e -
e

5§

Thomas




Smell and
Taste 1n

Health and
Disease

Thomas V. Getchell, Ph.D.

Department of Physiology and
Biophysics
University of Kentucky College
of Medicine
Lexington, Kentucky

Richard L. Doty, Ph.D.

Smell and Taste Center
Hospital of the University
of Pennsylvania
Philadelphia, Pennsylvania

RAVEN PRESS

Linda M. Bartoshuk, Ph.D.

Department of Surgery
Otolaryngology Section
Yale University School of

Medicine
New Haven, Connecticut

James B. Snow, Jr., M.D.

National Institute on
Deafness and Other
Communication Disorders
Gaithersburg, Maryland

& NEW YORK



Raven Press, Ltd., 1185 Avenue of the Americas, New York, New York 10036

© 1991 by Raven Press, Ltd. All rights reserved. This book is protected by
copyright. No part of it may be reproduced. stored in a retrieval system. or
transmitted, in any form or by any means. electronical, mechanical,
photocopying. or recording. or otherwise, without the prior written
permission of the publisher.

Made in the United States of America
Library of Congress Cataloging-in-Publication Data

Smell and taste in health and disease / editors. Thomas V. Getchell
... letal .
p. cm,
Includes bibliographical references and index.
ISBN 0-88167-798-1
1. Smell. 2. Taste. 3. Smell disorders. 4. Taste disorders.
I. Getchell, Thomas V.
IDNLM: 1. Chemoreceptors—physiology. 2. Smell. 3. Taste. WV
301 S638]
QP455.854 1991
612.8'6—dc20
DNLM/DLC
for Library of Congress 91-18608
Ccip

The material contained in this volume was submitted as previously
unpublished material. except in the instances in which credit has been given
to the source from which some of the illustrative material was derived.

Great care has becen taken to maintain the accuracy of the informatian
contained in the volume. However, neither Raven Press nor the editors can
be held responsible for errors or for any consequences arising from the use of
the information contained herein.

Materials appearing in this book prepared by individuals as part of their
official duties as U.S. Government employees are not covered by the above-
mentioned copyright.

987654321



Contributing Authors

Barry W. Ache, Ph.D.

Departments of Zoology and
Neuroscience

Whitney Laboratory

University of Florida

9505 Ocean Shore Boulevard

St. Augustine, Florida 32086

Glenn Affleck, Ph.D.

Department of Psychiatry

University of Connecticut Health Center
263 Farmington Avenue

Farmington, Connecticut 06030

John E. Amoore, Ph.D.
Olfucto-Labs

P.O. Box 757

El Cerrito, California 94530

Jay D. Amsterdam, M.D.
Department of Psychiatry

Hospital of the University of Pennsylvania

3400 Spruce Street
Philadelphia, Pennsylvania 19104

Fuad Baroody, M.D.

Departments of Medicine and
Ortolaryngology—Head and Neck
Surgery

Division of Clinical Immunology

Johns Hopkins University School of
Medicine

Baltimore, Maryland 21224

Linda M. Bartoshuk, Ph.D.

Department of Surgery (Section of
Orolaryngology)

Yale University School of Medicine

333 Cedar Street

New Haven, Connecticut 06510

Gary K. Beauchamp, Ph.D.

Monell Chemical Senses Center

3500 Marker Street

Philadelphia, Pennsylvania 19104-3308

1X

Lloyd M. Beidler, Ph.D.
Department of Biological Sciences
The Florida State University
Tallahassee, Florida 32306

Hene L. Bernstein, Ph.D.
Department of Psychology
University of Washington
Seartle, Washington 98195

Robert M. Bradley, Ph.D.

Department of Biologic and Materials
Science

The University of Michigan

School of Dentistry

Ann Arbor, Michigan 48109-1078

William S. Cain, Ph.D.

John B. Pierce Laboratory and Yale
University

290 Congress Avenue

New Haven, Connecticut 06519

Frank A. Catalanotto, D.M.D.

