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ABSTRACT: Hypertonic saline (HS) is used in sputum induction studies. However,
little is known about the physiological effects of HS on human airways in vivo. The
present study takes advantage of the fact that the airway effects of topical challenges
may be accurately examined in the readily accessible nasal airway. The present study
specifically examines whether exposure to HS affects histamine challenge-induced
exudation of plasma (a2-macroglobulin) and methacholine-induced secretion of mucin
(fucose).
Isotonic saline and HS (27 and 45 g?L-1), with and without concomitant histamine

challenges, and with and without preceding methacholine challenges, were administered
onto the nasal mucosa in 16 healthy subjects. Lavage fluid levels of a2-macroglobulin
and fucose were analysed.
Histamine produced a significant mucosal output of plasma (a2-macroglobulin). HS

itself did not evoke exudation of a2-macroglobulin, but it significantly increased the
plasma exudation effect of histamine. Methacholine produced a significant nasal
mucosal output of fucose. HS also increased the mucin secretion (fucose), and it
enhanced the secretory effect of methacholine.
The authors concluded that hypertonic saline alone evokes mucinous secretion in

human nasal airways in vivo and that it also enhances the exudative and secretory
effects of histamine and methacholine, respectively. Through different mechanisms the
HS exposure may also improve the recovery of soluble indices in human nasal airways.
Whether or not the present findings are translatable to human bronchial airways
remains to be examined.
Eur Respir J 2003; 21: 308–312.

Depts of *Otorhinolaryngology, Head
& Neck Surgery and }Clinical Pharma-
cology, University Hospital, Lund, and
#Dept of Clinical Physiology, Univer-
sity Hospital, Malmö, Sweden.
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Inhalation of hypertonic saline (HS) is commonly
used to induce sputum for diagnostic and research
purposes. In patients with asthma, inhalation of this
agent may produce minor bronchoconstriction [1], but
sputum induction is considered a safe and exceedingly
useful technique. However, little is actually known
about bronchial end-organ effects of HS. For example,
possibly reflecting the difficulties involved in obtaining
true baseline conditions, effects of HS on the secre-
tory and exudative capacity of the mucosa have not
been well examined in the human bronchi. By con-
trast, in the accessible human nasal airway baseline
conditions can readily be created from which changes
induced by provocations and disease processes may
accurately be determined [2]. Furthermore, informa-
tion obtained in the nasal airway may be relevant to
the bronchial airways [2].

Extravasation and airway luminal entry of plasma
is a feature of both rhinitis and asthma, but may also
be produced acutely in the healthy airway in response
to inflammatory mediators and insults [3]. Secretion
is an acknowledged mucosal defence mechanism in
health and it is commonly exaggerated in airway
disease [4]. In a recent study of nasal airway responses

[5], HS challenge (100 mL
-1

of a 27–216 g?L
-1

solution)
was reported to produce nasal symptoms as well as
mucosal output of secretory products (lactoferrin and
mucoglycoprotein markers: 7F10-mucin and Alcian
blue stain). Nasal lavage fluid levels of immuno-
globulin (Ig) G, possibly reflecting plasma exudation,
were unaffected [5]. These results indicate that HS
itself may induce secretion. It would be of interest to
examine if HS could affect the secretory or exudative
responsiveness of the airway mucosa.

In the present study, involving healthy subjects, the
nose has been used to examine challenge-induced res-
ponses of the human airway mucosa in vivo. Therefore
determining whether nasal lavages with HS, compared
to isotonic saline, alters the effects of exudative his-
tamine challenges and secretory methacholine chal-
lenges. Fucose and a2-macroglobulin were used as
indices of mucinous secretion and plasma exudation,
respectively.

Material and methods

A total of 16 healthy subjects (mean age 25, range
21–29) were examined. The subjects had no history

Eur Respir J 2003; 21: 308–312
DOI: 10.1183/09031936.03.00290303
Printed in UK – all rights reserved

Copyright #ERS Journals Ltd 2003
European Respiratory Journal

ISSN 0903-1936



of allergic airway disease, chronic airway disease,
or infectious nasal disease in the preceding two months
of the study. The absence of an allergic airway disease
was verified by a negative skin-prick test. The sub-
jects had no ongoing drug treatment. The study was
approved by the ethics committee, and informed con-
sent was obtained. The study was conducted according
to the Declaration of Helsinki.

