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Preface

The field of pharmaceutical sciences has witnessed remarkable progress over the past few
decades, particularly in the area of drug delivery technologies. Conventional dosage forms
often fail to achieve optimal therapeutic outcomes due to limitations such as poor
bioavailability, rapid drug elimination, fluctuating plasma drug levels, and lack of site-
specific drug action. To overcome these challenges, the development of Novel Drug Delivery
Systems (NDDS) has emerged as a significant advancement in modern pharmaceutics. NDDS
focuses on designing innovative dosage forms and delivery strategies that improve the safety,
efficacy, and patient compliance of therapeutic agents.

This textbook, “Textbook of Novel Drug Delivery System (NDDS)”, has been carefully
prepared according to the latest syllabus prescribed by the Pharmacy Council of India
(PCI) for B. Pharm VII Semester. The primary aim of this book is to provide students with
a clear understanding of the fundamental principles, concepts, and applications of advanced
drug delivery systems in a systematic and comprehensive manner.

The book covers important topics including controlled drug delivery systems, polymers in
drug delivery, microencapsulation, mucosal drug delivery systems, transdermal drug delivery
systems, gastroretentive drug delivery systems, nasopulmonary drug delivery systems,
targeted drug delivery systems, vesicular systems such as liposomes and niosomes,
nanoparticles, monoclonal antibodies, ocular drug delivery systems, intrauterine drug
delivery systems, and other emerging technologies. Each topic has been explained in a
simple, structured, and student-friendly manner to facilitate easy understanding of complex
pharmaceutical concepts.

Special emphasis has been placed on explaining the scientific principles, mechanisms,
advantages, limitations, and pharmaceutical applications of different drug delivery systems.
The content has been organized in a logical sequence to help students build a strong
conceptual foundation in NDDS and support their academic learning as well as competitive
examination preparation.

This book is intended primarily for B. Pharm students, but it will also be beneficial for M.
Pharm students, researchers, teachers, and professionals in the field of pharmaceutics and
pharmaceutical technology. The authors have made sincere efforts to present the subject
matter in a concise yet comprehensive form, ensuring alignment with academic requirements
and practical relevance.

The authors acknowledge that pharmaceutical science is a continuously evolving field, and
therefore constructive suggestions and feedback from readers, teachers, and researchers will
always be welcomed to improve future editions of this book.

It is hoped that this textbook will serve as a useful academic resource and contribute to
enhancing the knowledge and understanding of students in the important field of Novel Drug
Delivery Systems.

— Authors
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Controlled Drug Delivery Systems (CDDS)

Introduction

A controlled drug delivery system (CDDS) is a pharmaceutical formulation or device
designed to release a drug at a predetermined rate, for a specified period of time, and at a
specific site in the body. The goal of controlled drug delivery is to maintain drug
concentration within the therapeutic range for a prolonged period, thereby improving

therapeutic efficacy and reducing side effects.

Conventional dosage forms such as tablets, capsules, and injections often lead to fluctuations
in plasma drug concentrations. These fluctuations include peaks and troughs, which may
result in sub-therapeutic effects or drug toxicity. Controlled drug delivery systems are
developed to overcome these limitations by regulating the rate, duration, and location of drug

release.

Controlled drug delivery has become an important aspect of modern pharmaceutical research,
particularly in the treatment of chronic diseases such as hypertension, diabetes, cancer, and
neurological disorders. These systems use advanced technologies including polymers,
hydrogels, liposomes, microspheres, nanoparticles, and biodegradable materials to achieve

sustained or controlled release of drugs.

The concept of controlled drug delivery began to gain attention in the 1960s and 1970s with
the development of polymer-based delivery systems. Since then, advances in biotechnology,
nanotechnology, and material sciences have significantly improved the design and

performance of these systems.
Terminology / Definitions

e Drug Delivery System
A drug delivery system is a formulation or device used to introduce a drug into the
body in order to achieve a therapeutic effect while improving safety and efficacy.
e Controlled Release

Controlled release refers to a drug delivery system that releases the drug at a
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predetermined rate so that a constant drug concentration is maintained in the
bloodstream for an extended period.

e Sustained Release
Sustained release systems are designed to release the drug slowly over time so that the
duration of therapeutic action is prolonged compared to conventional dosage forms.

e Prolonged Release
Prolonged release refers to drug formulations that release the drug more slowly than
conventional formulations and extend the duration of drug action.

e Delayed Release
Delayed release systems release the drug after a specific lag time. Enteric-coated
tablets are common examples, where the drug is released in the intestine instead of the
stomach.

e Targeted Drug Delivery
Targeted drug delivery refers to the delivery of drugs specifically to a particular
organ, tissue, or cell in the body, thereby reducing systemic side effects.

e Rate-Controlled Drug Delivery
Rate-controlled drug delivery systems regulate the speed at which a drug is released
from the dosage form into the body.

e Therapeutic Window
The therapeutic window is the range of drug concentration between the minimum
effective concentration and the minimum toxic concentration.

e Bioavailability
Bioavailability refers to the fraction or percentage of the administered drug that
reaches systemic circulation in an active form.

e Pharmacokinetics
Pharmacokinetics describes the processes of absorption, distribution, metabolism, and

excretion of drugs within the body.
Rationale of Controlled Drug Delivery Systems

The rationale for developing controlled drug delivery systems is to improve drug therapy by
maintaining optimal drug concentrations in the body for extended periods. Conventional
dosage forms often produce irregular plasma drug levels, which may reduce therapeutic

effectiveness or increase the risk of toxicity.
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One of the major reasons for developing controlled drug delivery systems is to maintain
therapeutic drug levels. Conventional dosage forms may require frequent dosing because the
drug concentration rapidly decreases after administration. Controlled release systems provide

a steady release of drug, ensuring consistent therapeutic effects.

Another important rationale is improving patient compliance. Patients suffering from chronic
diseases often need to take medications multiple times a day. Controlled drug delivery

systems reduce dosing frequency, which improves adherence to treatment.

Controlled drug delivery also helps reduce adverse effects. High peak plasma concentrations
of drugs can cause toxicity and side effects. By maintaining steady drug levels, controlled

systems reduce these risks.

Improving bioavailability is another reason for the development of controlled drug delivery
systems. Some drugs are rapidly metabolized or poorly absorbed in the body. Controlled

release systems can enhance the absorption and effectiveness of such drugs.

Controlled delivery systems can also provide site-specific drug delivery. This means the drug
can be directed to a specific target site, such as tumor tissue or an inflamed area, thereby

reducing systemic exposure.

Protection of drug molecules is another important rationale. Some drugs are unstable in the
acidic environment of the stomach or are degraded by enzymes. Controlled delivery systems

can protect these drugs until they reach the intended site of action.
Advantages of Controlled Drug Delivery Systems

Controlled drug delivery systems offer several advantages compared to conventional dosage

forms.

e One major advantage is the reduction in dosing frequency. Since drugs are released
slowly and continuously, patients do not need to take medication repeatedly
throughout the day.

e These systems improve patient compliance because fewer doses are required, making

treatment regimens easier for patients to follow.
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e Controlled drug delivery systems maintain stable plasma drug concentrations, which
helps prevent large fluctuations in drug levels.

e Another advantage is the reduction in side effects. By avoiding high peak
concentrations of drugs, the risk of toxicity and adverse reactions is minimized.

e Controlled drug delivery improves therapeutic efficiency by maintaining drug
concentrations within the optimal therapeutic range.

e Targeted drug delivery is also possible with some controlled release systems, allowing
drugs to act specifically at the site of disease.

e These systems enhance the utilization of drugs by improving their bioavailability and
pharmacokinetic profile.

e Controlled release formulations also increase the safety of drug therapy by reducing
the possibility of overdose.

e Another benefit is the reduction of drug waste because the drug is released gradually

and used efficiently by the body.
Disadvantages of Controlled Drug Delivery Systems
Despite their advantages, controlled drug delivery systems also have certain limitations.

e One major disadvantage is the high cost of development and manufacturing. The
technologies and materials required for controlled release formulations are often
expensive.

e There is also a risk of dose dumping, which occurs when the controlled release
mechanism fails and a large amount of drug is released suddenly, potentially causing
toxicity.

e Formulation design is complex and requires detailed knowledge of pharmacokinetics,
polymer science, and drug properties.

e Not all drugs are suitable for controlled release systems. Drugs with very short half-lives,
narrow therapeutic indices, or poor solubility may not be appropriate candidates.

e Dose adjustment can be difficult with controlled release systems because once the dosage
form is administered, the release rate cannot easily be altered.

e Drug accumulation may occur if the drug is released continuously and the body

eliminates it slowly.
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e Manufacturing these systems requires specialized equipment and strict quality control
procedures.
e Patient-related factors such as gastrointestinal pH, motility, and metabolic differences can

influence drug release and affect the performance of the controlled delivery system.
Selection of Drug Candidates for Controlled Release Systems

The selection of a suitable drug candidate for controlled release formulation depends on

various physicochemical, pharmacokinetic, and pharmacodynamic properties of the drug.
e Biological Half-Life

Drugs with moderate biological half-life are ideal for controlled release systems. Drugs
having a half-life of about 2-8 hours are considered good candidates. Drugs with very short
half-life require large doses in controlled systems, while drugs with very long half-life do not

require controlled release formulations.

e Dose Size

The dose of the drug should be relatively small. Drugs that require very large doses are
difficult to formulate into controlled release dosage forms because the dosage form becomes

too large to administer conveniently.

e Therapeutic Index

Drugs with a wide therapeutic index are preferred for controlled release systems. Drugs with
a narrow therapeutic index may cause toxicity if the drug release rate is not precisely

controlled.

e Absorption Characteristics

Drugs should be uniformly absorbed throughout the gastrointestinal tract. Drugs that are
absorbed only in a specific part of the intestine are not ideal candidates for controlled release

formulations.

e Aqueous Solubility
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Drugs should have moderate aqueous solubility. Drugs with very high solubility may release
too quickly, while drugs with very poor solubility may not dissolve sufficiently to provide the

desired therapeutic effect.
e Partition Coefficient

An appropriate balance between lipophilicity and hydrophilicity is required for effective drug
absorption. Drugs with extremely high or low partition coefficients may not be suitable for

controlled release systems.
o Stability

The drug should be stable in the gastrointestinal environment and should not undergo rapid

degradation before absorption.
e Protein Binding

Drugs with moderate protein binding characteristics are generally suitable for controlled
release formulations because they maintain effective plasma concentrations for longer

periods.
e First Pass Metabolism

Drugs undergoing extensive first-pass metabolism may require special formulation strategies,

although they can sometimes benefit from controlled release systems.
Approaches to Design Controlled Release Formulations

Controlled drug delivery systems can be designed using different mechanisms that regulate
the release of drugs. The most common approaches include diffusion-controlled systems,

dissolution-controlled systems, and ion exchange systems.
Diffusion Controlled Drug Delivery Systems

In diffusion-controlled systems, the drug is released by diffusion through a polymer barrier or
matrix. The release rate depends on the diffusion of drug molecules from the dosage form

into the surrounding biological fluids. Diffusion occurs due to the concentration gradient
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between the drug inside the dosage form and the surrounding environment. Diffusion-

controlled systems are mainly classified into two types.
e Reservoir Systems

In reservoir systems, the drug is enclosed within a core that is surrounded by a polymer
membrane. The drug diffuses through this membrane at a controlled rate. The membrane acts
as a barrier that regulates drug release. These systems can maintain nearly constant drug
release if the membrane properties remain stable. However, if the membrane is damaged,

rapid drug release or dose dumping may occur.
e Matrix Systems

In matrix systems, the drug is uniformly dispersed within a polymer matrix. When the dosage
form comes into contact with biological fluids, the drug diffuses out of the matrix. The
release rate depends on the porosity of the matrix, drug solubility, and diffusion path length.
Matrix systems are widely used because they are easier to manufacture compared to reservoir
systems. Diffusion-controlled systems are commonly used in sustained release tablets,

transdermal patches, and implants.
Dissolution Controlled Drug Delivery Systems

In dissolution-controlled systems, the rate of drug release depends on the dissolution rate of
the drug or the coating surrounding the drug. When the dosage form enters the body, the drug
or the coating slowly dissolves in biological fluids, releasing the drug gradually. Dissolution-

controlled systems are mainly classified into two types.

e Encapsulation Dissolution Systems

In these systems, the drug particles are coated with a slowly dissolving material such as
waxes or polymers. The coating controls the rate at which the drug dissolves and is released
into the surrounding medium. Multiple coatings with different thicknesses can be used to

achieve sustained release.

e Matrix Dissolution Systems
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In matrix dissolution systems, the drug is embedded within a slowly dissolving carrier
material. As the matrix dissolves, the drug is gradually released. These systems are often used
in sustained release tablets and capsules. Dissolution-controlled drug delivery systems are

widely used in oral controlled release formulations.
lon Exchange Controlled Drug Delivery Systems

lon exchange systems utilize ion exchange resins to control the release of drugs. These resins
are insoluble polymeric materials that contain charged functional groups capable of
exchanging ions with the surrounding environment. In these systems, the drug molecules are
bound to the ion exchange resin through ionic interactions. When the dosage form enters the
gastrointestinal tract, ions present in the body fluids such as sodium, potassium, or chloride
ions replace the drug molecules bound to the resin. This exchange process gradually releases
the drug into the surrounding medium. lon exchange drug delivery systems provide
controlled and sustained drug release depending on factors such as resin type, pH of the
medium, and ionic strength of the gastrointestinal fluids. These systems are commonly used
in liquid sustained release formulations, chewable tablets, and taste-masked pharmaceutical

preparations.
Advantages of lon Exchange Drug Delivery Systems

e Provide controlled and sustained drug release
e Improve drug stability

o Mask bitter taste of drugs

e Reduce dose frequency

e Suitable for liquid formulations

e Improve patient compliance
Disadvantages of lon Exchange Drug Delivery Systems

e Limited to ionic drugs only
e Drug loading may be time-consuming
e Possibility of dose dumping in highly ionic environments

e Not suitable for non-ionizable drugs

Applications of lon Exchange Drug Delivery Systems
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o Sustained release oral tablets and capsules
o Taste masking of bitter drugs in syrups

o Controlled release suspensions

« Nasal and ophthalmic drug delivery

o Water purification and separation processes

Many pharmaceutical products use ion exchange resins to improve the palatability and

stability of pediatric formulations.

Physicochemical Properties of Drugs Relevant to Controlled Release

Formulations

Physicochemical properties determine how a drug behaves in a formulation and how it
interacts with biological fluids. These properties play an important role in controlling the rate

and extent of drug release.

e Agqueous Solubility

Aqueous solubility is one of the most important properties affecting controlled drug release.
Drugs with extremely high solubility tend to dissolve rapidly and may release too quickly
from the dosage form. On the other hand, drugs with very low solubility may not dissolve
sufficiently to produce the desired therapeutic effect. Drugs with moderate aqueous solubility

are considered most suitable for controlled release formulations.

e Partition Coefficient

The partition coefficient represents the ratio of a drug’s solubility in lipids compared to water
and indicates the drug’s lipophilicity. Drugs must possess a balanced lipophilic and
hydrophilic nature to ensure proper absorption through biological membranes. Drugs with
extremely high lipophilicity may remain in the membrane, while highly hydrophilic drugs

may not penetrate lipid membranes effectively.

e Drug Stability
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The drug should be chemically stable in the gastrointestinal tract and within the formulation.
Drugs that degrade rapidly in acidic or alkaline environments are not suitable for controlled

release formulations unless protected by special coatings or delivery systems.
e Molecular Size and Diffusivity

The molecular size of the drug influences its ability to diffuse through polymer membranes or
matrices used in controlled release systems. Smaller molecules generally diffuse more easily

and are better suited for diffusion-controlled systems.
e lonization and pKa

The degree of ionization of a drug depends on its pKa and the pH of the surrounding
environment. lonized drugs are usually less permeable through biological membranes than
non-ionized drugs. Drugs that remain largely unionized at physiological pH are better

absorbed and may be more suitable for controlled release systems.

e Drug Dose

The dose of the drug plays a significant role in controlled release formulation design. Drugs
requiring large doses are difficult to formulate into controlled release dosage forms because

the size of the dosage form may become too large for convenient administration.

