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Abstract

In the nose, the capacity to detect and react to volatile atedmis mediated by two separate but interrelated sensory
pathways, the olfactory and trigeminal systems. Because most chemosensory stimulants, at sufficient concentration, produc
both olfactory and trigeminal sensations (i.e., stinging, burning or pungent), it is relevant to seek how these anatomically
distinct systems could interact. This study was designed to evaluate by psychophysical measurements the modifications o
the olfactory sensitivity of 20 subjects to phenyl ethyl alcohol (PEA) and butanol (BUT), after trigeminal stimulation with
allyl isothiocyanate (AIC). Thresholds obtained in two separate sessions, one with and the other without previous trigeminal
stimulation, were compared using a two-alternative forced-choice procedure, with a classical ascending concentrations method
The results showed that, whatever the odorant (PEA or BUT), AIC trigeminal activation produced a decrease in the olfactory
thresholds, corresponding to an increase in olfactory seitgitlThese data confirm thah physiological conditions the
trigeminal system modulates the activifolfactory receptor cells but do not excle the possibity of a central modulation
of olfactory information by trigeminal stimuli. These findings are discussed in terms of methodological and physiological
conditions.To citethisarticle: L. Jacquot et al., C. R. Biologies 327 (2004).
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Résumé

Influence de stimuli trigéminaux nasaux sur la sensibilité olfactive Dans la cavité nasale, deux modalités sensorielles
chimiques coexistent, le systéme olfactif et le systéme trigéminal. La plupart des molécules qui pénetrent dans les fosse:
nasales sont susceptibles d’'activer conjointement le nerf | (nerf olfactif) et le nerf V (nerf trijumeau). Il apparait donc important
d’étudier comment ces deux systemes anatomiquement différents interagissent. Le travail présenté ici contribue a répondr
a cette question, en étudiant, chez 20 sujets, les modifications de la sensibilité olfactive & deux substances, I'alcool phény
éthylique (PEA) et le butanol (BUT), apres une stimulation a I'isothiocyanate d’allyle (AIC). Les résultats montrent que,
quel que soit I'odorant (PEA ou BUT) une stimulation préalable a I'AIC induit un abaissement du seuil de détection. Ces
données confirment que les molécules qui activent préférentiellement le systéme trigéminal modulent également I'activité
des cellules réceptrices olfactives. Par ailleurs, les résula cette étude peuvent également étre mis en relation avec une
possible modulation centrale de I'information olfactive par des irritants chimidR@s. citer cet article: L. Jacquot et al.,

C. R. Biologies 327 (2004).
0 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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1. Introduction The aim of this study was to investigate the in-

fluence of a previous nasal trigeminal stimulus on

human olfactory sensitivity. More precisely, the ex-

periment was designed to evaluate by psychophysi-
cal measurements the moddiion of olfactory thresh-

In humans, nasal detection of volatile chemicals
presentin the external environmentis mediated by two

separate, but interrelated sensory systems: the olfac- i
P Y oY olds for two different odours, phenyl ethyl alcohol

tory and trigeminal systems. The first is served by cra- . .
nial nerve | (the olfactory nerve), the second by cranial .(PEA) and butanol (BUT), after a previously trigem-

nerve V (the trigeminal nerve). Stimulation of the ol- |n_aI activation by allyl |soth|ocyangte, €., mustard
. . oil (AIC). Thresholds were determined using a two-
factory nerve results in sensations of smell, whereas

. . ) . . . alternative forced-choice procedure with a classical as-
stimulation of the trigeminal nerve gives rise to var- . . .
. . S .. cending concentrations commonly employed in olfac-
ious sensations such as irritation, freshness, stinging,

- . o .’'tory research [7,14,16-19].
prickliness, burning and tingling that can be generi- A .
cally termed pungent sensations [1,2]. Two major fi- PEA and BUT odour stimuli, frequently used in ol-
b y ¢ pC f.g linat d ‘ fib J factory studies, were selected in relation to their differ-
re systems, f-1ibres (un_mye inated) angifibres . entlevels of hedonic valence and trigeminal activation.
(myelinated) participate in the afferent chemosensi-