Each of the study subjects were examined on six
different study days (fig. 1). The study days were
separated by at least 72 h. At each occasion, the visit
started with a 10 min lavage that was carried out
using the nasal pool-technique [6]. At each visit a set
amount of saline was used, visits 1 and 4 used 9 g?L-1,
visits 2 and 5 used 27 g?L-1 and visits 3 and 6 used
45 g?L-1. At visits 1–3, a second 10 min lavage, which
also contained histamine (400 mg?mL-1), was carried
out 20 min after the first lavage had been completed.
At visits 4–6 a nasal challenge with methacholine
(25 mg?100 mL-1) was carried out. A, nasal spray
device was used 10 min after the first lavage to admi-
nister the methacholine. A further 10 min after this
was performed another lavage was carried out using
the nasal pool technique. Any "secretion" produced
during the 10 min period between the methacholine
challenge and the following lavage was collected,
using a funnel attached to a test tube, and mixed with
the subsequently obtained lavage fluid.

The a2-macroglobulin was measured using a radio-
immunoassay sensitive to 7.8 ng?mL-1 [7]. The intra-
and inter-assay coefficients of variation are 3.8–6.0%
and 3.1–7.2%, respectively. Fucose was measured
using parallel ligand-exchange chromatography and
fluorescence detection sensitive to 5.0 mM [8]. The
intra- and inter-assay coefficients of the variation were
15–25% and 20–35%, respectively.

Differences in nasal lavage fluid levels of a2-
macroglobulin and fucose were examined using the
Friedman-test and the Wilcoxon signed rank test.

When p¡0.05 the result were considered significant.
Data are presented as mean¡SEM.

Results

The HS produced minor rhinitis symptoms as
well as a minor smart/pain response. The cumulative
symptom scores calculated from recordings of sneezes,
secretion, and blockage (range 0–9) were 0.5¡0.1,
0.6¡0.2 (p=0.4), and 0.6¡0.1 (p=0.8) for isotonic saline
and for HS 27 g?L-1 and 45 g?L-1, respectively. The
corresponding pain scores were 0¡0, 0.3¡0.1 (pv0.05)
and 0.6¡0.1 (pv0.01).

By adding prechallenge lavage levels at visits one and
four (i.e. isotonic saline), at visits two and five (i.e.
HS 27 g?L-1), and at three and six (i.e. HS 45 g?L-1)
the effects of HS could be analysed. The results
revealed that HS produced some degree of mucin
secretion (fig. 2a) but no plasma exudation (fig. 2b).
Histamine produced significant mucosal output of
a2-macroglobulin (pv0.001, compared with prechal-
lenge levels) at observation with isotonic saline as well
as at both concentrations of HS (fig. 3). HS 45 g?L-1

significantly increased the plasma-exudation-producing
effect of histamine (pv0.05) (fig. 3). Methacholine pro-
duced significant mucosal output of fucose (pv0.01–
0.05, compared with prechallenge levels) as determined
after either concentration of HS, but not at the obser-
vation with isotonic saline (pw0.05) (fig. 4). HS 45 g?L-1

significantly increased the fucose-secreting effect of
methacholine (pv0.001) (fig. 4).

Discussion

In the present study, nasal challenge with HS alone
evoked global mucinous secretion, as reflected by
fucose, without inducing any inflammatory plasma
exudation response, as reflected by a2-macroglobulin.
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Fig. 1. – Nasal challenge and lavage schemes with isotonic (h) and hypertonic saline (p: 27 g?L-1; &: 45 g?L-1). At visits 1, 2 and 3, (a–c)
the second of each of the paired lavages contained histamine (400 mg?L-1). At visits 4, 5, 6 (d–f) the second of each of the paired lavages
were preceded by a nasal spray challenge with methacholine (25 mg; arrows).
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Furthermore, it was demonstrated that nasal histamine-/
methacholine-induced plasma exudation and mucinous
secretion, respectively, is augmented by interaction

with HS on the airway mucosa. The present results
provide basic information on the effects of HS on the
nasal mucosa which could potentially be relevant to
the bronchial airways and to the sputum induction
techniques employing HS. The authors further deduce
from the present findings that exposure of the airway
mucosa to HS may be employed to improve the reco-
very of soluble airway indices.

Fucose, a carbohydrate present in glycoproteins of
mucins, is present in airway goblet cells as well as in
mucosal and submucosal airway glands [9, 10]. The
present authors have previously demonstrated that
fucose is secreted by the human nasal mucosa in
response to a range of nasal challenges including his-
tamine, methacholine, and sensory nerve irritants
(capsaicin, nicotine, and benzalkonium chloride) [11,
12] (unpublished data.). Increased levels of fucose
have also been demonstrated in chronic bronchitis,
"immotile cilia syndrome" and "panbronchiolitis"
[13, 14]. In the present study, fucose was used as a
global mucin secretion marker. In this respect, it is
specific since it is locally produced and the contri-
bution of other sources such as circulating plasma
and inflammatory cells are likely to be negligible
[15, 16]. Determination of fucose is of interest
since mucins contribute significantly to the proper-
ties of airway mucosal surface liquids in health
and disease [4].

