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Evidence for peripheral plasticity in human odour response

Liwei Wang, Lixin Chen and Tim Jacob
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Of those people who are anosmic to androstenone, a proportion can acquire sensitivity to it by
repeated exposure and even those who are able to smell it can lower their threshold with this
treatment. Using olfactory threshold testing, intranasal electrophysiology and EEG we show for
the first time that: (1) the subjects’ detection threshold is proportional to the amplitude of the
olfactory evoked potential (EOG) recorded inside the nose; (2) the EOG amplitude is correlated
with the amplitude of the olfactory event-related potential (OERP) recorded on the scalp; and
(3) with repetitive exposure, human subjects acquire a reduced threshold for androstenone
and, as they do so, their EOG and OERP increase. These observations support the existence of
odourant-specific plasticity in the peripheral olfactory system.
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In humans, repeated exposure to odours can have a
number of different effects. First, it can result in a short-,
medium-, or long-term reduction in responsiveness due
to adaptation and/or habituation (Dalton & Wysocki,
1996; Dalton, 2000) or, second, and less frequently,
it can lead to an increase in responsiveness (Wysocki
et al. 1989; Dalton et al. 2002). Physiological and
perceptual adaptation/habituation to odour have been
correlated in humans and, while the physiological
adaptation to repetitive stimulation with isoamyl acetate
was incomplete, the response declining to around 25%
with a time constant (τ ) of 4–10 s depending on stimulus
strength, the cognitive perception declined to zero with τ

≈ 2.5 s and was not concentration dependent (Wang et al.
2002).

In rats, repeated exposure to odour has been shown to
cause a gradual enhancement or sensitization of olfactory
β-waves in the pyriform cortex which occurred while
the mucosal receptor potential was decreasing (adapting)
(Vanderwolf & Zibrowski, 2001), but sensitization to one
odour transferred poorly to other odours. However, long
exposure (several months) to an odourant has been shown
to lead to mitral cell degeneration in the olfactory bulb of
adult rats (Doving & Pinching, 1973) and, more recently,
shorter exposures (<8 h) caused changes in the surface
markers of olfactory receptor neurones (Yoshihara et al.
1993) and expression of immediate-early genes in cells in
the olfactory bulb (Sallaz & Jourdan, 1993; Guthrie & Gall,
1995; Baba et al. 1997). Exposing rats for 20 min per day
for six consecutive days to an odourant caused a decrease

in responsiveness of the olfactory bulb both to the familiar
odourant as well as to other, unfamiliar odourants, and the
effect lasted for up to 10 days (Buonviso & Chaput, 2000).
An increase in the inhibition of mitral/tufted cell responses
by periglomerular cells, possibly mediated by dopamine, or
by GABA from granular cells, has been invoked to explain
this phenomenon (Buonviso & Chaput, 2000).

The acquisition or sensitization of smell perception
in both humans and rats is a rarer event. It has been
observed for one odour in particular – androstenone.
Androstenone is a steroid that occurs in both urine and
axillary secretions (sweat) and has been proposed as a
human pheromone (Van Toller et al. 1983). A proportion
of people cannot smell androstenone and those who can
fall into two groups: (1) a very sensitive group, who can
detect less than 10 parts per trillion and who find the odour
extremely unpleasant (urinous); and (2) a group who are
not only less sensitive but perceive the odour in different
ways such as ‘sweet’, ‘musky’ or ‘perfume-like’ (Gower et al.
1998). The distribution of thresholds for androstenone,
unlike most other odourants, is not normally distributed,
but heavily skewed toward the high threshold end (see
Gower & Ruparelia, 1993; their Fig. 9). Of those people
who are initially anosmic to androstenone, a proportion
can acquire sensitivity to it by repeated exposure (Wysocki
et al. 1989) and even those who can smell it can lower
their threshold by this treatment (Pause et al. 1999). Wang
et al. (1993) reported that rats could acquire an increased
odour-specific sensitivity to androstenone and isovaleric
acid following repetitive exposure to these odourants and
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recently, such induction of olfactory sensitivity has been
extended to other odourants (benzaldehyde, citralva) in
humans, but only in women of reproductive age (Dalton
et al. 2002).