Biological Properties of Drugs Relevant to Controlled Release

Formulations

Biological properties of drugs determine how the drug interacts with the body after
administration. These factors are important in deciding whether a drug is suitable for

controlled release delivery.
e Biological Half-Life

Biological half-life is the time required for the drug concentration in plasma to reduce by
half. Drugs with a moderate half-life, usually between 2 and 8 hours, are considered ideal for

controlled release systems. Drugs with very short half-lives require frequent dosing, while
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drugs with very long half-lives already maintain prolonged effects and may not require

controlled release formulations.

e Absorption Characteristics

Drugs intended for controlled release formulations should be uniformly absorbed throughout
the gastrointestinal tract. Drugs that are absorbed only in a specific region, such as the upper
intestine, may not be suitable for sustained release systems because the drug may pass

through the absorption site before being fully released.

e Distribution Characteristics

The distribution of drugs within the body affects the maintenance of therapeutic drug levels.
Drugs with extremely high tissue binding may accumulate in certain organs and affect the

performance of controlled release formulations.

e Metabolism

Drugs that undergo extensive metabolism, particularly first-pass metabolism in the liver, may
have reduced bioavailability. Controlled release systems may help maintain effective drug
concentrations, but drugs with extremely high metabolic rates may require special

formulation strategies.

e Elimination Rate

The elimination rate of the drug influences the duration of therapeutic effect. Drugs that are
rapidly eliminated from the body may benefit from controlled release systems that maintain

continuous drug levels in the bloodstream.

e Therapeutic Index

The therapeutic index is the ratio between the toxic dose and the therapeutic dose of a drug.
Drugs with a wide therapeutic index are safer for controlled release formulations because

slight variations in drug release are less likely to cause toxicity.

e Protein Binding
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Drugs that bind extensively to plasma proteins may remain in circulation for longer periods.
Moderate protein binding is generally favorable for controlled release formulations because it

helps maintain stable drug levels.

Polymers in Controlled Release Drug Delivery Systems

Introduction

Polymers play a crucial role in the development of controlled release drug delivery systems.
A polymer is a large molecule composed of repeating structural units called monomers,
which are chemically bonded together to form long chains. In pharmaceutical formulations,
polymers are used as carrier materials that control the rate and pattern of drug release from

the dosage form.

In controlled drug delivery systems, polymers function as matrix formers, coating materials,
membrane barriers, or biodegradable carriers that regulate the diffusion, dissolution, or
degradation of the drug. By modifying the physical and chemical characteristics of polymers,
pharmaceutical scientists can design dosage forms capable of providing sustained, delayed, or

targeted drug release.

Polymers used in drug delivery may be natural, semi-synthetic, or synthetic. They are
selected based on properties such as biocompatibility, biodegradability, mechanical strength,
stability, and ability to control drug release. Advances in polymer science have greatly
contributed to the development of modern drug delivery systems including microspheres,

nanoparticles, hydrogels, transdermal patches, and implants.
Classification of Polymers

Polymers used in controlled drug delivery systems can be classified in several ways based on

their origin, biodegradability, and physicochemical properties.
Classification Based on Source

e Natural Polymers

Natural polymers are obtained from plant, animal, or microbial sources. These polymers
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are generally biodegradable, biocompatible, and safe for pharmaceutical use. Examples
include cellulose, starch, chitosan, alginate, gelatin, and gum-based polymers.

e Semi-Synthetic Polymers
Semi-synthetic polymers are chemically modified natural polymers. They are produced
by modifying natural polymer structures to improve their stability, solubility, and
mechanical properties. Examples include hydroxypropyl methylcellulose (HPMC),
carboxymethyl cellulose (CMC), and ethyl cellulose.

e Synthetic Polymers
Synthetic polymers are chemically manufactured polymers with well-defined structures
and properties. They are widely used in controlled drug delivery due to their predictable
performance and mechanical strength. Examples include polyethylene glycol (PEG),
polylactic acid (PLA), polyglycolic acid (PGA), polyvinyl alcohol (PVA), and

polymethacrylates.
Classification Based on Biodegradability

e Biodegradable Polymers
Biodegradable polymers degrade into non-toxic products within the body through
enzymatic or hydrolytic reactions. These polymers are widely used in implants,
microspheres, and injectable drug delivery systems. Examples include polylactic acid,
polyglycolic acid, and polycaprolactone.

e Non-Biodegradable Polymers
Non-biodegradable polymers remain intact in the body for extended periods and do
not degrade easily. They are commonly used in controlled release tablets, coatings,
and transdermal patches. Examples include ethyl cellulose, polyvinyl chloride, and

polymethacrylates.
Classification Based on Polymer Structure

e Linear Polymers
Linear polymers consist of long straight chains of monomer units. These polymers are
flexible and can form strong films. Examples include polyethylene and polyvinyl

alcohol.
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Branched Polymers

Branched polymers contain side chains attached to the main polymer chain. These
polymers may exhibit different physical properties compared to linear polymers.
Cross-Linked Polymers

Cross-linked polymers or network polymer have interconnected polymer chains
forming a three-dimensional network structure. These polymers are commonly used

in hydrogels and drug delivery matrices.

Linear polymer Branched polymer Network polymer

Properties of Polymers Used in Controlled Release Drug Delivery Systems

The selection of polymers for controlled release formulations depends on several important

properties.

Biocompatibility

Polymers used in pharmaceutical formulations should be biocompatible and should
not cause toxicity, irritation, or immune reactions in the body.

Biodegradability

Biodegradable polymers should degrade into non-toxic products that can be
eliminated from the body without causing harm.

Mechanical Strength

Polymers should possess adequate mechanical strength to maintain the structural
integrity of the dosage form during storage and administration.

Chemical Stability

The polymer should be chemically stable during formulation, storage, and drug

release. It should not react with the drug or degrade prematurely.
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e Permeability
The permeability of polymers determines the rate at which the drug diffuses through
the polymer membrane or matrix.

e Swelling Properties
Some polymers swell in the presence of water or biological fluids. Swelling increases
the diffusion pathways and helps control drug release.

e Solubility
Polymer solubility influences the mechanism of drug release. Some polymers dissolve
slowly in biological fluids, allowing gradual drug release.

e Molecular Weight
The molecular weight of a polymer affects its viscosity, mechanical strength, and

degradation rate, which in turn influence drug release behavior.
Advantages of Polymers in Controlled Release Formulations

Polymers provide numerous benefits in the design of controlled drug delivery systems.

e They help control the rate and duration of drug release from the dosage form.

e Polymers protect drugs from degradation caused by environmental factors such as pH,
enzymes, and temperature.

e They improve the stability and shelf life of pharmaceutical formulations.

e Polymers enable targeted drug delivery by directing drugs to specific tissues or
organs.

e They enhance patient compliance by reducing dosing frequency.

e Polymers allow the development of various advanced drug delivery systems such as
microspheres, nanoparticles, hydrogels, and transdermal patches.

e Biodegradable polymers eliminate the need for surgical removal of drug delivery
devices because they degrade naturally within the body.

e Polymers also help in taste masking and improving the aesthetic qualities of

pharmaceutical products.

Applications of Polymers in Controlled Release Drug Delivery Systems
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Polymers are widely used in various pharmaceutical dosage forms designed for controlled

drug delivery.

e Matrix Tablets
Polymers are used as matrix-forming agents in sustained release tablets. The drug is
dispersed within the polymer matrix, and drug release occurs through diffusion or
polymer erosion.

e Coating Materials
Polymers are used as coating agents in tablets and capsules to control the rate of drug
release or to provide delayed release properties.

e Hydrogels
Hydrophilic polymers form hydrogels that swell in the presence of water and release
drugs slowly over time.

e Microspheres and Nanoparticles
Biodegradable polymers are used to prepare microspheres and nanoparticles that
deliver drugs in a controlled and targeted manner.

e Transdermal Drug Delivery Systems
Polymers are used in transdermal patches to control the release of drugs through the
skin over an extended period.

e Implantable Drug Delivery Systems
Biodegradable polymers are used in implants that provide long-term drug release for
several weeks or months.

e Ocular Drug Delivery Systems
Polymers are used in ophthalmic inserts and gels to prolong the contact time of drugs
with the eye and enhance therapeutic effectiveness.

e Buccal and Mucoadhesive Systems
Certain polymers possess mucoadhesive properties that allow them to adhere to

mucosal surfaces and provide controlled drug release.

|
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UNIT- 2nd
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Microencapsulation in Drug Delivery Systems

Microencapsulation is an important technique used in pharmaceutical sciences to enclose
drug particles within a protective coating or polymeric membrane. This technique is widely
used in controlled drug delivery systems to regulate the release of drugs, protect sensitive
drugs from environmental degradation, and improve the stability and effectiveness of

pharmaceutical formulations.

In microencapsulation, very small particles or droplets of a drug are surrounded by a coating
material, forming small capsules with sizes typically ranging from a few micrometers to
several hundred micrometers. The coating material acts as a barrier that controls the release

of the drug into the surrounding environment.

Microencapsulation technology is used in various dosage forms such as tablets, capsules,
suspensions, and injectable systems. It is also used in other industries such as food

technology, agriculture, and cosmetics.
Definition of Microencapsulation

Microencapsulation can be defined as a process in which tiny particles or droplets of a drug
are surrounded by a thin coating of polymer or other suitable material to form small capsules
known as microcapsules. The coated material is referred to as the core material, while the

surrounding layer is called the coating or wall material.

The purpose of microencapsulation is to protect the drug from environmental factors and to

control the release of the drug over a specific period of time.
Microspheres

Introduction

Microspheres are small spherical particles ranging in size from about 1 pum to 1000 um and
are widely used in novel drug delivery systems (NDDS). They are composed of natural or
synthetic polymers and are designed to encapsulate drugs within a polymeric matrix or shell.
Microspheres serve as carriers for controlled and targeted drug delivery, improving
therapeutic efficacy and reducing side effects. Because of their small size and large surface

area, microspheres can provide sustained, controlled, and site-specific release of drugs.
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Microspheres have gained significant attention in pharmaceutical sciences due to their ability
to protect drugs from degradation, improve bioavailability, and maintain therapeutic drug
concentrations for extended periods. They are commonly used in oral, parenteral, topical,

nasal, and ocular drug delivery systems.

Definition
Microspheres are defined as free-flowing spherical particles consisting of proteins or
synthetic polymers, usually biodegradable, with a size range of 1-1000 um that encapsulate

or disperse active pharmaceutical ingredients for controlled drug release.

Characteristics of Microspheres
Microspheres possess several unique characteristics that make them suitable for drug delivery

applications:

They are spherical in shape and have a smooth surface.

They can be biodegradable or non-biodegradable depending on the polymer used.

They provide controlled and sustained drug release.

They protect drugs from enzymatic or environmental degradation.

They improve bioavailability and stability of drugs.

They can be designed for site-specific targeting.

Types of Microspheres

1. Bioadhesive Microspheres
Bioadhesive microspheres adhere to mucosal surfaces such as gastrointestinal
mucosa, nasal mucosa, or buccal cavity. This adhesion prolongs the residence time of
the drug at the absorption site, thereby enhancing drug absorption and therapeutic
effectiveness.

2. Magnetic Microspheres
Magnetic microspheres contain magnetic materials such as iron oxide. These
microspheres can be directed to specific sites in the body using an external magnetic
field, enabling targeted drug delivery.

3. Floating Microspheres

Floating microspheres are low-density particles that remain buoyant in gastric fluid
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for extended periods. They are used in gastroretentive drug delivery systems to
prolong drug release in the stomach.

4. Radioactive Microspheres
These microspheres contain radioactive isotopes and are mainly used in diagnostic
imaging and cancer therapy. They deliver radiation directly to diseased tissues,
minimizing damage to surrounding healthy tissues.

5. Polymeric Microspheres
Polymeric microspheres are prepared using natural polymers (such as gelatin, starch,
chitosan) or synthetic polymers (such as polylactic acid and polyglycolic acid). They

are widely used for controlled drug delivery.
Polymers Used in Microsphere Preparation
Microspheres can be prepared using various natural and synthetic polymers.

Natural polymers include:

e Gelatin

e Albumin
e Chitosan
e Starch

e Agarose

Synthetic polymers include:

e Polylactic acid (PLA)

e Polyglycolic acid (PGA)

e Poly(lactic-co-glycolic acid) (PLGA)
e Polycaprolactone

o Ethyl cellulose

These polymers provide biocompatibility, biodegradability, and controlled drug release

properties.

Methods of Preparation of Microspheres
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1. Solvent Evaporation Method
In this method, the polymer and drug are dissolved in a volatile organic solvent. The
solution is emulsified in an aqueous phase containing an emulsifying agent. The
organic solvent evaporates, leaving behind solid microspheres.
2. Phase Separation Coacervation Technique
This method involves separation of a polymer-rich phase from a polymer-poor phase
in a solution. The drug is entrapped within the polymer phase, forming microspheres.
3. Spray Drying Method
In this technique, a solution containing the drug and polymer is sprayed into a hot air
chamber. Rapid evaporation of the solvent results in the formation of microspheres.
4. Emulsion Polymerization Method
In this process, monomers are polymerized within an emulsion to form microspheres
containing the drug.
5. Solvent Extraction Method
Here, the solvent used to dissolve the polymer is extracted into another phase,

resulting in precipitation of microspheres.

Evaluation of Microspheres

Various parameters are used to evaluate the quality and performance of microspheres.

e Particle Size Analysis
Particle size and distribution are measured using microscopy or laser diffraction
methods.
e Surface Morphology
Scanning electron microscopy (SEM) is used to study the surface structure and shape
of microspheres.
e Drug Entrapment Efficiency
This parameter determines the amount of drug successfully encapsulated in the
microspheres.
e In-Vitro Drug Release Studies
Drug release from microspheres is evaluated using dissolution testing methods.
e Stability Studies

Stability studies determine the shelf life and storage conditions of microspheres.
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Advantages of Microspheres

e Provide controlled and sustained drug release.
o Improve drug stability.

e Reduce frequency of drug administration.

o Enhance bioavailability of drugs.

o Allow targeted drug delivery.

o Reduce side effects and toxicity.
Disadvantages of Microspheres

o Preparation methods can be complex and expensive.
o Possible drug leakage during storage.

« Difficulties in large-scale production.

e Polymer toxicity may occur in some cases.

e Reproducibility of particle size may be challenging.
Applications of Microspheres
Microspheres are widely used in pharmaceutical and biomedical fields.

o Controlled drug delivery systems
e Vaccine delivery systems

e Cancer therapy

o Gene delivery systems

e Diagnostic imaging

e Tissue engineering

e Topical and ocular drug delivery

In cancer therapy, microspheres can deliver anticancer drugs directly to tumor tissues,

reducing systemic toxicity.

Microspheres are an important component of modern drug delivery systems due to their
ability to provide controlled, sustained, and targeted drug delivery. They enhance therapeutic

effectiveness, reduce dosing frequency, and improve patient compliance. With advances in
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polymer science and nanotechnology, microspheres continue to play a vital role in the

development of innovative pharmaceutical formulations.
Microcapsules

Introduction

Microcapsules are small particles in which an active drug or core material is enclosed within
a protective polymeric shell or coating. The size of microcapsules generally ranges from 1
pm to several hundred micrometers. Microencapsulation is a widely used technique in
pharmaceutical sciences to improve drug stability, control drug release, mask unpleasant taste
or odor, and protect sensitive drugs from environmental conditions such as light, moisture,

and oxygen.

