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EDITORIAL

Here is a tale about following your nose. How an innocent scientist interested in
the neurobiology of olfactory function found himself “taking the path less
travelled” from the friendly fields of olfactory neurogenesis to find himself in the
middle of the scary woods of the neurobiology of brain diseases. The path from
understanding the molecular and cellular bases of olfactory sensory neuron
regeneration led to the adult stem cells of the human olfactory mucosa, and from
there to olfactory stem cell as models for schizophrenia, Parkinson’s disease and
other less well known diseases affecting the nervous system, Hereditary Spastic
Paraplegia and Ataxiatelangiectasia. Here is
what I have learned: science does not travel in
a straight line. 

Neurogenesis in the Olfactory Epithelium

It is received wisdom in the olfactory biology
community that the sensory neurons in the
nose are replaced throughout life. This was first
observed in the 1930’s and 1940’s in rabbits
and monkeys, originally through experiments to
destroy the olfactory organ as a conduit for the
polio virus to reach the brain(1-3). It was even
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used for this purpose as a public health
initiative for a while. (This was the era
of casual psychosurgery and frontal
lobotomies.) Cell proliferation and
sensory neuron replacement are found
in all vertebrates studied, including
primates(4). Although sensory neurons
were thought to have a limited lifespan
and replaced automatically (5), we now
appreciate that that neurogenesis in the
adult olfactory epithelium is a highly
regulated process (6, 7). There is debate
about the identity of the stem cell in the
olfactory epithelium and the lineage of
defined cell types that lead from stem
cell to sensory neuron(8, 9). This lineage
is maintained by cell proliferation of
several cell types and regulated
differentiation from one cell type to the
other along the lineage. There is an
interesting literature on the genetic
regulation of this lineage through a
growing list of transcription factors(10).
Similarly, there is a growing list of
autocrine and paracrine growth factors
and cytokines that regulate the
populations of cell to maintain tissue
homeostasis in health, disease and
injury(11). The adult olfactory epithelium
provides a very useful model for
understanding these processes because
it is accessible and can be manipulated
in vivo and in vitro. It is providing an
understanding of the molecular and
cellular regulation of neurogenesis
applicable to the developing and adult
nervous system. There are still many
questions remaining to be answered on
the mechanisms of olfactory epithelial
neurogenesis that will require a deeper
understanding of regulatory networks
(12).

Stem Cells in the Olfactory Mucosa

For many years the debate has raged
about the “true” stem cell of the

olfactory epithelium. Following the lead
from the field of hematopoeisis, the
stem cell can be defined as a “slowly
dividing” cell that “retains a DNA label
for a long period”, that divides
asymmetrically to produce another stem
cell and a daughter cell that is
committed to differentiate. This
describes cells on the basement
membrane, horizontal basal cells (13).
The daughter cell that is committed to
differentiate continues to divide, but it is
considered to divide symmetrically,
producing daughter cells that are more
or less equal. These are often referred
to as “multi-potent progenitors” or
“transit amplifying cells” (14). They may
undergo several rounds of cell division
before differentiating. Those undergoing
their final proliferation before
differentiating are known as
“proliferating precursors” or “immediate
neural precursors”(15). A current
consensus is that both horizontal basal
cells and globose basal cells can give
rise to sensory neurons, supporting cells
and Bowman’s gland cells and ducts, as
well as each other, contradicting the
expectation of a unidirectional “lineage”
(8, 16). This concept is resolved by
considering the horizontal basal cells as
a reservoir of quiescent stem cells that
are only brought into play after massive
damage to the olfactory epithelium with
the globose basal cells normally
regenerating the epithelium (9, 17). 

Could the “true stem cell” still be
unidentified? All experiments to date
have studied populations of cells and
their progeny. It is possible that a rare
stem cell could be located among the
globose or horizontal basal cells,
unlabelled by the markers used to
identify them, unnoticed without
positive selection. Considering the
multiple levels of multi-potent
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proliferating precursors in the
hematopoietic lineage, it is possible that
there may be undiscovered stem cell
candidates in the olfactory epithelium. A
final decision on the hematopoietic stem
cell lineage was only achieved with an
assay in which single cells were shown to
be able to reconstitute the whole
hematopoietic system after otherwise
lethal bone marrow irradiation and their
progeny able to repeat the feat.  

