
Drug Delivery

Ashim K. Mitra, PhD
Chairman and Curator’s  
Professor, Pharmaceutical  
Sciences

School of Pharmacy

University of Missouri- 
Kansas City

Kansas City, Missouri

 

E d i t E d  b y

Deep Kwatra, PhD
Postdoctoral Research Fellow

School of Medicine

University of Kansas  
Medical Center

Kansas City, Kansas

Aswani Dutt Vadlapudi, PhD
Scientist, Technical Services

Mylan Pharmaceuticals, Inc.

Morgantown, West Virginia

9781449674250_FMxx_Pass2.indd   1 10/07/14   2:44 AM



 

World Headquarters
Jones & Bartlett Learning
5 Wall Street
Burlington, MA 01803
978-443-5000
info@jblearning.com
www.jblearning.com

Jones & Bartlett Learning books and products are available through most bookstores and online booksellers. To contact Jones & 
Bartlett Learning directly, call 800-832-0034, fax 978-443-8000, or visit our website, www.jblearning.com.

Copyright © 2015 by Jones & Bartlett Learning, LLC, an Ascend Learning Company

All rights reserved. No part of the material protected by this copyright may be reproduced or utilized in any form, electronic or 
mechanical, including photocopying, recording, or by any information storage and retrieval system, without written permission 
from the copyright owner.

The content, statements, views, and opinions herein are the sole expression of the respective authors and not that of Jones & Bartlett 
Learning, LLC. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, 
or otherwise does not constitute or imply its endorsement or recommendation by Jones & Bartlett Learning, LLC, and such 
reference shall not be used for advertising or product endorsement purposes. All trademarks displayed are the trademarks of the 
parties noted herein. Drug Delivery is an independent publication and has not been authorized, sponsored, or otherwise approved by 
the owners of the trademarks or service marks referenced in this product.

There may be images in this book that feature models; these models do not necessarily endorse, represent, or participate in 
the activities represented in the images. Any screenshots in this product are for educational and instructive purposes only. 
Any individuals and scenarios featured in the case studies throughout this product may be real or fictitious but are used for 
instructional purposes only.

Substantial discounts on bulk quantities of Jones & Bartlett Learning publications are available to corporations,  professional 
associations, and other qualified organizations. For details and specific discount information, contact the special sales depart-
ment at Jones & Bartlett Learning via the above contact information or send an email to  
specialsales@jblearning.com.

The authors, editor, and publisher have made every effort to provide accurate information. However, they are not responsible 
for errors, omissions, or for any outcomes related to the use of the contents of this book and take no responsibility for the use of 
the products and procedures described. Treatments and side effects described in this book may not be applicable to all people; 
likewise, some people may require a dose or experience a side effect that is not described herein. Drugs and medical devices are 
discussed that may have limited availability controlled by the Food and Drug Administration (FDA) for use only in a research 
study or clinical trial. Research, clinical practice, and government regulations often change the accepted standard in this field. 
When consideration is being given to use of any drug in the clinical setting, the health care provider or reader is responsible for 
determining FDA status of the drug, reading the package insert, and reviewing prescribing information for the most up-to-date 
recommendations on dose, precautions, and contraindications, and determining the appropriate usage for the product. This is 
especially important in the case of drugs that are new or seldom used.

Production Credits
Executive Publisher: William Brottmiller
Executive Editor: Rhonda Dearborn
Editorial Assistant: Sean Fabery
Production Editor: Louis C. Bruno, Jr.
Marketing Manager: Grace Richards
Art Development Editor: Joanna Lundeen
VP, Manufacturing and Inventory Control: Therese Connell

To order this product, use ISBN: 978-1-284-02568-2

Library of Congress Cataloging-in-Publication Data
Drug delivery (Mitra)
  Drug delivery / [edited by] Ashim K. Mitra, Deep Kwatra, and Aswani Dutt Vadlapudi. — First edition.
       p. ; cm.
  Includes bibliographical references.
  ISBN 978-1-4496-7425-0 (alk. paper)
  I. Mitra, Ashim K., 1954– editor. II. Kwatra, Deep, editor. III. Vadlapudi, Aswani Dutt, editor. IV. Title.
  [DNLM: 1. Drug Delivery Systems. QV 785]
  RM170
  615’.6—dc23                                                                                          2014008174

