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INTRODUCTION
Most chemical nasal stimuli have the propensity to stimulate
receptors of the olfactory nerve (Cranial Nerve I) located in the
upper recesses of the nasal cavity and free nerve endings of the
trigeminal nerve (Cranial Nerve V) (1). Sensations derived from
the trigeminal nerve are somatosensory and include burning,
stinging, itching, tickling, cooling, warming and pain sensations
(2). Repeated or continuous olfactory stimulation is well known
to elicit adaptation processes revealed by psychophysical mea-
sures, i.e. decrease of perce ived intensity and by psychophysi-
ological measures, e.g. decrease of skin conductance response
(SCR) amplitudes. In contrast, repeated trigeminal stimulation
induces differential responses according to inter-stimulus inter-
vals (ISIs) and the nature of chemical stimuli (3). Specifically,
trigeminal stimuli can produce increases in rated intensity with
short ISI, a phenomenon called sensitization and moreover,
with long ISI repeated trigeminal stimuli can produce marked-
ly decreases intensity, a phenomenon named desensitization.
Sensitization and desensitization by a chemical irritant have
been principally investigated on the cutaneous receptors and
the tongue. The first psychophysical evidence of such an effect
in the oral cavity came from Stevens and Lawless (4), who
observed that when capsaicin (or piperine) was presented twice
at the same concentration within a short interval, the second
presentation produced a more intense sensation than the first.
Subsequently, other studies have dealt with the question of
sensitization/desensitization by chemical irritants but few stud-
ies concerned the nasal cavity (5-7). A first study using capsaicin
(8) has shown sensitization when a second stimulus was deliv-
ered shortly after (<1 min) the first stimulus and desensitiza-
tion when the second stimulus was delivered >3-4 min later.

More recently (9), the same process has been demonstrated
with allyl isothiocyanate (mustard oil). In this latter study, psy-
chophysical (intensity ratings) and psychophysiological (SCR
recordings) were strongly correlated. In contrast, successive
nasal stimulations with acetic acid produced a self-desensitiza-
tion whatever ISI duration (10).
A neurophysiological point of view assumes that sensitiza-
tion/desensitization processes occur at peripheral level corre-
sponding to C-fibers (unmyelinated) and A-delta fibers (myeli-
nated) activation, two major fiber systems that participate in
the afferent chemosensitive innervation of the nasal epitheli-
um (11,12). Both kinds of fibers are activated by the intracellular
accumulation of protons, which modify the membrane con-
ductance (13). However, it has been suggested for a long time
that central mechanisms could be in part responsible of both
sensitization and desensitization processes (14). These central
mechanisms could occur in the same manner that those
involved in the regulation of pain sensation (15). Until now, no
experiment has assessed the peripheral and central mecha-
nisms involved in the sensitization/desensitization nasal
trigeminal processes. Thus, the aim of the present study was to
investigate the response, acute effects and time-course of sen-
sitization/desensitization to allyl isothiocyanate volatile nasal
stimulation during normal breathing in monorhinal condition
after a controlateral stimulation of the other nostril. Indeed,
insofar as both nostrils are anatomically separated, modifica-
tions in responses can be interpreted as involving central regu-
lation process. As the sensitization and desensitization process-
es are related to ISI, a short (45s) and a long (3m30s) ISIs were
tested according to previous data obtained in this field.

In order to investigate the role of central and peripheral mechanisms in nasal trigeminal sensiti-

zation/desensitization processes, the present work recorded psychophysical (intensity ratings)

and psychophysiological (skin conductance) responses to allyl isothiocyanate volatile nasal

stimulation - during normal breathing - in monorhinal condition after a controlateral stimula-

tion of the other nostril. Insofar as both nostrils are anatomically separated, modifications in

responses can be interpreted as a central regulation process. Results showed that sensitization

was clearly related to central mechanisms contrarily to desensitization which depended only of

peripheral level.
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MATERIALS AND METHODS
Subjects

Twenty female students participated in the experiment.
Subjects were taken from within a single gender because nasal
chemoreception is known to depend on gender. Women were
selected owing to the fact that this population appears general-
ly more homogeneous than the male population with respect
to nasal chemoreception, especially olfactory perception (16).
Their age ranged from 21 to 31 years (mean age 23 years, 2
months). All subjects were right-handed, non smokers and
none had a history of nasal-sinus disease. The study was con-
ducted in accordance with the Declaration of Helsinki – Hong
Kong and approved by an ethic committee.

