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ABSTRACT: In order to assess the role of the bronchial circulation in the 
pathogenes.ls of exercise-.induced asthma (EIA), we conducted a double
blind, randomlzed study of the effects of pretreatment with an inhaled a

1
-

adrenergic agonist, methoxamine (Mx), l.n nine asthmatic teenagers with 
known r..:rA. Exercise consisted of S min cycle ergometry at a submaximal, 
constant work-load, while the subjecfs breathed dry air at ambient tem
perature. Forced expiratory volume in one second (FEV

1
) was measured 

at ba...eJine, JS min after pretreatment of either Mx or saline, and ser ially 
after exercise. Mx significantly reduced the exercise-induced fa ll of FEV 

1 
without modifying baseline FEV1 In five of the eight subJect~, had li ttle or 
no effect In three and caused an acute asthmatic attack in the remaining 
subject. Mx has p<>tent constrictor effects on both bronchial and vascular 
smooth muscles through stimulation of postjunctlonal a

1
-ndrenoceptors. 

Therefore, the protective effect of Mx on EIA may be attributed to vaso
constriction of tracheobronchial vessels opposing the hyperaemla and 
mucosal airway oedema that may cause, at least in part, the exercise
induced acute bronchial obstruction in EIA. Alternatively, Mx stimulates 
mucus, water and electrolyte secretion by airway epithelium and may, 
therefore, oppose the dehydration of airway surface that could be a causa
tive factor of EIA. 
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The mechanisms that cause airway narrowing in 
exercise-induced asthma (EIA) are still debated. During 
physical exercise, bolh heat [1] and water [2) losses 
increase over resting values but !he intermediate mecha
nisms linking the ensuing increase in energy losses by 
the airways to post-exertional asthma are poorly under
stood, allhough cooling and dehydration of the airway 
surface may be the primary events [3}. There is circum
stantial evidence in favour of a role for the tracheal and 
bronchial circulation in production of exercise-induced 
aslhma [4, 5). Rewanning of the tracheobronchial tree 
during the recovery period !hat follows exercise is more 
rapid in subjects suffering from post-exertional asthma 
than in control subjects. This may stimula te mediator 
release by mast cells and is suggestive of an exaggerated 
reactive hyperaemia r4, 5] which may, in turn, result in 
luminal narrowing due to vascular engorgement and oe
dema in !he airway mucosa and submucosa. 

smooth muscle and stimulates submucosal glands, both 
effects that should, if anything, aggravate airways nar
rowing. We wondered, therefore, if a potent vasocon
strictor agent such as methoxamine might prevent EIA, 
which would indirecll.y confinn Lhe role of vasodilatation 
of the tracheobronchial circulation [4, 5) in !his condi
tion. 

Alpha1-ad.renergic agonists are potent vasoconstrictor 
agents of the bronchial c ircu lat ion in experimental 
animals l6). We have previously shown that inhaled 
methoxamine, an a.1-adrenergic agonist, prevented 
melhacholine-induced bronchial obstruction in patients 
wilh impaired left ventricular function r?J. an effect which 
we explained by constriction of bronchial vesseLs, 
since methoxamine is a contractile agent for bronchial 

Subjects 

Nine asthmatic teenagers with sporadic and moderate 
asthma responding to the defmition of !he American 
Thoracic Society [81 were studied (table 1) . All subjectS 
had a history of EIA which was documented by a fall in 
forced expiratory volume in one second (FEY 1) ~20% of 
baseline FEY, after 5 rnin of outdoor free running. All of 
them were in a stable phase of their disease; only three 
of the nine patients made regular use of bronchodilators 
to control their symptoms and none had been Lreatcd 
with corticosteroids for a month before the study. All 
other medications were withheld according to standard 
recommendations [9). After approval by the Elhical 
Committee of our Medical School, the design of the study 
was thoroughly explained to the subjects and their parents 
before obtaining their informed consent 
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Methods 

Outline of the study 

Eight subjects carried out two standardized exercise 
tests after inhalation of either methoxamine or saline 
solution according to a double-blind, randomlzcd design. 
F ifteen min after pretreatment, lhe subject carried out a 
submaximal exercise for 5 min on a cycle ergometer. 
FEV1 was meas ured at baseline, 15 min after dosing, 
every m in for the ftrst 5 min following the end of e xer
cise, and then every 10 min until return to baseline. Blood 
pressure and heart rate were measured at baseline and 15 
m in after inhalation of methoxamine or placebo. The study 
was discontinued in the remaining subject (No. 9) who 
had an acute aslhmalic auack following pretreatment of 
methoxamine and recovered after administration of sal
butamol (2x 100 J.Lg) from a metered dose inhaler. 