Neural stem cells are typically grown in
vitro in media containing epithelial
growth factor (EGF) and basic fibroblast
growth factor (FGF2). This leads to
cultures of tightly packed spheres of cells
known as “neurospheres”. Typically these
are “tripotent”, able to give rise to
neurons, astrocytes and oligodendrocytes
(18). Neurospheres can be generated
from olfactory epithelium giving rise to
epithelial cell types (19, 20) and

neurospheres generated from olfactory
mucosa are multipotent, generating non-
epithelial and non-neural cell types (21,
22), raising the concept that this
multipotency may arise from the neural
crest origin on these multipotent stem
cells (23). The therapeutic utility of
olfactory stem cells has been shown in
animal models of spinal cord injury (24),
Parkinson’s disease (25) and vertebral
disc injury (26). 

Human Olfactory Stem Cells as Models
for Brain Diseases

The human olfactory mucosa is accessible
via a relatively simple medical procedure
under local or general anesthetic (Figure
1). As in mouse and rat, neural stem cells
from the human olfactory mucosa are
multipotent, giving rise to many non-
neural cell types in vitro and when
transplanted into the chick embryo (22).
This makes the human olfactory mucosa

an accessible tissue (27) that can provide
multi-potent stem cells not only for cell
transplantation therapies but also, when
taken from patients, as cellular models of
brain diseases. Stem cells from patients
with diseases could be a very useful
model because they could be propagated
in culture, potentially in large numbers,
and could be differentiated into the cell
type of interest, for example neurons and
glia. Realising that we could grow
olfactory stem cells, and that olfactory
cells show disease related cell biologies,
we developed olfactory stem cells as
models of brain diseases (28). We now
have a bank of human olfactory stem
cells from over 200 people, healthy
controls and persons with various brain
diseases (Figure 2).

Our approach is to compare olfactory
stem cell cultures from multiple patients
and multiple controls to discover what is
shared by the patients that is different
from the controls (28). The initial analysis
of gene expression is “unbiased” or
“hypothesis-free” to identify the cell
signalling pathways that are regulated
differently in patient cells compared to
controls. We then target subsequent
functional analyses of specific cell
functions and identified signalling
pathways. For example, in schizophrenia,
dysregulated gene expression in patient
cells was overwhelmingly concentrated
neurodevelopmental pathways.
Dysregulated gene expression in
Parkinson’s patient cells was
concentrated in mitochondrial function
and oxidative stress pathways. In each
disease, the identified dysregulated
functions are consistent with other
genetic and epidemiological evidence
and studies of post mortem brains, so
gene expression profiling gives us “proof-
of-principle” by leading us to cell
functions already implicated in these
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Figure 1. Culturing and banking human olfactory neural stem cells 

Olffactory mucosa is obtained by biopsy through the nostril, under local anesthetic, by an
otorhinolaryngologist. The mucosa (top right) is dissociated into single cells and grown for a week in
culture medium (DMEM) with 10% fetal calf serum (FBS). These “primary” cultures can be frozen and
stored in liquid nitrogen (liquid N2) or they are grown in DMEM plus growth factors (EGF/FGF) to
generate “neurospheres” containing neural stem cells. The neurospheres are harvested 4-10 days later,
dissociated into single cells and grown for many generations as “neurosphere-derived, expanded
cultures” in DMEM + FBS. They are stored frozen in our “Neurobank” of olfactory stem cells and can
be thawed for multiple assays. 
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diseases. The advantage is that we now
have specific molecular pathways to
investigate and we can devise specific
functional assays. In schizophrenia this
has led us to show that patients’ cells
have increased cyclin D1, E and A2 levels,

proteins that control the length of the
cell cycle (33). This leads to a faster cell
cycle and faster proliferation rate in
patient cells compared to controls. In
Parkinson’s disease we identified
dysfunction in the antioxidant pathway
regulated by a transcription factor NRF2.
Upon functional examination we found
that drug activation of NRF2 restored
patient cells to control levels, reducing
the molecular signs of oxidative stress
(34). These examples show how we can
go from patient’s cells to identifying
altered cell functions to candidate drugs
that restore patient cell functions to
control levels. These cell models give a
molecular insight into cellular
mechanisms of broad disease hypotheses
such as a “neurodevelopmental” origin of
schizophrenia and “oxidative stress”
being responsible for Parkinson’s disease.
Moreover, for diseases like these, for
which causative genes have not been

found, these cellular models give an
insight into how cell dysfunction, and by
implication disease, can arise from
biological differences that are not
measurable as genetic alterations in the
DNA. 