6048

Printed in the United States of America
18  17  16  15  14     10  9  8  7  6  5  4  3  2  1

Composition: diacriTech
Cover Design: Michael O’Donnell
Rights and Photo Research Coordinator: Ashley Dos Santos
Cover Image: Illustration © Chronis Chamalidis/

ShutterStock, Inc.; photo © photomak/ShutterStock, Inc.
Printing and Binding: Edwards Brothers Malloy
Cover Printing: Edwards Brothers Malloy

9781449674250_FMxx_Pass2.indd   2 10/07/14   2:44 AM



iii

Contents
Preface xii
Foreword xvi
About the Editors xviii
Contributors xx
Reviewers xxviii

Chapter 1 Drug Delivery: An Evolving Concept 1
Aswani Dutt Vadlapudi, Deep Kwatra, and Ashim K. Mitra

Introduction 2
Factors in Drug Development 2
Commercial Goals 2
Chemical Limitations 3
In Vitro and In Vivo Efficacy Studies 3
Pharmacokinetics and Drug Metabolism 3
Final Formulation Characteristics 4
Drug Delivery 4
Review Questions 6

Chapter 2 Barriers to Drug Delivery 8

Sujay J. Shah, Ramya Krishna Vadlapatla, and Ashim K. Mitra

Introduction 9
Physiological Barriers to Drug Delivery 10

Paracellular Pathway 10
Transcellular Pathway 12
Blood–Brain Barrier 12
Transdermal Barrier 13

Biochemical Barriers to Drug Delivery 15
ABC Transporters 15
P-Glycoprotein (P-gp/MDR1/ABCB1) 16
Multidrug Resistant Proteins (MRPs/ABCC) 16
Breast Cancer Resistant Protein (BCRP/ABCG2) 20

Metabolizing Enzymes 20
Cytochrome P450 20

© Taewoon Lee/ShutterStock, Inc.

9781449674250_FMxx_Pass2.indd   3 10/07/14   2:44 AM



Contentsiv

Chemical Barriers 23
Hydrogen-Binding Potential 23
Other Properties 23

Strategies to Overcome Barriers to Drug Delivery 23
Prodrug and Structural Modification 23
Formulations 24
Other Strategies 24

Summary 24
Review Questions 24

Chapter 3 In Vitro Models in Drug Discovery and Delivery 30

Deep Kwatra, Varun Khurana, and Ashim K. Mitra

Introduction 31
Morphology of the Small Intestine 32
Barriers to Intestinal Drug Delivery 33

Physical Barriers 33
Biochemical Barriers 34
Absorption Pathways 34

In Vitro Models of Intestinal Drug Absorption 38
Immobilized Artificial Membrane Columns 38
Parallel Artificial Membrane Permeation Assay 39
Excised Intestinal Tissues 39
Perfused Intestinal Tissues 39
Everted Sacs 39
Intestinal Tissue Mounts on Ussing/Diffusing Chambers 40
Isolated Intestinal Cells (Enterocytes) 41
Membrane Vesicles 41
In Vitro Cell Culture Models 41

In Silico Methods 45
Summary 46
Review Questions 46

Chapter 4 Routes of Drug Delivery 50

Sai H. S. Boddu and Ripal Gaudana

Introduction 51
Oral Route 52
Parenteral Route 55
Transmucosal Route 59
Inhalation Route 63
Transdermal Route 64
Transport of Drugs Across Membranes 66
Summary 68
Review Questions 69

Chapter 5 Novel Drug Delivery Systems 71

Heidi M. Mansour, Zhen Xu, Samantha A. Meenach, Chun-Woong Park,  
Yun-Seok Rhee, and Patrick P. DeLuca

Introduction 72
Novel Injectable Depot Drug Delivery Systems 72

9781449674250_FMxx_Pass2.indd   4 10/07/14   2:44 AM



Contents v

Administration Routes 72
Types of Sustained-Release Injectable Depot Systems 73
Types of Drugs Loaded 74
Types of Polymers Used to Form Injectable Systems 76