7 4 . o PEA is a pleasant rose-like smelling compound [16,
tive innervation of the nasal respiratory epithelium [3]. 20] considered as a pure odorant, meaning that it only
Stinging sensations are likely to be mediated yié

. . : . stimulates the olfactory nerve [6,19]. On the contrary,
fibres, whereas burning sensations are largely medi- butanol has neither a highly pleasant nor a highly un-

ated by C-fibres [4]. The receptors for intranasal Sen- yeasant character [18] drstimulates both olfactory
sory irritation in the nose are located close to those 5.4 trigeminal nerve [6]

of the olfactory system and often both are stimulated 5| trigeminal stimulus was chosen because it is
at the same time by the same stimulus [5]. Because pot toxic, widely used as a flavouring agent in a variety
most chemosensory stimulants, at sufficient concen- ¢ f90ds in many countries and because it has been
tration, elicit both olfactory and trigeminal activation employed in previous studies [8,21,22]. AIC applied
[6-10], it is relevant to determine how these anatom- g the skin leads to a clear burning sensation [23]
ically distinct systems interact. For a long time, many and has been found to activate all cutaneous receptors

StudieS haVe already dealt W|th the interrelationships and predominant'y excite C-fibre afferents in the upper
between odours and pungency in order to assess theilskin layers [24].

role in odour perception [11-14]. Interestingly, it has

been demonstrated since three decades that the trigem-

inal nerve may potentiate or have a synergistic effect 2. Materials and methods

on olfaction [15]. However, theses published works

were often based on the simultaneous presentation of2.1. Subjects

two stimuli, one producing littl@pparentirritation and

the other odourless one inducing nasal irritation. In. The subjects were 20 volunteer students (13 women
these conditions, the interaction between odour and and 7 men, mean age 26 years 7 months) enrolled in
pungency has been described, when different stimuli master’s degree course of biology at the University of
were used for eliciting odour and irritation, as a mutual Franche-Comté (BesangoRrance). All participants
inhibition [13] that may represent an important deter- were non-smokers, healthy and free of head colds or
minant of odorous sensations. Thus, it would be rele- nasal allergies at the time of the tests. They were
vant to see whether sequential presentation of irritant informed about the general purpose of the study and
before odour alters the inhibitory response or not. gave their consent prior to their inclusion in the
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Table 1
Concentrations of phenyl ethyl alcohol
Concentration (% v/v) log (viv) (gcm3) (molcnm™3)
Pure liquid 100 0 D202 835x 103
Dilution step
1 8 —1.097 816 x 1072 6.68x 104
2 4 —1.398 408 x 1072 334x 1074
3 2 —1.699 204 x 1072 167x 1074
20 1526 x 107> —6.816 Q17 x 106 1.19x 1079
Table 2
Concentrations of butanol
Concentration (% v/v) log (v/v) (gem3) (molcm—3)
Pure liquid 100 0 ® 108 x 1072
Dilution step
1 4 —1.397 32x 1072 44%x 1074
2 133 —1.875 107 x 102 147x 1074
3 044 —2.352 3556x 10~3 489x 10°°
15 836x 1077 —8.078 669 x 1079 9.2x 10711

experiment. The study was conducted in accordance
with the Helsinki/Hong Kong Declaration.

2.2. Nasal stimuli

Olfactory thresholds were determined for two spe-
cific odorants in relation to their trigeminal properties.
The first was phenyl ethyl alcohol (PEA) §8100;
molecular weight= 122.2] without intranasal trigem-
inal properties, and the second was butanol (BUT)
[C4H100; molecular weight= 74.12] with middle
trigeminal properties. A dilution series was prepared
in deionized water for each stimulus. Starting from a
stock solution 8% for PEA (step 1 orPand 4% for
butanol (step 1 or B, dilutions by a factor of 2 and 3,
respectively, were prepared (Tables 1 and 2). After
successive dilutions, the full series include steps 1
to 20 for PEA and steps 1 to 15 for butanol. 4 ml
of each concentration were placed, for both odorants,
into glass bottles (7.5 cm high, 1 cm in diameter at the
opening). Another bottle was filled with only 4 ml of
deionized water (blank).

