideal for localized treatment
of ear conditions. This application ensures that the active ingredients are concentrated in the affected area.

Precision and Dosage: Eardrops are typically packaged in small, dropper bottles that allow for accurate,
controlled dosing. This ensures that the user applies the correct amount of medication to the ear.

Variety of Active Ingredients: Eardrops may contain different active ingredients based on the condition being
treated, including antibiotics, antiseptics, anti-inflammatory agents, and earwax softeners.

3. Ingredients of Eardrops in Monophasic Liquids:

The formulation of eardrops typically involves several key ingredients, which can vary based on the condition being

treated:

a.

b.

Solvent:

i.  Water or isopropyl alcohol is commonly used as the base solvent in eardrops. Alcohol-based solvents
are often used because they can help dry excess moisture in the ear, especially in cases of infections
like otitis externa (outer ear infection).

ii.  Glycerin may be used as a solvent in some eardrop formulations, especially when a more viscous
solution is desired to help coat the ear canal more effectively.
Active Ingredients: The active ingredients in eardrops depend on the condition being treated, and may include:

i.  Antibiotics: To treat bacterial infections in the ear. For example, neomycin, polymyxin B, or
ciprofloxacin.

ii.  Antiseptics: To prevent infection or aid in cleaning the ear. Hydrogen peroxide or boric acid may be
used.

iii.  Earwax Softeners: Ingredients like carbamide peroxide or docusate sodium help break down and
soften earwax (cerumen) so it can be removed more easily.

iv.  Anti-inflammatory Agents: Such as hydrocortisone or flurbiprofen, which reduce inflammation and
discomfort in the ear.

v.  Antifungals: In some eardrops, clotrimazole or miconazole may be included to treat fungal infections
like otomycosis.

Preservatives: These prevent microbial growth in the eardrop solution and ensure the product remains safe to
use over time. Common preservatives include benzalkonium chloride and phenylethyl alcohol.

pH Adjusters: The pH of eardrops is often adjusted to match the natural pH of the ear canal, typically around
4.5 to 6.0, to avoid irritation and ensure comfort. pH adjusters like citric acid or sodium hydroxide may be
used.

Thickening Agents: In some formulations, thickeners like xanthan gum or hydroxypropyl methylcellulose
may be added to give the eardrop solution a thicker consistency, allowing it to coat the ear canal more
effectively.

Flavoring Agents (optional): Some eardrop solutions may contain mild flavoring agents to mask any
unpleasant taste or odor from the active ingredients.

4. Preparations of Eardrops in Monophasic Liquids:

The preparation of eardrops involves carefully mixing the ingredients to ensure the solution is homogeneous and stable
for use in the ear. Here are the typical steps involved in preparing eardrops:

Step 1: Selection of Solvent

The solvent forms the base of the eardrop solution. Common solvents include:

a.
b.

C.

Water (purified or distilled water).
Isopropyl alcohol (commonly used for drying the ear and preventing infections).

Glycerin (used in some formulations for its viscosity and moisturizing properties).
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Step 2: Dissolution or Mixing of Active Ingredients
The active ingredients are mixed or dissolved into the solvent. For example:

a. Antibiotics or antiseptics are dissolved in the solution for their antimicrobial effects.

b. Earwax softeners like carbamide peroxide are mixed into the solution to help break down and remove earwax.
Step 3: Addition of Preservatives and pH Adjusters

Preservatives, such as benzalkonium chloride, are added to ensure that the eardrops remain sterile and free from
microbial contamination. pH adjusters like citric acid may also be used to adjust the pH of the solution to match the
natural acidity of the ear canal and prevent irritation.

Step 4: Thickening (if necessary)

In some formulations, thickeners like xanthan gum or hydroxypropyl methylcellulose are added to give the eardrop
solution the desired viscosity, which allows it to stay in the ear canal longer and be more effective.

Step 5: Filtration

The eardrop solution is then filtered to remove any undissolved particles or impurities. This ensures that the final product
is clear and free from any contaminants that could cause irritation or infection.

Step 6: Packaging

The eardrop solution is packaged in sterile, sealed bottles with a dropper or applicator to allow for easy and accurate
application. The packaging is designed to maintain the sterility of the product and prevent contamination.

Step 7: Quality Control
Before the eardrops are released for sale or use, they undergo stringent quality control testing. This includes testing for:
a. Proper concentration of active ingredients.
b. The absence of microbial contamination.
c. pH, clarity, and viscosity.
d. Stability over time to ensure the eardrops remain effective until the expiration date.
5. Example of a Typical Eardrop Formulation (Monophasic Liquid):
Antibiotic Eardrops (for Bacterial Ear Infections):
a. Active Ingredients:
i.  Neomycin sulfate (for bacterial infection).
ii.  Polymyxin B (for bacterial infection).
iii.  Hydrocortisone (for reducing inflammation and pain).
b. Solvent: Isopropyl alcohol (to help dry the ear and enhance the antiseptic effect).
Preservative: Benzalkonium chloride (to prevent microbial growth).
d. pH Adjuster: Citric acid (to maintain an appropriate pH level of 5.5-6.0).
e. Optional Ingredients: Flavoring agents (to mask any unpleasant odor).
6. Instructions for Use:

a. Deosage: Typically, 2-3 drops are instilled into the affected ear(s) 2-3 times a day or as directed by a healthcare
professional.

b. Method: Tilt the head to one side, pull the earlobe back to straighten the ear canal, and apply the drops. Keep
the head tilted for a few minutes to allow the medication to be absorbed and to ensure that it coats the ear canal.

c. Caution: Users should avoid touching the dropper tip to the ear or any surfaces to prevent contamination. The
dropper should be cleaned regularly, and users should follow specific instructions on how long to use the
product.
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7. Benefits of Eardrops in Monophasic Liquids:

a. Localized Treatment: Eardrops are applied directly to the ear canal, ensuring that the active ingredients are
concentrated where they are needed most, offering quick and effective relief.

b. Precision in Dosage: The dropper bottle allows for precise control over the amount of medication applied,
ensuring that the right dose is delivered.

c. Variety of Uses: Eardrops can treat a wide range of conditions, including bacterial infections, fungal infections,
earwax buildup, inflammation, and pain.

d. Ease of Application: Eardrops are easy to use and can be administered at home without the need for
professional intervention, making them a convenient option for ear care.

DEFINITIONS AND PREPARATIONS OF NASAL DROPS
1. Definition of Nasal Drops:

Nasal drops are liquid medications specifically designed to be instilled into the nasal passages to treat various nasal and
sinus conditions. These include nasal congestion, sinusitis, allergies, and other upper respiratory issues. Nasal drops are
often used for their local effect, providing relief directly in the nasal cavity, where they can reduce swelling, relieve
congestion, or treat infections.

In the context of monophasic liquids, nasal drops are single-phase solutions, where the active ingredients, excipients,
and solvent are uniformly mixed, ensuring that each drop delivers a consistent dose of the medication.

2. Characteristics of Nasal Drops in Monophasic Liquids:

a. Single-Phase Solution: Nasal drops are monophasic, meaning they are a uniform liquid solution where all
components (active ingredients and excipients) are completely dissolved or mixed. This ensures that each dose
delivers the right amount of the active ingredient.

b. Topical Application: Nasal drops are administered directly into the nostrils, which means they provide targeted
relief right where it’s needed.

c. Precision and Dosage: The liquid form of nasal drops allows for accurate dosing, as they are typically packaged
in dropper bottles that enable controlled application.

d. Variety of Active Ingredients: Nasal drops may contain different active ingredients based on the condition
being treated, such as decongestants, antihistamines, antiseptics, or saline solutions.

3. Ingredients of Nasal Drops in Monophasic Liquids:

The composition of nasal drops can vary depending on their intended purpose. Below are common ingredients found in
nasal drops:

a. Solvent:

i.  Water (often purified or sterile) is commonly used as the base solvent for nasal drops, especially in
saline solutions.

ii.  Saline solutions, consisting of salt and water, are used for moisturizing and clearing the nasal passages.

iii.  Alcohol or propylene glycol may be included in some formulations, especially those that require a
preservative effect.

b. Active Ingredients: The active ingredients in nasal drops depend on the condition being treated:

i.  Decongestants: Such as oxymetazoline, phenylephrine, or xylometazoline. These work by
constricting blood vessels in the nasal passages, which reduces swelling and relieves nasal congestion.

ii.  Antihistamines: Azelastine or levocabastine may be used to relieve symptoms of allergic rhinitis by
blocking histamine receptors in the nasal lining, reducing itching, and sneezing.

1. Corticosteroids: Fluticasone or mometasone can be included for their anti-inflammatory effects,
useful in treating nasal inflammation from allergies or sinusitis.

iv.  Saline Solutions: Pure saline (NaCl) solutions are often used to hydrate the nasal passages, relieve
dryness, and help clear mucus from the nose.

v.  Antibiotics: In some cases, nasal drops may contain antibiotics like neomycin or bacitracin to treat
bacterial infections in the nasal passages.
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c. Preservatives: To prevent microbial contamination and maintain the stability of the solution, preservatives like
benzalkonium chloride or phenylmercuric acetate are commonly used in nasal drops.

d. pH Adjusters: The pH of nasal drops is adjusted to be compatible with the nasal mucosa, typically between 4.5
and 6.5, using agents like citric acid or sodium hydroxide.

e. Humectants and Stabilizers: To maintain the moisture balance of the nasal passages, humectants like glycerin
or propylene glycol may be included in the formulation. These ingredients help the nasal drops to be more
effective in hydrating the nasal membranes and preventing irritation.

f. Buffering Agents: Phosphate buffers or sodium bicarbonate are often included to stabilize the pH of the
solution and ensure its effectiveness over time.

4. Preparations of Nasal Drops in Monophasic Liquids:

The preparation of nasal drops involves dissolving the active ingredients and excipients into a solvent to create a uniform
and stable solution. Below is a typical preparation process:

Step 1: Selection of Solvent

The solvent is usually sterile water or saline solution for its compatibility with the nasal mucosa. For decongestant or
medicinal nasal drops, propylene glycol or glycerin may be used to enhance absorption and ensure the solution remains
viscous enough for effective application.

Step 2: Mixing of Active Ingredients

Once the solvent is chosen, the active ingredients are mixed or dissolved into the solvent. The active ingredients may
include:

a. Decongestants (e.g., oxymetazoline),

b. Corticosteroids (c.g., fluticasone),

c. Saline (for moisture and relief of congestion),
d. Antihistamines (e.g., azelastine).

Careful mixing ensures that each drop contains the correct concentration of the active ingredient, allowing for uniform
distribution.

Step 3: Addition of Preservatives and pH Adjusters

Preservatives such as benzalkonium chloride are added to prevent microbial growth and maintain the solution’s
sterility. If the solution is not in its ideal pH range (around 5.5), pH adjusters like citric acid or sodium hydroxide are
used to stabilize the pH.

Step 4: Filtration

The mixture is then filtered to ensure that any impurities, insoluble particles, or microbial contamination are removed.
This helps guarantee that the nasal drops are safe and free from any potential irritants.

Step 5: Packaging

The nasal drop solution is packaged in sterile, sealed bottles with an applicator or dropper for precise dosing. It’s
important to package the nasal drops in a way that protects them from contamination. Dropper bottles are commonly
used to ensure the user can control the exact number of drops administered.

Step 6: Quality Control

Quality control tests are performed to check:
a. The proper concentration of active ingredients.
b. Sterility and absence of microbial contamination.
c. pH, clarity, and consistency of the solution.

d. Stability under different storage conditions to ensure the product remains effective throughout its shelf life.

133 | TEXT BOOK OF PHARMACEUTICS



5. Example of a Nasal Drop Formulation (Monophasic Liquid):
Oxymetazoline Nasal Drops (Decongestant):

a. Active Ingredient: Oxymetazoline hydrochloride (0.05% w/v) — for relieving nasal congestion by constricting
blood vessels in the nasal passages.

b. Solvent: Sterile water or saline solution.
Preservative: Benzalkonium chloride (to prevent microbial contamination).
d. pH Adjuster: Citric acid (to adjust pH to 5.0-5.5 for compatibility with the nasal mucosa).
e. Humectant: Glycerin (to help moisturize the nasal membranes).
6. Instructions for Use:

a. Dosage: Typically, 1-2 drops of nasal drops are instilled into each nostril, 2-3 times a day, or as directed by a
healthcare provider.

b. Method: Tilt the head slightly backward, squeeze the dropper to release the appropriate number of drops into
the nostril, and then keep the head tilted for a few seconds to ensure the medication reaches the nasal passages.

c. Caution: It is important to avoid overuse of decongestant nasal drops, as prolonged use may lead to rebound
congestion. Users should follow the recommended duration of use and consult a doctor if symptoms persist.

7. Benefits of Nasal Drops in Monophasic Liquids:

a. Localized Treatment: Nasal drops provide targeted relief directly in the nasal passages, where they are most
needed.

b. Quick Relief: Nasal drops can quickly relieve congestion, inflammation, or dryness in the nasal passages,
offering fast and effective treatment.

c. Precision in Dosage: The dropper bottle ensures precise and controlled administration, which helps prevent
overuse and maintains the effectiveness of the treatment.

d. Easy to Use: Nasal drops are simple to apply and can be used at home without the need for professional medical
assistance.

DEFINITIONS AND PREPARATIONS OF ENEMAS
1. Definition of Enemas:

An enema is a procedure where liquid or gas is introduced into the rectum and colon through the anus. Enemas are
primarily used for medical treatments and diagnostic purposes, such as relieving constipation, cleansing the colon,
administering medication, or preparing for medical procedures like colonoscopies. Enemas can also be used to introduce
nutrients, fluids, or medications into the body when oral intake is not possible.

In the context of monophasic liquids, enemas are single-phase solutions where all ingredients, including active
compounds and excipients, are uniformly mixed. This ensures that the enema solution is stable, effective, and easy to
administer. A monophasic enema solution is typically a homogeneous liquid that remains uniform throughout, ensuring
each dose delivered is consistent.

2. Characteristics of Enemas in Monophasic Liquids:

a. Single-Phase Solution: Enemas, as monophasic liquids, are formulated to be uniform in composition. This
ensures that the active ingredients are evenly distributed throughout the liquid, allowing for consistent
administration and effectiveness.

b. Topical Application (Rectal): Enemas are introduced into the rectum for local or systemic effects. This
application directly affects the lower gastrointestinal tract and delivers the active ingredients to the site of action
in the colon or rectum.

c. Variable Functions: Depending on the purpose, enemas can serve several roles:
i.  Laxative/Constipation Relief: Stimulating bowel movements or softening stool.
ii.  Colonic Cleansing: Cleansing the colon before medical procedures like colonoscopies.

iii. ~ Medication Administration: Administering drugs that need to be absorbed in the colon (e.g., anti-
inflammatory or corticosteroid enemas).
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iv.  Hydration or Rehydration: Replenishing fluids in patients who are dehydrated.

d. Precision and Dosage: While enemas are typically administered in larger volumes (usually 100-200 mL or
more), the monophasic liquid formulation ensures that the entire solution is effective and free from undissolved
components or sediments.

3. Ingredients of Enemas in Monophasic Liquids:

The composition of an enema solution depends on the purpose of the enema. However, the general ingredients typically
include:

A. Solvent:

a. Water is the primary solvent used in enemas, often in the form of sterile water or saline solution. This provides
the necessary medium for other ingredients and ensures the solution is free from bacteria or contaminants.

b. Glycerin or propylene glycol may also be used as solvents in certain formulations. These are particularly useful
in lubricating the colon and softening stool in cases of constipation.

B. Active Ingredients:

a. Laxatives: These are the most common active ingredients in enemas, designed to relieve constipation by
stimulating the bowel or softening the stool:

i.  Sodium phosphate or sodium biphosphate: These salts draw water into the colon, softening the stool
and promoting bowel movement (e.g., Fleet® Enema).

ii.  Glycerin: Often used in mild enemas to soften stool and lubricate the rectum for easier passage.

iii.  Bisacodyl: A stimulant laxative often included in enemas to promote peristalsis (muscular contractions)
of the colon, helping to relieve constipation.

iv.  Mineral oil: Used in some formulations to Iubricate the colon and ease the passage of stool.

b. Anti-inflammatory or Medicated Enemas: Some enemas are used to treat inflammatory bowel diseases like
ulcerative colitis or Crohn's disease:

i.  Corticosteroids (e.g., hydrocortisone) are often used in these cases to reduce inflammation in the
colon.

ii. ~ Mesalamine or sulfasalazine may be used to treat inflammation in conditions like ulcerative colitis

c. Antimicrobials: In some cases, antiseptics or antibiotics may be included in enemas to treat infections or
bacterial overgrowth in the intestines.

d. Saline or Electrolytes: In cases where hydration is necessary, saline solutions with electrolytes (like
potassium chloride or sodium chloride) are used to rehydrate and balance the fluid-electrolyte levels.

e. Other Active Ingredients: Some enemas may contain other specific active ingredients depending on the
therapeutic goal, including:

i.  Antifungals (e.g., nystatin) for fungal infections in the gastrointestinal tract.
ii.  Barium sulfate for radiological procedures (used to visualize the colon during imaging tests).
C. Preservatives:

a. Benzalkonium chloride or phenylethyl alcohol are commonly used as preservatives in enema solutions to
prevent microbial contamination, especially in prepackaged solutions.

D. pH Adjusters:

a. The pH of enema solutions is adjusted to ensure that the solution is comfortable to use and effective in its action.
This might involve the use of citric acid or sodium hydroxide to maintain the solution's pH in the appropriate
range.

E. Lubricants:

a. Polyethylene glycol (PEG) or glycerin may be used to add lubrication to the solution, aiding in smoother and
easier insertion and passage through the rectum.
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4. Preparations of Enemas in Monophasic Liquids:

The preparation of enemas typically involves dissolving the active ingredients in a solvent to create a homogeneous
solution. Here are the typical steps involved in preparing an enema:

Step 1: Selection of Solvent

The base solvent is typically sterile water or saline solution, depending on the desired therapeutic effect. The solvent
serves as a medium for the active ingredients and helps ensure the solution remains effective and safe.

Step 2: Dissolution or Mixing of Active Ingredients

The active ingredients are dissolved into the solvent to ensure even distribution. This could include:
a. Laxatives (e.g., sodium phosphate, glycerin).
b. Anti-inflammatory agents (e.g., hydrocortisone).
c. Electrolytes for hydration purposes.

The active ingredients must be fully dissolved or evenly mixed to ensure the enema is monophasic and each dose delivers
the right concentration of active components.

Step 3: Addition of Preservatives and pH Adjusters

Preservatives such as benzalkonium chloride are added to prevent microbial contamination. pH adjusters like citric
acid or sodium hydroxide are used to maintain a safe and effective pH level.

Step 4: Filtration

The enema solution is filtered to remove any impurities or undissolved particles, ensuring the final product is clear,
sterile, and free from debris that could cause irritation or infection.

Step 5: Packaging

Once the enema solution is prepared, it is packaged in sterile, sealed containers. These containers may include single-
use squeeze bottles, syringes, or pre-filled disposable enema Kits for easy application.

Step 6: Quality Control
The enema solution undergoes rigorous testing to ensure it meets the required standards:
a. Testing for proper concentration of active ingredients.
b. Ensuring the solution is sterile and free from microbial contamination.
c. Checking for the correct pH, clarity, and viscosity.
d. Verifying the stability of the solution over time to ensure effectiveness up until the expiration date.
5. Example of a Typical Enema Formulation (Monophasic Liquid):
Fleet® Enema (Sodium Phosphate Enema):
a. Active Ingredients:

i.  Sodium phosphate (NaPQ4) (for its osmotic effect to draw water into the colon, softening the stool
and stimulating bowel movement).

b. Solvent: Water (usually sterile).

c. Preservative: Benzalkonium chloride (to prevent contamination).

d. pH Adjuster: Citric acid or sodium hydroxide (to maintain an appropriate pH).
Hydrocortisone Enema (Anti-inflammatory):

a. Active Ingredients:

i.  Hydrocortisone (to reduce inflammation in the rectum and colon).
b. Solvent: Water or saline.
c. Preservative: Phenylethyl alcohol.

d. Lubricant: Polyethylene glycol (PEG) to assist with smooth insertion.
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6. Instructions for Use:

a. Deosage: The typical volume for an enema ranges from 100-200 mL, but the exact amount will depend on the
type of enema and the condition being treated. It is important to follow the instructions provided with the specific
enema product.

b. Method:
i.  Lay down on your left side to facilitate the flow of the enema solution into the colon.
ii.  Gently insert the nozzle of the enema into the rectum.
iii.  Squeeze the bottle or syringe to release the enema solution into the rectum.
iv.  Hold the solution for the recommended time, usually a few minutes, before using the bathroom.

c. Caution: Do not use enemas excessively, as this can lead to dependence or disrupt natural bowel function.
Follow the recommended duration and frequency of use.

7. Benefits of Enemas in Monophasic Liquids:

a. Effective Relief: Enemas can provide fast, effective relief from constipation or colon cleansing by delivering
active ingredients directly to the lower gastrointestinal tract.

b. Precise Dosage: Monophasic liquid enemas ensure that each dose is consistent, with the active ingredients
evenly distributed in the solution.

c. Targeted Treatment: Because enemas are administered rectally, they provide localized treatment, making
them ideal for conditions affecting the colon or rectum.

d. Versatility: Enemas can serve various purposes, from laxative action to anti-inflammatory treatment or even
fluid replenishment.

DEFINITIONS AND PREPARATIONS OF SYRUPS
1. Definition of Syrups:

A syrup is a viscous, concentrated solution of sugars or sugar substitutes in water or another aqueous liquid, usually
containing medicinal ingredients. Syrups are typically used as a vehicle for delivering liquid medications or flavoring
agents to improve the taste and palatability of medicines, especially for children or those who have difficulty swallowing
pills. In the context of monophasic liquids, a syrup is a single-phase solution, where all ingredients (solvent, sugar,
active ingredients) are uniformly mixed to create a homogeneous liquid.

2. Characteristics of Syrups in Monophasic Liquids:

a. Single-Phase Solution: Syrups, as monophasic liquids, are homogeneous mixtures where the active ingredients
and excipients are completely dissolved or uniformly distributed in the liquid. This ensures that each dose of
the syrup delivers the correct concentration of active ingredients.

b. Viscous Nature: The key characteristic of syrups is their thickness or viscosity. This viscosity is largely due to
the presence of high concentrations of sugar (typically sucrose) or sugar substitutes, which also act as
preservatives. The syrup’s viscosity helps coat the mucous membranes of the mouth and throat, which is useful
for both flavor and sustained release of medication.

c. Sweetening Agent: Syrups are typically sweetened with sugar (such as sucrose) or other sweeteners like
glucose, fructose, or sorbitol to make them palatable. The sweetness is especially helpful for masking the taste
of medicinal ingredients that may be unpleasant.

d. Preservative Function: The high sugar content in syrups also acts as a natural preservative, as the concentration
of sugar inhibits microbial growth, helping to prolong the shelf life of the syrup.

e. Oral Administration: Syrups are intended for oral use, either as a therapeutic agent (e.g., cough syrup, antacid
syrup) or as a flavoring (e.g., flavoring syrups for beverages).

3. Ingredients of Syrups in Monophasic Liquids:
Syrups are composed of several essential components, which are discussed below:
A. Solvent (Aqueous Solution):
a. Water is the primary solvent used in syrups. It serves as the medium to dissolve the sugar and active ingredients

and helps in making the syrup homogenous.
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b. In some cases, glycerin or propylene glycol may be used in conjunction with water to modify the viscosity or
improve the stability of the syrup.

B. Sweetening Agents:

The primary ingredient responsible for the viscosity and sweetness of the syrup is the sweetening agent. Common
sweeteners used in syrups include:

a. Sucrose (table sugar) — The most common sweetener used in syrups. It provides the characteristic thick texture
and sweet taste.

b. Fructose — A sugar naturally found in fruits, sometimes used as a sweetener in place of sucrose.

c. Glucose — Also known as dextrose, is another sugar used for its sweetening properties and lower glycemic
index.

d. Sorbitol — A sugar alcohol used in some sugar-free syrups. It has a lower glycemic index than sucrose and is
commonly used in diabetic formulations.

e. Xylitol — Another sugar alcohol that is used in sugar-free syrups, providing sweetness without raising blood
sugar levels significantly.

C. Active Ingredients:
The active ingredients in syrups vary depending on the intended therapeutic purpose. They could include:
a. Medicinal Agents: Syrups often contain pharmaceutical ingredients such as:
i.  Cough Suppressants (¢.g., dextromethorphan),
ii.  Expectorants (e.g., guaifenesin),
iii.  Antihistamines (e.g., diphenhydramine),
iv.  Analgesics (e.g., paracetamol),
v.  Antacids (e.g., magnesium hydroxide),
vi.  Antibiotics (e.g., amoxicillin in pediatric syrups).

b. The active ingredient is typically dissolved in the syrup base, and the concentration is carefully adjusted for
accurate dosing.

D. Preservatives:

a. The high sugar content of syrups often acts as a natural preservative, preventing microbial growth and allowing
the syrup to be stored for longer periods.

b. Insome cases, additional preservatives such as sodium benzoate or potassium sorbate may be added to prevent
contamination and ensure the syrup’s stability.

E. pH Adjusters:

a. The pH of syrups is adjusted to make them more stable and to ensure they are compatible with the active
ingredients and the mucous membranes in the mouth and throat. Common pH adjusters include citric acid,
sodium citrate, or sodium hydroxide.

F. Flavoring Agents:

a. Syrups often include flavoring agents to improve palatability, particularly for medicinal syrups that may
otherwise taste unpleasant. Common flavoring agents include:

i.  Fruit extracts (c.g., cherry, orange, lemon),
ii.  Essential oils (e.g., peppermint, anise),
iii.  Vanillin or artificial sweeteners.
G. Colorants (Optional):

a. Some syrups may contain colorants to make the product more visually appealing, especially if the syrup is
intended for children. These may include natural colorants such as beet juice powder or synthetic colorants
like FD&C dyes.
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4. Preparations of Syrups in Monophasic Liquids:

The preparation of syrups involves the dissolution of the sweetening agents in an aqueous solution, followed by the
addition of active ingredients, preservatives, flavoring agents, and any other excipients. The general process for
preparing syrups is as follows:

Step 1:

a.

Step 2:

Step 4:

Step 5:

Step 6:

Step 7:

Dissolving the Sweetener

Sucrose or the chosen sweetening agent is dissolved in water. This is typically done by heating the mixture to
accelerate dissolution and ensure the sweetener is completely dissolved.

Addition of Active Ingredients

Once the sweetener is dissolved, the active ingredients are added to the solution. These can include medicinal
compounds like cough suppressants, antihistamines, or analgesics

The ingredients are dissolved completely to ensure the syrup is monophasic and homogeneous.
Incorporating Preservatives and Flavoring Agents

Preservatives like sodium benzoate or potassium sorbate are added to prevent microbial growth and increase
the shelf life of the syrup.

Flavoring agents and colorants are incorporated to make the syrup more palatable and visually appealing. This
is particularly important for pediatric syrups.

pH Adjustment

The pH of the syrup is tested and adjusted using citric acid or sodium hydroxide to ensure the syrup is within
an ideal pH range (usually between 4.5 and 5.5), making it stable and safe for consumption.

Filtration

The syrup mixture is filtered to remove any particulate matter or impurities, ensuring that the final product is
clear and free from any sediment.

Packaging

The syrup is packaged in sterile bottles, usually with a measuring spoon or dropper to allow for accurate
dosing. The bottles are sealed tightly to prevent contamination.

Quality Control

The syrup undergoes quality control testing to ensure that the active ingredients are present in the correct
concentration, that the syrup is stable over time, and that the product meets the required standards for purity,
consistency, and effectiveness.

5. Example of a Syrup Formulation (Monophasic Liquid):

Cough Syrup (Dextromethorphan and Guaifenesin Syrup):

a.

Active Ingredients:
i.  Dextromethorphan (10 mg/5 mL) — A cough suppressant to reduce coughing.
ii.  Guaifenesin (100 mg/5 mL) — An expectorant to help loosen mucus in the airways.
Solvent: Purified water.
Sweetener: Sucrose or high fructose corn syrup.
Preservative: Sodium benzoate or potassium sorbate.
Flavoring: Cherry extract, menthol, or citrus flavors.

pH Adjuster: Citric acid (to adjust pH to 4.5-5.5).

6. Instructions for Use:

a.

Dosage: Syrups are typically dosed using a measuring spoon, cup, or dropper to ensure the correct amount of
the active ingredient is administered.

1.  For example, a typical dose for a cough syrup might be 5 mL every 4-6 hours, depending on the age
and weight of the patient.
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b. Administration: Take the syrup orally as directed. It is recommended to follow the instructions for use,
especially with medicinal syrups, to avoid overdosage.

7. Benefits of Syrups in Monophasic Liquids:

a. Palatability: Syrups are sweet and easy to swallow, making them ideal for children, elderly patients, or those
who have difficulty swallowing pills or tablets.

b. Precision: Syrups offer precise dosing, as the volume of liquid consumed can be measured accurately.

c. Effective Delivery: Syrups allow for the systemic delivery of medications that are easily absorbed through the
gastrointestinal tract.

d. Stability: The monophasic liquid formulation ensures a uniform and stable product, making the syrup reliable
for long-term use.

DEFINITIONS AND PREPARATIONS OF ELIXIRS
1. Definition of Elixirs:

An elixir is a clear, sweetened liquid formulation used primarily for the oral administration of medicinal ingredients,
often alcohol-based. It is typically a monophasic liquid, where the active ingredients and excipients are uniformly
dissolved and mixed into a single-phase solution. Elixirs combine water and alcohol (typically ethanol) as solvents,
which allows them to dissolve both water-soluble and alcohol-soluble compounds. This unique combination gives elixirs
a dual solvent system, making them effective for delivering a wide range of medicinal ingredients, especially those that
are poorly soluble in water alone.

Elixirs are primarily used for their therapeutic effects and are often flavored to improve palatability, making them
suitable for both adults and children (depending on the alcohol content).

2. Characteristics of Elixirs in Monophasic Liquids:

a. Monophasic Liquid: An elixir, as a monophasic liquid, is a homogeneous mixture where all components are
uniformly dissolved and do not separate into different phases. This ensures that the active ingredients are evenly
distributed throughout the liquid.

b. Alcohol-Based: Elixirs are characterized by the inclusion of ethanol (alcohol), which acts as both a solvent
and a preservative. Alcohol helps in dissolving lipophilic (fat-soluble) compounds, which cannot be dissolved
in water alone.

c. Sweetened and Flavored: Elixirs often contain a sugar or sweetener (such as sucrose, sorbitol, or glycerin)
to mask the bitter taste of the active ingredients. They may also be flavored with fruit flavors, menthol, or other
flavoring agents to improve palatability.

d. Preservative: Alcohol serves as a preservative in elixirs due to its antimicrobial properties, which prevent the
growth of bacteria, fungi, and other microorganisms. This is especially important since elixirs are often stored
for long periods.

e. Dual Solvent System: The presence of both water and aleohol as solvents allows elixirs to dissolve both water-
soluble and alcohol-soluble active ingredients, which broadens the range of possible medicinal uses.