How this phenomenon of induced sensitivity occurs
is unclear. Yee & Wysocki (2001) provided evidence
of the involvement of the olfactory epithelium by
repetitively exposing mice with olfactory nerve transection
to androstenone or amyl acetate and demonstrating
increased sensitivity (compared to presurgery levels) upon
regrowth of the olfactory nerves. However, Mainland et al.
in a recent study (2002) on humans in which they exposed
only one nostril to repetitive stimulation and showed
acquisition of sensitivity by the other, unexposed nostril,
suggested that this learning occurred in central brain
regions of the olfactory system.

We set out to monitor the response of the olfactory
system during the acquisition of increased androstenone
sensitivity by measuring the evoked potentials of the
olfactory epithelium (EOGs), simultaneously with the
event-related potentials (OERPs) recorded on the scalp
using EEG electrodes and correlating the results with
the detection thresholds for androstenone. The EOG
represents solely peripheral events whereas the OERP
reflects the activity of both peripheral and central elements
of the olfactory system and thus it is possible to dissect out
the location of any induced changes.

Methods

Odorants

The odourants used were androstenone (5-α-androst-16-
en-3-one) minimum 98% pure by TLC obtained from
Steraloids (Newport, RI, USA) and amyl acetate (Sigma
Chemical Co., Poole, UK), a substance with an apple-
/banana-like odour. The binary androstenone dilutions
were made from a stock solution of 3.67 mm (0.1% w/v)
in silicone oil (Dow Corning, Midland, MI, USA) and
binary dilutions of amyl acetate were made from a
4.28 mm (0.064% v/v) stock solution in the same silicone
oil. These concentrations were chosen to follow the
protocol of Wysocki et al. (1989).

Odour delivery

The olfactometer (described in detail by Wang et al.
2002) consisted of a filtered air supply delivery system
of narrow tubes, a computer-controlled odour switching
device, solenoid valves (Cole Palmer, Bishops Stortford,
UK) and a water bath. A constant airflow was delivered

to the nostril via a Teflon nasal canula inserted through a
self-expanding bung (an Aearo Ear Protector, Stockport,
UK) approximately 1.5 cm into the nostril. The self-
expanding bung closes off the stimulated nostril, ensuring
a unidirectional, constant airflow. The subjects were
instructed to breathe through their mouths. Olfactory
stimulation was achieved using computer-controlled
valves to direct part of the airflow into either the amyl
acetate or androstenone reservoirs without altering the
pressure or flow rate. The concentration of androstenone
and amyl acetate in the reservoirs was 0.1 and 0.064%,
respectively. The switching mechanism was designed in
such a way that during stimulation odourant pulses of pre-
established concentrations (diluted 1:3 with humidified
air) reached the olfactory region without altering the flow
rate, thus reducing the chances of trigeminal activation,
and during the interstimulus intervals (ISI) only non-
odorous control air reached the nose.

On each test occasion, 20 pulses of odour stimulant were
presented at a regular interstimulus interval (ISI) of 10 s,
with a stimulus duration of 200 ms at a flow rate of 3 l min−1

to one nostril. The temperature of the air flowing into
the nostril was regulated to 28.5◦C by passing it through
a coil immersed in a water bath. The relative humidity
was maintained at 80% by passing the continuous
air stream through a small glass reservoir containing
water.

Ethical approval

The study conformed to the Declaration of Helsinki.
Ethical approval for this study was granted by the Bro
Taff Health Authority Local Research Ethics Committee,
Temple of Peace and Health, Cathays Park, Cardiff, UK.

Subjects

The subjects were from the student population of the
University and none had a history of olfactory dysfunction
or respiratory disease. The average age was 24.4 ± 0.7
years (± s.e.m.; n = 33); there were 16 men (average age
= 23.9 ± 0.9 years, range 18–31 years) and 17 women
(average age 24.9 ± 1.1 years, range 18–30 years). Of the
subjects tested (see ‘Threshold test’ below), those with
the highest thresholds for androstenone were chosen for
the trial group. The protocol was explained and written
informed consent obtained. Of these, fifteen (7 males,
8 females) were allocated to the test group who would
sniff androstenone daily and six (3 females, 3 males)
were allocated to the ‘no sniffing’ control group. The test
group were given a bottle containing 0.1% androstenone
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and were instructed to sniff it for 3 min 3 times daily.
Both groups were then monitored for thresholds for both
androstenone and amyl acetate, EOG and OERP at weekly
intervals for three weeks.

