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INTRODUCTION
Some smokers often feel the increase in nasal patency while
smoking. The mechanism underlying this experience has not
sufficiently been clarified because few reports have addressed
the effect of smoking on the human nasal mucosa. However,
several changes in cerebral circulation, cardiac muscle tension
and other systemic vessels after smoking have already been
reported (Ball and Turner, 1974; Toda, 1975; Toda and
Okamura, 1990; De Sousa et al., 1991). Nasal patency is mainly
due to the smooth muscle tension around the nasal vascula-
ture. Considering previous reports, the feeling of increased
nasal patency seems to originate from the nasal mucosal con-
traction that is due to the smooth muscle contraction of nasal
blood vessels (Cauna and Cauna, 1975). 
In this study, the effects of smoking and nicotine, an important
constituent of cigarettes, on the nasal mucosa were investigat-
ed using two methods. An in vivo method is acoustic rhinome-
try (AR) while the other method is the in vitro bioassay tech-
nique, which was performed using isolated human nasal
mucosa preparations. 
AR is an apparatus for assessing the geometry of the nasal cav-
ity (Hilberg et al., 1989). After the invention of AR, the nasal
cavity volume as an index of nasal patency can be easily evalu-
ated. This method, which is based on sound reflection analy-

sis, provides an estimate of the cross-sectional area and the
volume of the nasal cavity as a function of the distance from
the nostril. Using AR, the response after administration of
some neurotransmitters to the human nasal cavity in vivo

could be easily investigated (Nakamoto et al., 1997; Silkoff et
al., 1999). In the AR study, the volume changes of the nasal
cavity caused by cigarette smoking and chewing a nicotine
gum, named Nicorette®, were measured respectively.
Nicorette® was invented as a smoking cessation aid in Sweden
(Pharmacia & Upjohn) in 1978. It includes 2.0 mg nicotine
((S)-3-(1-methyl-2-pyrrolidinyl) pyridine) bound to ion-
exchange resin and emits nicotine that is gradually absorbed
into the intraoral mucosa by chewing. The low peak concentra-
tion of nicotine in the serum and the serum concentration-
time curve both suggested the efficacy of the smoking cessa-
tion aid curing for cigarette addiction. Approximately 1 mg of
nicotine is dissolved within 30 minutes of chewing (MacNabb
et al., 1982; Benowitz et al., 1987). There has been some
debate about how nicotine behaves, particularly at the nico-
tinic cholinoreceptor and sympathetic nerve terminal levels in
human organs. In this study, the human nasal mucosa
obtained by resection during nasal surgery was used for the
investigation of nicotinic vasoactivity on the human nasal
mucosa.

In this study, we investigated the effects of smoking and nicotine, an important constituent of

cigarettes, on the nasal patency using acoustic rhinometry (AR) and an in vitro bioassay tech-

nique. In the AR study, the nasal cavity volume of volunteers classified into two groups, smok-

ing and nicotine chewing gum groups, was measured. The nasal cavity volumes immediately

after smoking and 5 minutes after smoking significantly increased compared with that before

smoking (P<0.05), whereas the nasal cavity volume after chewing a nicotine gum was

unchanged compared with that before chewing the gum. An in vitro study showed significant

nicotine-induced contraction of the human nasal mucosa (50.2 ± 14.0% noradrenaline-

induced contraction: n=10). The threshold nicotine level that can induce human nasal

mucosa contraction was 3.0 x 10
-7

M. Prazosin (10
-6
M) inhibited nicotine-induced contraction

incompletely (20.5 ± 7.5% of noradrenaline-induced contraction n=5). These results indicate

that smoking increases nasal patency and that nicotine induces contraction of the human

nasal mucosa. The nicotine-induced contraction is likely mediated, at least in part by alpha1-

adrenoceptors. 
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MATERIALS AND METHODS
Acoustic rhinometry (AR)
Subjects

All volunteers, who were informed of the aim and side effects
of this experiment and consented, were free from nasal symp-
toms and diseases. As far as we checked the nasal cavity by
anterior rhinoscopy before this measurement, there were no
abnormal findings in all volunteers. The two groups of volun-
teers were the cigarette-smoking group (smoking group), 8
men whose age ranged between 24-35, and the nicotine-gum-
chewing group (chewing-gum group), 10 men whose ages
ranged between 24-38. The men in the smoking group smoked
more than 20 cigarettes a day and had a smoking history of
more than four years.

Methods and statistical analysis

The nasal volume of the smokers was measured using AR
(model A1-Acoustic Rhinometer; G.M. Instruments Co., UK).
Measurement of the nasal cavity volume by AR was carried
out in a soundproof room. The temperature and humidity
were 18-22oC and 40-70%, respectively. The nasal cavity vol-
ume of these subjects was measured as follows:
1. Smoking group: before smoking and every 5 minutes after

smoking; smoking period was 5 minutes. The cigarette used
contained 0.6 mg of nicotine.

2. Gum-chewing group: before chewing Nicorette® (nicotine
gum) and every 5 minutes after chewing it; chewing period
was 30 minutes. Nicorette® contained 2.0 mg of nicotine.