Olfactory stem cell models are applicable
potentially to all neurological conditions
and brain diseases. Olfactory biopsies
can be obtained from adults and children
and from patients with diseases caused
by single genetic mutations. With
collaborators we are working on cells
from patients with MELAS, caused by a
mutation in a mitochondrial gene, and
from patients with ataxia telangiectasia,
caused by a gene involved in DNA repair.
Olfactory stem cells have been generated
from patients with familial dysautonomia
(35). For some diseases deep insights will
be gained from olfactory cells from
patients with known mutations and with
unknown mutations and the same
clinical signs and symptoms (36).  
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Figure 2. Olfactory neural stem cells as models for brain diseases 

Patients with brain disease, and healthy controls, are identified clinically and their olfactory stem
cells are generated and banked down. Patient-derived olfactory stem cells are then compared with
those from healthy controls in a variety of assays – gene expression (mRNA), protein expression,
cell functions, genotype (DNA) and drug or chemical exposures. Our Neurobank contains olfactory
stem cells from 200 people, including patients with Schizophrenia, Parkinson’s disease, Hereditary
Spastic Paraplegia, Motor Neuron Disease, Mitochondrial Diseases, Ataxiatelangiectasia and others,
as well as healthy controls. This biobank is coupled with databases of clinical and demographic data
of each patient, as well as genomic and functional data generated through our experiments.

Therapeutic Potential of Olfactory Ensheathing
Cells
The other cells from olfactory mucosa with
exciting therapeutic potential are the olfactory
ensheathing cells, the cells that surround the
olfactory nerves as they pass from nose to
brain. Their role in olfactory nerve
regeneration was recognised as having
potential to regenerate transected peripheral
nerves into the spinal cord (37) and lesioned
corticospinal tract axons (38). Our own studies
concentrated on the olfactory ensheathing
cells in the adult nose and their abilities to
induce functional recovery after spinal cord
transection and contusion injury (39-43). This
led us to undertake a Phase I clinical trial to
test the safety of transplanting autologous
olfactory ensheathing cells into the injured
spinal cord in humans paraplegics (44).
Patients were followed for three years after
transplantation and the procedure was
deemed safe (45). 

The concept that cells in the olfactory
epithelium may reflect disease-status was
developed through culture of “neuroblasts” from
olfactory mucosa from patients with Alzheimer’s
disease (29). Primary cultures of olfactory
epithelium from patients with schizophrenia had
more proliferating cells than cultures from
healthy controls (30). This was specific for
schizophrenia and not the related psychosis,
bipolar disorder (31). Bipolar patients had
significantly more cell death in the cultures but
the same cell proliferation as controls (31).
Histological analysis of developing neurons and
mature neurons in the post-mortem olfactory
epithelium also showed alterations in the ratio
of different cell types that is consistent with
altered neurogenesis (32). 
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Delegates gather for AACSS in New Zealand, December 2011 

NEWS

AACSS gets Sweet 
Taste of New Zealand

Richard Newcomb reports that the 13th Scientific meeting of the Australasian

Association for ChemoSensory Science (AACSS) was held in Matakana, north of

Auckland, New Zealand, from the 7-9 of December 2011. It was the first time the

meeting has been held outside Australia.  Over forty delegates assembled from

Australia and New Zealand with invited speakers from Europe and the US.

Wolfgang Meyerhof (German Institute of Human Nutrition) opened the meeting

with a talk on bitter taste mechanisms at the molecular level, while Aidan Kiely

(Yale University) spoke the following day on bitter taste from an insect

perspective. Topics ranged from the molecular biology of chemosensory systems

to sensory science in organisms including worms, insects, pigs and humans.

Student prizes were awarded to Bernd Steinwender and Pablo German for talks

on odorant and pheromone reception in insects. The conference was held in the

spacious facilities at Ascension Winery. The dinner event provided a fine gustatory

theme at Plume Restaurant and opportunities to sample world-famous New

Zealand cuisine and wine.

The next AACSS meeting is being planned for Hamilton Island, Queensland, (or

similar location) in July or August 2013.  ChemoSense will carry a call for papers

and other information when venue and dates have been decided ■

Vol 14, No.2 March 2012
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Sari MMustonen

More tthan ttwenty yyears aago, French authors Puisais and Pierre (1987) published the

book Le goût et l’enfant that describes a program to activate school children to using

their senses in food perception. The program

consists of practical exercises, with ten lessons

demonstrating sensory perceptions in different

modalities, their interactions and their

implications. This program was the basis for a

combined effort in which several European

institutions worked to  bring a sensory education

program to public schools. There remains

inadequate information of the impact of the

program. In this article we describe our efforts to

scientifically quantify the value and effect of

sensory education.

