Editorials

Exercise-induced asthma: Is there still a

case for histamine?
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In this issue of The JACT, Barbro Dahlén et al! present
the first report on the effects of the leukotriene antagonist
zafirlukast and the histamine antagonist loratadine, alone
and in combination, on exercise-induced asthma (EIA) in
asthmatic adults. The drugs were given for 1 week in
doses of 80 mg twice a day for zafirlukast and 10 mg
twice a day for loratadine. A similar regimen had previ-
ously provided a greater protection against responses to
inhaled allergen through use of the combination. The
study was carried out with a double-blind, double-
dummy, randomized crossover design. The results clear-
ly show that zafirlukast, but not loratadine, modified both
the reduction in FEV, (ie, percent fall in FEV)) and its
recovery to baseline. No extra benefit was demonstrated
from the combination of the 2 drugs. A benefit from
loratadine, both alone and in combination, might have
been expected, given the long-held impression that hista-
mine is a mediator of EIA. This impression has taken
hold as a result of the finding by many investigators of a
small but significant effect of histamine antagonists on
EIA when given orally, intramuscularly, or by inhalation.
What conclusions can be drawn from this study about the
treatment of EIA and the possible cause of the narrowing
of the airways of asthmatic individuals in response to
exercise?

In the 16 subjects studied, the asthma was mostly
mild; only 4 of the subjects were treated with inhaled
steroids. The EIA, although repeatable, was mild in most
subjects, only 3 having a fall in FEV, greater than 30%.
The degree of EIA achieved in this study could relate
either to the mild nature of the asthma or to the intensity
and duration of the exercise stimulus. Whatever the rea-
son for the mild EIA, we can conclude that leukotrienes
contribute to the airway narrowing that follows exercise.
These data are all the more convincing because the
response to exercise was followed over 60 minutes and
showed a more rapid recovery of FEV | to baseline in the
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presence of zafirlukast. This confirms that leukotrienes
are the most important mediator for sustaining the asth-
matic response to exercise. The results also suggest that
leukotrienes might contribute to the maximum percent
fall to exercise, a role previously attributed to histamine
alone.2 The findings presented here, together with those
pertaining to montelukast,3 must now surely convince the
remaining skeptics that inflammatory mediators—in this
case, leukotrienes—play an important role in EIA.

Because leukotriene antagonists provide incomplete
(50% to 60%) protection from the effects of exercise,
other mediators are also likely to be involved in EIA.
Histamine, a preformed mediator in the granules of mast
cells, has long been thought an important mediator in
EIA. This study clearly does not support such thinking.
Other mediators likely to be involved in EIA are
prostaglandins. Studies of urinary excretion of mediators
after exercise have reported increases in leukotrienes Cy
and prostaglandin D, metabolites, but not increases in
histamine, after EIA.# Studies of the effects of cycloox-
genase inhibitors? on EIA also support a role for
prostaglandins. If we accept that leukotrienes are impor-
tant mediators of EIA, what is the stimulus for their
release and what is the cellular source?

The stimulus for EIA is the loss of water from the air-
ways’ surface in the process of humidifying large volumes
of air in a relatively short period of time. The thermal
(cooling) and osmotic consequences of respiratory water
loss are the important determinants of ETA.5 In this study,
air at ambient room temperature, not at subzero tempera-
tures, was inspired during exercise; accordingly, the
osmotic effects of dehydration are likely to be more
important than the cooling effects. Provided that the exer-
cise is sufficiently intense to raise the rate of water loss
above the normal rate of return, a transient increase in
osmolarity will occur in the airways. Initially, the osmot-
ic changes will occur and be greatest in the airway surface
liquid as the water evaporates to humidify the air. As the
surface fluid is replaced by water from the epithelial cells
and nonresident cells in the airways, these cells will suf-
fer volume loss. As the water lost from the epithelial cells
is replaced across the basement membrane, a small
osmotic gradient is predicted to occur below the basement
membrane.b It is the regulatory volume increase follow-
ing cell shrinkage that is thought to be the stimulus for the
release of mediators, because the intracellular events that
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accompany it are similar to those required for release of
mediators.” When airway osmolarity is increased by the
inhalation of mannitol, the findings are similar to what is
seen with exercise, in that leukotrienes and prostaglandin
D,, but not histamine, are increased in urine after chal-
lenge.8 As with exercise, the airway response to mannitol
is sustained by leukotrienes.”

Both mast cells and eosinophils are potential sources
of bronchoconstricting mediators. Mast cells are known
to release histamine, leukotrienes, and prostaglandin D,,
and eosinophils produce leukotrienes. Both of these cell
types are commonly found in the airways of asthmatic
individuals, but absolute numbers and percentages of
eosinophils are usually greater than absolute numbers
and percentages of mast cells. Eosinophils are found
superficially in the airways and are easily harvested in
sputum.!0 Thus they are likely to be among the first cells
to lose their water in response to an increase in osmolar-
ity. Mast cells are less common in sputum!% and more
likely to be found between epithelial cells or below the
basement membrane.

