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Effect of salbutamol on gastrs pbmgeal 
reflux in healthy volunt~~ ad pdents 
with asthma 

Marie Claire Michoud, PhD,* Tam Leduc, MD,* France Proulx, MD,* 
Sylvie Perreault, MSc, ** Patrick Du Souich, MD, PhD,*, ** 

Andre Duranceau, MD,* and Robert Amyot, MD* Montreal, Quebec. Canada 

The aim qf this work wus to establish whether P-adrenergic agonists promote or ~n~~reusc 
gastroesophageal re@x in patients with asthma. Ten healthy individuals and eighr patients with 
asthma were studied on 2 different days. One day the?, received a placebo, and rhr other dtr~ 
they received 4 mg of salbutamol by mouth. Complete measurements qf esophageal manometr! 
were performed before and even 30 minutes for 210 minutes after the administration oJ’ the 
drugs. Esophageal pH was measured continuously for the duration of the experiment. The 
results demonstrate that (I) salbutamol had no eSf’ect on the lower esophageal sphincter pressures 
gradient, the peak esophageal contruction pressure, or the number and duration of rc’JIu.r 
episodes in patients with asthma und normal individuals, and (2) patients with asthma have a 
resting lower esophageal sphincter pressure higher than healthy subjects. We c,onclude that the 
administration of salbutamol does not affect esophageal function. (J ALLERGY CLIN IMMWX 
1991;87:762-7.) 

A relationship between asthma and gastroesopha- 
geal reflux has been reported for years, and it is cur- 
rently believed by many clinicians that the treatment 
of esophageal reflux, either medically or surgically, 
will improve or even cure many patients of their 
asthma.’ Several mechanisms have been invoked to 
explain the relationship between reflux and asthma: 
macro- or microaspiration of gastric contents or a va- 
gal reflex triggered by the distention or the irritation 
of the esophagus. 2, 3 It has also been suggested that it 
is not reflux that causes asthma but rather asthma that 
predisposes to increased gastroesophageal reflux be- 
cause of the mechanical changes in the chest wall and 
abdomen consequent to the bronchoconstriction.” Al- 
though numerous studies have been conducted to test 
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these hypotheses, the results have not conclusively 
proven any of the hypotheses. 

Another factor that could promote or increase gas- 
troesophageal reflux in patients with asthma is an- 
tiasthma medication. Although this factor is often 
mentioned,’ there are few detailed studies on the short- 
or long-term effects of P-adrenergic agonists and xan- 
thines on gastroesophageal reflux in patients with 
asthma. The aim of the present work was thus to study 
the effect of salbutamol administration on esophageal 
motility and gastroesophageal reflux in normal indi- 
viduals and in patients with asthma. 

METHODS AND TECHNKWES 
Subjects 

Ten healthy volunteers (live male and five temale sub- 
jects), aged 17 to 42 years. participated in the study. None 
had a history of respiratory or gastrointestinal disease. 

Eight patients with a diagnosis of asthma according to 
the criteria of the American Thoracic Society’ also took pan 
in the study. There were three women and five men, 23 to 
44 years of age. Six of the patients needed medication daily 
to control their asthma. The two remaining subjects took 
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TABLE I 

Subjects Sex 

I M 
2’ F 
3 M 
4 M 
5 F 
6 M 
7 F 
8t M 

Age Duration of 
(yr) asthma (yr) 

37 8 
44 17 
25 15 
29 28 
26 7 
23 22 
29 2 
37 12 

FEV, % 
predicted 

P S Medication 

66 79 BA, T 
- - - 
75 - CS, T 
83 86 BA, T 
71 78 BA* 
68 65 BA, B 

100 100 BA, T* 
51 68 BA, T, P,” 

BE 

P, Placebo; S, salbutamok BA, P-adrenergic dai1y;p.r.n.. as needed; BA,* P-adrenergic p.r.n.; T, theophylliu daily; T,* theophyh p,r,n.; 

CS, cromoglycate sodium p.r.n.; B, budesonide daily; P,* deltacortisone p,r.n.; BE, beclomethasoue daily. 
*Unable to perform a correct FEV, maneuver. 
tSymptoms of reflux. 

medication only occasionally. Only one of the subjects with 
asthma had symptoms of gastroesophageal reflux. The sub- 
jects’ characteristics and the medication administered are 
presented in Table I. The study was approved by the human 
investigation committee of H&tel-Dieu Hospital and each 
pa~icipant gave informed consent. 

