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ABSTRACT 

Terminals of the trigeminal afferents innervating na- 
sal mucosa are called gate keepers, since these fibres 
detect substances entering the airways. Trigeminal 
excitation by irritants initiates airway defensive me- 
chanisms, and it is also attributed to the influence of 
lower airways resistance in a term of nasobronchial 
reflex. This phenomenon is frequently under debate, 
because some investigators were unable to confirm its 
existence. The aim of our study was to determine, 
whether pharmacological approach could be useful to 
reach high accuracy and better interpretation of the 
data obtained by Pennock’s method. Pennock’s me- 
thod, which is frequently used to measure airway re- 
sistance in vivo (Raw) in fact measures total airway 
resistance, however, the data are usually interpreted 
in a terms of bronchomotor response. The upper air- 
way component, which represents approximately 40% 
of Raw, is commonly not considered as being impor- 
tant in this method. 30 Dunkin Hartley guinea pigs 
were exposed to nasal stimuli (TRPA1 agonist—irri- 
tant allylisothiocyanate (10 mM, AITC), TRPM8 ago- 
nist with cooling potential menthol (10−3 M) and sa- 
line as a control). Raw was measured pre challenge as 
baseline, after nasal provocation and further, after 
nasal inhalation of histamine and methacholine (10−6 
M) each. The data showed rise of Raw only after na- 
sal AITC challenge, with further increased respon- 
siveness to histamine and methacholine (5.3 vs 10.18 
vs 11.26 vs 17.32 cmH2O.s−1, p  0.05). No significant 
changes were detected after saline, or menthol re- 
spectively. Data obtained in further experiment and 
its analysis showed that pre-treatment with nasal ad- 
ministration of 1% oxymetazoline but without salbu- 

tamol inhalation prevented the rise of Raw after nasal 
irritant challenges. Raw after nasal irritant challenges 
rises rather due to nasal response than due to nar- 
rowing of the lower airways. 
 
Keywords: Airways; Resisatnce; In Vivo; Pennock’s 
Method 

1. INTRODUCTION 

Nasal cavity is the first part of the respiratory system 
which is exposed to the ambient air [1]. Changes of the 
temperature, humidity and the presence of air born irri- 
tants could be potentially dangerous for the respiratory 
mucosa. Therefore these stimuli could initiate airway 
protective and defensive reflexes via activation of trige- 
minal afferents with the properties of nociceptors [2-4]. 

It is known that trigeminal excitation by different che- 
micals initiates the sensation of irritation, pain and lac- 
rimation [5]. Furthermore exposure to chemicals such as 
irritant vapours, air born pollutants or oxidizing sub- 
stances frequently induces sensation of chest tightness or 
dyspnoea, sometimes accompanied by wheezing [6]. It is 
believed that nasal exposure to irritants induces changes 
in the lower airway resistance named nasobronchial re- 
flex, which is believed to contribute to the mentioned 
chest sensations. Nasobronchial reflex, as a phenomenon, 
remains controversial, because the data about its exis- 
tence share conflicting evidence. 

A nasobronchial reflex has been hypothesized to ex-
plain the relationship between events occurring in the 
upper and the lower airways [7]. Sercer suggested the 
existence of such a reflex after he observed that blowing 
air into one nostril induced expansion of the ipsilateral 
thorax [5]. In another study, bronchoconstriction occur- 
red in individuals who had silica dust blown into their *Corresponding author. 
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nose, and in one subject who had previously undergone 
the unilateral trigeminal nerve resection, bronchocon- 
striction occurred only when the dust was blown through 
the neurologically intact side [8]. Also bronchoconstric- 
tion provoked by nasal cold dry air, histamine and am-
monia challenges had been reported [9-11]. Some invest- 
tigators, however, have been unable to confirm naso- 
bronchial reflex [12-14]. Another debate on nasobron- 
chial interaction is that nasal irritation may not be initia- 
ting the bronchial response, but it may potentiate a neural 
reflex initiated in the lower airways [15]. 