Microcapsules are an important component of novel drug delivery systems (NDDS) because
they allow controlled, sustained, or targeted release of drugs. The core material may be a

solid, liquid, or gas, while the outer coating is usually made of natural or synthetic polymers.

Definition
Microcapsules are defined as small particles in which the active drug (core material) is
completely surrounded by a distinct polymeric membrane or coating that acts as a protective

barrier and controls drug release.

Structure of Microcapsules

Microcapsules consist of two main components:

1. Core Material
The core material is the substance that is encapsulated inside the capsule. It may
contain drugs, enzymes, oils, flavors, or other active ingredients.

2. Coating Material (Wall Material)
The coating or shell is a polymeric layer surrounding the core material. It protects the
drug and controls its release. The coating material should be biocompatible, stable,

non-toxic, and capable of forming a uniform film.
Properties of Microcapsules

o Small particle size with a distinct core-shell structure
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Ability to protect drugs from environmental degradation
Capability to provide controlled or sustained drug release
Improved stability and shelf life of drugs

Possibility of masking unpleasant taste or odor

Types of Microcapsules

Mononuclear Microcapsules

These microcapsules contain a single core surrounded by a single shell layer. They are
the simplest and most common form.

Polynuclear Microcapsules

These microcapsules contain multiple small cores enclosed within a single coating
layer.

Matrix-Type Microcapsules

In this type, the drug is uniformly dispersed within the polymer matrix, rather than

being surrounded by a distinct shell.

Coating Materials Used in Microcapsules

Natural polymers include:

Gelatin
Gum arabic
Chitosan
Alginate
Starch

Synthetic polymers include:

Ethyl cellulose
Polyvinyl alcohol
Polylactic acid
Polyglycolic acid

Poly(lactic-co-glycolic acid)
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These materials are selected based on biocompatibility, solubility, and drug release
characteristics.

Methods of Microencapsulation

e Air Suspension Coating (Fluidized Bed Coating)
In this technique, solid particles are suspended in an air stream and coated with a
polymer solution. As the solvent evaporates, a coating layer forms around the
particles.
e Coacervation-Phase Separation Method
This method involves separation of a polymer-rich phase from a polymer-poor phase
in a solution. The polymer deposits around the core material to form microcapsules.
e Pan Coating Method
In this method, particles are tumbled in a rotating pan while the coating solution is
sprayed onto them, forming a coating layer.
e Spray Drying Method
A solution containing drug and polymer is sprayed into a heated chamber. Rapid
evaporation of solvent produces microcapsules.
e Interfacial Polymerization
In this process, polymerization occurs at the interface between two immiscible

liquids, forming a polymer membrane around the core material.
Evaluation of Microcapsules

e Particle Size Determination
Particle size is measured using microscopy or laser diffraction techniques.
e Surface Morphology
Scanning electron microscopy is used to observe the shape and surface characteristics
of microcapsules.
e Drug Content and Entrapment Efficiency
These parameters measure the amount of drug successfully encapsulated within the

microcapsules.
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e In-Vitro Drug Release Studies
Dissolution testing is used to determine the rate and pattern of drug release from
microcapsules.

e Stability Studies
These studies evaluate the stability of microcapsules under different storage

conditions.
Advantages of Microcapsules

e Protect drugs from environmental degradation

e Provide controlled and sustained drug release

e Improve drug stability and shelf life

e Mask unpleasant taste and odor

e Reduce drug irritation in the gastrointestinal tract

e Improve patient compliance
Disadvantages of Microcapsules

e Complex manufacturing processes
o Higher production cost
o Possibility of incomplete coating

« Difficulty in large-scale production
Applications of Microcapsules
Microcapsules have wide applications in pharmaceutical and biomedical fields.

e Controlled drug delivery systems

o Taste masking of bitter drugs

« Protection of sensitive drugs from oxidation
e Vaccine delivery systems

e Agricultural formulations

e Food and cosmetic industries

In pharmaceuticals, microcapsules are commonly used in oral sustained-release tablets,

capsules, and injectable formulations. Microcapsules play an important role in modern drug
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delivery systems by improving drug stability, controlling drug release, and enhancing
therapeutic effectiveness. Advances in microencapsulation technology and polymer science

continue to expand their applications in pharmaceuticals, biotechnology, and other industries.
Microparticles

Introduction

Microparticles are small solid particles used in pharmaceutical drug delivery systems with
sizes generally ranging from 1 um to 1000 um. They are composed of biodegradable or non-
biodegradable polymers and are designed to encapsulate, adsorb, or disperse drugs within a
polymer matrix. Microparticles are widely used in controlled drug delivery systems because
they help in regulating drug release, improving drug stability, and enhancing therapeutic

effectiveness.

Microparticles are considered an important component of novel drug delivery systems
(NDDS) as they can deliver drugs in a controlled manner over an extended period. They are
capable of protecting drugs from degradation and can also improve the bioavailability of

poorly soluble drugs.

Definition
Microparticles are defined as solid particles consisting of polymers that contain drugs either
encapsulated within the particle or dispersed throughout the polymer matrix, typically

ranging in size from 1-1000 pum.
Characteristics of Microparticles

e Small particle size ranging from 1 to 1000 pum

e Can encapsulate solid, liquid, or dissolved drugs
e Provide controlled or sustained drug release

e Improve drug stability and bioavailability

e Can be prepared using biodegradable polymers

« Suitable for oral, parenteral, topical, and targeted drug delivery

Types of Microparticles
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Microspheres
Microspheres are spherical microparticles in which the drug is uniformly dispersed
throughout the polymer matrix. The drug is distributed within the entire particle rather than

enclosed by a separate shell.

Microcapsules
Microcapsules are microparticles in which the drug is enclosed within a distinct polymeric

shell surrounding a core material.

Thus, microspheres and microcapsules are two major categories of microparticles.
Polymers Used in Microparticles

Microparticles are prepared using both natural and synthetic polymers.

Natural polymers include:

e Gelatin

e Chitosan
e Starch

e Alginate
e Albumin

Synthetic polymers include:

e Poly(lactic acid) (PLA)

e Poly(glycolic acid) (PGA)

e Poly(lactic-co-glycolic acid) (PLGA)
e Polycaprolactone

o Ethyl cellulose

These polymers are selected based on biocompatibility, biodegradability, and ability to

control drug release.

Methods of Preparation of Microparticles
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e Solvent Evaporation Method
In this method, the polymer and drug are dissolved in a volatile organic solvent. The
solution is emulsified in an aqueous phase and the solvent evaporates, leaving behind
microparticles.

e Spray Drying Method
A solution containing the drug and polymer is sprayed into a heated chamber where
the solvent evaporates rapidly, producing microparticles.

e Phase Separation (Coacervation) Method
This technique involves separation of a polymer-rich phase that surrounds the drug
particles, forming microparticles.

e Emulsion Polymerization Method
In this process, monomers are polymerized within an emulsion system to produce
microparticles containing the drug.

e Spray Congealing Method
In this technique, molten polymer containing the drug is sprayed into a cold chamber

where it solidifies to form microparticles.

Evaluation of Microparticles

e Particle Size and Size Distribution
Determined using microscopy or laser diffraction techniques.
e Surface Morphology
Examined using scanning electron microscopy (SEM) to study the surface
characteristics.
e Drug Entrapment Efficiency
Measures the amount of drug successfully incorporated into microparticles.
e Drug Release Studies
Performed using in-vitro dissolution methods to determine the rate and pattern of drug
release.
e Stability Studies
Used to evaluate the stability of microparticles under different environmental

conditions.

Advantages of Microparticles
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e Provide controlled and sustained drug release

o Improve drug stability and protection from degradation
e Reduce frequency of drug administration

e Enhance bioavailability of drugs

o Enable targeted drug delivery

o Improve patient compliance
Disadvantages of Microparticles

o Complex manufacturing techniques
e High production cost
« Difficulty in scale-up production

o Possible drug leakage during storage
Applications of Microparticles
Microparticles are widely used in pharmaceutical and biomedical fields.

o Controlled drug delivery systems
e Vaccine delivery systems

e Targeted cancer therapy

o Gene delivery systems

e Protein and peptide delivery

e Ocular and nasal drug delivery systems

They are also used in biotechnology, food industry, and agriculture for controlled release of
active ingredients. Microparticles represent an important advancement in drug delivery
technology. They improve drug stability, allow controlled and sustained release, and enhance
therapeutic efficacy. With advances in polymer science and pharmaceutical technology,
microparticles continue to play a significant role in the development of modern drug delivery

systems.
Advantages of Microencapsulation

e Microencapsulation offers several advantages in pharmaceutical formulations.

e It provides controlled and sustained release of drugs over an extended period.
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e The technique protects sensitive drugs from environmental factors such as light,
oxygen, moisture, and pH changes.

e Microencapsulation improves the stability and shelf life of pharmaceutical products.

e |t can mask unpleasant taste and odor of certain drugs.

e The technique reduces irritation caused by some drugs in the gastrointestinal tract.

e Microencapsulation improves patient compliance by reducing dosing frequency.

e It allows targeted delivery of drugs to specific tissues or organs.

e Microencapsulation can also convert liquids into free-flowing powders for easier

handling and formulation.
Disadvantages of Microencapsulation

e Despite its advantages, microencapsulation also has some limitations.

e The manufacturing process can be complex and requires specialized equipment.

e The production cost of microencapsulated formulations is relatively high.

e There may be difficulties in achieving uniform particle size distribution.

e Incomplete coating of particles may lead to uncontrolled drug release.

e Some coating materials may interact with the drug and affect its stability.

e Scale-up of microencapsulation processes for industrial production may be

challenging.
Methods of Microencapsulation

Several techniques are used for the preparation of microcapsules and microspheres. The
choice of method depends on the properties of the drug, the coating material, and the desired

release characteristics.

e Coacervation Phase Separation

Coacervation is one of the most widely used methods of microencapsulation. In this
method, a polymer solution separates into two phases: a polymer-rich phase and a
polymer-poor phase. The polymer-rich phase deposits around the drug particles,

forming a coating layer that results in microcapsule formation.

e Pan Coating
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Pan coating is a simple technique commonly used in pharmaceutical industries. In this
method, solid particles are placed in a rotating coating pan, and the coating solution is
sprayed onto the particles. The solvent evaporates, leaving a thin coating around the

particles.
e Air Suspension (Fluidized Bed) Coating

In this method, the particles are suspended in a stream of air inside a fluidized bed
chamber. The coating material is sprayed onto the particles while they are suspended
in the air stream. As the solvent evaporates, a uniform coating forms around the

particles.

e Spray Drying

Spray drying is a commonly used method in which the drug and polymer are
dissolved or dispersed in a suitable solvent and sprayed into a hot air chamber. The

solvent evaporates rapidly, leaving behind dry microparticles.
e Spray Congealing

Spray congealing involves spraying a molten coating material containing the drug into
a chamber with cold air. The droplets solidify rapidly, forming microcapsules or

microspheres.

e Solvent Evaporation Method

In this method, the drug and polymer are dissolved in a volatile organic solvent and
emulsified into an aqueous phase. As the solvent evaporates, solid microspheres are

formed.
e Interfacial Polymerization

In interfacial polymerization, polymerization occurs at the interface between two

immiscible phases, forming a thin polymer membrane around the drug particles.

Mucosal Drug Delivery System
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Introduction

Mucosal drug delivery systems refer to the administration of drugs through the mucous
membranes of the body. These membranes line various body cavities such as the oral cavity,
nasal cavity, rectum, vagina, and ocular surfaces. Among these, buccal mucosa (inner lining
of the cheek) is widely used for drug delivery because it provides easy accessibility and a rich

blood supply for drug absorption.

In mucosal drug delivery systems, drugs are absorbed through the mucosal epithelium and
directly enter the systemic circulation. This pathway bypasses hepatic first-pass metabolism,
which improves drug bioavailability. Mucosal drug delivery has gained significant
importance in pharmaceutical sciences due to its non-invasive nature, rapid onset of action,

and improved patient compliance.

Buccal drug delivery systems are designed to retain the drug formulation in contact with the

mucosal surface for an extended period, allowing controlled and efficient drug absorption.
Principles of Bioadhesion and Mucoadhesion

Bioadhesion refers to the phenomenon in which natural or synthetic polymers adhere to
biological tissues. When this adhesion occurs specifically between a polymer and the mucous

layer covering a biological membrane, it is known as mucoadhesion.

Mucoadhesion is an important concept in mucosal drug delivery because it allows the dosage
form to remain in contact with the mucosal surface for a longer time, thereby enhancing drug

absorption and therapeutic effectiveness.

The mechanism of mucoadhesion involves several steps and interactions between the

polymer and mucin present in the mucus layer.

e Contact Stage

In the first stage, the mucoadhesive formulation comes into close contact with the mucosal
surface. This contact may occur due to wetting, swelling, or spreading of the formulation

over the mucous membrane.
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e Interpenetration Stage

In this stage, the polymer chains of the dosage form penetrate into the mucin network of the
mucus layer. This interpenetration leads to the formation of physical entanglements between

the polymer and mucin chains.
e Bond Formation Stage

After interpenetration, various chemical and physical bonds are formed between the polymer
and the mucosal surface. These bonds include hydrogen bonding, van der Waals forces,
electrostatic interactions, and sometimes covalent bonding. These interactions provide strong

adhesion between the dosage form and the mucosal tissue.
Concepts of Mucoadhesion
Several theoretical concepts have been proposed to explain the mechanism of mucoadhesion.

e Electronic Theory

According to the electronic theory, mucoadhesion occurs due to electron transfer
between the mucoadhesive polymer and the mucosal surface. This electron transfer
creates an electrical double layer at the interface, resulting in attractive electrostatic

forces that hold the surfaces together.

e Adsorption Theory

The adsorption theory suggests that adhesion occurs due to secondary chemical
interactions such as hydrogen bonding, van der Waals forces, and hydrophobic

interactions between the polymer and the mucosal surface.

e Wetting Theory

The wetting theory states that mucoadhesion occurs when a liquid or polymer spreads
easily over the mucosal surface. The ability of the formulation to spread and maintain

contact with the mucosal membrane determines the strength of adhesion.

e Diffusion Theory
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According to the diffusion theory, mucoadhesion occurs due to the interpenetration of
polymer chains with mucin chains in the mucus layer. This interpenetration leads to

the formation of a semi-permanent adhesive bond.

e Fracture Theory

The fracture theory relates mucoadhesion to the mechanical strength required to

separate the adhesive joint formed between the polymer and the mucosal surface.
Advantages of Mucosal Drug Delivery Systems
Mucosal drug delivery systems offer several benefits in pharmaceutical therapy.

e One of the major advantages is the avoidance of first-pass metabolism in the liver,
which improves the bioavailability of many drugs.

e These systems provide rapid onset of action because the drug is absorbed directly into
systemic circulation through the mucosal tissues.

e Mucosal drug delivery is non-invasive and painless compared to injectable routes of
administration.

e It improves patient compliance because it is easy to administer and does not require
special medical assistance.

e The dosage form can be removed easily in case of adverse reactions.

e Mucoadhesive systems can prolong the residence time of the drug at the site of
absorption, enhancing therapeutic effectiveness.

e Controlled and sustained drug release can be achieved using mucoadhesive polymers.
Disadvantages of Mucosal Drug Delivery Systems

e Despite several advantages, mucosal drug delivery systems also have some
limitations.

e The drug absorption area of the buccal mucosa is relatively small compared to the
gastrointestinal tract.

e Only drugs with suitable permeability and molecular size can be effectively absorbed

through the mucosal membrane.
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e Saliva secretion and swallowing may reduce the contact time of the dosage form with
the mucosal surface.

e Some drugs may cause irritation or damage to the mucosal tissues.

e The dosage form may interfere with speaking, chewing, or eating.

e Drug loss may occur due to accidental swallowing of the dosage form.
Transmucosal Permeability

Transmucosal permeability refers to the ability of a drug to pass through the mucosal
membrane and enter systemic circulation. The permeability of drugs across the mucosal

membrane depends on several physiological and physicochemical factors.