Esophageal manometry 
Measurements were obtained with a triple lumen poly- 

vinyl manometric assembly ending in a silicon rubber sleeve 
sensor, 6 cm long and 0.7 cm wide (Dentsleeve, Adelaide, 
South Aus~lia). The sleeve, which measures LES pressure, 
is built on a silicon rubber assembly 5.5 mm in diameter 
that contains five silicon rubber catheters. The Iumina of 
the rubber catheters are joined to the distal ends of the 
polyvinyl catheters with 6 mm long stainless steel tubes 
used as stints. The sleeve is perfused via the lumen of an 
underlying silicon rubber catheter connected to its proximal 
margin. This system elicits accurate, continuous recordings 
of LES pressures despite oral-aboral motions of the sphincter 
along the sleeve.5 Three ports oriented 120” from each other 
and located on separate polyvinyl tubes, 1, 5, and 10 cm 
above the sleeve, measured esophageal contraction pressures 
and peristalsis. A fourth port located distal to the sleeve 
recorded intragastric pressure. Each catheter was continu- 
ously perfused with water at a rate of 0.5 mflrnin via a 
constant pressure pump (Maui, Toronto, Ontario, Canada). 
Pressure signals were measured with Hewlett-Packard (Cu- 
pertino, CaIif.) 128DB pressure transducers and recorded 
on an g-channel pen-heated recorder [Hewlett-Packed). All 
measu~ments were made with the subject in a recumbent 
position. A 30-minute adaptation period was alfowed before 
any recording. The recording of control values and all sub- 
sequent values were made after 10 voluntary swallows with 
a 5 ml water bolus introduced into the mouth by a syringe. 
One minute of rest was allowed between each voluntary 
swallow. Inte~re~tion criteria of the LES pressure levels 

were the absolute resting pressure (measured at midrespir- 
atory cycle), the contraction pressure (closing pressure of 
the LES), and the end relaxation pressure (i.e., pressure at 
which the sphincter relaxes on swallowing). The LES pres- 
sure gradient was calculated by subtracting intragastric pres- 
sure from LES resting pressure. In the esophage;il body, the 
resting pressure and the peak contraction pressure were re- 
corded at all three ports. The incidence of propulsive waves 
in response to swallowing was obtained for each period of 
recording. Spontaneous, secondary, and tertiary contrac- 
tions were also measured and interpreted separately. 

Esophageal pli measurement 
The pH was recorded continuously with a Sandhill RMS 

(Sandhill Corp., Denver, Colo.) system. The pH electrode 
was positioned 5 cm above the LES. The pH electrode is 
an antimony electrode and is calibrated with buffer solutions 
at pH 4 and 7 before and after each experiment. Esophageal 
pH was recorded via a data logger, and the complete re- 
cording was transmitted to an NEC-APC (Sandhill Corp.} 
computer for interpretation. Complete analysis of the wave 
shapes elicited the number of reflux episodes and their du- 
ration during the recording period. 

Salbutamol serum ~o~~ntrat~ons 
Salbutamol was assayed according to the method of Loo 

et aI.6 with minor modifications. Methyl tertiary butyl ether 
and tetrabydrofuran were high-performance liquid chroma- 
tography grade, whereas all other reagents were reagent 
grade. The dextran-coated charcoal suspension was prepared 
by mixing 1 gm of Norit A (Serva, Fisher Scientific, 
Toronto, Canada) charcoal, 100 mg of dextran, 280 mg of 
gamma globulin (bovine Cohn fraction II) in phosphate 
buffer, pH 7.4. Tritiated salbutamol (specific activity, 17. I 
Cilmmol, nonspecific labeled) was purchased from Nuclear 
Research Center, Negev, Israel. Antiserum at a titer of 
112000 was used in the study.’ One milliliter of plasma was 
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FIG. 1. Measurements of LES pressures in normal subjects and subjects with asthma. 

extracted with 10 ml of methyl acetate in a screw cap tube, 
and 9.5 ml of the organic phase was dried (45” C N?). The 
residue was partitioned between 1 ml of tetrahydrofuran 
methyl tertiary butyl ether (50:50) and 2.5 ml of 0.01 N 
of ammonium hydroxide. The aqueous phase was dried in 
a Speed Vat concentrator (Savant Instruments, Inc., 
Farmingdale, NJ.). The residue was immediately recon- 
stituted with 0.25 ml of buffer (0.2 mol/L), pH 7.4. The 
radioimmunoassay was conducted with 50 p.1 of blank 
plasma, 100 pl of antiserum, and 100 p.1 of tritiated sal- 
butamol. After 8 hours of incubation at 4” C, the free and 
bound fractions were separated with 500 ~1 of charcoal- 
dextran after 15 minutes of incubation and centrifugated for 
15 minutes at 4” C. The radioactivity in the bound frac- 
tion was measured by adding 10 ml of Scintiverse (Fisher 
Scientific, Toronto, Canada) and counted in a beta Wallac 
gamma counter (LKB instruments, Bromma, Sweden). The 
stock solution of salbutamol was prepared in distilled water 
at a concentration of 0.64 mg/ml (as base); it was used to 
prepare the plasma standards containing 0.2, 0.4, 0.8, 1.6, 
3.2, and 6.4 ng / ml of salbutamol. The parameters that char- 
acterized the standard curve (n = 10) were specific bind- 
ing, 31%; nonspecific binding, 0.75%; slope factor, 1.06 c 
0.20; effective dose of 3440 ? 89 pgiml and an r*, 0.9944. 