Research, Industrial Relations and
Professional Development

University of Medicine and Dentistry of
New Jersey

110 Bergen Street

Room B819

Newark, New Jersey 07103-2425

J. Enrique Cometto-Muiiz, Ph.D.

John B. Pierce Laboratory and Yale
University

290 Congress Avenue

New Haven, Connecticut 06519

Richard M. Costanzo, Ph.D,
Department of Physiology and Neurology
Medical College of Virginia
Virginia Commonwealth University
1101 E. Marshall Street

Richmond, Virginia 23298-0551



X / CoNTRIBUTING AUTHORS

Beverly Cowart, Ph.D.

Monell Chemical Senses Center
3500 Market Street

Philadelphia, Pennsylvania 19104

Rhonda O. Deems, Ph.D.
Sandoz Research Institute

59 Route 10

East Hanover, New Jersey 07936

Richard L. Doty, Ph.D.

Department of Otorhinolaryngology—
flead and Neck Surgery

Smell and Taste Center

School of Medicine

University of Pennsylvania

3400 Spruce Street

Philadelphia, Pennsylvania 19104

Trygg Engen, Ph.D.

Department of Psychology
Brown University

Providence, Rhode Island 02912

Margaret M. Esiri, D.M., FRCPath.

Departments of Neurology and
Neuropathology

Oxford University

Radcliffe Infirmary

Oxford OX2 6HE

United Kingdom

Albert 1. Farbman, D.M.D., Ph.D.

Department of Neurobiology and
Physiology

Northwestern University

2153 Sheridan Road

Evanston, Illinois 60208

Thomas E. Finger, Ph.D.

Rocky Mountain Taste and Smell Center

Department of Cellular and Structural
Biology

University of Colorado Health Science
Center

4200 East Ninth Avenue, B-111

Denver, Colorado 80262

Marion E. Frank, PH.D.

Department of BioStructure and Function
University of Connecticut Health Center
School of Dental Medicine

Farmington Avenue

fFarmington, Connecticut 06030

Lawrence S. Friedman, M.D.
Department of Medicine
Jefferson Medical College
Philadelphia, Pennsylvania 19107

Mark I. Friedman, Ph.D.
Monnell Chemical Senses Center
3500 Market Street

Philadelphia, Pennsylvania 19104

Marilyn L. Getchell, Ph.D.

Department of Surgery

Division of Otolaryngology—Head and
Neck Surgery

University of Kentucky College of
Medicine

800 Rose Street

Lexington, Kentucky 405360084

Thomas V. Getchell, Ph.D.

Department of Physiology and Biophysics
College of Medicine

University of Kentucky

Lexington, Kentucky 40536

Avery N. Gitbert, Ph.D.
Roure Inc.

1775 Windsor Road
Teaneck, New Jersey 07666

Magdalena M. Gilmore
Department of Psychology
Brown University

Providence, Rhode Island 02912

Susan E. Gowans, Ph.D.

Department of Psychology
McMaster University

1280 Main Street West

Hamilton, Ontario, Canada 1.8S 4K]

Barry G. Green, Ph.D,

Monell Chemical Senses Center

3500 Market Street

Philadelphia, Pennsylvania 191043308

Charles A. Greer, Ph.D.

Departments of Neurosurgery and
Neurobiology

Yale University School of Medicine

333 Cedar Street

New Haven, Connecticut 06510



Miriam Grushka, D.D.S., Ph.D.
Department of Dentistry
Etobicoke General Hospital
101 Humber College Boulevard
Rexdale, Ontario

Canada M9V IR8

Robert A. Hendrix, M.D.

Department of Otorhinolaryngology—
Head and Neck Surgery

University of Pennsylvania

5 Silverstein Building

3400 Spruce Street

Philadelphia, Pennsyivania 19104

André Holley

Laboratoire de Physiologie
Neurosensorielle

Universite Claude Bernard Lyon I, CNRS
URA 180

F 69622 Villeurbanne Cedex, France

David E. Hornung, Ph.D.
Department of Biology
St. Lawrence University
Box 211

Canton, New York 13617

Thomas Hummel, M.D.

Extraordinariat Physiologische
Pharmakologie

Universitdtstrasse 22

W-8520 Erlangen, Germany

Bruce W. Jafek, M.D., F.A.C.S.

