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Effects of nicotine on the human nasal mucosa
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Abstract
Background-Topical application of
nicotine and stimulation of tachykinin
containing sensory nerves have been
shown to produce mucosal exudation of
plasma and derangement of the epithelial
lining in guinea pig and rat airways. If
this occurred in man these effects might
contribute to the pathogenesis of airway
disease. This study, performed in healthy
volunteers without atopy, examined
whether nicotine affects the plasma exu-
dation response and the mucosal absorp-
tion permeability of the human nasal
airway.
Methods-The acute effects of increasing
topical doses of nicotine (0-08-2-0 mg)
were examined (n = 8) on nasal symp-
toms (pain), mucosal exudation of plas-
ma (albumin), mucosal secretion of
mucin (fucose), and mucosal exudative
responsiveness (histamine induced
mucosal exudation of albumin). A sepa-
rate placebo controlled study was carried
out to determine whether frequent appli-
cations of the high dose of nicotine (2*0
mg given eight times daily for nine days)
had any deleterious effects on the airway
mucosa detectable as altered responses
to histamine challenge. Both mucosal
exudation of plasma (n = 12) and muco-
sal absorption of chromium-Sl labelled
EDTA (n = 8) were thus examined in
nasal airways exposed to both nicotine
and histamine.
Results-Nicotine caused nasal pain and
produced dose dependent mucosal secre-
tion of fucose but failed to produce any
mucosal exudation of albumin. The
exudative responsiveness to histamine
was, indeed, decreased when the chal-
lenge was performed immediately after
administration of acute doses ofnicotine,
whereas the responsiveness was unaffect-
ed when histamine challenges were car-
ried out during prolonged treatment with
nicotine. The nasal mucosal absorption
of 5"Cr-EDTA in the presence of hista-
mine did not differ between subjects
receiving either placebo or nicotine
treatment for nine days.
Conclusions-The results indicate that
nicotine applied to the human airway
mucosa produces pain and secretion of
mucin, but inflammatory changes such
as mucosal exudation of plasma and
epithelial disruption may not be pro-

duced. Neurogenic inflammatory
responses, which are so readily produced
in guinea pig and rat airways, may not
occur in human airways.

(Thorax 1993;48:651-655)

The smoking of tobacco may make nicotine
the most widely used inhaled drug. Nicotine
is a ganglionic stimulant drug. Like capsaicin
it also stimulates airway sensory innervation
to produce secretion, bronchoconstriction,
and cough in man.'" In guinea pig tracheo-
bronchial airways we have shown that nico-
tine,4 like capsaicin,5 produces mucosal
exudation of plasma. This effect is induced
by stimulation of lignocaine sensitive nerves,
probably of the tachykinin containing type.45
Plasma exudation is of potential importance
ir the pathogenesis of airway diseases.6 Other
potentially harmful effects induced by stimu-
lation of the airway tachykinin innervation
have been shown in rats by McDonald,7 who
observed severe derangement of the epithelial
lining. Tachykinin containing nerves are pre-
sent in human upper and lower airways.' The
effects of nicotine on mucosal exudation of
plasma and on epithelial barrier function of
human airways are unknown, but they may
constitute a significant function of the phar-
macology of this agent.
We have used novel nasal challenge and

lavage procedures to examine the effects of
nicotine on human airway mucosa. We first
examined the acute effects of increasing doses
of nicotine on nasal symptoms (pain), muco-
sal exudation of plasma (albumin), mucosal
secretion of mucin (fucose), and mucosal
exudative responsiveness (histamine induced
mucosal exudation of albumin). We then
assessed whether frequent applications of a
high dose of nicotine for several days pro-
duced any deleterious effects on the airway
mucosa, as could be detected by altered
responses to inflammatory mediator chal-
lenge. Both mucosal exudation of plasma and
mucosal absorption permeability were exam-
ined in human nasal airways exposed to nico-
tine and histamine.

Methods
ACUTE EFFECTS OF INCREASNG DOSES OF
NICOTINE ON THE NASAL MUCOSA
Subjects
Eight non-smokers aged 23-41 (mean 29)
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years participated in the study. The subjects
had no history of atopic or ongoing airway
disease. No drugs were allowed during the
course of the study. The study was approved
by the ethics committee at Lund University
Hospital and informed consent was obtained
from the subjects. Blinding of this part of the
study was not attempted because of clearcut
nicotine induced nasal sensations (pain).

Nasal pool technique9
The nasal pool technique was used for hista-
mine challenge, saline lavage, and tracer
instillation. This device is a compressible
plastic container equipped with a nasal
adapter. The nasal adapter is inserted into
one of the nostrils and the container is com-
pressed by the subject sitting at a 600 forward
flexed neck position. The nasal pool fluid is
then instilled and maintained in the unilateral
nasal cavity as the anterior nasal opening is
occluded by the nasal adapter. When the
pressure on the nasal pool device is released
the fluid returns into the container. This
technique gently and effectively irrigates a
large area of the nasal mucosal surface. The
total volume of the nasal pool fluid was 14
ml, and 8-10 ml was instilled to fill the uni-
lateral nasal cavity.

