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INTRODUCTION

Although the term “pheromone” is widely used, definitions

differ. For this study we define a chemical compound as a

pheromone, if it can act as a signal between living organisms.

These compounds have been extensively studied in

mammals
(1)

. We investigate whether a pheromone that cannot

consciously be detected by the participating subjects, can

nevertheless produce cerebral changes and how these compare

with changes evoked by an olfactory substance than can

consciously be detected. 

In this study we use the pheromone 5a-Androst-16-en-3-one,

which is a boar taint steroid, a variation (androsta-4,16,-dien-3-

one) of which is found in human axillary sweat
(2)

. Only 5 to 50%

of the population can detect this odour
(3,4)

. They describe the

smell as “urine like” or as sweet
(5)

. It is disputed, whether or not

this pheromone is processed by the human vomeronasal organ
(6-

8)
. A recent study revealed that covering of the vomeronasal

duct does not alter androstenone detection
(9)

. Likewise it is not

clear if androstenone has an influence on human behavior
(10)

.

Changes in human brain metabolism or blood flow can be mea-

sured when different pheromones such as oestra-1,3,5
(10)

,

16-tetraen-3yl acetate
(11)

or Delta 4,16-androstadien-3-one
(12,13)

are presented, even when these pheromones are not consciously

detectable. 

As we are interested in the changes in cerebral blood flow

changes when an odour is presented we did not introduce a

second task other than to ask the participant to breathe nor-

mally and to concentrate on the presented odour regardless of

the olfactory perception. In order to compare possible changes

resulting from a pheromone we introduced phenylethyl alco-

hol as a control odour. This is a simple chemical compound

that produces a smell similar to a rose. 

Positron emission tomography (PET) is the method of choice

to measure cerebral blood flow changes in the orbitofrontal

cortex a region that is involved in olfaction
(14,15)

. Measuring

changes with fMRI artifacts are present in this region. Even

though some techniques exist that diminish artifacts in

fMRI
(16-18)

they are still visible in the raw data and also in sig-

nal-to-noise maps
(19)

. Consequently, we here use H215O PET

to test whether or not olfactory processing in the orbitofrontal

cortex depends on the conscious percept of the odor.

MATERIALS AND METHODS

Subjects

Nine healthy right-handed male students (aged 20-31) took part

in this study, which was approved by the local Ethical

Committee. They all gave written consent. None had any nasal

disease or a history of head injury or was taking any medication.
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Pheromone test

A transport air-tube was used to guide clean medical grade air

to a glass nosepiece at a flow rate of 8 l/min to a supply-pres-

sure of 1 bar. Three small sample vials containing the odorous

substances were connected via fused silica-capillaries directly

to the nosepiece and the assembly was attached very close to

the glass-nose-piece. The sample vials each had an air-inlet

that was connected to a computer operated flow control box. A

flow rate of 10 ml/min was found to be high enough to ensure

supply of the odour without bothering the subjects. Guiding

the air through the sample vial ensuring 100% saturation of the

headspace by the odorant molecules generated the concentra-

tion of odour that was optimal. The odorants were vented with

an extraction hood to prevent dilution within the room. Before

each subjects examination the tubes were cleared with air and

the system was calibrated.

The subjects were tested for their ability to smell using a stan-

dardized clinical screening test (Zürcher Geruchstest
(20)

) about

a week prior to the experiment and all performed normally,

detecting all presented odours. In addition subjects were tested

to see if they could smell the pheromone or not. Only subjects,

who did not smell the pheromone, even at a high concentra-

tion, participated in the main experiments.

All subjects were instructed to breathe normally and avoid

sniffing. During the experiment the subjects had to judge if

they could smell anything, and if they did, to identify the

odour. The subjects were exposed to the same concentration

of phenylethyl alcohol (condition “rose”), 5a-Androst-16-en-3-

one (“pheromone”), then both equally mixed, as well as an

empty vial (“blank”). The presentation of the different odours

(3 * ”pheromone”, 3 * ”blank”, 2 * ”rose”, 2 * ”mix”

(“pheromone+rose”) was counterbalanced except for the first

presentation of the pheromone, which was always presented

the first time after the “rose” and the “blank” condition to min-

imize a possible long lasting effect of the “pheromone” in the

first-time presentation. The scans were started 42-47 seconds

after the onset of the odour admission. There was a 10 min-

utes break between all scans.

