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Platelet activation during exercise induced asthma:
effect of prophylaxis with cromoglycate and
salbutamol
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ABSTRACT Peak expiratory flow (PEF) and plasma concentrations of platelet factor 4 and ,B throm-
boglobulin were measured before and after exercise in nine asthmatic patients and 12 non-asthmatic
volunteers. Exercise was preceded by administration in random order of either placebo, salbutamol
200 jg, or sodium cromoglycate 2 mg from a pressurised inhaler. In control subjerts there were
minimal changes in PEF and plasma concentrations of platelet factor 4 and ,B thromboglobulin. In
the asthmatic patients the typical changes in PEF were seen on exercise; plasma concentrations of
platelet factor 4 and ,B thromboglobulin rose significantly in parallel, the rise preceding the fall in
PEF. The changes in peak flow and platelet activation induced by excercise were attenuated by prior
administration of salbutamol or cromoglycate. These results indicate that exercise induced asthma
is associated with a rise in platelet release products similar to that observed in antigen induced
asthma.

There is considerable evidence that inflammatory
mediators are the underlying agents of broncho-
constriction in asthma.' Several of these substances,
and particularly platelet activating factor (PAF-
acether), also cause activation of blood platelets. This
has been detected during antigen induced asthma by
measurement of platelet factor 4,2 f throm-
boglobulin,3 and change in the platelet aggregate ra-
tio.3 These findings have been interpreted to indicate
that antigen induced asthma is accompanied by sensi-
tisation of mast cells and release of chemical media-
tors. While there is general support for the idea that
this pathway is concerned in antigen induced asthma,
there is controversy about the role of mediators in
exercise induced asthma.4-' We have therefore as-
sessed platelet activation during exercise in asthmatic
patients known to be susceptible to exercise induced
asthma by measuring platelet factor 4 and f throm-
boglobulin. The results obtained in these subjects
were compared with findings in non-asthmatic sub-
jects undergoing similar exercise. On separate occa-
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sions the platelet release response to exercise was
measured in the asthmatic subjects after adminis-
tration of sodium cromoglycate and salbutamol,
drugs known to modify exercise induced asthma.8

Methods

We studied nine asthmatic subjects attending the out-
patient clinic (mean age 23 years) and 12 non-
asthmatic members of the medical and laboratory
staff (mean age 31 years). The details of the asthmatic
patients are shown in the table. All subjects gave full
informed consent to take part and the study was ap-
proved by the Leeds Western District research ethics
committee. Both patients and control subjects discon-
tinued all medication on the evening before each
study day.

Exercise was carried out on a treadmill at room
temperature (about 20°C) and all of the participants
had experienced the procedure at least once before the
study. The speed and elevation of the treadmill were
adjusted for each individual so that six minutes of
sustained submaximal exercise could be carried out.
The chosen work load raised the mean pulse rate to
152 beats per min in the asthmatic subjects and 148
beats per min in the controls. Control subjects were
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Fig 1 Changes in PEFandplasma concentrations of
plateletfactor 4 (PF4 U-) and , thromboglobulin (,BTG;
*---@) during and after exercise in nine asthmatic
patients and 12 normal controls (means with standard
errors). The six minute exercise period is indicated by the
hatched area. The significance ofdifferences between resting
and subsequent measurements ( Wilcoxon test) is indicated by
*(p < 0.05) and **(p < 0.01).

exercised on only one occasion, preceded by adminis-
tration of two puffs from a placebo inhaler. In the
asthmatic subjects exercise was carried out on three
occasions at the same time of day at weekly intervals.
After baseline measurements salbutamol 200 ,g,
sodium cromoglycate 2 mg, or placebo were adminis-
tered in the form of two puffs from a pressurised in-
haler. The drugs were administered according to a
random allocation by one observer (CEJ). All mea-

surements of respiratory function and sampling of
blood were carried out without knowledge of which
drug a particular subject had received.