Department of Otolaryngology

University of Colorado Health Sciences
Center

4200 East 9 Avenue

Denver, Colorado 80262

David W. Kennedy, M.D.

Department of Otolaryngology—Head and
Neck Surgery

University of Pennsylvania Medical
Center

3400 Spruce Street

Philadelphia, Pennsvivania 19104

Paul F. Kent, M.D., Ph.D.

Department of Medicine and Physiology
SUNY Health Science Center at Svracuse
750 East Adams Street

Svracuse, New York 13210

CONTRIBUTING AUTHORS / X1

Robert C. Kern, M.D.
Department of Otolaryngology
Wayne State University

540 E. Canfield, SE-UHC
Detroit, Michigan 48201

Charles P. Kimmelman, M.D., F.A.C.S.

Department of Otolaryngology—Head and
Neck Surgery

New York Eye and Ear Infirmary, New
York Medical College

310 East 14 Street

New York, New York 10003

Sue C. Kinnamon, Ph.D.
Department of Anatomy and Neurobiology

Colorado State University
Fort Collins, Colorado 80523

Gerd Kobal, M.D.

Extraordinariat Physiologische
Pharmakologie

Universitdtstrasse 22

W-8520 Erlangen, Germany

Harry T. Lawless, Ph.D.

Department of Food Science

New York State College of Agriculture and
Life Sciences

Cornell University

{thaca, New York 14853-7201

Mary D. Lekas, M.D., F.A.C.S.
Department of Otolaryngology
Physicians Office Building
Rhode Island Hospital

110 Lockwood Street
Providence, Rhode Island 02903

Don A. Leopold, M.D.

Department of Otolaryngology

SUNY Health Science Center at Syracuse
750 East Adams Street

Syracuse, New York 13210

Mark C. Loury, M.D.

Department of Otolaryngology—Head and
Neck Surgery

Johns Hopkins Hospital

Carnegie 484

600 North Wolfe Street

Baltimore, Maryland 21205



X1l

/ CONTRIBUTING AUTHORS

Alan Mackay-Sim, Ph.D.

Department of Science and Technology
Griffith University

Nathan, Queensland

Australia

Willis C. Maddrey, M.D.

University of Texas

Southwestern Medical Center at Dallas
5323 Harry Hines Boulevard

Dallas, Texas 75235

Robert G. Mair, Ph.D.
Department of Psychology
University of New Hampshire
Durham, New Hampshire 03824

Robert H. Mathog, M.D.
Department of Otolaryngology
Wayne State University

540 East Canfield, SE-UHC
Detroit, Michigan 48201

Richard D. Mattes, Ph.D.

Monell Chemical Senses Center

3500 Market Street

Philadelphia, Pennsylvania 19104-3308

Thomas V. McCaffrey, M.D., Ph.D.
Department of Otolaryngology
Mayo Clinic

Rochester, Minnesota 55905

Tuesday K. Mellert, M.D.

Department of Surgery

Division of Otolarvngologv—Head and
Neck Surgery

University of Kentucky College of
Medicine

800 Rose Street

Lexington, Kentucky 40536

Richard Mendola, Ph.D.

Department of Psychiatry

University of Connecticut Health Center
263 Farmington Avenue

Farmington, Connecticut 06030

Inglis J. Miller, Jr., Ph.D.

Department of Neurobiology and Anatomy

Bowman Gray School of Medicine
Wake Forest University

300 South Hawthorne Road
Winston-Salem, North Carolina 27103

Charlotte M. Mistretta, Ph.D.

Department of Biologic and Materials
Sciences

School of Dentistry

University of Michigan

Room 6226

Ann Arbor, Michigan 48109-1078

David T. Moran, Ph.D.

Department of Otolaryngology

University of Colorado Health Sciences
Center

4200 East 9 Avenue

Denver, Colorado 80262

April E. Mott, M.D.

Taste and Smell Center

University of Connecticut Health Center
263 Farmington Avenue

Farmington, Connecticut 06030

Maxwell M. Mozell, Ph.D.

