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Many studies have dealt with the interrelationships between both olfactory and trigeminal sys-

tems but a poorly explored question concerns the role of each system in the detection processes,

especially in the just noticeable difference (JND). The aim of this study was to investigate vari-

ations in JNDs for three odorants in relation to their trigeminal component, i.e. low, middle,

high. The results indicated that the higher the trigeminal component, the lower the JND, sug-

gesting a better capacity to perceive intensity changes for pungent odorants than for relatively

pure odorants.
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INTRODUCTION
In the nasal cavity, the capacity to detect and react to volatile
chemicals is mediated by two anatomically separated sensory
pathways, the olfactory and the trigeminal systems. However,
both systems are known to interact (1) at different levels of the
chemoreception processes. Olfactory receptors (CN I) posi-
tioned in the upper recesses of the nasal cavity coexist with
free nerve endings of the ophthalmic and maxillary branches
of the trigeminal nerve (CN V) distributed throughout the
nasal mucosa and the olfactory epithelium (2). Most volatile
molecules, at sufficient concentration, elicit both olfactory and
trigeminal activations (3,4) although the pungent properties
appear to be strongly different from a molecule to another (5). 

For a long time (6,7), many studies have investigated the interre-
lationships between olfactory and trigeminal systems and have
contributed to a better understanding of transduction, percep-
tion and cortical treatment of nasal stimuli. It was generally
suggested that the trigeminal nerve influenced olfactory affer-
ent inputs but in some not clearly defined manner. Moreover,
the role of both systems in detection processes has been poorly
explored (8-10). For instance, it has been demonstrated that
unconscious odour detection could be due to the trigeminal
component of odorant (11) and that a pre-stimulation of the
trigeminal nerve modified the subsequent olfactory sensitivity
(12). However, the published works had used preferentially the
absolute detection thresholds over the differential threshold.

In sensory perception, the differential threshold also called just
noticeable difference (JND), is defined by the level at which an
increase in a detected stimulus can be perceived or the small-
est change in stimulation that a subject can detect. JND might

be a more sensitive measure for assessing the quality of olfac-
tory perception in different manners such as comparative
assessment between a single molecule and mixtures (13), clini-
cal test (14) or damages to the olfactory system (15), than the
most frequently measured absolute threshold (16). 

However, the role of the trigeminal component of an odorant
in the JND has never been investigated. Thus, the aim of the
present study was to compare in the same population the
JNDs obtained with nasal stimuli chosen in relation to their
trigeminal activation properties, i.e. low, middle and high and
previously used in classical absolute detection thresholds (11).
Additionally, as olfactory perception is well known to depend
on gender (17), male and female subjects were compared in the
present study.

METHODS
Subjects

Forty volunteer subjects participated in this experiment, 20
males and 20 females. Their age ranged from 22 to 29 years
(mean age 25 years 7 months). All subjects were non-smokers
and reported normal smell sensitivity. None of them had a his-
tory of nasal/sinus disease or extensive exposure to chemicals
with potential toxicity. The study was conducted in accordance
with the Declaration of Helsinki – Hong Kong.

Odorants

Three specific odorants (Table 1) were used in relation to their
trigeminal properties (5): Phenyl ethyl alcohol (PEA) with very
low intranasal trigeminal properties, butanol (BUT) with mid-
dle trigeminal properties and pyridine (PYR) with high trigemi-
nal properties. Dilutions series (factor 2) were prepared in
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deionized water for each chemical product. After successive
dilutions (Table 2), the full series included steps 1 to 11 (step 1
as the highest concentration). Four mL of each concentration
were placed in a glass tube (7.5 cm high, 1 cm in diameter at
the opening. Step 6 was used as the reference concentration.

Procedure

Ten concentrations (steps 1 to 5 and steps 7 to 11) were pre-
sented in a randomized order into 5 series repeated twice. A
full experiment with an odorant consisted in a total of 100 tri-
als with 10 trials for each stimulus comparison. A rest period of
2 minutes was observed between the series. The full experi-
ment for an odorant lasted about 1 hour. Each odorant was
tested in a specific session and the sessions (in a randomized
order) were separated with a delay of one week. All concentra-
tion steps were compared to step 6 (i.e. reference concentra-
tion) in a classical two alternative forced-choice task. The sub-
ject had to indicate whether the concentration in the test tube
was higher or lower than the reference one.

Analyses

The differential threshold was calculated by using the follow-
ing two equations commonly performed to obtain upper and
lower limits (18). For each concentration tested, the discrimina-
tion threshold was defined as the stimulus magnitude of the
comparison at which the proportion of correct responses was
equal to 0.75.