Nasal stimulus

The nasal stimulus was allyl isothiocyanate (AIC) [Sigma –
C4H5NS, mol. Wt. 99.15) diluted at 25% in mineral oil, a con-
centration higher than the standardized detection thresholds
(17). The nasal stimulus under liquid form was presented in a
glass tube (7.5 cm high; 1 cm in diameter at the opening)
filled with 4 ml of liquid. The tube was presented to the sub-
ject during a limited period of 2s (one inspiration) at a dis-
tance of 1 cm from the nostril using a holder to avoid any
olfactory or thermic interference from the experimenter’s
hand.

Procedure

The subjects were comfortably seated in a quiet room. Before
the experiment, a control auditory stimulation (440 Hz, 60 dB,
1s) was used for the dial readings and adjustment of the base-
line in order to zero the Galvanic Skin Response (GSR) ampli-
fier. Then, visual cues were excluded by a blindfold and audi-
tory cues by a soundproof helmet. Additionally, the breathing
cycle (mouth open) was recorded with a Minigraph Lafayette
instrument (Model 76107 equipped with pneumo bellows) and
monitored in order to present the nasal stimulus at the outset
of inspiration and to check that the inspiration amplitude did
not change during the experiment. The nasal stimulus was
delivered to one nostril and the other nostril was blocked with
a nose plug. The side tested first was randomized. For each
subject, the full experiment was divided in four sessions occur-
ring on four different days, in relation to the inter-stimulus
interval (i.e. short ISI of 45s and long ISI of 3m30s) and to the
nostril first stimulated. Each session started with a 
5-minute rest period and lasted approximately 20-30 min. After
the Skin Conductance Response (SCR) recordings, the sub-
jects were asked to note the intensity of stimuli on a scale
ranging from 0 (not perceived) to 10 (very high).

SCR recordings

The SCR, expressed in microSiemens (μS), was recorded from
the left hand with a MacLab system (GSR amplifier;
ADInstruments) interfaced with a computer. The GSR amplifi-
er provided a low constant voltage (22 mV at 75 Hz). Skin

preparation consisted of washing the hand in soapy water, fol-
lowed by rinsing and thorough drying. Bipolar electrodes were
attached with a Velcro strip to the palmar surface of the mid-
dle phalanges of the first and second left fingers. When the
electrodes were in position, the subject was told not to move
and asked to relax to establish good baseline conductivity.

Data analysis

According to the classical recommendations (18), and previously
published studies (19-23) SCR data were as follows: phasic stimu-
lus-elicited SCR amplitudes referring to the first response were
> 0.02 μS, with a minimal slope of 0.01 μS/s which occurred
within an interval of 0.5 – 4 s after the onset of the stimulus.
The amplitude was scored from the inflection point to peak.
The observations of a response occurring during a modified
inspiration were excluded.
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Figure 2. Mean SCR amplitudes (μS) recorded in monorhinal condi-

tion before and after a previous controlateral nostril stimulation (Long

ISI of 3 min 30 s).

M
ea

n 
SC

R
 (µ

S)

P P

Figure 1. Mean SCR amplitudes (μS) recorded in monorhinal condi-

tion before and after a previous controlateral nostril stimulation (Short

ISI of 45 s). 
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Statistics

Student’s t-test (paired) and correlation coefficient were used for
statistical analyses. A criterion of α=0.05 was used for all com-
parisons and non-significant results were noted as ns. The arith-
metic mean and the standard deviation (SD) were included.

RESULTS
SCR amplitudes - Short ISI (45 s)

Results are reported in Figure 1. For the right nostril, the SCR
amplitudes obtained after the left nostril stimulation 
(m = 2.237, SD = 0.64) were significantly higher (t = 2.543, 
p < 0.023) than those obtained when the right nostril was first
stimulated (m = 1.268, SD = 0.26). In the same way, for the
left nostril the SCR amplitudes obtained after the right nostril
stimulation (m = 1.975, SD = 0.39) were significantly higher 
(t = 2.766, p < 0.015) than those obtained when the left nostril
was first stimulated (m = 1.066, SD = 0.21).

SCR amplitudes – Long ISI (3 m 30 s)

Results are reported in Figure 2. For the right nostril, the SCR
amplitudes obtained after the left nostril stimulation (m = 1.395,
SD = 0.39) were not significantly different (t = 0.542, ns) than
those obtained when the right nostril was first stimulated 
(m = 1.202, SD = 0.43). In the same way, for the left nostril the
SCR amplitudes obtained after the right nostril stimulation 
(m = 1.381, SD = 0.46) were not significantly different 
(t = 0.420, ns) than those obtained when the left nostril was first
stimulated (m = 1.208, SD = 0.37).

