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Effect of the cooling sensation induced by
olfactory stimulation by L-menthol on
dyspnoea: a pilot study
To the Editor:
It is common for us to encounter patients suffering from dyspnoea who can occasionally obtain subjective
relief when they sit near an open window or in front of a fan. In fact, a recent randomised controlled
study showed the effectiveness of a handheld fan blowing air across the nose and mouth in reducing the
sensation of breathlessness in patients with advanced disease [1]. It has also been reported that, in patients
with chronic obstructive pulmonary disease, breathing cold air reduces the sensation of dyspnoea and
improves exercise performance [2]. However, the mechanism behind this effect remains unclear.
Transient receptor potential melastatin 8 (TRPM8) channels are gated by cold temperature [3]. Expression
of the TRPM8 gene has been observed in trigeminal and vagal afferent neurons [4]. Recent studies and
reviews have provided a solid basis showing that L-menthol also acts on the TRPM8 channels in
peripheral sensory neurons [5–7]. L-menthol-evoked activation of TRPM8 channels induces a cooling
sensation, and respiratory peripheral afferent input from TRPM8 stimulation is thought to play a key role
in monitoring flow in the airway [8]. However, although facial or nasal airflow seems to have an important
role in reducing dyspnoea, the effect of the L-menthol-evoked cooling sensation on exertional dyspnoea
has not yet been fully elucidated. As it is recognised that the perception of dyspnoea results partly from
neuroventilatory uncoupling [9], which is a mismatch of the command to breathe and the mechanical
response, alterations to the sensory afferents via the activation of TRPM8 may represent a novel
therapeutic opportunity for the treatment of dyspnoea induced by exercise.
Exercise-induced dyspnoea often occurs during various activities of daily living in diverse respiratory
diseases [10], and it is known to be modulated by peripheral sensory afferents in skeletal muscle [11, 12].
Like any other sensation, the intensity of dyspnoea during exercise is determined by a combination of
peripheral afferent inputs and central gain amplification [13]. However, it has not been clarified whether
olfactory stimulation of TRPM8 alters exercise-induced dyspnoea. In the present study, we analysed the
effect of olfactory stimulation by L-menthol (OSM) on dyspnoea induced by constant-load exercise. As there
is evidence that the activation of peripheral afferents caused by locomotor muscle contraction can augment
the perception of dyspnoea [14], the state of the peripheral sensory input that is involved in dyspnoea during
inspiratory resistive load breathing may be different from that in exertional dyspnoea. In addition, sustained
resistive load breathing is often used for inspiratory muscle training, which would evoke dyspnoea. We
therefore simultaneously investigated the perception of dyspnoea during external inspiratory resistive loads.
25 healthy subjects (mean±SD 21.6±2.1 years old; 11 female; body mass index: 21.7±2.6 kg·m−2) were
enrolled in our randomised, single-blind, placebo-controlled, crossover study. The subjects came to our
laboratory for 5 days within a 2-week period, and each experimental session was separated by a 24-h
interval. During the first visit, the subjects were given a short training period to accustom them to the
apparatus and the use of the modified Borg scale. Then, the subjects performed a symptom-limited
incremental cycle exercise test to determine the exercise intensity corresponding to an oxygen
consumption (VʹO2) of 80% of the anaerobic threshold (80% AT-watts). During the exercise, VʹO2, carbon
dioxide production, minute ventilation, breathing frequency and tidal volume were measured by using a
facemask connected to a metabolic analyser. OSM was administered by using an L-menthol-scented patch.
The placebo patch had a strawberry odour. These patches, which contained monocomponent L-menthol
or strawberry scent (Harou-herb, Toko Industry, Ebetsu, Hokkaido, Japan), were attached to the inside of
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a facemask. During the second and third sessions, pulmonary function test measurements were taken
before and after 10 min of olfactory stimulation by placebo (OSP) or OSM, which was assigned in a
randomised manner, followed by 10 min of constant-load cycling with OSP or OSM at the exercise
intensity corresponding to the VʹO2 at 80% AT-watts. During the fourth and fifth sessions, dyspnoea was
induced by introducing an inspiratory resistive load to the external breathing circuit, and was assessed
using the modified Borg scale under the OSP or OSM condition, which was assigned in a randomised
manner [15, 16]. In brief, the sensation of dyspnoea was measured while the subject breathed through a
Hans–Rudolph valve with a linear inspiratory resistance (R) of 0, 5, 15, 25 or 35 cmH2O·L−1·s−1. The
loads were presented in the order of increasing magnitude. Neither ventilation nor breathing pattern was
controlled during the test. After breathing for 1 min at each level of resistance, the subject rated the
sensation of dyspnoea (discomfort when breathing); the subjects were instructed to avoid rating
non-respiratory sensations, such as headache or irritation of the pharynx. Comparisons were performed
using the modified Borg score at each load (R=0, 5, 15, 25 or 35 cmH2O·L−1·s−1). For each subject, the
estimated dyspnoea Borg scores were plotted against the corresponding amounts of the resistive loads
using a log–log transformation. Because it is known that a linear relationship exists between the amount of
the load and the dyspnoea Borg score on a log–log scale [13], the slope and intersection were determined
by linear regression analysis on a log–log scale. Then, the log dyspnoea thresholds were estimated as the
point of intersection with the x-axis, using the linear regression equation of the log–log relationship
between the amount of the inspiratory resistive load and the modified Borg score. All subjects provided
written informed consent for participation, and the study was approved by the institutional review board.
