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The Spearman’s ranked
correlation (rs) between the
response to hypertonic
saline and exercise induced
asthma (ELA) symptom
score (top, groups 1 and
2), methacholine reactivity
(middle, group 2), and
histamine reactivity
(bottom, group 1). The
hypertonic saline response
was ranked from most
responsive (lowest PD,,)
to non-responsive
(PD,,>310 1), histamine/
methacholine from lowest
PC,, to highest PCy,, and
EIA symptom score from
no symptoms (lowest score)
to severe symptoms
(highest score).
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p=0-05). No significant relation could be
found between the exercise induced asthma
symptom score and the methacholine reactiv-
ity (rs=0-12, p=0-33).

Discussion

In this study we failed to find any significant
relationship between the level of airway
responsiveness to hypertonic saline and non-
specific bronchial hyperresponsiveness mea-
sured with histamine or methacholine. A
similar result has also been shown by Boulet
et al,* who used a quantitative method to
measure the hypertonic saline response with
doubling concentrations of saline from 0-9%
to 14:4% to obtain a dose-response curve,
and expressed the level of hypertonic respon-
siveness as the osmolarity causing a 20% fall
in FEV, (PD,,) in asthmatic subjects with

methacholine PC,, values of 0-19-5-54
mg/ml. Belcher ez al® reported a significant
correlation between the hypertonic saline and
the histamine reactivity in asthmatic subjects
responsive to hypertonic saline who had mod-
erate histamine reactivity (geometric mean
PC,, histamine, 1-08 mg/ml). Smith ez al°
have also reported a significant correlation
between the hypertonic response and the
methacholine reactivity; in this study, how-
ever, the subjects had moderate to severe
methacholine  responsiveness (geometric
mean PC,, methacholine, 0-68 umol). In the
present study, exclusion of those subjects
whose airways failed to respond to hypertonic
saline improved the correlation with metha-
choline PC,,, which suggests that in this
subgroup the severity of underlying “non-
specific” hyperresponsiveness may bear some
relation to the degree of hypertonic response.
The failure of this study to detect a relation-
ship between bronchial hyperresponsiveness
and hypertonic saline response may be due to
the relatively small number of subjects used
in each part of the study. Such a study would
therefore only be likely to detect a strong rela-
tionship and the possibility that a weaker rela-
tionship does exist has not been excluded,
nor has a relationship applying only to a sub-
group of subjects such as those with severe
bronchial hyperresponsiveness.

The exact mechanisms of hypertonic saline
induced bronchoconstriction are not known.
In the knowledge that selective H, receptor
antagonism removes the majority of the
response,'* one suggested mechanism might
involve the release of mediators from mucosal
mast cells.'” Anticholinergic drugs also offer
some variable degrees of protection, possibly
implicating a neuronal reflex mechanism as a
result of the loss of epithelial integrity.!” How
much these mechanisms contribute to the
overall bronchoconstrictor response is not
known, but contributions are likely to vary
from subject to subject as with exercise
induced asthma. Bronchoconstriction pro-
voked by the cholinergic agonist metha-
choline occurs by direct interaction with the
muscarinic M, receptors linked to excitation-
contraction coupling of airway smooth
muscle.!® In the case of histamine, the con-
strictor response is due to a combination of
smooth muscle contraction both directly and
indirectly through neural reflexes and
microvascular leakage, all involving H, recep-
tors.'® In view of the different mechanisms of
action of hypertonic saline, histamine, and
methacholine in evoking bronchoconstriction,
it is not surprising that a relationship between
the former probably indirect and the latter
more direct stimuli could not be found.

