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Abstract

In the nose, the capacity to detect and react to volatile chemicals is mediated by two separate but interrelated sen
pathways, the olfactory and trigeminal systems. Because most chemosensory stimulants, at sufficient concentration
both olfactory and trigeminal sensations (i.e., stinging, burning or pungent), it is relevant to seek how these anat
distinct systems could interact. This study was designed to evaluate by psychophysical measurements the modifi
the olfactory sensitivity of 20 subjects to phenyl ethyl alcohol (PEA) and butanol (BUT), after trigeminal stimulatio
allyl isothiocyanate (AIC). Thresholds obtained in two separate sessions, one with and the other without previous tr
stimulation, were compared using a two-alternative forced-choice procedure, with a classical ascending concentration
The results showed that, whatever the odorant (PEA or BUT), AIC trigeminal activation produced a decrease in the
thresholds, corresponding to an increase in olfactory sensitivity. These data confirm thatin physiological conditions the
trigeminal system modulates the activityof olfactory receptor cells but do not exclude the possibility of a central modulation
of olfactory information by trigeminal stimuli. These findings are discussed in terms of methodological and physio
conditions.To cite this article: L. Jacquot et al., C. R. Biologies 327 (2004).
 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Influence de stimuli trigéminaux nasaux sur la sensibilité olfactive.Dans la cavité nasale, deux modalités sensorie
chimiques coexistent, le système olfactif et le système trigéminal. La plupart des molécules qui pénètrent dans l
nasales sont susceptibles d’activer conjointement le nerf I (nerf olfactif) et le nerf V (nerf trijumeau). Il apparaît donc im
d’étudier comment ces deux systèmes anatomiquement différents interagissent. Le travail présenté ici contribue à
à cette question, en étudiant, chez 20 sujets, les modifications de la sensibilité olfactive à deux substances, l’alco
éthylique (PEA) et le butanol (BUT), après une stimulation à l’isothiocyanate d’allyle (AIC). Les résultats montren
quel que soit l’odorant (PEA ou BUT) une stimulation préalable à l’AIC induit un abaissement du seuil de détectio
données confirment que les molécules qui activent préférentiellement le système trigéminal modulent également
des cellules réceptrices olfactives. Par ailleurs, les résultats de cette étude peuvent également être mis en relation ave
possible modulation centrale de l’information olfactive par des irritants chimiques.Pour citer cet article : L. Jacquot et al.,
C. R. Biologies 327 (2004).
 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction

In humans, nasal detection of volatile chemic
present in the external environment is mediated by
separate, but interrelated sensory systems: the o
tory and trigeminal systems. The first is served by c
nial nerve I (the olfactory nerve), the second by cran
nerve V (the trigeminal nerve). Stimulation of the o
factory nerve results in sensations of smell, wher
stimulation of the trigeminal nerve gives rise to va
ious sensations such as irritation, freshness, sting
prickliness, burning and tingling that can be gene
cally termed pungent sensations [1,2]. Two major
bre systems, C-fibres (unmyelinated) and Adelta-fibres
(myelinated) participate in the afferent chemosen
tive innervation of the nasal respiratory epithelium [
Stinging sensations are likely to be mediated by Adelta-
fibres, whereas burning sensations are largely m
ated by C-fibres [4]. The receptors for intranasal s
sory irritation in the nose are located close to th
of the olfactory system and often both are stimula
at the same time by the same stimulus [5]. Beca
most chemosensory stimulants, at sufficient conc
tration, elicit both olfactory and trigeminal activatio
[6–10], it is relevant to determine how these anato
ically distinct systems interact. For a long time, ma
studies have already dealt with the interrelationsh
between odours and pungency in order to assess
role in odour perception [11–14]. Interestingly, it h
been demonstrated since three decades that the tri
inal nerve may potentiate or have a synergistic ef
on olfaction [15]. However, theses published wo
were often based on the simultaneous presentatio
two stimuli, one producing littleapparent irritation and
the other odourless one inducing nasal irritation.
these conditions, the interaction between odour
pungency has been described, when different stim
were used for eliciting odour and irritation, as a mut
inhibition [13] that may represent an important det
minant of odorous sensations. Thus, it would be re
vant to see whether sequential presentation of irri
before odour alters the inhibitory response or not.
r

-

The aim of this study was to investigate the
fluence of a previous nasal trigeminal stimulus
human olfactory sensitivity. More precisely, the e
periment was designed to evaluate by psychoph
cal measurements the modification of olfactory thresh
olds for two different odours, phenyl ethyl alcoh
(PEA) and butanol (BUT), after a previously trigem
inal activation by allyl isothiocyanate, i.e., musta
oil (AIC). Thresholds were determined using a tw
alternative forced-choice procedure with a classical
cending concentrations commonly employed in olf
tory research [7,14,16–19].