3. Ingredients of Elixirs in Monophasic Liquids:
A. Solvents:
a. Water: The primary aqueous solvent used in elixirs, providing a base for dissolving water-soluble substances.

b. Ethanol (Alcohol): Ethanol is a key component of elixirs. It acts as a solvent for alcohol-soluble components
and enhances the solubility of certain active ingredients that are poorly soluble in water.

i.  The alcohol content in elixirs typically ranges from 5% to 40% by volume, depending on the intended
use and the solubility of the ingredients.

B. Active Ingredients:

a. The active ingredients in elixirs can vary widely depending on their therapeutic use. Common types of active
ingredients include:

i.  Antihistamines (e.g., diphenhydramine) for allergic reactions and sleep aid.

ii.  Cough suppressants (e.g., dextromethorphan) for treating cough.
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iii.  Analgesics (e.g., paracetamol, aspirin) for pain relief.

iv.  Antiseptics or antibacterial agents for infections (e.g., chlorhexidine).

v.  Vitamins (e.g., vitamin B complex, vitamin D).

vi.  Herbal extracts or plant-based compounds that have medicinal effects.
C. Sweetening Agents:

a. Sucrose is the most common sweetener used in elixirs, contributing to the overall sweetness and viscosity of
the solution.

b. Sorbitol or glycerin may also be used as sweeteners, especially in sugar-free formulations.
c. The sweeteners not only improve the taste but also help in stabilizing the solution.
D. Flavoring Agents:

a. To enhance the palatability of the elixir, especially when used in children’s formulations, flavering agents such
as fruit extracts (e.g., cherry, orange, lemon), menthol, or vanilla are often included.

E. Preservatives:

a. Ethanol itself acts as a preservative in elixirs. However, in some cases, sodium benzoate or potassium sorbate
may be added to prevent microbial growth and prolong the shelf life of the formulation.

F. pH Adjusters:

a. The pH of elixirs is adjusted to ensure the stability of the active ingredients and the overall quality of the
solution. Common pH adjusters include citric acid, sodium hydroxide, or sodium citrate to maintain a pH
range of 4.5 to 7.

4. Preparations of Elixirs in Monophasic Liquids:

The preparation of elixirs involves the dissolution of active ingredients in a solvent system (water and ethanol) and the
addition of flavoring agents, preservatives, and other excipients. The general steps for preparing an elixir are as follows:

Step 1: Selection of Solvents

a. The preparation begins by choosing a suitable solvent system. This typically involves water and ethanol as the
primary solvents. The concentration of ethanol is determined based on the required solubility of the active
ingredients and the desired therapeutic effect.

Step 2: Dissolution of Active Ingredients

a. The active ingredients (e.g., medicinal agents, herbal extracts) are dissolved in the ethanol-water mixture. This
is done to ensure that the active compounds are fully dissolved and evenly distributed throughout the solution.

Step 3: Addition of Sweeteners

a. Sucrose, glycerin, or sorbitol are added to the solution to provide sweetness and improve the texture of the
elixir.

b. The sweeteners also help to mask the bitterness of some active ingredients.
Step 4: Incorporation of Flavoring Agents

a. Flavoring agents are introduced to enhance the taste and make the elixir more palatable. These may include
fruit flavors, menthol, or vanilla depending on the intended flavor profile.

Step 5: pH Adjustment

a. The pH of the solution is tested and adjusted using citric acid or sodium hydroxide to ensure the elixir remains
stable and that the active ingredients are not degraded or precipitated out of solution.

Step 6: Filtration

a. The solution is filtered to remove any undissolved particles or impurities that could affect the clarity and quality
of the elixir.

Step 7: Packaging

a. Once the elixir is prepared and filtered, it is transferred into sterile bottles or containers, which are sealed to
prevent contamination.
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b. The containers may include a measuring cap, dropper, or syringe for accurate dosing.
Step 8: Quality Control
a. The elixir undergoes quality control testing to ensure:
i.  The correct concentration of active ingredients.
ii.  The desired viscosity and sweetness.
iii.  The solution is free from microbial contamination.
iv.  The elixir is stable and meets the required pharmaceutical standards.
5. Example of a Typical Elixir Formulation (Monophasic Liquid):
Diphenhydramine Elixir (Antihistamine and Sedative):
a. Active Ingredients:

i.  Diphenhydramine (10 mg/5 mL) — An antihistamine used for relieving allergy symptoms and as a
sleep aid.

b. Solvent: Ethanol (Alcohol) (10-15% by volume) and water.
c. Sweetener: Sucrose or sorbitol.
d. Flavoring: Cherry extract or orange flavor.
e. Preservative: Sodium benzoate.
f. pH Adjuster: Citric acid (to adjust pH to around 5-6).
6. Instructions for Use:

a. Deosage: Elixirs are typically dosed using a measuring spoon, syringe, or dropper to ensure accurate
administration.

i.  For example, a typical dosage for an antihistamine elixir might be 5-10 mL every 4-6 hours, depending
on the patient’s age and medical condition.

b. Administration: Elixirs are taken orally. It is recommended to shake the elixir before use to ensure uniformity,
especially if the active ingredients may settle over time.

7. Benefits of Elixirs in Monophasic Liquids:

a. Wide Range of Active Ingredients: Elixirs can dissolve both water-soluble and alcohol-soluble compounds,
making them versatile in delivering various types of medication, including herbal and synthetic compounds.

b. Improved Palatability: The sweeteners and flavoring agents used in elixirs help mask the taste of unpleasant
active ingredients, making them more acceptable, especially to children or individuals who have difficulty
swallowing pills.

c. Preservation: The alcohol in elixirs acts as a preservative, increasing the shelf life of the formulation without
the need for additional antimicrobial agents.

d. Ease of Administration: Elixirs are easy to take orally, and the liquid form allows for flexible dosing, especially
when precise amounts are needed for therapeutic purposes.

e. Stability: Elixirs, when prepared as monophasic liquids, are stable solutions that ensure the active ingredients
remain uniformly distributed throughout the formulation.

DEFINITIONS AND PREPARATIONS OF LINIMENTS
1. Definition of Liniments:

A liniment is a liquid or semi-liquid preparation that is typically applied to the skin or muscles for its soothing,
pain-relieving, or counter-irritant properties. Liniments are commonly used for topical applications and often have
a rubbing or massaging action to provide relief from conditions such as muscle pain, joint pain, sprains, bruises, or
inflammation.

As a monophasic liquid, liniments are typically homogeneous mixtures where the active ingredients, excipients (like
solvents and emollients), and additional components are uniformly dissolved or dispersed in a single phase. This ensures
that the product is easy to apply and delivers the correct concentration of the active ingredients across the skin.
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2. Characteristics of Liniments in Monophasic Liquids:

a.

Topical Application: Liniments are meant for external use only. They are usually massaged into the skin over
the affected area, and their effectiveness comes from their ability to penetrate the skin and provide therapeutic
benefits.

Monophasic Solution: Liniments are generally monophasic, meaning they are single-phase solutions where all
the components (solvents, active ingredients, and excipients) are uniformly mixed to create a stable and
homogeneous product.

Volatile Solvents: Many liniments contain volatile solvents like alcohol or propylene glycol, which evaporate
quickly upon application to the skin. This creates a cooling effect and enhances the absorption of the active
ingredients.

Irritating or Cooling Effect: Liniments often contain ingredients like menthol, camphor, or eucalyptus oil,
which produce a cooling or heating sensation when applied to the skin, providing temporary relief from pain
or discomfort. This cooling or heating action is often used for muscle relaxation or to stimulate blood
circulation to the affected area.

Absorption and Effectiveness: The ingredients in liniments are designed to be absorbed through the skin. The
presence of alcohol or other solvents facilitates the penetration of active ingredients into the tissues, where
they can have a local therapeutic effect, such as pain relief or inflammation reduction.

3. Ingredients of Liniments in Monophasic Liquids:

Liniments are typically composed of the following essential ingredients:

A. Solvents:

a.

Alcohol (Ethanol or Isopropyl Alcohol): Alcohol is commonly used as a solvent in liniments because of its
evaporative properties, which enhance the cooling effect upon application to the skin. It also acts as a
preservative due to its antimicrobial action.

Propylene Glycol: A common solvent used in liniments, especially in formulations where alcohol might not be
desirable. It helps to dissolve active ingredients and may also act as a humectant (moisture-retaining agent).

Water: Water is frequently used as a diluent or solvent in liniments to create the liquid base. In some liniment
formulations, water is mixed with alcohol and other solvents to create the desired consistency.

B. Active Ingredients:

The primary purpose of liniments is to provide therapeutic effects through their active ingredients, which may include:

a. Menthol: A well-known counterirritant, menthol produces a cooling sensation that can temporarily relieve pain
and muscle soreness by stimulating sensory receptors in the skin.

b. Camphor: Camphor has a cooling or warming effect and is often included for its analgesic, anti-
inflammatory, and mild anesthetic properties. It can help to ease muscle pain and discomfort.

c. Methyl Salicylate (Wintergreen Oil): A counterirritant that causes local irritation to the skin, leading to a
dilating effect on blood vessels, which helps to relieve muscle pain or joint stiffness.

d. Capsaicin: A compound derived from chilies, capsaicin is known for its warming properties and can help
alleviate pain by depleting the neurotransmitter substance P, which transmits pain signals.

e. Eucalyptus Oil: Eucalyptus oil is often added to liniments for its analgesic, anti-inflammatory, and antiseptic
properties, providing relief for sore muscles and joints.

f.  Turpentine Oil: A common ingredient in older liniment formulations, it has stimulating and counterirritant
effects that provide temporary relief from muscular aches and pains.

C. Emollients:

a. Glycerin: In some liniment formulations, glycerin is used to improve the viscosity of the product and to provide
moisturizing effects to the skin.

b. Lanolin: Lanolin is sometimes included in liniment formulations to provide a protective barrier on the skin,

preventing moisture loss while delivering the active ingredients.
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D. Preservatives:

a. Phenol or Sodium Benzoate: Preservatives may be added to liniments to prevent microbial growth, particularly
in those formulations that contain water-based ingredients.

E. pH Adjusters:

a. The pH of the liniment may be adjusted to optimize the stability and skin compatibility of the product. This is
typically done using citric acid or sodium hydroxide.

4. Preparations of Liniments in Monophasic Liquids:

The preparation of liniments involves the careful combination of the ingredients to create a homogeneous solution that
is easy to apply to the skin. The preparation process is as follows:

Step 1: Selecting the Solvent Base

a. The base for liniments typically includes a mixture of alcohol, water, and propylene glycol. The alcohol is
chosen for its evaporative cooling effect and its ability to dissolve many of the active ingredients.

Step 2: Dissolution of Active Ingredients

a. Menthol, camphor, methyl salicylate, and other active ingredients are dissolved into the solvent base. The
solubility of these ingredients in alcohol or water will determine the ratio of solvents used.

b. Essential oils (e.g., eucalyptus oil or turpentine oil) are often included at this stage. These oils are typically
mixed in a way that ensures even distribution throughout the liniment.

Step 3: Incorporation of Emollients (Optional)

a. If emollients like glycerin or lanolin are included in the formulation, they are added at this stage to improve
the viscosity and the skin-feel of the liniment.

Step 4: Adding Preservatives and pH Adjusters

a. Preservatives are added to ensure the liniment remains free from microbial contamination during its shelf life.
Additionally, pH adjusters are incorporated if necessary to optimize the pH of the liniment for skin tolerance.

Step 5: Mixing and Homogenization

a. The solution is thoroughly mixed to ensure that all ingredients are uniformly dissolved or evenly distributed,
creating a monophasic liquid. This step is critical to ensure consistent dosing of active ingredients with each
application.

Step 6: Filtration (Optional)

a. If there are any insoluble particles or if the liniment contains herbal extracts or natural oils, the mixture may
be filtered to remove any solid matter, leaving a clear, smooth liquid.

Step 7: Packaging

a. The liniment is then packaged into suitable containers, typically plastic or glass bottles, with a flip cap or
pump dispenser for easy application. The containers are sealed to ensure the product’s integrity.

Step 8: Quality Control
a. The final product undergoes quality control tests to ensure:
i.  The correct concentration of active ingredients.
ii.  Stability of the formulation (e.g., no separation or precipitation).
iii.  Safety of the product for use on the skin.
5. Example of a Liniment Formulation (Monophasic Liquid):
Menthol and Camphor Liniment (for muscle pain relief):
a. Active Ingredients:
i.  Menthol (5%) — A cooling agent for temporary pain relief.
ii.  Camphor (10%) — Provides a warming effect to soothe muscle pain.

iii. ~ Methyl Salicylate (5%) — A counterirritant that promotes blood circulation and reduces inflammation.
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b. Solvent: Ethanol (70%) and Water (15%).
Emollient: Glycerin (3%).
d. Preservative: Sodium benzoate (0.1%).
e. Flavoring: Eucalyptus Oil (1%).
6. Instructions for Use:

a. Dosage: Apply a small amount of liniment to the affected area and massage gently into the skin. Repeat as
necessary, usually 2-3 times daily.

b. Precautions:
i.  For external use only; avoid contact with mucous membranes (e.g., eyes, mouth).
ii. Do not apply to broken or irritated skin.
iii.  Wash hands after use.
7. Benefits of Liniments in Monophasic Liquids:

a. Topical Pain Relief: Liniments provide immediate relief for minor muscle and joint pain by providing a
cooling or warming sensation that soothes the skin.

b. Versatility: They can be used for a wide range of conditions, including muscle soreness, sprains, bruises, and
joint pain.

c. Ease of Application: Liniments are easy to apply and can be massaged into the skin for direct relief to the
affected area.

d. Absorption: Due to the inclusion of alcohol or other solvents, liniments are absorbed through the skin relatively
quickly, providing faster therapeutic effects.

DEFINITIONS AND PREPARATIONS OF LOTIONS
1. Definition of Lotions:

A lotion is a liquid or semi-liquid preparation that is typically applied to the skin for its moisturizing, soothing, or
therapeutic effects. Lotions are primarily used for topical use and are designed to hydrate, protect, and treat various
skin conditions. They are usually monophasic liquids, meaning the active ingredients, solvents, and excipients are
evenly distributed in a single-phase system, ensuring that the lotion provides consistent application and effectiveness.

Lotions differ from creams or ointments in that they have a lighter, more fluid consistency, often containing more
water and less oil. As a result, they are less greasy and are absorbed quickly into the skin, making them suitable for
larger areas of application. Lotions are often used for general skincare, treating dry skin, rashes, itching, and other
minor skin irritations.

2. Characteristics of Lotions in Monophasic Liquids:

a. Monophasic Solution: In a monophasic lotion, all ingredients (water, emulsifiers, active ingredients,
preservatives, etc.) are uniformly mixed in a single liquid phase. This ensures that the product is homogenous
and provides even coverage when applied to the skin.

b. Lightweight Texture: Lotions have a thin consistency compared to creams or ointments, which makes them
easy to apply over large areas of the body. They are quickly absorbed by the skin, leaving little to no greasy
residue.

c. Hydrating and Moisturizing: Due to their higher water content, lotions are primarily used for hydration. They
provide moisture to dry skin, and their cooling effect can help soothe irritated or inflamed skin.

d. Therapeutic Effects: Many lotions contain active ingredients that offer therapeutic benefits such as soothing
itching, inflammation, or eczema. Others may contain antibacterial or antifungal agents for treating minor
skin infections.

e. Absorptive and Non-Greasy: Lotions are formulated to be absorbed quickly into the skin without leaving a
greasy or sticky residue, making them more comfortable for daily use than more viscous formulations like
creams or ointments.
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3. Ingredients of Lotions in Monophasic Liquids:
A typical lotion consists of the following key ingredients:
A. Solvents:

a. Water: Water is the primary solvent in lotions and serves as the base in which other ingredients dissolve. It is
the largest component in most lotion formulations, providing the necessary hydration to the skin.

b. Alcohol: Ethanol or isopropyl alcohol may be included to help dissolve active ingredients, act as a
preservative, and provide a cooling or drying effect on the skin.

B. Emollients:

a. Glycerin: Glycerin is a common emollient in lotions that acts as a humectant, meaning it helps the skin retain
moisture by attracting water from the air.

b. Mineral Oil: Some lotions use mineral oil or vegetable oils as emollients to provide moisture and create a
smooth, softening effect on the skin.

c. Lanolin: Lanolin is another emollient that helps to moisturize and create a barrier on the skin, preventing
moisture loss. It is often used in lotions designed for very dry skin.

C. Active Ingredients:

a. Anti-inflammatory Agents: Lotions designed for treating conditions like eczema, psoriasis, or sunburn often
contain anti-inflammatory active ingredients, such as:

i.  Hydrocortisone (steroidal anti-inflammatory)
ii.  Calamine (soothes skin irritation)
iii.  Aloe Vera (natural soothing and cooling effect)
iv.  Witch Hazel (anti-inflammatory and soothing for irritated skin)

b. Antibacterial/Antifungal Agents: Some lotions contain active agents to treat minor skin infections. Examples
include:

i.  Benzoyl Peroxide or Salicylic Acid for acne-prone skin.
ii.  Tea Tree Oil or Chlorhexidine for antimicrobial properties.

c. Sunscreen Agents: Lotions designed for sun protection often contain sunscreen agents like zinc oxide,
avobenzone, or octinoxate to protect the skin from harmful UV radiation.

D. Emulsifiers:
Stearic Acid: An emulsifier that helps mix oil and water components in the lotion.

b. Polysorbate 60: Another emulsifier that helps stabilize the lotion, preventing the separation of the oil and water
components.

c. Cetyl Alcohol: A fatty alcohol used as an emulsifier and stabilizer in lotions, providing the desired consistency.
E. Preservatives:

a. Phenoxyethanol: A common preservative that prevents microbial growth in lotions, extending the shelf life of
the product.

b. Sodium Benzoate or Potassium Sorbate: Other preservatives that protect the lotion from contamination and
degradation by bacteria and fungi.

F. pH Adjusters:

a. Citric Acid: A pH adjuster that helps balance the acidity of the lotion to ensure that it is skin-friendly and does
not cause irritation.

b. Sodium Hydroxide: Used to adjust the pH in certain formulations, ensuring the lotion has the desired acidity
for skin compatibility.

4. Preparations of Lotions in Monophasic Liquids:

The preparation of lotions involves the careful blending of water, emulsifiers, active ingredients, and preservatives to
create a uniform and stable formula. The general preparation process for lotions is as follows:
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Step 1:

Step 2:

Step 3:

Step 4:

Step S:

Step 6:

Step 7:

Step 8:

a.

Preparation of the Aqueous Phase

The first step is to prepare the aqueous phase by dissolving water-soluble ingredients such as glycerin,
preservatives, and active ingredients (e.g., aloe vera, calamine) in water.

Preparation of the Oil Phase

The oil phase consists of ingredients like emollients (glycerin, lanolin, or oils) and emulsifiers (e.g., cetyl
alcohol or stearic acid). These ingredients are heated together to form a uniform, liquid phase. The oil phase is
then mixed with the aqueous phase to form a smooth, stable mixture.

Emulsification

The emulsifiers (such as cetyl alcohol or polysorbate 60) are used to combine the oil and water phases into a
homogeneous emulsion. This is typically done by slowly adding the oil phase to the aqueous phase while
continuously mixing the two components.

Cooling and Addition of Active Ingredients

Once the lotion has been emulsified and the mixture is smooth, it is allowed to cool. Once it reaches room
temperature, active ingredients (such as hydrocortisone, menthol, or sunscreen agents) are added to the
formulation.

pH Adjustment

The pH of the lotion is tested and adjusted using citric acid or sodium hydroxide to ensure it is within a skin-
compatible range (typically around 5.5 to 7).

Final Mixing and Filtration

After all ingredients have been added, the lotion is thoroughly mixed to ensure uniformity. It may also be filtered
to remove any undissolved particles and ensure clarity in the final product.

Packaging

The finished lotion is then transferred to sterile bottles or tubes, often with a pump dispenser or flip-top cap
for easy application. The packaging is sealed to maintain the product's integrity.

Quality Control
The final lotion undergoes a series of quality control tests, including:
i.  Viscosity tests to ensure the desired texture.
ii.  Stability tests to confirm that the lotion maintains its properties over time without separation.

iii. ~ Microbial testing to ensure that the lotion is free from harmful bacteria or fungi.

5. Example of a Lotion Formulation (Monophasic Liquid):

Calamine Lotion (for Skin Irritation Relief):

a.

d.

.

Active Ingredients:
i.  Calamine (8%) — Provides soothing and antipruritic (itch-relieving) effects.
ii.  Zinc Oxide (1%) — Acts as a skin protectant.

Solvents: Water (80%) and Isopropyl Alcohol (5%) — Water provides hydration, while alcohol helps to
dissolve active ingredients and enhance absorption.

Emollients: Glycerin (5%) — A humectant that retains moisture on the skin.
Preservative: Phenoxyethanol (0.5%).

Emulsifier: Cetyl Alcohol (2%) — Ensures proper emulsification of oil and water components.

6. Instructions for Use:

a.

b.

Dosage: Apply the lotion generously to the affected area and gently massage it into the skin. Use as often as
needed, typically 2-3 times a day.

Precautions:

i.  For external use only; avoid contact with eyes.
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ii. Do not apply to broken or irritated skin.
7. Benefits of Lotions in Monophasic Liquids:

a. Hydration: Lotions are primarily used to moisturize and hydrate the skin, making them ideal for individuals
with dry or flaky skin.

b. Lightweight and Non-Greasy: Due to their lower oil content, lotions are non-greasy and easily absorbed into
the skin, making them suitable for daily use.

c. Soothing and Therapeutic: Many lotions are designed to soothe irritated skin and treat minor skin conditions
such as sunburn, rashes, or itching.

d. Versatility: Lotions can be used for a wide variety of skin conditions, including eczema, psoriasis, acne, and
sun protection.

MCQ

1. Powders are defined as:
a) Solid particles suspended in liquid
b) Aggregates of fine solid particles
¢) Liquid crystals
d) Semisolid dosage forms
2. Typical particle size range of powders is:
a) >10 mm
b) -5 mm
¢) <1l mm
d) <0.1 um
3. Bulk density is defined as:
a) Density of a single particle
b) Mass per unit volume including void spaces
¢) Density after compaction
d) Density without moisture
4. Angle of repose is used to measure:
a) Particle size
b) Flow property
c¢) Density
d) Moisture content
5. Powders that absorb moisture but DO NOT dissolve are called:
a) Deliquescent
b) Efflorescent
¢) Hygroscopic
d) Eutectic
6. Effervescent powders release which gas?
a) Oxygen
b) Hydrogen
¢) Carbon dioxide
d) Nitrogen
7. Chemical reaction responsible for effervescence involves:
a) Acid + base
b) Oxidation
¢) Reduction
d) Hydrolysis
8. Which of the following forms eutectic mixtures easily?
a) Sodium chloride
b) Camphor
c¢) Talc
d) Lactose
9. Liquefaction occurring in eutectic mixtures is due to:
a) High molecular weight
b) Low melting point of mixture
c¢) High moisture absorption
d) High density

148 | TEXT BOOK OF PHARMACEUTICS



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Geometric dilution is used for:

a) Grinding coarse powders

b) Mixing potent drugs with diluents
¢) Preparing sterile powders

d) Drying hygroscopic powders

The process of mixing powders of unequal quantities is best done using:

a) Sifting

b) Levigation

¢) Geometric dilution

d) Trituration only

Divided powders are packed in:

a) Vials

b) Soft gelatin capsules

¢) Sachets or powder papers

d) Test tubes

Dusting powders are intended for:

a) Internal use

b) Eye application

c¢) External use on intact skin

d) Injection

Ideal particle size for dusting powders is:
a) 500-700 um

b) 100-150 pm

¢) 5-10 pm

d) >300 pm

Effervescent powders should be stored in:
a) Paper bags

b) Cardboard packs

¢) Airtight, moisture-proof containers
d) Cotton plugged bottles
Hygroscopic powders should be handled in:
a) High-humidity rooms

b) Dry, controlled humidity rooms

c¢) Open-air rooms

d) Refrigerated rooms

Which of the following is a common diluent in powders?
a) Camphor

b) Starch

¢) Menthol

d) Phenol

Simple powders contain:

a) Many active ingredients

b) One active ingredient

¢) Only excipients

d) A combination of liquids

Official powder preparations include:
a) Tablets & capsules

b) Simple and compound powders

¢) Emulsions

d) Ointments

Caking of powders is mainly due to:
a) Excessive drying

b) High temperature

¢) Moisture absorption

d) Low density
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SHORT QUESTIONS

1. Define powders.
2. What is particle size distribution?
3. Differentiate monodisperse and polydisperse powders.
4. Define bulk density.
5. What is tapped density?
6. What is angle of repose?
7. Name two factors affecting flow properties of powders.
8. Define hygroscopic powders.
9. What are deliquescent substances?
10. Define effervescent powders.
11. What is a eutectic mixture?
12. Give two examples of eutectic-forming substances.
13. What is geometric dilution?
14. Why is geometric dilution important for potent drugs?
15. Define simple powder and compound powder.
16. What are dusting powders?
17. List ideal properties of dusting powders.
18. Why should effervescent powders be kept dry?
19. Mention any two packaging materials for divided powders.
20. Give two problems caused by moisture in powder formulations.
LONG QUESTIONS
1. Explain in detail the physical properties of powders: size, shape, density, flow, hygroscopicity, and compressibility.
2. Describe the classification of powders based on particle size, flow properties, and application.
3. Discuss the advantages and disadvantages of powders as a dosage form.
4. Write a detailed note on simple and compound powders with official examples.
5. Explain dusting powders: definition, properties, formulation, preparation, and packaging.
6. Describe effervescent powders: composition, reaction mechanism, preparation method, and storage.
7. Discuss hygroscopic powders, problems caused, and methods to minimize moisture absorption.
8. Explain eutectic mixtures, their formation, problems, examples, and prevention techniques.
9. Describe geometric dilution with a step-by-step method and examples.
10. Write short notes on:
a) Segregation of powders
b) Caking
c) Electrostatic charging
d) Powder applications in industries
ANSWER KEY (MCQs)
I. b
2. ¢
3. b
4. b
5. ¢
6. ¢
7. a
8 b
9. b
10. b
11. ¢
12. ¢
13. ¢
14. b
15. ¢
16. b
17. b
18. b
19. b
20. ¢
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CHAPTER 9
SUSPENSIONS

INTRODUCTION:

Suspensions are heterogeneous mixtures in which solid particles are dispersed in a liquid or gas medium. The

solid particles in a suspension are usually large enough to be seen with the naked eye and can be separated from the
liquid by filtration or sedimentation. These particles do not dissolve in the liquid and tend to settle over time due to
gravity, unless the suspension is agitated or stabilized.

Key Characteristics of Suspensions

1.

Heterogeneous Nature: Suspensions are not uniform. They consist of two phases — a solid phase (dispersed
particles) and a liquid or gas phase (dispersing medium).

Particle Size: The solid particles in a suspension typically range from 1 micrometer (um) to several millimeters
in diameter

Settling: The solid particles in suspensions are generally large enough that they will settle over time unless the
mixture is continually agitated or a stabilizing agent is used.

Filtration: Suspensions can be separated by filtration due to the size of the particles.

Tyndall Effect: Suspensions can scatter light, making them appear cloudy or turbid. This scattering is due to
the large size of the dispersed particles compared to the wavelength of light.

Non-Homogeneous: Unlike solutions, which are homogeneous, the components of a suspension can be
distinguished from each other.

Components of Suspensions

1.

Dispersed Phase: The solid particles that are suspended in the medium. These could be particles of a variety of
substances like clay, powdered drugs, or pigments.

Dispersion Medium: The liquid or gas that holds the dispersed phase, such as water, oils, or air.

Additives: In many cases, suspensions include stabilizers or thickeners that prevent the solid particles from
settling too quickly. These might include agents like gums, cellulose derivatives, or surfactants.

Types of Suspensions

1.

Pharmaceutical Suspensions: These are liquids in which solid particles of a drug are suspended. Such
suspensions are common in liquid medicine forms like antibiotics or ntacid preparations.

Food Suspensions: Some food products like salad dressings, juices with pulp, or milk (with fat globules
suspended in water) are suspensions.

Industrial Suspensions: These could be found in processes like wastewater treatment, where solids need to be
suspended in a fluid medium for later treatment or filtration.

Cosmetic Suspensions: These include products like lotions or creams in which active ingredients are suspended
in a base, usually a gel or cream.

Applications of Suspensions

L.

Pharmaceuticals: Suspensions are important in delivering drugs that are not soluble in liquids, offering a way
to administer them in a controlled manner.

Food Industry: Suspensions like fruit juice, sauces, and dressings are commonly encountered in food
manufacturing and consumption.

Paints and Coatings: Paints are often suspensions of pigments in liquids, providing the ability to coat surfaces
with even color distribution.

Water Treatment: Suspensions of solid particles in water are common in water treatment processes, where
solids are removed through filtration or settling.
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Stability of Suspensions
The stability of a suspension depends on several factors, such as:

1. Particle Size Distribution: Smaller particles may remain suspended longer, while larger particles settle more
quickly.

2. Viscosity of the Medium: The more viscous the medium, the slower the rate of sedimentation.

3. Electrostatic Charge: The charge on particles can impact their tendency to aggregate or remain dispersed in
the medium.

4. Use of Stabilizers: Adding substances such as surfactants, thickeners, or polymers can help stabilize the
suspension by preventing particles from aggregating or settling.

Settling and Redispersion

In some cases, suspended particles will eventually settle at the bottom of the container due to gravity. If the suspension
is shaken or stirred, the particles can be redispersed throughout the liquid. However, in some cases, the particles may
clump together and form aggregates that are harder to redisperse.

DEFINITION OF SUSPENSIONS

A suspension is a heterogeneous mixture in which solid particles are dispersed throughout a liquid or gas
medium. The solid particles in a suspension are typically large enough to be visible to the naked eye (greater than 1
micrometer in size) and do not dissolve in the medium. Over time, the solid particles tend to settle due to gravity unless
the mixture is agitated or stabilized by specific agents.

Key aspects of a suspension include:
1. Heterogeneous Nature: The solid and liquid phases are not uniformly mixed.
2. Particle Size: The particles are large enough to be separated by filtration and are usually greater than 1 pum.

3. Settling: The solid particles will settle at the bottom of the container unless the suspension is continuously
stirred or a stabilizing agent is used.

4. Non-Dissolution: Unlike solutions, the solid particles do not dissolve in the liquid, meaning they retain their
individual properties.

ADVANTAGES OF SUSPENSIONS

Suspensions, despite being heterogeneous mixtures, offer several distinct advantages in a variety of applications,
especially in industries like pharmaceuticals, food production, cosmetics, and even in environmental processes. Below
are some of the key benefits of using suspensions:

1. Improved Bioavailability (Pharmaceuticals)

a. Controlled Drug Release: In pharmaceutical applications, suspensions are often used to deliver drugs that are
poorly soluble in liquids. By suspending the drug in a liquid, it allows for easier ingestion and absorption in the
body. The suspension can provide a controlled release of the drug over time, improving therapeutic efficacy.

b. Customization of Dosage: Suspensions allow for accurate dosing, especially when the active ingredient is not
available in liquid form. By adjusting the concentration of suspended particles, manufacturers can produce
different concentrations for different therapeutic needs.