Technical details 

The two exercise tests were performed on the same 
day. There was at least a 6 h interval between the first 
and the second challenges which took place, respectively, 
before 9 am and after 3 pm. This interval was chosen in 
order to avoid the confounding effect of the refractory 
period that may occur after a first attack of EIA [10). 
The exerc ise consisted of S min of pedalling on a cycle 
ergometer (Gauthier MSR, France) while the subject, 
wearing a nose-clip, breathed compressed dry air (0% 
humidity) at room temperature through a mouthpiece. 
The work-load used for each subject was chosen to obtain 
90% of predicted maximal heart rate (HRmax) deter
mined from the usual formula: HRmax=220-age (yrs). 
Heart rate was monitored (Gould IM 1000, USA) and 
recorded every 30 s. Individual tailoring of lhe work
load was chosen to account for differences in height and 
weight between subjects (table 1). Immediately after the 
exerdsc, the subjects began to respire room air and 
continued to do so throughout the entire recovery period, 
as recommended by GILBERT et al. [5]. 

Methoxamine was diluted in saline at a concentration 
(w/v) of 40 mg·ml·1

• Osmolarity and pH of the solution 
were 300 mosm·l·1 and 7, respectively. Aerosols were 
generated by a DcVilbiss model 646 nebulizer operated 
by compressed air at 1.50 kPa and an inhalation trig
gered dosimeter (FDC 87. Mediprom S.A., Paris), set to 
deliver an aerosol of 1 s duration, that provided 0.8 mg 
of methoxamine for each inspiration. Volume history was 
standardized by having each participant inhale from 
functional residual capacity to total lung capacity. The 
total number of inhalations was predetermined as a 
function of body weight to achieve a target dose of inhaled 
methoxamine of about 0.15 mg·kg-1 of body weight (table 
1). FEV 

1 
was measured in triplicate a t each time point 

and the highest value was retained for analysis. 

Statistical analysis 

The entire set of values of FEV I' blood pressure and 
heart rate was submitted to a two way analysis of vari
ance (treatment, time) for repeated measurements (sub
jects). Intra-individual comparisons of the effects of 
methoxamine and placebo on FEV

1 
were made by a paired 

Wilcoxon signed rank test. 

Results 

The e ight subjects, whose airways patency was not 
affected after pre treatment of methoxamine as shown by 
an unchanged FEV

1
, carried out lhc two exercise chal

lenges and results from lhesc subjects form lhe basis of 
this report 

Individual time-response curves for FEV 
1 

are presented 
in figure 1. As a result of the randomized design of the 
study, pretreatment before the 9 am exercise was 
methoxamine in four subjects and placebo in the remain
ing four subjects and pretreatments were crossed-over 
for the afternoon exercise. Since there was no order effect, 
results of both subgroups were analysed together. 

Group-average (±so) values for pre- and post-exercise 

Table1. - Anthropometric, baseline lung function and exercise data 

Subjects Sex Age Height Weight FEY, HR (mean±so) Inhaled Mx 
cm kg %pred p Mx mg 

1 M 13 166 58 3.0 101 171±6 174±6 8.8 
2 F 12 146 38 1.8 94 163±8 163±9 5.6 
3 M 13 161 51 2.8 101 176±4 177±6 7.2 
4 F 10 149 39 2.3 114 178±3 179±4 5.6 
5 M 16 163 47 2.8 100 176±6 174±6 7.2 
6 M 12 142 36 2.2 114 174±6 174±8 5.6 
7 F 16 154 65 2.2 99 177±4 177±4 9.6 
8 F 17 160 46 2.4 97 176±5 177±7 7.2 
9 M 18 177 63 3.2 90 9.6 

