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Summary
The hypothesis that increased reactivity in asthma is not always limited to the bronchi
but also exists in the mediator releasing system was investigated in forty-five asthmatic
children, approximately half of whom had exercise-induced bronchoconstriction
(EIB). The bronchial threshold to histamine was measured as an indicator of the
reactivity of the bronchi and the histamine release from leucocytes without adding
allergen (spontaneous histamine release) was considered as an indicator of the reacti-
vity of the basophil leucocytes. There was a significant correlation between the
histamine threshold and spontaneous histamine release and between these and EIB.
These findings support the hypothesis.

(ntroduction
Many asthmatic patients show exercise-induced bronchoconstriction (EIB) (Bierman,
Kawabori & Picrson, 1975). These patients often have bronchial hyperreactivity
to histamine and acetylcholine (Kiviloog, 1973). Because of the protective action
of sympathomimetics, parasympatholytics (Godfrey & Konig, 1976) and disodium
cromoglycate (Davies, 1968), it can be assumed that both the autonomic nervous
system and mediator release play a role in the mechanism of EIB.

When measuring histamine release from leucocytes in asthmatic patients sensitive
to cat dander allergen, we noticed that histamine was sometimes released in incuba-
tions without allergen (Neijens et ai, 1979).

We called this phenomenon 'spontaneous histamine release'. Spontaneous hista-
mine release is considered as a measure ofthe reactivity of leucocytes. In this study we
have investigated the hypothesis that in asthma increased reactivity is not limited to the
airways but also exists in other systems such as mediator-releasing cells. We have
investigated this in patients with EIB. Because it is difficult to obtain live human
pulmonary mast cells, leucocytes have been studied.
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Materials and methods
Forty-four asthmatic children (thirty-one boys, fourteen girls), who were under treat-
ment in the outpatient department for respiratory diseases of the Sophia Children's
Hospital in Rotterdam were investigated. Their mean age was 10-7 years with a range
oi 6-2-14-2 years. They had been in a symptom-free period for at least 4 weeks.
Treatment was stopped 48 hr before the investigations, which were carried out between
09 h 00 min and 11 h 00 min. Histamine threshold was measured in the asthmatic
children by means of inhalation at a flow of 6 l/min of histamine diphosphate in
increasing dose concentrations of 1, 2, 4, 8, 16, 32 and 64 mg/ml (de Vries et al., 1964).
At the beginning of the inhalation each patients performed a submaximal vital
capacity manoeuvre after which they inhaled the aerosol at tidal volume for 30 sec. With
this technique the bronchial threshold to histamine in healthy children is ^ 32 mg/ml.

On the morning before the histamine threshold measurement, venous blood was
withdrawn, with the patient at rest, some minutes after venapuncture to minimize
variations caused by the procedure (Simon era/., 1977). Spontaneous histamine release
was determined by measuring the amount of histamine released from 1 ml of leucocyte
suspension incubated without allergen using the method of May et al. (1970). Hista-
mine release was also measured after adding 20 ji\ anti-IgE (Behring Werke 400 000
i.u./ml) in order to estimate allergen-induced histamine release. The leucocyte suspen-
sion was in contact with open air. The histamine release measurements were done in all
asthmatic and in thirteen healthy persons comparable in age and sex but without a
history of asthma or eczema. All measurements were done in triplicate and the values
given are the average of these. The standard deviation of triplicate measurements was
0-5 i.igl\. The number of basophils was counted in duplicate by the method of Moofe &
James (1953). The bronchial reaction to exercise was measured in the asthmatic
children by running up and down stairs for at least 5 min and was performed on the day
after the histamine threshold. Exercise was considered satisfactory if the pulse rose
above 175 beats a minute. Lung function was assessed by spirometry before, immedia-
tely after and at 5, 10, 15, 20 and 30 min after exercise. A decrease in the forced
expiratory volume in 1 sec (FEV|) below 85% of the initial value within 15 min of the
run was considered as bronchoconstriction. Most of the paramaters were found to be
distributed abnormally as appeared from tests for skewness and kurtosis, therefore the
statistical treatment of the data was done with non-parametrical tests.