Introduction: Pulmonary Aerosols 76
Pulmonary Aerosol Delivery for Local Action 77
Nasal Aerosol Delivery 88
Pulmonary Nanomedicine 93

Summary 96
Review Questions 96

Chapter 6 Controlled Drug Delivery 108

Shailendra B. Tallapaka, Vamsi K. Karuturi, Sutthilug Sotthivirat,  
and Joseph A. Vetro

Introduction 109
Conventional Drug Delivery 112
Controlled Drug Delivery 113
Mechanisms of Drug Release 114

Diffusion-Controlled Systems 114
Erosion-Controlled Systems 118
Swelling-Controlled Systems 120
Osmosis-Controlled Systems 123

Summary 126
Review Questions 127

Chapter 7 Polymers in Drug Delivery 129

David Mastropietro, Srinath Muppalaneni, Young Kwon,  
Kinam Park, and Hossein Omidian

Introduction 130
Polymer Basics 131
Quality and Safety Issues 133
Pharmaceutical Polymers 133

Cellulose Derivatives 134
Hydrocolloids 137
Synthetic Polymers 139

Polymers in Pharmaceutical Dosage Forms 143
Polymeric Coatings 143
Polymers as Rheology Modifier 146
Transdermal Delivery 146
Extemporaneous Compounding 147

Polymers for Advanced Drug Delivery Applications 147
Implantable Polymers 148
Injectable Polymers 148
Thermosensitive Biodegradable Polymers 149
Polymers as Extracellular Matrix 150
Pharmacokinetically Modified Actives 151
Targetable Polymeric Systems 151
Polymers as Nonviral Gene Carriers 151

Summary 152
Review Questions 152

9781449674250_FMxx_Pass2.indd   5 10/07/14   2:44 AM



Contentsvi

Chapter 8 Multifunctional Nanocarriers for Tumor  
Drug Delivery and Imaging 157
Gemma Navarro, Sara Movassaghian, and Vladimir P. Torchilin

Introduction 158
Nanoscale Delivery Systems Versus Conventional  

Formulations 160
The Right Carrier for the Right Drug: Opportunities and  

Challenges of Available Nanosystems 161
Tailoring Nanocarriers for Tumor Delivery 163

Tumor Microenvironment 163
Tuning of Nanocarrier’s Surface 164

Active/Passive Targeted Nanocarriers: A Prolonged  
Circulation and Targetability Combination 168

Adding Local/External Stimuli Sensitivity to Nanocarriers 170
pH-Sensitive Nanocarriers 170
Temperature-Sensitive Nanocarriers 172
Redox Potential-Sensitive Nanocarriers 172
Magnetically Sensitive Nanocarriers 173
Light-Sensitive Nanocarriers 173
Ultrasound-Sensitive Nanocarriers 174
Other Stimuli-Sensitive Nanocarriers 174

Intracellular Penetration and Subcellular  
Targeting of Nanocarriers 174

Charge Modification of Nanocarriers 175
Intracellular Delivery of Anticancer Drugs and Genes by CPPs 175

Image-Guided Drug Delivery and Diagnostic Theranostic 
Nanocarriers 176

Future Perspectives 177
Summary 179
Review Questions 179

Chapter 9 Oral Delivery 188

Song Gao, Yong Ma, Zhen Yang, Wen Jiang, and Ming Hu

Introduction 189
Bioavailability Barriers to Orally Administered Drugs 190

Physicochemical Barriers 190
Biological Barriers 191
Residence Time 196
Patients in Special Situations (Pediatric and Disabled) 196

Tablets 196
Manufacturing Processes and Tablet Properties 196
Excipients 198
Types of Tablets 199

Capsules 204
Capsule Shell Materials 205
Types of Capsules 207

Transmucosal Drug Delivery Systems 210
Oral Thin Film/Patch 211
Medicated Chewing Gum 211