All subjects completed the experiments without any difficulty or side-effects. They all described a cooling
sensation in the nose and/or airway during each session with OSM, but not with OSP. None of the
subjects perceived any unpleasant smells during OSM or OSP. There were no significant changes in
pulmonary function in response to the 10-min OSM (forced expiratory volume in 1 s (FEV1): 4.20±0.80 L
versus 4.12±0.78 L; forced vital capacity (FVC): 4.71±0.82 L versus 4.69±0.83 L; FEV1/FVC: 88.56±5.78%
versus 88.72±5.01%) or OSP (FEV1: 4.14±0.71 L versus 4.15±0.72 L; FVC: 4.62±0.81 L versus 4.71±0.81 L;
FEV1/FVC: 86.73±5.45% versus 86.76±5.42%). The perception of dyspnoea during constant-load exercise
revealed a significant interaction between the olfactory conditions (OSP and OSM) and the duration of
exercise. As shown in figure 1a, exertional dyspnoea under the OSM condition was significantly lower
than that under the OSP condition from 3 min after the start of the exercise to 1 min after the end of the
exercise. There was, however, no significant difference in tidal volume, respiratory rate, minute ventilation,
heart rate or VʹO2 between the OSM and OSP conditions (data not shown).
The perception of dyspnoea during external inspiratory resistive loading revealed a significant interaction
between the olfactory conditions (OSP and OSM) and the external inspiratory resistive load ( p<0.05). As
shown in figure 1b, the modified Borg score during inspiratory resistive load breathing under the OSM
condition was significantly lower than that under the OSP condition from R=25 to R=35 cmH2O·L−1·s−1.
The log–log slope between the inspiratory resistive load and the dyspnoea Borg score was estimated for
each subject. As shown in figure 1c, there was a significant difference between the log–log slopes of the
OSP and OSM conditions ( p<0.05), suggesting that the central processing of respiratory-related signals in
response to inspiratory resistive load breathing was downregulated by OSM. There was no significant
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FIGURE 1 a) The comparisons in modified Borg scale during constant-load exercise between olfactory stimulation by placebo (OSP) and olfactory
stimulation by L-menthol (OSM) were performed using two-way repeated ANOVA with Fisher’s PLSD post hoc test. Data are presented as means
with standard errors. #: p<0.03; *: p<0.05. b) The comparisons in the modified Borg scale during external inspiratory resistive loads breathing
between OSP and OSM were performed using two-way repeated ANOVA with Fisher’s PLSD post hoc test. *: p<0.05. c) Dyspnoea log-log slope
calculated by the log-log linear regression when dyspnoea Borg scores were plotted as a function of resistive loads. Closed circles and error bars
indicate the mean value and standard error. p-values were calculated by paired t-test. *: p<0.05.
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difference in the log dyspnoea threshold between the OSP and OSM conditions (data not shown); this
indicated that L-menthol caused no significant changes in the peripheral sensors involved in unpleasant
respiratory sensations induced by inspiratory resistive loads and that there is a larger contribution from
central gain mechanisms than from peripheral ones.
The results of the present study suggest that OSM reduces the perception of dyspnoea induced by
constant-load exercise and inspiratory resistive loads in normal volunteers. We also confirmed that OSM
produced no side-effects.
Olfactory information ascends directly to the limbic system; therefore, odour induces immediate emotional
changes and may also influence the respiratory rate and tidal volume. Several neuro-imaging studies found
strong activation of the left amygdala and orbitofrontal cortices when subjects smelled highly aversive
odours [17, 18]. In addition, ROYET et al. [19] revealed that unpleasant odours activated the piriform–
amygdala area and ventral insula more strongly than did pleasant odours. In the present study, no subject
perceived the control or target olfactory stimulus as an unpleasant smell. In addition, no significant
difference in respiratory rate or tidal volume during constant-load exercise was found between the OSP
and OSM conditions, suggesting that the influence of OSM on respiratory changes may have been
relatively modest in this study.
The underlying mechanism behind the inhibitory effects on dyspnoea of the cooling sensation from
L-menthol may be mediated through a peripheral effect on TRPM8 and central neural mechanisms. The
expression of TRPM8 has been observed in nasal trigeminal and vagal neurons [4]. In this study,
L-menthol could be deposited onto the nasal and tracheal mucosa and lungs via odour. However, previous
studies have shown minimal expression of TRPM8 on bronchopulmonary vagal afferents [3, 6, 8].
Moreover, PLEVKOVA et al. [4] demonstrated that although L-menthol vapour markedly inhibited citric
acid-evoked coughing, L-menthol had no effect on citric acid-evoked coughing when administered directly
to the tracheal mucosa or when delivered as an aerosol to the intrapulmonary airways in anaesthetised
guinea pigs. Thus, the respiratory reflex may be modulated by the activation of TRPM8 on nasal
trigeminal neurons. As some pulmonary and airway sensory receptors and afferent pathways are common
to both cough and dyspnoea [11], the activation of TRPM8 by L-menthol on nasal trigeminal endings
may similarly play a key role in inhibiting dyspnoea.
It is possible that stimulation by L-menthol of TRPM8 on nasal trigeminal endings may also be the first step
in eliciting a cognitive illusion of airway flow from the cooling sensation (i.e. cognition of an increased
airway flow) that could improve the dissociation between the central ventilator drive and incoming afferent
ventilator information from peripheral sensory nerves. On the other hand, it has been reported that menthol
inhibits neurokinin A- and capsaicin-induced bronchoconstriction in vivo in guinea pigs [20]. However, in
the present study, our observations were consistent with those of a past study revealing that the inhalation of
menthol does not alter upper airway resistance in humans [21]. Therefore, it can be reasonably assumed that
the cognitive illusion of airway flow from a cooling sensation can be associated with a reduction of dyspnoea
from OSM during constant-load exercise and inspiratory resistive load breathing.
In conclusion, these results shed light on the possibility that the cooling sensation from OSM may provide
an effective and safe pharmacological therapy that can be applied to relieve sensations of dyspnoea during
both the static state and exertion.
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