A further group of subjects was allocated to the amyl
acetate sniffing group. Six men and six women were
assigned to sniff amyl acetate (4.28 mm in silicone oil;
0.064% v/v) for 3 min 3 times daily. They were tested for
detection threshold, EOG and OERP on days 1, 8, 15 and
22.

Threshold test

The smell perception threshold protocol of Wysocki et al.
(1989) was used. This involves a three-repetition, two-
alternative forced choice test of an ascending series of
16 binary dilutions, starting concentration 0.1% w/v in
silicone oil for androstenone and 0.064% v/v for amyl
acetate. The threshold was set at the first dilution at which
all the choices were correct.

Electrophysiological recording

(1) EOGs. The electro-olfactogram (EOG) was recorded
using intranasal electrodes. The recording electrode was a
silver–silver chloride electrode with a diameter of 0.8 mm
(Harvard Apparatus Ltd., Edenbridge, UK). This electrode
was covered by a 1 mm Teflon tube except for the
silver chloride-coated tip. A measurement of the distance
between the external nares and medial canthus of the eye
was taken, which gives a rough guide to the level of the
cribriform plate. This measurement was then noted and
later marked on the freshly prepared electrode, giving
an approximate idea of the position of the olfactory
epithelium. Following initial guidance, the subjects then
slowly introduced the intranasal electrode themselves. This
was then secured to the upper lip using thin strips of
surgical hypoallergenic tape (3M, USA). With training,
subjects were able to perform this insertion by themselves
without much discomfort.

The electrode was connected to the input of the EEG
machine (SLE 180TM, SLE Ltd, Croydon, UK) and referred
to the earth electrode on the forehead. The high-pass
filtering for this channel was removed, the low-pass filter
was set to 150 Hz and notch filter at 50 Hz was used. Stable
recordings of the baseline potentials in the computer traces
suggested adequate contact with the olfactory mucosa,
and accurate positioning of the electrode was signalled
by a negative polarization in response to a pulse of
odourant. During the experiment the subjects were seated
in a comfortable chair in a test booth with a controlled

environment. The subjects wore headphones through
which white noise was played to eliminate auditory cues.

(2) OERPs. Olfactory event-related potentials (OERPs)
were recorded using electroencephalography (SLE 180TM,
SLE Ltd) as previously described (Wang et al. 2002).
Electrodes were placed according to the international 10/20
system referred to A1 and an earth electrode was placed on
the forehead. Only data from Cz are reported in this study.
Traces contaminated with eye movement artefacts were
discarded.

Analog data from all EEG channels were sent to a
laboratory interface (CED1401), digitized at 100 Hz and
analysed following signal averaging on a computer using
‘Signal’ analysis software (CED, Cambridge, UK).

Noise subtraction

The OERPs were measured from digitized records using
the Signal analysis software. In conformity with other
studies of OERPs (see Wang et al. 2002), the OERP
was taken to be the N1–P2/P3 waveform. The peak
value (amplitude) of the OERP was measured between
manually set cursors. These were set just before the latency
for N1 and just after the N1–P2/P3 waveform. Amplitude
measurement could be semiautomated, removing
subjectivity from the process. The noise, measured
from the prestimulus baseline, was subtracted from
this value.