Learning to taste
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Learning tto TTaste

In the 1950s, children in Australia
were given a small bottle of milk in
the classroom, every day, as part of
a post-war national nutrition
program. The milk had often been
warmed in the sun outside the
classroom for too long.
Nevertheless, the order was that
each child must drink his/her share.
The result of enforced ingestion of
soured milk has left a life-long
aversion to drinking milk in some of
those children. Early sensory
experience can be the basis for long
lasting dietary habits.

On the positive side, as Sari
Mustonen and Hely Tuorila show in
this issue, sensory experience
delivered in a systematic
educational program, will decrease
fear of trying new foods by young
children. Sensory education may
therefore provide an important

By GGraham BBell 
g.bell@e-nose.info

Department of Food Technology, University of Helsinki, Finland 
Current affiliation: Valio Ltd, R&D, Helsinki, Finland
sari.mustonen@valio.fi 
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Nobuyuki SSakai

In oour ddaily llives, we are exposed to advertising

commercials, or “commercial messages” (CMs) about

foods and beverages, on the assumption, by the

advertisers, that consumers use the information at the

time of decision to purchase the products.

Previously, Sakai (2008) asked 124 university students

what the key decision factors are, from the following

list, when they purchase foods and beverages:

Packaging, CMs, names, prices, manufacturers, retailers,

nutrition facts, and/or ingredients of the products. Over

60% of students selected CMs as a key factor when

purchasing foods and beverages. 

Power of Suggestion

Heron Island Meeting 2009

Book Review
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The sscience oof vvision has been
greatly enhanced since the
Nineteenth Century with
experimentation and theory of
visual perception. Figure-ground
illusions, colour and brightness
adaptation, completion of objects,
movement detection, perceptual
constancy, stereoscopic depth, and
many other phenomena, excited
and challenged generations of
psychologists and physiologists. 
Not so, the science of the chemical
senses, in which the workings of
higher order processes upon inputs
of sensation seem much less
obvious, and hence, perhaps, have
not attracted experimental
attention. That is changing.  In this
issue, Sakai shows that hedonic and
perceptual experience of liquids in
the mouth (Japanese tea) can be
significantly distorted by
expectation and mental images

By GGraham BBelll  
g.bell@atp.com.au

Department of Urban Life Studies
Kobe Shoin Women’s University
Kobe,  Japan
nob-sakai@shoin.ac.jp
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The Elephant as an ideal
olfactory model mammal
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David RR. GGreenwood1,2 and LL.E.L. ““Bets” RRasmussen3,4

Background:

The last 25 years has been a productive time for studies

on olfaction and chemosensory science, helped in no

small way by technological developments in the analysis

of volatile compounds by solid-phase microextraction

(SPME) and capillary gas chromatography mass

spectrometry (GCMS).   While the next decade promises

to be equally intense due to the explosion of sequenced

and annotated genomes as researchers delve into the

intricacies of olfactory receptor structure and signalling

systems, there remains a chasm that few groups have

tried successfully to bridge – that of defining the actual

role of individual compounds in semiochemical-mediated

Big Yield from Elephants

Tribute to Big Bets

Heron Island Meeting 2009

WineSense 
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The Bets 

Rasmussen Issue

Although iit iis oover two years since
the flame of life was extinguished
in Bets Rasmussen, her legacy as
scientist blazes on. This issue is
dedicated to Bets and to her
achievements. It carries an
interesting dedication about her as
a person, and two significant
contributions from her colleagues,
in which the elephant, Bets’s animal
of choice, again comes under
scientific scrutiny and we learn
more about the workings of the
mammalian olfactory system.

Wendy Parr takes us to New
Zealand, and her home region of
Marlborough, where wine, however
it is or will be labelled (Wendy
explains all this), continues to wow
the wine world. 