While in the human studies the bronchial narrowing 
after nasal irritation is measured by spirometry or plethy- 
smography, the results of animal studies are not easy to 
interpret because of methodological bias. In our research 
we use the Pennock’s method, which measures the air- 
way resistance in vivo, in restrained conscious animals. 
This method is commonly used to study effects of bron- 
choactive substances [16,17], however, interpretation of 
the data obtained by Pennock’s method must be consid- 
ered. There are two main resistors in the respiratory sys- 
tem-upper airway (nasal cavity with the turbinates and 
the mucosa which can modulate the patency very effec- 
tively) and the lower airways with the smooth muscles, 
which can contract or relax as a response to neural and/or 
humoral signalling. Pennock’s method measures the total 
airway resistance as it is explained in the original US 
patent application [18]. We postulated a hypothesis that 
pharmacological intervention, selectively blocking upper 
or lower airways component could contribute to the 
higher accuracy and better interpretation of obtained data. 
We decided to test the presence of nasobronchial reflex 
in conscious animal model and relevance of Pennock’s 
method in this observation. 

2. METHODS 

This study was conducted on male Dunking Hartley gui- 
nea pigs, obtained from accredited breeding facility (L. 
Sobota, Městec Králové, Czech Republic). Animals were 
housed in an approved animal holding facility main- 
tained at controlled room temperature 21˚C - 22˚C, hu- 
midity 60% - 70%, ventilation, 12-h light-dark cycle and 
had free access to water and standard animal food. 

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

Animals were adapted to laboratory conditions twice. 
They stayed in plethysmograpic box in order to get fa-
miliar with the environment and people responsible for 
the experimental manipulations. In the plethysmogra- 
phic box, they had been exposed to the aerosol of buff-
ered saline for 2 minutes that correspond to future ex-

perimental procedure and significantly reduces future 
stress. 

2.1. Nasal Challenges 

Based on the literature data, we decided to use TRPA1 
agonist allyl-isothiocyanate (AITC), hot component of 
horseradish, mustard or wasabi (Sigma). Stock solution 
of AITC in 1% DMSO (dimethylsufloxide) was prepared 
and then further diluted at the day of its use to 10 mM 
concentrations (maximal effective concentration in con- 
scious guinea pigs for nasal challenge, Brozmanova, 
personal communication). As a molecule with opposite 
effects-anti-irritating, calming and cooling-(-) menthol 
(10−3 M) TRPM8 agonist has been used. Stock solution 
prepared in ethanol was further diluted to 10−3 M.  As a 
negative control to both of these agonists isotonic saline 
(0.015 ml) warmed up to nearly body temperature (32˚C) 
was used. All of the solutions were administered bilater- 
ally into the each nostril of experimental animals using a 
thin plastic flexible catheter (external diameter 1 mm) 
with maximal caution to avoid damage of nasal mucosa 
(Figure 1). 

2.2. Assessment of Nasal Symptoms 

The symptoms intensity was evaluated by trained per- 
sons used a nasal symptom score system which was de- 
veloped and validated by Brozmanova et al. (2008) mat- 
ching symptoms intensity to numeric values (maximum 6 
and minimum 0). 

Nasal symptoms score was calculated based on vali- 
dated scale system. Observed processes were count of 
sneezes and: 

1) nasal discharge: no discharge 0, mild/moderate 1, 
discharge falls in drops from nose 2. 

2) eye/conjunctival reaction: no changes 0, hazy eyes1, 
visible lacrimation 2. 
 

 

Figure 1. Represents the way of administration of nasal stimuli 
in restrained conscious guinea pigs. 
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3) nasal phenomenon: no crackles 0, audible crackles 
1, crackles audible from a distance 2. 

2.3. Measurement of Specific Airway Resistance  
in Awake Guinea Pigs 

Specific airway resistance (Saw) was measured by a 
simple non-invasive plethysmographic technique, Pen- 
nock’s method [18]. Conscious animals were placed in a 
double chamber body plethysmograph composed of a 
head chamber and a body chamber (type 855, Hugo 
Sachs Electronic, Germany). The nasal airflow was mea- 
sured in the head chamber; the thoracic respiratory air- 
flow was calculated from the pressure changes in the 
body chamber. Both measurements were made with dif- 
ferential pressure transducers (Simsoft, Martin, Slovakia) 
and recorded to the PC for Pulmodyn Pennock W soft- 
ware analysis. 