PEA and BUT odour stimuli, frequently used in o
factory studies, were selected in relation to their diff
ent levels of hedonic valence and trigeminal activati
PEA is a pleasant rose-like smelling compound [
20] considered as a pure odorant, meaning that it o
stimulates the olfactory nerve [6,19]. On the contra
butanol has neither a highly pleasant nor a highly
pleasant character [18] and stimulates both olfactor
and trigeminal nerve [6].

AIC trigeminal stimulus was chosen because i
not toxic, widely used as a flavouring agent in a vari
of foods in many countries and because it has b
employed in previous studies [8,21,22]. AIC appli
on the skin leads to a clear burning sensation [
and has been found to activate all cutaneous recep
and predominantly excite C-fibre afferents in the up
skin layers [24].

2. Materials and methods

2.1. Subjects

The subjects were 20 volunteer students (13 wom
and 7 men, mean age 26 years 7 months) enrolle
master’s degree course of biology at the University
Franche-Comté (Besançon,France). All participants
were non-smokers, healthy and free of head cold
nasal allergies at the time of the tests. They w
informed about the general purpose of the study
gave their consent prior to their inclusion in t



L. Jacquot et al. / C. R. Biologies 327 (2004) 305–311 307
Table 1
Concentrations of phenyl ethyl alcohol

Concentration (% v/v) logC (v/v) (g cm−3) (mol cm−3)

Pure liquid 100 0 1.0202 8.35× 10−3

Dilution step
1 8 −1.097 8.16× 10−2 6.68× 10−4

2 4 −1.398 4.08× 10−2 3.34× 10−4

3 2 −1.699 2.04× 10−2 1.67× 10−4

· · · · · · · · · · · · · · ·
20 1.526× 10−5 −6.816 0.17× 10−6 1.19× 10−9

Table 2
Concentrations of butanol

Concentration (% v/v) logC (v/v) (g cm−3) (mol cm−3)

Pure liquid 100 0 0.8 1.08× 10−2

Dilution step
1 4 −1.397 3.2× 10−2 4.4× 10−4

2 1.33 −1.875 1.07× 10−2 1.47× 10−4

3 0.44 −2.352 3.556× 10−3 4.89× 10−5

· · · · · · · · · · · · · · ·
15 8.36× 10−7 −8.078 6.69× 10−9 9.2× 10−11
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experiment. The study was conducted in accorda
with the Helsinki/Hong Kong Declaration.

2.2. Nasal stimuli

Olfactory thresholds were determined for two sp
cific odorants in relation to their trigeminal propertie
The first was phenyl ethyl alcohol (PEA) [C8H10O;
molecular weight= 122.2] without intranasal trigem
inal properties, and the second was butanol (BU
[C4H10O; molecular weight= 74.12] with middle
trigeminal properties. A dilution series was prepa
in deionized water for each stimulus. Starting from
stock solution 8% for PEA (step 1 or P1) and 4% for
butanol (step 1 or B1), dilutions by a factor of 2 and 3
respectively, were prepared (Tables 1 and 2). A
successive dilutions, the full series include step
to 20 for PEA and steps 1 to 15 for butanol. 4
of each concentration were placed, for both odora
into glass bottles (7.5 cm high, 1 cm in diameter at
opening). Another bottle was filled with only 4 ml o
deionized water (blank).

The nasal stimulus used to elicit a trigemin
activation was allyl isothiocyanate (AIC) [C4H5NS;
molecular weight= 99.15]. A stock solution (95%) o
AIC was diluted in mineral oil by a factor of 4. Th
nasal stimulus was presented in a glass bottle fi
with 4 ml of liquid.

