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Foreword

In the rise of modern neuroscience during the last century,
the great sensory systems—vision above all, but also the
somatosensory systems and audition—played the leading
roles in the elucidation of principles underlying the neural
mechanisms of perception. Work on the senses of taste and
smell lagged behind, hampered by the difficulties of con-
trolling the stimuli in precise ways and by the belief that
these senses were of minor importance to humans.

No more! That era of chemosensory darkness ended
during the past two decades because of illumination from
new studies at many levels of these systems. Gene fami-
lies that express receptors for chemical stimuli have been
identified. Membrane mechanisms of stimulus transduc-
tion and second messenger signaling have been revealed.
Topographic patterns of the convergence of axons from
the sensory cells onto higher levels in the sensory path-
ways have been mapped. A variety of methods have re-
vealed that different odors elicit different activity patterns,
which constitute virtual “odor images.” In the olfactory
system, as in the other great sensory systems, stimulus
space (in this case, the multidimensional space of odor
molecules) has now been mapped into two-dimensional
neural space.

The synaptic microcircuits in the olfactory bulb have
attracted a new generation of electophysiologists from
other fields. Using patch recordings, calcium imaging and
advanced microscopy, they are analyzing the dendritic
and synaptic properties of the microcircuits that process
the odor images as the basis for perception. In addition to
this revitalization of electrophysiological studies of the
chemical senses, the neuroscience community has been
attracted to the extraordinary plasticity of these systems,
evidenced, in part, by the ongoing turnover of taste and
olfactory cells, and the constant generation of new in-
terneurons from the anterior migratory stream at the base
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of the brain. These systems are therefore on the cutting
edge of current research on stem cells and neurogenesis in
the brain.

New psychophysical studies challenge the traditional
view of human olfaction as weak, and suggest instead that
our ability to perceive low levels of odorants may be as
good or better than that of macrosmats such as rodents and
carnivores. Moreover, such studies have expanded our un-
derstanding of the complexity of the chemical senses, and,
along with a plethora of basic science studies, have demon-
strated that these senses are intimately involved in a wide
range of medical disorders. Indeed, the olfactory system
may provide early indicators for disease states such as neu-
rodegeneration and schizophrenia. We now have a better
understanding of the significance of the olfactory and gus-
tatory systems for such critical human behaviors as infant
nutrition, the prevalence of obesity in developed countries,
and the strong links between the chemical senses and emo-
tion and memory.

All of these developments and many more are covered
in the second edition of this widely recognized book, the
largest compendium of data on the chemical senses pub-
lished to date. Richard Doty’s introduction provides a mas-
terly overview of the rapidly evolving events in these
fields, and the ensuing chapters provide a wealth of infor-
mation on topics ranging from basic anatomy, physiology,
and clinical disorders of the chemical senses to advances
in functional imaging, molecular neurobiology, human
and animal psychophysics, and even olfactory system
cybernetics.

As the fields of gustation and olfaction continue their
strong growth, there will be an increasing need for a source
to which one can go for orientation to the broad range of re-
search involved and critical assessments of progress, prob-
lems, and opportunities. This new edition fills those needs



superlatively for a wide range of readers: neuroscientists,
organic chemists, toxicologists, biomedical engineers, psy-
chologists, and a variety of clinicians, as well as the inter-
ested layperson.

Gordon M. Shepherd, M.D., D. Phil.
Professor of Neuroscience

Yale University

New Haven, Connecticut, U.S.A.
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Preface

Since the publication of the first edition of the Handbook of
Olfaction and Gustation in 1995, advances in chemosen-
sory science have been staggering. Indeed, during this pe-
riod the chemical senses have become a central element of
the field of modern neuroscience, largely because of their
regenerative capacities, integral association with stem cell
research, and unique transduction processes. As a conse-
quence of the proliferation of commercially available ol-
factory tests, olfaction is now routinely and quantitatively
evaluated in most major medical centers, as well as within
the food, beverage, cosmetic, and energy (e.g., gas works)
industries. Of particular relevance to the physician is the
fact that decreased smell function is likely the first clinical
manifestation of Alzheimer’s disease (AD) and idiopathic
Parkinson’s disease (PD). Indeed, accurate assessment of
olfaction can aid in the “preclinical” identification of indi-
viduals at risk for these disorders. Such assessment can also
aid in differential diagnosis, since diseases often misdiag-
nosed as AD or PD (e.g., major affective disorder, progres-
sive supranuclear palsy) are unaccompanied by meaningful
olfactory loss.

The second edition of the Handbook represents the
largest collection of basic, clinical, and applied knowledge
on the chemical senses ever compiled in one volume, with
contributions from over 80 of the world’s leading re-
searchers. The material in this up-to-date treatise has been
tailored to be of value to a wide range of medical special-
ists, as well as to basic scientists working in academics, in-
dustry, and government. Because the information is pre-
sented in a straightforward manner, this volume can serve
as a textbook for graduate students, medical students, and
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postdoctoral fellows from numerous disciplines. The chap-
ters are conveniently arranged into three major sections
corresponding to olfaction, gustation, and other chemosen-
sory systems and, with the exception of the last section, are
subdivided into (A) anatomy and neurobiology, (B) func-
tional measurement, ontogeny, and genetics, and (C) clini-
cal applications and perspectives. Unlike the first edition,
this edition contains an author index that makes it possible
for researchers and others to quickly find references and
sections based on individual contributions. As in the first
edition, historical perspective and clinical relevance have
been emphasized, but not at the expense of basic science.
The book has been expanded from 38 to 48 chapters, so as
to take into account major growth in a number of fields, in-
cluding neuroscience, functional imaging, cybernetics,
toxicology, structure—activity assessment, molecular biol-
ogy, and animal behavior.

I am grateful to the contributors, who have been a model
of objectivity and scholarship in the development of their
chapters, and who have graciously taken into consideration
my often extensive editorial suggestions and criticisms. I
am also indebted to the staff of Marcel Dekker, Inc., par-
ticularly Jinnie Kim, Assistant Acquisitions Editor, and
Ann Pulido, Production Editor, who have patiently and
painstakingly worked with me to ensure a volume of the
highest quality. Without the support of the following grants
from the National Institutes of Health, this work would
have never been accomplished: PO1 DC 00161, RO1 DC
04278, RO1 DC 02974, and RO1 AG 27496.

Richard L. Doty
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