2. Better Taste and Palatability (Pharmaceuticals & Food Industry)

a. Improved Patient Compliance: In the pharmaceutical industry, suspensions are often used for children’s
medicines or for those who have difficulty swallowing tablets or capsules. The liquid form makes it easier to
swallow, and the particles suspended can help mask the unpleasant taste of the drug.

b. Versatility in Food: Suspensions are also commonly found in food products (e.g., fruit juices, salad dressings,
sauces) and can provide a better mouthfeel, taste, and texture. They allow the inclusion of flavoring or nutritional
ingredients that would not dissolve in the liquid medium.

3. Increased Shelf Life

a. Stability with Insoluble Components: Suspensions are useful for incorporating insoluble substances that need
to be stored for a longer period. As long as the suspension is kept properly agitated or stabilized, the solid
particles remain suspended without settling too quickly, leading to a longer shelf life compared to direct
solutions of the same compound.
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b. Long-Term Storage: Some suspensions, when stored under the right conditions, can remain stable for extended
periods without degradation of the active ingredients. This is particularly advantageous in pharmaceuticals,
where the stability of the formulation is critical.

4. Flexibility in Formulation

a. [Ease of Formulation: Suspensions are highly flexible and can be formulated with a variety of substances that
are difficult to dissolve. For example, particulate matter such as minerals, vitamins, or pigments can be easily
incorporated into suspensions.

b. Adjustable Concentrations: Manufacturers can adjust the concentration of the dispersed particles in a
suspension, making it adaptable to different needs. This is particularly useful in pharmaceutical suspensions,
where specific dosage levels are required.

5. Viscosity Control

a. Enhanced Consistency: The viscosity of suspensions can be easily adjusted by altering the concentration of
the suspended solids or adding thickening agents. This is beneficial in many industrial applications where the
fluid needs to have specific flow characteristics for processing or application.

b. Easier to Handle: Depending on the intended use, the viscosity of a suspension can be adjusted to make it
easier to handle or apply, such as in paints or coatings.

6. Effective for Insoluble Compounds

a. Handling Poorly Soluble Substances: Suspensions are an excellent way to incorporate compounds that are
insoluble or sparingly soluble in a liquid medium. For example, in wastewater treatment, suspensions of certain
chemicals are used to aid in the removal of contaminants from water. These particles can react with pollutants,
making it easier to separate them from the liquid.

7. Tendency to Settle for Easy Separation

a. Easy Separation by Sedimentation: Because the solid particles in a suspension are large enough to settle under
the influence of gravity, separating the solid phase from the liquid phase is straightforward. This is particularly
useful in industries like water treatment, where the solid particles can be removed through filtration or settling.

b. Wastewater and Pollution Control: In environmental applications, such as wastewater treatment, suspensions
of flocculants (particles that bind to pollutants) are used to remove solids from water effectively. These particles
can settle out, making it easier to clean the water.

8. Tyndall Effect (Light Scattering)

a. Detection of Particles: The Tyndall effect, which is the scattering of light by suspended particles, is a useful
characteristic of suspensions. This property can be utilized to visually identify whether a suspension is present,
as the mixture will scatter light, often appearing turbid or cloudy. This can be useful in quality control or
diagnostic applications, where detecting the presence of particles is important.

9. Cost-Effectiveness in Manufacturing

a. Low-Cost Alternatives: Suspensions can be a cost-effective solution when compared to other methods of
dissolving or dispersing solids. For instance, certain processes or raw materials that are expensive to dissolve
can be made into suspensions, which could be more affordable in terms of production costs.

b. Minimized Use of Solvents: In industries like paints and coatings, suspensions reduce the need for solvents,
which are often expensive and environmentally hazardous.

10. Industrial Applications (Paints, Coatings, and Pigments)

a. Uniform Distribution of Pigments: In the paint and coatings industry, suspensions of pigments in liquid bases
are used to create uniform colors and textures. The suspended pigment particles are evenly dispersed in the
liquid medium, providing a smooth application and lasting finish.

b. Stability of Components: Suspensions can help maintain the uniformity of certain compounds, especially in
mixtures where the active components need to be suspended for processing.

DISADVANTAGES OF SUSPENSIONS

While suspensions offer numerous benefits, they also come with certain drawbacks that need to be carefully
considered, especially in applications where stability, convenience, and long-term effectiveness are important. Below
are the main disadvantages of suspensions:
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1. Settling of Particles

a. Sedimentation Over Time: One of the most significant disadvantages of suspensions is the tendency of solid
particles to settle over time due to gravity. This settling can cause the suspension to become uneven, with a
concentration of particles at the bottom and a more diluted top layer. As a result, suspensions need to be agitated
or shaken regularly to ensure uniformity.

b. Need for Constant Agitation: In many applications, especially in pharmaceuticals or food products,
suspensions require constant agitation or mixing to keep the particles dispersed. This adds complexity to storage
and handling, as the suspension might need to be shaken before use.

2. Poor Stability

a. Lack of Long-Term Stability: Suspensions tend to have poor long-term stability compared to solutions.
Without the addition of stabilizers or thickeners, the particles in a suspension will eventually settle out, leading
to phase separation. This can render the suspension ineffective or unusable over time.

b. Limited Shelf Life: Suspensions can have a relatively short shelf life if not stabilized properly, which can lead
to changes in appearance, texture, and efficacy. This is particularly problematic in pharmaceuticals, where
consistency is critical for therapeutic outcomes.

3. Caking of Particles

a. Clumping and Aggregation: As particles settle in a suspension, they can sometimes form clumps or aggregates
(a phenomenon known as "caking"). This can make it difficult to redisperse the particles even with agitation. In
severe cases, caked particles can form solid lumps that are impossible to break apart, leading to a loss of
effectiveness or the need for additional processing.

b. Increased Difficulty in Redispersion: Once caking occurs, it can be challenging to redisperse the particles
uniformly. This can be particularly problematic in products where consistent distribution of the active ingredient
is required.

4. Complex Formulation

a. Need for Stabilizers and Additives: To prevent particles from settling or clumping, suspensions often require
stabilizers, surfactants, or thickeners. The addition of these substances can complicate the formulation and
increase production costs. These additives must be carefully selected to ensure they do not interfere with the
active ingredients or alter the intended effect.

b. Difficulty in Achieving Uniformity: Achieving uniform dispersion of particles in a suspension can be
challenging. If the particles are not properly distributed, the suspension may not perform as expected, leading
to inconsistency in applications, such as in drug delivery or coating formulations.

5. Bulkiness and Handling Issues

a. Storage and Transport Challenges: Suspensions are often bulky and difficult to store or transport compared
to solutions. This can make them less convenient for long-distance shipping or for storage in small containers.
In industrial applications, the handling of suspensions might require specialized equipment to maintain
consistent dispersion.

b. Increased Risk of Contamination: Because the solid particles are suspended in a liquid medium, suspensions
may be more prone to contamination from external sources. If the suspension is not stored properly, microbial
growth or other contaminants can affect the quality and safety of the product.

6. Viscosity Issues

a. High Viscosity: Suspensions can have high viscosity, especially when they contain a large concentration of
solid particles or thickeners. This can make them difficult to pump, pour, or apply in some processes, such as
in the case of paints or coatings.

b. Difficulty in Application: In applications like spraying or coating, the high viscosity of some suspensions can
make them harder to apply evenly. The higher the viscosity, the more challenging it becomes to achieve a
smooth and consistent application.

7. Limited Use in Some Applications

a. Not Suitable for All Compounds: Suspensions are not ideal for all types of compounds. Some substances that
would normally work well in a suspension may either not be dispersible or may not remain suspended for long
periods without excessive agitation.
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b. Less Ideal for Small-Scale or Precise Applications: In applications requiring precise control of concentration,
such as in certain chemical reactions or biomedical uses, suspensions may not offer the level of consistency and
precision that other formulations, like solutions or emulsions, can provide.

8. Risk of Inefficient Drug Delivery (Pharmaceuticals)

a. Inconsistent Dosing: In pharmaceutical suspensions, improper mixing or shaking of the suspension can lead to
inconsistent dosing. Patients may not receive the correct amount of medication if the solid particles have settled
unevenly in the bottle, leading to potential under-dosing or over-dosing.

b. Absorption Issues: Although suspensions are often used for drugs that are poorly soluble, the solid particles
must still be effectively absorbed by the body. If the particle size is too large or not uniform, it may affect the
rate of absorption, reducing the drug's efficacy.

9. Appearance and Aesthetics

a. Unappealing Appearance: Suspensions are often turbid or cloudy, which can be unappealing in some
consumer products, particularly in cosmetics or food products. The visual appearance of a suspension may be
less attractive than a clear solution, which can affect consumer acceptance, especially in cosmetic or personal
care products.

b. Separation Issues: Over time, as the particles settle, suspensions may appear less aesthetically pleasing. This
requires the product to be stirred or shaken before use, which could be inconvenient for consumers.

10. Environmental Impact

a. Waste Disposal: In industrial or environmental applications, suspensions can create waste disposal challenges.
The solid particles suspended in a liquid may need to be separated and treated before being disposed of or
recycled, especially if they are contaminants or pollutants.

b. Potential for Chemical Reactions: In certain environments, suspended particles may react with the medium
or other substances, leading to undesirable by-products or reactions. This could complicate processes like
wastewater treatment or industrial production.

CLASSIFICATIONS OF SUSPENSIONS

Suspensions can be classified based on various criteria, including the nature of the dispersed phase, the dispersion
medium, the size of the particles, and the application or field of use. Below is a detailed overview of different
classifications of suspensions:

1. Based on the Size of Particles

The particle size in a suspension plays a critical role in determining the behavior, stability, and appearance of the
suspension. Suspensions are generally classified based on the size of the dispersed particles.

a) Coarse Suspensions
i.  Particle Size: The solid particles in coarse suspensions typically range from 1 um to several millimeters in size.

ii.  Characteristics: These particles are large enough to be easily seen with the naked eye. The settling rate is
relatively fast, and the suspension may require constant shaking or stirring to maintain uniform dispersion.

iii.  Examples:
1. Paints and coatings (pigments suspended in liquid).
2. Sand in water.
3. Certain pharmaceutical formulations.
b) Fine Suspensions
i.  Particle Size: Fine suspensions have dispersed particles typically ranging between 1 nm and 1 um in size.

ii.  Characteristics: The particles in fine suspensions are smaller than those in coarse suspensions, which means
they have a slower rate of settling. The suspension is more stable than coarse suspensions and may not need as
frequent agitation.

iii.  Examples:
1. Some pharmaceutical suspensions.
2. Fine powders in water, such as colloidal silica.
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¢) Colloidal Suspensions
i.  Particle Size: The particles in colloidal suspensions range between 1 nm and 1000 nm (1 micrometer).

ii.  Characteristics: Colloidal suspensions have very fine particles that do not settle under gravity, although they
can be separated by ultrafiltration or centrifugation. They exhibit the Tyndall Effect, where light is scattered
by the suspended particles.

iii.  Examples:
1. Milk (fat droplets suspended in water).
2. Gel-based pharmaceutical suspensions.
3. Paints, dyes, and emulsions in some cases.
2. Based on the Dispersion Medium

Suspensions can also be classified based on the medium in which the solid particles are suspended. The dispersion
medium can be liquid or gas.

a) Liquid Suspensions

i.  Description: These are the most common type of suspension, where solid particles are dispersed in a liquid
medium.

ii.  Characteristics: The liquid medium can be water, oils, or alcohol, among others. These suspensions tend to be
unstable and may require additives such as stabilizers, thickeners, or surfactants to prevent settling.

iii.  Examples:
1. Pharmaceutical syrups or liquid medicines.
2. Muddy water, like when sand or clay is suspended in water.
3. Some food products, like salad dressings or juices with pulp.
b) Gas Suspensions
i.  Description: These are suspensions where solid particles are dispersed in a gas medium (often air).

ii.  Characteristics: The solid particles in gas suspensions are usually very fine and can remain suspended for long
periods unless disturbed by gravity or air currents.

iii.  Examples:

1. Smoke (solid soot particles in air).
2. Dust or particulate matter in the atmosphere.
3. Aerosols used in spray products.

3. Based on the Nature of the Dispersed Phase

This classification depends on the characteristics of the solid phase in the suspension.

a) Simple Suspensions

i.  Description: Simple suspensions consist of a single type of solid particle dispersed in the medium.

ii.  Characteristics: These are straightforward mixtures where the dispersed solid phase is homogeneous in terms
of its composition and structure.

iii.  Examples:
1. Sand in water.
2. Chalk powder in water.
b) Complex Suspensions
i.  Description: These suspensions contain multiple types of particles or phases, making them more complex.

ii.  Characteristics: These suspensions may involve different kinds of solids, often with varying particle sizes or
types, and they may have different dispersion behaviors.
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iii.  Examples:
1. Paint, where pigment particles and binder materials are suspended.
2. Some drug formulations that contain multiple active ingredients.
4. Based on Stability

Suspensions can be classified based on how stable they are over time, with regard to the behavior of their dispersed
phase.

a) Stable Suspensions

i.  Description: Stable suspensions are those in which the solid particles remain dispersed for a reasonable period
without significant settling or aggregation.

ii.  Characteristics: These suspensions are usually formulated with stabilizers or additives that help prevent
particles from settling too quickly or aggregating. They may require only mild agitation to keep them uniform.

iii.  Examples:
1. Some well-formulated pharmaceutical suspensions.
2. Paints or coatings that include stabilizers to prevent pigment settling.
b) Unstable Suspensions

i.  Description: Unstable suspensions exhibit rapid settling of the solid particles, often requiring frequent shaking
or stirring to keep the mixture homogeneous.

ii.  Characteristics: These suspensions lack stabilizing agents or have an insufficient amount of stabilizer, leading
to faster phase separation. They may need to be used quickly or require storage in a way that minimizes settling.

iii.  Examples:
1. Some homemade suspensions, like sand and water mixtures.
2. Certain food or cosmetic suspensions that are not formulated for long-term stability.
5. Based on Applications

Suspensions can also be classified based on the industries or applications in which they are used. These classifications
focus on the specific roles that suspensions play in different sectors.

a) Pharmaceutical Suspensions

i.  Description: These are suspensions used to deliver active pharmaceutical ingredients (APIs) that are insoluble
or poorly soluble in the chosen solvent.

ii.  Characteristics: Pharmaceutical suspensions need to be carefully formulated to ensure uniformity, correct
particle size, and appropriate dosage. They often include preservatives, stabilizers, and other excipients to
prevent settling and ensure proper delivery

iii.  Examples:
1. Oral suspensions for antibiotics, antacids, or antifungals.
2. Injectable suspensions for vaccines or poorly soluble drugs.
b) Food Suspensions

i.  Description: These are suspensions found in the food industry, where solid particles are suspended in a liquid
medium.

ii.  Characteristics: In food suspensions, the particles are often edible and can add texture, nutritional value, or
flavor to the product. These suspensions may require stabilizers to prevent phase separation.

iii.  Examples:
1. Fruit juices with pulp.

2. Salad dressings, sauces, and gravies.
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¢) Cosmetic Suspensions

i.  Description: Suspensions are commonly used in cosmetics and personal care products, where they suspend
active ingredients, colorants, or exfoliating agents.

ii.  Characteristics: These suspensions are formulated to be gentle on the skin, stable for long periods, and
aesthetically pleasing. They may also include emulsifiers or stabilizers.

iii.  Examples:
1. Creams and lotions with suspended active ingredients.
2. Scrubs or exfoliants that contain suspended particles.
d) Industrial Suspensions
i.  Description: Industrial suspensions are used in processes like wastewater treatment, mining, and construction.

ii.  Characteristics: These suspensions may involve very large solid particles or aggregates and are often used in
large-scale processing or filtration systems.

iii.  Examples:
1. Suspended solids in wastewater treatment.
2. Cement or slurry used in construction.
PREPARATION OF SUSPENSIONS

The preparation of suspensions involves creating a stable mixture of solid particles dispersed in a liquid medium.
This process requires careful control to ensure uniformity, stability, and the desired properties of the suspension.
Depending on the nature of the solid particles and the medium, there are different methods and techniques for preparing
suspensions.

Below is a detailed explanation of the steps involved in preparing suspensions:
1. Selection of Components
Before preparing a suspension, the choice of components must be carefully considered:

i.  Dispersed Phase (Solid Particles): The solid particles should be chosen based on the desired characteristics,
such as particle size, solubility, and reactivity. The size of the particles influences the stability and settling rate
of the suspension.

ii.  Dispersion Medium (Liquid): The liquid medium should be compatible with the solid particles and capable of
suspending them without causing dissolution. Water is commonly used, but in some cases, oils or other liquids
may be used.

iii.  Stabilizers and Excipients: Additives like stabilizers, thickeners, surfactants, or emulsifying agents are used
to prevent settling, clumping, or aggregation of the solid particles. These components help maintain the uniform
dispersion of solids in the liquid medium.

2. Particle Size Reduction

In many cases, the solid particles need to be reduced to a fine size to ensure they remain suspended in the liquid medium.
This is typically achieved through one of the following methods:

a) Grinding or Milling

i.  Method: Solid particles are ground or milled using a ball mill, colloid mill, or other types of grinding equipment
to reduce them to the desired size.

ii.  Purpose: Smaller particle sizes result in a more stable suspension and a slower settling rate.

iii.  Challenges: Over-grinding can cause excessive heat generation, which may lead to particle aggregation or other
undesirable changes in the suspension.

b) Ultrasonication

i.  Method: Ultrasonic waves are used to break apart agglomerates of solid particles into smaller sizes. This is
typically done using a sonicator or ultrasonic bath

ii.  Purpose: This technique is effective for reducing the particle size of solids that tend to clump together or form
aggregates
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iii.  Challenges: Ultrasonication can be energy-intensive and may cause temperature fluctuations, which need to be
carefully controlled.

3. Dispersing the Solid Phase

Once the particles are reduced to the desired size, they need to be evenly dispersed throughout the liquid medium. There
are several methods to achieve uniform dispersion:

a) Mechanical Agitation

i.  Method: Mechanical agitators or stirrers are used to mix the solid particles into the liquid. These can range
from simple stirrers to more complex mixing systems, depending on the volume and type of suspension being
prepared.

ii.  Purpose: Mechanical agitation helps in suspending the particles uniformly and preventing them from settling.

iii.  Challenges: Care must be taken to avoid damaging fragile particles, especially in sensitive pharmaceutical or
cosmetic products.

b) High-Shear Mixing

i.  Method: High-shear mixers are used to provide intense mixing forces, breaking up any agglomerates and
ensuring a fine, uniform dispersion of solid particles.

ii.  Purpose: This is particularly useful when preparing suspensions with a large proportion of fine particles or
where particle size reduction is still required after dispersion.

iii.  Challenges: High-shear mixing can introduce heat and shear stress, which may alter the properties of certain
components.

4. Incorporation of Stabilizers and Additives

To prevent the solid particles from settling, clumping, or aggregating, stabilizers or additives are added to the suspension.
The choice of stabilizer depends on the nature of the suspension and the desired outcome.

a) Thickeners

i.  Purpose: Thickeners or viscosity agents (such as gums, polysaccharides, or cellulose derivatives) are added to
increase the viscosity of the suspension. This slows down the rate at which the solid particles settle, helping to
maintain a stable suspension.

ii.  Examples: Hydroxypropyl methylcellulose (HPMC), xanthan gum, and bentonite clay.
b) Surfactants

i.  Purpose: Surfactants (wetting agents) are used to reduce the surface tension between the solid particles and the
liquid medium, promoting better dispersion and preventing clumping or aggregation.

ii.  Examples: Polysorbates, lecithin, or cetyl alcohol.
¢) Suspending Agents

i.  Purpose: Special suspending agents or stabilizers are used to keep particles from settling or aggregating over
time. These agents help prevent the separation of phases and ensure a uniform suspension.

ii.  Examples: Carboxymethyl cellulose (CMC), guar gum.
d) Preservatives

i.  Purpose: Preservatives are added to prevent microbial contamination and ensure the stability and safety of the
suspension, especially for long-term storage.

ii.  Examples: Sodium benzoate, methylparaben, or ethylparaben.
5. Adjusting pH and Ionic Strength

The pH and ionic strength of the suspension can significantly affect the stability and behavior of the solid particles.
Adjusting these parameters helps to ensure the suspension remains stable and that the particles do not aggregate or
precipitate.

i.  pH Adjustment: The pH is adjusted using acids or bases to ensure that the particles remain stable and do not
form agglomerates or settle. For instance, in some pharmaceutical suspensions, the pH may need to be adjusted
to ensure the solubility of certain active ingredients.
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ii.  lonic Strength: The addition of electrolytes or salts can help control the electrostatic repulsion between
particles, affecting their stability in suspension.

6. Filtration or Sieving

After the suspension is prepared, it is often passed through a filter or sieve to remove any large particles, aggregates, or
impurities that could affect its performance or appearance.

i.  Purpose: This ensures that only the desired particle size remains in the suspension and that the final product is
free from coarse or foreign matter.

ii.  Method: Fine mesh filters or sieves are used to eliminate particles that are too large to remain suspended.
7. Packaging and Storage

Once the suspension is prepared, it needs to be packaged and stored properly to maintain its stability and prevent phase
separation.

i.  Packaging: Suspensions are typically packaged in airtight containers to prevent contamination and evaporation
of'the liquid phase. In the case of pharmaceutical suspensions, specialized containers with instructions for proper
shaking or stirring may be used.

ii.  Storage Conditions: The suspension should be stored in a cool, dry place, away from direct sunlight or heat.
The storage conditions depend on the nature of the suspension, as some suspensions may need refrigeration or
protection from light to maintain stability.

8. Quality Control and Testing
Quality control is critical to ensuring that the suspension is stable, uniform, and safe for use. Testing typically includes:
i.  Viscosity Testing: To ensure the correct thickness and consistency of the suspension.
ii.  Particle Size Distribution: To confirm that the particles are properly sized and uniformly dispersed.
iii.  Settling Rate: To measure how quickly the solid particles settle and ensure that the suspension is stable.

iv.  Microbial Testing: To ensure that preservatives are working and that the suspension is free from harmful
microorganisms.

FLOCCULATED SUSPENSION

A flocculated suspension is a type of suspension where the dispersed solid particles tend to form aggregates or
"flocs" under certain conditions. These aggregates or flocs are loose, open structures that are loosely bound together,
and they have a tendency to settle more slowly compared to unflocculated suspensions. Flocculation is an important
concept in suspension stability because it affects how the suspension behaves over time, particularly in terms of
sedimentation and re-dispersion.

Here’s a detailed explanation of flocculated suspensions:
1. What is Flocculation?

Flocculation refers to the process where particles in a suspension form aggregates or clusters (flocs) due to interactions
between the particles, usually in the presence of flocculating agents (such as electrolytes or surfactants). Unlike a
compacted or dense structure, the flocs are loosely bound and exhibit a sponge-like or open structure.

In a flocculated suspension, particles aggregate together to form larger aggregates but remain dispersed within the
liquid. These aggregates can settle more slowly than individual particles because their larger size reduces the rate of
sedimentation. Additionally, these flocs can easily be redisperse once disturbed, which is an important feature in terms
of handling and usage of the suspension.

2. Characteristics of Flocculated Suspensions

i.  Slow Sedimentation: One of the key characteristics of flocculated suspensions is that they have a slower
sedimentation rate. The aggregated particles are less likely to settle quickly because the formation of flocs
creates a larger particle size that resists gravity to some extent.

ii.  Re-dispersibility: Flocculated suspensions have better redisperse ability compared to deflocculated
suspensions. The loosely bound flocs can be easily broken apart upon shaking or agitation, allowing the particles
to become uniformly distributed again in the suspension.

160 | TEXT BOOK OF PHARMACEUTICS



iii.  Rheology (Viscosity): Flocculated suspensions often exhibit a higher apparent viscosity, as the aggregates or
flocs increase the flow resistance. However, this viscosity is usually lower than that of a gel-like structure or a
highly compacted suspension.

iv.  Stability: Flocculated suspensions tend to be more stable than non-flocculated (deflocculated) suspensions. In
a deflocculated suspension, particles remain discrete and separate, which causes them to settle rapidly.
Flocculation slows this process and can help maintain a more stable suspension over time.

v.  Cloudiness/Turbidity: Flocculated suspensions may appear cloudy or turbid due to the presence of aggregated
particles. However, the particles in the flocs remain dispersed and do not fully separate from the liquid medium,
making the suspension look less clear than a solution.

3. Flocculation Mechanisms
Flocculation is mainly achieved through the following mechanisms:
a) Electrostatic Attraction

i.  Mechanism: When solid particles in a suspension are charged, they can attract each other through electrostatic
forces. This attraction leads to the formation of aggregates or flocs, especially when the particles are in an
electrolyte solution that can neutralize the repulsive forces (such as the zeta potential) between the particles.

ii.  Example: If you add an electrolyte like sodium chloride to a suspension of clay particles, the positive ions
neutralize the negative charges on the clay particles, causing them to come together and form flocs.

b) Van der Waals Forces

i.  Mechanism: Van der Waals forces are weak, non-electrostatic forces that attract particles toward each other.
These forces can contribute to flocculation, especially when the particles are brought close enough for these
interactions to occur.

ii.  Example: Fine particles of hydrophobic materials, like certain types of oils, can agglomerate due to van der
Waals attraction.

¢) Hydrophobic Interactions

i.  Mechanism: Hydrophobic interactions occur when non-polar particles (such as certain organic compounds)
aggregate in a polar medium like water. These interactions can encourage the particles to cluster together,
forming flocs.

ii.  Example: Oil droplets suspended in water may flocculate because the oil particles tend to aggregate due to their
hydrophobic nature.

d) Polymer Flocculation

i.  Mechanism: Polymers can act as flocculants by bridging the gap between particles and bringing them together
to form aggregates. Polymers, especially those that are positively charged or non-ionic, are commonly used in
industrial flocculation processes.

ii.  Example: Polyacrylamide and other synthetic polymers are frequently used in water treatment to flocculate
suspended solids.

4. Advantages of Flocculated Suspensions

i.  Improved Sedimentation Rate Control: The slow settling of particles in flocculated suspensions means that
they can be stored for longer periods without significant phase separation. The suspension will appear more
uniform over time, reducing the need for frequent agitation or shaking.

ii.  Enhanced Stability: Flocculated suspensions are generally more stable than deflocculated ones. In
deflocculated suspensions, individual particles settle more quickly, leading to a less stable mixture. Flocculated
suspensions, due to their aggregated particle structure, resist settling and are more resistant to phase separation

iii.  Easier Re-dispersion: Unlike non-flocculated suspensions where settling leads to the formation of a compact,
hard cake that is difficult to redisperse, flocculated suspensions can be easily redispersed by shaking or stirring.
The loosely bound aggregates make it easy to break them apart and create a uniform suspension again

iv.  Controlled Viscosity: Flocculation increases the apparent viscosity of a suspension, which can be beneficial in
certain applications like suspensions that require higher viscosity for better flow control or ease of application.
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5. Disadvantages of Flocculated Suspensions

i.  Possible Instability under Extreme Conditions: While flocculated suspensions tend to be stable under normal
conditions, extreme changes in pH, temperature, or ionic strength can cause the flocs to break apart or further
aggregate, leading to phase separation.

ii.  Cloudiness or Turbidity: While the suspension remains stable, flocculation can cause the suspension to appear
cloudy or turbid, which may not be desirable in products like cosmetics or beverages where a clear product is
preferred.

iii.  Settling after Agitation: After being disturbed or agitated, flocculated suspensions may still show some
settling, albeit at a slower rate. This could lead to the need for more frequent shaking or stirring in applications
that require a perfectly uniform suspension.

iv.  Poor Shelf-Life in Some Cases: While flocculated suspensions are generally more stable than deflocculated
ones, they might still experience problems over time, especially if they are stored improperly or if the
flocculating agents degrade. This can lead to eventual breakdown of the flocs and phase separation.

6. Applications of Flocculated Suspensions
Flocculated suspensions are widely used in several industries and applications:

i.  Pharmaceuticals: Many oral suspensions for medications use flocculation to ensure that the active ingredient
is uniformly dispersed and can be redispersed easily by the patient. This is particularly important for medications
that are poorly soluble in water and need to be suspended in a liquid.

ii.  Water Treatment: Flocculation is commonly used in water treatment processes, where flocculants are added
to water to aggregate suspended particles, making them easier to remove through filtration or sedimentation.

iii.  Paints and Coatings: In paints, flocculation is used to control the settling of pigments and other solid particles,
ensuring uniformity of color and consistency throughout the product.

iv.  Cosmetics: Flocculated suspensions are also used in the formulation of cosmetic products like lotions and
creams, where uniform distribution of ingredients like exfoliating particles or active compounds is essential.

v.  Food and Beverages: In some food products, like fruit juices with pulp, flocculation helps to keep the pulp
evenly suspended, preventing separation while allowing the product to appear uniform.

7. Flocculation Control and Modification
The flocculation process can be controlled or modified by adjusting factors like:

i.  Electrolyte Concentration: Increasing or decreasing the concentration of electrolytes (e.g., salts) can control
the extent of flocculation. Higher electrolyte concentrations usually lead to stronger flocculation.

ii.  Polymeric Additives: The addition of specific flocculants or polymers can control the size and structure of the
flocs. These can be tailored to achieve a specific rate of settling or a desired viscosity.

iii.  pH and Ionic Strength: Adjusting the pH or ionic strength can influence the charge of the particles and the
interactions between them, thereby affecting the formation of flocs.

DEFLOCCULATED SUSPENSION

A deflocculated suspension is a type of suspension where the dispersed solid particles remain as individual,
separate entities and do not aggregate or form flocs. In this type of suspension, the particles are dispersed uniformly in
the liquid medium, and there is minimal interaction between the particles.

In contrast to flocculated suspensions, where particles tend to aggregate into loosely bound clusters, deflocculated
suspensions involve finely dispersed particles that exhibit greater resistance to settling. However, these suspensions are
generally more prone to rapid sedimentation compared to their flocculated counterparts.

1. What is Deflocculation?

Deflocculation refers to the process in which the solid particles in a suspension remain dispersed and do not form
aggregates (or flocs). This is typically achieved by adding agents or adjusting conditions that prevent particles from
coming together.

In a deflocculated suspension, the solid particles are usually small and stable due to the repulsive forces acting between
them. These forces are often electrostatic, preventing the particles from clumping together and causing them to remain
individually dispersed in the liquid.
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2. Characteristics of Deflocculated Suspensions

i.  Rapid Sedimentation: Since the particles in a deflocculated suspension are separate, they do not form
aggregates that can slow down the settling process. As a result, the particles tend to settle quickly due to their
small size and low resistance to gravity.

ii.  High Zeta Potential: The zeta potential (the measure of the electrostatic repulsion between particles) is
typically high in deflocculated suspensions. This ensures that the particles are sufficiently repelled from each
other, preventing aggregation and promoting uniform dispersion in the liquid.

iii.  Uniform Dispersion: In deflocculated suspensions, the solid particles are evenly dispersed throughout the
liquid medium. The particles do not form clumps, and the suspension maintains its homogeneity.

iv.  Lower Viscosity: Deflocculated suspensions generally exhibit lower viscosity compared to flocculated
suspensions. Since there are fewer interactions between particles and no large aggregates, the fluid tends to flow
more easily.

v.  Stability Issues: While deflocculated suspensions are stable in terms of uniform dispersion, they can be more
susceptible to phase separation over time due to the rapid sedimentation of the individual particles. This requires
frequent agitation or shaking to maintain uniformity.