Nasal administration of nicotine and
measurement of histamine induced mucosal
exudation ofplasma (albumin)
A pump spray delivering 100 pu1 per actuation
was used for nasal administration of control
saline and nicotine solutions. A series of four
control saline administrations was performed
first, and a series of four nicotine challenges
four hours later. Control saline administra-
tions and each dose of nicotine (0, 0-08, 0 4,
and 2-0 mg) were administered as single actu-
ations at 20 minute intervals. During a period
of two minutes before each administration
the mucosal surface was lavaged twice for 30
seconds with saline by the nasal pool tech-
nique. These lavages were performed to cre-
ate a low and consistent baseline of albumin
and fucose, and the fluids were not collected.
Ten minutes after each administration of
saline or nicotine the mucosal surface was
lavaged by keeping the nasal cavity filled with
saline for five minutes using the nasal pool
technique. These lavage fluids were collected.
Immediately after the last five minute saline
lavage the mucosal surface was challenged
with a histamine solution (04 mg/ml) main-
tained in the nasal cavity for 10 minutes by
the nasal pool technique. This combined
challenge and lavage fluid was also collected.
The nasal lavage fluid samples were analysed
for albumin as an index of mucosal exudation
of plasma and for fucose as an index of
mucosal secretion of mucin.

Chemical assays
Lavage fluid albumin concentrations were
analysed with a radioimmunoassay sensitive
to 6-25 ng/ml. The anti-albumin was pur-
chased from Dakopatts (Copenhagen,
Denmark) and the standard substance from

Calbiochem (San Diego, California, USA).
Iodination was performed with the lactoper-
oxidase method to a specific activity of 2-0
mCi/nmol. The intra-assay and interassay
coefficients of variation were less than 5%
and 10%, respectively. Lavage fluid fucose
concentrations were analysed as described by
Cohenford et al.'0 The interassay coefficient
of variation was less than 6%.

EFFECTS OF FREQUENT APPLICATIONS OF A
HIGH DOSE OF NICOTINE ON THE NASAL
MUCOSA
Subjects
Twelve men aged 22-28 (mean 24) years
participated in the study. The subjects had a
history of daily nicotine use (oral snuff or
cigarettes) but no history of atopic or airway
disease. No drugs were allowed during the
course of the study. This part was designed as
a single blind, placebo controlled, crossover
study. The subjects were provided with an
allocation number and the order of treatment
proceeded according to a randomisation
scheme prepared in blocks. Blindness was
maintained by the identical appearance of
active and placebo drug delivering devices
and by an attempt to achieve identical smells
of active and control solutions. (Nicotine
induced sensations exhibited tachyphylaxis
and therefore blindness was not entirely
destroyed.) Compliance was ascertained by
interview with each subject of this small panel
of subjects who have participated in several
previous studies.

Nasal administration of nicotine and
measurement of histamine induced mucosal
exudation ofplasma (albumin)
A pump spray delivering 100 ,1u per actuation
was used for nasal administration of placebo
and nicotine solutions. Placebo or nicotine
(2-0 mg) was administered as a single actua-
tion eight times daily (once every two hours
during daytime) for nine days. Immediately
before the start of the administrations, and
subsequently every second day, histamine
challenges were carried out (between 1600
and 1800 hours and at least 30 minutes after
administration of nicotine) as described
above. A 10 minute challenge with histamine
(0 4 mg/ml) using the nasal pool device was
given and the nasal pool fluids collected and
the albumin concentrations measured as an
index of mucosal exudation of plasma.
During a period of two minutes before hista-
mine administration the mucosal surface was
lavaged twice for 30 seconds with saline by
the nasal pool technique. These lavages were
performed to wash away any accumulation of
albumin on the mucosal surface and the flu-
ids were not collected. The concentration of
histamine was selected from the results of
preliminary experiments indicating that only
mild and transient symptoms occurred (not
scored in the present study).

Nasal absorption of51Cr-EDTAI'
Absorption of 51Cr-EDTA (MW 372) across
the nasal mucosa in the presence of histamine
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Table 1 Acute effects of increasing doses of topical nicotine (0-20 mg) on mean (SE)
mucosal exudation ofplasma (albumin) and secretion of mucin (fucose).