PET scans

PET scans were acquired on a whole-body scanner (Advance

GE Medical Systems, Waukesha, WI) in 3D mode with a 15

cm axial field of view. For each scan, 300-350 MBq H215O

were administered as a slow bolus with a remotely controlled

injection device. PET counts were recorded over 60 sec after

the arrival of the bolus in the brain. A ten-minute transmission

scan was performed before the measurements for attenuation

correction. The data were reconstructed into 35 image planes

(Slice thickness; 4.25; Matrix: 128x128; Pixel size: 2.34). The

accumulated radioactivity counts over 60 sec were taken as

measure for cerebral blood flow. 

PET scan statistics

Statistical parametric mapping was performed after head move-

ment correction, spatial normalization into stereotaxic space

[Montreal Neurological Institute coordinates (MNI)], smooth-

ing with a gaussian filter of 15 mm FWHM and proportional

scaling for global normalization as implemented in the standard

statistical parametric mapping software, SPM9921. The differ-

ence between conditions was then evaluated voxel by voxel and

a second including only the first measurements of each experi-

ment. This analysis was introduced, as it could have been possi-

ble that the heavy pheromone molecule persists for longer time

in the air, the clothes and especially in the cover of the scanner.

We accepted a result as significant when p ≤ 0.001. To reveal

overlapping clusters of the different conditions we showed in

the figure activations with a cut-off p < 0.01. 

RESULTS

When questioned after each scan, all subjects reported that

they did not smell anything from the pheromone or the empty

vial. The phenylethyl alcohol was perceived as weak decreasing

“rose” or “flower like” odour in both the “rose” and the

“mixed” condition.

Results over all measurements

The results of the SPM analysis are displayed in Figure 1,

overlaid on an averaged anatomical magnetic resonance image.

Coordinates of maximal activation and the statistical values

Figure 1. Significantly (p<0.01) activated areas related to rose,

pheromone or both odours mixed. These results were obtained by

summarizing all scans. All conditions were compared with the empty

vial (blank) condition. For demonstration purpose also the opposite

contrast blank compared to the others is displayed. The statistical

parametric maps (with a cut-off p<0.01 for display purpose) are overlaid

on an averaged T1 magnet resonance image displaying the axial slices

z=-24/-16/-8/0/48 (MNI coordinates). The color scale on the left side

indicates T-values resulting from the SPM99 statistics.
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provided by SPM99 are shown in Table 1. All the scans

revealed increased activation in the middle frontal gyrus (BA

10) compared with the baseline. The contrast “rose minus

baseline” showed in addition an increase in activation in the

orbitofrontal cortex (BA 11). Whereas the combined presenta-

tion of “pheromone” and “rose” showed higher regional cere-

bral blood flow in the precentral gyrus and visual cortices as

compared to the empty vial. 

Results of the first measurements

The task design minimized the potential for the first presenta-

tion of the “rose” to confound the result. Hence, we analyze

the first presentations separately. Comparing the first presenta-

tion of the “pheromone” to the empty vial, there was a change

in the regional cerebral blood flow in the orbitofrontal as well

as anterior prefrontal cortex. Comparing “rose” with the base-

line and the mixture of “rose” and “pheromone” with the base-

line produced the same activation (Table 2 and Figure 2).

The “pheromone”, “rose” as well as the “mixed” condition

showed higher blood flow values in the parietal cortex than

baseline. The “pheromone” and “rose” condition revealed dif-

ferences in cerebral blood flow of the mediotemporal lobe in

the left hemisphere when the pheromone was presented and

changes were found in the right side with exposure to “rose”

when compared to baseline. The cingulate gyrus exhibited an

increased signal only when “pheromone” and baseline were

compared.