Results

Androstenone threshold

We found that most students between the ages of 18 and
31 years could smell androstenone. Only nine, out of 58
tested (15.5%), were unable to detect androstenone at
the highest concentration (0.1%). We selected the poorest
performers (highest thresholds), whose mean lowest
detectable dilution was 4.3 ± 0.9 (mean ± s.e.m.; n =
15), which corresponds to a concentration of 2.2±0.8 mm.
They were then required to sniff 0.1% androstenone for
3 min, 3 times each day. After the first week of such
exposure their detection ability had risen significantly to
a mean dilution 9.9 ± 1.0 (Student’s paired t test, P <

0.001) corresponding to a concentration of 0.14±0.12 mm
(Fig. 1). The thresholds for the following two tests were
10.3 ± 0.9 (0.03 ± 0.02 mm) at session 3 (14 days) and
10.5±0.9 (0.04±0.02 mm) at session 4 (21 days) (Fig. 1A).
A single exponential was fitted to the data and the best
fit (continuous line in Fig. 1A) was obtained with a time
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constant of 2.9 days although, because of the limited data
in the rising phase of the curve, we cannot rule out the
possibility of the process being better described by multiple
exponentials.

To those who could not smell androstenone at the first
session, it acquired a ‘sweaty’ smell when they became
sensitive.

Control 1

For the control group who did not sniff androstenone each
day there was no change in androstenone threshold. At the
first session it was 6.0 ± 2.1 binary dilutions (or 2.5 ±

Figure 1. Effect of sniffing androstenone on androstenone
detection thresholds
Measurements of individual thresholds (A) and mean thresholds (B) as
a function of time. The mean thresholds ± standard error of the mean
(bars; n = 15), to androstenone ( ✉) and amyl acetate (�) were
measured at 7 day intervals using a 3-repetition, 2-alternative forced
choice test (Wysocki et al. 1989). Between the measurements the
subjects were sensitized to androstenone by sniffing a 0.1% w/v
solution in silicone oil for 3 min 3 times daily. In all subjects the dilution
step at which the androstenone could be detected increased,
corresponding to a threshold decrease. The dilution steps are binary
dilutions from a starting concentration (0) of 0.1% for androstenone
(3.67 mM) and 0.064% (4.28 mM) for amyl acetate. The continuous
line represents the best fit of a single exponential to the threshold data
with a time constant of 2.9 days.

1.5 mm; n = 6, 3 males and 3 females) and at the second
session, 7 days later, it was 6.2 ± 2.2 binary dilutions (or
2.5 ± 1.5 mm).

Control 2

Those subjects in the experimental (androstenone-
sniffing) group (n = 15) were also tested for their
sensitivity to amyl acetate. While their androstenone

Figure 2. Induced potentials
A, The olfactory event related potential (OERP) was measured at Cz

using scalp electrodes in response to androstenone (0.1% in silicone
oil) on day 1 (blue traces) and on day 8 (red traces). The control
responses were from a subject not given daily androstenone exposure
and the androstenone-sensitized responses are from a subject exposed
to androstenone daily. Traces are the average of 20 responses to 200
ms pulses of androstenone (see Methods). B, The electro-olfactogram
(EOG) measured by intranasal Ag/AgCl electrodes was recorded as for
the OERP in the same subjects. Measurements were taken on day 1
(blue traces) and day 8 (red traces). Only the subject exposed to
androstenone daily showed any increase in the EOG. C, The mean
results for the change in OERP (upper panel) and EOG (lower panel)
amplitudes, expressed as the percent difference (± S.E.M.; bars), for the
control group (no androstenone sniffing, n = 6) and the test group
(daily androstenone sniffing, n = 15), between the measurements at
day 1 and day 8. The OERP amplitude was taken as the difference
between N1 (the first peak) and P2 (the first trough) (see Methods).
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threshold decreased, their amyl acetate thresholds
remained constant during the course of the experiment
(�, Fig. 1).

Electrophysiological recording

At the same time as their androstenone thresholds were
measured, the subjects’ OERP and EOG were recorded in
response to androstenone pulses (see Methods) before and
after androstenone sensitization. In the interval between
the first and the second recording sessions (7 days apart),
the OERP rose from 7.4 ± 0.6 to 15.0 ± 0.9 µV (Student’s
paired t test, P < 0.0001, n = 15) and the EOG increased
from 18.8 ± 2.8 to 54.2 ± 7.2 µV (Student’s paired t test, P
< 0.0001) for the androstenone-sensitized group (Fig. 2).
Those subjects who could not detect androstenone at
its highest concentration gave the lowest EOGs (13.7 ±
1.8 µV, n = 4) and OERPs (5.3 ± 1.0 µV). However,
no androstenone anosmic subject (unable to detect 0.1%
androstenone) gave a zero EOG, while there was one
OERP from one such subject that was indistinguishable
from the noise. The observation that androstenone can