Predicted values of forced expiratory volume in one second (FEY
1
) are those of Bounuvs [40]. Heart rate (HR) was 

recorded every 30 s during the two exercises that followed pretreaiJnent of placebo (P) or methoxamine (Mx) and the 
maximal HR on exercise is listed in the table. Doses of inhaled Mx are given as a function of corporeal weight (0.15 
mg·kg·1). 
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Fig. 1. - Changes in forced expiratory volume in one second (FEV 

1
) caused by exercise after pretreatment of methoxamine and placebo. FEV 

was recorded at baseline (B), after pretreatment of methoxamine (Mx: closed circles) or placebo (P: open circles) and serially after the exercisd 
challenge (column). 
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Fig. 2. - Group-average values of forced expiratory volume in one second (FEV 1) (mean±so). Difference between pretreatment of methoxamine 
(Mx: closed circles) and placebo (P: open circles) are signficant at the p<O.OOl (* .. ) and p<O.Ol ( .. ) threshold at 5 and 15 min post-exercise, 
respectively. B: baseline. 

FEY, and changes of FEY, from baseline on pretreat
ment of methoxamine and placebo are shown in figures 
2 and 3, respectively. On average, inhaled methoxamine 
did not change resting FEY1 (FEY 1=2.4±0.5 I (mean±so) 
and 2.4±0.4 l at baseline and after pretreatment of saline; 
FEY

1
=2.3±0.5 l and 2.3±0.5 1 at baseline and after pre

treatment with methoxamine). Methoxamine reduced the 
exercise-induced fall in FEY

1
, an effect which was 

maximal and significant at 5 min (LWEV
1
=0.9±0.3 I and 

0.4±0.4 I on placebo and methoxamine, respectively 

p<O.OO l) and 15 min post-challenge (&"EY1=0.6±0.5 l 
and 0.3±0.2 I on placebo and methoxamine, p<O.O l and 
p<O.OO 1, respectively). 

As shown in figure 1, methoxamine had a full protec
tive effect against EIA in three subjects (Nos 1, 5 and 6) 
and a partial protective effect in two (Nos 3 and 4). Con
versely, in the remaining subjects (Nos 2, 7 and 8) FEY, 
fell to similar values on both placebo and methoxamine, 
the latter having had no protective effect Inspection of 
individual dose response curves in figure 1 conveyed the 
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impression that methoxamine had a full protective effect 
only in subjects having a mild degree of exercise
induced bronchial obstruction. Indeed, by use of a 
Spearman rank correlation test, we found that patients 
with the largest bronchial responses to exercise placebo 
also had the largest responses on methoxamine, whereas 
subjects with the lesser falls on placebo were also the 
most likely to be partially or fully protected by methoxam
ine (r,=0.83, p<0.05). 

time min 

0 .2 
B Mx/P 5 I S 25 35 

0 

-0.2 

- 0 .4 

-0.6 

-0.8 

- I 

6FEV1 *.. . * 
I • Methoxamine 0 PlacebO"] 

Fig. 3.-Group-average values (±so) of fall in forced expiratory volume 
in one second (FEV ) from baseline. Post-exercise fall in FEV, on 
methoxamine (Mx: closed areas) is significanlly le.~s than on placebo 
(P: open areas). •• p<O.Ol; ••• p<O.OOl; B: baseline. 

Blood pressure and heart rate were not modified by 
inhalation of methoxamine. Monitoring of heart rate 
during the two exercises did not show any difference 
between the two challenges (table 1). 

Discussion 

The main result of this study is that pretreatment with 
inhaled methoxamine, on average partially and in some 
individual cases totally, inhibits EIA without modifying 
resting bronchial tone in young asthmatic subjects. 

Performing two exercises on the same day may lead to 
a systematic bias related to diurnal variation of the rest
ing bronchial tone. We believe, however, that such a bias 
is unlikely. Firstly, previous studies have shown absence 
of diurnal variation in EIA [11, 12]. Secondly, randomi
zation achieved an identical distribution of pretreatments 
of methoxamine and placebo in the morning and the 
afternoon without discernable effects of the order of 
administration of the pretreatments on the bronchial re
sponse to exercise of our subjects. Exercise challenge 
was only performed once on placebo in this study since 
a preliminary study of six other comparable asthmatic 
subjects demonstrated that duplicate exercise challenges 
without active pretreatment and similar to that used in 
the present study caused almost identical maximal falls 
from baseline FEV

1 
of 31±7% and 30±7% of predicted 

FEVI. 
We used a 15 min interval between pretreatment of 

inhaled methoxamine and the exercise test since we have 
shown in a previous work that methoxamine fully pre
vented the bronchial obstruction caused by a methacho
line challenge commencing 15 min after dosing in cardiac 
patients with impaired left-ventricular function [7]. 