3. Mechanisms of Deflocculation
Deflocculation is typically achieved through the following mechanisms:
a) Electrostatic Repulsion

The most common method of achieving deflocculation is through electrostatic repulsion. When particles in a suspension
carry the same charge (usually negative or positive), they repel each other, preventing aggregation. This repulsion
ensures that the particles stay separated.

i.  Example: In a suspension of clay particles, the addition of an electrolyte like sodium carbonate can increase
the negative charge on the particles, causing them to repel each other and remain dispersed.

b) Steric Stabilization

In some cases, deflocculation is achieved by adding stabilizing agents, such as surfactants or polymers, which physically
prevent particles from coming together. These agents form a protective layer around the particles, creating a barrier that
resists aggregation.

i.  Example: Surfactants like sodium lauryl sulfate can be used to keep the solid particles dispersed in the liquid
by forming a repulsive layer around each particle.

¢) Use of Dispersing Agents

Dispersing agents or wetting agents help improve the dispersion of particles by reducing the surface tension between
the solid particles and the liquid medium. These agents promote a stable, uniform dispersion of fine particles, preventing
them from clumping.

i.  Example: In pharmaceutical suspensions, dispersing agents like polyvinyl alcohol (PVA) or polyacrylic acid
may be used to maintain the deflocculated state of the particles.

4. Advantages of Deflocculated Suspensions

i.  Uniformity: Since the particles remain separate and do not aggregate, deflocculated suspensions are often more
uniform in terms of their particle distribution, making them suitable for applications where consistent dosing or
application is important.

ii.  Slow Settling in Some Cases: While deflocculated suspensions tend to settle more quickly than flocculated
suspensions, the individual small particles can sometimes remain suspended longer if they are very fine and the
medium is highly viscous.

iii.  Higher Stability in Certain Conditions: In situations where aggregation of particles would be undesirable
(such as when particles would form hard aggregates that are difficult to redisperse), deflocculation can be
beneficial, as it prevents this.

iv.  Precision in Dosage: Deflocculated suspensions allow for more precise control over the amount of active
ingredient delivered per unit volume, making them particularly useful in pharmaceutical formulations where
consistent dosing is crucial.
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5. Disadvantages of Deflocculated Suspensions

i.  Rapid Sedimentation: One of the major drawbacks of deflocculated suspensions is that the small particles tend
to settle quickly due to their low resistance to gravity. This leads to a greater tendency for phase separation over
time, requiring frequent agitation or shaking to redisperse the particles.

ii.  Difficult Re-dispersion: While the particles in deflocculated suspensions are initially well-dispersed, once they
settle, they form a dense, compact cake that is difficult to redisperse. This makes it challenging to restore the
suspension to a uniform state once the particles have settled.

iii.  Lower Viscosity: The absence of large flocs means that deflocculated suspensions often have lower viscosity.
In some cases, this may not be desirable, as higher viscosity may be needed to control the flow or prevent
settling.

iv.  Limited Stability: While deflocculated suspensions are stable in terms of dispersion, their long-term stability
is often compromised by the rapid settling of fine particles. As a result, these suspensions may require special
storage conditions or stabilizing agents to maintain uniformity.

6. Applications of Deflocculated Suspensions
Deflocculated suspensions are used in a variety of industries, including:

i.  Pharmaceuticals: Many oral suspensions are prepared as deflocculated suspensions, especially when uniform
dispersion of the active ingredient is crucial for accurate dosing. For example, antibiotics, vitamins, or other
liquid medications may be formulated as deflocculated suspensions.

ii.  Cosmetics and Personal Care: Certain cosmetic formulations, such as lotions or creams, may be formulated
as deflocculated suspensions to ensure even distribution of solid particles like exfoliating agents or pigments.

iii.  Agricultural Chemicals: Some pesticide or herbicide formulations use deflocculated suspensions to evenly
disperse active ingredients and ensure consistent application on plants or soil.

iv.  Food and Beverages: In some food products, like fruit juice concentrates or sauces, deflocculated suspensions
help achieve uniform texture and distribution of suspended particles (such as pulp) throughout the liquid.

7. Stabilization of Deflocculated Suspensions

To improve the stability of deflocculated suspensions and prevent rapid settling, several techniques and stabilizing
agents can be used:

a) Increase Viscosity

Increasing the viscosity of the suspension using thickeners or gelling agents (such as xanthan gum, guar gum, or
methylcellulose) can help slow down the settling process.

b) Electrolyte Addition

Carefully controlled amounts of electrolytes can help maintain the electrostatic repulsion between particles, preventing
aggregation and improving stability.

¢) Steric Stabilizers

Adding steric stabilizers such as polymers (e.g., polyvinyl alcohol, polyacrylic acid) or surfactants can help maintain
dispersion by preventing particles from clumping together.

d) Careful pH Adjustment

Adjusting the pH to optimize the zeta potential can help enhance particle dispersion, making the suspension more stable
by increasing the electrostatic repulsion between particles.
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DIFFERENCE BETWEEN OF FLOCCULATED AND DEFLOCCULATED SUSPENSION

Flocculated and deflocculated suspensions represent two contrasting physical states of particulate dispersions
in a liquid medium. Understanding the differences between these two types of suspensions is essential for

pharmaceutical formulation, food processing, water treatment, cosmetics, and chemical manufacturing.

Here is a detailed comparison based on various criteria:

Criteria

1. Particle State

2. Interparticle Attraction

3. Sedimentation Rate

4. Sediment Nature

5. Zeta Potential

6. Appearance

Flocculated Suspension

Particles aggregate into loose, fluffy

clusters known as flocs.

Weak van der Waals forces or polymer

bridging leads to aggregation.

Faster sedimentation due to the larger
size of flocs. However, the sediment is

loose.

Sediment is loosely packed and easy to

redisperse by mild shaking.

Lower zeta potential — less repulsion,

allowing aggregation.
Usually turbid/cloudy due to
aggregates and non-uniform particle

distribution.

Slightly higher viscosity due to floc

Physically more stable over time due to

Deflocculated Suspension ¢

Particles remain discrete, separate, and

finely dispersed.

Strong electrostatic repulsion prevents

aggregation.

Slower initially (if particles are very fine),
but results in a dense and compact

sediment.

Sediment is compact, hard cake, and

difficult to redisperse.

Higher zeta potential — strong repulsion

keeps particles separate.

Often more clear initially, as fine particles

stay well dispersed.

Lower viscosity, as particles are freely

moving and not networked.

Physically less stable due to hard sedimen

formation (caking).

7. Viscosity
structure and particle network.
8. Stability
ease of redispersion.
Visual Analogy

i.  Flocculated: Imagine grapes loosely held in a bunch. They can be easily shaken apart.

ii.  Deflocculated: Imagine sand in water. It sinks individually and forms a tight layer that's hard to mix back in.
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STABILITY PROBLEMS AND METHODS TO OVERCOME IN SUSPENSIONS

Suspensions are heterogeneous dispersions of solid particles in a liquid medium. While suspensions are widely
used in pharmaceuticals, cosmetics, food, and chemicals, they often face physical instability over time due to the nature
of dispersed solid particles. Understanding these stability problems and how to overcome them is crucial to ensure a
uniform, effective, and usable product throughout its shelf life.

I. Stability Problems in Suspensions
Suspensions may encounter the following major physical and chemical stability issues:
1. Sedimentation
Problem: Solid particles tend to settle at the bottom due to gravity.
i.  Why it happens:
1. Difference in density between solid particles and the dispersion medium.
2. Larger particle size increases sedimentation rate (as per Stokes’ Law).
ii.  Consequences:
1. Dosage inaccuracy (in pharmaceuticals).
2. Uneven product performance.
3. Appearance issues.
2. Caking (Hard Sediment Formation)
Problem: Once particles settle, they form a hard, compact sediment (cake) that is difficult or impossible to redisperse.
i.  Why it happens:
1. Occurs in deflocculated suspensions, where particles settle as discrete entities and pack tightly.
ii.  Consequences:
1. Irreversible separation.
2. Unusable product.
3. Flocculation Instability
Problem: Overflocculation or underflocculation can affect dispersion and redispersibility.
i.  Why it happens:
1. Inadequate use of flocculating agents.
2. Changes in pH or ionic strength.
ii.  Consequences:
1. Sediment too loose or too tight.
2. Non-uniform distribution.
4. Ostwald Ripening
Problem: Growth of larger particles at the expense of smaller ones (particle size increase over time).
i.  Why it happens:
1. Differences in solubility between small and large particles.
2. Dissolution and reprecipitation process.
ii.  Consequences:
1. Change in bioavailability
2. Increased sedimentation rate.

3. Visual instability.
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5. Aggregation / Coalescence
Problem: Particles form large, irreversible clumps (hard agglomerates).
i.  Why it happens:
1. Loss of electrostatic or steric stabilization.
2. High temperature, ionic strength.
ii.  Consequences:
1. Poor redispersibility.
2. Phase separation.
6. Phase Separation (Creaming or Layering)

Problem: Uneven distribution of solids throughout the suspension—Ilight particles float (creaming) or dense ones settle
(sedimentation).

i.  Why it happens:
1. Density mismatch.
2. Inadequate viscosity.
ii.  Consequences:
1. Poor appearance.
2. Need for frequent shaking.
7. Microbial Contamination (for aqueous suspensions)
Problem: Growth of microorganisms in the suspension over time.
i.  Why it happens:
1. Presence of water and nutrients.
2. Poor preservative systems.
ii.  Consequences:
1. Spoilage, odor, toxicity.
2. Product recalls.
I1. Methods to Overcome Stability Problems
To ensure long-term stability of suspensions, various formulation and processing strategies are employed:
1. Control Particle Size
i.  Use: Milling, micronization, or homogenization to reduce particle size.
ii.  Effect: Smaller and uniform particles settle more slowly and reduce caking.
2. Use of Flocculating Agents
i.  Use: Electrolytes, polymers (e.g., bentonite, starch), surfactants.
ii.  Effect: Convert deflocculated systems to flocculated ones, improving redispersibility and reducing caking.
3. Viscosity Modifiers (Thickeners)
i.  Use: Xanthan gum, methylcellulose, sodium alginate, carbomers.
ii.  Effect: Increase viscosity of the continuous phase to reduce sedimentation rate (as per Stokes’ Law).
4. Use of Wetting Agents (Surfactants)
i.  Use: Tween 80, sodium lauryl sulfate.
ii.  Effect: Improve wetting of solid particles and prevent clumping or floating.
5. Controlled pH and Electrolyte Balance
i.  Use: Buffer systems.
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ii.  Effect: Optimize zeta potential for desired flocculation or deflocculation.
6. Use of Structured Vehicles
i.  Use: Disperse solids in a gel-like base (e.g., tragacanth mucilage).
ii.  Effect: Prevent settling by immobilizing particles in a matrix.
7. Addition of Dispersing Agents
i.  Use: Polymers or surfactants to maintain particles in dispersed state.
ii.  Effect: Prevent aggregation and improve uniformity.
8. Use of Preservatives
1. Use: Parabens, benzalkonium chloride, sodium benzoate.
ii.  Effect: Inhibit microbial growth in aqueous suspensions.
9. Proper Storage Conditions
i.  Use: Store in cool, dry place, protect from light.
ii.  Effect: Prevent temperature-induced destabilization, microbial growth, and degradation.
10. Packaging Strategies
i.  Use: Use of amber or opaque bottles, tight-sealing caps, unit-dose packaging.
ii.  Effect: Prevent contamination, oxidation, and exposure to moisture/light.
11. Regular Agitation or Labeling
i.  Use: Include instructions like “Shake Well Before Use.”
Effect: Ensures uniform dosing despite settling.
MCQs — SUSPENSIONS

1. Pharmaceutical suspensions are:
a) Two-phase systems
b) Single-phase systems
c) Gaseous systems
d) Semisolid systems
2. The dispersed phase in a suspension refers to:
a) Liquid medium
b) Undissolved solid particles
¢) Solubilizing agent
d) Preservative
3. Ideal particle size for suspensions is:
a) 0.5-5 ym
b) 10-100 pm
¢)0.1-0.5 cm
d) 500-700 pm
4. Flocculated suspensions show:
a) Hard cake formation
b) Fast sedimentation but easy redispersion
¢) Slow sedimentation but no redispersion
d) Complete dissolution
5. Deflocculated suspensions show:
a) Rapid sedimentation
b) No sedimentation
¢) Slow sedimentation but form a hard cake
d) No caking
6. Sedimentation volume (F) is defined as:
a) Vu/Vo
b) Vo/Vu
c)VxD
d) /v
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10.

11.

12.

13.

14.

15.

16.

17.

Value of F = 1 indicates:

a) No sedimentation

b) Good formulation

¢) Sediment volume equals original volume
d) No dispersed phase present

Stoke’s law measures:

a) Viscosity

b) Dispersion stability

¢) Sedimentation rate

d) Surface tension

Sedimentation rate is directly proportional to:

a) Viscosity

b) Particle size?

¢) Surface tension

d) Zeta potential

Zeta potential is associated with:
a) Foam formation

b) Surface charge on particles

¢) Osmotic pressure

d) pH stability

Flocculating agents work by:

a) Increasing zeta potential

b) Reducing zeta potential

¢) Increasing viscosity

d) Decreasing sedimentation volume

Most commonly used flocculating agents are:

a) Electrolytes

b) Preservatives

c) Lubricants

d) Plasticizers

Hydrophilic suspending agent:
a) Bentonite

b) Talc

c¢) Paraffin

d) Mineral oil

Role of suspending agents is to:
a) Increase sedimentation

b) Retard sedimentation

¢) Reduce viscosity

d) Act as preservatives
Wetting agents mainly reduce:
a) Density

b) Surface tension

c) Dispersibility

d) pH

Example of a wetting agent:

a) Glycerin

b) Talc

¢) Starch

d) Kaolin

Structured vehicles are used to:
a) Reduce viscosity

b) Promote flocculation

¢) Maintain uniform particle distribution
d) Improve taste
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18.

19.

20.

Controlled flocculation prevents:

a) Caking

b) Pourability

c) Wetting

d) Diffusion

Preservatives in suspensions are used because the system is:
a) Sterile

b) Susceptible to microbial growth

¢) Non-aqueous

d) Free of contamination

High viscosity in suspensions may cause:
a) Caking

b) Poor pourability

c¢) High sedimentation

d) Phase separation

SHORT QUESTIONS

VXN RN

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Define pharmaceutical suspensions.

Classify suspensions based on particle size.
What is sedimentation volume (F)?

Define degree of flocculation.

What is zeta potential?

Differentiate flocculated and deflocculated suspensions.
State any two ideal properties of suspensions.
What is Stoke’s law?

Define controlled flocculation.

What are structured vehicles?

Mention any two natural suspending agents.
What are wetting agents?

Give two examples of flocculating agents.

What is caking in suspensions?

Explain sedimentation rate.

Why are preservatives required in suspensions?
Define rheology in relation to suspensions.

List two evaluation tests for suspensions.

What are the advantages of flocculated systems?
Mention the purpose of viscosity modifiers.

LONG QUESTIONS (Suspensions)

1
2
3
4
5.
6.
7
8
9.
1

0.

Explain in detail the desirable properties of an ideal pharmaceutical suspension.

Discuss flocculated vs. deflocculated suspensions with examples and diagrams (description).

Describe the theory of sedimentation and derive Stoke’s law.

Explain sedimentation parameters: sedimentation volume and degree of flocculation.

Describe controlled flocculation and the role of flocculating agents.

Explain wetting agents: mechanism, examples, and applications in suspensions.

Write in detail about suspending agents and their classification.

Discuss formulation of suspensions including vehicle, viscosity modifiers, wetting agents, and preservatives.
Explain evaluation parameters of suspensions (sedimentation, redispersibility, viscosity, pH, particle size).
Describe in detail the stability problems in suspensions and strategies to overcome them.
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SEPARATE ANSWER KEY (MCQs)
1.

A e A

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
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CHAPTER 10
EMULSIONS:

INTRODUCTION:
Definition of Emulsion:

An emulsion is a biphasic, thermodynamically unstable system consisting of two immiscible liquids, where one
liquid (dispersed phase) is finely dispersed as droplets in another (continuous phase) with the help of an emulsifying
agent.

Nature and Characteristics:
1. Heterogeneous in nature (two-phase system).
Appears milky, cloudy, or translucent.
Requires emulsifying agents to stabilize the dispersed droplets.

Droplet size typically ranges from 0.1 to 100 pm.

A

Can be oil-in-water (O/W) or water-in-oil (W/O) type.
6. Unstable over time and may undergo creaming, cracking, or coalescence.
Types of Emulsions:
1. Qil-in-Water (O/W): Oil droplets dispersed in water.
a. Used for oral, intravenous, and topical formulations.
2. Water-in-Oil (W/O): Water droplets dispersed in oil.
a. Used in creams and ointments for external application.
3. Multiple Emulsions:
a. W/O/W or O/W/O systems — used for sustained/controlled release.
Components of Emulsions:
1. Dispersed phase: The internal phase (e.g., oil in O/W).
2. Continuous phase: The external phase (e.g., water in O/W).
3. Emulsifying agent: Surface-active agent (surfactant) that reduces interfacial tension and stabilizes the system.
Common Emulsifying Agents:
1. Natural: Acacia, Tragacanth, Gelatin
2. Synthetic: Tween (Polysorbates), Span (Sorbitan esters)
3. Finely divided solids: Bentonite, Magnesium hydroxide
Pharmaceutical Applications:
1. Oral emulsions: Castor oil emulsion, liquid paraftin.
2. Topical emulsions: Moisturizers, sunscreens, corticosteroid creams.
3. Parenteral emulsions: Lipid-based intravenous nutrition.
Instability in Emulsions:
1. Creaming: Droplet rise or fall due to density difference.
2. Cracking (breaking): Irreversible separation of phases.
3. Coalescence: Droplets merge to form larger droplets.
4

Phase inversion: O/W converts to W/O or vice versa.
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Evaluation Parameters:
1. Globule size distribution
2. Viscosity
3. pH
4. Stability (centrifugation, freeze-thaw cycles)
5. Zeta potential (for electrostatic stabilization)
Methods of Preparation:
1. Dry gum method (Continental)
2. Wet gum method (English)
3. Bottle method (for volatile oils or oily substances)
4. Mechanical methods: Using homogenizers or blenders
DEFINITION OF EMULSIONS

An emulsion is a biphasic, thermodynamically unstable liquid dosage form composed of two immiscible liquids,
where one liquid (called the dispersed phase) is finely distributed in the form of droplets within the other (called the
continuous phase), with the help of emulsifying agents (surfactants) to ensure stability.

Key Features of the Definition:

1. Biphasic system: Contains two liquid phases — usually oil and water.

2. Immiscible liquids: Oil and water do not mix naturally.

3. Dispersed phase: The phase that is present in droplet form.

4. Continuous phase: The medium in which droplets are dispersed.

5. Emulsifying agent: A substance that reduces interfacial tension and stabilizes the emulsion.
Example:

1. In an Qil-in-Water (O/W) emulsion, oil is the dispersed phase and water is the continuous phase.

2. In a Water-in-Oil (W/0O) emulsion, water is the dispersed phase and oil is the continuous phase.
CLASSIFICATION OF EMULSIONS

Emulsions are classified based on the nature of phases, number of phases, and type of emulsifying agents used. The
primary classifications are:

1. Based on the Nature of Dispersed and Continuous Phases

Type of Emulsion Dispersed Phase Continuous Phase Example
Qil-in-Water (O/W) Qil Water Milk, vanishing cream
Water-in-Oil (W/O) Water Oil Cold cream, butter

a. O/W Emulsions: Preferred for oral and injectable preparations
b. W/O Emulsions: Suitable for topical application where skin hydration is needed.

2. Based on Number of Phases

Type Description Use
Simple Emulsions Two immiscible liquids (O/W or W/Q) Most common
Multiple Emulsions An emulsion dispersed within another emulsion Controlled drug delivery
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3. Based on the Type of Emulsifying Agent Used

Emulsifier Type Example Produces
Hydrophilic (HLB > 8) Tween 80, sodium lauryl sulfate O/W emulsion
Lipophilic (HLB < 6) Span 80, glyceryl monostearate W/O emulsion

4. Based on Use/Route of Administration
a. Oral Emulsions: Liquid paraffin emulsion (laxative)
b. Topical Emulsions: Lotions, creams
c. Parenteral Emulsions: Intravenous lipid emulsions
d. Ophthalmic Emulsions: For sustained eye drug delivery
Phase Inversion Possibility
a. Under certain conditions (e.g., change in temperature or composition), emulsions may invert:
i. O/W—W/O
ii. W/O—-O/W
EMULSIFYING AGENT
Definition:

An emulsifying agent (or emulsifier) is a substance that helps stabilize an emulsion by reducing the interfacial tension
between the two immiscible phases (usually oil and water) and forming a protective film around dispersed droplets to
prevent coalescence.

Functions of Emulsifying Agents:
Reduce interfacial tension between oil and water.

Stabilize droplets by forming a barrier (film or surface layer).

wop

Prevent coalescence, creaming, and phase separation.
4. Maintain uniform dispersion of one phase in another.
Types of Emulsifying Agents:
1. Natural Emulsifiers:
a. Derived from plant or animal sources.
b. Examples:
1.  Acacia (Gum Arabic)
ii.  Tragacanth
iii.  Gelatin
iv.  Lecithin (from egg yolk or soybean)
c. Advantages: Biocompatible, biodegradable
d. Disadvantages: Less stable, microbial contamination risk
2. Synthetic Emulsifiers:
a. Chemically synthesized surfactants.
b. Examples:
i.  Sodium lauryl sulfate
ii.  Polysorbates (e.g., Tween 20, Tween 80) — hydrophilic
iii.  Sorbitan esters (e.g., Span 20, Span 80) — lipophilic
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c. Chosen based on HLB (Hydrophilic-Lipophilic Balance) values:
i.  HLB>8 — O/W emulsions
ii. ~HLB <6 — W/O emulsions
3. Finely Divided Solids (Particulate Emulsifiers):
a. Form a mechanical barrier around droplets.
b. Examples:
i.  Bentonite
ii. ~ Magnesium hydroxide
iii.  Aluminum hydroxide
c. Useful in forming physical film stabilization
4. Auxiliary Emulsifiers (Stabilizers):
a. Do not form emulsions alone but enhance stability when used with primary emulsifiers.
b. Examples:
i.  Cetyl alcohol
ii.  Methylcellulose
iii. ~ Carbomers
Selection Criteria for Emulsifiers:
a. Type of emulsion desired (O/W or W/O)
b. Route of administration (oral, topical, parenteral)
c. Compatibility with other ingredients
d. Safety and toxicity profile
e. Cost and availability
Mechanism of Action:
Emulsifiers align themselves at the oil-water interface:
a. Hydrophilic end interacts with water
b. Lipophilic end interacts with oil
— forming a stable interfacial film that prevents merging of droplets.
TEST FOR THE IDENTIFICATION OF TYPE OF EMULSION

To differentiate whether an emulsion is oil-in-water (O/W) or water-in-oil (W/O), several simple identification tests
can be performed based on the emulsion's conductivity, miscibility, staining behavior, and appearance.

1. Dilution Test

Principle:
An emulsion is miscible with the continuous phase and immiscible with the dispersed phase.

Procedure:
a. Add afew mL of water to the emulsion:
i.  If miscible - O/W emulsion
ii.  If not miscible —» W/O emulsion
b. Alternatively, add oil to test for W/O emulsions.
Inference:
a. O/W: Dilutes easily with water
b.  W/O: Dilutes easily with oil
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2. Conductivity Test
Principle: Water conducts electricity, while oil does not.
Procedure:
a. Place two electrodes in the emulsion and connect to a conductivity meter or bulb circuit.
b. Observe for current flow or light glow.
Inference:
a. O/W: Conducts electricity (bulb glows)
b. W/O: Does not conduct electricity (no glow)
3. Dye Solubility Test (Dye Diffusion Test)
Principle: A dye will dissolve and uniformly color the continuous phase.
Procedure:
a. Add a water-soluble dye (e.g., methylene blue) or an oil-soluble dye (e.g., Sudan III) to the emulsion.
b. Observe the color distribution.
Inference:
a. O/W: Uniformly colored with water-soluble dye
b. W/O: Uniformly colored with oil-soluble dye
4. Filter Paper Test (Cobalt Chloride Paper Test)
Principle: Cobalt chloride paper turns from blue to pink in the presence of water (humidity).
Procedure:
a. Place a drop of emulsion on dry cobalt chloride paper.
b. Observe for color change.
Inference:
a. O/W: Paper turns pink (water present externally)
b. W/O: No color change (oil in external phase)
5. Fluorescence Test
Principle: Certain oils fluoresce under UV light, water does not.
Procedure:
a. Observe emulsion under UV light.
Inference:
a. W/O: Entire field shows fluorescence (oil external)
b. O/W: Only droplets may fluoresce
METHODS OF PREPARATION OF EMULSIONS

The preparation of emulsions involves the dispersion of one immiscible liquid into another with the aid of
emulsifying agents and mechanical energy. The objective is to create small, uniform droplets and achieve a stable
emulsion.

1. Dry Gum Method (Continental Method)
Principle: Emulsifier is triturated with oil first, followed by the addition of water all at once.
Procedure:

a. Use a 4:2:1 ratio (Oil: Water:Gum) for primary emulsion.

b. Triturate the gum (e.g., acacia) with oil in a dry mortar until smooth.
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c. Add all the water at once and triturate rapidly in one direction until a clicking sound and creamy white
emulsion forms.

d. Then add remaining ingredients.
Used For: O/W emulsions
2. Wet Gum Method (English Method)
Principle: Emulsifier is first mixed with water before adding oil slowly.
Procedure:
a. Use the same 4:2:1 ratio.
b. Triturate gum with water to form a mucilage.
c. Gradually add oil with continuous trituration until emulsion forms.
d. Add other ingredients afterward.
Used For: O/W emulsions
3. Bottle Method (For Volatile or Less Viscous Oils)
Principle: A shaking method used in a stoppered bottle.
Procedure:
a. Use a powdered emulsifier (e.g., gum acacia).
b. Add oil and gum in a bottle.
c. Add water in required quantity.
d. Shake vigorously until emulsion forms.
Used For: O/W emulsions with light oils or volatile components.
4. Mechanical Methods
Principle: Utilizes machines for high-speed mixing and homogenization.
Equipment Used:
a. Homogenizer
b. Blender
c. Colloid mill
d. Ultrasonicator
Procedure:
a. Mix oil, water, and emulsifying agent.
b. Pass through homogenizer/colloid mill to reduce droplet size.
c. Ensure uniform dispersion.
Used For: Large-scale industrial production of both O/W and W/O emulsions.
5. Phase Inversion Method
Principle: The emulsion type is inverted by changing the volume of phases or temperature.
Procedure:
a. Start by preparing W/O emulsion.
b. Gradually increase the volume of water, causing inversion to O/W.
c. Alternatively, use heat-sensitive emulsifiers that invert on temperature change.

Used For: Special formulations, e.g., creams and lotions.
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6. In Situ Soap Method (Nascent Soap Method)
Principle: Soap is formed in situ by chemical reaction between oil and alkali.
Reaction Example: Oleic acid + Potassium hydroxide — Potassium oleate (emulsifier)
Procedure:

a. Mix fatty acid (e.g., oleic acid) with water and base (KOH or NaOH).

b. Soap forms at the interface and stabilizes the emulsion.
Used For: Both O/W and W/O emulsions depending on soap type.

Comparison Table:

Method Key Feature Used For
Dry Gum Gum + Oil first O/W

Wet Gum Gum + Water first O/W

Bottle Shaking in bottle O/W
Mechanical High-speed mixing O/W or W/O
Phase Inversion Change phase ratio or temp O/W = W/O
In Situ Soap Soap formed during process O/W or W/O

STABILITY PROBLEMS AND METHODS TO OVERCOME IN EMULSIONS

Emulsions are thermodynamically unstable systems, meaning they are prone to physical instability over time.
Various factors like temperature, droplet size, and emulsifier quality can lead to separation of phases or changes in
texture and appearance.

Stability Problems in Emulsions
1. Creaming
Definition:

Creaming is a reversible instability in emulsions characterized by the upward or downward movement of dispersed
droplets under the influence of gravity, resulting in a concentrated layer (cream) at the top or bottom of the emulsion.

Cause of Creaming:

a. Density difference between the dispersed phase and the continuous phase (e.g., oil is less dense than water —
oil rises in O/W emulsion)

b. Large droplet size (larger droplets rise/fall faster)
c. Low viscosity of the continuous phase (allows droplets to move freely)
d. Insufficient emulsifier or poor emulsification technique
Effects of Creaming:
Non-uniform appearance

a
b. Inaccurate dosing if shaken improperly

e

May lead to coalescence and eventual cracking if left uncontrolled

&~

Phase separation over time
Is it Reversible?
Yes.

Creaming can be reversed by gentle shaking or mixing, which redistributes the dispersed phase uniformly.
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Methods to Prevent or Minimize Creaming:

2. Cracking (Breaking or Coalescence)
Definition:

Cracking is an irreversible instability in emulsions where the dispersed phase separates completely from the
continuous phase, forming distinct layers. It is also referred to as breaking or coalescence.

Cause of Cracking:
a. Insufficient or improper emulsifying agent
b. Degradation of emulsifier (due to pH changes, microbial growth, oxidation)
c. Temperature extremes (high or freezing temperatures)
d. Addition of incompatible substances (e.g., electrolytes)
e. Overloading of dispersed phase (usually >60%)
f. Mechanical stress (excessive shaking or mixing)
g. Coalescence of droplets due to inadequate interfacial film strength
Effects of Cracking:
a. Complete phase separation
b. Cannot be redispersed by shaking
c. Loss of therapeutic effectiveness
d. Aesthetic degradation and patient non-compliance
e. Inaccurate dose delivery
Is it Reversible?

No — Cracking is irreversible. Once the emulsion breaks, it cannot be restored to its original stable form by simple
shaking or stirring.

Methods to Prevent or Overcome Cracking:

Strategy Description

Reduce droplet size Use homogenizers or colloid mills to make smaller droplets that

move slower under gravity

Increase viscosity Add thickening agents like methylcellulose, tragacanth, or carbomers

to restrict droplet movement

Use appropriate emulsifier Select emulsifiers with suitable HLB values to form stable films around
droplets
Ensure proper mixing technique Employ high-shear mixing or appropriate trituration during

preparation

Avoid temperature fluctuations Heat may lower viscosity and increase droplet motion
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3. Phase Inversion

Definition:

Phase inversion is a physical instability in which an emulsion changes from one type to another, i.e., an oil-in-water
(O/W) emulsion converts into a water-in-oil (W/O) emulsion, or vice versa. This change can drastically alter the

product's appearance, texture, spreadability, and therapeutic effectiveness.

