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Preface

The oral cavity (OC) and its highly permeable mucosal tissues have been taken
advantage of for decades as a site of absorption for delivery of drugs to the
systemic circulation (oral transmucosal delivery, OTD), and for local delivery to
the subjacent tissues (oral mucosal delivery, OMD). Administration of an active
agent in a dosage form intended to release the drug in the oral cavity is referred
to herein as an intraoral delivery system or intraoral dosage form (IOD). Intraoral
delivery may provide for a local effect (i.e., breath freshening), absorption via
the oral mucosal tissues for either a local drug effect (i.e., analgesia) or systemic
drug effect (i.e., smoking cessation), or, with most drugs, provide for systemic
absorption along the segments of the gastrointestinal tract (GIT).

Myriad IODs and drug products are now widely prescribed for systemic
diseases, as are OMD products for local treatment of halitosis, bacterial infections,
periodontal disease, and other conditions of the mouth. Mouthwash and dentifrice
active ingredients are now widely used in a variety of personal care products for
local delivery to the oral cavity, periodontal pocket, and the overlying mucosal
tissue. The first commercially successful oral transmucosal drug delivery system
(OTDS) was a sublingual tablet introduced in the early 1960s containing nitro-
glycerin for the symptomatic treatment of angina pectoris. Over the past 30 years,
many other OTDS have been commercialized for systemic drug delivery and
treatment of angina pectoris (i.e., nitroglycerin), moderate to severe pain (i.e.,
fentanyl), smoking addiction (i.e., nicotine), and so on.

vii



viii Preface

More recently, fast-dissolving or mouth-dissolving tablets and novel film
delivery systems have been developed. Dozens of oral mucosal delivery systems
(OMDS) targeted at the personal care products market for the local delivery of
medicinal agents to the oral cavity have been developed. These IODs include
quick-dissolving films, mouthwash, and dentifrice products containing antibac-
terial agents, fluoride, flavoring agents, and the like. The innovative approaches
in OTD and OMD delivery system designs, fundamental understanding of the
mechanisms of mucoadhesion, and development of oral transmucosal permeation
enhancer technology have paved the way in the development of sophisticated
controlled-release delivery strategies for systemic and local therapy, respectively.
More recently, interest has focused on the oral transmucosal route for delivery
of biotechnology products (i.e., proteins, peptides, antisense compounds, etc.).
Due to the high permeability and lower metabolic activity of the oral mucosal
tissue compared to skin and the gastrointestinal tract, there are high hopes for
the success of the oral transmucosal route for delivery of second-generation
biotechnology products, and perhaps for delivery of insulin as well.

The early product successes focused on the “easy-to-deliver” drugs (i.e.,
nitroglycerin sublingual tablets, nicotine gum, and lozenges) paved the way in
the development of new technologies, which may be effective in overcoming the
future challenges of controlled delivery of the “difficult-to-deliver”” drugs having
higher molecular weight (greater than 400 Daltons) such as polypeptides and
protein-based therapeutics. These new OTDS arising from our fundamental under-
standing of transport processes, pharmacology, and biochemistry of the mucosal
tissue, and development of predictive modeling, advances in material science,
and developments of transmucosal permeation enhancers will allow us to meet
the challenges of the future with new and improved IODs for treatment of many
other diseases.

The basic science and recent research relating to the oral cavity and oral
mucosal drug delivery has been published extensively in the literature, which has
emphasized the basic structure, function, biochemistry, and permeability of the
oral cavity. Similarly, the scientific foundation is now well established for devel-
opment of oral mucosal delivery systems, and an understanding of the influence
of saliva, mucin, cellular models for predicting mucosal drug transport, and
metabolism have also been discussed in numerous review articles and several
books, which sets the stage for the topics covered in this book.

The purpose of this book is to bring into perspective the practical and
applied aspects of pharmaceutical development of new solid-state dosage forms
for OTD and OMD systems, and the strategies that have been employed for
effective systemic and local drug delivery to the oral mucosa. The many dental
and pharmaceutical prescriptions and OTC products under development and those
that have been successfully commercialized are the main focus of this book. It
is not the intent to review the numerous nutriceuticals, dietary supplements,
vitamins, and consumer products (i.e., gums, breath fresheners, mouthwashes,
lozenges, etc.) because these intraoral formulations (i.e., chewable tablets, liquids,
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sprays, etc.) are too numerous to adequately address in this volume. Furthermore,
the traditional pharmaceutical products marketed as syrups, drops, or suspensions
are not reviewed. Rather, the main focus of this book is to provide an overview
of the new and emerging IODs and technologies that address the unmet patient
and market needs for improved local and systemic drug therapy.

This book consists of 14 chapters that provide the reader with a compre-
hensive, succinct, state-of-the-art review of the science and innovative technolo-
gies currently available for the development of novel delivery systems targeted
to the oral cavity for systemic and local delivery. Chapter 1 provides an overview
of the fundamentals such as the underlying physiology, biochemistry, and anat-
omy of the oral mucosa; the various sites of oral mucosal absorption (i.e., gingival,
buccal, palatal, sublingual, periodontal, etc.) for local and systemic drug delivery;
the local environment of the oral cavity and its impact on drug absorption,
distribution, metabolism, and excretion (ADME); and the metabolic barrier to
oral mucosal drug absorption. The advantages of systemic drug delivery by the
oral transmucosal route and various IODs are discussed. A summary of the IODs
in various stages of research as well as those on the market, and a snapshot of
the future trends and the next generation products and technologies are also
presented, which sets the stage for the chapters to follow. Preformulation con-
siderations are an important first step in the development of IODs.