The mucosal membrane consists of an epithelial layer, basement membrane, and connective
tissue. Drug molecules must cross the epithelial barrier to reach the bloodstream. There are

two main pathways through which drugs permeate the mucosal membrane.

e Transcellular Pathway

In this pathway, drug molecules pass through the epithelial cells. Lipophilic drugs
generally follow this pathway because they can diffuse through the lipid bilayers of

the cell membranes.

e Paracellular Pathway

In this pathway, drug molecules pass through the spaces between epithelial cells.
Hydrophilic drugs may follow this route, although the permeability through this

pathway is usually limited.

Several factors influence transmucosal drug permeability, including molecular weight,
lipophilicity, degree of ionization, pH of the environment, and presence of permeation

enhancers.
Formulation Considerations of Buccal Delivery Systems

Designing an effective buccal drug delivery system requires careful consideration of several

formulation factors.
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e Drug Properties

The drug should have suitable molecular size, moderate lipophilicity, and adequate

potency. Drugs with low doses and good permeability are preferred for buccal delivery.

e Mucoadhesive Polymers

Mucoadhesive polymers are essential components of buccal formulations. These
polymers help the dosage form adhere to the mucosal surface and prolong the residence
time. Commonly used polymers include carbopol, hydroxypropyl methylcellulose,

chitosan, and sodium alginate.

e Drug Release Rate

The formulation should be designed to release the drug at a controlled rate so that

therapeutic drug levels are maintained for a prolonged period.

e Permeation Enhancers

Certain substances may be added to increase drug permeability across the mucosal
membrane. These substances temporarily alter the structure of the mucosal barrier and

facilitate drug absorption.

e pH of the Formulation

The pH of the buccal formulation should be compatible with the buccal mucosa to

prevent irritation and ensure patient comfort.

e Mechanical Strength

The dosage form should have sufficient mechanical strength to withstand handling and

application without breaking.

e Palatability

|
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Since buccal formulations remain in the mouth for a prolonged time, taste and mouthfeel
are important considerations. Sweeteners and flavoring agents may be added to improve
patient acceptability.

Mucosal drug delivery systems represent an important alternative to conventional drug
administration routes. By utilizing mucous membranes such as the buccal mucosa, these
systems allow direct drug absorption into systemic circulation while avoiding first-pass
metabolism. The concept of mucoadhesion plays a crucial role in prolonging the residence
time of drug formulations at the mucosal surface, thereby enhancing drug absorption and
therapeutic effectiveness. Although mucosal drug delivery systems offer several advantages
such as improved bioavailability and patient compliance, challenges such as limited
absorption area and mucosal irritation must be carefully addressed during formulation
development. Advances in polymer science and formulation technology continue to improve
mucosal drug delivery systems, making them increasingly important in modern

pharmaceutical therapy.
Implantable Drug Delivery Systems

Introduction

Implantable drug delivery systems are specialized pharmaceutical devices designed to deliver
drugs at a controlled rate directly inside the body for an extended period of time. These
systems are placed or implanted under the skin or within a specific tissue or organ through a
minor surgical procedure. Once implanted, they continuously release the drug at a
predetermined rate, maintaining therapeutic drug levels in the body for weeks, months, or
even years. Implantable drug delivery systems are widely used in the treatment of chronic
diseases where long-term and controlled drug administration is required. Examples include
cancer therapy, hormone replacement therapy, pain management, and treatment of
neurological disorders. The main objective of implantable drug delivery is to maintain a
constant drug concentration at the target site while minimizing systemic side effects. These
systems are typically made using biodegradable or non-biodegradable polymers that control
the rate of drug release through mechanisms such as diffusion, degradation, or osmotic
pressure. Because the drug is delivered directly into the body, implantable systems can
bypass problems associated with oral drug delivery, such as poor bioavailability and first-

pass metabolism.
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Advantages of Implantable Drug Delivery Systems

Implantable drug delivery systems offer several advantages compared to conventional drug

administration methods.

e One major advantage is the ability to provide long-term and continuous drug delivery. A
single implant can release the drug for weeks, months, or even years, reducing the need
for frequent dosing.

e These systems maintain stable drug concentrations in the body by releasing the drug at a
controlled and predictable rate. This helps avoid fluctuations in drug levels that are
commonly seen with conventional dosage forms.

e Implantable systems can deliver drugs directly to the target site, which enhances
therapeutic effectiveness and reduces systemic side effects.

e They improve patient compliance because the patient does not need to remember to take
medications regularly.

e Implants are particularly useful for drugs with poor oral bioavailability or those that
undergo extensive first-pass metabolism in the liver.

e These systems reduce the risk of missed doses and improve overall treatment outcomes,
especially in chronic disease management.

e Implantable drug delivery systems also allow for the use of potent drugs that require

precise and continuous dosing.
Disadvantages of Implantable Drug Delivery Systems

e Despite their benefits, implantable drug delivery systems have certain limitations.

e The implantation procedure requires minor surgery, which may cause discomfort,
infection, or tissue damage.

e Once implanted, it is difficult to adjust the dose or stop drug delivery unless the implant is
surgically removed.

e The manufacturing process of implantable systems is complex and expensive.

e There is a possibility of implant rejection or inflammatory reaction by the body.

e Device failure or malfunction may lead to uncontrolled drug release or inadequate drug

delivery.
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e Long-term implants may require surgical removal if they are made of non-biodegradable
materials.
e In some cases, patients may experience local irritation or tissue damage at the

implantation site.
Concept of Implants

e Implants are small medical devices or drug-loaded systems that are placed inside the body
to deliver therapeutic agents over an extended period. These devices are usually inserted
subcutaneously or into specific tissues through a minor surgical procedure.

e Implants are designed using materials that control the rate of drug release. The drug may
be dispersed within a polymer matrix or enclosed within a polymeric membrane that
regulates drug diffusion. Depending on their design, implants may release drugs through
mechanisms such as diffusion, polymer degradation, swelling, or osmotic pressure.

e Implants are generally classified into biodegradable and non-biodegradable implants.

e Biodegradable implants gradually break down into non-toxic substances within the body
after the drug is released. These implants do not require surgical removal after therapy.

e Non-biodegradable implants remain intact within the body and may need to be removed
surgically after the drug has been completely released.

e Common examples of implantable drug delivery systems include contraceptive implants,

chemotherapy implants, and long-term hormone delivery systems.
Concept of Osmotic Pump

e An osmotic pump is a type of controlled drug delivery device that uses osmotic pressure
to release drugs at a controlled rate. The system consists of a drug reservoir surrounded
by a semi-permeable membrane with a small delivery orifice.

e When the osmotic pump is placed in a biological environment, water from the
surrounding body fluids enters the device through the semi-permeable membrane. This
water dissolves the drug inside the reservoir and creates osmotic pressure.

e The generated osmotic pressure pushes the drug solution out of the device through the
small opening at a controlled and constant rate. This mechanism allows the drug to be

released continuously over a prolonged period.
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e Osmotic pump systems are advantageous because the drug release rate is largely
independent of environmental factors such as pH and gastrointestinal motility.

e Several types of osmotic pumps are used in drug delivery systems, including elementary
osmotic pumps, push-pull osmotic pumps, and implantable osmotic pumps.

e These systems are widely used for the controlled delivery of drugs in long-term therapies.

Implantable drug delivery systems represent an advanced approach for long-term and
controlled administration of drugs. By placing the drug delivery device directly inside the
body, these systems provide continuous drug release, maintain stable therapeutic levels, and
improve patient compliance. Although implantable systems offer significant advantages such
as sustained drug delivery and targeted therapy, they also involve challenges such as surgical
implantation, high cost, and potential risk of infection or device failure. The concept of
osmotic pumps further enhances controlled drug delivery by using osmotic pressure to
achieve precise and consistent drug release. With ongoing advancements in biomaterials,
polymer science, and biomedical engineering, implantable drug delivery systems are

expected to play an increasingly important role in modern pharmaceutical therapy.

|
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UNIT-3"
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Transdermal Drug Delivery Systems

Introduction

Transdermal Drug Delivery Systems (TDDS) are advanced drug delivery systems designed to
deliver therapeutic agents through the skin and into systemic circulation at a controlled rate.
In this method, the drug is applied on the surface of the skin in the form of patches, gels,

creams, or ointments, and it diffuses across the skin layers to reach the bloodstream.

The skin acts as a protective barrier for the body, preventing the entry of harmful substances.
However, certain drugs can penetrate through the skin layers and enter systemic circulation.
Transdermal drug delivery systems utilize this property of the skin to achieve controlled and

sustained drug release.

TDDS offers several advantages over conventional routes of drug administration. It avoids
first-pass metabolism in the liver, provides sustained drug release, reduces dosing frequency,
and improves patient compliance. Transdermal patches are widely used for the treatment of
various conditions such as pain, hypertension, hormone replacement therapy, motion

sickness, and smoking cessation.
Permeation Through Skin

Drug permeation through the skin occurs mainly by passive diffusion through different layers

of the skin. The skin consists of three main layers: the epidermis, dermis, and hypodermis.

The outermost layer of the epidermis, known as the stratum corneum, is the primary barrier to
drug permeation. It is composed of dead keratinized cells embedded in a lipid matrix. Drugs
must pass through this layer before reaching deeper skin tissues and eventually entering the

systemic circulation.
There are three main pathways for drug permeation through the skin.

e Transcellular Pathway
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In this pathway, drug molecules pass directly through the cells of the stratum corneum. The
drug must diffuse through both lipid and aqueous regions of the cell membranes. This

pathway is more suitable for lipophilic drugs.
e Intercellular Pathway

In the intercellular pathway, drug molecules diffuse through the lipid matrix present between
the cells of the stratum corneum. Many drugs follow this route because it provides a

continuous pathway for diffusion.
e Transappendageal Pathway

This pathway involves drug permeation through skin appendages such as hair follicles, sweat
glands, and sebaceous glands. Although this pathway contributes only a small portion of drug

absorption, it can be important for certain drugs and formulations.
Factors Affecting Permeation Through Skin

Several factors influence the permeation of drugs through the skin in transdermal drug

delivery systems.
e Physicochemical Properties of the Drug

The molecular weight of the drug plays a crucial role in skin permeation. Drugs with low
molecular weight generally penetrate the skin more easily. Lipophilicity is another important
factor. Drugs must possess balanced lipophilic and hydrophilic properties to cross both lipid
and aqueous layers of the skin. The degree of ionization of the drug also affects permeation.
Non-ionized drugs penetrate the skin more easily than ionized drugs. Drug solubility and

concentration also influence the rate of diffusion across the skin.

e Physiological Factors

Skin thickness varies across different parts of the body and affects drug permeation. Areas
with thinner skin allow better drug absorption. Skin hydration also affects permeability.
Hydrated skin becomes more permeable to drugs. Skin temperature influences drug diffusion

because increased temperature enhances blood flow and diffusion rate. Age and condition of
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the skin also affect drug permeation. Damaged or diseased skin may allow increased drug
penetration.

e Formulation Factors

The type of formulation used in TDDS plays an important role in drug permeation. The
presence of permeation enhancers, solvents, and polymers can significantly influence drug
release and penetration through the skin. The size and surface area of the transdermal patch

also affect drug absorption.
Permeation Enhancers

Permeation enhancers are substances that temporarily increase the permeability of the skin,
allowing drugs to penetrate more easily through the stratum corneum. These agents work by
altering the structure of the skin barrier without causing permanent damage. Permeation
enhancers may act by disrupting the lipid structure of the stratum corneum, interacting with

keratin proteins, or increasing the solubility of the drug within the skin.
Common types of permeation enhancers include:

e Alcohols such as ethanol and isopropanol, which increase drug solubility and fluidize
skin lipids.

e Fatty acids such as oleic acid, which disrupt the lipid structure of the skin barrier.

e Surfactants, which interact with skin proteins and enhance drug diffusion.

e Terpenes, natural compounds that improve drug penetration through lipid pathways.

e Dimethyl sulfoxide (DMSO), a powerful penetration enhancer that increases skin

permeability.
Basic Components of Transdermal Drug Delivery Systems

A typical transdermal drug delivery system consists of several components that work together

to control drug release and permeation through the skin.

e Drug
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The drug is the active pharmaceutical ingredient intended for systemic therapy. The drug
should have suitable physicochemical properties such as low molecular weight, balanced

lipophilicity, and adequate potency.
e Polymer Matrix

The polymer matrix acts as the drug reservoir and controls the rate of drug release. It holds

the drug and allows gradual diffusion through the patch.
e Backing Layer

The backing layer is the outermost layer of the transdermal patch. It protects the formulation

from environmental factors such as moisture, light, and oxygen.
e Adhesive Layer

The adhesive layer attaches the patch to the skin surface. It ensures that the patch remains in

contact with the skin for the required duration.
e Release Liner

The release liner is a protective layer that covers the adhesive surface before application. It is

removed before the patch is applied to the skin.
e Permeation Enhancers

Permeation enhancers may be included in the formulation to increase drug penetration

through the skin.
Formulation Approaches of TDDS
Several formulation approaches are used to design transdermal drug delivery systems.

e Reservoir System

In reservoir systems, the drug is contained within a liquid or gel reservoir enclosed by a rate-
controlling membrane. The membrane regulates the release of the drug from the reservoir to

the skin surface.
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e Matrix System

In matrix systems, the drug is uniformly dispersed within a polymer matrix. The drug diffuses
slowly from the matrix into the skin. Matrix systems are commonly used because they are

easier to manufacture.
e Drug-in-Adhesive System

In this system, the drug is incorporated directly into the adhesive layer of the patch. The

adhesive not only attaches the patch to the skin but also controls the release of the drug.
e Microreservoir System

The microreservoir system combines the characteristics of reservoir and matrix systems. In
this approach, the drug is suspended in small reservoirs within a polymer matrix, providing

controlled drug release.

Transdermal drug delivery systems represent an important advancement in controlled drug
delivery technology. These systems provide sustained drug release, improve bioavailability
by avoiding first-pass metabolism, and enhance patient compliance by reducing dosing
frequency. Drug permeation through the skin is influenced by several factors including drug
properties, physiological conditions of the skin, and formulation components. The use of
permeation enhancers and suitable polymer matrices helps improve the effectiveness of
transdermal drug delivery systems. With continuous advancements in pharmaceutical
technology, transdermal drug delivery systems are expected to play an increasingly important

role in modern therapeutics for the treatment of various chronic diseases.

Gastroretentive Drug Delivery Systems (GRDDS)

Introduction

Gastroretentive Drug Delivery Systems (GRDDS) are specialized oral drug delivery systems
designed to prolong the residence time of a drug in the stomach. These systems remain in the
gastric region for an extended period and release the drug slowly, thereby improving drug

absorption and therapeutic efficacy.

Sharma, S. K., Shanmugananth, V., Borse, P. A., & Bari, M. M. Page 47



Textbook of Novel Drug Delivery System (NDDS) Mantra Publication | 2026

Normally, oral dosage forms pass through the stomach within a short time due to gastric
emptying. However, certain drugs are primarily absorbed in the stomach or the upper part of
the small intestine. For such drugs, conventional dosage forms may result in incomplete
absorption and reduced therapeutic effectiveness. Gastroretentive drug delivery systems are
developed to overcome this limitation by retaining the dosage form in the stomach for a

prolonged period.