2.3. Procedure

2.3.1. Olfactory thresholds measurements without
previous trigeminal stimulation

A trial consisted in the presentation of two bottl
at a time, one being the blank (deionized water) a
the other containing the dilution of the chemical stu
ied. The bottles were opened and immediately pla
under the subject’s nose. The subject’s task was to
dicate which one of the two randomly presented st
uli contained the odorant. Even if no sensations w
perceived or if no difference was apparent between
bottles, the participant was required to choose one
tle or the other. No feedback was given concerning
correctness of the responses. For each odorant, te
began at the weaker concentration so as to avoid
factory receptor’s saturation. For each concentratio
level, the test was performed five times. Concentra
tion increased in steps until the subject achieved f
correct and consecutive responses in a row at s
concentration and the next higher. Threshold was
fined as the lowest odorant concentration of the
successive concentration levels. The determination o
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the olfactory thresholds was based on criteria wid
employed in studies dealing with olfactory sensitiv
[16–19,25].

2.3.2. Olfactory thresholds measurements after
previous trigeminal stimulation

The same procedure as previously described
followed and, moreover, just before the success
trials of each concentration level, subjects were as
to sniff the bottle containing AIC during a limite
period of 2 s (one inspiration). AIC was inhaled on
one time at the beginning of a new concentration le
because it is well known that the effect of a trigemin
stimulation runs during a few minutes [26].

For each odorant tested, all subjects participa
separately in both sessions described above.

2.4. Data analysis

Olfactory thresholds were statistically evaluat
using Studentt-tests (paired and independent). A
alpha level of 0.05 was considered as statistic
reliable. The standard deviations were reported
not significant results were noted as NS.

3. Results

The results are reported in Fig. 1. Mean thre
olds given were based on the dilution steps. For P
the statistical analysis showed a significant differe
between the thresholds without (mean threshold=
13.55; SD= 1.5) and with (mean threshold= 15.15;
SD= 2.75) previous AIC stimulation (t = 2.387;p <

0.027). In the same way, for BUT the statistical ana
sis showed a significant difference between thresh
without (mean threshold= 7.85; SD= 2.36) and with
(mean threshold = 9.95; SD = 3.33) previous A
stimulation (t = 2.372;p < 0.05). For both PEA and
BUT, the thresholds appeared lower (i.e. obtained
lower concentration steps) when the nasal AIC trige
inal stimulus was previously delivered, meaning t
olfactory sensitivity was increased.

For PEA (r = 0.106) and for BUT (r = 0.06), the
correlation coefficients between the thresholds w
or without previous AIC stimulation were very low
Thus, the rise in olfactory sensitivity to PEA and BU
following AIC stimulation would be independent o
the subjects’ original sensitivity.

A correlation analysis between the PEA and BU
thresholds without AIC previous stimulation (r =
0.345) or after AIC previous stimulation (r = 0.058)
showed no correlation. It meant that a subject wit
high sensitivity to PEA for example did not displa
systematically a high sensitivity to BUT. Moreove
this low correlation pointed out the great variabil
of the trigeminal stimulation impact among subject

A comparative analysis of the male (N = 7) and
female (N = 13) subjects showed that, whatever t
odour used, the thresholds were not depending
ely
The
Fig. 1. Phenyl ethyl alcohol (PEA) and butanol (BUT) thresholds* with or without previous allyl isothiocyanate (AIC) trigeminal stimulation
(N = 20). Starting from a stock solution 8% for PEA (step 1) and 4% for butanol (step 1), dilutions by a factor of two and three respectiv
were prepared. The full series include steps 1 to 20 for PEA and steps 1 to 15 for BUT. * Thresholds were based on the dilution steps.
corresponding mean thresholds (in mol cm−3) were noted as MT.
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gender without (for PEAt = 1.215 NS; for BUTt =
0.979 NS) as well as with previous AIC trigemin
stimulation (for PEA t = 0.174 NS; for BUT t =
0.226 NS).

4. Discussion

The results of the present study indicate tha
previous AIC trigeminal stimulation significantly de
creased the olfactory PEA and BUT thresholds.
other words, these findings reveal that a short a
vation of the trigeminalsystem preceding an olfac
tory stimulation produced an increase in sensitivity
odorants. Moreover, the fact that the results concer
both PEA and BUT showed that this rise was indep
dent of the odorant quality (i.e., hedonic valence a
trigeminal activation levels).