Oral Liquids (Solution/Suspension) 212

9781449674250_FMxx_Pass2.indd   6 10/07/14   2:44 AM



Contents vii

Microemulsions 213
Summary 214
Review Questions 215

Chapter 10 Ocular Drug Delivery 219

Aswani Dutt Vadlapudi, Kishore Cholkar, Supriya Reddy Dasari,  
and Ashim K. Mitra

Introduction 220
Anatomy of the Eye 221
Routes of Ocular Drug Administration 224
Role of Efflux and Influx Transporters in the Eye 226
Prodrug Strategies for Increasing Ocular Drug Absorption 228
Colloidal Dosage Forms for Enhancing Ocular Drug Absorption 233

Dendrimers 233
Cyclodextrins 237
Nanoparticles 239
Liposomes 242
Nanomicelles 244
Microneedles 246

Implants 246
Nonbiodegradable Implants 247
Biodegradable Implants 247

Contact Lens 249
In Situ Gelling Systems 250
Gene Delivery 252

Adenovirus Vectors 253
AAV Vectors 253
LV Vectors 253
Nonviral Vectors 254

Summary 254
Review Questions 255

Chapter 11 Transmucosal Drug Delivery 264

Navdeep Kaur, Amit, Kokate, Xiaoling Li, and Bhaskara Jasti

Introduction 265
Anatomy and Structure of the Oral Cavity/Mucosa 266
Biochemical Composition and Permeability Barrier 268
Saliva and Mucus 269
Transport Routes Across Oral Mucosa 270
Methods of Assessing Oral Mucosal Absorption 271
Intraoral Transmucosal Drug Delivery 274
Drug Delivery Systems 274

Solid Dosage Forms 274
Patches 276
Aerosols and Sprays 277
Semisolid Dosage Forms 277
Chewing Gums 278
Wafers 278
Films and Strips 278

9781449674250_FMxx_Pass2.indd   7 10/07/14   2:44 AM



Contentsviii

Liposomes 278
Microparticles and Nanoparticles 279

Summary 279
Review Questions 280

Chapter 12 Transdermal Drug Delivery 283

Meera Gujjar, Anushree Kishor Herwadkar, and Ajay K. Banga

Introduction 284
Skin Structure 285
Advantages of Transdermal Delivery 286
Factors Influencing Transdermal Drug Delivery 286

Physicochemical Factors 286
Formulation Factors 287
Physiological Factors 288

Models for Percutaneous Absorption 288
Diffusion Cells 289
Transdermal Patches 290

Types of Patches 290
Clinical Considerations 294
Product Development and Usage Concerns 294
Quality Control Testing 295
Examples of Transdermal Drug Delivery Systems 297

Active Techniques in Transdermal Drug Delivery 299
Iontophoresis 299
Sonophoresis 301
Microneedles 302
Radiofrequency Ablation 302
Laser Ablation 303

Summary 303
Review Questions 303

Chapter 13 Pulmonary and Nasal Drug Delivery 305

Nilesh Gupta, Briejeshkumar Patel, and Fakhrul Ahsan

Introduction 306
Anatomy and Physiology of the Respiratory System 307
Drug Delivery via the Pulmonary Route 310

Fate of Inhaled Particles 310
Factors Affecting Particle Deposition in the Lungs 310
Particle Size and Respirability 313
Mechanisms Involved in Deposition of Inhaled Particles 314
Particle Clearance and Drug Absorption From the Lungs 315
Devices for Pulmonary Drug Delivery 316
Strategies for Pulmonary Delivery of Large Molecules 325

Drug Delivery via the Nasal Route 326
Factors Affecting Drug Absorption via the Nasal Route 326
Nasal Formulations 328
Nasal Drug Delivery Devices 329
Patient Counseling 331
Strategies for Nasal Delivery of Proteins and Peptides 331

Summary 332
Review Questions 333

9781449674250_FMxx_Pass2.indd   8 10/07/14   2:44 AM



Contents ix

Chapter 14 Vaginal Drug Delivery 335

Sanko Nguyen, Gabriella Baki, Jerry Nesamony, and Sai H. S. Boddu

Introduction 336
General Anatomy and Physiology of the Human Vagina 337

Anatomical Characteristics 337
Physiology 339

Factors Affecting the Vaginal Absorption of Drugs 340
Physiological Factors 340
Physicochemical Factors of the Drug/Dosage Form 341