In this system, the specific airway resistance is pro- 
portional to phase difference between nasal airflow and 
thoracic respiratory flow [18]. Specific airway resistance 
was calculated from the phase difference between the 
thoracic respiratory flow and nasal airflow based on Lis- 
sajous loop presentation of the thoracic respiratory flow 
and nasal airflow on the X- and Y-axis. Specific airway 
resistance was measured before the challenges assigned 
as baseline, then after nasal challenges of AITC, menthol 
and saline respectively. Finally, resistance was measured 
also after inhalation of histamine and methacholine aero- 
sols. 

In the second round of experiments, resistance was 
measured before nasal challenges assigned as baseline, 
then nasal administration of oxymetazoline 1% and in- 
halation of salbutamol (0.1 mg/ml) were used to observe 
separately upper and lower airway components of the 
airway resistance after nasal administration of selected 
agonists AITC (10 mM) and menthol (10 mM). 

2.4. Statistical Analysis of the Data 

Data representing the airway resistance are expressed as 
mean and standard error of mean. Analysis of variance 
(ANOVA for repeated measurements) was used to ana- 
lyze the data. As with any ANOVA, repeated measures 
ANOVA tests the equality of means. However, repeated 
measures ANOVA is used when all members of a random 
sample are measured under a number of different condi- 
tions. As the sample is exposed to each condition in turn, 
the measurement of the dependent variable is repeated. 
Using a standard ANOVA in this case is not appropriate 
because it fails to model the correlation between the re- 
peated measures: the data violate the ANOVA assump- 
tion of independence. p  0.05 was considered as being 
statistically significant. 

3. RESULTS 

3.1. Nasal Symptoms Score Induced by Selected 
Nasal Challenges 

Nasal administration of saline warmed up to body tem- 
perature (0.015 ml, bilateral challenge using thin plastic 
catheter) induced only a sneezing reflex, 2 - 3 sneezes 
per nostril in average, very likely because of mechanical 
irritation of the nerves on the turbinate mucosa. No other 
symptoms were observed. Administration of 0.015 ml of 
l-menthol isomer (10−3 M, bilateral challenge) induced 
similar sneezing response, and additionally, 4/15 guinea 
pigs rubbed their noses by the front limb, this reaction 
was transient, restricted to the interval immediately after 
the administration. Nasal administration of an airway 
irritant allyl-isothiocyanate (AITC) induced massive 
sneezing response, significantly higher than that ob- 
served after nasal saline or menthol challenges (3  1 vs 
10  4 sneezes per observed period of 15 minutes, p  
0.05). Except robust activation of sneezing reflex, ani- 
mals developed rhinorrhoea with nasal discharge, they 
rubbed their noses by the front limb, and they also deve- 
loped nasal acoustic phenomena (crackles) which are 
signs of nasal obstruction with secretion in the nasal pas- 
sages. 

These reactions were taken as an evidence for robust 
activation of nasal trigeminal afferents, particularly noci- 
ceptors. Menthol in this concentration was expected to 
stimulate distinct population of neurons, (TRPM8+/ 
TRPV1-population of trigeminal afferents), therefore no 
nocifensive reactions were observed. 

3.2. Specific Airway Resistance Measured by  
Pennock’s Method after Nasal Challenges 

Specific resistance was measured before nasal challenges 
(assigned as basal), then after nasal challenges of saline 
(0.015 ml), l-menthol and AITC (bilateral challenges) 
(assigned as after nasal challenge) and finally, animals in 
plethysmographic box were exposed to histamine aerosol, 
and methacholine aerosol to observe airway reactivity to 
most frequently used bronchoactive substances—more in 
methods section). Figure 2 represents the change of spe- 
cific airway resistance after nasal AITC, saline and 
l-menthol challenges. 

The specific resistance measured by Pennock’s me- 
thod was not significantly influenced after nasal chal-
lenges with saline and menthol. The rise of resistance 
was spotted after nasal AITC challenge, suggesting for 
nasobronchial reflex. Resistance rose even higher after 
inhalation of histamine and methacholine respectively, 
what was expected (5.3 vs 10.18 vs 11.26 vs 17.32 
cmH2O. s−1, p  0.05). Animals with nasal saline and 
l-menthol challenges responded to histamine and meth-
acholine less significantly than animals with nasal AITC  
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Figure 2. Represents the rise of the airway resistance after nasal administration of an irritant AITC 10 mM. 
Inhalation of histamine and methacholine provoked significant increase when comparing to baseline, however 
not significantly different with the value obtained after nasal AITC challenge. Additional rise of the resistance 
after histamine and methacholine could be attributed to the bronchomotor response, as the upper airway 
component is already involved. Nasal administration of saline and menthol did not provoke the rise of the 
airway resistance just by themselves. Further inhalation of histamine and methacholine provoked the rise of 
airway resistance probably by the combined upper and lower airway influencing mechanisms.*p  0.05. 