Figure 3. Correlation between EOG and
OERP
The correlation between EOG (A) and OERP
(B) amplitude and detection threshold for
androstenone. Threshold is given in binary
dilution steps from a 0.1% solution of
androstenone in silicone oil. Continuous lines
are linear regression fits. As the detection
threshold decreases (increase in dilution step)
there is a corresponding increase in EOG (n =
60, r = 0.71, P < 0.0001) and OERP (n = 96,
r = 0.71, P < 0.0001). In C EOG is plotted
against OERP. There is a simple exponential
relationship (regression fit, r = 0.79, P <

0.0001, n = 60). As EOG increases so does
the OERP until it levels off at around
14–16 µV.

induce an EOG and OERP without perception illustrates
the principle that receptor response is not equivalent to
perception (Aidley, 1998). The most likely explanations
for this are: (1) that there were insufficient androstenone-
sensitive receptor cells in androstenone anosmics to
activate the mitral cells (the output neurones of the
olfactory bulb); or (2) that descending inhibition, or a
‘neural gate’ (Bogen, 1995), prevents the signal from being
transmitted to higher brain centres. The fact that there were
cases of androstenone anosmics who gave OERPs (Fig. 3B),
which contain components of central processing, favours
the latter explanation. A similar observation has been made
by Sobel et al. (1999), who demonstrated brain activation
by an undetected airborne steroid, oestra-tetraenyl acetate,
using fMRI.

There was no change in the amplitudes of either the
EOG or the OERP for the control group who were not
exposed to androstenone between test sessions on day 1
and day 8 (Fig. 2). The control EOG was 44.5 ± 8.2 µV
(n = 6) at day 1 and 46.0 ± 9.5 µV at day 8 and the OERP
was 11.3 ± 2.0 µV (n = 6) at day 1 and 12.3 ± 2.3 µV at
day 8.
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Gender differences

Over the first 7 day androstenone sensitization period the
EOG increased from 17.6 ± 1.4 µV (n = 7) at day 1 to
42.5 ± 8.1 µV at day 8 in men and from 19.8 ± 5.3 µV
(n = 8) to 64.4 ± 10.6 µV in women. This larger increase
in women did not reach statistical significance (Student’s
paired t test, P = 0.133). However, with these rather low
numbers of subjects the power of the experiment was only
0.45 (20 additional subjects would be required for an 80%
chance of achieving significance at the 0.05 level). Over the
same time period the OERP in women increased from 7.7
± 0.8 to 14.4 ± 0.79 µV (n = 8) and from 7.1 ± 0.4 to
14.0 ± 0.4 µV (n = 7) in men.

Correlation between EOG, OERP and threshold

In Fig. 3A the threshold, represented as the binary dilution
step from the 0.1% stock solution (step = 0), is plotted
against the EOG evoked by the androstenone pulses. There
is a linear correlation, over the range studied, between
threshold and EOG (n = 60, r = 0.71, P < 0.0001) with
EOG amplitude increasing with decreasing threshold; in
other words, the more sensitive the individual, the lower

Figure 4. The effect of amyl acetate sniffing on the detection
threshold for amyl acetate
The detection threshold for amyl acetate is given in binary dilution
steps from a stock solution of 4.28 mM. Thresholds were taken at
weekly intervals (see Methods) for three weeks and between tests the
subjects sniffed amyl acetate for 3-min 3-times daily. There was no
significant change in the detection thresholds for either men of
women over this period (n = 12; males and females). See text for
values of threshold concentrations.

the threshold and the larger the EOG. There is also a linear
correlation between threshold and OERP (Fig. 3B; n = 96,
r = 0.71, P < 0.0001).