Types of Inversion:

a.

Catastrophic Phase Inversion: Occurs due to an excessive increase in the volume of the dispersed phase

beyond its capacity (usually >60%).

Transitional Phase Inversion: Occurs due to changes in temperature, pH, or ionic strength, which affect

the emulsifier behavior.

Causes of Phase Inversion:

Cause

Excessive internal phase volume

Temperature change

Inappropriate emulsifier

Addition of electrolytes or incompatible substances

Mechanical agitation

Effects of Phase Inversion:

a.
b.

Loss of product identity

Change in viscosity and texture

Altered drug release profile and absorption rate

Reduced stability

Inconsistent dosage delivery

Explanation

If the internal (dispersed) phase exceeds ~60%, inversion

may occur

Affects emulsifier solubility and HLB; e.g., nonionic

surfactants are temperature-sensitive

Wrong HLB value or degraded emulsifier leads to loss of

emulsion type control

Alters interfacial tension and emulsifier performance

High shear mixing can disrupt the interfacial film and

promote inversion

Can lead to cracking or complete breakdown of the emulsion

Methods to Prevent or Control Phase Inversion:

Strategy

Maintain proper phase volume ratio

Use appropriate emulsifier system

Avoid sudden temperature changes

Use phase inversion temperature (PIT) method carefully

Minimize mechanical stress

Add stabilizers
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Description

Keep dispersed phase <60% of total volume

Select surfactants with correct HLB values and low sensitivity

to temperature

Store emulsion under controlled conditions (15-25°C)

If applicable, stabilize the emulsion quickly after passing

through inversion zone

Avoid excessive mixing/shear that disrupts the droplet

interface

Substances like cetostearyl alcohol or polymers help

maintain phase integrity



Example:

a. A nonionic emulsifier like Tween 80 may favor O/W emulsions at room temperature, but at higher temperatures
(above its phase inversion temperature), the same system may invert to W/O.

4. Flocculation
Definition:

Flocculation is a reversible instability in which the dispersed droplets aggregate or form loose clusters (flocs)
without merging into larger droplets. The droplets retain their individual identity, and no coalescence occurs initially.

Causes of Flocculation:

Cause Explanation

Low zeta potential (electrostatic repulsion) Insufficient repulsion between droplets allows them to come

close and aggregate

Inadequate emulsifier Weak interfacial film allows droplet interaction

Change in ionic strength Electrolytes can neutralize surface charges and promote
flocculation

Improper pH pH outside emulsifier's optimal range reduces its stability

Incompatible additives Certain drugs or excipients may disturb interfacial stability

Effects of Flocculation:
a. Formation of clusters or flocs
b. Leads to creaming due to increased droplet size
c. May progress to coalescence or cracking if not corrected
d. Non-uniform dosing
e. Affects aesthetic appearance and shelf life
Is it Reversible?
Yes.
Flocculation can often be reversed by gentle agitation, and the droplets may re-disperse without permanent separation.

Methods to Prevent or Minimize Flocculation:
Strategy Description

Increase zeta potential Use ionic emulsifiers or adjust pH to enhance electrostatic

repulsion between droplets
Use sufficient emulsifier concentration A strong interfacial film prevents droplet aggregation

Add protective colloids Substances like gelatin, PVP, or methylcellulose increase

steric stabilization

Avoid electrolyte contamination Electrolytes reduce repulsion forces between droplets

Maintain optimal pH Ensure pH remains in the effective range for emulsifier
performance

Use flocculation-resistant emulsifier systems Employ emulsifier combinations (e.g., Tween + Span) that

enhance stability
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Example:

a. A poorly stabilized O/W emulsion begins to form flocs after addition of electrolyte-containing syrup, which
neutralizes the surface charge on oil droplets.

5. Microbial Contamination
Definition:

Microbial contamination refers to the unintended growth of microorganisms such as bacteria, fungi, or mold in
emulsions, particularly in oil-in-water (O/W) emulsions due to the presence of water, which serves as a nutrient-rich
medium for microbes.

Causes of Microbial Contamination:
Cause Explanation

Presence of water O/W emulsions provide an aqueous environment ideal for

microbial growth
Improper storage Exposure to air, light, and heat encourages microbial activity

Use of contaminated raw materials or equipment Non-sterile substances introduce microbes during

manufacturing

Lack of preservatives Absence of antimicrobial agents allows unchecked microbial

proliferation

Inadequate hygiene during manufacturing Manual handling without proper aseptic precautions leads

to contamination

Effects of Microbial Contamination:
a. Foul odor and discoloration
b. Phase separation and destabilization of the emulsion
c. Loss of therapeutic efficacy
d. Health hazards (e.g., skin infections, pyrogenic reactions)
e. Spoilage and reduced shelf life
Is it Reversible?

No. Once microbial contamination occurs, the emulsion is considered unsafe and must be discarded. It cannot be
sterilized post-contamination.

Methods to Prevent Microbial Contamination:

Strategy Description

Use of preservatives Incorporate suitable antimicrobial agents like parabens, benzalkonium chloride,

phenol, or sorbic acid

Maintain aseptic conditions Use cleanroom environments and sterile equipment during preparation

Use sterile or purified water Especially important for parenteral and ophthalmic emulsions

Proper packaging Use airtight, light-resistant containers to prevent microbial entry and growth
Storage under recommended Usually cool and dry places (15-25°C); avoid heat and sunlight

conditions

Perform microbiological testing Routine quality control checks for microbial load
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Preservatives Commonly Used in Emulsions:

Preservative Effective Against Typical Use Concentration
Methylparaben Bacteria, fungi 0.1% —0.2%
Propylparaben Fungi 0.01% — 0.05%
Benzalkonium chloride Bacteria 0.01%

Phenol Bacteria, spores 0.25% —0.5%

Sodium benzoate Bacteria, yeast 0.1% —0.2%

Example:

a. An O/W topical cream stored without preservatives develops foul odor and discoloration after a few weeks
due to fungal contamination, making it unsafe for use.

MCQs

1. An emulsion is defined as:
a) A homogeneous mixture of two liquids
b) A biphasic, thermodynamically unstable system of two immiscible liquids
¢) A suspension of solid particles in a liquid
d) A gel-like semisolid
2. In an oil-in-water (O/W) emulsion, which is the dispersed phase?
a) Water
b) Oil
c) Emulsifying agent
d) Continuous phase
3. Typical droplet size in pharmaceutical emulsions ranges from:
a) 0.1-100 pm
b) 1-10 nm
¢) 100500 um
d) 1-10 mm
4. Which of the following is a natural emulsifying agent?
a) Tween 80
b) Span 20
¢) Acacia
d) Sodium lauryl sulfate
5. Which emulsifier is preferred for O/W emulsions?
a) Span 80 (HLB <6)
b) Tween 80 (HLB >8)
c¢) Bentonite
d) Magnesium hydroxide
6. The Dry Gum method is also called:
a) English method
b) Continental method
c) Bottle method
d) In situ soap method
7. Phase inversion in emulsions refers to:
a) Coalescence of droplets
b) Change of emulsion type (O/W < W/O)
¢) Formation of microbial contamination
d) Increase in viscosity
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10.

11.

12.

13.

14.

15.

16.

17.

18.

Creaming in emulsions is:

a) Irreversible

b) Reversible

¢) A chemical reaction

d) Phase inversion

Cracking or breaking in emulsions is:

a) Reversible

b) Irreversible

c¢) Formation of flocs

d) Formation of microemulsion

Which of the following is used to test the type of emulsion?
a) Conductivity test

b) pH measurement

¢) Sedimentation volume

d) Viscosity measurement

A Water-in-Oil (W/O) emulsion is commonly used for:
a) Oral emulsions

b) Topical creams and ointments

c) Injectable emulsions

d) Ophthalmic drops

Multiple emulsions are:

a) O/W or W/O only

b) W/O/W or O/W/O

¢) Only O/W

d) Only W/O

Which of the following methods uses mechanical energy for emulsion formation?
a) Dry gum method

b) Wet gum method

c¢) Mechanical method (homogenizer)

d) In situ soap method

Flocculation in emulsions is:

a) Reversible

b) Irreversible

¢) Same as coalescence

d) A chemical instability

The Dilution Test for emulsions works because:
a) Oil is miscible in water

b) The continuous phase is miscible with water or oil
c) Droplet size increases

d) Emulsifier precipitates

Cobalt chloride paper is used to identify:

a) Type of emulsifier

b) Type of emulsion (O/W or W/O)

¢) Viscosity of emulsion

d) Microbial contamination

HLB value of an emulsifier >8 indicates:

a) W/O emulsion

b) O/W emulsion

¢) Flocculated emulsion

d) Cracking

A major cause of microbial contamination in emulsions is:
a) Excess emulsifier

b) Presence of water (O/W emulsion)

¢) Use of mechanical mixing

d) Phase inversion
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19.

20.

Bottle method of emulsion preparation is suitable for:
a) High-viscosity oils

b) Volatile or low-viscosity oils

c¢) Parenteral emulsions only

d) Solid emulsions

The main function of an emulsifying agent is to:

a) Increase droplet size

b) Reduce interfacial tension and stabilize droplets

c¢) Promote creaming

d) Increase phase inversion

SHORT QUESTIONS

XA R~

10.
11.
12.
13.
14.
15.
16.
17.
18.

Define an emulsion.

Distinguish between O/W and W/O emulsions.
Give two examples of natural emulsifiers.

Give two examples of synthetic emulsifiers.

What is phase inversion?

Define creaming.

Define cracking (breaking) in emulsions.

What is flocculation?

Explain the role of emulsifying agents.

Name two finely divided solids used as emulsifiers.
Mention one auxiliary emulsifier.

State the principle of the Dilution Test.

What is the Conductivity Test used for?

List two methods of emulsion preparation.

What is the HLB value, and why is it important?
Define multiple emulsions.

Explain the bottle method of emulsion preparation.
Name two stability problems in emulsions.

19. How is microbial contamination prevented in emulsions?

20. Give an example of an oral emulsion.

LONG QUESTIONS

1. Explain the definition, nature, and characteristics of pharmaceutical emulsions.

2. Discuss in detail the classification of emulsions with examples.

3. Describe the components of emulsions and the functions of emulsifying agents.

4. Explain the mechanism of action of emulsifying agents in stabilizing emulsions.

5. Describe the different methods of preparation of emulsions with examples (Dry Gum, Wet Gum, Bottle, Mechanical,

&

el

0

In situ soap).

Explain the identification tests for O/W and W/O emulsions (Dilution, Conductivity, Dye, Cobalt chloride,
Fluorescence).

Discuss creaming in emulsions: causes, effects, and methods to prevent it.

Explain cracking (breaking or coalescence) in emulsions, including causes, effects, and prevention.

Discuss phase inversion and flocculation in emulsions with examples and prevention strategies.

Describe microbial contamination in emulsions, its effects, and preventive measures including preservatives used.

185 | TEXT BOOK OF PHARMACEUTICS



Answer Key — MCQs
1
2
3.
4.
5
6
7
8

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
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CHAPTER 11
SUPPOSITORIES

INTRODUCTION:

Suppositories are solid dosage forms designed to be inserted into body cavities, where they melt, dissolve, or
disintegrate to release active pharmaceutical ingredients (APIs) for therapeutic action. The most common routes of
administration for suppositories are rectal, vaginal, and urethral. They offer an alternative to oral medications, especially
for patients who cannot take drugs orally due to nausea, vomiting, difficulty swallowing, or gastrointestinal issues.

Key Characteristics of Suppositories:
1. Shape and Size: They are typically small, bullet-shaped or torpedo-like for easy insertion into body cavities.

2. Melting or Dissolution: Suppositories melt at body temperature or dissolve, releasing the active drug into the
system.

3. Types of Bases: Suppositories are made using base materials like fats (e.g., cocoa butter), glycerin, or
polyethylene glycol (PEG), which act as the vehicle for the active ingredient.

Key Types of Suppositories:

1. Rectal Suppositories: The most common type, used for localized treatment (e.g., hemorrhoids) or systemic
absorption (e.g., anti-nausea, pain relief).

2. Vaginal Suppositories: Used for local treatment of infections, contraception, or hormone therapy.
3. Urethral Suppositories: Rarely used, but can deliver drugs to the urinary tract.
Advantages of Suppositories:

1. Bypass of the Digestive System: Suppositories can avoid gastrointestinal issues, such as irritation or breakdown
of drugs in the stomach.

2. Rapid Absorption: They can be absorbed quickly, especially if administered rectally, since blood vessels in
the rectal region can provide direct access to the bloodstream.

3. Targeted Action: They allow for localized treatment of certain conditions, such as hemorrhoids or vaginal
infections.

Challenges:

1. Patient Compliance: Some patients find the idea of suppositories uncomfortable or inconvenient, which may
affect their willingness to use them.

2. Storage: Suppositories, particularly those made with fats or glycerin, may require specific storage conditions
(e.g., refrigeration) to prevent melting or degradation.

Applications of Suppositories:

1. Pain Relief: Suppositories containing drugs like acetaminophen or morphine are used to treat pain, especially
in patients unable to take oral medications.

2. Anti-Nausea: Suppositories with antiemetics (e.g., prochlorperazine) help manage nausea and vomiting in
patients who are unable to retain oral medications.

Laxatives: Certain rectal suppositories serve as laxatives to relieve constipation.

4. Hormonal Therapy: Vaginal suppositories can deliver hormones, such as progesterone, for therapeutic use in
conditions like menopause or infertility.

DEFINITION OF SUPPOSITORIES

Suppositories are solid, dosage forms intended for insertion into body cavities such as the rectum, vagina, or
urethra. Once inserted, suppositories melt, dissolve, or disintegrate at body temperature, allowing the active
pharmaceutical ingredients (APIs) to be released for absorption into the bloodstream or for local therapeutic action.
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Key Points of Definition:

1. Solid Dosage Form: Suppositories are usually solid at room temperature and are designed to be inserted into
body cavities.

2. Routes of Administration: The most common routes for suppositories are the rectal, vaginal, and occasionally
urethral routes.

3. Melting or Dissolving: Upon insertion, the suppository base melts or dissolves due to the body’s temperature,
enabling the drug to be absorbed or act locally in the body.

4. Active Ingredient Release: Suppositories provide a controlled and efficient way to release the drug either into
the bloodstream (systemic effect) or at the site of administration (local effect).

5. Base Materials: Suppositories are made using different base materials, such as fats, glycerin, or polyethylene
glycol (PEG), which serve as the medium to deliver the active drug.

TYPES OF SUPPOSITORIES

Suppositories can be categorized based on the route of administration (rectal, vaginal, urethral) and their
intended therapeutic action (systemic or local). Below is a detailed breakdown of the different types of suppositories:

1. Rectal Suppositories:
These are the most commonly used type of suppositories and are inserted into the rectum.
Applications of Rectal Suppositories:

a. Systemic Action: When absorbed into the bloodstream, rectal suppositories can provide medication for various
systemic conditions. This is especially useful for individuals who are unable to take oral medications (e.g., due
to nausea, vomiting, or difficulty swallowing). For example, rectal suppositories containing pain relievers like
acetaminophen or anti-nausea drugs like prochlorperazine.

b. Local Action: These suppositories can also target local conditions, such as hemorrhoids or rectal inflammation.
Common active ingredients for local conditions include corticosteroids, anesthetics, or astringents.

c. Laxatives: Certain rectal suppositories, such as those containing glycerin or bisacodyl, act as laxatives to
relieve constipation.

Advantages of Rectal Suppositories:
a. Faster Absorption: The rectum has a rich blood supply, which allows for quicker absorption of the drug.

b. Bypass of Digestive System: They can bypass the stomach and intestines, making them useful for individuals
with gastrointestinal issues that prevent oral medication absorption.

2. Vaginal Suppositories:
Vaginal suppositories are designed to be inserted into the vaginal cavity.
Applications of Vaginal Suppositories:

a. Local Treatment: Vaginal suppositories are primarily used for localized treatment of infections (e.g., yeast
infections, bacterial vaginosis) and inflammation. Antifungal agents like clotrimazole or miconazole and
antiseptics are commonly used.

b. Hormonal Therapy: Suppositories containing hormones, such as progesterone, are used in hormone
replacement therapy (HRT) for menopause or in fertility treatments to support early pregnancy.

c. Contraceptive Action: Some vaginal suppositories contain spermicide as a form of contraception.
Advantages of Vaginal Suppositories:

a. Localized Delivery: They provide targeted action at the site of infection or inflammation, reducing the need for
systemic side effects.

b. Convenient for Women’s Health: Vaginal suppositories are convenient for treating conditions specific to the
vaginal area, such as infections or hormonal therapy.
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3. Urethral Suppositories:
Urethral suppositories are inserted into the urethra and are used less frequently than rectal or vaginal suppositories.
Applications of Urethral Suppositories:

a. Local Treatment: These are used for local delivery to the urinary tract. For instance, alprostadil (used for
erectile dysfunction) can be delivered via urethral suppositories.

b. Antiseptic and Anti-inflammatory: Urethral suppositories can be used for conditions such as urinary tract
infections (UTIs) or for anti-inflammatory purposes in the urethra.

Advantages of Urethral Suppositories:

a. Targeted Therapy: Direct delivery to the urethra can provide effective treatment for localized infections or
conditions.

b. Alternative to Injectable Drugs: Urethral suppositories can provide an alternative to more invasive treatments
like injections or oral medications.

4. Other Specialized Types:
Though less common, some specialized suppositories may be designed for specific purposes:
Ear Suppositories:

a. Ear Drops (Ear Suppositories): These are typically in a solid form and are inserted into the ear to treat
infections or to soften earwax. They are not as widely used as other types of suppositories but can be helpful in
certain conditions.

Buccal or Sublingual Suppositories:

a. Rare and Innovative: Though uncommon, there are experimental forms of suppositories designed for insertion
into the mouth, either under the tongue (sublingual) or between the cheek and gum (buccal). These are intended
to rapidly release the drug into the bloodstream.

Key Considerations for Suppository Types:

a. Drug Formulation: The choice of base (fatty or water-soluble) depends on the drug’s properties and its
intended release profile.

b. Patient Compliance: The type of suppository selected may also depend on patient comfort and the specific
condition being treated. For example, rectal suppositories might not be suitable for children or elderly patients
due to discomfort with the insertion.

c. Duration of Action: The rate of absorption and how long the drug stays in the system can vary depending on
whether the suppository is designed for local or systemic effect.

ADVANTAGES OF SUPPOSITORIES

Suppositories offer a range of benefits as a drug delivery system, especially in situations where oral medication may not
be effective or feasible. Below are the detailed advantages of suppositories:

1. Bypass of the Gastrointestinal (GI) Tract:

a. No Stomach Absorption Issues: When medications are taken orally, they pass through the stomach and
intestines, where digestive acids or enzymes can degrade the drug or reduce its efficacy. Suppositories bypass
the stomach entirely, which makes them an excellent choice for drugs that could be broken down in the digestive
system or irritate the stomach lining.

b. Useful for Patients with GI Problems: For individuals with gastrointestinal issues such as nausea, vomiting,
or malabsorption disorders (e.g., Crohn's disease, irritable bowel syndrome), suppositories provide an effective
route for drug administration.

c. Alternative for Oral Intolerance: Some patients may be unable to swallow pills due to difficulty swallowing
(e.g., in children or elderly patients). Suppositories provide an alternative, improving patient compliance and
ensuring the effectiveness of the treatment.
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2. Faster Absorption and Onset of Action:

a. Rectal Absorption: The rectal mucosa is highly vascularized, meaning drugs absorbed here enter the
bloodstream rapidly. This results in a faster onset of action compared to oral medications, which must first pass
through the liver before entering circulation (known as the "first-pass effect").

b. Avoiding First-Pass Metabolism: Drugs administered rectally can avoid the first-pass metabolism in the liver,
leading to higher bioavailability compared to oral routes. This is particularly beneficial for drugs that are
extensively metabolized by the liver when taken orally.

3. Localized Treatment:

a. Direct Delivery to Affected Area: Suppositories are ideal for localized treatment in areas such as the rectum,
vagina, or urethra. This is useful for conditions that specifically affect these areas, such as:

i.  Rectal: Hemorrhoids, rectal inflammation, constipation.
ii.  Vaginal: Yeast infections, bacterial vaginosis, hormonal therapy.
iii.  Urethral: Urinary tract infections or erectile dysfunction.

b. Reduced Systemic Side Effects: Because suppositories can target specific areas of the body, they often result
in fewer systemic side effects compared to oral or injectable forms of medication.

4. Convenience for Certain Patients:

a. Alternative for Unconscious or Vomiting Patients: For patients who are unconscious, vomiting, or in severe
pain (e.g., post-surgery), taking oral medications may not be possible. Suppositories provide a viable option for
ensuring the patient receives the necessary medication even when oral administration is impractical.

b. In Children or Elderly Patients: Many children or elderly individuals struggle with swallowing pills or tablets.
Suppositories are a more comfortable and easier way to administer drugs to these patients.

5. Reduced Irritation of the Stomach and GI Tract:

a. Gentler on the Stomach: Some medications can be harsh on the stomach lining, causing irritation, ulcers, or
nausea. Suppositories can prevent this issue, as they do not interact with the stomach or intestines directly.

b. Ideal for Gastrointestinal Sensitivity: For patients with peptic ulcers or other gastrointestinal sensitivities,
suppositories can avoid exacerbating the condition.

6. Improved Patient Compliance:

a. Ease of Administration: For patients who cannot take oral medication (e.g., due to swallowing difficulties),
suppositories can be a more practical solution. This enhances patient compliance with the prescribed treatment
regimen, ensuring better outcomes.

b. Suitable for Long-Term Treatment: For chronic conditions requiring long-term therapy, suppositories can be
more comfortable and easier for patients to tolerate than oral medications, reducing the likelihood of missed
doses.

7. Suitable for Drugs with Poor Oral Bioavailability:

a. Drugs with High First-Pass Metabolism: Drugs that undergo significant first-pass metabolism in the liver
(e.g., morphine, propranolol) can benefit from being administered via suppositories, which avoid this issue,
ensuring more of the drug reaches the systemic circulation.

b. Improved Bioavailability: Suppositories provide a way to achieve higher bioavailability for certain drugs that
might be poorly absorbed or degraded in the digestive tract.

8. Avoiding Drug Interaction with Food:

a. No Food-Drug Interactions: Oral medications can be affected by food in the stomach, either by delaying
absorption or altering the pharmacokinetics of the drug. Suppositories bypass the digestive system entirely, so
food intake does not impact their absorption or effectiveness.

9. Controlled and Extended Release:

a. [Extended-Release Formulation: Some suppositories are formulated to provide a sustained or controlled
release of the active ingredient over time. This allows for prolonged therapeutic effects, reducing the need for
frequent dosing.
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b. Steady Drug Delivery: This characteristic is especially useful in managing chronic conditions where steady,
long-term drug delivery is required.

10. Therapeutic Use in Specialized Conditions:

a. Palliative Care: Suppositories are commonly used in palliative care to manage symptoms such as pain, nausea,
and constipation in patients with terminal illnesses like cancer.

b. Hormonal and Steroid Therapy: Suppositories are useful in hormone replacement therapy (HRT) and
corticosteroid treatments for conditions like vaginal dryness, inflammatory bowel disease (IBD), or uterine
conditions.

11. Discreet and Easy to Use:

a. Discreet Administration: Unlike injections or some oral medications, suppositories offer a discrete and
relatively private means of drug delivery, which can reduce embarrassment and stigma for patients.

b. No Need for Medical Supervision: Unlike intravenous injections, suppositories can often be administered by
patients themselves at home, reducing the need for healthcare visits and improving convenience.

DISADVANTAGES OF SUPPOSITORIES

While suppositories offer various benefits in terms of drug delivery, they also come with certain drawbacks.
These disadvantages can affect both the patient’s experience and the overall effectiveness of the treatment. Below are
the detailed disadvantages of suppositories:

1. Patient Discomfort and Inconvenience:

a. Invasive Nature: The act of inserting a suppository into the body can cause discomfort or embarrassment for
some patients. This is especially true for those who are not accustomed to using suppositories, such as children
or elderly patients.

b. Unpleasant Sensations: Some patients may experience discomfort or a feeling of fullness after inserting a
suppository, which can be uncomfortable, especially if the suppository has not yet dissolved or melted
completely.

c. Social Stigma: Some patients may feel embarrassed about using suppositories due to their invasive nature,
leading to hesitation or reluctance to use them as prescribed.

d. Psychological Barriers: The perception of suppositories as a “humiliating” or “unusual” treatment may lead to
poor adherence or refusal to use the medication.

2. Limited Patient Compliance:

a. Difficulty in Self-Administration: Some patients, particularly those with physical disabilities or limited
dexterity, may struggle to administer suppositories on their own. This can lead to issues with compliance and
potential treatment failures.

b. Fear of Administration: The process of inserting a suppository may be intimidating for certain patients,
especially for those who are not accustomed to such forms of drug delivery.

c. Reluctance in Children: Children are particularly prone to refusing suppositories, which can make it
challenging for caregivers to ensure the child receives the medication.

3. Storage Issues:

a. Temperature Sensitivity: Many suppositories are made from materials like cocoa butter, glycerin, or
polyethylene glycol, which can melt at room temperature or in warm conditions. This necessitates proper
storage (e.g., refrigeration) to maintain their shape and effectiveness. If not stored correctly, the suppository
may become deformed or ineffective.

b. Risk of Melting: During transport or improper storage, suppositories may soften, melt, or become misshapen,
making them difficult to insert and potentially leading to loss of the active ingredient or reduced efficacy.

4. Limited Formulation Options:

a. Not Suitable for All Drugs: Some drugs are not suitable for delivery via suppository due to their physical or
chemical properties. For example, drugs that are poorly soluble or that require precise, controlled dosing may
not be effectively formulated into suppository form.
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b.

Difficulty in Adjusting Dosage: Suppositories come in fixed doses, and adjusting the dose may be difficult,
especially if a patient requires a dose that doesn't align with the available suppository strengths.

5. Absorption Issues:

a. Variable Absorption: The absorption of drugs from suppositories can vary based on several factors, such as

the drug's solubility, the specific formulation of the suppository, and the individual patient's physiology. For
instance, rectal absorption can be affected by the rectal contents (e.g., stool presence), which may reduce the
drug's absorption or delay its onset of action.

Inconsistent Bioavailability: The bioavailability of drugs administered via suppositories may be inconsistent
between individuals due to differences in rectal or vaginal anatomy, blood flow, or the presence of rectal
contents.

6. Risk of Irritation or Injury:

a.

Mucosal Irritation: The insertion of suppositories can cause irritation to the mucosal lining of the rectum,
vagina, or urethra, especially if the suppository contains irritating excipients or if the patient has sensitive tissue.
This can lead to discomfort, inflammation, or damage to the mucosal tissue.

Infection Risk: If suppositories are not handled with clean hands or stored properly, there is a risk of
contamination, leading to infection, especially in the vaginal or urethral routes.

Physical Injury: Improper insertion or use of poorly designed suppositories may cause injury to the rectal or
vaginal tissues, particularly if the suppository is large or difficult to insert.

7. Difficulty in Administration for Certain Populations:

a.

Elderly Patients: Older adults may experience physical limitations, such as arthritis or reduced dexterity,
making it difficult for them to administer suppositories themselves. Assistance from caregivers may be
necessary, which can be inconvenient and lead to missed doses.

Young Children: Infants and toddlers may find it difficult to tolerate suppositories, either due to the size of the
suppository or the discomfort associated with insertion. This can lead to a lack of cooperation from the child,
making it challenging for parents or healthcare providers to ensure proper administration.

Pregnant Women: While suppositories are commonly used in pregnancy for hormonal therapies or managing
conditions like constipation, they can cause irritation or discomfort, and some suppositories may not be suitable
for pregnant women depending on their ingredients.

8. Increased Risk of Side Effects:

a.

Local Side Effects: The use of suppositories may cause local irritation, burning, or itching in the area where
they are inserted. This is particularly common with vaginal suppositories, where the presence of drugs like
antifungals or steroids can cause discomfort or allergic reactions.

Systemic Side Effects: Although suppositories are intended for localized action, some drugs can still be
absorbed into the bloodstream, potentially causing systemic side effects. For example, rectal suppositories for
pain relief can still lead to opioid-related side effects like drowsiness or constipation.

9. Increased Risk of Misuse or Accidental Overdose:

a.

Unintentional Overdose: If patients do not properly follow dosage instructions or mistakenly use multiple
suppositories in a short period, there is a risk of overdose. This is especially concerning with potent drugs like
opioids or anti-inflammatory drugs.

Misuse: Due to the private nature of suppository administration, some individuals may misuse them for non-
medical purposes, either intentionally or unintentionally.

10. Limited Availability in Some Markets:

a.

Supply and Distribution Challenges: While suppositories are available for many common medications, they
are not always as widely available as oral medications or injectables. Some countries or regions may not have
the infrastructure or manufacturing capabilities to produce or distribute suppositories effectively.

Preference for Oral Medications: In many cases, healthcare providers and patients prefer oral medications
due to their ease of use, leading to limited development and availability of suppository options for certain drugs.
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TYPES OF BASES OF SUPPOSITORIES

The base of a suppository plays a critical role in the drug’s release, absorption, and overall performance. The
base serves as the carrier for the active pharmaceutical ingredient (API) and facilitates its release when the suppository
is inserted into the body. There are several types of suppository bases, each with unique properties that affect how the
suppository behaves in the body.

The major types of suppository bases include:
1. Fatty or Oleaginous Bases
Characteristics:
a. Fatty bases are primarily derived from natural fats and oils.
b. These bases melt at body temperature, releasing the active drug into the surrounding tissue.
c. They are generally non-water soluble and lipophilic (fat-loving), meaning they dissolve in fats but not in water.
Common Fatty Bases:

a. Cocoa Butter (Theobroma Oil): One of the most widely used fatty bases for suppositories. It has a melting
point of around 30-35°C, making it ideal for rectal and vaginal suppositories, as it melts at body temperature. It
is compatible with a wide range of drugs and has good stability.

b. Hydrogenated Vegetable QOils: These are modified oils such as hydrogenated palm kernel oil and palm oil,
which have been chemically altered to enhance their consistency and melting properties.

c. Cetyl Esters Wax: A synthetic fatty base often used in combination with other fats to modify the melting point
and consistency of the suppository.

Advantages:

a. Good Drug Release: Fatty bases provide a smooth, uniform release of the drug, allowing for controlled or
sustained release.

b. Comfortable and Soothing: Cocoa butter and other fats have a pleasant, smooth texture and do not irritate
mucosal tissues.

Disadvantages:

a. Melting Point Sensitivity: Fatty bases have a relatively low melting point, so they may melt during storage or
transport if not kept at the correct temperature. Refrigeration is often required.

b. Limited Stability: These bases can sometimes be unstable, especially when exposed to higher temperatures or
when they contain oils prone to oxidation.