Department of Physiology

SUNY Health Science Center at Syracuse
750 East Adams Street

Syracuse, New York 13210

Stephen J. Murphy, B.S.

Department of Physiology

SUNY Health Science Center at Syracuse
750 Eust Adams Street

Syracuse, New York (3210

Robert M. Naclerio, M.D.

Department of Otolaryngology

Johns Hopkins Asthma and Allergy Center
301 Bayview Boulevard

Baltimore, Maryland 21224

John D. Pierce, Jr., Ph.D.

Monell Chemical Senses Center

3500 Market Street

Philadelphia, Pennsylvania 19104-3308

Carlos R. Plata-Salaman, M.D., Ph.D.
School of Life and Health Sciences
University of Delaware

Newark, Delaware 19716

Karl-Heinz Plattig, M.D.

Institut fiir Physiologie und Biokybernetik
Universitdrsstrasse 17

D-8520 Erlangen, Germany



Richard H. Porter, Ph.D.

Department of Psychology and Human
Development

George Peabody College of Vanderbilt
University

Nashville, Tennessee 37203

Thomas C. Pritchard, Ph.D.

Departments of Neuroscience, Anatomy,
and Behavioral Science

The Pennsylvania State University

College of Medicine

500 University Drive

Hershey, Pennsylvania 17033

Peter W. Scherer, M.D., Ph.D.
Department of Bioengineering
University of Pennsylvania

220 South 33 Street

Philadelphia, Pennsylvania 19104

Susan S. Schiffman, Ph.D.
Department of Psychology

Duke University
Durham, North Caralina 27706

Hilary J. Schmidt, Ph.D.
Department of Psychiatry
New Jersey Medical School
185 East Orange Avenue
Newark, New Jersey 07103

Thomas R. Scett, Ph.D.
Department of Psychology
University of Delaware
220 Wolf Hall

Newark, Delaware 19716

Barry J. Sessle, M.D.S., Ph.D.
Facudty of Dentistry
University of Toronto

124 Edward Street

Toronto, Ontario

Canada M5G 1G6

R. Gregg Settle

Medical Research Service
Veterans Affairs Medical Center
University und Woodland Avenues
Philadelphia, Pennsylvania 19104

Wayne L. Silver, Ph.D.

Department of Biology

Wake Forest University

Box 7325 Revnolda Station
Winston-Salem, North Carolina 27109

CONTRIBUTING AUTHORS / Xiil

David V. Smith, Ph.D.

Department of Otolaryngology and
Maxillofacial Surgery

University of Cincinnati Taste and Smell
Center

University of Cincinnati College of
Medicine

Cincinnati, Ohio 45267

James C. Smith, Ph.D.
Department of Psychology

The Florida State University
Tallahassee, Florida 32306-1051

James B. Snow, Jr., M.D.

National Institute on Deafness and Other
Communication Disorders

9000 Rockville Pike

Bethesda, Maryland 20892

R. Casey Strahan, M.D.

Department of Otolaryngology

University of Colorado Health Sciences
Center

4200 East 9 Avenue

Denver, Colorado 80262

Edward A. Sweeney, D.M.D.

Department of Pediatric Dentistry

University of Texas Health Sciences
Center at San Antonio

7703 Flovd Curl Drive

San Antonio, Texas 78254

Howard Tennen, Ph.D.

Department of Psychiatry

University of Connecticut Health Center
263 Farmington Avenue

Farmington, Connecticut 06030

James M. Weiffenbach, Ph.D.

Clinical Investigations and Patient Care
Branch

National Institute of Dental Research

National Institutes of Health

Building 10

Room 1-N-114

Bethesda, Maryland 20892

Harvey P. Weingarten, Ph.D.
Department of Psychology
McMaster University

1280 Main Street West

Hamilton, Ontario, Canada L85 4K}



X1V / CONTRIBUTING AUTHORS

Robert A. Weisman, M.D.

Desert Ear Nose and Throat Medical
Group, Inc.

39000 Bob Hope Drive

Rancho Mirage, California 92270

Charles J. Wysocki, Ph.D.