GRDDS are particularly useful for drugs that have a narrow absorption window in the upper
gastrointestinal tract, drugs that are unstable in the intestinal environment, and drugs that act
locally in the stomach. These systems help maintain sustained drug release and enhance

bioavailability.
Advantages of Gastroretentive Drug Delivery Systems
Gastroretentive drug delivery systems provide several advantages in pharmaceutical therapy.

e They prolong the gastric residence time of drugs, allowing more time for drug absorption
in the stomach and upper intestine.

e GRDDS improve the bioavailability of drugs that are poorly absorbed in the lower
gastrointestinal tract.

e They provide controlled and sustained drug release, which helps maintain stable drug
concentrations in the body.

e These systems reduce dosing frequency and improve patient compliance.

e GRDDS are beneficial for drugs that act locally in the stomach, such as drugs used in the
treatment of gastric ulcers and Helicobacter pylori infections.

e They minimize drug loss in the distal parts of the gastrointestinal tract.

e Gastroretentive systems can also enhance therapeutic efficiency by delivering drugs at the

desired site for a longer period.
Disadvantages of Gastroretentive Drug Delivery Systems
Despite their benefits, GRDDS also have some limitations.

e The effectiveness of gastroretentive systems depends on the gastric motility and

physiological conditions of the patient.
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e The presence of food in the stomach may influence the performance of the dosage form.

e Drugs that are unstable in acidic gastric conditions may not be suitable for GRDDS.

e Some dosage forms may cause gastric irritation.

e These systems are not suitable for drugs that are absorbed throughout the entire
gastrointestinal tract.

e Variability in gastric emptying time may lead to inconsistent drug release profiles.

e The formulation and manufacturing of gastroretentive systems may be complex and

costly.
Approaches for Gastroretentive Drug Delivery Systems

Several strategies have been developed to achieve prolonged gastric retention of dosage
forms. These approaches include floating systems, high-density systems, inflatable systems,

and gastroadhesive systems.
Floating Drug Delivery Systems

e Floating drug delivery systems are designed to remain buoyant in the gastric fluid for an
extended period. These systems have a lower density than gastric fluids and therefore
float on the surface of the stomach contents.

e When the dosage form floats in the stomach, the drug is released slowly while the system
remains buoyant. This prolongs gastric residence time and improves drug absorption.

e Floating systems are usually prepared using hydrophilic polymers such as hydroxypropyl
methylcellulose that swell in the presence of gastric fluids. Gas-generating agents such as
sodium bicarbonate and citric acid may also be used to produce carbon dioxide, which
helps the dosage form float.

e Floating drug delivery systems are widely used in sustained release formulations.
High Density Systems

e High density systems are designed with a density greater than that of gastric contents.
These systems sink to the bottom of the stomach and remain in the gastric region for an

extended period.
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Because of their high density, these dosage forms resist gastric emptying and stay in the
stomach despite peristaltic movements. Materials such as barium sulfate, zinc oxide, or
iron powder may be incorporated to increase the density of the formulation.

High density systems are useful for delivering drugs that require prolonged gastric
retention. However, they are less commonly used because of formulation challenges and

variability in gastric motility.

Inflatable Systems

Inflatable gastroretentive systems are designed to increase in size after reaching the
stomach. These systems contain inflatable chambers or swellable materials that expand
upon contact with gastric fluids.

Once inflated or swollen, the dosage form becomes large enough to prevent passage
through the pyloric sphincter. This allows the system to remain in the stomach for a
longer time.

After the drug has been completely released, the system gradually collapses and is
eliminated from the body through the gastrointestinal tract.

Inflatable systems are useful for prolonged drug delivery and are often used in advanced

controlled release formulations.

Gastroadhesive Systems

Gastroadhesive systems are designed to adhere to the gastric mucosa, thereby remaining
in the stomach for an extended period. These systems use bioadhesive polymers that
interact with the mucus layer of the stomach.

When the dosage form attaches to the gastric mucosa, it resists gastric emptying and
continues to release the drug slowly at the site of adhesion.

Commonly used mucoadhesive polymers include carbopol, chitosan, and hydroxypropyl
methylcellulose. These polymers form strong interactions with mucin and help maintain
prolonged contact with the gastric lining.

Gastroadhesive systems are particularly useful for drugs that act locally in the stomach.
Applications of Gastroretentive Drug Delivery Systems

Gastroretentive drug delivery systems have several important therapeutic applications.
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e They are used for drugs that have a narrow absorption window in the upper
gastrointestinal tract.

e GRDDS are useful for drugs that are locally active in the stomach, such as antacids and
drugs used in the treatment of gastric ulcers.

e They improve the bioavailability of drugs that are poorly absorbed in the intestine.

e These systems are used in the treatment of diseases such as peptic ulcers,
gastroesophageal reflux disease, and infections caused by Helicobacter pylori.

e GRDDS are also useful for drugs that degrade in the intestinal environment but remain

stable in gastric fluids.

Nasopulmonary Drug Delivery System

Introduction

Nasopulmonary drug delivery systems refer to the administration of drugs through the nasal
cavity and the lungs. These routes provide an effective alternative to conventional drug
administration methods such as oral and injectable routes. The nasal and pulmonary pathways
allow drugs to be delivered directly to the respiratory tract or into systemic circulation

through the large surface area and rich blood supply of the respiratory system.

The respiratory tract is divided into two main regions: the upper respiratory tract and the
lower respiratory tract. The nasal cavity belongs to the upper respiratory tract, while the lungs
and bronchi belong to the lower respiratory tract. Drugs delivered through these routes can
produce either local effects within the respiratory system or systemic effects after absorption

into the bloodstream.

Nasopulmonary drug delivery is widely used in the treatment of respiratory diseases such as
asthma, chronic obstructive pulmonary disease (COPD), allergic rhinitis, and respiratory
infections. In recent years, these routes have also been explored for systemic delivery of

drugs including hormones, vaccines, peptides, and proteins.
Nasal Route of Drug Delivery

The nasal route involves the administration of drugs through the nasal cavity. The nasal

cavity is lined with a mucous membrane that provides a large surface area for drug
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absorption. It also contains a rich network of blood vessels that allows rapid drug absorption

into systemic circulation.

The nasal route offers several advantages such as rapid onset of action, avoidance of first-
pass metabolism in the liver, and non-invasive administration. Drugs administered through

the nasal cavity can act locally to treat nasal disorders or can be absorbed systemically.

Nasal drug delivery systems are commonly used for the treatment of conditions such as nasal
congestion, allergic rhinitis, sinusitis, and migraine. In addition, nasal delivery has been
explored for brain targeting because drugs may reach the central nervous system through the

olfactory region of the nasal cavity.
Pulmonary Route of Drug Delivery

The pulmonary route involves the administration of drugs through inhalation into the lungs.
The lungs provide a very large surface area for drug absorption, approximately 70-100
square meters. The alveoli in the lungs have thin membranes and a rich blood supply, which

facilitates rapid drug absorption.

Drugs delivered to the lungs may produce local effects in the respiratory tract or systemic
effects after absorption into the bloodstream. Pulmonary drug delivery is widely used for the

treatment of respiratory diseases such as asthma, bronchitis, and COPD.

The pulmonary route is also used for systemic delivery of drugs because it allows rapid
absorption and avoids first-pass metabolism in the liver. Inhalation therapy is particularly

useful for drugs that require fast action and targeted delivery to the lungs.
Formulation of Inhalers (Dry Powder Inhalers and Metered Dose Inhalers)

Introduction

Inhalers are pharmaceutical devices designed to deliver drugs directly into the respiratory
tract in the form of aerosols or fine particles. They are widely used for the treatment of
respiratory diseases such as asthma, chronic obstructive pulmonary disease (COPD),
bronchitis, and other pulmonary disorders. Inhalation therapy allows the drug to reach the

lungs rapidly, producing a faster therapeutic response and reducing systemic side effects.
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Inhalers are formulated to produce particles of suitable aerodynamic diameter, generally
between 1-5 micrometers, so that the drug can reach the deeper regions of the lungs. The
formulation must ensure uniform dose delivery, stability of the drug, and efficient deposition

in the respiratory tract.

The two most commonly used inhaler formulations are Dry Powder Inhalers (DPIs) and
Metered Dose Inhalers (MDIs). Each system has specific formulation requirements and

components to ensure proper drug delivery.

Dry Powder Inhalers (DPI)

Dry Powder Inhalers deliver drugs in the form of dry powder particles that are inhaled by the
patient into the lungs. These inhalers do not require propellants; instead, the patient’s

inhalation effort disperses the powder into respirable particles.

In DPI formulations, the drug particles are typically micronized to a size between 1 and 5
micrometers to allow deep lung deposition. Because micronized drug particles are highly
cohesive and difficult to flow, they are usually mixed with carrier particles to improve flow

and dispersion.

Components of Dry Powder Inhaler Formulations

e The formulation of dry powder inhalers includes several important components.

e The active pharmaceutical ingredient (API) is the drug intended to produce the
therapeutic effect. It is usually micronized to achieve the desired particle size.

e Carrier substances are used to improve the flow properties of the powder and ensure
accurate dosing. Lactose is the most commonly used carrier in DPI formulations. The
drug particles adhere to the larger lactose particles and separate during inhalation.

e Glidants may be added to improve powder flow and prevent aggregation of particles.
Examples include magnesium stearate and colloidal silicon dioxide.

e Stabilizers may be included to maintain the chemical stability of the drug and protect

it from moisture or degradation.

Formulation Considerations for Dry Powder Inhalers

Several factors must be considered when formulating DPIs.
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e Particle size plays a crucial role in determining lung deposition. Particles larger than
10 micrometers are usually deposited in the mouth or throat, while particles smaller
than 1 micrometer may be exhaled.

e Flow properties of the powder are important for uniform dosing. Poor flow may lead
to inconsistent drug delivery.

e Moisture sensitivity must be controlled because humidity can cause particle
aggregation and reduce inhaler performance.

e Drug-carrier interaction should be optimized to ensure efficient detachment of drug
particles during inhalation.

Advantages of Dry Powder Inhalers

Dry powder inhalers are simple devices that do not require propellants. They are
environmentally friendly and easy to operate. They are breath-actuated, meaning the patient’s
inhalation triggers drug release. This reduces the need for coordination between inhalation

and device activation.

Limitations of Dry Powder Inhalers

Dry powder inhalers require sufficient inspiratory flow from the patient to disperse the
powder effectively. Patients with weak inhalation capacity may experience difficulty using
these devices. Moisture sensitivity and powder aggregation may also affect the stability and

performance of the formulation.

Metered Dose Inhalers (MDI)

e Metered Dose Inhalers are pressurized inhalation devices that deliver a fixed amount
of drug in aerosol form. The formulation is contained in a pressurized canister along
with a propellant that helps expel the drug when the device is activated.

e When the inhaler is pressed, the metering valve releases a measured dose of the drug,
which is inhaled by the patient as a fine aerosol spray.

e MDIs are widely used because they provide accurate dosing and rapid drug delivery

to the lungs.

Components of Metered Dose Inhaler Formulations
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The formulation of metered dose inhalers consists of several essential components.

e The active pharmaceutical ingredient is the drug responsible for the therapeutic effect.
It may be present as a solution or suspension in the formulation.

e Propellants are substances that generate pressure within the inhaler and help expel the
drug as an aerosol. Hydrofluoroalkanes such as HFA-134a and HFA-227 are
commonly used propellants.

e Co-solvents such as ethanol may be added to dissolve the drug and improve
formulation stability.

e Surfactants are included to stabilize suspensions and prevent aggregation of drug
particles. Examples include oleic acid and sorbitan trioleate.

e Stabilizers and antioxidants may be added to maintain the chemical stability of the

drug during storage.
Formulation Considerations for Metered Dose Inhalers

e The particle size of the drug must be carefully controlled to ensure effective lung
deposition.

e The compatibility of the drug with the propellant must be evaluated to ensure stability
of the formulation.

e Uniform distribution of the drug within the propellant system is necessary to deliver

consistent doses.

e The metering valve must release a precise and reproducible amount of drug with each

actuation.
e The formulation must remain stable under pressure and temperature variations during

storage and use.
Advantages of Metered Dose Inhalers

Metered dose inhalers deliver accurate and reproducible doses of medication. They are
portable, convenient, and widely available. MDIs provide rapid drug delivery and are

effective in treating acute respiratory conditions.

Limitations of Metered Dose Inhalers
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Proper coordination between inhalation and actuation is required for effective drug delivery.
Some patients, particularly children and elderly individuals, may find it difficult to use the
device correctly. The use of propellants may also raise environmental concerns, although

modern hydrofluoroalkane propellants are safer than earlier chlorofluorocarbon propellants.

The formulation of inhalers plays a critical role in ensuring effective delivery of drugs to the
respiratory tract. Dry powder inhalers and metered dose inhalers are the two most widely
used inhalation systems. Each system has unique formulation requirements, advantages, and

limitations.

Careful selection of drug particle size, excipients, and device design is essential to achieve
efficient drug deposition in the lungs and ensure consistent therapeutic outcomes. Advances
in inhaler technology continue to improve the safety, efficacy, and convenience of inhalation

therapy for respiratory diseases.
Nasal Sprays

Introduction

Nasal sprays are pharmaceutical dosage forms designed to deliver drugs into the nasal cavity
in the form of a fine spray or mist. They are commonly used for the treatment of local nasal
conditions such as allergic rhinitis, nasal congestion, sinusitis, and infections. In addition to
local therapy, nasal sprays can also be used for systemic drug delivery because the nasal

mucosa has a rich blood supply that allows rapid absorption of drugs into the bloodstream.

The nasal cavity provides a large surface area and highly vascularized mucosal membrane,
which facilitates quick drug absorption and rapid onset of action. Nasal drug delivery also
avoids first-pass metabolism in the liver, making it an effective alternative route for certain

medications such as peptides, hormones, and vaccines.
Components of Nasal Spray Formulations

Nasal spray formulations contain several essential components that ensure effective drug

delivery and stability.
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e The active pharmaceutical ingredient is the drug responsible for producing the
therapeutic effect.

e The solvent or vehicle is usually purified water that dissolves or suspends the drug in
the formulation.

e Preservatives such as benzalkonium chloride may be added to prevent microbial
contamination during storage and repeated use.

e Buffers are used to maintain the pH of the formulation within the physiological range
of the nasal cavity.

e Stabilizers help maintain the chemical stability of the drug during storage.

e Humectants such as glycerin or propylene glycol may be added to prevent drying of

the nasal mucosa.
Types of Nasal Sprays
Nasal sprays may be classified into two major types based on the formulation.

e Solution nasal sprays contain the drug completely dissolved in the liquid vehicle.

These formulations provide uniform dosing and rapid absorption.
e Suspension nasal sprays contain the drug dispersed in the liquid medium as fine

particles. Proper shaking is required before use to ensure uniform drug distribution.
Advantages of Nasal Sprays
Nasal sprays provide rapid onset of action due to the high vascularity of the nasal mucosa.

e They avoid first-pass metabolism in the liver.
e The route is non-invasive and convenient for patients.
e They provide targeted therapy for nasal disorders.

e Nasal sprays can also be used for systemic drug delivery.
Limitations of Nasal Sprays

e The volume that can be administered through the nasal route is limited.
e Irritation of the nasal mucosa may occur with certain formulations.

e Drug absorption may be affected by nasal congestion, mucus secretion, or

pathological conditions.
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e Frequent dosing may be required for drugs with short duration of action.
Nebulizers

Introduction

Nebulizers are drug delivery devices used to administer medications in the form of a fine mist
or aerosol that can be inhaled directly into the lungs. They convert liquid drug formulations

into small aerosol droplets that can be inhaled through a mouthpiece or face mask.