The nasal stimulus used to elicit a trigeminal
activation was allyl isthiocyanate (AIC) [GHsNS;
molecular weight= 99.15]. A stock solution (95%) of
AIC was diluted in mineral oil by a factor of 4. The

nasal stimulus was presented in a glass bottle filled
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 bottles
at a time, one being the blank (deionized water) and
the other containing the dilution of the chemical stud-
ied. The bottles were opened and immediately placed
under the subject’s nose. The subject’s task was to in-
dicate which one of the two randomly presented stim-
uli contained the odorant. Even if no sensations were
perceived or if no difference was apparent between the
bottles, the participant was required to choose one bot-
tle or the other. No feedback was given concerning the
correctness of the responses. For each odorant, testing
began at the weaker concentration so as to avoid ol-
factory receptor’s saturatn. For each concentration
level, the test was perforad five times. Concentra-
tion increased in steps until the subject achieved four
correct and consecutive responses in a row at some
concentration and the next higher. Threshold was de-
fined as the lowest odorant concentration of the two
successive concentration &s. The determination of
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the olfactory thresholds was based on criteria widely the statistical analysis showed a significant difference
employed in studies dealing with olfactory sensitivity between the thresholds without (mean threshsld

[16-19,25]. 13.55; SD= 1.5) and with (mean threshold 15.15;
SD=2.75) previous AIC stimulationt(= 2.387; p <

2.3.2. Olfactory thresholds measurements after 0.027). In the same way, for BUT the statistical analy-

previoustrigeminal stimulation sis showed a significant difference between thresholds

The same procedure as previously described waswithout (mean thresholg 7.85; SD= 2.36) and with
followed and, moreover, just before the successive (mean threshold = 9.95; SD = 3.33) previous AIC
trials of each concentration level, subjects were asked stimulation ¢ = 2.372; p < 0.05). For both PEA and
to sniff the bottle containing AIC during a limited BUT, the thresholds appeared lower (i.e. obtained at
period of 2 s (one inspiration). AIC was inhaled only lower concentration steps) when the nasal AIC trigem-
one time at the beginning of a new concentration level, inal stimulus was previously delivered, meaning that
because it is well known that the effect of a trigeminal olfactory sensitivity was increased.

stimulation runs during a few minutes [26]. For PEA ¢ = 0.106) and for BUT £ = 0.06), the
For each odorant tested, all subjects participated correlation coefficients between the thresholds with
separately in both sessions described above. or without previous AIC stimulation were very low.
Thus, the rise in olfactory sensitivity to PEA and BUT
2.4. Data analysis following AIC stimulation would be independent of

the subjects’ original sensitivity.

Olfactory thresholds were statistically evaluated A correlation analysis between the PEA and BUT
using Student-tests (paired and independent). An thresholds without AIC previous stimulation &
alpha level of 0.05 was considered as statistically 0.345) or after AIC previous stimulation- & 0.058)
reliable. The standard deviations were reported and showed no correlation. It meant that a subject with a
not significant results were noted as NS. high sensitivity to PEA for example did not display

systematically a high sensitivity to BUT. Moreover,

this low correlation pointed out the great variability

3. Results of the trigeminal stimulation impact among subjects.
A comparative analysis of the mal&v(= 7) and

The results are reported in Fig. 1. Mean thresh- female (v = 13) subjects showed that, whatever the
olds given were based on the dilution steps. For PEA, odour used, the thresholds were not depending on

20
Low
concentrations p<0,027 T
o 15 T
o O Without AIC trigeminal
1% MT:ﬁ p<0,05 ]' stimulation
c 10 - 2,05x10 _ ) ) )
5 MT:M moliem? l O With AIC trigeminal
= 3.86x1 . .
3 Folad hTe stimulation
(] 5 B | | wmT= [153x10% | |
High 2,05x10% [ mol/cm3
. mol/cm3
concentrations
0
PEA BUT