Several studies that have previously explored
interaction between odour and pungency have
shown that trigeminal activation influenced the p
ception of single odorants [14,27], suggesting that
trigeminal system was involved in olfactory respon
to odour stimuli. Contrary to the present findings,
psychophysical observations of these works arg
rather for an inhibitory influence of trigeminal ov
olfactory activity. However, the experimental proc
dures used were not similar to the one we used: t
consisted in presenting a chemical stimulus with b
odorant and pungent properties and/or a strong irri
molecule. As early as the 19th century, the philosop
Alexander Bain (1868) noted that concentrated c
bon dioxide (carbonic acid) evoked pungency and
marked: “If a current of carbonic acid accompanies
odour, the effect (odour) is arrested” [28]. In the sa
way, Katz and Talbert [29] observed that a vapour w
both odour and pungency might lose odour at h
concentrations, irritation masking odour. A similar e
fect was seen by Cain [27] in an experiment in wh
both the odour and the pungency of butanol were e
mated by subjects. One subject, who generally fo
the stimulus to be more irritating that did any of t
other subjects, reported that the irritation produced
the highest concentration masked odour. In a later
periment, the interaction between odour and punge
was described to be a mutual inhibition when diff
ent stimuli for eliciting odour and irritation were use
[13]. Participants received four concentrations eac
CO2 and amyl butyrate (a mixed olfactory and trige
inal stimulus) and their 16 binary mixtures. They we
required to rate overall intensity, the intensity of odo
and that of irritation. It was found that the odour
amyl butyrate was suppressed by CO2, which con-
firmed that pungency could diminish odour. Cain a
Murphy [13] also presented CO2 (two seconds) befor
amyl butyrate (two seconds on the same inhalat
in order to see whether sequential presentation of
tant before odour would alter the pattern of inhibito
response or not. It was discovered that irritation inh
ited odours, but only by about one-fourth the amo
noted with simultaneous presentation. These find
suggested that the timing of olfactory and trigemi
activation might be involved in the decrease or
crease in olfactory sensitivity. Moreover, the results
observed were probably dependent on the nature o
odorant and/or trigeminal substances used.

Several investigations have described several
pects and characteristics of chemical irritation [3,9,
that could explain the possible mechanisms by wh
trigeminal activity may influence olfactory proces
ing [10]. In the field of the intranasal trigemin
chemosensory modality, the most frequent molec
used is capsaicin, the pungent ingredient of red p
pers [30–32]. This chemical irritant is known to ac
vate the afferent chemosensitive C-fibres and to ind
a local and central release of substance P (SP) an
other neuropeptides [33]. Electrophysiological stud
indicated that spontaneousactivity of olfactory recep-
tors cells can be modified via a local axon reflex tr
gered by odours and inducing the release of SP
other peptides [34–36] from trigeminal fibres inn
vating the olfactory epithelium [37]. This modulatio
capacity of olfactory receptor responses to chem
stimuli could be related to the rise in olfactory sensit
ity obtained after trigeminal activation. Otherwise,
has been shown that an application of capsaicin co
induce an increased nasal vascular permeability an
ritating nasal symptoms, such as sneezing [38]. T
trigeminal activation may influence olfactory percep
tion indirectly via nasal trigeminal reflexes design
to minimize potentially damaging exposure to noxio
substances. Therefore, in addition to direct altera
of receptor cell activity, the release of peptides fr
trigeminal fibres in the epithelium may influence r
ceptor responses to odorants by changing the ph
cal conditions in the receptor environment [39]. Other-
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wise, results of a recent study raised the possibility
the trigeminal and olfactory systems could also int
act at central level [40]. The findings showed that so
trigeminal ganglion cells with sensory endings in t
nasal epithelium also hadbranches reaching direct
into both the spinal trigeminal complex and olfacto
bulb. Thus, the collateral innervation of the epitheliu
and bulb may provide an avenue whereby nasal
tants could affect processing of olfactory stimuli a
consequently olfactory sensitivity.

The present work shows that a previous trigemi
stimulation with AIC has the capacity to enhance
factory sensitivity, a fact that underlines the power
influence of the interrelationships between the olf
tory and trigeminal systems on odour perception. F
ther research could precise these interactions by u
for the previous trigeminal activation other nasal ir
tants differing in terms of their chemical character
tics. It would also be of interest to verify that the r
sults are not the same when using a pure odoran
previous stimulation. Another way to describe in gr
detail this phenomenon would be to change the m
ment and the duration of trigeminal stimulation as w
as the chemical irritant concentration.
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