2. Water-Soluble Bases
Characteristics:

a. Water-soluble bases do not melt but instead dissolve in body fluids after insertion. They tend to be hydrophilic
(water-loving), which means they are more soluble in water.

b. These bases can be more stable than fatty bases, as they are less prone to melting or degrading due to temperature
fluctuations.

Common Water-Soluble Bases:

a. Glycerin: A common water-soluble base, glycerin is hygroscopic (absorbs water) and is often used in
combination with other materials to form suppository bases. It dissolves in the rectal mucosa, releasing the drug
for absorption

b. Polyethylene Glycol (PEG): One of the most popular water-soluble bases, PEG is often used because of its
ability to provide a range of melting points depending on the molecular weight of the polymer used. PEG
suppositories are stable at room temperature and have good drug-release properties.

c. Gelatin: A hydrophilic base, gelatin is used to make soft suppositories. It is soluble in body fluids and releases
the drug gradually. Gelatin-based suppositories may be preferred for certain types of medications requiring slow
release.
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Advantages:

a. Stability: Water-soluble bases are less temperature-sensitive than fatty bases, making them easier to store and
transport.

b. Reduced Risk of Melting: Because they dissolve rather than melt, these bases do not suffer from the same risk
of melting during handling and transportation.

c. Uniform Dissolution: Water-soluble bases tend to dissolve more uniformly, making them a good choice for
controlled or slow drug release.

Disadvantages:

a. Irritation Risk: Some water-soluble bases like glycerin can cause local irritation or a mild burning sensation
when inserted, especially if the mucosal membranes are sensitive.

b. Slow Release for Some Drugs: Depending on the base used, drug release may be slower in water-soluble bases,
especially for drugs that require rapid absorption.

3. Combination Bases (Fatty + Water-Soluble)
Characteristics:

a. These bases combine both fatty and water-soluble components to achieve a balance between the benefits of both
types of bases. The goal is to optimize the release, consistency, and stability of the suppository.

b. The combination may involve mixing fatty materials like cocoa butter with water-soluble materials like PEG
or glycerin, to create a suppository that melts and dissolves at body temperature, while being more stable and
easier to store than pure fatty bases.

Common Examples:

a. PEG-Cocoa Butter Combinations: A mixture of PEG and cocoa butter can be used to create a suppository
that has an intermediate melting point and offers more stability in varying temperature conditions.

b. Glycerin + Fatty Oils: A mixture of glycerin and fatty oils can offer both a smoother texture and better
dissolution characteristics.

Advantages:

a. Optimized Drug Release: By combining both types of bases, it is possible to achieve an ideal rate of drug
release.

b. Improved Stability: These combinations can be more stable at room temperature compared to pure fatty bases.

c. Customizable Melting Point: The melting point can be adjusted by varying the ratios of fatty and water-soluble
components.

Disadvantages:

a. Complex Formulation: The formulation of combination bases can be more complex, requiring careful
balancing of the components to achieve the desired properties.

b. Higher Cost: Combination bases may be more expensive to produce due to the need for multiple ingredients.
4. Hydrophilic (Water-Absorbent) Bases
Characteristics:

a. These bases are designed to absorb water from the body and swell or dissolve, facilitating the gradual release
of the drug. While they are not as commonly used as other bases, they offer some unique advantages for certain
formulations.

Common Examples:

a. Polyvinyl Alcohol (PVA): PVA is a hydrophilic polymer that can form a gel-like structure upon absorption of
water, making it an effective base for slow drug release.

b. Carbomer: A gel-forming polymer that can be used to make suppositories that swell and provide prolonged
drug release.
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Advantages:

a. Gradual Release: These bases tend to release the drug in a slow and controlled manner, making them useful
for sustained-release formulations.

b. Less Irritation: Hydrophilic bases are generally well tolerated and can reduce the risk of irritation compared to
some fatty bases.

Disadvantages:

a. Slower Dissolution: These bases may dissolve too slowly in some cases, which can delay the onset of action,
especially if fast absorption is needed.

b. Complex Preparation: Formulating hydrophilic bases can require additional steps to ensure uniform
consistency and drug release.

METHODS OF PREPARATIONS OF SUPPOSITORIES

The preparation of suppositories involves creating a homogeneous mixture of the drug (active pharmaceutical
ingredient, API) and a suitable base (fatty, water-soluble, or combination) that will carry the drug to its site of action.
The preparation method chosen largely depends on the type of base used and the desired characteristics of the
suppository, such as its melting point, drug release rate, and stability.

There are several methods for preparing suppositories, which include the manual method, fusion method, and
compression method. Below is a detailed overview of these methods:

1. Fusion Method (Melting Method)
Description:

a. The fusion method is the most widely used technique for preparing suppositories, particularly those that use
fatty bases (like cocoa butter, hydrogenated oils, etc.).

b. This method involves melting the base, incorporating the drug into the melted base, and then pouring the mixture
into molds to solidify at room temperature.

1. Melting the Base: The suppository base (e.g., cocoa butter, PEG, or a combination) is heated in a suitable
container to a temperature that is above its melting point but below the decomposition temperature. The
temperature is generally kept between 40°C and 50°C to avoid damaging the active ingredient.

2. Incorporating the Active Ingredient: Once the base has melted, the active ingredient is carefully incorporated
into the melted base. If the active ingredient is a powder, it may be ground into a fine powder or dissolved in a
suitable solvent before being mixed. This ensures that the drug is uniformly distributed throughout the base.

3. Pouring into Molds: After thorough mixing, the molten mixture is poured into suppository molds. The molds
are typically made of plastic, stainless steel, or silicone.

4. Cooling and Solidification: The filled molds are allowed to cool and solidify at room temperature. Once
solidified, the suppositories are carefully removed from the molds.

5. Packaging: The final product is then inspected, weighed, and packaged appropriately, often with a protective
film to prevent contamination.

Advantages:
a. Simple and cost-effective method for most suppositories.
b. Wide applicability for fat-based suppositories.
c. Good uniformity of drug distribution.

Disadvantages:

a. Maelting point sensitivity: Some bases, like cocoa butter, can have a narrow melting point range and may soften
in warm conditions.

b. Potential drug degradation: High temperatures during melting can degrade heat-sensitive drugs.

c. Cooling time: The cooling process may take time and require careful monitoring to prevent uneven
solidification.
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2. Compression Method

Description:

a. The compression method is used when preparing suppositories with water-soluble or gel-based bases, such as
polyethylene glycol (PEG), or when preparing suppositories with a significant amount of active ingredient.

b. This method involves compressing the base and drug mixture into a mold, using a mechanical or manual press.

Steps:

1. Preparing the Mixture: The active ingredient is finely powdered and thoroughly mixed with the base. The
mixture may be prepared as a paste if the base is solid at room temperature or if it is a more viscous base (e.g.,
PEG).

2. Loading the Mixture into a Mold: The mixture is then packed into suppository molds. This is often done by
hand, or more commonly, with the aid of a machine that compresses the mixture into the desired shape and size.

3. Compressing the Mixture: The base and drug mixture are compressed in the mold using either a manual press
or an automatic suppository machine. The compression helps to ensure the drug is evenly distributed within the
base.

4. Cooling and Solidification: After compression, the suppositories are allowed to solidify at room temperature
or in a refrigerated environment, depending on the base used. This process takes less time compared to the
fusion method since the base does not require melting.

5. Removal and Packaging: Once the suppositories are fully solidified, they are removed from the molds,
inspected, and packaged for distribution.

Advantages:
Avoids high temperatures, making it suitable for heat-sensitive drugs.

b. No need for melting: This method works well with solid or semi-solid bases, such as PEG, which do not require
heating.

c. Efficient for large-scale production: The compression method can be easily automated for large-scale
manufacturing,.

Disadvantages:
Limited to certain base types: It is not suitable for fatty bases that require melting.

b. Higher equipment cost: Requires specialized machines for compression, which can be more expensive than
the fusion method.

c. Risk of poor drug distribution: If the mixture is not thoroughly mixed or compressed properly, there may be

inconsistent drug distribution.

3. Hand Rolling or Manual Method

Description:

a.

The hand rolling method is a less commonly used method but can be employed for small-scale production or
for preparing suppositories when equipment is not available.

This method involves manually mixing the base and the active ingredient and then rolling the mixture into the
shape of a suppository.

Preparing the Base and Drug: The base is softened by warming it (either in a double boiler or microwave)
just enough to allow it to be easily mixed. The active ingredient is finely powdered and added to the base.

Mixing: The active ingredient is mixed thoroughly with the softened base to form a homogeneous paste.

Shaping by Hand: Once the mixture is uniform, it is rolled into the desired shape by hand. The mixture is then
shaped into cylindrical or bullet-like forms that match the size of typical suppositories.

Solidification: The manually shaped suppositories are allowed to cool and solidify at room temperature or in a
refrigerator.

Packaging: After solidification, the suppositories are inspected and packaged for use.
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Advantages:
a. Simple and cost-effective: Ideal for small-scale preparations or when a manual process is needed.

b. Low equipment requirements: No specialized machinery is needed, making it ideal for compounded
preparations in pharmacies.

Disadvantages:
Labor-intensive: The process is slower and more time-consuming than the fusion or compression methods.
b. Inconsistent shapes: The size and shape of suppositories may vary due to the manual nature of the process.

c. Potential for uneven drug distribution: If the mixture is not mixed properly, the drug may not be evenly
distributed, affecting potency and reliability.

4. Solvent Evaporation Method (for Hydrophilic Suppositories)
Description:

a. This method is commonly used when preparing suppositories with water-soluble bases like PEG or glycerin. It
involves dissolving both the base and active ingredients in a suitable solvent and allowing the solvent to
evaporate, leaving behind the solid suppository form.

Steps:

1. Dissolution: The base (e.g., PEG or glycerin) and the active ingredient are dissolved in a suitable solvent, such
as alcohol or water.

2. Mixing: The active ingredient is added to the solution and thoroughly mixed to ensure uniform distribution.

3. Molding: The mixture is then poured into suppository molds, and the solvent is allowed to evaporate, leaving
behind a solid form.

4. Solidification: Once the solvent has evaporated, the suppositories are allowed to cool and solidify.
5. Removal and Packaging: The finished suppositories are removed from the molds and packaged for use.
Advantages:

a. Good for hydrophilic bases: Ideal for bases that are water-soluble and require solvents to achieve the desired
consistency.

b. No heating required: The absence of heat ensures that heat-sensitive drugs are protected during preparation.
Disadvantages:
a. Solvent evaporation time: The process may take time to allow sufficient evaporation of the solvent.

b. Limited to specific formulations: This method is more suitable for hydrophilic bases and may not be applicable
for fatty bases.

5. Freeze-Drying Method
Description:

a. Freeze-drying, or lyophilization, is a specialized method used for preparing suppositories that require the
removal of solvents or water without exposing them to heat.

Steps:
1. Dissolution: The drug and base are dissolved in a solvent.
2. Freezing: The solution is frozen, often at very low temperatures (below 0°C).

3. Sublimation: The frozen mixture undergoes sublimation, where the solvent is removed by freezing and then
directly evaporating in a vacuum chamber without melting the mixture.

4. Solidification: The remaining solid material is then molded into the final shape of the suppository.
5. Packaging: The final product is removed and packaged.
Advantages:

a. Gentle on heat-sensitive drugs: Ideal for drugs that degrade at higher temperatures.
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b. Good for slow-release formulations: Suitable for creating formulations that slowly release the active
ingredient.

Disadvantages:

a. Complex and expensive: Freeze-drying equipment is expensive and typically used for specialized
formulations.

b. Longer production time: The process can be time-consuming compared to other methods.
DISPLACEMENT VALUE & ITS CALCULATIONS OF SUPPOSITORIES

The displacement value is a crucial concept in the preparation of suppositories, especially when the active
pharmaceutical ingredient (API) has a different volume than the base used to prepare the suppository. Displacement
value refers to the volume of the base that is displaced by a given weight of the active ingredient when preparing
suppositories. This concept ensures that the final suppository has the correct weight and volume of both the base and
the active ingredient, ensuring accurate dosing and uniformity.

Definition of Displacement Value

a. Displacement Value (DV): It is the number of grams of suppository base displaced by 1 gram of the active
ingredient (API) or drug. It essentially indicates how much of the base will be displaced by the active substance
in the formulation.

For instance, when a specific drug is added to a suppository, it will displace some volume of the base. The displacement
value helps to calculate how much base should be used to maintain the correct weight of the suppository.

Importance of Displacement Value
Accurate Dosing: It ensures that the final product contains the correct amount of the active ingredient.

b. Uniform Suppository: It helps maintain uniformity in the suppository's weight and volume, ensuring consistent
drug delivery.

c. Correct Drug to Base Ratio: It allows for proper formulation, especially when the active ingredient is either
in solid or liquid form and has a different density from the base.

Formula for Displacement Value Calculation

The displacement value can be calculated using the following formula:

Weight of the base displaced by the drug

DV =
Weight of the drug

Where:
a. DV is the displacement value (grams of base displaced per gram of drug).
b. The weight of the base displaced by the drug is the volume of base that is displaced by 1 gram of the drug.
c. The weight of the drug is the mass of the active ingredient being added to the base.
Step-by-Step Calculation Process
a. Determine the Desired Dose:

i.  Decide on the weight of the active ingredient to be incorporated into each suppository. For example, if
you want to prepare suppositories with 1 gram of active ingredient per suppository, that will be the
weight of the APL

b. Calculate the Displacement Value (DV):

i.  Find the displacement value of the active ingredient. This information is usually available in the product
monograph or pharmaceutical literature. For example, if the displacement value of a certain drug is 0.8,
it means that 1 gram of this drug will displace 0.8 grams of the base.

c. Determine the Total Weight of the Suppository:

1. The total weight of the suppository includes both the drug and the base. To maintain uniformity, you
will need to ensure that the volume displaced by the drug is replaced by the appropriate amount of base.
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ii.  For example, if the total suppository weight is 2 grams and you are using 1 gram of drug, you will
calculate the displacement of the base.

d. Calculate the Amount of Base to Use:

i.  The total weight of the suppository is the weight of the active ingredient + the weight of the base.
However, due to the displacement, you will have to subtract the displaced volume of the base (based on
the displacement value).

ii.  To calculate the amount of base needed, use the formula:

Amount of Base = Total Suppository Weight — (Displacement Value x Weight of Drug)

Example Calculation
Let’s go through an example to make this clearer:
Desired weight of each suppository: 2 grams.
b. Active ingredient (drug): 1 gram.

c. Displacement value (DV) of the drug: 0.8 (this means that 1 gram of the drug will displace 0.8 grams of the
base).

d. Base: Cocoa butter (or another fatty base).
Step 1: Calculate the amount of base needed:

First, calculate the weight of the base displaced by the drug:

Base displaced = Displacement Value x Weight of Drug = 0.8 x 1 = 0.8 grams of base displaced

Next, calculate the amount of base required:

Amount of Base = Total Suppository Weight — Base displaced by the drug = 2 grams — 0.8 grams = 1.2 grams of base

So, for each suppository, you will need:
a. 1 gram of the active ingredient.
b. 1.2 grams of the base (cocoa butter or other appropriate base).
Step 2: Prepare the Suppository:
a. Melt the base (cocoa butter) and incorporate the active ingredient into it.
b. Pour the mixture into suppository molds.
c. Allow the suppositories to solidify.
Other Considerations

1. Variation in Displacement Values: Different drugs have different displacement values, depending on their
density and chemical properties. For example, solid drugs might displace more base than liquids. Therefore,
always refer to the specific displacement value for the drug you're using.

2. Base Choice: The displacement value is usually calculated for specific base types (e.g., cocoa butter, PEG). If
using a combination of bases, the displacement value might be influenced by the proportions of each base.

3. Scaling up Production: When scaling up the production of suppositories (e.g., from a pharmacy preparation to
industrial scale), the displacement value helps in maintaining consistency and ensures accurate dosing for a
batch of suppositories.

4. Using a Formula for Multiple Suppositories: If you are preparing multiple suppositories, simply multiply the
values calculated for a single suppository by the number of suppositories you want to prepare. This ensures
consistency in drug and base amounts across all suppositories in the batch.

EVALUATION OF SUPPOSITORIES

The evaluation of suppositories is a critical step in ensuring that they meet the required standards for quality, efficacy,
and patient safety. The evaluation process involves assessing the physical, chemical, and microbiological properties of
suppositories to confirm that they deliver the correct dose of the active pharmaceutical ingredient (API) and function as

199 | TEXT BOOK OF PHARMACEUTICS



intended. The evaluation criteria can vary based on the type of suppository (e.g., rectal, vaginal, urethral) and its intended
use.

The main aspects of evaluating suppositories include:
1. Weight Uniformity

Content Uniformity

Disintegration Time

Melting or Softening Point

Hardness or Mechanical Strength

In Vitro Drug Release

Appearance and Organoleptic Properties

Microbial Limits

9. Stability Testing

A B

Let's look at each of these in more detail.
1. Weight Uniformity

Purpose: To ensure that each suppository contains the correct amount of drug and base, making sure the batch is
consistent.

Test Method:
a. A sample of suppositories (usually 10-20 units) is weighed individually.
b. The average weight is calculated, and the weight of each suppository is compared to the average weight.
c. The deviation should fall within an acceptable range (typically + 5% of the average weight).

Importance: Weight uniformity ensures that each suppository contains the intended amount of drug and base. This is
important for maintaining consistent therapeutic effects.

2. Content Uniformity

Purpose: To verify that the active ingredient (API) is uniformly distributed throughout the suppository, ensuring each
unit delivers the same amount of drug.

Test Method:

a. A sample of suppositories is analyzed by dissolving the active ingredient into a suitable solvent and measuring
the concentration of the drug.

b. A technique such as high-performance liquid chromatography (HPLC) or spectrophotometry can be used
to determine the drug concentration.

c. The content of the drug should be within the acceptable range, typically between 90% and 110% of the labeled
content.

Importance: Uniform distribution of the active ingredient is critical to ensure that the suppository has the intended
pharmacological effect and minimizes the risk of under- or overdosing.

3. Disintegration Time

Purpose: To assess how quickly the suppository breaks down upon administration, ensuring the drug is released and
absorbed efficiently.

Test Method:

a. The disintegration test is conducted using a disintegration apparatus or a similar setup. In this test,
suppositories are placed in a medium (usually water or simulated body fluid) maintained at body temperature
(37°C).

b. The time it takes for the suppository to break apart completely is measured.

c. The maximum disintegration time is typically set to a limit (e.g., 30 minutes to 1 hour for rectal suppositories).
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Importance: If a suppository does not disintegrate within the acceptable time, the active ingredient may not be properly
released, affecting its therapeutic effectiveness.

4. Melting or Softening Point

Purpose: To determine the temperature at which the suppository base melts or softens, ensuring that it will melt at body
temperature (around 37°C) to release the active ingredient.

Test Method:
a. The melting point is determined using techniques like a melting point apparatus or capillary method.
b. The softening point is tested by observing the behavior of the suppository as it is heated in a controlled manner.

Importance: The base should melt or soften at body temperature. If the melting point is too high, the suppository may
not release the drug properly. If it's too low, the suppository may melt too quickly, affecting the drug release profile.

5. Hardness or Mechanical Strength

Purpose: To ensure that the suppository has the appropriate mechanical strength for handling, storage, and
administration.

Test Method:

a. The hardness test is typically conducted by using a tablet hardness tester or similar equipment to apply force
to the suppository until it breaks or deforms.

b. The suppository should have enough strength to withstand mechanical stresses during handling but should be
soft enough to melt or dissolve once in the body.

Importance: A suppository that is too soft may melt or deform prematurely, while one that is too hard may not melt at
the proper rate, hindering drug release.

6. In Vitro Drug Release

Purpose: To assess how the active ingredient is released from the suppository over time in a controlled environment,
mimicking the conditions of the human body.

Test Method:

a. The in vitro release test is conducted using a dissolution apparatus where the suppository is placed in a
specific volume of fluid (usually phosphate buffer or simulated gastric fluid).

b. The suppository is subjected to shaking, and samples of the fluid are taken at regular intervals to measure the
concentration of the active ingredient released.

c. The results are compared to the required release profile to ensure the drug is released at the intended rate.

Importance: In vitro drug release testing provides insight into how the suppository will perform in vivo and helps to
predict its therapeutic effectiveness and bioavailability.

7. Appearance and Organoleptic Properties

Purpose: To ensure that the suppository has the correct physical appearance, odor, and texture, which are important for
patient acceptability.

Test Method:

a. Visual Inspection: The suppository is inspected for any physical defects such as cracks, discoloration, or
leakage.

b. Organoleptic Evaluation: Sensory tests such as smell and touch may also be conducted, especially for
formulations with added excipients like flavors or perfumes.

Importance: The appearance and texture of the suppository can affect its acceptance by the patient. A well-formed,
smooth suppository is more likely to be used correctly.
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8. Microbial Limits
Purpose: To ensure that the suppository is free from harmful microorganisms that could affect patient safety.
Test Method:

a. Microbial Testing: The suppositories are tested for total microbial count (bacteria, fungi, yeast) and for the
presence of specific pathogens (e.g., Salmonella, E. coli).

b. USP or EP Standards: The microbial limits are typically defined according to pharmacopeial standards (e.g.,
United States Pharmacopeia [USP], European Pharmacopeia [EP]).

Importance: Contamination with microorganisms can lead to infections or adverse reactions. Proper handling and
testing ensure the product is microbiologically safe.

9. Stability Testing

Purpose: To ensure the suppository maintains its quality, efficacy, and safety over time under various storage
conditions.

Test Method:

a. Accelerated Stability Testing: Suppositories are stored under controlled conditions (e.g., elevated
temperatures, humidity) to simulate long-term storage. Samples are taken at regular intervals and tested for
physical, chemical, and microbiological properties.

b. Long-term Stability Testing: The suppositories are stored under recommended storage conditions and tested
periodically to assess any changes in appearance, disintegration, drug release, and potency.

Importance: Stability testing helps to determine the shelf life of the suppositories and ensures that the product remains
effective and safe until its expiration date.

Multiple Choice Questions (MCQs)

1. Suppositories are primarily designed for administration via which routes?
a) Oral and nasal
b) Rectal, vaginal, urethral
¢) Sublingual and intramuscular
d) Intravenous and topical
2. Which of the following is the most commonly used base for fatty suppositories?
a) Glycerin
b) Cocoa butter
¢) Polyethylene glycol
d) Carbomer
3. The displacement value of a drug in suppository formulation indicates:
a) The weight of the drug per suppository
b) The volume of base displaced by 1 gram of drug
¢) The melting point of the base
d) The solubility of the drug
4. Rectal suppositories are preferred for:
a) Avoiding first-pass metabolism
b) Treating nasal infections
c¢) Local action in the lungs
d) Sublingual absorption
5. Which of the following bases dissolves in body fluids rather than melting?
a) Cocoa butter
b) Hydrogenated oils
c) Polyethylene glycol
d) Cetyl esters wax
6. The fusion method of suppository preparation involves:
a) Compressing solid base with drug
b) Melting the base and mixing with drug
c) Freeze-drying the drug-base mixture
d) Solvent evaporation of the mixture
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10.

11.

12.

13.

14.

15.

16.

17.

Advantages of suppositories include:

a) Bypass of GI tract, faster absorption, localized treatment
b) Unpleasant taste, patient discomfort, storage sensitivity
¢) Limited bioavailability, slow onset

d) High cost of production

Which of the following is a rectal laxative suppository?

a) Progesterone

b) Bisacodyl

¢) Clotrimazole

d) Alprostadil

Vaginal suppositories are mainly used for:

a) Systemic pain relief

b) Local infections, hormonal therapy, contraception

¢) Urinary tract infection

d) Rectal inflammation

A disadvantage of fatty bases like cocoa butter is:

a) They are hydrophilic

b) They are temperature-sensitive and may melt

c¢) They dissolve too slowly in body fluids

d) They cannot carry active drugs

Which of the following is used as a water-soluble suppository base?

a) Cetyl esters wax

b) Cocoa butter

¢) Polyethylene glycol (PEG)
d) Hydrogenated palm oil

The compression method of suppository preparation is suitable for:

a) Fatty bases

b) Heat-sensitive drugs

¢) Cocoa butter-based formulations
d) Lipophilic drugs

Which suppository type is rarely used but delivers drugs to the urinary tract?

a) Rectal

b) Vaginal

¢) Urethral
d) Sublingual

The main purpose of evaluating weight uniformity in suppositories is:

a) To determine the melting point

b) To ensure each suppository has consistent drug and base
¢) To assess microbial contamination

d) To test hardness

Which factor can affect the absorption of rectal suppositories?

a) Rectal contents (e.g., stool)

b) Patient’s height

¢) Color of the suppository

d) Shape of the mold

Freeze-drying method is mainly used for:

a) Fatty bases

b) Hydrophilic bases and heat-sensitive drugs

¢) Rapid mass production

d) Cocoa butter suppositories

Which of the following is true about urethral suppositories?
a) Always used for systemic effects

b) Provide localized therapy for urinary conditions
c¢) Are the most commonly used type

d) Cannot deliver hormones
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18.

19.

20.

PEG-based suppositories are:

a) Fatty, melt at body temperature

b) Water-soluble, dissolve in body fluids

¢) Hydrophobic and irritating

d) Only used for vaginal infections

The melting point of a suppository base is important because:
a) It determines patient compliance

b) It ensures the drug is released at body temperature
c) It controls the color

d) It is used to determine microbial limits
Disintegration time of a suppository refers to:

a) Time it takes to mold it

b) Time it takes for it to dissolve or melt in body fluids
c¢) Time it takes for packaging

d) Time it stays in storage

Short Answer Questions (20)

PNAN R LD~

9

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Define a suppository.

List the common routes of administration for suppositories.

Name two fatty bases used for suppository formulation.

What is the displacement value in suppository preparation?

Give two advantages of rectal suppositories.

Mention one disadvantage of water-soluble bases.

Name two drugs commonly used in vaginal suppositories.

Explain why suppositories are preferred in patients with nausea or vomiting.
What is the purpose of the fusion method?

Mention one advantage of PEG as a suppository base.

State one use of urethral suppositories.

Define weight uniformity in the evaluation of suppositories.

How does rectal absorption bypass the first-pass effect?

Name one example of a laxative suppository.

What is the main disadvantage of fatty bases like cocoa butter?

Why is content uniformity important in suppository evaluation?

Give one reason why some patients may not comply with suppository use.
Name one hydrophilic base used in suppositories.

Mention one purpose of stability testing in suppositories.

How does the compression method differ from the fusion method?

Long Answer Questions (10)

1.
2.
3.

4.

&

0 %0

Explain the definition, characteristics, and types of suppositories with examples.

Discuss the advantages and disadvantages of suppositories in drug delivery.

Describe in detail the fatty, water-soluble, combination, and hydrophilic bases used for suppositories, including
advantages and disadvantages of each.

Elaborate the fusion method of suppository preparation with a detailed stepwise procedure, advantages, and
disadvantages.

Explain the compression, hand-rolling, solvent-evaporation, and freeze-drying methods of suppository preparation
with examples.

Define displacement value. Explain its importance and provide a stepwise calculation example.

Discuss the evaluation parameters for suppositories including weight uniformity, content uniformity, disintegration,
melting point, hardness, in vitro drug release, appearance, microbial limits, and stability testing.

Explain rectal, vaginal, and urethral suppositories with their specific applications, advantages, and limitations.
Discuss the factors affecting absorption and bioavailability of drugs from suppositories.

. Describe the considerations in selecting a suppository base, including patient compliance, drug properties, and

storage requirements.
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CHAPTER 12
PHARMACEUTICAL INCOMPATIBILITIES

INTRODUCTION:
Definition:

Pharmaceutical incompatibility refers to an undesirable interaction between two or more ingredients (either active or
inactive) in a pharmaceutical preparation that may result in:

1. Change in physical appearance,

2. Loss of therapeutic efficacy,

3. Formation of toxic products, or

4. Instability of the product.
These incompatibilities can occur during formulation, storage, or administration of drugs.
Objectives of Studying Pharmaceutical Incompatibility:

1. To ensure safety, efficacy, and stability of drug formulations.

2. To identify and prevent interactions that may render the product unusable or dangerous.

3. To design compatible formulations by selecting appropriate excipients and conditions.
Key Characteristics:

1. Often observed as precipitation, color change, gas evolution, or odor.

2. Can be visible (physical/chemical) or invisible (therapeutic/chemical).

3. May involve drug—drug, drug—excipient, or excipient—excipient interactions.
Importance in Pharmacy:

1. Prevents adverse drug reactions and therapeutic failures.

2. Helps in proper drug dispensing and counseling.

3. Essential for designing stable dosage forms.

4. Plays arole in compounding and extemporaneous preparations.
Classification Overview (detailed later):

1. Physical Incompatibility — changes in physical properties like solubility, state, or color.

2. Chemical Incompatibility — actual chemical reactions between components (e.g., oxidation, hydrolysis).

3. Therapeutic Incompatibility — antagonistic or harmful effects when drugs are administered together.
Role of the Pharmacist:

1. Identify and resolve incompatibilities during compounding and dispensing.

2. Educate patients and caregivers about drug interactions.

3. Use references and tools (like incompatibility charts) for safe practice.
DEFINITION OF PHARMACEUTICAL INCOMPATIBILITIES
Key Aspects of the Definition:

a. Undesirable outcome: Can result in precipitation, discoloration, gas formation, loss of potency, or even
toxic product formation.

b. Occurs at various stages:
i.  During compounding or formulation
ii.  During storage
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iii. At the time of administration
c. Involves different interactions:
i.  Drug—drug
ii.  Drug—excipient
iii.  Excipient—excipient
d. Affects quality parameters:
i.  Stability
ii.  Efficacy
iii.  Safety
iv.  Aesthetic appearance
Example (to illustrate the definition):

If calcium salts are prescribed with tetracycline antibiotics, they may form an insoluble complex, reducing the
absorption of tetracycline — this is a chemical and therapeutic incompatibility.

CLASSIFICATION OF PHARMACEUTICAL INCOMPATIBILITIES

Pharmaceutical incompatibilities are broadly classified into three main types, based on the nature of the interaction:
1. Physical Incompatibility

Definition:

Occurs when physical properties of ingredients change, resulting in precipitation, immiscibility, color change, or
liquefaction without any chemical reaction.

Causes:
a. Insolubility
b. Immiscibility of liquids
c. Hygroscopic substances
d. Improper mixing techniques
Examples:
a. Mixing oil and water without an emulsifier — immiscible layer
b. Calomel (Hg:Cl:) with lime water — black ppt. of mercury
c. Eutectic mixtures like camphor + menthol — liquefaction
2. Chemical Incompatibility
Definition:

Occurs when chemical reactions take place between ingredients, resulting in decomposition, precipitation, gas
formation, or color change.

Causes:
a. Oxidation-reduction reactions
b. Hydrolysis
c. Double decomposition
d. Acid-base reactions
Examples:
a. Mixing potassium iodide (KI) with ferric salts — iodine is liberated
b. Tannic acid + alkaloids — insoluble tannate precipitate

c. Sodium bicarbonate + citric acid — CO: evolution
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3. Therapeutic Incompatibility
Definition:

Occurs when two or more drugs prescribed together interact at a pharmacological level, leading to reduced efficacy
or increased toxicity.