The key elements in preclinical assessment necessary to predict mucosal
permeation, selection of drug candidates and formulation components, as well as
delivery system designs are highlighted in Chapter 2. The preclinical assessment
of oral mucosal drug delivery and delivery systems is the next important step in
the development process. The in vitro and in vivo models used to assess oral
transmucosal drug absorption, the fundamental techniques for the in vitro assess-
ment of mucobioadhesive polymers, the ideal characteristics of mucoadhesive
pharmaceutical excipients and criteria for their selection, the effects of saliva and
mucin on drug permeation, and finally the importance of selection of appropriate
animal models for safety assessment of local irritation and sensitization are
presented in Chapter 2. The advantages of systemic drug delivery by the oral
transmucosal route are discussed and examples of products for the delivery of
analgesics, CNS active agents, antiemetics, and so on are also presented in
Chapter 2.

The challenges to the formulation scientist in overcoming the barrier prop-
erties of the oral mucosa and effective use of various chemical classes of mucosal
permeation enhancers (MPE) to upregulate drug absorption are reviewed and
summarized in Chapter 3.

A review of recent work in the field of OTM delivery of proteins and
peptides and the challenges that need to be overcome to minimize the local
enzymatic metabolism of four labile compounds and strategies to maximize their
absorption are discussed in Chapter 4.

The next steps in the development cycle consist of the design, clinical
development, manufacture, testing, and marketing of oral mucosal delivery systems.
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There are now dozens of commercial OTD and OMD products on the market
including: quick-dissolving (QD), slow-dissolving (SD), and nondissolving (ND)
IODs such as sublingual tablets, quick-dissolving tablets, chewing gums, patches,
devices, liposomes, microparticle delivery systems, and so on. Chapters 5 through
10 focus on some of the more recently developed and commercialized SD and
ND IODs. Sublingual delivery of nitroglycerin was one of the first life-saving
drugs introduced for the prevention of angina pectoris and heart attacks. The
products (sublingual tablets) for delivery of organic nitrates including nitroglyc-
erin and isosorbide dinitrate for the treatment of angina pectoris are reviewed in
Chapter 5.

Development of a novel oral mucosal technology for delivery of melatonin
for normalization of circadian rhythms is discussed in Chapter 6. The many
innovative IODs for delivery of nicotine (i.e., gums, lozenges, sublingual tablets,
inhalators, sprays, etc.) for smoking cessation therapy, including products on the
market and those in development, are reviewed in detail in Chapter 7. The
formulation development and preclinical, and clinical assessment of a novel dry
powder needleless injection device for the delivery of conventional drugs,
polypeptides, and proteins to the mucosal tissue of the oral cavity for local and
systemic drug delivery are presented in Chapter 8. Oral TMDS (i.e., liposomes,
fibers, microparticles, sustained release depots, etc.) for treatment of periodontal
disease are reviewed and contrasted, and the general classes of products for oral
hygiene including mouthwash and dentifrice products are reviewed in Chapter 9.
The use of local anesthetics in dental and oral surgical applications and the clinical
development of a novel mucoadhesive local anesthetic patch are highlighted in
Chapter 10.

Novel QD dosage forms that dissolve in the mouth without water, offer
patient convenience, and patent life extension for many drugs are reviewed in
Chapters 11 through 14. The various QD tablet delivery system designs, consid-
erations in material/excipient selection, manufacturing technologies, testing pro-
cedures, and points to consider in scale-up from laboratory to commercial
production of quick-dispersing oral drug delivery systems including the chemis-
try, manufacturing, and controls (CMC) are discussed in Chapter 11. A new
innovative QD intraoral drug delivery technology, which does not require water
and offers the patient convenience for delivery of a wide variety of drugs, is
highlighted in Chapter 12. The considerations in process development and scale-
up of QD IOD tablets, and the principals in optimizing process scale-up conditions

- and product quality issues, are reviewed in Chapter 13. Finally, the scientific and
regulatory considerations in developing QD IOD tablets from a clinical pharma-
cology and biopharmaceutics perspective are critically reviewed in Chapter 14.

In addition, a useful reference guide is provided on worldwide companies
developing intraoral drug delivery technologies and products (Appendix 1), as
well as selected books and market research reports dealing with intraoral drug
delivery (Appendix 2). The reader may find the list of abbreviations at the end
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of this book useful to better understanding the unique acronyms used in the IOD
literature.

We believe that this book offers a wealth of up-to-date information orga-
nized in a logical sequence corresponding to the various stages of research,
development, and commercialization of IOD products. Our authors were selected
from industry, academia, and government for their expertise and reputation in
their selected areas to objectively present a balanced view of the state-of-the-art
in IOD product development. Their insights will prove useful to the pharmaceu-
tical scientists in industry and academia who are involved in the development of
the next generation of 10D products. This book was written especially for the
pharmaceutical development scientists, but should be instructive to R&D man-
agers and those involved in the various stages of laboratory testing, manufactur-
ing, clinical evaluation, marketing, and regulatory affairs. The importance of the
book to medical professionals involved in the prescription and use of these
emerging dosage forms also should be recognized.

Tapash K. Ghosh

William R. Pfister