Nicotine (mg) Lavage (no) Albumin (pglml) Fucose (,uglml)
Saline (control) - 1 1-5 (0 6) 4-1 (2 3)

- 2 2-1 (0-9) 4-4 (1-7)
- 3 1-3 (0-4) 4-9 (1-5)
- 4 1-8 (06) 5-6 (1-5)

Nicotine (challenge) 0 1 4-8 (2.4) 2-5 (0.4)
0-08 2 2-9 (1 0) 6-4 (1-1)
04 3 35 (1-2) 18 (5-5)
2-0 4 2-9 (09) 20 (9.7)*

*p < 0-05.

was examined in eight of the 12 subjects
before and immediately after the nine days of
nicotine treatment (1-2 hours after the last
nicotine dose). The nasal pool technique was
used for concomitant administration of the
absorption tracer and histamine onto the
nasal mucosal surface. The nasal pool fluid
contained 51Cr-EDTA (about 5 MBq), albu-
min (40 mg/ml), and histamine (0 4 mg/ml)
in saline (total volume 14 ml). The fluid was
instilled into the nasal cavity for 15 minutes
and subsequently drained back into the
device. To prevent continued absorption of
any remaining tracer the mucosal surface was
promptly lavaged twice for 30 seconds with
saline by the nasal pool technique. The nasal
absorption of 51Cr-EDTA was determined by
sampling urine produced during 24 hours
after the nasal administration procedure.
Three samples (each 3 0 ml) were taken from
the pooled 24 hour urine and counted in a
well counter for 1000 seconds; two samples
(each 3 0 ml) of the standard solution, pre-
pared by diluting 0-1 ml of the nasal instillate
to 100 ml, were counted together with the
urine samples. The amount of 51Cr-EDTA
absorbed was expressed as the corresponding
volume of the nasal instillate.

STATISTICS
Data are presented as mean (SE). Analyses of
variance (ANOVA) were performed to exam-
ine differences in obtained measurements.
Wilcoxon's signed rank test was used for fur-
ther analyses of albumin and fucose concen-
trations respectively and p values less than
0 05 were considered significant.

Table 2 Effects offrequent nasal applications of nicotine
(2 0 mg) administered eight times daily for nine days on
mean (SE) mucosal exudation ofplasma (albumin)
induced by repeated challenges to histamine (0-4 mglml).

Histamine challenge
day (no) Albumin (pgIml)

Placebo 1 231 (42-8)
treatment 3 326 (110)

5 215 (59 8)
7 168 (40 6)
9 223 (47-7)

Nicotine 1 350 (131)
treatment 3 159 (41-9)

5 152 (47 9)
7 227 (123)
9 124 (36-0)

Results
Nicotine (0.08-2-0 mg) administered onto
the human nasal mucosa failed to produce
mucosal exudation of albumin (p > 0 05) but
produced dose dependent mucosal
secretion of fucose (p < 0-05) (table 1).
Administration of nicotine (2-0 mg) was asso-
ciated with an intense nasal pain in all sub-
jects, and four subjects also reported
moderate nausea. Histamine produced signif-
icant mucosal exudation of albumin when the
challenge was given immediately after either
saline or nicotine (p < 0-001) compared with
the baseline albumin value obtained after the
first saline administration. The histamine
induced exudation of albumin was, however,
less after the acute nicotine challenges (94
(30) ,ug/ml) than after saline (200 (52) pg/ml)
(p < 0-01).

Nicotine (2-0 mg) administered onto the
human nasal mucosa eight times daily for
nine days did not affect the exudative respon-
siveness to histamine as measured by mucosal
exudation of albumin (p > 0 05; ANOVA)
(table 2). The subjects receiving nicotine
reported an initial nasal pain that was brief
and decreased during the first day of repeated
administrations. Further administrations of
nicotine were associated with a mild nasal
irritation but no nasal pain.
The airway absorption of 51Cr-EDTA in

the presence of histamine was unaffected by
the treatment with nicotine (2.0 mg eight
times daily for nine days). The mean (SE)
absorbed volume of the nasal instillate was
0-6 (0.2) ml after the placebo treatment and
0-4 (0.2) ml after the nicotine treatment
(p > 0 05).

Discussion
The results of this study show that nicotine
does not produce mucosal exudation of plas-
ma in human nasal airways, nor does it
increase the exudative responsiveness of the
airway mucosa or increase the mucosal
absorption permeability. Nicotine may not
therefore produce those potentially harmful
effects that are induced by stimulation of the
tachykinin nerves of rodent airways.47
The inflammatory responses of the human