Conventional Vaginal Dosage Forms 342
Vaginal Solutions 343
Vaginal Creams, Gels, and Foams 343
Vaginal Suppositories, Tablets, Capsules, and Inserts 344
Vaginal Rings 345

Advantages and Limitations 346
Recent Advances in Vaginal Drug Delivery 347

Bioadhesive Drug Delivery Systems for Vaginal Administration 348
New Developments in Vaginal Rings 350
Nanoparticulate Drug Delivery Systems to the Vagina 351
Intravaginal Small Interfering RNA Delivery 353
Novel Disposable Intravaginal Device for Stress  

Urinary Incontinence 354
Summary 355
Review Questions 356

Chapter 15 Drug Delivery to the Central Nervous System:  
Breaking Down the Barrier 359
Mohamed Ismail Nounou, Chris E. Adkins, Tori B. Terrell-Hall,  

Kaci A. Bohn, and Paul R. Lockman

Introduction 360
Blood–Brain Barrier 362
Drug Delivery to the CNS 363

Importance 363
BBB and Drug Development 364
Drugs Classes That Penetrate the CNS and Result in Side Effects 365

Current Strategies for CNS Drug Delivery 366
Interstitial Delivery 366
Chemical Modifications 367
Novel CNS Delivery Systems 369

Summary 374
Review Questions 375

Chapter 16 Gene Delivery: An Essential Component for  
Successful Gene Therapy 381
Mohammad Al Saggar and Dexi Liu

Introduction 382
Methods of Gene Delivery 383

Virus-Based Gene Delivery 383
Chemical-Based Gene Delivery Systems 386
Physical Methods for Gene Delivery 388

9781449674250_FMxx_Pass2.indd   9 10/07/14   2:44 AM



Contentsx

Remaining Challenges in Gene Delivery 390
Viral Gene Delivery 390
Nonviral Gene Delivery 390
Physical Gene Delivery 395

Case Studies 396
Case Study 1: Gene Therapy for ADA-SCID Using Retroviral Vector 396
Case Study 2: Gene Therapy for Metastatic Melanoma Using  

Lipoplexes System 397
Summary 397
Review Questions 398

Chapter 17 Peptide and Protein Drug Delivery 405

Chirs Kulczar, Wyatt Roth, Stephen Carl, Olafur Gudmundsson,  
and Gregory Knipp

Introduction 406
Physicochemical Differences Between Peptide/Proteins  

and Small Molecules 407
Structure 407

Physiological Barriers to Peptide and Protein Delivery 412
Oral Route 413
Alternative Routes of Delivery 417

Parenteral 417
Pulmonary 418
Nasal 418
Transdermal 419
Buccal 420

Oral Insulin: Expectations Versus Challenges 421
Novel Peptide- and Protein-Based Delivery Technology 424
Summary 425
Review Questions 425

Chapter 18 Drug Metabolomics and Proteomics Analysis in Drug 
Delivery and Discovery 429
Ravinder Earla and Ashim K. Mitra

Introduction 430
History of MS 432
MS Ionization Techniques 432

Electrospray Ionization 432
Matrix-Assisted Laser Desorption Ionization 434

Sample Purification and Isolation Techniques 435
Tandem Affinity Purification 435
Isotope-Coded Affinity Tagging 436
Isobaric Tags for Relative and Absolute Quantitation 436
Stable Isotope Labeling by Amino Acid in Cell Culture 437

Instrumentation 438
MS Analyzers 438

Metabolomics Analysis by LC-MS 440
MS/MS Conditions 440
Sample Preparation and Extraction 441

9781449674250_FMxx_Pass2.indd   10 10/07/14   2:44 AM



Contents xi

Proteomics Analysis 442
Bottom-Up Approach 442
Top-Down Approach 444

MS-Based Proteomics Applications 444
Protein Phosphorylation 445
Protein Glycosylation 446
Post-Translational Modifications 446