Nebulizers are commonly used in the treatment of respiratory diseases such as asthma,
chronic obstructive pulmonary disease (COPD), bronchitis, and cystic fibrosis. They are
especially useful for patients who have difficulty using inhalers, such as young children,

elderly individuals, and patients with severe respiratory distress.
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Types of Nebulizers

e Nebulizers are classified into different types based on the mechanism used to generate
aerosol particles.

e Jet nebulizers use compressed air or oxygen to convert liquid medication into aerosol
droplets. The compressed gas passes through a narrow opening, creating a pressure

difference that produces a fine mist.
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e Ultrasonic nebulizers use high-frequency ultrasonic vibrations to generate aerosol
particles from the liquid formulation. These devices produce a consistent aerosol
output and operate quietly.

e Mesh nebulizers use a vibrating mesh or membrane containing microscopic holes.

The liquid drug passes through the mesh to form uniform aerosol droplets.
Components of Nebulizer Formulations

e Nebulizer formulations are usually aqueous solutions or suspensions containing the
drug.

e The active pharmaceutical ingredient provides the therapeutic effect.

e The solvent is generally sterile water or saline solution.

e Stabilizers and buffers may be added to maintain the chemical stability and pH of the
formulation.

e Preservatives may be included in multi-dose formulations to prevent microbial

contamination.
Advantages of Nebulizers

e Nebulizers deliver drugs directly to the lungs, producing rapid therapeutic effects.

e They are easy to use and do not require coordination between inhalation and device
activation.

e Nebulizers are suitable for children, elderly patients, and patients with severe
respiratory diseases.

e They can deliver relatively large doses of medication.
Disadvantages of Nebulizers

e Nebulizers are larger and less portable than inhalers.
e The treatment time may be longer compared to other inhalation devices.
e Regular cleaning and maintenance are required to prevent contamination.

e Nebulizers may be more expensive than other inhalation devices.

Nasal sprays and nebulizers are important components of nasopulmonary drug delivery

systems. Nasal sprays are mainly used for local nasal treatment and systemic drug delivery
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through the nasal mucosa, while nebulizers are used to deliver medications directly to the
lungs in the form of aerosols. Both systems provide rapid drug action and improved
therapeutic outcomes for respiratory diseases. Advances in formulation technology and
device design continue to enhance the effectiveness, safety, and convenience of nasal and

pulmonary drug delivery systems.

e —
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Targeted Drug Delivery System

Introduction

Targeted drug delivery is an advanced drug delivery approach designed to deliver a
therapeutic agent specifically to the site of action in the body while minimizing its
distribution to non-target tissues. The primary goal of targeted drug delivery is to increase the

therapeutic effectiveness of a drug while reducing its side effects and toxicity.

In conventional drug delivery systems, drugs are distributed throughout the body via systemic
circulation. As a result, only a small fraction of the administered dose reaches the intended
target site, while the remaining drug may affect healthy tissues and cause adverse effects.
Targeted drug delivery systems overcome this limitation by directing the drug specifically to

the diseased cells, tissues, or organs.

This approach is particularly important in the treatment of diseases such as cancer, infections,
cardiovascular disorders, and inflammatory conditions, where selective delivery of drugs to

the affected site is essential for improving therapeutic outcomes.

Targeted drug delivery systems often use specialized carriers such as nanoparticles,
liposomes, microspheres, antibodies, polymers, and ligand-modified drug carriers to achieve

selective drug delivery.
Concept of Targeted Drug Delivery

The concept of targeted drug delivery is based on the idea of transporting a drug to a specific
site in the body where it is needed. This concept is sometimes referred to as the “magic
bullet” approach, which was first proposed by Paul Ehrlich. According to this concept, the

drug should selectively target diseased cells without affecting normal tissues.
Targeted drug delivery systems involve three main components:

e The therapeutic agent, which is the drug responsible for producing the desired
pharmacological effect.
e The carrier system, which transports the drug to the target site. Carriers may include

liposomes, nanoparticles, polymeric systems, or antibody-drug conjugates.
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e The targeting mechanism, which enables the drug to reach the specific tissue, cell, or

receptor.

The success of targeted drug delivery depends on the ability of the carrier to circulate in the

body, recognize the target site, and release the drug in a controlled manner.
Approaches for Targeted Drug Delivery

Several strategies have been developed to achieve targeted drug delivery. These approaches

are broadly classified into passive targeting, active targeting, and physical targeting.
e Passive Targeting

Passive targeting involves the accumulation of drug carriers at the target site due to
physiological or pathological characteristics of the tissue. This approach does not require

specific ligand—receptor interactions.

A common example of passive targeting is the enhanced permeability and retention (EPR)
effect observed in tumor tissues. Tumors have leaky blood vessels and poor lymphatic
drainage, allowing nanoparticles and macromolecular drug carriers to accumulate in the

tumor tissue.

Passive targeting is widely used in cancer therapy using nanoparticles, liposomes, and

polymeric drug carriers.
e Active Targeting

Active targeting involves the use of specific ligands or molecules that can recognize and bind
to receptors present on the surface of target cells. In this approach, the drug carrier is

modified with targeting molecules such as antibodies, peptides, sugars, or other ligands.

When the carrier reaches the target tissue, the ligand binds to specific receptors on the cell

surface, allowing the drug to be selectively delivered into the target cells.

Active targeting is highly selective and is commonly used in cancer therapy, gene therapy,

and targeted immunotherapy.
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e Physical Targeting

Physical targeting involves directing the drug to the target site using external physical stimuli
or environmental conditions. These methods may involve the use of temperature, magnetic

fields, ultrasound, or light to guide the drug carrier to the target tissue.

For example, magnetic nanoparticles can be directed to a specific location in the body using
an external magnetic field. Similarly, temperature-sensitive liposomes can release drugs in

response to increased temperature at the target site.

Physical targeting allows controlled drug delivery and site-specific drug release.
Advantages of Targeted Drug Delivery
Targeted drug delivery systems offer several important advantages in modern therapeutics.

e They improve the therapeutic efficacy of drugs by delivering them directly to the
diseased tissues.

e They reduce systemic toxicity and adverse effects by minimizing drug exposure to
healthy tissues.

e Targeted delivery allows the use of lower drug doses while maintaining therapeutic
effectiveness.

e These systems improve drug bioavailability and pharmacokinetic properties.

e Targeted drug delivery provides controlled and sustained release of drugs at the
desired site.

e They enhance patient compliance by reducing dosing frequency and side effects.

e Targeted systems are particularly beneficial in cancer chemotherapy, where selective

delivery of anticancer drugs can reduce damage to normal cells.
Disadvantages of Targeted Drug Delivery
Despite their advantages, targeted drug delivery systems also have certain limitations.

e The design and development of targeted drug delivery systems are complex and
require advanced technologies.

e The cost of manufacturing and formulation development is often high.
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e Stability issues may arise during storage and circulation in the body.

e Targeting efficiency may be affected by physiological barriers such as immune
system clearance, blood flow, and tissue penetration.

e There is a possibility that the carrier system may cause toxicity or immunological
reactions.

e The large-scale production and regulatory approval of targeted drug delivery systems

can be challenging.
Applications of Targeted Drug Delivery
Targeted drug delivery systems have numerous applications in modern medicine.

e They are widely used in cancer therapy to deliver chemotherapeutic agents directly to
tumor tissues.

e Targeted systems are used in gene therapy to deliver genetic material to specific cells.

e They are used in the treatment of infectious diseases by directing antimicrobial drugs
to infected tissues.

e Targeted drug delivery is also used in cardiovascular therapy, brain drug delivery, and
treatment of inflammatory diseases.

e Nanotechnology-based targeted delivery systems are increasingly being developed for

advanced therapeutic applications.

Targeted drug delivery systems represent a significant advancement in pharmaceutical
science and drug therapy. By directing drugs specifically to the desired site of action, these

systems improve therapeutic efficacy while reducing systemic toxicity.

Various approaches such as passive targeting, active targeting, and physical targeting have
been developed to achieve selective drug delivery. Although challenges such as formulation
complexity and high cost remain, ongoing research in nanotechnology, biotechnology, and

pharmaceutical engineering continues to improve targeted drug delivery strategies.

These systems hold great promise for the future of personalized medicine and the

development of more effective and safer therapeutic treatments.
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A. Liposomes

Introduction

Liposomes are microscopic spherical vesicles composed of one or more phospholipid
bilayers surrounding an aqueous core. They are widely used as drug delivery systems because
they can encapsulate both hydrophilic and lipophilic drugs. Liposomes mimic the structure of
biological cell membranes and therefore show excellent biocompatibility and

biodegradability.

The concept of liposomes was first introduced in the 1960s when phospholipids were
observed to spontaneously form bilayer vesicles in aqueous environments. Since then,
liposomes have been extensively studied and developed as carriers for drugs, vaccines, genes,

and other therapeutic agents.

Liposomes are particularly important in targeted drug delivery systems because they can
transport drugs directly to specific tissues or cells while reducing toxicity and improving

therapeutic effectiveness.
Structure of Liposomes

Liposomes consist of phospholipid molecules arranged in the form of a bilayer. Each
phospholipid molecule contains a hydrophilic (water-loving) head and a hydrophobic (water-

repelling) tail.

When phospholipids are dispersed in water, they arrange themselves so that the hydrophilic
heads face the aqueous environment, while the hydrophobic tails face inward. This

arrangement forms a bilayer membrane that encloses an aqueous compartment.

Hydrophilic drugs can be encapsulated in the aqueous core of the liposome, while lipophilic
drugs can be incorporated within the lipid bilayer. This dual capability makes liposomes

versatile drug delivery carriers.

Cholesterol is often added to liposome formulations to increase membrane stability and

rigidity.
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Phospholipids
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Classification of Liposomes

Liposomes can be classified based on the number of lipid bilayers and their size.

e Small Unilamellar Vesicles (SUVs) contain a single phospholipid bilayer and usually
have a diameter of 20—100 nanometers.

e Large Unilamellar Vesicles (LUVSs) also contain a single bilayer but are larger in size,
typically ranging from 100 to 1000 nanometers.

e Multilamellar Vesicles (MLVs) contain multiple concentric lipid bilayers arranged
like an onion structure.

e Giant Unilamellar Vesicles (GUVSs) are very large vesicles with a single lipid bilayer

and a diameter greater than 1 micrometer.

Components of Liposomes

Liposome formulations generally contain several important components.

e Phospholipids are the main structural components of liposomes. Commonly used
phospholipids include phosphatidylcholine and phosphatidylserine.

e Cholesterol is added to improve membrane stability and reduce permeability of the
lipid bilayer.

e Charged lipids may be included to provide surface charge and improve stability of the
liposome suspension.

e Buffer solutions are used to maintain pH and isotonicity.
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e The active pharmaceutical ingredient is the drug that is encapsulated within the

liposome.

Methods of Preparation of Liposomes

Several techniques are used for the preparation of liposomes.

e The thin film hydration method is one of the most commonly used techniques. In this
method, phospholipids are dissolved in an organic solvent and the solvent is
evaporated to form a thin lipid film. The film is then hydrated with an aqueous
solution containing the drug, forming liposomes.

e The reverse phase evaporation method involves forming a water-in-oil emulsion
followed by removal of the organic solvent to produce liposomes.

e The ethanol injection method involves injecting a lipid solution in ethanol into an
aqueous phase, which leads to spontaneous formation of liposomes.

e The detergent removal method uses detergents to solubilize lipids and then removes

the detergent to form liposomes.

Advantages of Liposomes

Liposomes provide several advantages as drug delivery systems.

e They can encapsulate both hydrophilic and lipophilic drugs.

e Liposomes improve drug stability and protect drugs from degradation.

e They can reduce toxicity of drugs by limiting their exposure to healthy tissues.

e Liposomes can be modified to achieve targeted drug delivery to specific tissues or

cells.
e They enhance bioavailability and improve therapeutic effectiveness.
e Liposomes are biodegradable and biocompatible, making them safe for

pharmaceutical use.

Disadvantages of Liposomes

Despite their advantages, liposomes also have some limitations.

e Liposomes may undergo physical and chemical instability during storage.
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e Drug leakage from liposomes may occur over time.

e The production process can be complex and expensive.

e Liposomes may be rapidly cleared from the bloodstream by the reticuloendothelial
system.

e Large-scale manufacturing of liposomal formulations may be challenging.
Applications of Liposomes

e Liposomes have numerous applications in pharmaceutical and biomedical fields.

e They are widely used in targeted drug delivery systems for cancer chemotherapy.

e Liposomes are used for delivery of vaccines and immunological agents.

e They are used in gene therapy to deliver genetic material into cells.

e Liposomes are employed in cosmetic formulations for delivery of active ingredients
to the skin.

e They are used for delivery of antibiotics, antifungal drugs, and antiviral agents.

e Liposomal formulations are also used in treatment of diseases such as fungal

infections, cancer, and inflammatory conditions.

Liposomes are an important and versatile drug delivery system with significant potential in
modern medicine. Their ability to encapsulate different types of drugs, improve drug
stability, and provide targeted delivery makes them highly valuable in pharmaceutical

research and therapy.

Although challenges such as stability, cost, and large-scale production remain, advances in
nanotechnology and pharmaceutical engineering continue to improve liposomal drug delivery
systems. Liposomes are expected to play an increasingly important role in the development of

safer and more effective therapeutic treatments.
B. Niosomes

Introduction

Niosomes are microscopic vesicular systems formed by the self-assembly of non-ionic
surfactants in an aqueous medium, resulting in closed bilayer structures. These vesicles are

similar in structure to liposomes but differ in composition because they are prepared from
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non-ionic surfactants instead of phospholipids. Niosomes are widely used as drug delivery

systems because they can encapsulate both hydrophilic and lipophilic drugs.

Niosomes have attracted considerable attention in pharmaceutical research due to their
stability, cost-effectiveness, and ability to improve drug bioavailability. They act as carriers
that can deliver drugs to specific tissues, enhance drug penetration, and provide controlled

release of the therapeutic agent.

Because of these properties, niosomes are increasingly used in targeted drug delivery,

transdermal drug delivery, and controlled release formulations.
Structure of Niosomes

e Niosomes are vesicles composed of one or more bilayers formed by non-ionic
surfactants. Each surfactant molecule contains a hydrophilic head group and a
hydrophobic tail.

e When these molecules are dispersed in water, they arrange themselves into bilayer
vesicles with the hydrophilic heads facing the aqueous environment and the
hydrophobic tails oriented inward. This structure forms a closed vesicle that encloses
an aqueous core.

e Hydrophilic drugs can be encapsulated in the aqueous core of the vesicle, while
lipophilic drugs can be incorporated within the bilayer membrane. This unique
structure allows niosomes to deliver a wide variety of drugs.

e Cholesterol is often added to niosomal formulations to increase membrane rigidity

and stability.
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Components of Niosomes

The formulation of niosomes generally consists of several important components.

Non-ionic surfactants are the main structural components of niosomes. Examples
include Span, Tween, and Brij surfactants.

Cholesterol is added to provide rigidity and stability to the bilayer membrane and to
reduce leakage of the encapsulated drug.

Charge inducers such as dicetyl phosphate or stearylamine may be included to prevent
aggregation and improve stability of the vesicles.

The aqueous phase contains the drug and other formulation components such as

buffers and stabilizers.

Classification of Niosomes

Niosomes can be classified based on their size and number of bilayers.

Small Unilamellar Vesicles consist of a single bilayer and usually have a small
diameter.

Large Unilamellar Vesicles also contain a single bilayer but are larger in size.
Multilamellar Vesicles consist of multiple concentric bilayers surrounding the
aqueous core.

The size and structure of the vesicles influence drug loading capacity and release

characteristics.

Methods of Preparation of Niosomes

Several techniques are used to prepare niosomes.