Intensity ratings – Short ISI (45 s)

Results are reported in Figure 3. For the right nostril, the
intensity ratings noted after the left nostril stimulation (m =
7.73, SD = 0.40) were significantly higher (t = 2.41, p < 0.03)
than those obtained when the right nostril was first stimulated
(m = 6.26, SD = 0.61). In the same way, for the left nostril the
intensity ratings noted after the right nostril stimulation (m =
8.26, SD = 0.33) were significantly higher (t = 4.58, p < 0.0004)
than those obtained when the left nostril was first stimulated
(m = 6.46, SD = 0.25).

Intensity ratings – Long ISI (3 m 30 s)

Results are reported in Figure 4. For the right nostril, the
intensity ratings noted after the left nostril stimulation (m =
6.46, SD = 0.42) were not significantly different (t = 0.361, ns)
than those obtained when the right nostril was first stimulated
(m = 6.66, SD = 0.44). In the same way, for the left nostril the
intensity ratings noted after the right nostril stimulation (m =
5.87, SD = 0.56) were not significantly different (t = 1.233, ns)
than those obtained when the left nostril was first stimulated
(m = 6.67, SD = 0.39).

DISCUSSION
Using the pungent volatile nasal stimulus allyl isothiocyanate,
the results of the present study indicated that the responses

(SCR amplitude and intensity ratings) obtained for one nostril
were significantly higher after controlateral nostril stimulation
when the ISI was short (45s). In contrast, when the ISI was
long (3m30s) no difference occurred in responses (SCR ampli-
tudes and intensity ratings) before and after previous controlat-
eral nostril stimulation. These findings are similar irrespective
of the nostril tested first, in accordance with previously pub-
lished work which compared psychophysiological as well as
psychophysical responses between both nostrils (21). Moreover,
psychophysiological and psychophysical results lead to the
same conclusion.

A previous experiment showed that sensitization and desensi-
tization processes following birhinal allyl isothiocyanate stimu-
lation were related to ISI (9) in the same way as oral stimula tion
(24). 
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Figure 4. Mean intensity ratings recorded in monorhinal condition

before and after a previous controlateral nostril stimulation (Long ISI

of 3m30s).
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Figure 3. Mean intensity ratings recorded in monorhinal condition

before and after a previous controlateral nostril stimulation (Short ISI

of 45s).
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Specifically, responses increased with short ISIs and decreased
with long ISIs. The findings of the present study indicate that
nasal trigeminal sensitization process seems to also take place
at central level and not exclusively at peripheral level. In the
same way, the findings indicate that nasal trigeminal desensiti-
zation could only occur at peripheral level insofar as no differ-
ence appears with a long ISI in responses, before and after pre-
vious controlateral nostril stimulation.
Most studies investigating the irritant properties of mustard oil
have been conducted on hairy skin (25-28). Mustard oil applied
to the skin induces pain sensation followed by sensitization
specifically characterized by hyperalgesia and allodynia (28).
However, responses to AIC applied to the skin differed from
those obtained with AIC inhaled via the nasal cavity (23). The
difference is due in a great part to the better accessibility of
irritant to nociceptive endings in nasal epithelium compared
with skin tissue.

From a peripheral point of view, allyl isothiocyanate probably
activates both C- and A-delta fibers insofar as a previous exper-
iment (29) indicated that the subjects noted equally stinging and
burning sensations following an AIC stimulation. C-fibers are
preferentially involved in the mediation of burning sensations
and A-delta fibers preferentially in stinging sensations (30).
Moreover, it is well known that messages mediated by C-fibers
and A-delta fibers differ in their response to repeated stimuli
(31,32). In contrast, it is not known if allyl isothiocyanate acti-
vates specific receptors such as vanilloid receptors (VR1) for
capsaicin (33), cold menthol receptors (CMR-1) for menthol (34)

or whether AIC activates nerve endings via a non-specific
action onto the membrane (35). Sensitization is largely mediat-
ed by progressive spatial recruitment of nociceptors as the
chemical diffuses through epithelial tissue, especially onto the
skin. Desensitization involves cellular processes leading to
reduced excitability of the nociceptor nerve endings. Although
both sensitization and desensitization processes may occur
simultaneously, it must be noted that allyl isothiocyanate
quickly diffuses through the nasal epithelium (contrary to cap-
saicin, for instance, which diffuses slowly through the epitheli-
um) and probably all the receptors are recruited after an initial
application (24). In this respect, central elicitation of sensitiza-
tion, as demonstrated in this experiment, could be hypothe-
sized. The trigeminal system activation indicates possible
harmful compounds action; the central sensitization could be
interpreted as a reinforcement of protective reflexes. In con-
trast, with a long ISI (3m30s), the desensitization process
observed in bilateral nasal stimulation with AIC (9) did not
occur in the present experiment. This fact suggests that the
desensitization process is not related to central mechanisms
and probably results from peripheral inactivation of nerve end-
ings following repeated stimulations.