Causes:
a. Antagonistic drug action
b. Synergistic toxicity
c. Contraindicated drug combinations
Examples:
a. Tetracycline + antacids (Ca/Mg) — reduced absorption of tetracycline
b. Propranolol + insulin — may mask hypoglycemic symptoms
c. Warfarin + aspirin — increased risk of bleeding
PHYSICAL PHARMACEUTICAL INCOMPATIBILITIES WITH EXAMPLES
Definition:

Physical incompatibility refers to an undesirable interaction between ingredients that leads to a change in physical
properties of the formulation without chemical alteration of the drugs involved.

Causes of Physical Incompatibility:

a. Immiscibility — Two liquids that do not mix uniformly

b. Precipitation — Formation of insoluble solids from soluble substances

c. Liquefaction (Eutectic formation) — Some solids become liquid when mixed

d. Volatility — Loss of volatile components during mixing or storage

e. Adsorption — Drug gets adsorbed on container or excipient surface
How to Prevent Physical Incompatibilities:

a. Use emulsifying agents to mix immiscible liquids

b. Add precipitating agents slowly and under controlled conditions

c. Store volatile substances in airtight containers

d. Use intermediate mixing for eutectic mixtures (with inert diluent)

e. Select proper container materials (e.g., glass instead of plastic for adsorptive drugs)
CHEMICAL PHARMACEUTICAL INCOMPATIBILITIES WITH EXAMPLES
Definition:

Chemical incompatibility occurs when two or more substances in a pharmaceutical formulation chemically react with
each other, resulting in the formation of a new compound. This reaction can cause:

a. Precipitation
b. Discoloration
c. Gas evolution
d. Loss of drug potency
e. Toxic product formation
These reactions can happen during:
a. Compounding
b. Storage

c. Administration
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Types of Chemical Reactions Involved:

Chemical incompatibilities occur due to actual chemical changes in the components of a formulation. These changes
often involve one of the following reaction types:

1. Oxidation—Reduction Reactions (Redox)
Definition:

Involve the transfer of electrons — one substance is oxidized (loses electrons), while the other is reduced (gains
electrons).

Causes:
a. Presence of oxidizing/reducing agents
b. Exposure to air (oxygen), light, or metals

c. Use of unstable drugs

Examples:
Reactants Result / Observation
Potassium permanganate + Ethanol MnO; precipitate (brown/black), oxidation of ethanol
Ferric chloride + Potassium iodide (KI) lodine is liberated (brown color), redox reaction
Adrenaline or Vitamin C + Oxygen Loss of activity due to oxidation

2. Hydrolysis
Definition:
Breakdown of a compound due to reaction with water, especially in humid conditions or aqueous solutions.
Causes:
a. Presence of moisture
b. Exposure to acidic or basic pH

c. Poor storage conditions

Examples:
Reactants Result / Observation
Aspirin + Water Hydrolyzed to salicylic acid + acetic acid (vinegar odor)
Lidocaine hydrochloride + Moisture Hydrolysis leading to inactive products
Esters (e.g., procaine) Hydrolyzed to alcohol and acid (inactive forms)

3. Double Decomposition (Metathesis)
Definition:
Exchange of ions between two reactants in solution to form a precipitate or gas.
Causes:
a. Mixing of salts or alkaloid salts with incompatible anions

b. Incompatibility between cations and anions
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Examples:

Reactants

Tannic acid + Alkaloid salts (e.g., morphine HCI)
Silver nitrate + Sodium chloride

Barium chloride + Sulfate salts

4. Acid-Base Reactions

Definition:

Result / Observation

Formation of insoluble tannate precipitate
White precipitate of silver chloride

White barium sulfate precipitate

Reaction between an acid and a base, leading to the formation of salts, neutralization, or gas evolution.

Causes:
a. Mixing acidic and basic drugs or excipients
b. Change in pH of the preparation

Examples:
Reactants

Sodium bicarbonate + Citric acid

Ammonium chloride + Sodium hydroxide

Weakly acidic drug + Strong base

5. Photochemical Decomposition

Definition:

Result / Observation

Effervescence due to CO; gas formation

Ammonia gas liberated

Precipitation or pH-dependent degradation

Breakdown of a drug due to light exposure, leading to discoloration or inactivation.

Causes:
a. Sensitivity of drug to light (especially UV)
b. Improper packaging

Examples:

Drug

Chlorpromazine
Riboflavin (Vitamin B;)

Nitroprusside

Prevention of Chemical Reactions:
a. Use of antioxidants (e.g., sodium metabisulfite)
b. Maintain appropriate pH using buffers

c. Use light-resistant containers (amber bottles)
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Effect of Light

Turns yellow-brown due to photodegradation
Loss of potency

Decomposition with light and heat



d. Avoid mixing known incompatible substances

e. Use of anhydrous excipients to avoid hydrolysis

f. Prepare fresh extemporaneous solutions
Examples of Chemical Incompatibilities:

Below are detailed and categorized examples of common chemical incompatibilities encountered in pharmacy, based
on the reaction types:

1. Oxidation—Reduction Incompatibilities

Reactants Observation / Result Explanation

Potassium permanganate + Ethanol | Brown/black precipitate (MnO:) | Ethanol is oxidized; KMnOs4 is reduced

Potassium iodide (KI) + Ferric | Liberation of iodine (brown | Ferric ions oxidize iodide to iodine
chloride color)

Adrenaline + Light/Oxygen Darkening and loss of potency Oxidation of catechol group
Ascorbic acid + Copper sulfate Discoloration and loss of | Ascorbic acid is oxidized by copper
potency ions

2. Hydrolytic Incompatibilities

Reactants Observation / Result Explanation
Aspirin + Water/Moisture Vinegar-like odor due to acetic | Hydrolysis to salicylic acid + acetic
acid acid
Lidocaine hydrochloride in aqueous | Loss of anesthetic activity Amide bond hydrolysis
base
Procaine HCI + Moisture Reduced effectiveness Ester hydrolysis

3. Double Decomposition Reactions

Reactants Observation / Result Explanation
Silver nitrate + Sodium chloride White precipitate of silver chloride | Ion exchange reaction
Barium chloride + Magnesium sulfate | White barium sulfate precipitate Insoluble sulfate formed
Tannic acid + Alkaloids (e.g. morphine) | Insoluble tannate precipitate Double displacement reaction
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4. Acid-Base Incompatibilities

Reactants Observation / Result Explanation
Sodium bicarbonate + Citric acid Effervescence (CO- gas evolution) | Acid-base neutralization reaction
Ammonium chloride + Sodium hydroxide | Smell of ammonia gas Ammonia liberated from reaction
Salicylic acid + Magnesium hydroxide Precipitate formation Salt formed at high pH

5. Photochemical Incompatibilities

Drug/Substance Observation / Result Explanation
Chlorpromazine exposed to light | Changes to yellow-brown color Photodegradation
Riboflavin (Vitamin B2) Loss of potency on exposure to light | Light-sensitive compound
Nitroprusside solution in light Toxic decomposition products Photolabile compound

How to Prevent Chemical Incompatibilities:

Preventing chemical incompatibilities is essential for ensuring the safety, stability, and efficacy of pharmaceutical
preparations. These incompatibilities can often be managed or avoided through proper formulation techniques,
selection of excipients, and storage conditions.

General Preventive Measures:
1. Avoid Mixing Known Incompatible Drugs

a. Use reference charts, formularies, and databases to check for known incompatibilities.

b. Avoid prescribing or compounding incompatible drug pairs in the same formulation.
Example: Do not mix tannic acid with alkaloid salts as it causes precipitation.
2. Use Antioxidants to Prevent Oxidation

a. Add antioxidants like:

i.  Sodium metabisulfite
ii.  Ascorbic acid
iii.  Butylated hydroxytoluene (BHT)

Example: Use ascorbic acid in adrenaline formulations to prevent oxidative degradation.
3. Control pH Using Buffers

a. Maintain an optimum pH using buffer systems to prevent acid—base and hydrolytic reactions.
Example: Use phosphate or citrate buffers in injectable solutions to maintain stability.
4. Use Complexing or Chelating Agents

a. Add agents like EDTA to bind metal ions that catalyze oxidation or degradation.
Example: EDTA prevents oxidation of epinephrine caused by trace metal contamination.
5. Store in Appropriate Containers

a. Use light-resistant (amber) bottles for light-sensitive drugs.

b. Use glass instead of plastic for drugs prone to adsorption or reaction.

Example: Store chlorpromazine and nitroprusside in amber glass containers to prevent photodegradation.
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6. Use Dry Forms or Reconstitute Before Use

a. Supply unstable drugs in dry powder form with instructions for reconstitution before use.
Example: Penicillin G injection is provided as a dry powder to prevent hydrolysis.
7. Avoid Aqueous Vehicles for Hydrolysis-Prone Drugs

a. Use anhydrous vehicles (e.g., oils, alcohols) when dealing with hydrolysis-sensitive drugs.
Example: Use oil-based solvents for drugs like procaine that hydrolyze in water.
8. Adjust the Order of Mixing

a. Add ingredients in a specific sequence to prevent early reactions.

b. Use intermediary solvents or dilution to minimize concentration-dependent reactions.
Example: Slowly add a dilute alkaloid solution to tannic acid under stirring to minimize ppt.
9. Prepare Fresh Extemporaneous Preparations

a. If incompatibility cannot be avoided in stored products, prepare freshly at the time of use.
Example: Prepare citric acid + sodium bicarbonate effervescent granules just before administration.

Incompatibility-Specific Preventive Strategies Table:

Incompatibility Type Prevention Strategy
Oxidation Add antioxidants, use inert atmosphere, avoid metal ions
Hydrolysis Use anhydrous base, dry powder form, control pH
Acid—Base Use buffers, avoid extreme pH differences
Photodegradation Use amber/light-resistant containers
Precipitation reactions Use complexing agents, proper order of mixing
Metal-catalyzed reactions | Use chelating agents like EDTA

THERAPEUTIC INCOMPATIBILITIES WITH EXAMPLES
Definition:

Therapeutic incompatibility occurs when two or more drugs prescribed together produce undesirable
pharmacological effects in the body, such as:

a. Reduced or enhanced drug action
b. Increased toxicity
c. Adverse drug interactions

This incompatibility results from antagonism, synergism, or altered absorption, distribution, metabolism, or
excretion of one or more drugs.

Causes of Therapeutic Incompatibilities:

Therapeutic incompatibilities arise when two or more drugs given together lead to an undesirable pharmacological
effect in the patient. These effects result from drug interactions that alter the safety, efficacy, or intended therapeutic
outcome.

Major Causes of Therapeutic Incompatibilities:
1. Pharmacodynamic Antagonism or Synergism
Description:

Interaction at receptor or system level, where drugs may have opposite (antagonistic) or similar (synergistic) effects.
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Example:

a. Chlorpromazine + Levodopa — Antagonism (Chlorpromazine blocks dopamine receptors, reducing
levodopa’s effect in Parkinson’s disease)

b. Warfarin + Aspirin — Synergism (Both increase bleeding risk due to anticoagulant and antiplatelet action)
2. Pharmacokinetic Interactions (ADME)
Description:

One drug affects the Absorption, Distribution, Metabolism, or Excretion of another, altering its plasma
concentration.

Example:
a. Tetracycline + Antacids (calcium/magnesium) — | Absorption of tetracycline
b. Ciprofloxacin + Theophylline — | Metabolism of theophylline — toxicity
c. Probenecid + Penicillin — | Renal excretion of penicillin — prolonged action
3. Drug-Disease Interaction
Description:
A drug worsens an existing disease condition in the patient.
Example:
a. Propranolol in Asthma — Causes bronchoconstriction
b. NSAIDs in peptic ulcer disease — Exacerbation of gastric symptoms
c. Corticosteroids in diabetes — Increases blood sugar levels
4. Duplicate Therapy / Same Class Combination
Description:
Prescribing two drugs from the same pharmacological class, leading to additive side effects or overdose.
Example:
a. Ibuprofen + Diclofenac — Both are NSAIDs — 1 Risk of GI bleeding
b. Lisinopril + Enalapril — Both are ACE inhibitors — Risk of hypotension, renal damage
5. Incorrect Dose or Schedule Adjustment
Description:
Improper dose adjustment or timing leads to interaction or therapeutic failure.
Example:

a. Giving levodopa and pyridoxine (vitamin B6) together without a decarboxylase inhibitor — Pyridoxine
enhances peripheral metabolism of levodopa — | CNS effect

b. Administering warfarin without INR monitoring — risk of bleeding or clot formation
6. Lack of Knowledge or Miscommunication
Description:

Errors due to incomplete medical history, lack of interaction checking, or patient not disclosing OTC/herbal drug
use.

Example:

a. Warfarin + Ginkgo biloba (herbal) — 1 bleeding tendency

b. MAUO inhibitors + tyramine-containing food/drugs — hypertensive crisis
Examples of Therapeutic Incompatibilities:

Therapeutic incompatibilities occur when drugs given together cause undesirable pharmacological interactions,
leading to reduced efficacy, increased toxicity, or unexpected adverse effects.
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Detailed Examples of Therapeutic Incompatibilities:

1. Pharmacodynamic Antagonism

Drug Combination

Incompatibility Type

Outcome / Observation

Levodopa + Chlorpromazine | Dopamine receptor antagonism | Chlorpromazine blocks dopamine — |
Levodopa effect

Adrenaline + Propranolol Opposing actions on B-receptors | Propranolol blocks adrenaline’s
bronchodilation

Pilocarpine + Atropine

Muscarinic agonist vs antagonist

Therapeutic effect neutralized

2. Pharmacodynamic Synergism (Toxic Additive Effect)

Drug Combination

Incompatibility Type

Outcome / Observation

Warfarin + Aspirin

Anticoagulant + Antiplatelet

1 Risk of bleeding

(e.g., furosemide)

Aminoglycoside (e.g., gentamicin) + Loop diuretic

Nephrotoxicity + ototoxicity

1 Renal
toxicity

and auditory

Benzodiazepine + Alcohol

CNS depression

Respiratory  depression,
coma

3. Pharmacokinetic Interactions (Absorption, Metabolism, etc.)

Drug Combination

Interaction Mechanism

Outcome / Observation

Tetracycline + Antacids (Ca*/Mg*")

Chelation — | Absorption

Reduced bioavailability of tetracycline

Ciprofloxacin + Theophylline

| Metabolism of theophylline

1 Plasma levels — Theophylline toxicity

Probenecid + Penicillin

| Renal excretion of penicillin

1 Duration of antibiotic action

4. Duplicate Therapy (Same Class of Drugs)

Drug Combination

Duplication Type

Outcome / Observation

Ibuprofen + Diclofenac

Both NSAIDs

1 Risk of GI bleeding, renal toxicity

Lisinopril + Enalapril

Both ACE inhibitors

Hypotension, hyperkalemia
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5. Drug-Disease Interactions

Drug + Condition Problem Outcome / Observation
Propranolol in Asthma Non-selective B-blocker | Bronchoconstriction, worsened asthma symptoms
NSAIDs in Peptic Ulcer Disease | GI mucosal damage Ulcer exacerbation, GI bleeding
Corticosteroids in Diabetes Hyperglycemic effect Worsening of blood glucose control

6. Food and Herbal Interactions

Drug + Substance Interaction Type Outcome / Observation

MAQO Inhibitors + Tyramine-rich food | Hypertensive crisis | Severe T BP due to excess norepinephrine

Warfarin + Ginkgo biloba Bleeding tendency | 1 Risk of hemorrhage
Digoxin + St. John’s Wort | Digoxin levels Loss of therapeutic effect
Consequences:

Therapeutic incompatibilities, if not identified and managed properly, can lead to serious clinical consequences
affecting patient safety, treatment efficacy, and overall therapeutic outcomes.

1. Loss of Therapeutic Efficacy
Description:

When drugs interact antagonistically or interfere with each other’s absorption/metabolism, the intended therapeutic
effect is diminished or nullified.

Example:

a. Levodopa + Chlorpromazine — Chlorpromazine blocks dopamine receptors — | Effectiveness in
Parkinson’s disease

b. Tetracycline + Antacids (Ca**/Mg**) — Chelation prevents absorption — No antibacterial effect
2. Increased Risk of Toxicity or Adverse Effects
Description:
Some combinations may enhance toxic effects or accumulate drugs to dangerous levels in the body.
Example:

a. Theophylline + Ciprofloxacin — Ciprofloxacin inhibits theophylline metabolism — 1 Plasma theophylline
— Toxicity (nausea, seizures)

b. Warfarin + Aspirin — Both have blood-thinning effects — 1 Risk of severe bleeding or hemorrhage
3. Exacerbation of Underlying Disease Conditions
Description:
A prescribed drug may worsen a pre-existing condition due to an unrecognized interaction.
Example:

a. Propranololin an Asthmatic Patient — Non-selective f-blocker causes bronchospasm — Can trigger asthma
attack

b. NSAIDs in Peptic Ulcer Disease — Inhibit prostaglandins — Ulcer aggravation and GI bleeding
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4. Hypersensitivity or Allergic Reactions

Description:

Some drug combinations may trigger or intensify hypersensitivity reactions.
Example:

a. Sulfonamide antibiotics + Diuretics (thiazides) — Cross-reactivity — Allergic skin reactions or
anaphylaxis

5. Therapeutic Failure / Treatment Resistance
Description:

Improper drug combinations can lead to subtherapeutic levels of active drug — Treatment failure, or in case of
antibiotics, resistance.

Example:

a. Rifampin + Oral contraceptives — Rifampin induces liver enzymes — | Contraceptive effectiveness —
Pregnancy risk

6. Hospitalization or Medical Emergencies
Description:
Severe incompatibilities can lead to life-threatening situations requiring immediate medical intervention.

Example:

a. MAQO Inhibitors + Tyramine-rich foods — Hypertensive crisis — Emergency hospitalization
Prevention and Management:

Therapeutic incompatibilities can result in serious health risks, including reduced drug efficacy, enhanced toxicity, or
fatal outcomes. Therefore, proper prevention and management is essential to ensure safe and rational drug therapy.

I. Prevention Strategies:
1. Thorough Medication History Review
a. Obtain complete history including:
i.  Prescription drugs
ii.  OTC drugs
iii.  Herbal supplements
iv.  Allergies and chronic conditions
Example: Ask about herbal use like Ginkgo biloba before prescribing warfarin (1 bleeding risk).
2. Use of Drug Interaction Checkers or Software
a. Utilize tools like:
i.  Lexicomp
ii.  Medscape Drug Interaction Checker
iii.  Clinical Decision Support Systems (CDSS)
Example: Alert generated for ciprofloxacin + theophylline — risk of CNS toxicity.
3. Avoid Known Dangerous Combinations
a. Refer to standard guidelines and formularies to avoid high-risk pairs.
Example: Avoid prescribing MAO inhibitors with tyramine-rich foods (e.g., cheese) — hypertensive crisis.
4. Adjust Dose, Timing, or Route of Administration
a. Space doses to minimize interaction or modify dosage form.

Example: Separate tetracycline and antacid administration by 2 hours to prevent chelation and poor absorption.
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5. Therapeutic Drug Monitoring (TDM)

a. Monitor plasma levels of drugs with narrow therapeutic index or known interactions.
Example: Monitor INR for patients on warfarin, especially when other drugs are added.
6. Use Alternative or Safer Drug Combinations

a. Replace potentially interacting drugs with non-interacting alternatives.
Example: Use acetaminophen instead of NSAIDs in a patient with gastric ulcers.

7. Educate Patients
a. Counsel on:
i.  Foods to avoid (e.g., tyramine with MAOIs)
ii.  Signs of toxicity (e.g., bleeding with warfarin + aspirin)
iii.  Importance of adherence to prescribed schedule

Example: Instruct a patient on digoxin to report signs of toxicity when taking with diuretics (e.g., visual changes,
nausea).

II. Management Strategies (If Incompatibility Already Occurred):

1. Immediate Discontinuation of One or More Drugs

Example: Stop either chlorpromazine or levodopa if Parkinson’s symptoms worsen.
2. Administer Antidotes or Supportive Care

Example: Vitamin K for warfarin overdose with bleeding.

3.Dose Adjustment or Route Modification

Example: Reduce theophylline dose if co-administered with ciprofloxacin.

4. Close Monitoring of Clinical Parameters

Example: Monitor blood glucose when corticosteroids are given to diabetic patients.
5.Hospitalization for Severe Reactions

Example: Hypertensive crisis with MAOIs and tyramine — needs emergency care.
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Multiple Choice Questions (MCQs) — 20

1. Pharmaceutical incompatibility refers to:
a) Beneficial interaction between drugs
b) Undesirable interaction affecting safety, efficacy, or stability
¢) Only chemical reactions between drugs
d) Interaction between patient and drug
2. Which of the following is a physical incompatibility?
a) Oxidation of adrenaline
b) Precipitation when mixing calomel and lime water
¢) Reduced absorption of tetracycline with calcium
d) Warfarin + aspirin — increased bleeding
3. Mixing oil and water without an emulsifier is an example of:
a) Chemical incompatibility
b) Therapeutic incompatibility
¢) Physical incompatibility
d) Pharmacokinetic interaction
4. Tetracycline + antacids (Ca?*/Mg?>") shows:
a) Physical incompatibility
b) Therapeutic incompatibility
¢) Oxidation reaction
d) Acid-base reaction
5. Hydrolysis in pharmaceutical formulations can be prevented by:
a) Using antioxidants
b) Using anhydrous excipients
c¢) Light-resistant containers
d) Chelating agents
6. Which reaction type involves electron transfer?
a) Hydrolysis
b) Acid-base reaction
¢) Oxidation—reduction reaction
d) Photodegradation
7. Photochemical decomposition occurs mainly due to:
a) Moisture
b) Light exposure
c¢) pH changes
d) Salt formation
8. Mixing sodium bicarbonate and citric acid leads to:
a) Precipitation
b) Gas evolution (COz)
¢) Discoloration
d) Adsorption
9. Which is a preventive measure for chemical incompatibilities?
a) Use of emulsifiers
b) Spacing doses of interacting drugs
c¢) Using antioxidants
d) Using incompatible salts
10. Warfarin + aspirin interaction is an example of:
a) Physical incompatibility
b) Chemical incompatibility
¢) Therapeutic pharmacodynamic synergism
d) Acid-base reaction
11. Which of the following is NOT a cause of therapeutic incompatibility?
a) Pharmacokinetic interactions
b) Drug-disease interactions
¢) Immiscibility of liquids
d) Duplicate therapy
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12. The interaction between propranolol and insulin may lead to:
a) Increased hypoglycemia
b) Masking of hypoglycemic symptoms
¢) Precipitation
d) Photodegradation
13. Eutectic mixture formation results in:
a) Precipitate formation
b) Gas evolution
c¢) Liquefaction of solids
d) Photodegradation
14. Which of the following is used as a chelating agent to prevent metal-catalyzed oxidation?
a) Sodium bicarbonate
b) EDTA
¢) Citric acid
d) Butylated hydroxytoluene (BHT)
15. Which incompatibility occurs due to antagonistic or harmful effects when drugs are administered together?
a) Physical incompatibility
b) Chemical incompatibility
c¢) Therapeutic incompatibility
d) Acid-base incompatibility
16. Loss of potency of adrenaline when exposed to light is due to:
a) Hydrolysis
b) Photochemical decomposition
¢) Double decomposition
d) Acid-base reaction
17. Which of the following drug combinations may cause nephrotoxicity and ototoxicity?
a) Penicillin + Probenecid
b) Aminoglycosides + Loop diuretics
c¢) Warfarin + Aspirin
d) Chlorpromazine + Levodopa
18. What is the best way to prevent precipitation reactions in formulations?
a) Use light-resistant containers
b) Proper order of mixing and use of complexing agents
¢) Use antioxidants
d) Use anhydrous forms
19. Which of the following is a hydrolytic incompatibility?
a) Aspirin + moisture
b) Chlorpromazine + light
¢) KI + Fe?* salts
d) Sodium bicarbonate + citric acid
20. Preparing fresh extemporaneous solutions is an important preventive strategy for:
a) Therapeutic incompatibility
b) Chemical and physical incompatibilities
c¢) Drug-disease interactions
d) Pharmacokinetic interactions

Short Answer Questions — 20

Define pharmaceutical incompatibility.

List three objectives of studying pharmaceutical incompatibilities.

Name the three broad classifications of pharmaceutical incompatibilities.
Give two examples of physical incompatibilities.

Give two examples of chemical incompatibilities.

Define therapeutic incompatibility.

Give two examples of pharmacodynamic antagonistic drug interactions.
Give two examples of pharmacodynamic synergistic (toxic) drug interactions.
Name two drugs that undergo hydrolysis in the presence of water.

10 Give an example of a photochemical incompatibility.

11. What is the role of antioxidants in preventing chemical incompatibilities?
12. Explain how pH control prevents hydrolytic or acid—base reactions.
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13.
14.
15.
16.
17.
18.
19.
20.

Define double decomposition reactions with an example.

What is a eutectic mixture? Give an example.

Give an example of a therapeutic incompatibility due to pharmacokinetic interaction.
Explain how chelating agents prevent oxidation reactions.

Mention two consequences of therapeutic incompatibilities.

Give an example of a drug—disease interaction.

How can therapeutic incompatibilities be prevented?

Name two preventive strategies for physical incompatibilities in formulations.

Long Answer Questions — 10

1.

2.
3.
4

b

=10 %0 N o

Explain the definition, objectives, and importance of pharmaceutical incompatibilities in pharmacy practice.
Classify pharmaceutical incompatibilities with detailed explanation and examples for each type.

Describe physical pharmaceutical incompatibilities, their causes, examples, and preventive measures.

Describe chemical pharmaceutical incompatibilities, their types (oxidation, hydrolysis, acid-base, double
decomposition, photodegradation), with examples and preventive strategies.

Explain therapeutic incompatibilities in detail with classification (pharmacodynamic, pharmacokinetic, drug-
disease, duplicate therapy, food/herbal interactions) and examples.

Discuss oxidation—reduction reactions in chemical incompatibilities with examples and preventive measures.
Explain hydrolytic incompatibilities in drugs with examples and methods to prevent them.

Discuss the consequences of therapeutic incompatibilities on patient safety and treatment efficacy with examples.
Describe preventive and management strategies for therapeutic incompatibilities in clinical practice.

. Prepare a tabular summary of incompatibility type, examples, and prevention strategies for both chemical and

therapeutic incompatibilities.

Answer Key — MCQs
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CHAPTER 13
SEMISOLID DOSAGE FORMS

INTRODUCTION:

Semisolid dosage forms are pharmaceutical formulations with a consistency between solid and liquid. They
are intended for external application to the skin, mucous membranes, or other body surfaces. These dosage forms are
not meant for systemic action, although some may have local or transdermal effects. Semisolid formulations are
widely used due to their ease of application, patient compliance, and controlled drug release properties.

Key Characteristics
1. Viscosity: High viscosity prevents them from flowing like liquids; they retain shape when applied.
2. Spreadability: They spread easily over the surface of the skin or mucosa.

3. Drug Delivery: They can deliver drugs locally (e.g., antibiotics, antifungals) or systemically via transdermal
absorption.

4. Base Types: The base material (vehicle) can be hydrophilic or lipophilic, impacting drug release and absorption.
Classification of Semisolid Dosage Forms
1. Ointments
a. Oleaginous or greasy bases
b. Occlusive (block water loss)
c. Used for dry, scaly skin conditions
2. Creams
Emulsion-based (oil-in-water or water-in-oil)
b. Non-greasy and easy to wash

c. Suitable for moist or weeping skin conditions

Transparent or translucent with gelling agents (e.g., carbomers)
b. Provide cooling effect
c. Used for burns, acne, and inflammation
4. Pastes
a. High solid content (>25%)
b. Thicker and less greasy than ointments
c. Form protective layers (e.g., zinc oxide paste)
5. Poultices (Cataplasms)
a. Soft, moist masses applied hot
b. Used to relieve inflammation or pain
Advantages of Semisolid Dosage Forms
1. Ease of application and removal
Targeted, localized drug action
Potential for controlled release formulations

Minimal systemic side effects

wo ok wDe

Enhanced patient compliance
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Limitations
Stability issues (e.g., microbial contamination, phase separation)

Short shelf life compared to solids

hadl S

Possibility of skin irritation or allergic reactions
4. Limited to topical or mucosal use
Applications
1. Dermatology (e.g., corticosteroids, antifungals)
2. Dentistry (e.g., oral gels)
3. Ophthalmology (e.g., eye ointments)
4. Cosmeceuticals and personal care
DEFINITIONS OF SEMISOLID DOSAGE FORMS

Semisolid dosage forms are pharmaceutical preparations that possess a consistency between solid and liquid
states. They are typically applied to skin or mucous membranes to deliver local or systemic effects depending on the
formulation. These forms are viscous, non-flowing at room temperature, and spreadable.

Types and Definitions of Semisolid Dosage Forms
1. Ointments

a. Definition: Ointments are semisolid preparations intended for external application to the skin or mucous
membranes. They are usually greasy, hydrophobic, and occlusive, forming a barrier to prevent water loss from
the skin.

b. Examples: White petrolatum-based ointments, hydrocortisone ointment.
2. Creams

a. Definition: Creams are emulsion-based semisolid preparations, either oil-in-water (O/W) or water-in-oil
(W/O). They are less greasy, more aesthetic, and suitable for moist or weeping lesions.

b. Examples: Cold creams (W/O), vanishing creams (O/W), antifungal creams.
3. Gels

a. Definition: Gels are semisolid systems in which a liquid phase is entrapped in a three-dimensional
polymeric matrix. They may be hydrophilic (hydrogels) or lipophilic (oleogels) and often provide a cooling
effect upon application.

b. Examples: Carbopol gel, metronidazole gel.
4. Pastes

a. Definition: Pastes are semisolid preparations containing a high concentration of insoluble powdered
substances (>25%) dispersed in a fatty or aqueous base. They are thicker, less greasy than ointments, and
protective in nature.

b. Examples: Zinc oxide paste, triamcinolone dental paste.
5. Plasters

a. Definition: Plasters are semisolid preparations that adhere to the skin and provide prolonged contact. They
may be used to deliver medication or provide mechanical protection.

b. Examples: Salicylic acid plaster (for corns and warts).
6. Poultices (Cataplasms)

a. Definition: Poultices are soft, moist, usually heated semisolid masses applied to the skin to reduce
inflammation or promote drainage from infected areas.

b. Examples: Kaolin poultice.