Summary 448
Review Questions 449

Glossary 453
Index 467

9781449674250_FMxx_Pass2.indd   11 10/07/14   2:44 AM



xii

Preface
Drug delivery is a concept closely integrated with dosage form and route of adminis-
tration. This concept is often associated with rationale-based approaches, formulation 
strategies, drug development technologies, and carriers for facilitating transport of a drug 
molecule as needed to safely achieve its desired therapeutic effect. During the past two 
decades, numerous drug molecules with the potential of revolutionizing the treatment 
of life-threatening diseases have been developed. Despite remarkable advancements, 
many therapeutically active pharmaceutical ingredients have been dropped from initial 
screening portfolios because of the lack of an efficient drug delivery method. Recent 
progress in the field of biotechnology, however, has encouraged researchers and scien-
tists to develop various methods employing effective delivery systems for the administra-
tion of biologics. Numerous other technologies are also addressing ways to minimize 
drug toxicity and reduce adverse effects while maintaining therapeutic drug concentra-
tions and employing suitable therapeutic regimens.

Drug delivery as a field is rapidly expanding and is of vital importance to thera-
peutics. There is no single text, however, that covers all areas of drug delivery at 
a level suitable to the needs of undergraduate, graduate, and professional students 
as well as peers in academia and pharmaceutical research. The majority of current 
texts either limit themselves to conventional technologies or focus only on a single 
aspect of drug delivery. This book, therefore, has been designed to thoroughly exam-
ine pertinent areas and provide a platform for developing useful concepts for drug  
delivery.

OrganizatiOn Of this text

As a glance at the Contents makes clear, this book provides a very comprehensive over-
view of the cutting-edge research being carried out in this field with a focus on drug 
targeting at the molecular, cellular, and organ levels.

The first chapter, “Drug Delivery: An Evolving Concept,” helps the reader under-
stand the evolution of drug delivery concepts and recognize the factors that have an 
impact on drug discovery and development in pharmaceutical arenas.

Chapter 2, “Barriers to Drug Delivery,” emphasizes the challenges faced by drug 
delivery scientists. Various barriers to drug delivery and the strategies used to overcome 
or evade such barriers are discussed in detail. A basic comprehension of these barriers is 
required to understand the concept behind the design of the delivery systems developed 
to overcome them.

© Taewoon Lee/ShutterStock, Inc.
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Preface xiii

Chapter 3, “In Vitro Models in Drug Discovery and Delivery,” discusses various 
in vitro and in silico models used in the estimation of pharmacokinetic parameters of drugs 
and formulations with a special emphasis on cell culture models.

Chapter 4, “Routes of Drug Delivery,” provides a thorough understanding of the 
multiple routes of administration utilized to deliver the active ingredient from common 
pharmaceutical dosage forms. This understanding is important as the factors that must 
be considered in dosage form design and selection are based not only on the patient 
being treated but also on the biopharmaceutically relevant advantages and disadvantages 
of various drug delivery routes.

The focus of Chapter 5, “Novel Drug Delivery Systems,” is the wide variety of 
novel drug delivery systems that are currently being investigated and currently on the 
market.

Chapter 6, “Controlled Drug Delivery,” discusses the differences between 
conventional and controlled drug delivery technologies. This chapter also differ-
entiates controlled dosage forms currently available in the clinic by mechanism of  
release.

Chapter 7, “Polymers in Drug Delivery,” describes the pharmaceutical applications 
of polymers in various dosage forms. This chapter allows for better understanding of 
polymer properties based on composition, molecular weight, and arrangement to facili-
tate custom design of novel delivery systems.

Chapter 8, “Multifunctional Nanocarriers for Tumor Drug Delivery and Imaging,” 
aims to provide an overview of recent progress in the rational design of and the engi-
neering of multifunctional systems and to illustrate the cutting-edge technology being 
employed in such carriers with examples of multifunctional liposomes, micelles, and 
nanoparticles for cancer diagnosis and treatment.

In the later part of the book, we discuss various aspects of drug delivery technologies 
that are utilized for various dosing routes. We also discuss how the drugs can be deliv-
ered specifically to certain organs.