From a central point of view, it has been shown that while ini-
tiation of central sensitization depends on input from sensi-

tized peripheral pathways, central sensitization can be main-
tained independently of peripheral input (36). As in the regula-
tion of pain via the trigeminal system described in a recent
study (37), this central process could occur in the trigeminal
ganglion (first-order neurons), in the trigeminal nucleus (sec-
ond-order neurons) and in the thalamus (third order neurons).
The sensitization is currently explained as a summation of the
successive inputs into the brain.

In this field, further research must delineate the central and
peripheral levels in cross-sensitization and –desensitization
insofar as it could influence smell-related behaviours (38,39).
Some studies have been focused on this topic in the oral cavity
(24,40) and in the nasal cavity (10). However, only peripheral
explanations based on nociceptor recruitment have been
hypothesized (41).

REFERENCES
1. Brand G. Olfactory/trigeminal interactions in nasal chemorecep-

tion. Neurosci Biobehav Rev 2006; 30: 57-65.
2. Kelly JP, Dodd J. Trigeminal system. In Kandel ER, Schwartz JH,

Jessel TM (Eds.), Principles of Neural Science. Elsevier, New
York, 1991. pp. 701-710.

3. Cain WS. Perceptual characteristics of nasal irritation. In Green
BG, Mason JR, Kare MR (Eds.), Chemical Senses. II. Irritation.
Marcel Dekker, New York, 1990 pp. 43-58. 

4. Stevens DA, Lawless HT. Enhancement of responses to sequential
presentation of oral chemical irritants. Physiol Behav 1987; 39: 63-
65. 

5. Hummel T. Assessment of intranasal trigeminal function. Int J
Psychophysiol. 2000; 36: 147-155. 

6. Hummel T, Schiessl C, Wendler J, Kobal G. Peripheral and cen-
tral nervous changes in patients with rheumatoid arthritis in
response to repetitive painful stimulation. Int J Psychophysiol.
2000; 37: 177-183.

7. Wendler J, Hummel T, Reissinger M, Manger B, Pauli E, Kalden
JR, Kobal G. Patients with rheumatoid arthritis adapt differently to
repetitive painful stimuli compared to healthy subjects. J Clin
Neurosci. 2001; 8: 272-277.

8. Sicuteri F, Fusco BM, Marabani S. Beneficial effect of capsaicin
application to the nasal mucosa in cluster headache. J Clin Pain.
1989; 5: 49-53.

9. Brand G, Jacquot L. Sensitization and desensitization to allyl
isothiocyanate (mustard oil) in the nasal cavity. Chem Senses.
2002; 27: 593-598.

10. Jacquot L, Monnin J, Lucarz A, Brand G. Trigeminal sensitization
and desensitization in the nasal cavity: the study of cross interac-
tions. Rhinology. 2005; 43: 93-98.

11. Anton F, Peppel P. Central projections of trigeminal primary affer-
ents innervating the nasal mucosa: a horseradish peroxidase study
in the rat. Neuroscience.1991; 41: 617-628.

12. Sekizawa SI, Tsubone H. Nasal receptors responding to noxious
chemical irritants. Resp Physiol. 1994; 96: 37-48.

13. Steen DA, Wegner H, Kreysel H, Reeh P. ThepH-release of rat
cutaneous nociceptors correlates with extracellular [Na+] and is
increased under amiloride, in vitro. Soc Neurosci Abs. 1995; 21:
648.

14. Cain WS, Murphy C. Interaction between chemoreceptive modali-
ties of odour and irritation. Nature. 1980; 284: 255-257.

15. Hummel T, Mohammadian P, Marchl R, Kobal G, Lötsch J. Pain
in the trigeminal system: irritation of the nasal mucosa using
short- and long-lasting stimuli. Int J Psychophysiol. 2003; 47: 147-
158.

16. Brand G, Millot JL. Sex differences in human olfaction: between
evidence and enigma. Q J Exp Psychol. 2001; 54B: 259-270.



152 Brand and Jacquot

17. Devos M, Patte F, Rouault J, Lafford P. Standardized Human
Olfactory Thresholds. University Press, Oxford; 1990.

18. Fowles DC, Christie MJ, Edelberg R, Grings WW, Lykken DT,
Venables PH. Committee report: publication recommendations
for electrodermal measurements. Psychophysiol. 1991; 18: 232-239.