Correlation between EOG and OERP

When EOG and OERP for each individual are plotted
(Fig. 3C) a simple exponential relationship appears (n =
60, r = 0.79, P < 0.0001). Thus the larger the peripheral,
receptor potential (EOG) the larger was the corresponding

Figure 5. Amyl acetate exposure does not alter EOG or OERP
The OERP (A) and EOG (B) in response to amyl acetate odour pulses
before (day 1) and after (day 8) exposure to amyl acetate (3 min
sniffing 3-times daily). Amyl acetate pulses (200 ms) of 4.28 mM

(diluted 1 : 3) were delivered at 10 s intervals by an olfactometer (see
Methods) and 20 responses were averaged. The N1–P2 amplitudes
were then measured. There were no changes in the amplitudes of
either the OERP (n = 12) or the EOG (n = 9). Scale bars represent 5 µV
(vertical), 1 s (horizontal) and 50 µV, 1 s for the OERP (A) and EOG (B),
respectively.
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central potential (OERP). However, towards the higher
values of the OERP, there is a decreasing increment for
increasing values of the EOG.

Effect of amyl acetate sniffing on amyl acetate
threshold, EOG and OERP

To test whether the phenomenon of olfactory ‘learning’
generalizes to other odourants we repeated the
experimental protocol with amyl acetate. This was the
control odour used in the original study of androstenone
sensitization in humans (Wysocki et al. 1989).

Subjects were tested for their amyl acetate threshold,
amyl acetate-induced EOG and OERP. They were then
required to sniff amyl acetate 3 times daily for 3 min.
Their threshold, EOG and OERP were monitored at weekly
intervals for 3 weeks. Figure 4 shows that there were
no significant changes in thresholds over this period, for
either men or women. The thresholds were dilution step
12.5 ± 0.7 (n = 12, males and females; equivalent to 8.1 ±
5.58 µm), 12.3 ± 0.7 (13.0 ± 10.9 µm), 12.5 ± 0.9 (15.2
± 10.1 µm) and 12.6 ± 0.7 (8.8 ± 5.2 µm) at sessions 1,
2, 3 and 4, respectively.

There was no effect of amyl acetate exposure on either
the amyl acetate-induced OERP (Fig. 5A) or on the EOG
(Fig. 5B). The OERP was 9.6 ± 0.7, 10.2 ± 0.8, 10.1 ±
0.7 and 9.6 ± 0.8 µV (n = 12) at sessions 1, 2, 3 and 4,
respectively. The EOG was only measured on sessions 1
and 2 and was 45.9 ± 8.0 and 44.5 ± 7.4 µV (n = 9),
respectively.

Discussion

Our results demonstrate that, upon sensitization of the
olfactory system to androstenone by repetitive exposure,
there is an increase in the amplitude of both the EOG
and the OERP in response to androstenone. This was not
a generalized sensitization since there was no concurrent
change in the threshold for amyl acetate. These increases
in the EOG and OERP were correlated (see Fig. 3C), with
larger EOGs giving rise to larger OERPs.

The key finding is therefore peripheral plasticity in
the human olfactory system. Since the EOG reflects the
summed generator potentials of the olfactory receptor
neurones (ORNs; Ottoson, 1956; Getchell, 1974), this
means an increased response from the ORNs and we can
rule out release from descending inhibition and removal
of adaptation/habituation as mechanisms mediating this
phenomenon.

Similar androstenone-induced plasticity, possibly
involving stimulus-controlled gene expression (Wang

et al. 1993) at the level of the olfactory epithelium (Yee
& Wysocki, 2001), has been demonstrated in mice.
Yee & Wysocki, (2001), showed that this sensitization
phenomenon occurred in mice in which the olfactory
nerve was sectioned and allowed to recover. However,
support for such changes occurring more centrally came
from a human detection experiment by Mainland et al.
(2002), in which they repeatedly exposed one nostril to
androstenone and tested the unexposed nostril. They
found that both the exposed nostril and the naı̈ve
nostril learnt to recognize the smell and suggested
that this demonstrates that olfactory plasticity is a
central phenomenon, although they could not rule
out a contribution from the peripheral components
of the olfactory system. Peripheral receptors may be
induced in the unexposed nostril in response to a central
signal (direct, or hormonal, for example; Mainland
et al. 2002). Crossover in the olfactory system occurs
at the level of the anterior commissure, thus a pathway
for contralateral, efferent signalling from primary
olfactory cortex to olfactory bulbs exists – although the
findings of Yee & Wysocki (2001) militate against such
centrifugal signalling. It is also possible that androstenone
gained access to the blocked nostril via solution in
saliva or the bloodstream, for instance by absorption
via the lungs. Bloodborne odourants reach olfactory
regions and can be perceived. Intravenous injection
of odourants and subsequent perception is frequently
used as a means of testing hyposmia (Furukawa et al.
1988). Our results demonstrate that there are peripheral
receptor changes in response to repetitive exposure
to androstenone. There are at least two possibilities:
(1) existing androstenone-sensitive olfactory receptor
neurones (ORNs) might express more androstenone
receptors per ORN; or (2) additional androstenone-
sensitive ORNs might be formed from basal or immature
cells. The signal for this increase in receptor expression
could originate in the periphery or be generated
centrally.