By GGraham BBell 
g.bell@atp.com.au

1. New Zealand Institute for Plant and Food Research Limited
(Plant & Food Research),  Mt Albert Research Centre,
Private Bag 92-169, Auckland 1142, New Zealand

2. Centre for Genomics and Proteomics, School of Biological
Sciences, University of Auckland, Private Bag 92-019,
Auckland 1142, New Zealand

3. Department of Environmental and Biomolecular Systems,
OGI School of Science and Engineering, OHSU, Beaverton
OR, USA

4. Deceased,  September 2006
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A Brief ‘Taste’ of the High
End Sensory Experience
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Rieko SShofu 1, MMarco BBevolo 2 and HHoward MMoskowitz 3

Brands aand ttheir ‘‘Sensory EExperience’

Adapting sensory preferences by countries to each product or service is the ordinary
approach to creating a successful, differentiated product. Yet, when we think about
‘brand’, we have to travel deeper. Pursuing ‘personality’ is an eternal theme for a brand.
The so-called ‘brand personality’ has to be coherent
across countries. Through experience with the five
senses, strong brands build a bond to consumers
with a defined, sensorial ‘personality’.  If you want
to get a sense of this bond, just think of your
feelings when you cuddle up someone you love.
You feel comfortable with his/her not only
appearance but also feeling of skin, smell of body,
and lovely voice.

Applying our knowledge on the practical, applied
end, we have come to recognize that ‘building’ a
clear ‘sensory’ personality is essential requirement
of High End, especially for some brands such as
Whole Foods, Apple, and Bang & Olufsen. The

Designing Experience

A Taste of Proust

AACSS 2008 Abstracts

INSIDE:

TM

ChemoenseS
Finding Meaning in 

ChemoSensory
Experience

Many ggifts ppurchased in the coming
holidays will be of better than
average quality as people seek
“premium value” in what they give
and receive. Some people can
afford and perhaps cannot resist
the very best, as they perceive it to
be. They are “High End” buyers and
when they choose branded
products they are responding to
“High End” brand design. This issue
leads with the thoughts of three
executives in the business of
creating global brand images for
goods and services that will fetch
the highest prices in their
categories: so called High End
products. They argue that sensory
experience designed into the
“personality” of the brand creates

By GGraham BBell 
g.bell@atp.com.au

1 Hakuhodo Inc.
Tokyo, JAPAN
RIEKO.SHOFU@hakuhodo.co.jp

2 Philips Design
Eindhoven, The Netherlands
marco.bevolo@gmail.com

3 Moskowitz Jacobs, Inc.
White Plains, NY, USA
mjihrm@sprynet.com
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TRP Channels and
Chemosensation
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Wayne LL. SSilver, PPaige RRoe, VVajini AAtukorale,
Winston LLi, aand BBo-Shan XXiang

Department of Biology
Wake Forest University
Winston-Salem, NC, USA 27109
silver@wfu.edu

The ffirst TTranssient RReceptor Potential (TRP) channel was described in
Drosophila photoreceptors in the 1970’s (Minke, 1977) and cloned in 1985
(Montell et al., 1985). Since then, research on TRP channels has exploded. A
quick search for “TRP channel” in Medline turned up over 1700 papers and
345 reviews published since then. As of this writing, at least 28 mammalian
TRP channels have been classified into six
subfamilies. TRP channels are ubiquitous and
are probably found in all mammalian organs
and cell types (Talavera et al., 2008A). TRP
channels play a role in many diseases,
including neuropathic pain, kidney disease,
and the severe neurodegenerative disorder,
mucolipidosis (Venkatachalam and Montell,
2007). The discovery of TRP channels has
been a real boon to sensory biologists. TRP
channels are involved in virtually all of our
senses, including mechanoreception,
photoreception, thermoreception and
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Ten Year Anniversary
This iis oour 440th issue of
ChemoSense, and with it, we
complete ten years of publishing
news and reviews on the chemical
senses. We are honoured and
delighted to carry messages of
celebration from Tom Scott,
Gordon Shepherd, Hildegarde
Heymann, Howard Moskowitz,
Nobuyuki Sakai, Tim Gilbertson,
Ron Devere, Wayne Silver, Wendy
Parr, Isabelle Lesschaeve, Hely
Tuorila and Judith Reinhard.