Chapter 9, “Oral Delivery,” provides an overview of physicochemical and biological 
barriers in oral delivery. Various oral dosage forms and their performance with respect to 
bioavailability are extensively discussed.

Chapter 10, “Ocular Drug Delivery,” delves into detailed anatomy and physiol-
ogy of the eye, the importance of various routes of ocular drug administration, and 
constraints on conventional ocular therapy. This chapter will aid in acquiring sound 
knowledge of various approaches to increasing ocular drug absorption. It also discusses 
recent progress and specific developments relating to various formulation approaches. 
This chapter also discusses key advances in the application of nanotechnology for gene 
therapy to the eye.

Chapter 11, “Transmucosal Drug Delivery,” provides an overview of the impor-
tance of the transmucosal route and its advantages over traditional methods of drug 
delivery. This chapter describes the structure of oral mucosa, permeability barriers to 
drug absorption, and methods of assessing oral mucosal absorption. The chapter also 
details various drug delivery systems and techniques being used to optimize the delivery 
across oral mucosa. Commercialized formulations currently available in the market are 
also detailed.

Chapter 12, “Transdermal Drug Delivery,” describes the anatomical and 
physiological factors controlling drug transport across skin. Furthermore, active 
transdermal technologies available to enhance percutaneous absorption and vari-
ous types of transdermal patches currently available on the market are covered. 
This chapter also provides methods for patient counseling with regard to the 
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proper use and precautions necessary with the application of a transdermal drug  
delivery system.

Chapter 13, “Pulmonary and Nasal Drug Delivery,” reviews the anatomy and 
 physiology of the respiratory tract that governs drug delivery via the nasal and pulmonary 
routes. This chapter allows the reader to learn pharmaceutical and physiological factors 
that may affect drug deposition and absorption upon nasal and pulmonary administra-
tion. Various devices used to administer drug formulations via the respiratory route are 
described. A detailed and comprehensive discussion of currently available dosage forms 
along with recent advancements in nebulizers and metered dose and dry powder inhalers 
are provided. This chapter will acquaint the reader with various spacer devices and their 
proper usage, advantages, and disadvantages. Various respiratory drug delivery devices 
and formulations, as well as patient counseling for inhalational devices and drug prod-
ucts, are also emphasized.

Chapter 14, “Vaginal Drug Delivery,” offers basic understanding of anatomy 
and physiology of the vagina, physiological and physicochemical factors that may 
affect vaginal drug absorption, and characteristics of various vaginal drug deliv-
ery systems that are currently available on the market or are in the developmental  
stage.

Chapter 15, “Drug Delivery to the Central Nervous System: Breaking Down the 
Barrier,” describes the structure and importance of the blood–brain barrier. This chap-
ter offers a detailed understanding of anatomical, physiological, and pharmacological 
mechanisms by which the blood–brain barrier protects the central nervous system. 
Furthermore, current strategies for CNS drug delivery, flexibility of novel drug delivery 
systems, and how they can be tailor-designed to enhance CNS drug delivery are exten-
sively discussed.

Chapter 16, “Gene Delivery: An Essential Component for Successful Gene 
Therapy,” details the importance of gene therapy that uses a gene-coding sequence 
as a pharmaceutical agent. Gene therapy requires a method effective in delivering a 
therapeutic gene into cells and expressing proteins where treatment is needed. Several 
delivery systems including viral, chemical, and physical methods are discussed. Further, 
this chapter provides a summary on the pros and cons of each gene delivery system 
currently available and provides recent perspectives on remaining challenges for future 
development.

Chapter 17, “Peptide and Protein Drug Delivery,” discusses physicochemical differ-
ences between small molecules and protein/peptide drugs. This chapter helps in under-
standing the challenges faced when formulating a protein/peptide drug for oral delivery 
and why parenteral delivery is most often needed with such drugs. An overview of the 
intricacies of insulin that make non-parenteral delivery challenging and the advantages 
and disadvantages of different alternative routes for delivering protein/peptide drugs are 
discussed.