nasal mucosa can give an insight into
responses in the tracheobronchial mucosa.6
Allergen, histamine, bradykinin, and
leukotriene D4, in contrast to nicotine (and
capsaicin), are thus potent inducers of airway
exudation irrespective of species and irrespec-
tive of nasal or tracheobronchial airways,'2-14
(and unpublished observations by M
Andersson, L Greiff, C Svensson, U Alkner,
CGA Persson). In contrast to our previous
findings in guinea pig tracheobronchial air-
ways,4 nicotine failed to produce mucosal
exudation of plasma in this human nasal air-
way study. Although nicotine was given at
high doses that produced pain as well as dose
dependent mucosal secretion of fucose, no
exudative effect could be recorded, nor did
nicotine induce any acute increase in the
mucosal exudative responsiveness as mea-
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sured by the response to a histamine chal-
lenge. Furthermore, several days of intense
exposure of the human airway mucosa to this
neural stimulant did not increase the exuda-
tive responsiveness to histamine. The differ-
ence between the effect of nicotine on human
nasal and guinea pig tracheobronchial airways
may reflect a true species difference rather
than a regional airway difference.
The mucosal exudation of plasma is largely

a non-sieved process and, as well as albumin,
the very large plasma proteins such as fibrino-
gen and a, macroglobulin are exuded. The
non-sieved nature is independent of whether
the stimulus is a mediator, allergen, or
whether the challenge is given to the nasal or
to the bronchial mucosa.'2 15 Furthermore,
mucosal exudation of non-sieved plasma is
seen in normal airways with intact epithelial
linings.616 A series of in vitro and in vivo stud-
ies suggest that the luminal entry of plasma is
regulated by small increases in the subepithe-
lial hydrostatic pressure that transiently sepa-
rates the epithelial cell junctions so that a
unidirectional, paracellular flux of solutes
moves into the airway lumen.'7 18 The appar-
ent ease with which luminal entry of plasma
occurs, even at threshold exudative stimuli, is
consistent with our inability to detect airway
oedema formation and increased lymphatic
transport of plasma proteins in airways chal-
lenged with exudative agents.'920 The obliga-
tory luminal entry of extravasated plasma is
an important consideration in the present
study where only surface liquids were sam-
pled. Nicotine may not have caused extrava-
sation of plasma into the lamina propria
without an increase of albumin (or other plas-
ma proteins) occurring in the airway lumen.
The mechanism of epithelial passage of
extravasated plasma thus strengthens the pre-
sent conclusion that nicotine does not pro-
duce plasma exudation in human airways.
The lack of a neurogenic mucosal exuda-

tive response in human nasal airways is con-
sistent with preliminary findings that
capsaicin has no exudative effects in human
nasal airways21 (and unpublished observations
by M Andersson, L Greiff, C Svensson, U
Alkner, CGA Persson). Malm and
Petersson,22 Karlsson et al,23 Miadonna et al,24
and Gepetti et a'5 found no rhinorrhea induc-
ing effects of substance P administered onto
the human nasal mucosal surface. Since large
doses of substance P, which produce systemic
circulatory effects, have been administered in
these studies, the lack of mucosal effect is
perhaps not explained by rapid metabolic
breakdown of this tachykinin.'6 As indicated
by the increased amounts of fucose, a compo-
nent of mucin,'° nicotine stimulated airway
mucosal secretion in this study. Fucose is a
relatively specific marker of macromolecular
mucinsl° and its concentration in plasma is
much less than that of other secretory indices
such as sialic acid.'7 Since there was no
increase at all in luminal albumin it seems
clear that mucin secretion can occur without
concomitant secretion of albumin. Indeed,
the secretion of albumin, in contrast to its

exudation, may only be marginal in human
airways. Raphael et al thus observed that even
a large dose of methacholine (25 mg) pro-
duced only a two fold increase in luminal
albumin28 whereas in this study histamine
increased albumin levels 100 fold or more.
The mechanisms involved in the nicotine
induced secretion have not been determined.
It is possible that the nicotine induced secre-
tion may have contributed to the reduced
plasma exudation response when histamine
was administered immediately after the high-
est nicotine dose by binding or otherwise pre-
venting the access of histamine to the
subepithelial target.

Nasal administration of nicotine may find
practical use as an adjunct in smoking
cessation programmes.29 The present study
showed that nasal administration of a sub-
stantial dose of nicotine, 2-0 mg eight times
daily for nine days, was well tolerated. To
avoid repeated exposures to radioactivity we
examined the absorption of 51Cr-EDTA only
after treatment with both nicotine and hista-
mine. It seems likely, however, that nicotine
alone could not have disrupted the epithelial
lining and increased the paracellular absorp-
tion of the hydrophilic 51Cr-EDTA. The
absorption rate of 51Cr-EDTA in this study
was similar to that observed previously in
healthy volunteers challenged with either
saline or histamine."I
We conclude that airway mucosal chal-

lenge with nicotine produces a range of
responses characteristic of a strong irritant,
although repeated administration causes
tachyphylaxis to pain. However, inflamma-
tion and epithelial disruption may not be pro-
duced by nicotine in human airways. The
present observations, while suggesting the
possibility of employing nicotine inhalations
without harmful sequelae, cast some doubt
on the relevance to man of the neurogenic
inflammatory responses which are so readily
produced in guinea pig and rat airways.
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