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A b s t r a c t

Inhalation of aromatic vapours suppressed coughing induced by citric acid (CA) in naive animals. No data are
available about their effects in an animal model with primarily up-regulated cough reflex. New data indicate that
aromatic vapours suppress cough via effect on nasal sensory nerves. 

The aim of our study was to ascertain the efficacy of nasal application of 1,8-cineole, thymol and camphor on
nasal symptoms and CA induced cough in validated model of up-regulated cough reflex. Guinea pigs (n=13) were
sensitized by intraperitoneal administration of ovalbumin (OVA) and sensitization was confirmed 21 days later by
skin tests.  Sensitized animals were repeatedly challenged with nasal OVA to induce rhinitis, and further experi-
ments (cough challenges) were performed during the early phase of allergic inflammation. 

Cough was induced by CA in plethysmograph for 10 minutes after nasal pre-treatment with aromatic substances
(10-3M) in rhinitis model. Cough was recognized from record of sudden airflow changes interrupting breathing pat-
tern and cough sound. Final count of coughs was established by blind analysis using SonicVisualiser Software.
Dose responses curves, total cough count and cough latency were analyzed. 

Repeated intranasal challenge with OVA induces progressively worsening symptoms, and cough induced by CA
during acute phase of allergic rhinitis was enhanced. Nasal pre-treatment with 1,8-cineole, thymol and camphor
did not prevent onset of nasal symptoms, and the magnitude of symptoms was comparable to those without pre-
treatment. Camphor had the most potent antitussive effects (number of coughs 25±3 vs. 7±2, p<0.05) followed by
thymol (number of coughs 25±3 vs. 14±2, p<0.05). The data for nasal 1,8-cineole challenge did not reach statisti-
cal significance. Cough latency followed this trend. 

Although the magnitude of nasal symptoms is not influenced, the effect on cough is in case of camphor and thy-
mol significant. Our data showed that nasal application of aromatic substances suppress citric acid induced cough
in animals with up-regulated cough reflex. 
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INTRODUCTION

Interesting papers documenting the effects of herbal extracts on upper airway diseases
including cough were published, sharing evidence about tolerability and efficacy of these
extracts [1, 2, 3, 4, 5]. Thymol, camphor and 1,8-cineole are known as aromatic compounds,
which have been widely used in the symptomatic treatment of upper respiratory tract dis-
eases and cough despite little objective evidence as to their benefit. The evidence of anti-
tussive effect of camphor and cineole in a vapour form was obtained in naive guinea pigs
[6] and antitussive effect of thymol nasal challenge was documented in human healthy vol-
unteers [7]. 

It is suggested that aromatic substances can suppress cough via their action on sensory
nerves in the upper airways. This evidence was obtained for menthol and the data are sup-
ported by the sc-rt-PCR studies detecting high expression of TRPM8 channels on trigeminal
sensory afferents [8]. Based on the data from human healthy volunteers, aromatic sub-
stances influence also the urge-to-cough [7, 9]. This is circumstantial evidence that effect
of aromatic substances on cough is complex, involving supramedullar mechanisms. 

Thymol, 1,8-cineole and camphor exert characteristic olfactory sensation and when
applied to the skin or mucosa, they have anti-irritating effect, which is accompanied by
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cooling sensation. The molecular background for this effect is the TRPM8 ion channel,
which is activated by these natural ligands, and also by temperatures ∼ 25°C [10, 11].
Thermosensors are expressed in a subset of small diameter sensory neurons, which con-
stitute a functionally distinct population [12]. Thymol activates TRPV3 channel which is
expressed on skin, tongue, brain and afferent somatosensory neurons [13]. Camphor is also
TRPV3 agonist, and same time it strongly desensitizes TRPV1 ion channel [14]. Activation of
TRPV1 on vagus nerves directly triggers coughing, or up-regulates it, when nasal TRPV1+

neurons are stimulated [15, 16].
It is well known that cough undergoes up and down regulation by the mechanisms affect-

ing peripheral and/or central neuronal pathways involved in the neurogenesis of cough [17].
It has been documented already that stimulation of nasal afferents via TRPV1 receptor
enhances the cough response [15] and stimulation of TRPM8 channels down - regulates it
in healthy volunteers and naive animals [8,9]. No data are available about the effect of aro-
matic substances on cough, which is primarily up-regulated. This study was aimed to
ascertain the effect of 1,8-cineole, thymol, and camphor on nasal symptoms and citric acid
induced cough in animals with allergic rhinitis – a model validated by our colleagues [18].