Fig. 1. Phenyl ethyl alcohol (PEA) and butanol (BUT) thresholds* with @heut previous allyl isothiocyanat(AIC) trigeminal stimulation

(N = 20). Starting from a stock solution 8% for PEA (step 1) and 4% faahai (step 1), dilutions by a factor of two and three respectively
were prepared. The full series include steps 1 to 20 for PEA ama dteéo 15 for BUT. * Thresholds were based on the dilution steps. The
corresponding mean thresholds (in morcHwere noted as MT.
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gender without (for PEA = 1.215 NS; for BUTr = CO, and amyl butyrate (a mixed olfactory and trigem-
0.979 NS) as well as with previous AIC trigeminal inal stimulus) and their 16 binary mixtures. They were
stimulation (for PEAt = 0.174 NS; for BUT ¢t = required to rate overall intensity, the intensity of odour
0.226 NS). and that of irritation. It was found that the odour of

amyl butyrate was suppressed by £@hich con-

firmed that pungency could diminish odour. Cain and
4. Discussion Murphy [13] also presented GQtwo seconds) before

amyl butyrate (two seconds on the same inhalation)

The results of the present study indicate that a in order to see whether sequential presentation of irri-
previous AIC trigeminal stimulation significantly de- tant before odour would alter the pattern of inhibitory
creased the olfactory PEA and BUT thresholds. In response or not. It was discovered that irritation inhib-
other words, these findings reveal that a short acti- ited odours, but only by about one-fourth the amount
vation of the trigeminakystem preceding an olfac- noted with simultaneous presentation. These findings
tory stimulation produced an increase in sensitivity to suggested that the timing of olfactory and trigeminal
odorants. Moreover, the fact that the results concernedactivation might be involved in the decrease or in-
both PEA and BUT showed that this rise was indepen- crease in olfactory sensitty. Moreover, the results
dent of the odorant quality (i.e., hedonic valence and observed were probably dependent on the nature of the
trigeminal activation levels). odorant and/or trigeminal substances used.

Several studies that have previously explored the  Several investigations have described several as-
interaction between odour and pungency have also pects and characteristics of chemicalirritation [3,9,26]
shown that trigeminal activation influenced the per- that could explain the possible mechanisms by which
ception of single odorants [14,27], suggesting that the trigeminal activity may influence olfactory process-
trigeminal system was involved in olfactory responses ing [10]. In the field of the intranasal trigeminal
to odour stimuli. Contrary to the present findings, the chemosensory modality, the most frequent molecule
psychophysical observations of these works argued used is capsaicin, the pungent ingredient of red pep-
rather for an inhibitory influence of trigeminal over pers [30-32]. This chemical irritant is known to acti-
olfactory activity. However, the experimental proce- vate the afferent chemosensitive C-fibres and to induce
dures used were not similar to the one we used: they a local and central release of substance P (SP) and of
consisted in presenting a chemical stimulus with both other neuropeptides [33]. Electrophysiological studies
odorant and pungent properties and/or a strong irritant indicated that spontaneoastivity of olfactory recep-
molecule. As early as the 19th century, the philosopher tors cells can be modified via a local axon reflex trig-
Alexander Bain (1868) noted that concentrated car- gered by odours and inducing the release of SP and
bon dioxide (carbonic acid) evoked pungency and re- other peptides [34—36] from trigeminal fibres inner-
marked: “If a current of carbonic acid accompanies an vating the olfactory epithelium [37]. This modulation
odour, the effect (odour) is arrested” [28]. In the same capacity of olfactory receptor responses to chemical
way, Katz and Talbert [29] observed that a vapour with stimuli could be related to the rise in olfactory sensitiv-
both odour and pungency might lose odour at high ity obtained after trigeminal activation. Otherwise, it
concentrations, irritation masking odour. A similar ef- has been shown that an application of capsaicin could
fect was seen by Cain [27] in an experiment in which induce an increased nasal vascular permeability and ir-
both the odour and the pungency of butanol were esti- ritating nasal symptoms, such as sneezing [38]. Thus,
mated by subjects. One subject, who generally found trigeminal activation may iftuence olfactory percep-
the stimulus to be more irritating that did any of the tion indirectly via nasal trigeminal reflexes designed
other subjects, reported that the irritation produced by to minimize potentially damaging exposure to noxious
the highest concentration masked odour. In a later ex- substances. Therefore, in addition to direct alteration
periment, the interaction between odour and pungency of receptor cell activity, the release of peptides from
was described to be a mutual inhibition when differ- trigeminal fibres in the epithelium may influence re-
ent stimuli for eliciting odour and irritation were used ceptor responses to odorants by changing the physi-
[13]. Participants received four concentrations each of cal conditions in the receptoneironment[39]. Other-
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wise, results of a recent study raised the possibility that [9] T. Hummel, Assessment of inmmasal trigeminal function, Int.
the trigeminal and olfactory systems could also inter- J. Psychophysiol. 36 (2000) 147-155.
actat central level [40]. The findings showed that some [10] W.L. Silver, Physiological factors in nasal trigeminal chemore-