After a standard period of rest for 15 minutes, lab-
oratory measurements were made 10 minutes before
the exercise period. They were repeated immediately
after exercise and 10 and 25 minutes after exercise.
Peak expiratory flow was measured with a Wright's
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peak flow meter. At the same times blood samples
were collected from an antecubital vein without ve-
nous stasis. A standard procedure regularly used in
the laboratory was followed to minimise activation of
platelets during collection and processing of blood.
Venepuncture was carried out with minimal trauma
and avoidance of suction in the syringe, a 19 G
Butterfly cannula being used. The first 2 ml of blood
was taken into a syringe and discarded. A second sy-
ringe was used to collect the next 5 ml of blood, which
was immediately and carefully decanted into an ice
cooled test tube containing EDTA, theophylline, and
prostaglandin E1 to inhibit platelet activation. Blood
was mixed by gentle inversion of the tube and the
samples were kept in melting ice for 30 minutes, be-
fore centrifugation at 2200 g and 4°C for 30 minutes.
Aliquots of platelet poor plasma were removed from
the middle layer of the supernatant plasma and stored
at - 70°C until they were assayed. Plasma concen-
trations of platelet factor 4 and / thromboglobulin
were measured by radioimmunoassay with the kits
supplied by Abbott Laboratories and Amersham In-
ternational respectively. The normal ranges for our
laboratory, obtained from 20 normal subjects aged
22-60 years, are 3.9 (SEM 0.3) and 31.7 (2.1) ng/ml
respectively. For platelet factor 4 the interassay
coefficient of variation was 5% and the intra-assay
coefficient of variation 8%. For / thromboglobulin
the values were 10% and 8%.

Differences between group values were assessed for
statistical significance with the Wilcoxon signed rank
test and the two sample test for non-parametric data.

Results

Both asthmatic and control subjects exercised to a
similar extent, with mean (SEM) increases in pulse
rate of 69 (4) and 70 (5) beats per minute respectively.
Exercise did not cause any distress to patients or nor-
mal subjects.

Exercise did not greatly affect PEF or platelet re-
lease proteins in the control subjects (fig 1). There was
a small, transient rise in the values of all three mea-
surements after exercise but this attained significance
only for PEF (p < 0.05).

Individual results for platelet factor 4 and ,B throm-
boglobulin in the asthmatic subjects before and after
exercise are shown in the table. The individual rises in
platelet factor 4 and / thromboglobulin were
significantly correlated r = 0.83 (p < 0.01).

In the asthmatic subjects PEF measurements
showed typical exercise induced bronchoconstriction
(fig 1). There was no significant change immediately
after exercise but 10 minutes afterwards there was a
significant mean fall of 1141 min-1 (p < 0.01) below
the resting value, and PEF had not returned to nor-
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Fig 2 Effect ofpretreatment with sodium cromoglycate or salbutamol on changes in peak
expiratory flow (PEF) andplasma concentrations ofplateletfactor 4 (PF4 ) and fi

thromboglobulin (,BTG; *----) induced by a six minute period ofexercise (hatched area) in
nine asthmatic patients (means with standard errors). The significance ofdifferencesfrom resting
values (Wilcoxon test) is indicated by *(p < 0.05) and **(p < 0.01).

mal after 25 minutes. The changes in plasma concen-
trations of platelet factor 4 and thromboglobulin
occurred more rapidly than those of PEF and re-
turned to resting values more quickly (fig 1). By the
end of the exercise period and 10 minutes after it there
was a significant increase in plasma concentration of
both platelet factor 4 and P thromboglobulin (p <
0.05). Within 25 minutes of the end of the exercise
both concentrations had fallen and were not
significantly different from resting values. The indi-

vidual increases in P thromboglobulin and the fall in
PEF were significantly correlated (r = 0.67, p <
0.05). For the individual increases in platelet factor 4
and the fall in PEF r = 0.61, which just fails to reach
significance.