Monell Chemical Senses Center

3500 Marker Street

Philadelphia, Pennsylvania 19104-3308

Steven L. Youngentob, Ph.D.
Department of Physiology
SUNY Health Science Center
750 East Adams Street
Syracuse, New York 13210

Nathan D. Zasler, M.D.

Brain Injury Rehabilitation Services

Department of Physical Medicine and
Rehabilitation

Medical College of Virginia

Virginia Commonwealth University

Richmond, Virginia 23298-0677



Foreword

I am pleased and proud to write a foreword to this extensive and thorough magnum opus on the
chemical senses—smell and taste—that covers not only the basic science but rapidly developing
clinical knowledge and practice. A multiple-authored volume is necessary to cover adequately the
present status of smell and taste. The editors bring an unusual array of professional experiences
to the task of formulating and integrating the available material. Dr. Thomas V. Getchell is Pro-
fessor of Physiology and Biophysics at the University of Kentucky College of Medicine. He ob-
tained his Ph.D. from Northwestern University and is broadly acclaimed for his studies of the
fundamental molecular neurobiology of the olfactory system. Dr. Richard L. Doty is Associate
Professor in the Department of Otorhinolaryngology—Head and Neck Surgery and is Director of
the Smell and Taste Center at the University of Pennsylvania School of Medicine. He obtained
his Ph.D. in Psychology from Michigan State University and is widely recognized for his studies
of smell perception and human olfactory disorders. Dr. Linda M. Bartoshuk is Professor of Oto-
laryngology in the Department of Surgery at Yale University School of Medicine. She obtained
her Ph.D. from Brown University and is highly regarded for her psychophysical studies of taste
perception and human gustatory disorders. Dr. James B. Snow, Jr., is Director of the National
Institute on Deafness and Other Communication Disorders at the National Institutes of Health.
He obtained his M.D. from Harvard Medical School and is widely recognized as a leader in oto-
rhinolaryngology—head and neck surgery.

As a student when I began my research in this area, although there did exist such masterpieces
of scholarship as E. von Skramlik’s “Handbuch Physiologie der niederen Sinne (1926),” 1 can
recall my Professor of Psychology at Brown University, the late Leonard Carmichael’s advice to
me in choosing a subject for research that scientific knowledge of taste was relatively slim com-
pared with scientific knowledge of vision and hearing. In the early 1930s, research in vision and
hearing was undergoing an exciting and widespread development, due in part to the research of
Wever and Bray and Stevens and Davis in audition and Hartline and Graham in vision, who had
adopted electrophysiological recording methods in their research. Carmichael opined that a re-
searcher making similar advances in the chemical senses, including psychophysics and behavior,
would be sure to be noticed if not acclaimed. I am pleased to note that many of my former students
and colleagues whose research I had the rewarding experience to direct or guide are among the
contributors to this volume, in particular, Drs. Bruce Halpern and Linda Bartoshuk.

Among the events that marked the growing maturity of the field of chemoreception was the
International Symposia on Olfaction and Taste (ISOT) that the late Ingve Zotterman, Lloyd Beid-
ler, and I conceived of in 1959 during their visit to my lab at the Department of Psychology at
Brown University following an international symposium on “sensory communication” at MIT
under Walter Rosenblith. Ingve, Lioyd, and I felt that, instead of just being included among the
other senses, taste and olfaction should have their own international meetings. Zotterman noted
that an international Congress of Physiology was to occur in the Netherlands in 1962. Zotterman
offered to arrange the first International Symposium on Olfaction and Taste (ISOT) at the Wenner-
Gren Center in Stockholm where he was about to assume the position of Secretary and Scientific
Advisor. The first ISOT did indeed meet in Stockholm in 1962 and since then it has met on a
regular schedule. I had the pleasure of hosting ISOT 111 at the Rockefeller University in New York
in 1968 at which Lord Adrian was our Honorary Chairman.

The increasing scientific activity in the field resulted in the organization of the Japanese Asso-
ciation for the Study of Taste and Smell (JASTS) in 1967, the Association for Chemoreception

XV
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Sciences (AChemS) in the United States in 1978, and the European Chemoreception Research
Organization (ECRO} in 1970.