 
(data in saline and menthol lines were not significantly 
changed). This is a circumstantial evidence confirming 
increased responsiveness of the lower airway once the 
nasal afferents are robustly activated. 

3.3. Specific Airway Resistance Measured by  
Pennock’s Method after Nasal  
AITC—Effects of Nasal Decongestant  
versus 2 Mimetics Pre-Treatment 

In further studies we focused on the effects provoked by 
nasal irritant AITC after selective blocks of nasal reactiv-
ity by nasal pre-treatment with 1% oxymetazoline (1 
agonist and potent decongestant), which blocks nasal va- 
scular reactivity and salbutamol—2 agonist, which has 
bronchodilatatory effects. 

OPEN ACCESS 

Figure 3 documents the decrease of airway resistance 
measured by Pennock’s method from baseline (5.3  0.25 
to 3.7  0.3 cmH2O·s−1, p  0.05) after the nasal cavity 
was pre-treated with 1% oxymetazoline. Nasal admini- 
stration of AITC 10 mM to the nose pre-treated with 
oxymetazoline 1% did not induce significant rise of the 
airway resistance. Further inhalation of salbutamoll did 
not modulate the airway resistance in this model, con- 
firming the role of the upper rather than a lower airway 
component to the total airway resistance after nasal chal- 
lenge of airway irritants.  

4. DISCUSSION 

In our experimental setup, Pennock’s method was used to 

measure changes of the airway resistance in vivo in re-
strained conscious guinea pigs after stimulation of tri- 
geminal afferents by the airway irritant AITC. Nasal ad- 
ministration of an irritant AITC induced noticeable nasal 
symptoms, thus providing an indirect evidence of robust 
activation of nasal sensory nerves with somatomotoric, 
vascular and glandular response to this activation. It is 
believed that irritation of nasal afferents induces changes 
in the lower airway lumen, leading to the narrowing of 
the bronchi through bronchoconstriction (nasobronchial 
reflex). 

Nasal administration of AITC induced the rise of the 
airway resistance measured by Pennock’s method. Nasal 
administration of menthol and saline did not induce the 
rise of airway resistance at all (Figure 2). This result 
could lead to an interpretation, that nasal challenge with 
irritants induced rise of the specific airway resistance, 
which could be furthermore interpreted as an evidence of 
nasobronchial reflex. However, pre-treatment with sal- 
butamol and nasal decongestant oxymetazoline clearly 
showed that AITC induced rather nasal vascular conges- 
tion and mucosal swelling than bronchoconstriction. If 
there was a bronchoconstriction present, this would lead 
to decrease of the resistance after inhalation of salbuta- 
mol in the second round of experiments (Figure 3). 

This result is highly indicative of inaccuracy of the 
results obtained by Pennock’s method as they do not 
count the upper airway component to the airway resis- 
tance, which is approximately 40% - 50% [5]. Measure- 
ment of the airway resistance in restrained animals is  
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Figure 3. Documents the role of the vascular component of the 
upper airway resistance after 1% oxymetazoline pre-treatment 
with no further rise of the airway resistance after intranasal 
administration of 10 mM AITC. Inhalation of salbutamol 0.1 
mg/ml did not lead to any additional changes of the airway 
resistance. 
 
a very useful tool in the pharmacology and physiology 
measurements. Non-invasive airway mechanics provide 
information about airway function comparable to more 
invasive approaches, while retaining the inherent advan- 
tages of being more physiological and suitable for longi- 
tudinal follow up [16,17]. However, we do believe that 
upper airway component must be taken into considera- 
tion. Selective block of the nasal reactivity by nasal de- 
congestants could bring more accuracy to the observa- 
tions, because the data for lower airway component 
(smooth muscle) will become more reliable. 