METHODS

General notes
This study was conducted on male Dunking Hartley guinea pigs, obtained from an accred-

ited breeding facility (L. Sobota, Městec Králové, Czech Republic). The animals were housed
in an approved animal holding facility maintained at a controlled room temperature of 21-
22OC, with humidity 45 ± 10 %, ventilation, a 12-h light-dark cycle and had free access to
water and standard animal food.

Animal care was provided and the experiments were conducted in agreement with the
Animal Welfare Guidelines of the Comenius University and statutes and rules of the Slovak
Republic legislation. The current study was approved by decision No: 2999/07-221.

Animals were adapted twice to laboratory conditions in order to significantly reduce future
stress. They stayed in a plethysmographic box to familiarize themselves with the environ-
ment and the persons responsible for the experimental manipulations. In the plethysmo-
graphic box, they were exposed to aerosol of buffered saline for 2 minutes, which corre-
sponded to the future experimental procedure.  

Model of airway hyperresponsiveness and sensitization
Guinea pigs (n=13) were sensitized with intra peritoneal injection of ovalbumin (10 μg,

Sigma) administered with aluminium hydroxide in 1 ml of saline [19]. Successful sensiti-
zation was confirmed after 21 days by OVA skin prick test and oedema, redness/flare and
later infiltration were taken as evidence of successful sensitization. Allergic rhinitis was
induced by intranasal instillation of the antigen - ovalbumin (15 μl, 0.5 % OVA) and the
symptoms and signs appear almost immediately after the exposure. Magnitude of the
symptoms is individual, however, the duration of an acute episode of nasal symptoms last-
ed up to one hour in all animals with maximal magnitude after 15 min from the allergen
exposure. This model of allergic rhinitis was developed based on the Underwood’s study
and modified and validated in our laboratory [18, 19]. The most important advantage of
this model is up-regulation of cough, which allows to study the effects of defined aromat-
ic substances. 

Intranasal OVA challenge leads to nearly immediate response – since it induces nasal irri-
tation, sneezing, nasal discharge and audible acoustic phenomena – crackles. The symp-
toms intensity was evaluated by trained persons used a nasal symptom score which was
developed and validated by Brozmanova [18] matching symptoms intensity to numeric val-
ues giving maximum 6 and minimum 0 points of numeric scale as follows: 
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Nasal discharge: no discharge 0, mild/moderate 1, discharge falls in drops from nose 2
Eye/conjunctiva: no changes 0, hazy eyes 1, visible lacrimation 2
Nasal phenomenon: no crackles 0, audible crackles 1, crackles audible from a distance 2 

Nasal pre-treatment and protocol of the study
Citric acid - induced cough was assessed five times during the study, always in a week

intervals to avoid tachyphylaxis of the airway cough mediating afferents and maintain good
reproducibility of the cough response. The cough challenges were randomized, however, the
final expression of the data is in order 

Saline nasal challenge (negative control) – sensitized animals, but no rhinitis
OVA nasal challenge (positive control) – sensitized animals with rhinitis
OVA + 1,8-cineole – animals with rhinitis pre-treated with 1,8-cineole
OVA + thymol – animals with rhinitis pre-treated with thymol
OVA + camphor- animals with rhinitis pre-treated with camphor
This design was selected to ascertain the effects of selected aromatic substances on citric

acid induced cough. Aromatic compounds were administered to the both nostrils (0.015ml,
10-3M 2 min prior to the OVA challenge and the coughing was induced after 15 minutes after
the onset of nasal symptoms or in due time interval in control challenge. Concentrations
were selected based on our previous studies with menthol and other aromatic substances.

Citric acid -  induced cough in conscious guinea pig model
The awake animals (n = 13) were individually placed in the plethysmograph (type 855,