In previous studies severity of asthma has
been assessed in terms of symptoms and
other features of the history, degree of airflow
obstruction, and level of treatment needed to
control symptoms. Each of these has its
imitations.!” While measurements of FEV,
and peak expiratory flow rate (PEF) are both
invaluable in assessing the degree and
variability of obstruction of airflow, reduction
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in airway calibre may occur over short
periods of time and is not revealed by inter-
mittent measurements. Bronchial hyperre-
sponsiveness is a functional abnormality and
might reflect underlying pathological process-
es in the airway rather than a relationship
with the current degree of bronchoconstric-
tion measured at any one time. Makino'® and
Murray et al'' have reported a stronger corre-
lation between the asthma history score and
PC,, histamine than between asthma score
and any spirometric test in asthmatic subjects
who were apparently free of airway obstruc-
tion at the time of testing. Similarly, exercise
induced bronchoconstriction has been shown
to correlate with wheezing score, but not with
pre-exercise PEF.!?

In the present study we have shown a rela-
tionship between the exercise induced asthma
symptom score and bronchial responsiveness
to hypertonic saline, histamine, and metha-
choline. The close relationship observed
between the exercise induced asthma symp-
tom score and the hypertonic saline response
confirms the findings of Belcher ez al,* who
showed a significant correlation between the
level of hypertonic responsiveness and exer-
cise induced bronchoconstriction. The failure
of our study to show an association between a
symptom score for exercise induced asthma
and both histamine and methacholine
responses adds to the view that exercise
induced asthma is a more complex expression
of airway hyperresponsiveness than the
simple measurement of histamine or metha-
choline PC,,. While there are studies showing
a correlation between exercise induced asth-
ma and histamine and methacholine reactivi-
ty, these have always been conducted on
selected patient populations.”® When subjects
were selected from the community on the
basis of respiratory symptoms alone, the
degree of bronchoconstriction provoked by
exercise failed to relate to methacholine
responsiveness.’

The significant correlation observed
between the exercise induced asthma symp-
tom score and hypertonic saline response,
compared with the lack of association
between the symptom score for exercise
induced asthma and both histamine and
methacholine response, is probably partly due
to the larger number of subjects in the hyper-
tonic saline group. We therefore examined
the correlation between exercise induced
asthma and hypertonic response in the two
subgroups; no significant correlation was
found in the histamine subgroup (group 1),
but in the methacholine subgroup the correla-
tion was still significant (group 2). However,
in both subgroups the relationship between
exercise induced asthma symptom score and
hypertonic saline was closer than the relation-
ship between exercise induced asthma symp-
tom score and both histamine and
methacholine response. Further studies with
larger numbers of patients are needed to con-
firm these findings.

The response rate of 79% to hypertonic
saline challenge in subjects with a history of
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exercise induced asthma is similar to that
reported in other studies.>® Two possible
mechanisms have been advanced for the
pathogenesis of exercise induced asthma.
Smith and Anderson have presented a strong
argument that the hypertonicity of the airway
lining fluid resulting from conditioning of
inspired air to body temperature and humidi-
ty is a sufficient stimulus to account for the
release of mediator from mucosal mast cells
and bronchoconstrictor response to exer-
cise.’” This argument is supported by the
facts that H, histamine antagonists are highly
effective in inhibiting the airways response to
exercise’® and that a leukotriene receptor
antagonist markedly attenuates exercise
induced bronchoconstriction.!* McFadden et
al have suggested an alternative mechanism
from detailed studies of temperature gradi-
ents down the airway during exercise induced
asthma, and hypothesised that airway cooling
followed by rebound hyperaemia might be
responsible for the reduction in airway cali-
bre.? Our finding that the perception of
severity of exercise induced asthma by
patients relates closely to the level of airway
responsiveness to hypertonic aerosol chal-
lenge supports a link between hypertonicity
and the mechanisms of exercise induced asth-
ma. That the two types of challenge share a
common pathway is further supported by
cross refractoriness between the two stimuli.?!

We therefore conclude that airway respon-
siveness to hypertonic saline relates more
closely to the symptom severity of exercise
induced asthma than to histamine or metha-
choline reactivity. These findings reinforce
the view that hypertonic saline induced bron-
choconstriction is a challenge model that
closely reflects the mechanisms of exercise
induced asthma.
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Relation of the hypertonic saline
responsiveness of the airways to exercise
induced asthma symptom severity and to
histamine or methacholine reactivity.
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