Sensational TRP Channels!  In this
issue Wayne Silver and colleagues
bring to our attention the
importance of TRP channels for
chemosensation, including forming
direct gating for sour tastants,
possibly underlying interactions
between sweet and bitter
compounds, specifying

By GGraham BBell 
g.bell@atp.com.au

10th Anniversary Tributes

Diagnostic Flow Chart

Adult Stem Cell Research

TENTH ANNIVERSARY SPECIAL EDITION

Vol. 10 No.2 March 2008

Don’t over-excite
Granny
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The effect of stimulus 
deprivation on the olfactory
system: A case of ‘use it 
or find it’!
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David CCoppola

Department of Biology
Randolph-Macon College
Ashland, Virginia, USA
dcoppola@rmc.edu

EDITORIAL

The hhackneyed aaphorism ‘use it or lose it’ remains a succinct, if oversimplified,
statement of the relationship that is generally agreed to exist between a biological
system’s experience and its functional maintenance.  After all, isn’t it common
knowledge that unused muscles atrophy and exercised muscles grow?  Who hasn’t
heard that impoverished environments, especially
early in life, can cause permanent impairment?
Then too, enriching one’s mental life is touted as a
way to postpone the ravages of Alzheimer’s in the
aged and improve intelligence in the young (Katz
& Rubin, 1999).  Indeed, the role of experience in
forming and maintaining our bodies has been a
dominant theme throughout the history of science
dating back, at least, to the 17th century debate
between Molyneaux and Locke concerning vision
without experience. 

One of the first experimental attempts to
determine the effects of experience on neural

Special cells for chemical 
irritation

Hebb and Homeostasis
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In this issue, David Coppola challenges
the conventional view of how the
nervous system, and specifically
olfaction, changes in the absence of
stimulation: that crucial influence on
nervous tissue to perform normally, to
grow and be enhanced when
increased, and to atrophy when
decreased. The old adage is: “Use it or
lose it”.

Coppola comes to a surprising
conclusion: closing a nostril produces a
number of changes consistent with
“use it or lose it” but also a number of
compensatory mechanisms manifest
themselves, such as increase in
dopamine D2 and norepinephrine
receptors. Despite depletion of bulbar
granule cells, the remaining cells
increase in excitability. 

At the front of the system, the deprived
sensory neurones show many signs of
doing more than compensation, with
changes to olfactory transduction
enzymes that can be described
confidently as up-regulation of the cells’
ability to fire at lower thresholds. This
has now been borne out by
electophysiological experiments.

By GGraham BBell 
g.bell@atp.com.au

Vol. 10 No.1 December 2007

Evolution 
of Flying Noses
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Evolutionary Arguments 
for Olfactory Behavior in
Modern Birds
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Richard WW. VVan BBuskirk aand GGabrielle AA. NNevitt*

Environmental Studies, Pacific University
Forest Grove, OR 97116, USA
*Section of Neurobiology, Physiology and Behavior
UC Davis, Davis, CA 95616, USA.
vanbuskirk@pacificu.edu

EDITORIAL

Introduction

Although most birds can smell (Bang and Wenzel 1985), our understanding of avian
olfactory ability is hampered by the widespread assumption that they cannot (Balthazart
2001). With large eyes and reduced olfactory bulbs, one might reasonably conclude that
smell is of little use to these highly visual animals.
Yet anatomical differences in the size and
complexity of avian olfactory systems suggest not
only that most birds have a well developed sense
of smell, but that selection pressures on olfactory
ability have varied considerably among species
(Cobb 1960b; Bang 1965, 1966, 1971; Bang and
Cobb 1968; Bang and Wenzel 1985). While
anatomical data are available for a broad range of
species, our ability to identify ecological and
evolutionary patterns in olfactory ability is limited
by a lack of behavioral and physiological studies
exploring the sense of smell in birds. Exceptions
are the tube-nosed seabirds (Procellariiformes) (for

Odour increases tolerance 
of pain

IBRO Avian Olfaction Abstracts
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By GGraham BBelll  
g.bell@atp.com.au

Comparing the relative
complexity of the olfactory
systems of birds shows that a
well-developed sense of smell is
more common in birds than
generally believed. In this issue,
Van Buskirk and Nevitt review
several hypotheses for the
evolution of olfactory ability in
birds. Variation in relative
olfactory bulb size between
species leads to the hypothesis
that olfactory ability is limited to
ancestral avian groups, or
alternatively, that olfaction tends
to be correlated with ecological
factors such as nesting strategy,
habitat or diet. Contrary to both
these hypotheses, Van Buskirk
and Nevitt find that olfactory
ability is broadly distributed
throughout the modern birds,
and is neither limited to more
ancestral taxa nor restricted to
select groups. They provide new
insights about the evolution of

Vol. 9 No.4 October 2007

Olfaction in Flight
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Olfaction in Birds: An
Untapped Resource for the
Study of Olfactory Systems 
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George GGomez, PPh.D.