Protocol 

Each subject was studied twice, at least 72 hours apart. 
One day, the subject received 4 mg of salbutamol by mouth, 
and the other day, placebo. The order of administration was 
randomized, and the study was conducted in a double-blind 

fashion. Women were studied during the first part of their 
menstrual cycle since LES pressure is decreased during the 
second half of the cycle because of progesterone secretion.” 
Each study started at 9 AM after the subjects had fasted for 
12 hours preceding the study. Patients with asthma refrained 
from taking their medication after midnight. Their FEV, 
was measured on arrival at the laboratory. Shortly after ar- 
rival, the esophageal catheter, the pH electrode, and an in- 
travenous line were installed. The subjects rested quietly in 
the supine position. Measurements of esophageal manon- 
etry and salbutamol serum levels were made at 30-minute 
intervals beginning 30 minutes before and ending 2 10 min- 
utes after the administration of the drug (placebo or salbu- 
tamol); pH was continuously recorded. Two sets of esoph- 
ageal manometry measurements were taken at 30-minute 
intervals, one during resting conditions and the other mea- 
surement after the subjects had breathed for 15 minutes 
through an inspiratory resistance (inspiratory muscle trainer, 
DHD Medical Products, Canastota, N.Y.) designed to in- 
crease the pleural pressure to - 30 cmI&O. This latter ma- 
neuver was included to allow us to evaluate the effect of 
changing intrathoracic mechanics on esophageal function. 

Data analysis 

Data were analyzed with analysis of variance for repeated 
measures. Three factors were taken into account: one graup 
factor to represent the group distinction (normal versus pa- 
tients with asthma) and two other factors to test the differ- 
ences between placebo and salbutamol conditions (factor 
medication) and the evolution of the parameters between 
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FIG. 2. Measurements of contraction pressure in normal subjects and subjects with asthma. 

the eight measures taken during the experiment (factor time). 
The analysis therefore included one between-subject and 
two within-subjects factors. Simple main effects were cal- 
culated whenever significant interactions were found and 
multiple comparison procedures (Tukey, B) were applied 
when an effect involving the rime factor reached significance 
level. The a-level was set to 0.05 for all the analysis. 

RESULTS 
Esophageal manometry 

Because breathing with an added inspiratory resis- 
tance did not affect measurements of the LES resting 
pressure, the LES gradient, or the contraction pressure 
of the distal esophagus, the measurements made after 
breathing with the inspiratory resistance were pooled 
with measurements taken after the resting period for 
each 30-minute interval. In Fig. 1, measurements of 
the LES resting pressure are illustrated for the healthy 
volunteers and for the patients with asthma. The rest- 
ing pressure was higher in the patients with asthma 
than in the normal volunteers on both days of the 
experiment (0.05 5 p 5 0.069). In neither group did 
salbutamol treatment significantly affect the LES pres- 
sure. In Fig. 2, measurements of the contraction pres- 
sure of the distal esophagus are illustrated for both 
groups of subjects. Again, salbutamol had no effect 
on the force of contraction in either normal subjects 
or patients with asthma. Reflux duration is illustrated 
in Fig. 3. The high value during the control period 
and the subsequent 30 minutes in the patients with 
asthma is due to a single subject (No. 1) who had 16 

minutes of reflux during the control period and 11 
minutes during the first 30 minutes after drug admin- 
istration. 

Salbutamol plasma concentrations 

In the group of healthy subjects, after a 4 mg oral 
dose of salbutamol, plasma concentrations rose grad- 
ually to a peak of 13.9 rig/ml at 150 minutes to de- 
crease slowly afterward (Fig. 4). Plasma concentra- 
tions of salbutamol in patients demonstrated a very 
similar pattern and reached identical concentrations. 
The area under the curve of salbutamol concentra- 
tions, from 0 to 210 minutes, was similar in both 
groups of subjects, suggesting that the exposure to the 
drug was also the same. 

The statistical analysis demonstrated that all param- 
eters of esophageal manometry decreased slightly but 
significantly over time for both groups of subjects. 