The thin film hydration method is one of the most commonly used techniques. In this
method, surfactants and cholesterol are dissolved in an organic solvent and the solvent
is evaporated to form a thin film. Hydration of the film with an aqueous drug solution
leads to the formation of niosomes.

The ether injection method involves dissolving the surfactant in ether and slowly

injecting it into a heated aqueous phase, which results in the formation of vesicles.
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e The reverse phase evaporation method involves formation of a water-in-oil emulsion
followed by removal of the organic solvent to form vesicles.
e The sonication method uses ultrasonic energy to reduce the size of vesicles and

produce small unilamellar niosomes.
Advantages of Niosomes
Niosomes offer several advantages as drug delivery systems.

e They enhance drug stability and protect drugs from degradation.

e Niosomes can encapsulate both hydrophilic and lipophilic drugs.

e They provide controlled and sustained drug release.

e They improve bioavailability of drugs.

e Niosomes are relatively stable compared to liposomes because non-ionic surfactants
are less susceptible to oxidation.

e The formulation cost is lower than liposomal systems.

e They can be used for targeted drug delivery.
Disadvantages of Niosomes
Despite their advantages, niosomes have certain limitations.

e Physical instability such as aggregation, fusion, or leakage of drug may occur during
storage.

e The preparation process may require specialized equipment and techniques.

e Entrapment efficiency may vary depending on formulation conditions.

e Some surfactants may cause irritation or toxicity in certain applications.
Applications of Niosomes

e Niosomes have a wide range of applications in pharmaceutical and biomedical fields.

e They are used in targeted drug delivery systems to deliver drugs to specific tissues.

e Niosomes are used in cancer therapy for delivery of anticancer drugs.

e They are used in transdermal drug delivery systems to enhance penetration through
the skin.
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e Niosomes are used for delivery of antibiotics, anti-inflammatory drugs, and antifungal
agents.
e They are also used in cosmetic formulations to deliver active ingredients into the skin.

e Niosomes have been investigated for vaccine delivery and gene therapy applications.

Niosomes are promising vesicular drug delivery systems that offer several advantages such as
improved drug stability, controlled drug release, and enhanced bioavailability. Their
structural similarity to liposomes combined with greater stability and lower cost makes them

attractive carriers for pharmaceutical applications.

With continued research and development, niosomes are expected to play an important role in
advanced drug delivery systems, particularly in targeted therapy and controlled release

formulations.
C. Nanoparticles

Introduction

Nanoparticles are extremely small particles with sizes typically ranging from 1 to 1000
nanometers. In pharmaceutical sciences, nanoparticles are widely used as advanced drug
delivery systems because they can improve drug stability, enhance bioavailability, and enable

targeted drug delivery to specific tissues or cells.

Nanotechnology has become an important area in modern medicine and pharmaceutical
research. Nanoparticles can carry drugs, proteins, genes, and other therapeutic agents and
deliver them to the desired site in the body. Due to their small size and large surface area,
nanoparticles can interact efficiently with biological systems and penetrate tissues more

effectively than conventional drug delivery systems.

Nanoparticles are widely used in the treatment of diseases such as cancer, infections,

cardiovascular disorders, and neurological diseases.

Structure of Nanoparticles
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Nanoparticles are solid colloidal particles in which the drug may be dissolved, entrapped,
encapsulated, or adsorbed onto the particle surface. These particles are generally composed of

biodegradable polymers, lipids, or inorganic materials.

A typical nanoparticle consists of a core structure that contains the drug and a surface layer
that may be modified with polymers or ligands to improve stability and targeting ability.
Surface modification helps nanoparticles avoid rapid clearance by the immune system and

increases their circulation time in the bloodstream.

Surfactant
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Classification of Nanoparticles
Nanoparticles can be classified into several types based on their composition and structure.

e Polymeric nanoparticles are prepared from biodegradable polymers such as polylactic
acid, polyglycolic acid, and chitosan. These nanoparticles provide controlled and
sustained drug release.

e Solid lipid nanoparticles are composed of solid lipids that remain solid at room and
body temperatures. They provide good drug stability and controlled release.

e Nanocapsules are vesicular systems in which the drug is confined within a cavity
surrounded by a polymeric membrane.

e Nanospheres are matrix systems where the drug is uniformly dispersed throughout the

polymer matrix.
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e Metal nanoparticles such as gold or silver nanoparticles are used in diagnostic and
therapeutic applications.

Methods of Preparation of Nanoparticles
Several techniques are used for the preparation of nanoparticles.

e The solvent evaporation method involves dissolving the polymer and drug in an
organic solvent followed by evaporation of the solvent to form nanoparticles.

e The nanoprecipitation method involves mixing a polymer solution with a non-solvent,
resulting in the formation of nanoparticles due to polymer precipitation.

e The emulsification method involves forming an emulsion followed by removal of the
solvent to produce nanoparticles.

e The ionic gelation method is commonly used for preparing chitosan nanoparticles by
crosslinking polymer chains with multivalent ions.

e The high-pressure homogenization technique is often used for preparing lipid

nanoparticles.
Advantages of Nanoparticles
Nanoparticles offer several advantages in drug delivery.

e They improve the solubility of poorly water-soluble drugs.

e Nanoparticles enhance bioavailability and therapeutic effectiveness.

e They provide controlled and sustained release of drugs.

e Nanoparticles can be designed for targeted drug delivery to specific tissues or cells.
e They protect drugs from degradation in the biological environment.

e Nanoparticles reduce systemic toxicity and side effects.

e Their small size allows them to penetrate tissues and cross biological barriers.
Disadvantages of Nanoparticles

e Despite their advantages, nanoparticles also have certain limitations.
e The preparation methods may be complex and require specialized equipment.

e Large-scale production of nanoparticles can be difficult and expensive.
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e There may be issues related to stability during storage.
e Some nanoparticles may cause toxicity or immunological reactions.

e Regulatory approval of nanoparticle-based drug delivery systems may be challenging.
Applications of Nanopatrticles

e Nanoparticles have numerous applications in pharmaceutical and biomedical fields.

e They are widely used in cancer therapy for targeted delivery of anticancer drugs.

e Nanoparticles are used for gene delivery and gene therapy.

e They are used in vaccine delivery to improve immune responses.

e Nanoparticles are employed in diagnostic imaging and biosensors.

e They are used for delivery of antibiotics, anti-inflammatory drugs, and antiviral
agents.

e Nanoparticles are also used in cosmetic and dermatological formulations.

Nanoparticles represent one of the most promising drug delivery systems in modern
pharmaceutical science. Their small size, large surface area, and ability to be engineered for
targeted delivery make them highly effective carriers for therapeutic agents. Although
challenges such as toxicity, stability, and large-scale production remain, continuous
advancements in nanotechnology are expected to expand the applications of nanoparticles in
drug delivery and biomedical research. Nanoparticle-based systems are likely to play a
crucial role in the development of safer, more effective, and personalized medical treatments

in the future.

Monoclonal Antibodies

Introduction

Monoclonal antibodies are highly specific antibodies produced from a single clone of
immune cells. These antibodies are designed to recognize and bind to a specific antigen or
molecular target present on the surface of cells. Because of their high specificity, monoclonal
antibodies are widely used in targeted drug delivery, diagnostics, and therapeutic

applications.
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The concept of monoclonal antibodies was developed in 1975 by Georges Kohler and César
Milstein through the hybridoma technology. This discovery revolutionized biomedical
science and enabled the production of large quantities of identical antibodies directed against
a single antigen. Monoclonal antibodies play an important role in modern medicine,
especially in the treatment of cancer, autoimmune diseases, infectious diseases, and

inflammatory disorders. They are also used in laboratory research and diagnostic tests.

Structure of Monoclonal Antibodies

e Monoclonal antibodies are proteins belonging to the immunoglobulin class. They
have a Y-shaped structure composed of four polypeptide chains.

e Two heavy chains form the main structure of the antibody, while two light chains are
attached to the heavy chains.

e The antibody structure contains two important regions.

e The variable region is responsible for binding to a specific antigen. This region
determines the specificity of the antibody.

e The constant region determines the biological activity of the antibody, such as
activation of immune responses.

e At the tips of the Y-shaped structure are antigen-binding sites that recognize and

attach to specific antigens.

Production of Monoclonal Antibodies

e Monoclonal antibodies are commonly produced using hybridoma technology.

e In this method, an antigen is first injected into an experimental animal such as a
mouse to stimulate the production of antibodies.

e B-lymphocytes producing the desired antibody are then isolated from the spleen of the
animal.

e These antibody-producing cells are fused with myeloma (cancer) cells to create
hybrid cells known as hybridomas.

e Hybridoma cells have the ability to produce antibodies continuously and multiply

indefinitely.
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e The hybridoma cells are then cultured and screened to select those producing the
desired monoclonal antibody. Large quantities of monoclonal antibodies can be

produced from these selected cells.
Mechanism of Action

e Monoclonal antibodies work by specifically binding to target antigens on cells or
pathogens. Once bound, they can produce therapeutic effects through different
mechanisms.

e They may block the activity of receptors or signaling molecules involved in disease
processes.

e They can mark target cells for destruction by the immune system.

e Monoclonal antibodies may deliver drugs, toxins, or radioactive substances directly to
target cells.

e They can also neutralize pathogens such as viruses and bacteria.
Advantages of Monoclonal Antibodies
Monoclonal antibodies offer several advantages in medical treatment.

e They are highly specific and bind only to the intended antigen.

e They reduce damage to normal healthy cells.

e Monoclonal antibodies can be used for targeted therapy in diseases such as cancer.
e They improve diagnostic accuracy in laboratory tests.

e They can be engineered and modified to enhance their therapeutic effectiveness.
Disadvantages of Monoclonal Antibodies
Despite their advantages, monoclonal antibodies also have certain limitations.

e Their production process is complex and expensive.

e Some patients may develop immune reactions against the antibodies.

e Monoclonal antibody therapies may cause side effects such as allergic reactions or
infusion-related reactions.

e They often require administration by injection or intravenous infusion.
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e Large-scale manufacturing and purification can be technically challenging.

Applications of Monoclonal Antibodies

Monoclonal antibodies have a wide range of applications in medicine and research.

e They are widely used in cancer therapy to target tumor cells.

e They are used in the treatment of autoimmune diseases such as rheumatoid arthritis.

e Monoclonal antibodies are used in diagnostic tests for detecting infectious diseases,
hormones, and biomarkers.

e They are used in targeted drug delivery systems where drugs are attached to
antibodies to deliver them directly to diseased cells.

e They are used in immunotherapy to enhance the body's immune response against
diseases.

e Monoclonal antibodies are also used in vaccine development and research studies.

Monoclonal antibodies represent an important advancement in biotechnology and
pharmaceutical science. Their high specificity and ability to target specific antigens make

them valuable tools for diagnosis, therapy, and research.

Although the production and development of monoclonal antibodies can be complex and
costly, continuous advancements in biotechnology are improving their efficiency and
accessibility. Monoclonal antibodies are expected to play a crucial role in the future of

targeted therapy, personalized medicine, and advanced drug delivery systems.

|
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Ocular Drug Delivery Systems

Introduction

Ocular drug delivery systems are specialized pharmaceutical formulations designed to deliver
drugs to the eye for the treatment of ocular diseases. The eye is a highly protected organ with
complex anatomical and physiological barriers that restrict drug penetration. As a result,

delivering drugs effectively to ocular tissues is challenging.

Conventional ophthalmic preparations such as eye drops and ointments are commonly used to
treat eye diseases like glaucoma, conjunctivitis, keratitis, and dry eye syndrome. However,
these conventional dosage forms often show low bioavailability because of rapid drug

elimination through tear drainage, blinking, and nasolacrimal drainage.

Ocular drug delivery systems aim to overcome these limitations by improving drug residence
time on the eye surface, enhancing drug penetration into ocular tissues, and providing
controlled drug release. Modern ocular drug delivery systems include gels, inserts,

nanoparticles, liposomes, and ocuserts.
Anatomy of the Eye (Brief Overview)

e The eye is composed of two main regions: the anterior segment and the posterior
segment.

e The anterior segment includes the cornea, conjunctiva, aqueous humor, iris, and lens.
Most ophthalmic drugs are targeted to this region.

e The posterior segment includes the vitreous humor, retina, choroid, and optic nerve.
Delivering drugs to the posterior segment is more difficult due to various anatomical

barriers.

Intraocular Barriers to Drug Delivery

Drug delivery to the eye is restricted by several anatomical and physiological barriers. These
barriers protect the eye from harmful substances but also limit the effectiveness of

ophthalmic drugs.

e Precorneal Barriers
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Precorneal barriers include tear fluid, blinking, and nasolacrimal drainage. When eye drops
are administered, a large portion of the drug is rapidly washed away by tear fluid. Blinking
and tear turnover further reduce the contact time of the drug with the eye surface. Because of
these mechanisms, only a small fraction of the administered drug remains in the eye long
enough to produce therapeutic effects.

e Corneal Barrier

The cornea is the main barrier to drug penetration into the eye. It consists of multiple layers
including the epithelium, stroma, and endothelium.

e The outer epithelial layer is lipophilic and restricts the entry of hydrophilic drugs. The
stromal layer is hydrophilic and restricts the entry of lipophilic drugs. Because of this
dual nature, drugs must possess balanced hydrophilic and lipophilic properties to
effectively penetrate the cornea.

e Blood-Aqueous Barrier

The blood-aqueous barrier prevents drugs present in systemic circulation from easily
entering the aqueous humor of the eye. This barrier is formed by tight junctions between cells
of the ciliary body and iris blood vessels. This barrier limits drug movement from blood to
intraocular tissues and therefore reduces the effectiveness of systemic drug administration for

ocular diseases.

e Blood-Retinal Barrier

The blood-retinal barrier restricts the entry of drugs into the retina and posterior segment of
the eye. This barrier is similar to the blood—brain barrier and is formed by tight junctions in

retinal capillaries.

Because of this barrier, delivering drugs to the posterior segment of the eye through systemic

administration is difficult.

Methods to Overcome Ocular Barriers

e Various strategies have been developed to overcome ocular barriers and improve drug

delivery to the eye.
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Increasing the viscosity of ophthalmic formulations helps prolong drug residence time
on the eye surface. Viscous formulations such as gels and ointments reduce drug
drainage and improve absorption.

Use of penetration enhancers can increase corneal permeability and improve drug
transport across ocular tissues.

Controlled release systems such as ocular inserts, nanoparticles, liposomes, and
microspheres can prolong drug release and maintain therapeutic drug levels.

Prodrug approaches can modify the chemical structure of drugs to enhance their
ability to penetrate ocular barriers.

Use of mucoadhesive polymers helps the formulation adhere to the ocular surface and
extend drug contact time.

Preliminary Study for Ocular Drug Delivery

Before developing ocular formulations, several preliminary studies are conducted to
ensure safety, stability, and effectiveness.

Drug solubility studies are performed to determine the solubility of the drug in
aqueous media suitable for ocular administration.

pH and isotonicity studies are carried out because ophthalmic formulations must be
compatible with the physiological conditions of the eye.

Sterility testing is essential because ocular formulations must be sterile to prevent
infections.

Compatibility studies are conducted to evaluate interactions between the drug and
excipients used in the formulation.

Stability studies are performed to determine the shelf life and storage conditions of

the formulation.

Ocular Formulations

Several types of ocular formulations are used in ophthalmic therapy.

Eye Drops
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Eye drops are the most common ocular dosage form. They are aqueous solutions or
suspensions containing the drug. Eye drops are easy to administer but have low

bioavailability because of rapid drainage from the eye surface.

e Ophthalmic Ointments

Ophthalmic ointments are semi-solid preparations that contain drugs in an ointment base.