The chemical senses in flavor and nutrition has also been a continuing component of the U.S.
Army Quartermaster Research Laboratory at Natick, Massachusetts and in certain laboratories
of the food industry. Increasingly, the clinical aspects of chemoreception malfunctions and disor-
ders in health and disease have been receiving greater attention. Ph.D.s have joined with M.D.s
in Otorhinolaryngology departments and in clinical chemosensory research centers, in a program
supported by the United States National Institutes of Health and other local institutions. All of
these influences are reflected in this book, which stands as another landmark in the development
and sophistication of chemosensory science.

—Carl Pfaffmann, Ph.D., D.Sc.



Foreword

Carl Pfaffmann has already expressed his pleasure and pride in writing a foreword for this impor-
tant volume. I share these feelings, and also value the opportunity to write jointly with Professor
Pfaffmann. The laboratories of Carl Pfaffmann and of Lioyd M. Beidler have had a fundamental
role in shaping and training several generations of chemosensory scientists. They began their re-
search careers aware that little was known of the chemical senses, but believing that much could
be learned. Taste and smell had been topics of discussion for thousands of years, yet experimental
studies were still rare, and very few scientists devoted themselves to these sensory systems. They
were often characterized as minor or primitive senses. Pfaffmann’s laboratory at Brown Univer-
sity and Beidler’s at Florida State University soon became major centers for the education of
chemosensory investigators, as well as sources of fundamental discoveries. This continued when
Dr. Pfaffmann moved to The Rockefeller University. Their students, or their student’s students,
often received postdoctoral education with Lloyd Beidler or Carl Pfaffmann. This interchange
helped continuity and breadth in the widening circle of chemosensory investigators.

Participation in meetings has long been an important form of scientific education. A number of
eclectic national and international meetings that contain presentations by chemosensory scientists
occur on an annual or multi-year basis. However, as a scientific discipline matures and the number
of researchers devoting themselves to it increases, focused meetings become necessary. The Gor-
don Research Conference on Chemical Senses: Taste and Smell, which was added to the Gordon
Research Conferences in 1969 with Lloyd M. Beidler as the organizer, has provided a venue for
extensive in-depth reports and discussion of frontier chemosensory research. Professor Pfaffmann
has already described the initiation of the triennial ISOT meetings. This important forum is now
administered by the International Commission on Olfaction and Taste of the International Union
of Physiological Sciences, with the cooperation of the major regional chemosensory organizations,
AChemS, ECRO, and JASTS. These organizations hold regular regional scientific meetings and
Jointly sponsor the journal, Chemical Senses. These meetings and scientific organizations are a
significant medium for communication among and education of scientists. Their existence is an
important index of the level of development of research and scholarly activity in smelf and taste.

Diseases that affect olfactory or gustatory function can significantly impair communication be-
tween organisms and their chemosensory environment. Consequently, the chemical senses were
included in the communicative disorders component of a set of seven studies done for the National
Advisory Neurological and Communicative Disorders and Stroke Council of the United States
National Institutes of Health in the late 1970s. The ten-member Panel on Communicative Disor-
ders, established in 1977, was chaired by Professor Paul H. Ward, of the University of California
School of Medicine at Los Angeles. As a member of this panel, I was able to assist in the orga-
nization and operation of its eleven-member subcommittee on chemical senses. The panels pre-
pared reports relevant to a national research strategy for neurological and communicative disor-
ders. Contained in the 1979 Report of the Panel on Communicative Disorders (NIH Publication
No. 79-1914) was a section on chemical senses. After summaries of current information and prob-
lems, and proposed future directions in taste and smell, several recommendations were made.
These included specification of a range of therapeutic and intervention goals that could be pursued
including: the development of strategies to manage appetite loss during disease, chemotherapy,
and older age: the exploration of relations between chemosensory function and obesity, hyperten-
sion, and malnutrition; the exploitation and use of chemoreceptors as models of development,
trophic function. and regeneration; and the prevention of the chemotoxic consequences of pollu-
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tion. An action recommendation stated, “Present support for laboratory and field research should
be increased so that all worthwhile studies can be supported, and regional clinical centers for the
chemical senses should be established at, initially, two existing medical centers. Understanding
chemical sense-dependent behavior also requires a knowledge of the anatomy, biochemistry, phys-
iology, development, and genetics of the systems.” A number of NIH-funded clinical chemosen-
sory centers now exist, as well as several other more specialized groups. They have contributed
substantially to knowledge of the incidence and prevalence of chemosensory disorders, to explo-
rations of therapies and interventions for chemosensory disorders, and to basic understanding of
smell and taste,