DISCUSSION 

An association between gastroesophageal reflux and 
various respiratory diseases, such as asthma, bron- 
chitis, recurrent pneumonia, and pulmonary fibrosis, 
has been reported for years. ’ In subjects with asthma, 
estimates of the incidence of gastroesophageal reflux 
vary from 30% to 89%.’ Several mechanisms have 
been proposed to explain this association; however, 
despite numerous studies, it is still not known whether 
reflux enhances asthma, whether asthma enhances re- 
flux, or whether both mechanisms could be operating. 
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FIG. 4. Plasma salbutamol concentrations in normal subjects and subjects with asthma. 

One factor that could promote or increase esoph- 
ageal reflux in subjects with asthma is the drugs most 
often used for the treatment of the disease, particularly 
g,-adrenergic agonists and theophylline. Although it 
has been reported that P2-adrenergic agonists can re- 
duce LES pressure in healthy individuals,’ the effect 
of these drugs on esophageal motility and gastro- 
esophageal reflux in subjects with asthma has received 

little attention. Thus, the aim of our stuay was to 
observe and compare the effects of salbutamol on 
gastroesophageal function in normal individktals and 
in subjects with asthma. The results demonstrate that 
salbutamol plasma concentmtions, in healthy vohm- 
teers as well as in patients with asthma, Were similar 
to results usually reported in-patients receivifrg sat 
butamol chronically. lo. ‘I At these concentr&ons, sal- 
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butamol had no immediate effect on gastroesophageal 
motility. It did not reduce either the peak peristaltic 
pressure, the resting LES pressure, or the pressure 
gradient across the LES; nor did it increase the number 
or duration of reflux episodes. These data are consis- 
tent with data of Schindlbeck et al.‘* who measured 
the effect of inhaled albuterol on gastr~sophageal 
reflux in healthy volunteers and reported no change 
in esophageal motility or reflux. Zfass et al. ,9 in con- 
trast, observed a significant decrease in LES pressure 
after the intravenous infusion of isoproterenol in 
healthy volunteers. A likely explanation for the dif- 
ference between their data and our data is the dose of 
P,-adrenergic agonist administered. Zfass et a1.9 in- 
fused a dose of isoproterenol large enough to induce 
tachycardia (0.03 pg/kg/min). In a more recent 
study, DiMarino and Cohen’” also observed a decrease 
in LES pressure after the oral adminis~tion of car- 
buterol in normal individuals. However, interpretation 
of the results of this study is hampered by the fact 
that they did not compare the effect of carbuterol to 
the effect of a placebo. Thus, we believe that the 
decrease in LES pressure that these authors measured 
90 minutes after the ingestion of carbuterol reflects 
the same phenomenon that we observed in our study, 
namely, the decrease of esophageal motility param- 
eters over time rather than a true effect of the p2- 
adrenergic agonist. This explanation is reinforced by 
the fact that they did not document a dose effect on 
the decrease in LES pressure. 

Some authors have suggested that asthma itself pre- 
disposes to gastroesophageal reflux.‘, I4 The hypoth- 
esis in this situation is that the increased transdia- 
phragmatic pressure produced by airflow obstruction 
could pump gastric content back into the esophagus. 
In our study, we attempted to recreate the mechanical 
conditions existing inside the thorax during an asthma 
attack by asking the subjects to breathe through an 
added inspiratory resistance designed to increase in- 
spiratory pressure to - 30 cmH,O. This maneuver did 
not produce or increase gastroesophageal reflux in any 
of our patients. In addition, there was no gastroesoph- 
ageal reflux in patient No. 8 who had a fair degree of 
bronchial obstruction on the placebo-trea~ent day of 
the experiment. 

An interesting observation emerging from our re- 
sults is that the LES resting pressure and the pressure 
gradient across the LES were consistently higher in 
the patients with asthma than in the normal subjects. 
A similar observation has been reported by Griffith 
et al.” in four patients. A higher LES resting pressure 
would suggest that the smooth muscle tone of the 
esophagus, like the tone of the airways, is increased 
in individuals with asthma. This increase in tone could 
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be due either to an increase in smooth muscle reac- 
tivity or to mechanical changes produced by an in- 
creased negative intratho~cic pressure. In any case, 
additional studies on a larger number of patients will 
be needed to confirm our observation. 

In summary, our results demonstrate that the ad- 
minis~ation of a single dose of &-adrenergic agonist 
has no immediate effect on esophageal motility and 
esophageal reflux in healthy subjects and in individ- 
uals with asthma. 

We thank M. Dumont, MA, for his help in the statistical 
analysis of the data, D. Nault, BScN, for expert technical 
help, and P. Gervais for excellent secretarial assistance. 
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