They provide longer contact time with the eye but may cause blurred vision after application.

e QOcular Gels

Ocular gels are viscous formulations that increase drug retention on the eye surface. They

provide sustained drug release and improved therapeutic effectiveness.

e Ocular Inserts

Ocular inserts are solid or semi-solid devices placed in the conjunctival sac. They release

drugs slowly over a prolonged period and improve drug bioavailability.

e QOcuserts

Ocuserts are controlled drug delivery systems designed specifically for ocular therapy. They
are thin, flexible, and sterile inserts placed in the conjunctival sac of the eye. An ocusert
consists of a drug reservoir enclosed between polymeric membranes that control the rate of
drug release. The drug is released slowly and continuously from the insert over an extended
period. Ocuserts provide several advantages compared to conventional eye drops. They
maintain constant drug concentration in the eye, reduce dosing frequency, and improve
patient compliance. One well-known example of an ocusert system is the pilocarpine ocusert
used for the treatment of glaucoma. However, ocuserts may also have some disadvantages
such as discomfort during insertion, difficulty in handling, and possible displacement from

the eye.
Advantages of Ocular Drug Delivery Systems

e Ocular drug delivery systems provide targeted drug delivery to the eye.

e They improve drug bioavailability by increasing drug residence time.
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e They provide controlled and sustained drug release.
e They reduce dosing frequency and improve patient compliance.

e These systems minimize systemic side effects.
Disadvantages of Ocular Drug Delivery Systems

e Drug delivery to the eye is limited by anatomical and physiological barriers.
e Patient discomfort may occur with certain formulations.
e Manufacturing sterile ocular formulations can be complex and expensive.

e Improper administration may lead to drug loss or reduced therapeutic effectiveness.

Ocular drug delivery systems are essential for effective treatment of eye diseases. The
presence of multiple ocular barriers makes drug delivery to the eye challenging, but advanced

pharmaceutical technologies have improved the efficiency of ocular formulations.

Various strategies such as viscosity enhancement, controlled release systems, and ocular
inserts have been developed to overcome ocular barriers. Ocuserts represent an important
advancement in controlled ocular drug delivery by providing sustained and targeted drug

release.

Continuous research in ophthalmic drug delivery is expected to further improve therapeutic

outcomes and patient comfort in the treatment of ocular disorders.
Intrauterine Drug Delivery Systems

Introduction

Intrauterine Drug Delivery Systems (IUDDS) are specialized pharmaceutical devices
designed to deliver drugs directly into the uterus for local therapeutic action or contraception.
These systems are placed inside the uterine cavity where they release drugs in a controlled
manner over an extended period of time. Intrauterine drug delivery is considered an effective

method because it provides localized drug action with minimal systemic exposure.

The uterus provides a suitable site for long-term drug delivery because intrauterine devices

can remain in place for months or even years while continuously releasing the drug. This
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makes intrauterine drug delivery systems particularly useful for contraception, treatment of

gynecological disorders, and hormonal therapy.

Intrauterine drug delivery systems are commonly known as intrauterine devices (IUDs).
These devices may be non-medicated or medicated depending on whether they release active
drugs. Medicated 1UDs release hormones or other therapeutic agents slowly over time to

achieve their desired effects.
Advantages of Intrauterine Drug Delivery Systems

Intrauterine drug delivery systems provide several advantages compared to conventional drug

delivery methods.

e They provide localized drug delivery directly to the uterus, which enhances
therapeutic effectiveness.

e These systems allow controlled and sustained release of drugs over a long period of
time.

e They reduce systemic drug exposure and minimize side effects.

e Intrauterine systems eliminate the need for frequent dosing, improving patient
compliance.

e They provide long-term contraception without requiring daily medication.

e These systems are reversible, meaning fertility can be restored after removal of the
device.

e Intrauterine drug delivery systems are highly effective and reliable in preventing

pregnancy.
Disadvantages of Intrauterine Drug Delivery Systems
Despite their advantages, intrauterine drug delivery systems also have certain limitations.

e Insertion of the device requires a trained healthcare professional.

e Some women may experience discomfort or pain during insertion.

e Side effects such as irregular bleeding, cramping, or uterine irritation may occur.
e There is a small risk of infection following insertion of the device.

e Inrare cases, the device may be expelled from the uterus.
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e Some patients may experience hormonal side effects when using medicated 1UDs.
e These systems may not be suitable for women with certain uterine abnormalities or

infections.
Development of Intrauterine Devices (IUDs)

The development of intrauterine devices has progressed through several generations, each
improving effectiveness and safety.

First Generation IUDs

e The earliest intrauterine devices were non-medicated devices made from inert
materials such as plastic or metal. These devices were designed primarily to prevent
pregnancy by creating a local inflammatory reaction in the uterus that interfered with
fertilization and implantation.

e Examples of early 1UDs include ring-shaped and loop-shaped devices made from
polyethylene or other polymers.

e However, these early devices had certain limitations such as high expulsion rates and

lower contraceptive effectiveness.
Second Generation 1UDs

e Second-generation intrauterine devices were developed by incorporating metals such
as copper into the device. Copper acts as a spermicidal agent that reduces sperm
motility and viability.

e Copper-containing IUDs are more effective than earlier plastic devices. The presence
of copper increases contraceptive efficiency by preventing fertilization and interfering
with implantation of the fertilized egg.

e Copper IUDs can remain effective for several years and are widely used as long-term

contraceptive devices.
Third Generation 1UDs

e Third-generation intrauterine devices are medicated devices that release hormones
such as progesterone or levonorgestrel. These devices provide controlled release of

hormones directly into the uterine cavity.
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e Hormone-releasing 1UDs prevent pregnancy by thickening cervical mucus, inhibiting
sperm movement, and altering the uterine lining to prevent implantation.

e These devices also reduce menstrual bleeding and are sometimes used to treat
conditions such as heavy menstrual bleeding and endometriosis.

e Hormonal IUDs are highly effective and can remain active for several years.
Mechanism of Action of Intrauterine Devices
Intrauterine devices prevent pregnancy through multiple mechanisms.

e They create a local inflammatory reaction in the uterus that is toxic to sperm.

e Copper-containing 1UDs release copper ions that reduce sperm motility and prevent
fertilization.

e Hormonal IUDs release progesterone or similar hormones that thicken cervical mucus
and inhibit sperm penetration.

e These devices also alter the uterine lining, making it unsuitable for implantation of a

fertilized egg.
Applications of Intrauterine Drug Delivery Systems
Intrauterine drug delivery systems have several important medical applications.

e They are widely used for long-term contraception.

e Hormonal IUDs are used to treat heavy menstrual bleeding.

e They may be used in the management of endometriosis and other gynecological
conditions.

e Intrauterine drug delivery systems are being investigated for local delivery of
antibiotics, anti-inflammatory drugs, and anticancer agents.

e They may also be used for hormone replacement therapy and fertility control.

Intrauterine drug delivery systems represent an important advancement in reproductive health
and pharmaceutical drug delivery technology. By delivering drugs directly to the uterus, these

systems provide localized therapeutic action with minimal systemic side effects.

The development of intrauterine devices has progressed from simple inert devices to

advanced hormone-releasing systems that provide highly effective and long-term
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contraception. Although some limitations and side effects exist, intrauterine drug delivery
systems remain one of the most reliable and widely used methods of contraception and

gynecological therapy.

Ongoing research in pharmaceutical science is expected to further expand the applications of

intrauterine drug delivery systems and improve their safety and effectiveness.
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Question Papers
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B. Pharm VII Semester
Novel Drug Delivery System (NDDS)

Unit-1 Question Paper (Model)

Time: 3 Hours

Maximum Marks: 75

Section A (Very Short Answer Questions)

Attempt All Questions (2 x 10 = 20 Marks)

© o N o g B~ w DN e

Define Controlled Drug Delivery System.

What is meant by sustained release formulation?

Write any two advantages of controlled drug delivery systems.

What is meant by drug candidate selection for controlled release formulations?
Define diffusion-controlled drug release.

Write two disadvantages of controlled drug delivery systems.

What is ion-exchange drug delivery system?

Define polymer in pharmaceutical formulation.

Write two applications of polymers in controlled drug delivery systems.

10. What are the physicochemical properties affecting controlled drug delivery?

Section B (Short Answer Questions)

Attempt Any Five Questions (5 x 5 = 25 Marks)

N o ok~ w0 PP

Explain the rationale for developing controlled drug delivery systems.

Write a note on advantages and disadvantages of controlled drug delivery systems.
Explain diffusion-based controlled drug release mechanisms.

Discuss dissolution controlled drug delivery systems.

Explain ion exchange principle in controlled drug delivery systems.

Write a note on selection of drug candidates for controlled release formulations.

Explain the biological factors affecting controlled drug delivery systems.

Section C (Long Answer Questions)
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Attempt Any Three Questions (3 x 10 = 30 Marks)

1. Explain in detail the introduction, terminology, rationale, advantages and
disadvantages of controlled drug delivery systems.

2. Discuss the approaches to design controlled release formulations based on diffusion,
dissolution and ion exchange principles.

3. Describe the physicochemical and biological properties of drugs relevant to controlled
release formulations.

4. Write a detailed note on polymers used in controlled drug delivery systems including
classification, properties and applications.

5. Explain the role of polymers in formulation of controlled drug delivery systems with

suitable examples.

|
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Unit—I1 Question Paper (Model)

Time: 3 Hours

Maximum Marks: 75
Section A (Very Short Answer Questions)
Attempt All Questions (2 x 10 = 20 Marks)

Define microencapsulation.

What are microspheres?

Define microparticles.

Write two advantages of microencapsulation.

What is mucoadhesion?

Define transmucosal drug delivery.

Write two advantages of buccal drug delivery system.

What are implantable drug delivery systems?

© o N o 0o bk~ wDhPE

Define osmotic pump.

10. Write two disadvantages of implantable drug delivery systems.
Section B (Short Answer Questions)
Attempt Any Five Questions (5 x 5 =25 Marks)

Explain microspheres and microcapsules.

Write a note on advantages and disadvantages of microencapsulation.
Describe different methods of microencapsulation.

Explain the concept of bioadhesion and mucoadhesion.

Write a short note on transmucosal permeability.

Discuss formulation considerations of buccal drug delivery systems.

N o o~ b oE

Explain the concept of implantable drug delivery systems.
Section C (Long Answer Questions)

Attempt Any Three Questions (3 x 10 = 30 Marks)
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1. Define microencapsulation and explain in detail the methods of microencapsulation
and their applications.

2. Discuss mucosal drug delivery systems including principles of
bioadhesion/mucoadhesion, advantages, disadvantages, and formulation
considerations of buccal drug delivery systems.

3. Explain implantable drug delivery systems including introduction, advantages,
disadvantages and concept of implants.

4. Describe the structure, working principle and applications of osmotic pump drug
delivery systems.

5. Write detailed notes on microspheres, microcapsules and microparticles used in drug

delivery systems.

|
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Unit—I11 Question Paper (Model)

Time: 3 Hours

Maximum Marks: 75

Section A (Very Short Answer Questions)

Attempt All Questions
(2 < 10 = 20 Marks)

© o N o g bk~ w b PE

Define Transdermal Drug Delivery System (TDDS).
What is permeation through skin?

Write two advantages of TDDS.

What are permeation enhancers?

Define Gastroretentive Drug Delivery System (GRDDS).
What is floating drug delivery system?

Define gastroadhesive drug delivery system.

What are nasal drug delivery systems?

Write two examples of pulmonary drug delivery devices.

10. What is a nebulizer?

Section B (Short Answer Questions)

Attempt Any Five Questions
(5 x 5 =25 Marks)

N o g~ w Db e

Explain permeation of drugs through the skin.

Write a note on factors affecting skin permeation.

Discuss the basic components of Transdermal Drug Delivery Systems.
Explain permeation enhancers used in TDDS.

Write a short note on floating drug delivery systems.

Describe nasal drug delivery systems.

Write a note on formulation of nasal sprays.

Section C (Long Answer Questions)
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Attempt Any Three Questions
(3 x 10 = 30 Marks)

1. Explain Transdermal Drug Delivery Systems including introduction, permeation
through skin, factors affecting permeation, permeation enhancers, components and
formulation approaches.

2. Discuss Gastroretentive Drug Delivery Systems (GRDDS) including introduction,
advantages, disadvantages and different approaches such as floating systems, high
density systems, inflatable systems and gastroadhesive systems.

3. Explain Nasopulmonary Drug Delivery Systems including nasal and pulmonary
routes of drug delivery and their advantages.

4. Describe the formulation of inhalers including dry powder inhalers (DPI) and metered
dose inhalers (MDI).

5. Write detailed notes on nasal sprays and nebulizers used in pulmonary drug delivery

systems.
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Unit—1V Question Paper (Model)

Time: 3 Hours

Maximum Marks: 75

Section A (Very Short Answer Questions)

Attempt All Questions
(2 < 10 = 20 Marks)

Define targeted drug delivery system.
What is passive targeting?

What is active targeting?

Define liposomes.

What are niosomes?

Define nanoparticles.

What are monoclonal antibodies?

Write two advantages of targeted drug delivery systems.

© o N o g bk~ w b PE

Write two disadvantages of targeted drug delivery systems.

10. Mention two applications of nanoparticles in drug delivery.
Section B (Short Answer Questions)

Attempt Any Five Questions
(5 x 5 =25 Marks)

Explain the concept of targeted drug delivery system.

Write a note on approaches used in targeted drug delivery.

Describe the advantages and disadvantages of targeted drug delivery systems.
Explain the structure and applications of liposomes.

Write a short note on niosomes in drug delivery.

Discuss the role of nanoparticles in drug delivery systems.

N o g~ w Db e

Explain the pharmaceutical applications of monoclonal antibodies.

Section C (Long Answer Questions)
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Attempt Any Three Questions
(3 x 10 = 30 Marks)

1. Explain Targeted Drug Delivery Systems including concept, approaches, advantages
and disadvantages.

2. Write a detailed note on liposomes including structure, preparation methods and
applications in drug delivery.

3. Discuss niosomes including structure, advantages and pharmaceutical applications.

4. Explain nanoparticles in drug delivery systems including types, advantages and
therapeutic applications.

5. Write a detailed note on monoclonal antibodies and their applications in targeted drug

delivery systems.
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Unit-V Question Paper (Model)

Time: 3 Hours

Maximum Marks: 75
Section A (Very Short Answer Questions)
Attempt All Questions (2 < 10 = 20 Marks)

Define ocular drug delivery system.

What are intraocular barriers?

What is an ocusert?

Write two examples of ocular formulations.

Define intrauterine drug delivery system.

What are intrauterine devices (1UDs)?

Write two advantages of intrauterine drug delivery systems.

Write two disadvantages of intrauterine drug delivery systems.

© © N o g bk~ w b PE

What is meant by ocular bioavailability?

10. Mention two applications of intrauterine drug delivery systems.
Section B (Short Answer Questions)
Attempt Any Five Questions (5 x 5 =25 Marks)

Explain intraocular barriers in ocular drug delivery.

Write a short note on ocular formulations.

Discuss methods used to overcome ocular barriers.

Explain the concept and structure of ocuserts.

Write a note on advantages and disadvantages of intrauterine drug delivery systems.

Describe different types of intrauterine devices (1UDs).

N oo g M w0 b PR

Discuss the applications of intrauterine drug delivery systems.
Section C (Long Answer Questions)

Attempt Any Three Questions (3 x 10 = 30 Marks)
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1. Explain ocular drug delivery systems including introduction, intraocular barriers and
methods to overcome these barriers.

2. Write a detailed note on ocular formulations and ocuserts used in ocular drug delivery
systems.

3. Discuss intrauterine drug delivery systems including introduction, advantages and
disadvantages.

4. Explain the development of intrauterine devices (IUDs) and their applications in drug
delivery.

5. Write detailed notes on ocular drug delivery barriers and strategies used to improve

ocular drug absorption.
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