Does olfactory ‘learning’ generalize to other
odourants?

In the original study of inducible sensitivity to
androstenone (Wysocki et al. 1989) it was found that
the phenomenon did not extend to other odours. Daily
exposure to amyl acetate and pyridine did not enhance
sensitivity to these odours (Wysocki et al. 1989). It this
present study we also found that the sensitization effect
did not occur with amyl acetate. The threshold and OERP
remained constant, in both men and women, for four tests
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over 21 days following daily sniffing of amyl acetate and
the EOG remained constant for the two tests 7 days apart.

However, Wang et al. (1993) have demonstrated the
induction of olfactory receptor sensitivity in mice to
isovaleric acid as well as to androstenone, which they
explained by stimulus-controlled gene expression. They
found that the induction required a specific anosmia to the
inducing odourant. However, we have found in humans
that those already able to smell androstenone are able to
increase their sensitivity.

Dalton et al. (2002) have reported enhanced olfactory
sensitivity in women of reproductive age to benzaldehyde
and citralva. The effect did not occur in men or prepubertal
or postmenopausal women. The odours used in by Dalton
et al. (2002), benzaldehyde and citralva, were different
from our study (androstenone and amyl acetate) and
the studies of Wysocki et al. (1989) (androstenone,
amyl acetate and pyridine) and Wang et al. (1993)
(androstenone and isovaleric acid in mice) and there were
methodological differences. In the Dalton et al. (2002)
study the thresholds were taken every 2 days compared
to once a week in both our study and that of Wysocki
et al. (1989), and the subjects did not sniff the odourants
between tests, so there was greater emphasis on the test
itself. Attending to olfactory stimuli decreases latency
and increases the amplitude of the OERP (Krauel et al.
1998; Masago et al. 2001), which may influence threshold,
but this does not explain the gender dimorphism. The
androstenone-induced increase in the EOG was greater in
women than men in our study, although this difference
did not achieve significance. This is one area that requires
further study.

Neither Dalton et al. (2002) nor Wysocki et al. (1989)
reported the age of their participants. Age has a profound
affect on threshold (Van Toller et al. 1985) and there
were large differences in the thresholds reported in
these studies; Dalton et al. (2002) reported a range of
thresholds for amyl acetate from about 6.3 µm (females)
to 63 µm (males), whereas Wysocki et al. (1989) reported
a range of 8.3–16.7 µm (males and females); these
compare with our findings of 0.9–11.7 µm (females) and
0.3–14.3 µm (males). Induction of sensitivity may depend
to some extent upon the initial degree of insensitivity
(Wang et al. 1993). It has been suggested (Wang et al.
1993) that the phenomenon of induced sensitivity to
androstenone is most likely to be related to the continual
turnover of ORNs (Farbman, 1992) and the expansion of
the androstenone-sensitive population of receptor cells in
response to exposure to the odour in a manner analogous
to the immune system (Wysocki et al. 1989). This process
could well be influenced by hormonal levels, thereby

explaining the gender differences found by Dalton et al.
(2002).

In conclusion, we have demonstrated for the first time
peripheral plasticity in the human olfactory system as
measured by an increase in the EOG. The EOG increase
occurs concomitant with the decrease in detection
threshold during androstenone-induced olfactory
sensitization.
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