Chapter 18, “Drug Metabolomics and Proteomics Analysis in Drug Delivery and 
Discovery,” describes proteomics and mass spectrometric analysis including sample 
preparation, isolation, and purification techniques. This chapter also provides an over-
view of mass spectrometry instrumentation and ionization techniques. It describes top-
down protein and bottom-up (shotgun) peptide sequencing and application of mass 
spectrometry in quantitative proteomics, that is, phosphorylation, glycosylation, and 
post-translational modifications.
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features and Benefits

Each chapter includes the following elements:

•	Learning Objectives present the chapter’s desired outcomes to the reader.
•	Chapter Outline provides a preview of the material to be covered.
•	Review Questions allow readers to apply what has been learned in the chapter and 

assess their understanding of the content.

instruCtOr resOurCes

Qualified instructors can receive the full suite of instructor resources, including the 
following:

•	PowerPoint Presentations, featuring more than 350 slides
•	Test Bank, containing more than 500 questions
•	 Instructor’s Manual, including an Answer Key for the end-of-chapter Review 

Questions

student resOurCes

The Navigate Companion Website features numerous study aids and learning tools 
to help students get the most out of their course and prepare for class, including the 
following:

•	Chapter Quizzes
•	 Interactive Glossary
•	Crossword Puzzles
•	 Interactive Flashcards
•	Matching Exercises

aCknOwledgments

We are very grateful to all the individual authors for their excellent contributions and 
massive efforts in sharing their knowledge, concepts, and expertise in various aspects of 
drug delivery.

Finally, we would like to acknowledge the support of the publisher and thank the 
production team for their relentless efforts.

Ashim K. Mitra
Deep Kwatra

Aswani Dutt Vadlapudi
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foreword
Targeted and controlled drug delivery systems can have a massive impact on therapeutic 
efficacy and safety. These technologies enable maximum benefit from existing drugs 
and provide opportunities for successful transition to new drug entities. Such advance-
ments have added an entirely new dimension to the pharmaceutical market with sales of 
these technologies now in the billions of dollars annually. Importantly, multidisciplinary 
training is needed to understand the interface of biology and chemistry to design novel 
drug delivery carriers and preparations that are effective and nontoxic. Within this book 
Dr. Ashim K. Mitra, Dr. Deep Kwatra, and Dr. Aswani Dutt Vadlapudi have done a 
great job assimilating large amounts of current information about this growing area, 
bringing together the foremost experts from their respective fields to yield a comprehen-
sive look at drug delivery and its relevant issues.

Drug Delivery contains up-to-date material that will inform both novices as well as 
advanced learners in the field. A major strength of the book is its logical organization. 
For example, the human body provides multiple anatomical and physiological barriers 
to many drugs from easily reaching their target site. The book begins with detailed 
descriptions of the biological barriers to drug delivery and then covers drug delivery 
models, routes of administration, and controlled drug delivery systems, making sure the 
reader first grasps the basic concepts.

Critical for advancement of the field is the creation of novel polymeric materials, 
which is the subject of next chapter in the book. Here, the different types of polymers 
and their utilization to form nanoparticles and other novel drug delivery systems are 
described. The formation and characterization of multifunctional nanocarriers, which 
can be used for both controlled and targeted drug delivery, are also explained.

Next, specific issues with key routes of administration are detailed in individual 
chapters. For instance, parenteral, dermal, oral, ocular, pulmonary/nasal, mucosal, and 
vaginal drug delivery, and delivery to the central nervous system are all given specific 
attention.

Remarkably, this book also covers modern therapeutic modalities, including gene 
therapy as well as peptide and protein therapeutics such as antibodies. Delivery of these 
biologics via conventional carriers poses significant challenges, which are detailed, 
and numerous techniques are being developed to overcome these temporary hurdles. 
Moreover, a number of analytical tools are required to test delivery system efficiency, all 
of which are explained.

© Taewoon Lee/ShutterStock, Inc.
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Foreword xvii

Taken together, this book is a very detailed and complete compilation of all the 
major topics in the field of drug delivery and will prove to be a handy "go-to" reference 
for students, teachers, and researchers in academia and the pharmaceutical industry.

W. Daniel Stamer, PhD
Joseph A. C. Wadsworth Professor of Ophthalmology

Professor of Biomedical Engineering
Duke University
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