In 1988, the National Institute on Deafness and Other Communication Disorders (NIDCD) was
created, and responsibility for the support for research in the senses of smell and taste was trans-
ferred to the new institute. The NIDCD convened scientific panels in hearing, balance, the chem-
ical senses, voice, speech, and language in January 1989 at Hunt Valley, Maryland. Professors
Bartoshuk and Snow served as co-chairpersons of the panel on the chemical senses. The resulting
publication, Report of the Task Force on the National Strategic Research Plan (NIDCD Publica-
tion, April, 1989), presented a thoughtful and comprehensive set of research goals and priorities
for the chemical senses for the next 3 years and the decade. This section of the National Strategic
Research Plan will be updated by a newly-constituted expert panel during 1992-93.

As suggested above, behavioral, anatomical, biochemical, physiological, developmental, ge-
netic, pathological, therapeutic, and epidemiological considerations must be brought to bear to
achieve progress in this rapidly developing field of study. The editors have gathered a broad group
of distinguished experts who represent these areas and have integrated their contributions. This
important volume represents a significant contribution to the education of both chemosensory
clinicians and chemosensory investigators. It will be useful to all students of smell and taste.

—Bruce P. Halpern, Ph.D.



Preface

Substantial advances have been achieved during the last decade in our understanding of the bio-
logical bases of the senses of smell and taste, as well as in the clinical identification, diagnosis,
and management of chemosensory disorders. The purpose of this book is to provide an advanced
text-reference book for two audiences: first, for medical students, residents and practitioners in
otorhinolaryngology, neurology, and related health professions as an introduction to the funda-
mental knowledge of the chemical senses; and second, for graduate students, postdoctoral fellows,
scientists, and scholars in related disciplines as an introduction to the expression and management
of diseases affecting the chemosensory systems. This book will provide both audiences with an
integrated approach that will yield insight for the development of clinical research protocols and
basic scientific experiments, leading to additional fundamental understandings of smell and taste
in health and disease.

The book is divided into seven sections. The first section summarizes the fundamental neuro-
biology of the sensory systems subserving smell and taste with focus on the olfactory, gustatory,
and trigeminal sensory systems. The second section addresses the psychophysical and neural
correlates associated with the sensation, perception, and integration of smell and taste experi-
ences. The third section examines the development of human chemosensory preferences and de-
scribes the mechanisms by which behavior, including food intake, is regulated. The fourth section
categorizes chemosensory disorders and identifies the known causes of olfactory and gustatory
disorders. It also details the four basic components in the clinical evaluation of a patient with a
chemosensory disorder and presents the differential diagnosis of transport and sensorineural dis-
orders. This section is pivotal in that it establishes the bases for the remaining three clinical sec-
tions. The fifth section focuses on the causes of transport disorders, which may range from viral
and bacterial infections to mechanical obstruction such as polyposis; current therapy including
surgical interventions required to manage these problems is also delineated. The sixth section
identifies several causes of sensorineural disorders of the senses of smell and taste that result from
genetic determinants, infection, ionizing radiation, chemical exposure, and trauma. This section
also describes several coping strategies that can be utilized by patients with these disorders and
by their physicians and psychophysicists. The last section identifies and examines how certain
systemic diseases and drugs can affect the senses of smell and taste. The chapters in each section
are organized to establish a logical sequence within each section as well as to serve as independent
sources of information.

Thomas V. Getchell
Richard L. Doty
Linda M. Bartoshuk
James B. Snow, Jr.
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