Hugo Sachs Electronic, Germany) which consists of a head chamber and a body chamber.
The opening between the head chamber and body chamber was equipped with a plastic col-
lar lining around the animal’s neck to prevent communication between the chambers. The
appropriate collar size was chosen for each animal to prevent neck compression. The head
chamber was connected to a nebuliser (Pari Provokation Test I, Menzel, Germany, manufac-
turer’s specification: output 5 l.min-1, particle mass median aerodynamic diameter 1.2μm).
A suction device adjusted to the same input (5 l.min-1) was connected to the head chamber
to maintain constant airflow through the chamber during the aerosol administration.
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Fig. 1 The screen of the software Sonic Visualiser, which is helpful tool in assessment of the cough sound, as the
second characteristic phenomenon of coughing. Cough sound is produced by the resonances of the airway struc-
tures, mainly structures of the supralaryngeal vocal tract. It also has a typical power spectrum, but Fast Fourrier
Transformation provided specificity at the level of trained observer – person experienced in cough sound analysis.
Sonic Visualiser is used together with the data for the airflow obtained by ACQ Knowledge. Matching the airflow
and sound optimizes the results for final count of coughs. 
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Respiratory changes, in particular airflow, were measured using a pneumotachograph
(Godart, Germany) with a Fleisch head connected to the head chamber. The data were
recorded with the acquisition system ACQ Knowledge (Biopack, Santa Barbara, CA, USA).
Respiratory sounds, including sounds during coughing and sneezing, were recorded by
a microphone placed in the roof of the head chamber and connected to a preamplifier and
MP3 recorder. The pneumotachograph and microphone output were simultaneously record-
ed for off-line analysis.  

The cough challenge was performed using an inhalation of 0.4M citric acid for 10 min.
Cough was defined as expiratory airflow interrupting the basic respiratory pattern accom-
panied by a coughing sound. Coughs were analyzed using cough-related sounds (Sonic
Visualiser Software) (Fig. 1) and airflow, by two trained persons, both were blind to the car-
ried out procedures. Their results were compared and (if no statistically significant differ-
ences occurred) averaged.  The animals were challenged by citric acid (CA) several times,
always with a one week interval between the challenges. The cough challenges began after
the onset of nasal symptoms in animals with rhinitis or in a due time interval in pre-treat-
ed animals or control challenge. 

Reagents 
Citric acid was purchased from Fisher (Slovak Republic) and freshly diluted to 0.4 M in

distilled water at the day of use. OVA, 1,8-cineole, thymol and camphor were purchased
from Sigma-Aldrich (Slovak Republic). 1,8-cineole, thymol and camphor were dissolved to
the stock solutions and further diluted to 10-3 M at the day of use. Aromatic substances
(10-3M; 0.015 ml of each) were instilled locally to the nostrils using thin flexible catheter. 

Statistical analysis
For count of coughs and cough latency data non- parametric not- paired tests and multi-

ple comparison ANOVA tests were used as appropriate. Data for final count of coughs and
cough latency are expressed as median ± interquartile range or mean ± standard error of
mean, respectively. P<0.05 was considered as statistically significant. 

RESULTS

Effects of aromatic substances on upper airway symptoms
Nasal administration of ovalbumin induced reproducible nasal symptoms such are irrita-

tion, sneezing, nasal discharge, nasal crackles and ocular symptoms starting with hazy
eyes, leading to fully developed conjunctivitis. All mentioned symptoms were carefully
observed and recorded by trained staff during fully developed rhinitis with no treatment,
and then in animals with rhinitis, but pre-treated with selected aromatic substances. Nasal
pre-treatment with camphor, thymol and 1,8-cineole did not minimize the nasal symptoms,
and the symptom score was similar after all observations. No tendency to improvement was
observed after all pre-treatments. Data not shown.

Effect of aromatic substances on cough latency and total cough response
Cough latency was measured from the beginning of the citric acid challenge until the first

cough appeared. The data are indicative for the strong anti-irritating effect of the aromatic
substances. Cough latency after intranasal administration of saline was 2.5±0.3 min, and
it declined to 1.5±0.5 min after nasal allergen challenge followed by rhinitis documenting
predisposition for the earlier cough appearance after the exposure to the tussive aerosol of
citric acid. The pre-treatment with 1,8-cineole, thymol and camphor prolonged the period
the animals remained free off coughing after the exposure to citric acid to 2±0.4 vs. 3.3±0.3
vs. 2.8±0.3, p<0.05 for thymol and camphor, data for 1,8-cineole did not reach statistical
significance (Fig. 2).
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Total count of coughs measured during 10 min exposure to citric acid followed this pat-
tern of changes. Number of coughs obtained during control condition after nasal adminis-
tration of saline was 10±2 coughs and this number increased to the 25±3 coughs after nasal
allergen challenge. Significant up-regulation of cough was expected to appear and it demon-
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Fig. 2 The data or the cough latency measured from the start of the exposure to citric acid. Cough latency after
intranasal administration of saline was 2.5±0.3 min, and it declined to 1.5±0.5 min after nasal allergen challenge
and rhinitis documenting the predisposition for the earlier cough appearance after the exposure to the tussive
aerosol in animals with upper airway pathology. The pre-treatment with 1,8-cineole, thymol and camphor pro-
longed the period the animals remained free off coughing after the exposure to citric acid to 2±0.4 vs 3.3±0.3 vs
2.8±0.3, p<0.05 for thymol and camphor, data for 1,8-cineole did not reach the level of statistical significance.
* p<0.05, SEM – standard error of mean, OVA – ovalbumin