The volume of each nasal cavity was measured three times by
AR, and the median values were adopted.
Experimental data were compared between the values before
smoking and every 5 minutes after smoking. The collected
data about the change in nasal volume was analyzed using a
paired t-test. A probability of less than 0.05 was considered sig-
nificant.

In vitro bioassay technique
Materials

The human nasal mucosa that had been obtained by resection
during nasal surgery was used for this experiment with the
patients’ consent. The nasal mucosa was resected from the
inferior turbinate because of hypertrophic rhinitis that is the
characteristic feature of nasal mucosa hypertrophy and causes
nasal obstruction in the patients. There were no abnormal
pathological findings in each specimen. More than twenty
specimens of the human nasal mucosa were obtained by this
method. Each specimen was stored in an aerated Krebs’ bicar-
bonate solution bottle in ice water immediately after resection.
The drugs used are as follows: (-)-noradrenaline bitartrate
(Sigma, St. Louis, USA), (-)-nicotine: (-)-methyl-2- (3-pyridyl)
pyrrolidine (Tokyokasei-Kogyo Co., Tokyo, Japan) and pra-
zosin hydrochloride (Sigma, St. Louis, USA)

Preparation

The specimens were cut into pieces of approximately 5x15 mm
at room temperature. A strip of mucosa was suspended in a
muscle organ bath containing 10 ml of Krebs` bicarbonate
solution (( in mM): NaCl 118, KCl 4.7, CaCl2 2.5, KH2PO4 1.2,
MgSO4 1.2, NaHCO3 25.0 and glucose 10.0). The strip was
fixed at the lower end of the bath. The upper end was attached
to a strain gauge transducer (model UL-10GR; Minebea Co.,
Tokyo) under a tension of 0.5 g at a room temperature of 18-
20oC. The bath solution was constantly sparged with 95% O2

and 5% CO2. 

Recording of responses

This in vitro method for detecting changes in the muscle ten-
sion was based on previous reports (Jackson, 1979; Ichimura
and Jackson, 1984). The changes in tension were recorded
isometically using a pen-writing recorder (model NEC Sanei
Instruments, Tokyo) of an oscillograph (model DSA601B
Minebea Co., Tokyo). Before the start of experiments, the
strips were allowed to equilibrate for about 40 minutes. During
this period, the bath medium was replaced at approximately
15-minute intervals.

Experiments with nicotine

First, the threshold of nicotine level that can induce contrac-
tion of the human nasal mucosa was measured by applying
nicotine cumulatively (n=5).
Second, noradrenaline (10-5M) was added to the organ bath
and noradrenaline-induced contraction of human nasal
mucosa was measured. After the measurement, the prepara-
tions were washed with fresh Krebs’ bicarbonate solution more
than four times and equilibrated for about 30 minutes.
Nicotine (10-5M) was added to the organ bath containing the
same specimen and nicotine-induced contraction of the human
nasal mucosa was measured. The maximum contraction of the
human nasal mucosa induced by nicotine (10-5M) was com-
pared with that induced by noradrenaline (10-5M)(=100%).
Third, noradrenaline-induced contraction (10-5M) was mea-
sured and prazosin (10-6M) was added after washing the prepa-
ration and equilibration. Twenty minutes after the administra-
tion of prazosin, nicotine (10-5M) was added and contraction
was measured. The nicotine-induced contraction (10-5M) in the
presence of prazosin (10-6M) was also compared with noradren-
aline-induced contraction (10-5M) (n=5).

RESULTS
Acoustic rhinometry

The time course of the changes in the volume of each nasal
cavity in the smoking group is shown in Figure 1. The values
immediately after smoking increased compared with those
before smoking. Statistical analysis of the values before smok-
ing and the every 5 minutes after smoking was performed.
Significant differences were present between the values before
smoking and 0 or 5 minutes after smoking (immediately after
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smoking: right p<0.01, left p<0.01; 5 minutes after smoking:
right p<0.05, left p<0.05). This result indicates the increased
nasal cavity volume caused by smoking.
The time course of the changes in nasal cavity volume in the
gum-chewing group is shown in Figure 2. No significant
change was observed in the gum-chewing group. The nasal
cavity volume before chewing nicotine gum was compared
with those every 5 minutes after gum-chewing. This indicates
that the action of chewing nicotine gum had no effect on the
human nasal patency.

In vitro bioassay experiment

The threshold concentration of nicotine for inducing nasal
mucosal contraction was 3.0x10-7M. 
The contractile response of the human nasal mucosa to nico-
tine (10-5M) is shown in Figure 3. The nasal mucosa contracted
rapidly in response to nicotine and relaxed immediately after
reaching the peak. Nicotine-induced contraction was expressed as
a percentage of the contraction caused by noradrenaline (10-5M),
the average contraction being 50.2 ± 14.0% (SD), n=10. The

values ranged from 23.1 to 68.4%. The average nicotine-
induced contraction after administration of prazosin was 20.5 ±
7.5% (SD), n=5 (Figure 4). The values ranged from 0 to 27.3%.