223 | TEXT BOOK OF PHARMACEUTICS



CLASSIFICATION OF SEMISOLID DOSAGE FORMS
Semisolid dosage forms are classified using several criteria:
1. Based on the Type of Formulation
a) Ointments
i.  Greasy and occlusive
ii.  Typically anhydrous or contain minimal water
iii.  Used for dry skin conditions
b) Creams
i.  Emulsion-based:
a. Qil-in-Water (O/W): Non-greasy, easily washable
b. Water-in-Oil (W/O): Greasy, more moisturizing
ii.  Used for weeping or moist skin lesions
¢) Gels
i.  Contain a gelling agent forming a three-dimensional network
ii.  Can be hydrophilic (hydrogels) or hydrophobic (oleogels)
iii.  Often transparent or translucent
d) Pastes
i.  Contain large amounts of insoluble solids (e.g., zinc oxide)
ii.  Thicker than ointments; form a protective layer on skin
e) Plasters
i.  Adhesive semisolid preparations spread on a backing material
ii.  Intended for prolonged contact
f) Poultices (Cataplasms)
i.  Soft, moist, heat-retaining preparations
ii.  Draw out infection or reduce inflammation

2. Based on the Type of Base Used

Base Type Examples

Oleaginous base Petrolatum, paraffin
Absorption base Hydrophilic petrolatum
Water-removable base Emulsifying ointment base
Water-soluble base Polyethylene glycols (PEG)
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Properties

Occlusive, greasy, emollient

Absorb water, form W/O emulsions

Form O/W emulsions, washable

Non-greasy, easily washable



3. Based on Site of Application

Site Example Forms

Skin (topical) Ointments, creams, gels, pastes
Ophthalmic Eye ointments, eye gels

Nasal Nasal gels

Rectal/Vaginal Suppository-gels, medicated creams
Dental/Oral Dental pastes, oral gels

4. Based on the Therapeutic Action

Therapeutic Use Examples

Anti-inflammatory Diclofenac gel, hydrocortisone cream
Antifungal Clotrimazole cream

Antibacterial Mupirocin ointment

Local anesthetic Lidocaine gel

Emollient Cold cream, petroleum jelly

5. Based on Emulsion Type (For Creams and Emulsion Ointments)
a. Oil-in-Water (O/W) Emulsions
i.  External phase is water
ii.  Non-greasy, easily washable
iii.  Suitable for daytime use
b. Water-in-Oil (W/O) Emulsions
i.  External phase is oil
ii.  QGreasy and more emollient

iii.  Preferred for dry skin and nighttime use
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Semisolids

Ointments Creams Glels
Fatty bases Emulsifiers Aqueous gels Organogels
b Hydrocarbon bases
(oleaginous)
Natural Lecithin
= Hydrocarbons = Anionic emulsifiers P o
. Absorption bases polymers bused
(anhydrous and
water-in-oll type)
e Hydrocarbon waxes = Cationic emulsifiers = Semisynthetic p— Gelatin
= Water removable bases
(olk-in-water type)
— Oleaginous substances b— Nonionic emulsifiers L— SYNthetic e Sorbitan
polymers ester based
— Water-soluble bases
e Fatty acids and alcohols

MECHANISMS AND FACTORS INFLUENCING DERMAL PENETRATION OF DRUGS

Topical and transdermal semisolid formulations (like ointments, creams, gels, and pastes) are designed to
deliver drugs to or through the skin. The effectiveness of these formulations largely depends on how well the drug
penetrates the skin layers, which is influenced by multiple mechanisms and factors.

Mechanisms of Dermal Drug Penetration

The skin, particularly the stratum corneum, acts as the primary barrier to drug penetration. Drugs can permeate the
skin via three main pathways:

1. Transepidermal Route

a. a) Intercellular Pathway: Drug molecules pass between the corneocytes in the lipid matrix of the stratum
corneum. This is the most common route for lipophilic drugs.

b. b) Transcellular Pathway: Drug molecules pass through the cells (corneocytes). This requires partitioning
between hydrophilic and lipophilic environments.

2. Transappendageal (Shunt) Route
a. Involves penetration through sweat glands and hair follicles.
b. Provides a faster but limited surface area for absorption.
c. Especially relevant for large molecules or ions.
3. Transfollicular Route
a. A variant of transappendageal route focusing specifically on hair follicles.

b. Important for targeted drug delivery to pilosebaceous units (e.g., in acne treatment).
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A. Physicochemical Properties of the Drug

Property

Molecular size

Lipophilicity

lonization

Solubility

B. Formulation Factors

Factor

Type of base

pH of formulation

Presence of penetration enhancers

Drug concentration

Viscosity of the base

C. Skin-Related Factors

Factor

Skin hydration

Thickness of stratum corneum

Skin condition

Age

Skin temperature

D. Application-Related Factors

Factor

Surface area of application

Duration of contact

Occlusion

Rubbing/massage

Factors Influencing Dermal Drug Penetration

Effect

Small molecules (<500 Da) penetrate more easily.
Moderate lipophilicity (log P ~1-3) enhances skin permeability.

Unionized (non-polar) drugs penetrate better than ionized forms.

Good solubility in both vehicle and skin lipids improves permeation.

Description (

Greasy bases (like petrolatum) enhance occlusion and hydration.

Should be close to skin pH (~5.5) to prevent irritation and enhance

permeation.

Substances like ethanol, DMSO, or surfactants disrupt stratum

corneum and improve absorption.
Higher drug concentration increases the driving force for diffusion.

Lower viscosity may enhance spreadability and release.

Description

More hydration increases permeability by loosening lipid structure in

stratum corneum.

Thicker layers (e.g., palms, soles) reduce penetration.

Diseased, inflamed, or broken skin allows more penetration.
Infants and elderly have more permeable skin than healthy adults.

Higher temperatures increase blood flow and diffusion rate.

Description C

Larger area increases total drug absorption.
Longer exposure time enhances penetration.

Covering the applied area (e.g., with a bandage) traps moisture and

increases penetration.

Enhances absorption by improving contact and blood flow.
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PREPARATION OF OINTMENTS

Ointments are semisolid preparations intended for external application to the skin or mucous membranes. They

typically consist of medicinal agents dispersed or dissolved in a suitable base, which may be hydrophilic or
hydrophobic.

Types of Ointment Bases (According to USP Classification)

a.

b.

C.

d.

Oleaginous Bases (Hydrocarbon bases)

i.  e.g., White petrolatum, yellow soft paraffin
ii.  Greasy, occlusive, and emollient
iii.  Water-insoluble
Absorption Bases
i.  e.g., Hydrophilic petrolatum, lanolin
1. Can absorb water, form W/O emulsions
Water-Removable Bases
i.  e.g., Emulsifying ointment, vanishing cream base
ii.  O/W emulsion, easily washed off
Water-Soluble Bases
i.  e.g., Polyethylene glycol (PEG) bases

ii.  Completely water-washable, non-greasy

General Methods of Ointment Preparation
1. Fusion Method (Melting Method)

Used when: Ingredients include solid substances that need to be melted before mixing.

Steps:

a.
b.
C.
d.

The base components are melted together in a clean beaker (typically using a water bath).
Active drug(s) are added to the molten base with constant stirring.
The mixture is cooled gradually with continuous stirring to ensure uniformity.

The final product is transferred into a container (e.g., collapsible tubes, ointment jars).

Example: Sulfur ointment using petrolatum base.

2. Incorporation Method (Mechanical Mixing)

Used when: The drug is in powdered or liquid form and does not require heating.

Steps:

a.

b.

c.
d.

The required amount of ointment base is taken in an ointment slab or mortar.

The active drug is levigated (triturated with a small amount of suitable levigating agent like mineral oil or
glycerin) to form a smooth paste.

The paste is gradually incorporated into the base by geometric dilution using a spatula.

Mixed thoroughly until a homogeneous product is formed.

Example: Zinc oxide ointment.

Levigating Agents Used

Drug Type Levigating Agent
Oleaginous base Mineral oil
Water-miscible base Glycerin or Propylene glycol
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Quality Control Tests for Ointments

Appearance — Smooth, homogenous texture, no phase separation.
Spreadability — Should spread easily without dragging.

Viscosity — Measured with a viscometer to ensure consistency.

Drug Content Uniformity — Ensures even distribution of active ingredients.

In vitro drug release — Measures release rate of drug from the base.

S e e

Microbial limit test — Especially important for ophthalmic and rectal preparations.
7. Irritation test (in vivo) — To assess skin compatibility.
Packaging and Storage
a. Packaging: Aluminum tubes, collapsible plastic tubes, or jars.
b. Storage: Store in a cool, dry place away from direct light and contamination.
c. Labeling: Include directions for external use, storage instructions, and expiration.

Example Formulation: Zinc Oxide Ointment

Ingredient Quantity
Zinc oxide 20% w/w
White soft paraffin 80% w/w

Method: Incorporation method using levigation with liquid paraffin.
PREPARATION OF PASTES

Pastes are semisolid preparations intended for external application to the skin. They contain a high
percentage of insoluble solids (usually 25-50%) dispersed in a suitable base. Due to their stiff consistency, pastes
form a protective layer on the skin and are less greasy than ointments.

Characteristics of Pastes
a. Contain more solid content than ointments (e.g., zinc oxide, starch, talc).
b. Stiffer and more absorbent than ointments.
c. Provide better protection and less skin irritation.
d. Tend to stay longer on the skin, even in moist conditions.
e. Non-migrating: they do not spread easily to surrounding areas.
Types of Pastes
a. Hydrophobic Pastes
i.  Use oleaginous (greasy) bases like white soft paraffin.
ii.  Water-insoluble; suitable for chronic, dry skin conditions.
iii.  Example: Zinc oxide paste.
b. Hydrophilic Pastes
i.  Use water-miscible bases like polyethylene glycol (PEG).
ii.  Easier to wash off but may dry out skin.

iii.  Example: PEG-based salicylic acid paste.
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Methods of Preparation
1. Incorporation Method (Levigation Method) — Most Common
Used when: Insoluble solid ingredients are added to a base without heating.
Steps:
a. Weigh the required solid ingredients (e.g., zinc oxide, starch).
b. Use a levigating agent (e.g., mineral oil, glycerin) to form a smooth paste of the solids.
Gradually add the semisolid base (e.g., white soft paraffin) using geometric dilution.

d. Mix thoroughly with a spatula on an ointment slab or in a mortar and pestle until a uniform, homogenous
paste is formed.

2. Fusion Method (Less Common)
Used when: Ingredients require melting before mixing (e.g., waxes or PEG).
Steps:
a. Melt the base components (e.g., PEG or waxes) using a water bath.
b. Add finely powdered solid ingredients with continuous stirring.
c. Mix thoroughly and cool with stirring to maintain uniformity.

Example Formulation: Zinc Oxide Paste (Lassar’s Paste)

Ingredient Quantity (% w/w)
Zinc oxide 25%
Starch (or talc) 25%
White soft paraffin 50%

Method:
a. Levigation method: First levigate zinc oxide and starch with a small amount of liquid paraffin.
b. Add the paste gradually into white soft paraffin until a smooth, homogenous mass is obtained

Quality Control Tests for Pastes

Parameter Purpose

Appearance Smooth, uniform, free from grittiness
Spreadability Should spread evenly without drag
Viscosity Should have high viscosity (stiff)
Content uniformity Active ingredient is uniformly dispersed
In vitro drug release For therapeutic efficacy

Irritation test To ensure safety on skin

Packaging and Storage

a. Containers: Wide-mouthed jars or aluminum tubes.
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b. Labeling: "For External Use Only"
c. Storage: In a cool, dry place, away from direct sunlight and moisture.
PREPARATION OF CREAMS

Creams are semisolid emulsions intended for external application to the skin or mucous membranes. They contain
one or more medicinal agents dissolved or dispersed in either an oil-in-water (O/W) or water-in-oil (W/OQ) emulsion
base.

a. O/W creams: Water is the continuous phase; non-greasy, washable.

b. W/O creams: Oil is the continuous phase; greasy, emollient.

Types of Creams
Type Properties Examples
O/W Cream Light, non-greasy, washable Moisturizing creams, antifungal creams
W/O Cream Greasy, emollient, good for dry skin Cold creams, barrier creams

General Method of Cream Preparation

Creams are typically prepared using emulsification techniques, where oil and water phases are prepared separately and
then mixed together with proper agitation.

Steps in Cream Preparation (Emulsion Technique)
1. Preparation of Oil Phase

a. Melt oil-soluble components (e.g., stearic acid, cetyl alcohol, soft paraffin, oil) using a water bath (around 70—
75°C).

b. Include oil-soluble emulsifiers in this phase (e.g., sorbitan monostearate for W/O creams).
2. Preparation of Aqueous Phase
a. Dissolve water-soluble substances (e.g., preservatives, humectants like glycerin) in water.
b. Heat the aqueous phase to the same temperature as the oil phase (70—75°C).
c. Include water-soluble emulsifiers here (e.g., sodium lauryl sulfate for O/W creams).
3. Emulsification

a. Slowly add the aqueous phase to the oil phase (or vice versa, depending on the type of emulsion) with
continuous stirring to form the emulsion.

b. Use a homogenizer or mechanical stirrer for uniform mixing.

c. Continue stirring as the mixture cools to room temperature to achieve proper consistency and avoid phase
separation.

4. Incorporation of Heat-Sensitive Ingredients

a. Add active drugs, perfumes, or volatile ingredients after cooling if they are heat-sensitive.
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Example Formulation: Vanishing Cream (O/W Type)

Ingredient Function

Stearic acid Emulsifier & base
Potassium hydroxide Emulsifying agent
Glycerin Humectant
Perfume Fragrance
Purified water Vehicle

Quality Control Tests for Creams

Test

Appearance

pH measurement
Spreadability

Viscosity

Emulsion stability

Drug content uniformity

Microbial test

Packaging and Storage
a. Packaging: Wide-mouthed jars or collapsible tubes.

b. Labeling: Must include “For external use only”.

c. Storage: Store in a cool, dry place, away from direct light.

PREPARATION OF GELS

Gels are semisolid systems consisting of either:

Quantity (% w/w)

15%

0.5%

5%

g.s.

Up to 100%

Purpose

Should be smooth and uniform

Should be skin-compatible (~5-7)

Should spread evenly on the skin

Measured for consistency

No phase separation on storage

Ensures even drug distribution

Especially for topical products

a. Suspensions of small inorganic particles (e.g., bentonite, silica) or

b. Large organic molecules (e.g., carbomers, cellulose derivatives) dispersed in a liquid phase, which may be

aqueous, alcoholic, or oily.

Gels provide cooling, non-greasy, and fast-drying effects and are ideal for topical, ophthalmic, and mucosal

applications.

232 | TEXT BOOK OF PHARMACEUTICS



Types of Gels

Type Description Example
Hydrogels Use water as the dispersion medium Carbopol gel, methylcellulose gel
Organogels Use an organic solvent or oil as the base Plastibase, lecithin/isopropyl myristate gel
Single-phase Macromolecules (e.g., polymers) uniformly Carbopol, HPMC gels
dispersed
Two-phase Contain small discrete particles (inorganic Bentonite magma, aluminum hydroxide gel
gels)

General Method of Gel Preparation

The method of preparation depends on the type of gelling agent used. Below is the typical step-by-step process for
hydrophilic polymer gels (e.g., carbopol, HPMC):

Steps in Gel Preparation
1. Selection of Gelling Agent
a. Common examples:
i.  Carbopol (Carbomer)
ii.  Hydroxypropyl methylcellulose (HPMC)
iii.  Sodium alginate
iv.  Xanthan gum
v.  Poloxamers (Pluronic)
2. Wetting and Dispersion
a. Sprinkle the gelling agent into water or other medium slowly with continuous stirring to prevent clumping.

b. Allow it to hydrate and swell. This may require resting the solution for several hours depending on the
polymer.

i.  e.g., Carbopol may need several hours to fully hydrate.
3. Neutralization (for Carbopol-based Gels)
a. Carbopol requires pH adjustment (usually to ~6.0-7.0) for proper gel formation.
b. Use neutralizing agents such as:
i.  Triethanolamine (TEA)
ii.  Sodium hydroxide
iii.  Potassium hydroxide
c. This step thickens the solution and forms a clear gel.
4. Incorporation of Active Ingredients
a. Add the active drug either during or after gel formation.
b. Hydrophilic drugs can be dissolved in the aqueous phase.
c. Hydrophobic drugs may need solubilization or use of co-solvents (e.g., ethanol, propylene glycol).
5. Addition of Other Ingredients
a. Add preservatives (e.g., methylparaben, propylparaben), stabilizers, humectants, or co-solvents as needed.
6. Final Mixing and Deaeration

a. Stir gently to avoid bubble formation.
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b. Deaerate the gel by allowing it to stand or using a vacuum if necessary.

Example Formulation: Carbopol Gel (1% w/w)

Ingredient Function Quantity
Carbopol 940 Gelling agent 1%
Triethanolamine Neutralizer (pH adjuster) q.s. to pH 6-7
Glycerin Humectant 5%
Methylparaben Preservative 0.2%

Purified water Vehicle Up to 100%

Quality Control Tests for Gels

Test Purpose

Appearance Should be clear or translucent, smooth
Viscosity Measured to assess consistency

pH Typically between 5.5 and 7.5
Spreadability Indicates ease of application

Drug content uniformity Even distribution of drug

Microbial test For topical and mucosal use

Packaging and Storage
a. Packaging: Plastic or laminated tubes, collapsible containers, or pump dispensers.
b. Labeling: Should clearly state “For External Use Only”.
c. Storage: In a cool, dry place away from light and heat.
EXCIPIENTS USED IN SEMI-SOLID DOSAGE FORMS
Excipients are non-active ingredients used in semisolid formulations (e.g., ointments, creams, gels, pastes) to:
a. Aid in formulation stability
b. Enhance drug delivery
c. Improve spreadability, appearance, and patient acceptability

They do not produce any pharmacological effect but are essential for performance and usability of the product.
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Classification of Excipients in Semisolid Dosage Forms

Category

1. Bases/Vehicles

2. Emulsifying agents

3. Gelling agents

4. Humectants

5. Preservatives

6. Antioxidants

7. Penetration enhancers

8. Buffers

9. Chelating agents

10. Coloring/Fragrance

agents

Function

Act as carriers for the drug

Stabilize emulsions in creams

Provide viscosity and structure in gels

Retain moisture, prevent drying

Prevent microbial growth

Prevent oxidation of oil-soluble drugs

Improve drug absorption through skin

Maintain pH for drug and skin
compatibility

Prevent metal-catalyzed degradation

Improve aesthetic appeal

1. Bases/Vehicles (Foundation of Semisolid)

Examples P

White soft paraffin, PEG, lanolin
Cetostearyl alcohol, polysorbates
Carbopol, HPMC, sodium alginate
Glycerin, propylene glycol, sorbitol

Methylparaben, propylparaben, benzyl

alcohol
Butylated hydroxytoluene (BHT), tocopherol
Dimethyl sulfoxide (DMSO), oleic acid

Sodium phosphate, citric acid

EDTA

Titanium dioxide (color), perfumes

Function: Carry the drug and provide the desired consistency and skin feel.

Types:

a. Oleaginous (hydrocarbon) bases: Vaseline, white/yellow soft paraffin

b. Absorption bases: Anhydrous lanolin, hydrophilic petrolatum

c. Water-removable bases: Emulsifying ointment, vanishing cream base

d. Water-soluble bases: Polyethylene glycols (PEGs)

2. Emulsifying Agents

Function: Allow mixing of oil and water phases in creams (O/W or W/O).

a. For O/W creams: Sodium lauryl sulfate, polysorbate 80

b. For W/O creams: Sorbitan monooleate, wool alcohols

3. Gelling Agents

Function: Provide structure and viscosity to gels.

Gelling Agent

Carbopol

Hydroxypropyl methylcellulose (HPMC)

Sodium alginate

Xanthan gum

Poloxamer

Type

Synthetic polymer

Semi-synthetic

Natural polymer

Natural

Synthetic (thermoreversible gel)
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4. Humectants
Function: Attract and retain moisture, preventing dryness.
a. Glycerin
b. Propylene glycol
c. Sorbitol
5. Preservatives
Function: Prevent microbial contamination, especially in aqueous systems.
a. Parabens: Methylparaben, propylparaben
b. Phenoxyethanol
c. Benzyl alcohol
d. Chlorocresol
6. Antioxidants
Function: Prevent oxidation of oils and sensitive drugs.
a. Butylated hydroxytoluene (BHT)
b. Butylated hydroxyanisole (BHA)
c. Ascorbyl palmitate
d. Tocopherol (Vitamin E)
7. Penetration Enhancers
Function: Improve percutaneous absorption of the drug.
a. Oleic acid
b. Propylene glycol
c. Dimethyl sulfoxide (DMSO)
d. Isopropyl myristate
8. Buffers
Function: Maintain pH within acceptable range for drug stability and skin compatibility.
a. Citric acid / sodium citrate
b. Phosphates (NaH:PO+/Na:HPO.)
9. Chelating Agents
Function: Prevent metal ion-induced oxidation.
a. Ethylenediaminetetraacetic acid (EDTA)
10. Coloring & Fragrance Agents
Function: Enhance cosmetic appeal.
a. Titanium dioxide (opacifier)
b. Perfumes/fragrances (added in small quantities)
EVALUATION OF SEMI-SOLID DOSAGES FORMS

Evaluation of semisolid dosage forms (such as ointments, creams, gels, and pastes) is essential to ensure their
therapeutic efficacy, stability, and patient acceptability. The evaluation involves various physical, chemical, and
microbiological tests to confirm that the product meets quality standards.
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Key Evaluation Parameters for Semisolid Dosage Forms

Parameter

1. Appearance

2.pH

3. Viscosity

4. Spreadability

5. Consistency

6. Drug Content

Uniformity

7. Release Characteristics

1. Appearance

Test Description

Visual inspection of the product’s color, homogeneity,

and smoothness.

Measure the pH of the formulation (for aqueous

semisolids).

Measured using a viscometer or rheometer, typically in

cps (centipoise).

Measures how easily the product spreads over the skin.

Measured by rheological testing.

Assesses whether the drug is evenly distributed in the

formulation.

Determines the rate at which the drug is released from

the semisolid formulation.

a. Test: Visual inspection for homogeneity, color, and consistency.

Purpose w)

Ensures uniformity and proper

consistency.

Ensures compatibility with the skin (pH
5-7) and stability of the active

ingredients.

Determines the spreadability and

consistency of the semisolid.

Ensures ease of application and uniform

distribution on the skin.

Ensures that the product has the correct

firmness for its intended use.

Ensures that each portion of the

product delivers the intended dose.

Assesses the bioavailability and
therapeutic effectiveness of the

formulation.

b. Purpose: Uniformity is essential for patient acceptability. A non-homogeneous preparation may lead to
incorrect dosing or irritation.

2.pH

Test: Measure the pH of aqueous-based semisolids (e.g., creams, gels).

b. Purpose: The pH should generally be 5-7 to be compatible with the skin's natural pH and to prevent irritation.

Extreme pH values can cause skin damage or instability in the formulation.

3. Viscosity

a. Test: Measured using instruments like a Brookfield viscometer or a rheometer.

b. Purpose:

i.  For gels and creams, viscosity is crucial to ensure the proper spreadability and ease of application.

ii.  High viscosity can make the product too stiff, while low viscosity can make it too runny.

4. Spreadability

a. Test: Spreadability is measured by determining how easily a small amount of the product spreads over a
standard surface (usually skin or a glass plate).

b. Purpose: Spreadability affects the uniform distribution of the product on the skin. It is especially important
for topical preparations like creams and gels, where uniform coverage is necessary for therapeutic efficacy.

5. Consistency

a. Test: Rheological properties (e.g., measuring the yield value) to evaluate consistency.

b. Purpose: Ensures that the product has the desired firmness and stability, particularly for ointments and pastes
that should remain intact when applied.
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6. Drug Content Uniformity

a. Test: Take multiple samples of the formulation, extract the drug, and measure the amount of active
pharmaceutical ingredient (API) using methods like HPLC or UV spectroscopy.

b. Purpose: Ensures that the drug is evenly distributed throughout the semisolid, and that each dose delivers the
intended amount of active ingredient.

7. Release Characteristics
a. Test: In vitro release testing using Franz diffusion cells or USP dissolution apparatus.

b. Purpose: Assesses how effectively and at what rate the drug is released from the semisolid form. The release
rate can affect therapeutic efficacy and patient compliance.

8. Microbial Testing

a. Test: Check for microbial contamination using tests like total aerobic microbial count (TAMC) and total
yeast and mold count (TYMC).

b. Purpose: Ensures that the semisolid formulation does not contain harmful microorganisms, particularly for
topical products which may be prone to contamination during use.

9. Stability Testing

a. Test: Stability tests are conducted under various conditions of temperature, humidity, and light over a period
of time to simulate real-world conditions.

b. Purpose: Ensures the long-term stability of the semisolid form. Stability testing checks for physical changes
(e.g., phase separation), chemical degradation of the API, and microbial contamination over time.

10. Irritation Testing

a. Test: Typically conducted using patch testing on human volunteers or animals, or by in vitro skin irritation
tests.

b. Purpose: To confirm that the formulation does not cause irritation, sensitization, or allergic reactions upon
application to the skin.

11. Odor and Fragrance
a. Test: Sensory evaluation or odor threshold testing.

b. Purpose: Ensures that the semisolid product has an acceptable fragrance, as unpleasant odors can reduce patient
compliance, especially for topical treatments.

12. Water Content
a. Test: Measured using techniques like Karl Fischer titration or Loss on drying.

b. Purpose: For emulsions and aqueous-based semisolids, the water content can affect the stability and microbial
contamination risks. For gels, water content affects the gel’s ability to form and remain stable.

13. Density
a. Test: Density is determined using a pycnometer or density gradient tubes.

b. Purpose: Helps calculate the drug concentration per unit volume, especially important in formulations like
gels, where precise dosing is required.
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Multiple Choice Questions (MCQs)

1. Which of the following is a characteristic of semisolid dosage forms?
a) Low viscosity
b) Systemic oral absorption
c¢) High viscosity and spreadability
d) Always used for ophthalmic purposes
2. Which base type is water-washable and forms oil-in-water emulsions?
a) Oleaginous base
b) Water-removable base
c) Absorption base
d) Water-soluble base
3. Gels are best suited for which condition?
a) Chronic dry skin
b) Moist dermatitis
¢) Burns and inflammation
d) Scaly skin
4. What is the most common method used in paste preparation?
a) Fusion method
b) Sublimation
¢) Levigation (Incorporation) method
d) Distillation
5. Which of the following excipients acts as a gelling agent?
a) Lanolin
b) Carbopol
¢) Propylene glycol
d) Polysorbate 80
6. Which of the following is a hydrophilic base?
a) White soft paraffin
b) Petrolatum
c) Polyethylene glycol (PEG)
d) Lanolin
7. Which route allows drug penetration through hair follicles and sweat glands?
a) Intercellular
b) Transcellular
¢) Transappendageal
d) Epidermal
8. What pH range is considered optimal for semisolid formulations to match skin compatibility?
a) 1-3
b) 3-5
c) 5-7
d) 8-10
9. Which evaluation test assesses the ease of application of semisolid forms?
a) pH test
b) Spreadability test
¢) Microbial test
d) Drug content uniformity
10. Which of the following is used as a penetration enhancer?
a) Stearic acid
b) Sodium alginate
¢) DMSO
d) EDTA
11. A vanishing cream is an example of which emulsion type?
a) Water-in-oil
b) Oil-in-water
¢) Single-phase
d) Two-phase
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12.

13.

14.

15.

16.

17.

18.

19.

20.

Which of the following is not typically used as a preservative?
a) Methylparaben

b) BHT

¢) Benzyl alcohol

d) Phenoxyethanol

Which base is best suited for weeping or moist lesions?

a) Oleaginous base

b) Absorption base

¢) Cream (O/W type)

d) Water-soluble base

Which drug property enhances skin penetration?

a) High molecular weight

b) Ionization

¢) Moderate lipophilicity (log P ~1-3)

d) High polarity

What is the main barrier for dermal drug penetration?

a) Sweat glands

b) Dermis

c¢) Epidermis

d) Stratum corneum

Which of the following is an example of a hydrophobic paste?
a) PEG-based paste

b) Salicylic acid paste

¢) Zinc oxide paste

d) Carbopol paste

What is the primary function of humectants in semisolid formulations?
a) Emulsification

b) Enhance penetration

¢) Retain moisture

d) Act as a preservative

The Franz diffusion cell is used to test:

a) Spreadability

b) Drug release characteristics

¢) Microbial contamination

d) Consistency

Which method is commonly used for heat-sensitive drug incorporation in creams?
a) Add before emulsification

b) Add during oil phase preparation

¢) Add after cooling

d) Mix into water phase

Which semisolid dosage form is commonly used in ophthalmology?
a) Pastes

b) Gels

¢) Eye ointments

d) Poultices

Short Answer Type Questions (SAQSs)

WX AN R

10
11.

12.

What are semisolid dosage forms?

Mention two key characteristics of semisolid dosage forms.

What is the function of the base in semisolid formulations?

Define ointments and give one example.

What distinguishes creams from ointments?

What are hydrogels and provide one example?

List two advantages of semisolid dosage forms.

What is the main barrier for dermal drug absorption?

Name any two pathways through which drugs can penetrate the skin.
State any two formulation factors influencing dermal drug penetration.
Differentiate between O/W and W/O emulsions.

What is the primary role of penetration enhancers in semisolid dosage forms?
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13. Mention two levigating agents used in ointment preparation.

14. What is the purpose of pH testing in semisolid dosage forms?

15. Write the composition of zinc oxide paste.

16. Define pastes and list one characteristic feature.

17. Give two examples of preservatives used in semisolid formulations.
18. What is the function of humectants?

19. Mention any two quality control tests for gels.

20. What is the role of chelating agents in semisolid preparations?

Long Answer Type Questions (LAQs)

1. Describe the classification of semisolid dosage forms based on formulation type with suitable examples.
2. Explain the mechanisms of drug penetration through the skin and describe factors influencing dermal absorption.
3. Compare and contrast the different types of ointment bases as per USP classification.

4. Describe the step-by-step preparation methods of ointments using both fusion and incorporation methods.
5. Discuss the types, preparation method, and quality control tests for pastes.

6. Describe the emulsification technique used in the preparation of creams with an example formulation.

7. Explain the method of preparation of hydrophilic gels using carbopol, including the role of neutralizers.

8. List and explain the various excipients used in semisolid dosage forms, classified by function.

9. Enumerate and explain at least six evaluation parameters for semisolid dosage forms.

10. Write a detailed note on advantages, limitations, and applications of semisolid dosage forms.

Answer Key
(c) High viscosity prevents them from flowing like liquids; they retain shape when applied.
(b) Water-removable base — Form O/W emulsions, washable
(c) Gels — Used for burns, acne, and inflammation
(¢) Incorporation Method (Levigation Method) — Most Common
(b) Carbopol — Synthetic polymer gelling agent
(c) Polyethylene glycols (PEG) — Non-greasy, easily washable
(c) Transappendageal — Involves penetration through sweat glands and hair follicles
(c) pH should generally be 5-7 to be compatible with the skin's natural pH
(b) Spreadability — Should spread easily without dragging
. (¢) Penetration enhancers — Substances like ethanol, DMSO, or surfactants
. (b) Vanishing creams (O/W)
. (b) BHT — Antioxidant, not a preservative
. (c) Creams — Suitable for moist or weeping skin conditions
. (¢) Moderate lipophilicity (log P ~1-3) enhances skin permeability
. (d) The skin, particularly the stratum corneum, acts as the primary barrier
. (¢) Zinc oxide paste — Hydrophobic base
. (c) Humectants — Retain moisture, prevent drying
. (b) In vitro drug release — Measures release rate of drug from the base
. (¢) Incorporation of heat-sensitive ingredients — Add after cooling
. (c) Ophthalmic — Eye ointments, eye gels
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