RESULTS
Results are reported in Figure 1. A 2 (sex) x 3 (odour) ANOVA
with repeated measures showed no significant gender effect
[F(1.39) = 2.68, ns], but significant differences in relation to
odorant tested [F(2.78) = 56.7, p < 0.0001] and a significant
interaction between both factors [F(2.78) = 4.65, p < 0.01]. Post
hoc Scheffé tests showed that JND was higher for PEA (m =
2.81, sd = 0.14) than for BUT (m = 2.12, sd = 0.10) [F = 12.56,
p < 0.05], higher for PEA than PYR (m = 1.77, sd = 0.07) 
[F = 28.88, p < 0.05] and higher for BUT than for PYR 
[F = 3.35, p < 0.05]. Moreover, a significant difference related
to sex was only observed for PEA [F = 4.19, p < 0.04] with a
higher JND for the male group (m = 3, sd = 0.21) than for the
female group (m = 2.62, sd = 0.16). 

DISCUSSION
The results of the present study indicate that the stronger the
trigeminal component, the lower the JND, suggesting a better
capacity to perceive intensity changes for pungent odorants
than for relatively pure odorants. These findings are in agree-
ment with data obtained for absolute thresholds with the same
molecules (11) concerning significant differences between the
relatively pure odorant PEA and mixed olfactory/trigeminal
odorants BUT and PYR. In both cases, nasal chemical sensitiv-
ity measured psychophysically, appeared better with the mixed
odorants. However, in the present study the JND differences
observed between BUT and PYR were not revealed in the case
of absolute thresholds. These findings reinforce the hypothesis

CU: Maximum stimulus compared, CL: Minimum stimulus compared,

Ui: Total number of judgments that belong to the high limit in the

“i”th stimulus comparison, Li: Total number of judgments that belong

to the “low” limit in the “i”th stimulus comparison, n: Number of trials

performed in each stimulus comparison, D: Step size of comparison

stimulus, p: Total number of comparison stimulus.

Table 1. Properties of phenyl ethyl alcohol (PEA), butanol (BUT) and pyridine (PYR).
Chemical Company CAS* Molecular Mol. wt Density mol/cm3

formula g/cm3

Phenyl ethyl alcohol Sigma 60-12-8 C8H10O 122.2 1.02 8.34x10-3

Butanol Sigma 71-36-3 C4H10O 74.12 0.81 10.9x10-3

Pyridine Sigma 110-86-1 C5H5N 79.10 0.98 12.4x10-3

*The American Chemical Society's Chemical Abstracts Service (CAS) registry number

Figure 1. Differential thresholds obtained in male (N = 20) and female

(N = 20) groups with three odorants, phenyl ethyl alcohol (PEA),

butanol (BUT) and pyridine (PYR). (*) p < 0.05.
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suggesting that the JND could be a more discriminative tool
than the absolute threshold and point out the role of the
trigeminal system in a greater ability to detect and discriminate
intensity variations of volatile chemicals. This fact could be
related to a functional point of view. Indeed, the olfactory sys-
tem is mainly involved in the identification and recognition of
a large variety of molecules while the non-selective trigeminal
system is clearly involved in physiological mechanisms devot-
ed to protect respiratory and gustatory tracts, because many
toxic substances are associated with pungency. Thus, from an
adaptative point of view, it appears more efficient to have a
greater ability to detect molecules in relation to their noxious-
ness.

It must be noted that the hedonic valence varied according to
the molecules used, i.e. pleasant for PEA, neutral for BUT and
unpleasant for PYR. However, it has been previously demon-
strated (19) that the hedonic quality was not predominant in
psychophysical and psychophysiological responses to odorants.
Therefore, the JNDs observed in the present work can be
mainly related to the trigeminal component of odorants.

The findings of the present study also showed differences
related to sex in the JND for PEA but not for BUT and PYR
suggesting that the greater ability in detection processes for
women is dependent of the olfactory system while the trigemi-
nal system is not gender discriminative. Sex differences in
olfaction (17) are well known and extensively described but sex
differences related to the trigeminal component of odorants
appeared as an unsolved question. Some studies have failed to
find significant sex differences in nasal irritation ratings (3,20),
whatever the age (21) while other studies reported sex differ-
ences in detection thresholds (22) and electrophysiological
responses (23-25). Additionally, trigeminal detection is lateralized
while no such phenomenon exists in olfactory detection (26).
Studies using lateralized tasks found no sex differences in
trigeminal sensitivity (27,28). It would be relevant in further
research to compare such lateralized tasks in unilateral JND
thresholds according to the trigeminal component of odorants
in addition to previous works focused on olfactory/trigeminal
lateralization processes (29). In the same way, as JND appears as
a more sensitive measure than the absolute threshold, further
research could also consider this measure in clinical popula-

tions insofar as the intranasal trigeminal function is different in
the presence or absence of an intact sense of smell (30), especial-
ly in neurodegenerative disease, i.e. Alzheimer or Parkinson
disease, in which olfactory sensitivity is known to be early
strongly disrupted (31,32).
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