Fig. 3 The total count of the cough efforts obtained in a provocation with 0.4 M citric acid in animals with
intranasal saline, OVA, and animals with rhinitis, but pretreated with aromatic substances. See legend. Number
of coughs obtained during control condition after nasal administration of saline was 10±2 coughs and this num-
ber arose to the 25±3 coughs after nasal allergen challenge. Significant up-regulation of cough was expected and
it demonstrates the effect of pathological process located in the upper airways on coughing. Observed reduction of
coughing to citric acid was most significant for camphor and also significant for thymol nasal challenge, again,
data for 1,8-cineole did not reach the level of statistical significance (17±3 vs 13±3 vs 7±2, p<0.05) in order
1,8-cineole-thymol-camphor. * p<0.05, med – median, IQR – interquartil range, OVA – ovalbumin.
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strated the effect of pathological process in the upper airways on coughing. Observed reduc-
tion of coughing to citric acid was most significant for camphor and also significant for thy-
mol nasal challenge. Data for 1,8-cineole did not reach statistical  significance (17±3 vs.
13±3 vs. 7±2, p<0.05) in order 1,8-cineole-thymol-camphor. (Fig. 3). 

DISCUSSION

This study demonstrated that intranasal administration of thymol and camphor (0.015ml,
10-3 M each) significantly reduced total count of coughs and prolonged the cough latency in
the conscious guinea pig model of allergic upper airway inflammation. 1,8-cineole only
showed the tendency to reduce coughing, however,  the data did not reach statistical sig-
nificance. 

At the other hand no one of selected aromatic substances influenced the onset, duration
or the magnitude of the nasal symptoms induced by the nasal administration of the aller-
gen ovalbumin. In our experiment, trained observers were in charge to measure and quan-
tify the magnitude and duration of nasal symptoms provoked by nasal allergen challenge as
the only way of objective assessment. Although this method was validated to objectively
measure and quantify nasal symptom score, we failed to observe any changes. This finding
is in agreement with previously published data that aromatic substances mainly improve
the subjective interpretation and perception of reduced upper airway  symptoms, however,
the objective measurement - for example acoustic rhino-manometry  remain unchanged
[20, 21]. And since the animal studies lack the subjective aspect, we have to conclude, that
effect of thymol, camphor and 1,8-cineole pre - treatment on nasal symptoms in allergic
rhinitis is not considerable. 

Nasal administration of these substances, except of the 1,8-cineole, significantly pro-
longed the cough latency and reduced the total count of coughs induced by citric acid. The
data from study performed on naive animals were obtained after inhalation of vaporized
camphor, thymol and 1,8-cineole [6]. Although the guinea pigs are obligatory nasal
breathers, it is probable that considerable amount of the vapours was trapped in the nasal
passages and that only a small proportion reached the lower airways. Therefore the effect
of nasal sensory afferents in cough down- regulation cannot be excluded in that study [6].

It is known, that terpenes have also direct effect on vessels, smooth muscles and glands
in the airways [22] and these direct effects must be taken into consideration when possible
antitussive action is discussed. However, our experiment was designed to apply the sub-
stances exclusively to the upper airway in 0.015 ml volume. It was identified using the
Evans blue dye that this volume is distributed over the nasal mucosa, and no staining was
observed in the more distal airways. Since the airways were not separated, it is not com-
pletely possible to exclude the alternative that some of the molecules of terpenes were
inhaled to the lower airways, but we suppose, that major effects were induced in the nasal
mucosa. 

The antitussive affect of our tested substances after their administration to the nose
together with the data obtained in our previous studies [8, 9] indicate that antitussive effect
of aromatic substances is probably mediated by trigeminal sensory afferents, possibly
involving olfactory and supramedullar influences. 