Methoxamine is a selective a 1-adrenoceptor agonist 
[13] that has various effects on different effector struc
tures of the airways. Stimulation of postjunctional a

1
-

adrenoceptor of airway smooth muscle and submucosal 
glands induces in vitro contraction of the former [14, 15J 
and secretion of mucus by the latter [16]. These effects 
account for the aggravation of the bronchial obstruction 
by alpha-adrenergic agonists observed in a majority 
of asthmatic subjects [17, 18]. Consistent with the dele
terious effects of alpha-agonist agents in asthma is the 
observation that EIA may be prevented by alpha-adrener
gic antagonists [19- 22]. The direct effects of alpha
adrenergic agonists on bronchial smooth muscle and 
glands warrant the contention that such compounds are 
contra-indicated in asthmatic patients. However, benefi
cial effects on airways patency of a 1-adrenergic agonists 
have already been reported in animals [23] and humans 
[7] and we report in this study that inhaled methoxamine 
is capable of preventing EIA in patients with mild asthma. 

Firstly, the protective effect may be explained by 
stimulation of bronchial vascular post-junctional a 1-

adrenoceptors. Stimulation of a
1
-adrenoceptors of vas

cular smooth muscle causes vasoconstriction [6, 13, 24] 
and therefore reduces vasodilatation and vascular engor
gement. Direct evidence in support of a role for the ITa· 
cheobronchial vasculature in EIA is not yet available. 
GILBERT et al. [5] measured the temperature within the 
respiratory tract of asthmatic subjects during exercise and 
the subsequent recovery period and found cooling of the 
airstream during exercise followed by a fast rewarming 
during the first minutes of recovery [4, 5]. Thus, re
warming takes place at the same time as the exercise
induced increase in resistance to gas flow in the airways: 
this is strong, though circumstantial evidence, of vaso
dilatation of the tracheobronchial circulation. The post
exercise vasodilatation may be a rebound phenomenon 
subsequent to vasoconstriction during exercise and 
permitted by the rapid fall in sympathetic tone and cir
culating catecholamines upon cessation of exercise. 
Tracheobronchial vasoconstriction during exercise may 
be facilitated by the increase of alpha-adrenoceptor 
sensitivity of vascular smooth muscle upon cooling [25], 
although airway temperature does not fall on exercise to 
the low 20-24 oc at which this effect was found in vitro 
(26]. A rapid rise in bronchial blood flow may lead to 
increased thickness of the airways wall due to vascular 
engorgement, plasma exudation, submucosal and mucosal 
oedema facilitated by the presence of chronic inflamma
tory changes in the airways of asthmatic subjects. 
Additional evidence for deleterious effects of local 
vasodilatation in asthmatic subjects has been provided 
by a recent study in which it was shown that inhaled 
prostacyclin may cause airway narrowing which was 
best explained by mucosal engorgement [27]. 

It is not possible to explain the protection offered by 
both alpha-adrenergic agonists and antagonists against 
EIA by only taking into account their effects on airway 
smooth muscle. Methoxamine is a potent vasoconstrictor 
agent [6, 13, 24] and may therefore protect against EIA 
by preventing the rebound hyperaemia at recovery. In 
addition, methoxamine may also reduce, through its 
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vasoconstrictor effect, the rate of water delivery to the 
airways after exercise [28] that is supposed to modify the 
airway surface osmolarity which is a possible trigger
ing factor of EIA [2, 29]. Alpha-adrenergic antagonists 
[19-22] and calcium channel blockers [30) are bronchodi
lator as well as vasodilator agents and have a protective 
effect against EIA. In addition to their relaxant effect on 
bronchial smooth muscle, these drugs may, therefore, 
limit hyperpnoea-induced vasoconstriction, thus minimiz
ing the post-challenge rebound hyperaemia. 

In addition it is possible that the respective role of 
contraction of airway smooth muscle and reactive hy
peraemia differs between subjects. Indeed a high degree 
of airway smooth muscle reactivity in subjects having a 
severe exercise-induced fall of FEVt is suggested by our 
finding that the protective effect of methoxamine is very 
modest or even absent in such patients. 