Biology Department, University of Scranton
Scranton, PA, USA  18510
gomezg2@scranton.edu

EDITORIAL

Olfaction iin bbirds

The ability to detect chemical stimuli is a capability that is found in nearly every animal
species.  In terrestrial animals, the detection and identification of volatile chemicals that
are released from distant stimulus sources is mediated by the olfactory system. Insect
antennae, the mollusk osphradium, and vertebrate noses are different implementations
of a basic design: chemoreceptor neurons whose dendrites contain molecular receptors
that bind to odorant molecules, translate the
odorant-receptor binding events into neural
activity, and transmit this information directly to
the central nervous system.  The sense of smell is
ubiquitous, and its functional properties are
remarkably similar in many animal species.

Few, but the initiated, credit birds  with a well-
developed sense of smell..  This may be because
birds have highly developed visual capabilities, and
many species vocalize, and so most of our neural
and behavioral investigations focus on avian vision
and acoustics, and their role in  feeding,
navigation, mating, prey detection, or social
interactions.  Thus, olfaction in birds has  been

AACSS 2007 Abstracts

Odour increases tolerance 
of pain
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By GGraham BBell 
g.bell@atp.com.au

The sense of smell is conserved
across the Animal Kingdom, yet
it is little appreciated as a well-
developed sense in birds. In his
mini-review, George Gomez
points out that the olfactory
system in birds offers a valuable
model for studying the
evolutionary pressures that both
shape variation and conserve
neural structure and function.

George’s paper is based on one
of a group on bird olfaction
and nervous system
presentations made at an IBRO
Satellite Meeting, held in the
idyllic location of Heron Island,
Queensland, in July. The
abstracts for this sub-set of
papers are carried in this issue.
The avian meeting was well
attended by Australian, New
Zealand, Japanese, American
and European scientists.

Vol. 9 No.3 June 2007

Olfactory
Breakthroughs and

Breakdowns
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What’s new in 
the Olfactory Cortex? 
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Donald AA. WWilson
Neurobehavioral Institute
Department of Zoology
University of Oklahoma, USA
dwilson@ou.edu

EDITORIAL

Contrary tto tthe thrilling world of continual new discoveries and advancement that
characterizes science in the mass media, research may more accurately be described
using Stephen Jay Gould's evolutionary terminology of "punctuated equilibrium".
Advances can be very slow within a particular field for years, hindered by conservative
thought and technical limitations ("equilibrium"), until a conceptual or technical
breakthrough allows sudden ("punctuated") change.  Our understanding of the role of
the olfactory cortex in odor perception may be approaching just such a punctuation
point.  As our knowledge of olfactory receptor mechanisms has improved, attention is
shifting toward that appendage attached to the back of the nose called the brain. 

Flavour Enhancement 

Perfume in Islam
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By GGraham BBelll  
g.bell@atp.com.au

Progress in understanding any process
of the central nervous system tends to
be slow and difficult. However, Don
Wilson's review of research on the
role of the piriform cortex in
chemosensory functions shows we
are close to a breakthrough in
knowledge and understanding.   

In their recent review on aging and
flavour perception, Bell and Strauss
fell into an old time trap: the field has
moved on. A rejoinder, by Sari
Mustonen and Hely Tuorila, cites
several new papers from the
European HealthSense project, and
some currently in press. They argue
that flavour enhancement of food is
not a solution to chemosensory
deficits in aging.

This issue carries a mini-review by
psychologist Jenni Ibrahim, on the role
perfume has played in Islamic culture
and its contribution to modern
perfumery.

Figure 11. RRise iin ppublications ddirectly eexploring tthe
sensory pphysiology oof tthe ppiriform ccortex ooverr tthe 
last 115 yyears.  The llong hhistory oof wwork oon ccircuit
anatomy aand ssynaptic pphysiology oof tthe ppiriform 
cortex hhas llaid aa vvery sstrong gground wwork ffor tthis
new wwork oon tthe rrole oof ppiriform ccortex iin oolfactory
sensation aand pperception.
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A case of Dysosmia and
Dysgeusia: A patient’s 
nightmare
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Ronald DDevere, MMD FFAAN

Recently II ssaw aa ppatient in my clinic that had the most impaired quality of life that I

have encountered since my Taste and smell disorders clinic started in 1996.