In agreement with the observations by BARANIUK

et al. [5] HS produced some degree of nasal symp-
toms in the present study. In further agreement with
BARANIUK et al. [5], who employed 7F10-mucin and
Alcian blue-stain as mucin secretion markers, HS in
this study increased the nasal mucosal output of
fucose. In addition, it was demonstrated that addi-
tion of hypertonic nasal lavage fluids markedly aug-
ments the mucinous secretion that is evoked by
methacholine challenges. BARANIUK et al. [5] suggest
that HS-induced mucin secretion reflects sensory
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Fig. 2. – Effects of hypertonic saline (HS) on the nasal mucosal
output of a) a2-macroglobulin b) fucose. The figure comprises
observations from the first lavage obtained at each of the six visits
i.e. the "baseline recordings". HS produced a marginal but
statistically significant increase in mucinous secretion. **: pv0.01.
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Fig. 3. – The effects of hypertonic saline (HS) and histamine on
the levels of a2-macroglobulin in the nasal lavage fluid. p: without
histamine; h: with histamine. Histamine produced plasma exuda-
tion. HS augmented the exudative effect of histamine. *: pv0.05.
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Fig. 4. – The effects of hypertonic saline (HS) and methacholine
on the levels of fucose in nasal lavage fluids. p: without
methacholine; h: with methacholine. Methacholine produced
mucinous secretion. HS augmented the secretory effect of metha-
choline. ***: pv0.001.
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nerve irritation resulting in local and spinal reflexes
with a local release of substance P (and likely acetyl-
choline). The authors agree that a similar mechanism
may be involved in the present secretory responses to
HS, and possibly contributing also to the HS-induced
responsiveness to methacholine challenges. Indeed, sen-
sory nerve irritation of the human nasal mucosa by
either nicotine or capsaicin evokes significant secre-
tion of fucose [11] (unpublished data). However, it
cannot be excluded that mucosal exposure to HS may
induce a detethering effect on mucinous secretions,
making them more available to lavage fluids than at
isotonic conditions.

One of the largest proteins of circulating plasma
is a2-macroglobulin and under normal circumstances
it is present in airway mucosal surface liquids in
minute amounts. Since inflammatory exudation of
plasma, also across an intact airway epithelial lining,
is characterised by a nonsieved, bulk flux of proteins
into the airway lumen, mucosal surface liquid levels
of a2-macroglobulin would well reflect this exuda-
tion response [3, 17]. Frequently, a large plasma
protein (a2-macroglobulin) is also a superior index
to smaller proteins such as albumin and IgG that
may enter the airway lumen nonspecifically [3]. In
the present study, HS failed to produce plasma
exudation, but exudation produced by histamine
challenge was significantly increased. Since sensory
nerve stimulation of the human nasal, as well as
bronchial mucosa, is without plasma exudation
producing effects [7, 18], it seems unlikely that sen-
sory nerve mechanisms are involved in the increased
exudative responsiveness that was induced by HS
in this study. The possibility that HS evokes
osmotically driven movements of solutes from the
lamina propria to the airway lumen may have
contributed to the present finding. However, further
studies are warranted to elucidate the mecha-
nisms involved in the present HS-induced enhanced
exudative responsiveness of the airway mucosa.

The present observation that addition of HS to the
nasal lavage fluid augments secretory responses to
methacholine and exudative responses to histamine
may be relevant to sputum techniques employing HS.
This may be particularly true for plasma exudation
events; thus, the current authors previously demon-
strated that a variety of inflammatory mediators as
well as disease factors (e.g. allergen) produce similar
exudation responses in nasal and bronchial airways [2,
3]. Ongoing exudative responses, e.g. in asthma and
chronic obstructive pulmonary disease, may specula-
tively be enhanced by the inhalation of HS. If so,
this interaction may be viewed as a drawback, but it
may also be an experimental advantage increasing the
yield in airway luminal samples of plasma proteins
and cellular products that move along with the bulk
plasma [3].

The authors conclude that the topical administ-
ration of hypertonic saline to human nasal mucosa
in vivo evokes mucinous secretion and, more impor-
tantly, that it increases secretory and exudative res-
ponses to topical challenge with methacholine and
histamine, respectively.
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