It has long been appreciated that human lung mast cells
release histamine in vitro in response to increasing osmo-
larity, and the released is enhanced in the presence of anti-
IgE.!1 Recently, it was reported that eosinophils in both
asthmatic and control subjects released leukotrienes in
response to a 10-minute exposure to hyperosmolar man-
nitol.12 The concept that eosinophils might be an impor-
tant source of leukotrienes in EIA is consistent with the
finding that among young asthmatic adults, those with
EIA have higher percentages of eosinophils than those
without EIA.13 Sensitivity of the airways to different
mediators might also be important. For example, there is
a marked difference in potency between leukotrienes and
histamine, such that only one thousandth of the concen-
tration of leukotriene is required to cause the same degree
of airway narrowing as histamine.!4 This difference in
potency could account for histamine’s not being a prereq-
uisite for the airways to narrow in response to exercise.

Given that there are many reports demonstrating a small
(30% to 50% protection) but significant effect of histamine
antagonists in EIA and that 1 report on loratadine appeared
early this year,!5 the failure to find any protective effect of
the histamine antagonist in the study by Dahlén et al is sur-
prising. The data on children who received a single daily
dose of 10 mg of loratadine for 3 days!5 would lead one to
conclude that loratadine gives significant, though incom-
plete, protection from EIA. It is important to consider what
conditions—if any—in the study by Dahlén et al could
potentially contribute to the negative finding.

Perhaps the mild nature of the asthma and the short
duration of the exercise stimulus could account for their
negative finding with loratadine. First, it is likely that both
individuals with mild asthma and individuals treated with
inhaled steroids will have fewer mast cells in the airway
lumen.10.16 Because mast cells occur below the surface,!6
they will not be exposed to the large changes in osmolar-
ity that occur on the surface of the airways. In this study,
in which an exercise time of 5 minutes was used, it is pos-
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sible that the osmotic threshold to cause release of the
mast cell histamine was not achieved. Had the increased
rate of water loss been sustained for a longer time, the
osmotic gradient might have been sufficient to achieve
release of histamine, resulting in more severe EIA. Eggle-
ston et al!7 demonstrated histamine release in response to
osmolarity that was maximal at 640 mOsm when NaCl
was the stimulus. It is possible that this osmolarity was
simply not achieved. The studies that have shown benefits
of histamine antagonists used 8 minutes of exercise in
most cases, so the osmotic threshold for mast cell release
of histamine might have been achieved.

It is well known that the maximal airway response to
exercise under room air conditions is likely to be
achieved when exercise is performed for a period greater
than 5 minutes—the time used in this study. An assess-
ment of the dehydrating stimulus cannot be made for this
study, inasmuch as heart rate, rather than ventilation, was
used as the index of intensity of exercise. In studies of
EIA it is preferable to measure ventilation, because it is
the best indirect index for rate of respiratory water
loss.18.19 Breathing dry air at 60 L/min results in a loss of
water of approximately 1.8 mL/min, of which 30%
would be provided from below the pharynx.>

The authors have highlighted the importance of their
choice, loratadine, because it is a potent and specific
antagonist of histamine. The authors remind us that ter-
fenadine has the potential to prevent the release from
cells of a wide variety of substances, including
leukotrienes.20 Given that most of the studies showing a
positive beneficial effect of a histamine antagonist in EIA
used terfenadine, perhaps we need to ask whether the
previous findings simply reflect the ability of terfenadine
to inhibit release of leukotrienes. Although there is evi-
dence that loratadine can also prevent the release of
leukotrienes,?! it is unlikely to have done so in this study,
because the airway response did not differ from that
obtained with the placebo.

EIA is important because the physiologic changes that
accompany it make exercise unattractive. The prevention
or control of EIA should be part of every management
plan, inasmuch as it is the most common cause of attacks
of asthma in children and can affect full participation in
sports activities. Exercise also plays an important role in
maintaining fitness, and many adults participate in com-
petitive sports. EIA appears to be a manifestation of
inflammation of the airways, because it responds to treat-
ment with inhaled steroids. This study demonstrates that
in subjects with stable asthma and repeatable EIA, exer-
cise is a suitable model for evaluating the effects of drugs
that prevent the release of mediators or block their action.
Comparison of the effects of such drugs for different
durations of exercise of the same intensity might have
revealed more information with respect to this study. The
attenuation of EIA by the leukotriene antagonist was
clear in most of the subjects. It is of interest that of the 5
subjects in whom there was not a clear protective effect
of zafirlukast, 4 had a substantial reduction when the
zafirlukast was taken in combination with the loratadine.
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Although there is still debate about leukotriene antag-
onists in the treatment of asthma, they should now be
accepted as valuable drugs to modify attacks of asthma,
such as those provoked by exercise, allergen, and cold
air. Furthermore, tolerance to the protective effects does
not occur, and the duration of action of leukotriene antag-
onists is sustained over time. There appears to be no role
for the use of a histamine antagonist in individuals with
mild asthma performing exercise for 5 minutes. The neg-
ative finding here supports many of the studies that have
failed to identify histamine directly after exercise. Other
studies, however, have shown a beneficial effect of
loratadine against EIA!5 when EIA was more severe.
Given this information, it might be suggested that before
we abandon the concept of histamine being a mediator of
EIA, we should be assured that the dehydrating stimulus
provided by exercise is sufficient to cause mast cell
release of histamine. The important finding in this study
is that even people with mild asthma who have good
baseline lung function but are not taking inhaled steroids
can have EIA caused by a proinflammatory mediator,
and steps should be taken to prevent this.

S. D. Anderson, PhD, DSc
J. D. Brannan, PhD
Camperdown, Australia
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