DISCUSSION
This study demonstrated that the action of smoking led to an
increased nasal patency, that is, the contraction of human nasal
mucosa. This result is significant for smokers with nasal
obstruction. The pharmacological change of the human nasal
mucosa caused by smoking is interesting.
There are some problems in clarifying the mechanism of the
nicotine-induced nasal mucosal contraction. First, it was
hypothesized that stimulation of chemosensitive C-fiber affer-
ents in the nasal mucosa results in local vasodilation and
increased vascular permeability to macromolecules (Lundblad
et al., 1982). After more detailed investigation, it became clear
that the smoking-induced edema in the rat nasal mucosa was
not caused by nicotine but by vapour-phase irritants, which
activated capsaicin-sensitive C-fiber afferents (Lundberg et al.,
1984; Stjärne et al., 1989). In our investigation, however, the

Figure 1. Time courses of changes in nasal volume after smoking.

Difference in p values before and after smoking indicates as follows: 

* p<0.05, ** p<0.01 (paired t-test).

Figure 2. Time courses of changes in nasal volume after chewing nico-

tine gum. There is no difference in p values before and after chewin-

gum.

Figure 3. Nicotine-induced contraction of the human nasal mucosa.

Figure 4. Effect of prazosin on the nicotine-induced contraction of the

human nasal mucosa.
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data supporting the reduction in nasal patency as a result of
nasal mucosal edema after smoking had not been obtained.
The reason for this discrepancy is as yet unknown.
Second, as particulate matters and the mainstream smoke of
cigarettes contain a lot of chemical substances, it is difficult to
specify the main substance that can considerably induce the
contraction of the human nasal mucosa. Aside from nicotine,
the total particulate matter in cigarette smoke contains car-
boxylic acids, aldehydes and ketones, alcohols and other com-
pounds. Nicotine is the only one substance that has consider-
able possibility to induce nasal mucosal contraction. As the
results of the in vitro bioassay experiment indicated, nicotine
induced considerable contraction of the human nasal mucosa.
The results of in vitro experiment support the phenomenon of
increased nasal patency caused by smoking, specifically by
nicotine.
Third, the nicotine-induced contractile response of the human
nasal mucosa is probably mediated by noradrenaline. There
are some reports, which indicated cardiovascular changes after
smoking depended on changes in serum noradrenaline level
(Westfall and Watts, 1964; Ball and Turner, 1974). The ques-
tion remains which organ releases noradrenaline into the
blood. Considering systemic changes after smoking, the origi-
nal organ that releases a quantity of noradrenaline in the
human blood serum seems to be the adrenal gland. However,
some reports also indicated that nicotine causes the sympa-
thetic nerve terminal to release noradrenaline at local organs
(Cryer et al., 1976; Kirpekar et al., 1980; Wang et al., 2000).
Others reported that the generation of an action potential in
the postganglionic sympathetic nerve fibers is not the cause of
noradrenaline release but a direct effect of nicotine
(Loffelholz, 1970; Jayasundar and Vohra, 1978). The report
indicating that the response of releasing noradrenaline changes
depending on the concentration of nicotine is acceptable
(Sarantos-Laska et al., 1981). A model of a resected adrenal
gland is needed to solve this problem. Considering the in vitro

result, it is reasonable to assume that noradrenaline released
from the sympathetic nerve terminal in the nasal mucosa caus-
es the local nasal mucosal contractile response.
The fourth problem is the chemical substances absorbed from
the nasal mucosa after smoking. Absorption of nicotine from
tobacco snuff through the nasal mucosa has been reported
(Temple, 1976). This study proved that the ratio of metabolites
in tobacco snuffers` urine is similar to that in smokers` urine.
The potential capacity for chemical substance absorption from
the nasal mucosa is quite excellent. The exposed surface of the
nasal mucosa would easily absorb some kinds of chemical sub-
stances from the inspired gas. As the nasal mucosa is com-
posed of erectile tissues, including numerous arterioles,
venules and smooth muscles around it, some chemical sub-
stances affect these organs and eventually enter the circulation
in nasal mucosa with ease. Therefore, substance in the nasal
cavity can easily regulate the nasal mucosa contraction and cir-
culation. In daily life, the sympathetic and parasympathetic

nerves attached to smooth muscles are the most important fac-
tor in nasal patency. The chemical substances in the circula-
tion also affect smooth muscle tones through the vessel walls.
In this study, the absorbed nicotine in the nasal mucosa would
directly influence smooth muscles or mediate the endotheli-
um-through-nasal-mucosal circulation after absorption. From
the results of the in vitro bioassay experiment, it is reasonable
to conclude that the mucosal contraction after smoking is a
localized action.
The prazosin administration study indicated that an alpha1-
adrenergic antagonist reduced the nicotine-induced mucosal
contraction. However, prazosin did not completely inhibit the
nicotine-induced contractile response. This result suggests that
the nicotine-induced mucosal contraction originates not only
from alpha1-adrenoceptor stimulation but also from other
receptor systems.
Although these experiments on the human nasal mucosa were
limited in terms of the number of specimens and volunteers
used, the results provide a clue for clarifying nicotine-induced
human nasal mucosa contraction.
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