Administration of salbutamol or sodium cro-
moglycate by aerosol to the asthmatic patients dimin-
ished the fall in PEF seen after exercise (fig 2).
Salbutamol in addition produced statistically
significant bronchodilation after exercise. The drugs

Clinical details ofasthmatic patients and the plateletfactor 4 (PF4) and ( thromboglobulin (f)TG) responses to exercise after
placebo

Age Sex Atopy Serum IgE* Mean resting PF4 (ng/ml) fTG (ng/ml)
(lU/ml) (% PEFpred)

Basal Peak on Basal Peak on
exercise exercise

23 M + 380 84 4 10 29 48
23 M + 130 93 1 1 24 48 98
31 M + 285 76 5 30 41 75
20 F + ND 82 7 11 30 42
24 M + 95 60 6 27 34 71
24 F - 10 69 3 4 16 18
20 M + 660 73 7 14 28 41
20 F + 300 85 12 12 52 54
20 F + 330 70 7 8 24 22

*Normal range of IgE up to 120 IU/ml.
ND-not done; PEF-peak expiratory flow.
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(fig 2) also prevented platelet activation after exercise
in the asthmatic subjects (p < 0.05); there was no
significant difference in activity between the two
drugs.

Discussion

The results indicate that platelet activation accom-
panies episodes of exercise induced asthma, with
significant increases in plasma of the proteins platelet
factor 4 and ft thromboglobulin. This response is not
likely to be due to exercise alone, as there was an
insignificant rise in the concentrations in non-
asthmatic subjects, results that are in keeping with the
findings of others.9 '0 The association between bron-
choconstriction and release of platelet proteins is
strengthened by the observations that the rise accom-
panying exercise in patients given placebo was abol-
ished by prior administration of salbutamol or of
sodium cromoglycate. These experiments support the
hypothesis that the release of platelet proteins indi-
cates activity of mediators to which platelets are sensi-
tive and is not merely an epiphenomenon associated
with bronchoconstriction. Plasma platelet factor 4
and more noticeably # thromboglobulin were consid-
erably increased in asthmatic subjects at the end of
the exercise period, before any reduction in PEF had
occurred. This is consistent with previous reports that
when bronchial smooth muscle is challenged directly
by methacholine inhalation bronchoconstriction re-
sults without increase in plasma platelet factor 4.' It
seems likely that the increase in plasma platelet factor
4 and # thromboglobulin was derived from platelets.
Although the former has been found in mnast cells1'
and binds reversibly to vascular endothelium,12 p
thromboglobulin is platelet specific.'3 Since the re-
sponse of the two proteins is similar it is improbable
that the material was derived from different sources.
The stimulus for platelet activation is not known,

though platelet activating factor (PAF acether) might
have this role. Platelet activating factor is a lipid de-
rived from phosphorylcholine, which can be released
from platelets themselves, IgE sensitised basophils,
and other inflammatory cells. 4 Experimental
anaphylaxis in rabbits results in release of platelet
activating factor and subsequent increase in plasma
platelet factor 4 levels.'5 Injection of platelet activa-
ting factor in guinea pigs produces platelet dependent
bronchoconstriction'6 and intradermal injection in
man induces a rapid and delayed inflammatory reac-
tion with a time sequence similar to that of clinical
asthma.'7 Inflammatory cells in the lungs also pro-
duce prostaglandins and leukotrienes, some of which
could activate platlets at the same time as inducing
bronchoconstriction and acting as mediators of
hyperreactivity of the airways.'
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It is generally agreed that chemical mediators play
a part in antigen induced asthma,218-2 but the evi-
dence for their role in exercise induced asthma has
been much less convincing.22-24 The present study
indicates that platelet activation occurs after exercise
in asthmatic patients to much the same extent as after
antigen challenge.2 The findings are consistent with
the view that exercise induced asthma, at least in part,
is produced by chemical mediators.

We are grateful to Miss KM Milner for secretarial
assistance. We thank Allen and Hanburys Ltd and
Fisons Pharmaceuticals for a grant towards the costs
of laboratory reagents.
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