Alternatively, it can be hypothesized that methox
amine prevented EIA through effects on electrolyte 
secretion and water-mediated movement across airway 
epithelium. Alpha-adrenergic agonists enhance the trans
port of Cl- and Na+ ions and of accompanying water 
from submucosa to the airway lumen in cats [31). 
However, in vivo transmucosal potential difference of 
airway epithelium is not modified by phenylephrine in 
dog, whereas it increases upon application of the secre
tagogues isoproterenol and epinephrine [36]. Circumstan
tial evidence that pharmacological manipulation of ion 
and water transport by airway epithelium [33] may modify 
the bronchial response to exercise of asthmatic subjects 
has recently been provided [32]. These authors have 
shown that inhaled but not intravenous frusemide pre
vented exercise-induced asthma_ Frusemide reduces the 
secretion of chloride from the serosal but not from the 
luminal side of dog tracheal epithelium by reducing uptake 
of chloride ions at the basolateral membrane [35, 37. 38] 
which results in decrease of intracellular activity of 
chloride and, presumably, of chloride secretion at the 
apical membrane_ It is difficult to understand how local 
application of two drugs of which one reduces and the 
other enhances chloride secretion towards airway lumen 
share a preventive effect on exercise-induced asthma but 
it is tempting to speculate that pharmacological manipu
lation of ion and water movements across airway epithe
lium may have a potential for management of this 
condition. 

Occurrence of an acute attack of asthma in one of our 
nine subjects after treatment by inhaled methoxamine 
confirms earlier reports [17, 18) and can probably be as
cribed to stimulation of post-junctional a

1
-adrenoceptors 

located on bronchial smooth muscle [14, 15) and sub
mucosal glands [16). Alternatively, methoxamine, by 
causing tracheobronchial vasoconstriction may reduce 
vascular clearance of paracrine endogenous bronchocon
stricting mediators. However, the reason why inhaled a

1
-

adrenoceptor agonists induce bronchial obstruction in 
some subjects but not in others is unknown. That only 
one case of acute asthma was caused by methoxamine in 
our group of nine asthmatic subjects reflects the general 
opinion of a weak role for alpha-adrenoceptors on the 
basal bronchial tone [39). 
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Pretraitement par un a
1
-agoniste adrenergique inhale, 

methoxamine, reduit /'asthma post-exercise. A.T. Dinh Xuan, 
M. Chaussain, J. Regnard, A. Lockhart. 
RESUME: Pour determiner le rOle de la circulation bronchique 
dans l'asthme post-exercice (APE), nous avons etudie en double
insu l'effet d'un pretraitement par un alpha-1 agoniste inhale, 
la methoxamine (Mx), chez 9 adolescents asthmatiques ayant 
un APE connu. L'exercice rectangulaire est effectue sur bicy
clette ergometrique pendant 5 min a puissance submaximale, 
le sujet respirant par la bouche de !'air sec a temperature 
ambiante. Le volume expiratoire maximal seconde (VEMS) 
est mesure a l' etat de base, 15 m in apres inhalation du produit, 
et regulierement apres l'exercice. La Mx reduit significative
ment la chute du VEMS induite par l'exercice sans modifier 
le VEMS de base chez 5 des 8 sujets, a peu d'effet chez 3 
autres sujeL~ mais entralne une crise d'asthme ehez le sujet 
restant. En stimulant Jes recepteurs alpha-1 adn!nergiques 
post-jonctionnels, la Mx exerce un effet constricteur sur le 
muscle lisse, aussi bien bronchique que vasculaire. Son action 
preventive de !'APE pourrait etre expliquee par la vasocon
striction des vaisseaux tracheo-bronchiques qui s'opposerait 
a l'hyperhemie et a l'ced~me muqueux des voix aeriennes 
qui seraient, au moins en partie, responsables de !'obstruction 
bronchique induite par l'exercice. Une autre possibilite est 
que, du fait de son effet secretagogue sur !'epithelium des 
voies acriennes, la Mx s'oppose a la deshydratation de la 
surface de eelles-ci qui est peut-etre un facteur responsable de 
!'APE. 
Eur Respir J., 1989, 2, 409-414. 