In double chamber plethysmograph, or whole body re- 
strained measurement of the airway resistance, animals 
are exposed to histamine or methacholine aerosol respec- 
tively to observe the airway responsiveness to these most 
frequently used mediators. However, histamine receptors 
are expressed also on the nasal structures, which leads to 
mucosal swelling and discharge on exposure. Similarly, 
methacholine considerably activates glands in nasal air- 
way mucosa through cholinergic signalling [5]. 

Although the guinea pigs are obligatory nasal breath- 
ers, they inhale these mediators through the nose, thereby 
inducing effects in upper and lower airways as well. In- 
terpretation of such a result as a measure of bronchocon- 
striction would be very inaccurate. Logically, if an ani- 
mal is inhaling histamine or methacholine through intact 
airways, this would lead to decreasing patency of nasal 
passages (congestion, mucus output), but also decreasing 
patency of the lower airways via bronchoconstriction. 
The most important component contributing to the nasal 

airway resistance is the vascular reaction—vasodilatation 
and venous sinuses engorgement, therefore, administra- 
tion of nasal decongestants prior to the measurement of 
the bronchomotor response will block or limit the upper 
airway response, thereby referring more to lower airway 
response. 

Oxymetazoline is a topically applied nasal decongest- 
tant that has a vasoconstrictive effect on the nasal muco- 
sal blood vessels, thereby, rapidly relieving symptoms of 
nasal congestion. It acts as α-adrenergic agonist on rece- 
ptors of the vascular smooth muscle, constricting the ve- 
nous sinusoids within the nasal mucosa. This reduces 
blood flow through the nasal mucosa resulting in de- 
creased nasal oedema and a reduced sensation of nasal 
congestion. In common clinical doses and local admini- 
stration, it is an effective decongestant without systemic 
effects [19,20]. These can be observed only after acci- 
dental ingestion of 1 - 2 ml of decongestants (cardiovas- 
cular and metabolic effects and urine retention in sub- 
jects with hyperplastic prostatic gland mediated by α-ad- 
renergic receptors). 

To study the upper versus lower airway contribution to 
the airway resistance, AITC and menthol were used as 
interesting stimuli.  

AITC is an agonist of TRPA1 channel, abundantly ex- 
pressed on trigeminal nerves, and this channel based on 
its neurophysiological properties, activation profile and 
responsiveness to majority of air born pollutants, oxidiz- 
ing substances and products of oxidative stress is be- 
lieved to play a role of an airway irritant receptor [21]. 
Therefore, we decided to use a potent and robust active- 
tor of this channel, leading to noticeable symptoms and 
signs of nasal irritation. As an opposite mediator, we 
have chosen menthol, which is known for its calming, 
cooling, and anti-irritating effects. It is an agonist of 
TRPM8 channels, and its administration induces com- 
pletely opposite sensations when applied to humans. For 
the upper airways, it is frequently used to relieve the na- 
sal symptoms, particularly the nasal obstruction, as it 
induced feeling of better nasal airflow due to stimulation 
of cold/flow trigeminal receptors [22-24]. As a negative 
control to each of them, we decided to use saline warmed 
up to body temperature, as it is known that thermosen- 
sors are also abundantly expressed on nasal trigeminal 
afferents. Temperature and osmotic activity equal to the 
mucosal bilaminar cover makes it perfect to control chal- 
lenge medium. 

Nasal administration of AITC in our experiments in- 
creased nasal mucus output and swelling via activation 
of TRPA1 channel, which was manifested as acoustic 
nasal phenomena and laboured breathing. Mentioned 
effects were blocked by nasal pre-treatment with 1% 
oxymetazoline, thus suggesting for vascular component. 
Specific resistance measured after administration of this 
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potent decongestant dropped significantly from the base- 
line, providing evidence that nasal mucosal congestion 
contributes significantly to the airway resistance in nor- 
mal conditions, and this could even rise if the upper air- 
ways are exposed to the irritants. 

In vivo measurement of the airway resistance by Pen- 
nock’s method can bring very useful data about the air- 
way mechanics; however, upper and lower airway com- 
ponents to the total airway resistance must be taken into 
consideration. Selective pharmacological block of the 
nasal vascular response by decongestants can cut off 
positive false results which are obtained in fact by the 
reaction of the upper airways.  
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