DISCUSSION

This study demonstrated a change in regional cerebral blood

flow in the orbito- and prefrontal cortex of humans when they

were initially exposed to 5a-Androst-16-en-3-one, a pheromone

that the subjects were unable to detect consciously. A similar

but stronger result was obtained with phenylethyl alcohol, an

odour that the subjects could detect. When both odours were

presented at the same time the precentral gyrus also showed

some activation. While a definite interpretation of the latter

finding will require additional experimental investigations

beyond the scope of the present study, the result that the com-

bination of a scented odour together with a pheromone can

cause a distinct pattern of activation compared to their isolated

Table 1. Results summarising all scans.

SPM results with p<0.001 of the results summarizing all the scans. The results of the pheromone, rose and both mixed compared with the empty vial

are displayed. The x, y, and z values indicate the MNI coordinates of the clusters' maximal activity. T-values with stars indicate a significance level

p<0.000. BA denotes the number of the Brodmann Area the cluster lies within.

pheromone-base rose-base mix-base
regions BA side coord. T coord. T coord. T

x y z x y z x y z

frontal and limbic regions
orbitofrontal cortex 11 R 22 42 -20 3.50*

med. frontal gyrus 47/25 L -12 16 -20 3.24

mid. frontal gyrus 10 R 42 62 -4 4.04* 38 42 8 4.34* 36 36 0 3.22

sup. frontal gyrus 10 R 22 70 8 3.16

inf. frontal gyrus 46/45 R 54 26 16 3.45* 52 18 20 3.54*

cingulate gyrus 24/32 L -14 -2 28 3.90*

med. frontal g./precentral g. 6 R 18 -18 56 4.07*

mid. frontal gyrus 6 R 22 8 64 3.47*

precentral gyrus 6/9 R 54 0 28 4.01* 48 4 24 3.97*

other regions
inf. parietal Lobule 40 R 36 -52 52 4.06* 32 -54 40 4.31*

mid. occipital gyrus 37 L -34 -66 12 3.34

precuneus 7 L -14   -70 32 3.07

Figure 2. Significantly (p<0.01) activated areas related to rose,

pheromone or both odours mixed. For this statistics only the first scans

were included. All conditions were compared with the empty vial

(blank) condition. All conditions were compared with the blank condi-

tion and displayed in the same way as in Figure 1. 
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presentation may be of relevance for the design of imaging

studies of olfactory stimuli. The activation in the inferior

frontal gyrus as well as the orbitofrontal gyrus is in line with

the results of Sobel et al.
(11)

. They used an oestra-1,3,5(10),16-

tetraen-3yl acetate, a probable human pheromone at high and

low concentration. Subjects reported that they could not detect

these odours but they showed at high concentrations a better

than chance detection rate in a forced choice paradigm. We

presented the pheromone at a similarly high concentration as

that of the “rose” odour. As the subjects did not perceive any

odour of the pheromone even at highest concentration we

classified them as anosmic for this compound. We cannot

exclude the possibility that some of them would detect the

pheromone in a forced choice paradigm and should therefore

be categorized as hyposmics
(4)

. Jacob et al.
(12)

revealed similar

results measuring glucose consumption changes in the pre-

frontal cortex, cingulate gyrus and hippocampal region during

pheromone (androstadienone) presentation when subjects per-

formed a visual discrimination task.

This study did not combine olfaction with other tasks involving

memory, detection, or qualitative tasks as was done in some

studies
(17,22)

, but nevertheless it demonstrated orbitofrontal acti-

vation with both “rose” and undetected “pheromone”. The

orbitofrontal cortex is known to be important for taste and

olfaction, for example as a converging multimodal region
(23)

, or

for taste and olfaction as reward bearers
(14,24)

and also it is

known to be involved in reward processing per se 
(25,26)

. In this

context, it is remarkable that the activation of the orbitofrontal

cortex was independent of the perception of the odor. 

CONCLUSION

Irrespective as to whether there are specific human

pheromones, or if the human VNO is responsible for their

detection, we found activation in the odour-relevant regions of

the human brain when healthy human subjects were chal-

lenged with a boar pheromone which they could not smell,

even at high concentration levels. 
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