Results
Figure 1 shows that the spontaneous histamine release is higher in patients with EIB
than in either those without EIB (Fisher exact test, P < 0-02) or than in healthy children
{P<0-05). The medians of the three groups were respectively 2 4, 1 and 1 /zg/1. No
relationship between other parameters and spontaneous histamine release could be
detected. The basophil counts in the respective groups were 31 ±25, 37+16 and
20±16/ml (mean ± s.d.). Anti-IgE induced histamine release in these groups was,
respectively, 9 0 ± 7 2, 7-5±5 4 and 4 6 ± 3 0 ^g/1 (mean±s.d.). Initial FEV| and
spontaneous histamine release were also not related (Spearman p = 0 03, not signifi-
cant).

It can be seen in Fig. 2 that the relationship between the histamine threshold and
the decrease after exercise is very significant (Spearman p = 0 69, /* < 0 001). In patients
with EIB the histamine threshold is significantly lower than in patients without EIB
{y^ test, / ' < 0 005). The medians were 4 and 16 mg/ml respectively.
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Fig. 1. Spontaneous histamine release in asthmatic children, divided according to their sensitivity to exercise,
and in healthy children. Fisher exact test. Separation of the groups at 1 5 /ig/l level, but this was not critical.
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Fig. 2. Relationship between histamine threshold and exercise-induced decrease in FEVi in asthmatic
children. Spearman p = 0 69; / ' <0001 .

Figure 3 shows that fourteen out of the seventeen patients with a histamine
threshold of ^ 4 mg/ml also have a spontaneous histamine release of ^ 1 -5 ^g/1; 13 of
these have EIB. Eight ofthe twenty-eight patients with a histamine threshold of ^ 8
mg/ml have a spontaneous histamine release of ^ 1 -5 ^g/1; two of these have EIB. Six of
the twenty patients in whom the histamine threshold is ^ 8 mg/ml and the spontaneous
histamine release < 1-5 ^g/1 have EIB.
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Fig. 3. Relationship between the histamine threshold and spontaneous histamine release in relation to
bronchoconstriction. Spearman p between spontaneous histamine release and histamine threshold = 0-30;
/ '<0025 . •, Exercise, positive; o, exercise, negative.

From Fig. 3 it also appears that a correlation exists between the degree of
spontaneous histamine release and the histamine threshold (Spearman p = 0 30,
F<0025), whereby the reaction to exercise was not taken into account.

Discussion
The results of this study indicate that leucocytes from asthmatic patients with EIB
often have a greater spontaneous histamine release than leucocytes of both asthmatic
patients without EIB and healthy children. This indicates that the leucocytes of a
number of patients with EIB in the absence of a known trigger but under carefully
standardized conditions, have a greater releasing capacity per unit time. This could not
be explained by a difference in the number of basophils, nor by a difference in
allergen-induced histamine release as judged by anti-lgE induced release in patients
with and without EIB.

Further the state ofthe asthmatic disease was not relevant because all patients had
been in a symptom-free period for at least 4 weeks and no relationship existed with the
initial lung function values.

Findlay & Lichtenstein (1978) showed that leucocytes of patients with intrinsic
asthma released a greater amount of histamine after adding deuterium oxide compared
to those of healthy subjects. This may indicate a difference in releasability. May (1976)
found that leucocytes of patients with food allergy often had high spontaneous
histamine release. Podleski and Grimes (1978) demonstrated hyperreactivity in lym-
phocytes of patients with obstructive airways disease.

Like others (Mellis et al., 1978; Eggleston, 1979) we found that the decrease in
FEVi after exercise is strongly correlated with the histamine threshold. The histamine
threshold reflects the degree of bronchial hyperreactivity of non-allergic stimuli (de
Vries et al., 1964). The degree of spontaneous histamine release correlates well with the
degree of bronchial hyperreactivity as is shown in Fig. 3. This supports our hypothesis
that in asthmatic patients hyperreactivity may not only be present in the bronchi but
also in the mediator releasing system.
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