While the study in naive animals documented that 1,8-cineole has the most potent anti-
tussive effect [6] our data indicate that 1,8-cineole provided weak, statistically not signifi-
cant effect on cough latency and total cough count. This conflicting evidence could be a con-
sequence of the nature and the design of the experiments (naive versus allergic animals,
inhalation of vaporized cineole versus intranasal administration of it) and finally natural
variability of the studied populations. A confounding feature of all studies where multiple
challenges are performed on animals is a variation in response due to high variability of the
conscious guinea pigs cough response. This factor could be responsible for non significance
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in final statistical evaluation. Another factor must be taken into consideration. It is the
amount of the cineole and also all of the substances applied to the nose with ability to stim-
ulate nasal afferents as the guinea pigs may expel some amount of it as soon as it was
applied. It is possible to anaesthetize the nasal mucosa prior to the challenge of allergen for
example, but this modification is absolutely in disagreement with the concept when the role
of the nasal afferents is investigated [23].

It is known that antitussive effect of menthol - one of the aromatic terpenes is exclusive-
ly mediated by TRPM8 expressing afferents, which produce different sensations when com-
paring to TRPV1. TRPV1 activation is known to either provoke or facilitate coughing [15, 16].
In our experiment we used TRPM8 agonists – camphor and 1,8-cineole, but also thymol.
Thymol and camphor are known TRPV3 agonists [24] and their intranasal administration
reduced coughing as well. This is indirect evidence, that cough suppressing effect is not
necessarily channel - specific process. The results obtained after the camphor and thymol
challenges could be circumstantial evidence about the importance of TRPV1 as the channel
responsible for induction and up-regulation of cough, as they both strongly desensitize
TRPV1 ion channel [14]. Camphor also activates and sensitizes TRPM8 channel, which is in
agreement with our previous findings [8, 9]. 

It is speculated that mechanism of the action for all aromatic substances applied to the
nose (menthol, thymol, cineole, camphor) is mediated via changes of the breathing pattern.
We did not measure the respiratory rate and the tidal volume through the entire experiment,
because it is modified by citric acid inhalation which considerably influences the breathing
pattern and the airway lumen [24, 25].  There are studies in which the authors described
reduction of ventilation followed by reduction of the cough response after nasal challenges
of water, allyl-iso-thiocyanate and menthol respectively [26, 27].  

It is generally accepted, that respiratory and - cough related neuronal networks overlap
significantly and that stimuli that increase ventilatory drive also frequently potentiate cough
and vice versa, the depression of ventilation usually results in the depression of cough [28,
29] at least in rodents.

The explanation relies so far on a mechanistic understanding of the airway reflexes, where
cough with its deep inspiration should be inhibited to prevent “aspiration” of the substances
entering the nose [27]. Whether this orchestration of the airway protective and defensive
reflexes exists is not know at the moment and further studies are necessary to clarify inter-
action between individual airway reflex responses. 

Cough is modulated by the cortical influences [30] and many other factors like behav-
ioural, attentional, cognitive influences [31]. In this aspect it is very important to note olfac-
tory signalling, or trigeminal-olfactory relationships. The nature and extend of interactions
between trigeminal and olfactory stimulation are poorly understood however TRPM8 and
TRPV3 were detected both on trigeminal and olfactory nerve terminals [32]. For example
exposure of the nose to the malodorants  increases the responsiveness of trigeminal nerves,
and this mechanism is mediated by paracrine signalling pathway between olfactory and
trigeminal nerves [33]. Also, patients with acquired olfactory loss exhibit reduced trigemi-
nal sensitivity, possibly due to the lack of the interactions. Therefore the contribution of the
olfactory influences must be considered. 

In conclusion, we demonstrated that nasal administration of the camphor and thymol sig-
nificantly reduces coughing induced by citric acid in the animal model of airway hyperre-
sponsiveness. Empirical use of the over-the-counter medication against cough and common
cold is getting stepwise explained by our recent understanding of the cough plasticity, ion
channels activation, and the role of some natural ligands capable to activate them (34).
Further studies are necessary to clarify for example the effects of aromatherapy and other
approaches using natural volatile substances. The message from our study for symptomatic
treatment of the airway diseases is very promising, as the most frequently used preparation
as nasal drops, sprays or instillations. As it was demonstrated, even intranasal administra-
tion of aromatic substances can suppress coughing via mechanisms of cough plasticity.  
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