19. Brand G, Millot JL, Henquell D. Olfaction and hemispheric asym-
metry. Unilateral stimulation and bilateral electrodermal record-
ings. Neuropsychobiol. 1999; 39: 160-164.

20. Brand G, Jacquot L. Quality of odor and olfactory lateralization
processes in humans. Neurosci Let. 2001; 316: 91-94.

21. Brand G, Millot JL, Saffaux M, Morand-Villeneuve N.
Lateralization in human nasal chemoreception: differences in
bilateral electrodermal responses related to olfactory and trigemi-
nal stimuli. Behav Brain Res. 2002; 133: 205-210.

22. Jacquot L, Monnin J, Brand G. Unconscious odor detection could
not be due to odor itself. Brain Res. 2004; 1002: 51-54.

23. Lucarz A, Buron G, Brand G. Evidence for autonomic responses
to pungent chemical stimuli applied to the skin and inhaled via the
nasal cavity. Neurophysiol Clin – Clin Neurophysiol. 2005; 35: 174-
179.

24. Simons CT, Carstens MI, Carstens E. Oral irritation by mustard
oil: self-desensitization and cross-desensitization with capsaicin.
Chem Senses. 2003; 28: 459-465. 

25. LaMotte RH, Thalhammer JG, Torebjörk HE. Peripheral neuronal
mechanisms of cutaneous hyperalgesia following mild injury by
heat. J Neurosci. 1982; 2: 756-781.

26. Magerl W, Gramer G, Handwerker HO. Sensations and local
inflammatory responses induced by application of carbachol,
dopamine, 5-HT, histamine and mustard oil to the skin of
humans. Pflug Arch. 1990; 415: 107.

27. Handwerker HO, Forster C, Kirchhoff C. Discharge patterns of
human C-fibers induced by itching and burning stimuli. J
Neurophysiol. 1991; 66: 307-315.

28. Koltzenburg G, Lundberg LER, Torebjörk HE. Dynamic and stat-
ic components of mechanical hyperalgesia in human hairy skin.
Pain. 1992; 51: 207-219.

29. Jacquot L, Monnin J, Brand G. Influence of nasal trigeminal stim-
uli on olfactory sensitivity. CR Biologies. 2004; 327: 305-311.

30. Mackenzie RA, Burke D, Skuse NF, Lethlean AK. Fiber function
and perception during cutaneous nerve block. J Neurology
Neurosurg Psychiat. 1975; 38: 865-873.

31. Price DD. Characteristics of second pain and flexion reflexes
indicative of prolonged central summation. Exp Neurol. 1972; 73:
371-387.

32. Price DD, Hu JW, Dubner R, Gracely R. Peripheral suppression of
first pain and central summation of second pain evoked by nox-
ious heat pulses. Pain. 1977; 3: 57-68.

33. Szallali A, Blumberg PM. Vanilloid (capsaicin) receptors and
mechanisms. Pharmacol Rev. 1999; 51: 159-212.

34. McKemy DD, Neuhausser WM, Julius D. Identification of a cold
receptor reveals a general role for TRP channels in thermosensa-
tion. Nature. 2002; 416: 52-58.

35. Kress M, Reeh PW. Transduction mechanisms in nociceptors.
Chemical excitation and sensitization in nociceptors. In Cervero F,
Belmonte C (Eds.) Neurobiology of Nociceptors. Oxford
University Press, Oxford, 1996; pp. 258-297.

36. Burstein R, Cutrer MF, Yarnitsky D. The development of cuta-
neous allodynia during a migraine attack. Clinical evidence for the
sequential recruitment of spinal and supraspinal nociceptive neu-
rons in migraine. Brain. 2000; 123: 1703-1709.

37. Borsook D, Burstein R, Moulton E, Becerra L. Functional imaging
of migraine and the trigeminal system. Headache. 2006; 46: S32-
S38.

38. Millot JL, Brand G. Lateralization of spontaneous smelling behav-
iors by humans. Percept Mot Skills. 2000; 90: 444-450.

39. Millot JL, Brand G, Henquell D. Effects of ambient odors on reac-
tion time in humans. Neurosci Let. 2002; 322: 79-82.

40. Green BG. Capsaicin cross-desensitization on the tongue: psy-
chophysical evidence that oral chemical irritation is mediated by
more than one sensory pathway. Chem Senses. 1991; 16: 675-689. 

41. McBurney DH, Balaban CD, Christopher DE, Harvey C.
Adaptation to capsaicin within and across days. Physiol Behav.
1997; 61: 181-190.

Dr G. Brand
Laboratoire de Neurosciences, 
Université de Franche-Comté 
Place Leclerc 25000 
Besançon 
France

E-mail: gerard.brand@univ-fcomte.fr