tri inal l I ith di in th ception, in: B.G. Green, J.R. Mason, M.R. Kare (Eds.), Chem-
rgeminal ganglion cells with sensory endings in the ical Senses. Il. Irritation, Marcel Dekker, New York, 1991,

nasal epithelium also hdaranches reaching directly pp. 21-37.
into both the spinal trigeminal complex and olfactory [11] H. Stone, B. Wiliams, E.J.A. Carregal, The role of the
bulb. Thus, the collateral innervation of the epithelium trigeminal nerve in olfaction, Exp. Neurol. 21 (1968) 11-19.

and bulb may provide an avenue Whereby nasal irri- [12] H. Stone, C.S. Rebert, Observations on trigeminal olfactory

. . . interactions, Brain Res. 21 (1970) 138-142.
tants could affect processing of olfactory stimuli and [13] W.S. Cain, C.L. Murphy, Infiaction between chemoreceptive

consequently olfactory sensitivity. modalities of odour and irritation, Nature 284 (1980) 255-257.
The present work shows that a previous trigeminal [14] J.E. Cometto-Mufiiz, S.M. Hernandez, Odorous and pun-
stimulation with AIC has the Capacity to enhance ol- gent attributes of mixed and unmixed odorants, Percept Psy-

factory sensitivity, a fact that underlines the powerful chophys. 47 (1990) 391-399. ~ :
[15] W.S. Cain, Contribution of the trigeminal nerve to perceived

influence (_)f thg interrelationships between th_e olfac- odor magnitude, Ann. New York Acad. Sci. 237 (1974) 26-34.
tory and trigeminal systems on odour perception. Fur- [16] R.L. Doty, T.P. Gregor, R.G. Settle, Influence of intertrial
ther research could precise these interactions by using interval and sniff-bottle volume on phenyl ethyl alcohol odor
for the previous trigeminal activation other nasal irri- detection thresholds, Chem. Senses 11 (1986) 259-264.
tants differing in terms of their chemical characteris- [17] J.C. Stevens, W.S. Cain, R.J. Burke, Variability of olfactory
. . . thresholds, Chem. Senses 13 (1988) 643—-653.

tics. It would also be of interest t.O verify that the re- [18] W.S. Cain, Testing olfaction in a clinical setting, Ear Nose
sults are not the same when using a pure odorant as Throat J. 68 (1989) 322-328.

previous stimulation. Another way to describe in great [19] R.J.F. Elsner, Environment and medication use influence ol-
detail this phenomenon would be to change the mo- factory abilities of older adults, J. Nutr. Health Aging 5 (2001)

ment and the duration of trigeminal stimulation as well 9. _ ) . . .
the ch ical irritant trati [20] P. Brauchli, P.B. Riiegg, F. Etzweiler, H. Zeier, Electrocortical
as the chemicalirntant concentration. and autonomic alteration by administation of a pleasant and an

unpleasant odor, Chem. Senses 20 (1995) 505-515.
[21] G. Brand, L. Jacquot, Quality of odor and olfactory lateraliza-
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