Before I begin I would like to define the terms

parosmia, phantosmia, parageusia and

phantageusia as I use them.

Parosmia is a form of dysosmia that refers to a

usually very unpleasant odor triggered by any or

specific environmental odor. Phantosmia is a form

of dysosmia that is usually unpleasant and occurs

spontaneously without a trigger. Parageusia is a

form of dysgeusia that is usually unpleasant and

triggered by any or specific tastes.  Phantageusia

is a form of dysgeusia that is usually unpleasant

and occurs spontaneously without a trigger.

Taste reflects Nutrition

Important Announcements
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“No-one eever ddied ffrom ssmelling”

Too often, when monetary values
are placed on injuries, for the
purpose of compensation or legal
redress for victims of accidents or
crime, the chemical senses take a
poor third place to vision and
audition.  I have heard the
argument put, in the field of air
pollution, to justify the relative
unimportance of olfactory
experience to a person, that “no-
one ever died from smelling”.
Despite the flawed logic (people
don’t die from seeing or hearing
either, but rather from what it is
they are seeing, hearing, smelling,
or tasting) society (courts, EPAs) all
too often are swayed by it.
Nevertheless, many a lethal
substance has a distinctive smell, so
to not smell it while breathing its
associated molecules, could, clearly,
prove fatal. This might happen

By GGraham BBell 
g.bell@e-nose.info

Taste and Smell Disorders Clinic, Austin, Texas, USA
rdevere@austin.rr.com

Disclaimer: ChemoSense, its editors, publishers and distributors hereby
give no guarantees as to the veracity of the information contained in this
article and disclaim all responsibility as to how the information given
herein might be used.
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A patient’s nightmare
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Important Announcements

ChemoenseS

ChemoSense is a quarterly bulletin dedicated to informing a
broad international readership of the latest developments in
the scientific field of the chemical senses: those senses such
as smell and taste that translate molecular information into
experience and behaviour. It is a field that crosses many
disciplines and has an extremely wide range of applications.
ChemoSense aims to inform intelligent people of the
opportunities that chemosensory research offers.

By using this window on this crucial yet shy field of science
and technology, readers will share the vision of the future
that each mini-review, commentary and news item has to
offer.

It has been the intention of the founders that ChemoSense
should inspire more cash and supportive investment by
industry, entrepreneurs and benefactors in this exciting field
of knowledge-creation.

ChemoSense began in December 1998 as a publication of
The Centre for ChemoSensory Research, of the University of
New South Wales, in Sydney, Australia. In 2003 the
University Centre closed and two companies spun out of it:
E-Nose Pty Ltd, and Graham Bell and Associates Pty Ltd.
These companies have shared the costs of producing
ChemoSense since March 2003, when the publication
changed from print to digital media.

ChemoSense now reaches over 4000 readers world-wide. Its
contents are used as teaching materials in dozens of
countries, and scientists and industrialists value the high
quality of the writing, which makes cutting edge scientific
information available to all.

In October 2008, the publication celebrated 10 years of
existence and its 40th issue. Tributes from many key figures
in the field of chemosensory science and technology are
published in the October 2008 issue. Find all back issues at
www.chemosense.info

Each issue of around 16 pages carries at least one mini-
review, by invitation, from a leading person in a
chemosensory area. They are asked to convey their unique
perspective and experience on the subject and to present it
in an easily read style. Ideas and suggestions for
forthcoming articles are welcome: simply e-mail the editor, 

Graham Bell, on g.bell@e-nose.info.
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7-9 March 2012 EcoForum
Conference and Exhibition
Australian Technology Park, Sydney
www.ecoforum.net.au

25-28 April 2012 AChemS XXXIV
Hyatt Huntington Beach, California
www.achems.org

20-23 May 2012 14th International Meeting on Chemical Sensors
Nuremberg, Germany
www.icms2012.de

3-8 June 2012 School on the Senses: Neurobiology & Behaviour
Bertinoro, Italy
kathyann.koralek@gmail.com

4-7 June 2012 ISOCS Short Course (Summer)
Nanotechnologies for Chemical Trace Detection
Tarragona, Spain
www.olfactionsociety.org

23-27 June 2012 ISOT 2012 (with ECRO XXII)
Stockholm, Sweden
administration@ISOTXVI.com

10-13 July 2012 11th Sensometric Meeting
Rennes, France
www.sensometric.org
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