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ABSTRACT: Broxaterol, a new selective ~:-agonist, has been shown to exert ino­
tropic effects on both fresh and f'ntigued canine diaphragm. We evaluated the 
effect of broxaterol on the activaliun and force output of the respiratory muscles 
in patients with chronic obsfructh•e IJUhnonary disease (COPD). 

We studied 9 patients with moderate to severe COPIJ. Each patient was infused 
with saline and llmxntcrol (200 ~tg) in saline alternately. We measured lung vol­
umes. maximal inspinstory pressure (M IPJ, maximal exp iratory pressure (1\'fEP), 
breathing pattern, 1'01 , respiratory muscle EMG (diallhragm, EMGd. and paraster­
nal, EMGp) and 1'

0
./EMGd ratio. Measur·ements were made under control condi­

tions and at IS. 30, 60, and 120 min afler each infusion. 
ll roxaterol, but not saline, resulted in a sligh t but significant increase in vital 

capacity (VC), forced expiratory volume in one second (FEV,) and MrP. and a 
denease in functional residual capacity (FRC). Breathing pattern did not change, 
while EMG significantly decreased, and Pn.1/EM.Gd si~nificantly incr·eased in S of 
the 9 patients after broxaterol. 

These data seem to indicate that by partially unloading the respiratory muscles, 
broxaterol results in decreased muscle activation (EMG). Increase in chest wall neu­
romuscular coupling (P0_./EMGd) may also be observed. 
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The effects of P2-agonists on the contractile perform­
ance of the respiratory muscles remain controversial 
[ 1-5]. Terbutaline [ 4] and fenoterol [2]. but not sal­
butamol [I, 3], have been shown to increase the 
contractility of canine fatigued diaphragm, with no effect 
on the non-fatigued muscle. In normal man, salbutamol 
has no effect on the strength of non-fatigued diaphragm 
(l]. In normocapnic patients with chronic obstructive pul­
monary disease (COPD) terbutaline has no significant ef­
fect on respiratory muscle contractility [5]. Broxaterol 
(l-(3-bromo-5-isoxazoiyl)-2-(tert-butil amino) ethanol hy­
drochloride), (synthetized and developed by Zambon 
Research Spa, Bresso, Italy), a new selective P2-agonist, 
has been proved to exert inotropic effects on fresh ca­
nine diaphragm slrips rol and 10 increase both the force 
output of the fatigued muscle L71 and diaphragmatic blood 
flow, at a given transdiaphragmmic pressure (Pui) [8). 

Materials and methods 

In man, broxaterol has similar bronchodilator activity 
to that of salbutamol [9, 10]. However, the effects of 
broxaterol on the respiratory muscles are scarcely known, 
particularly in patients with COPD, in whom broxaterol 
has recently been reported to improve respiratory muscle 
endurance [I 1.]. 

Contributing to this field, the present investigation was 
carried out in order to evaluate the effects of broxaterol 
on the activation and force output of the respiratory mus­
cles in patients with stable COPD. 

Subjects 

The study was performed on nine male eucapnic pa­
tients (mean±so age 64±7 yrs) with COPD, according to 
the American Thoracic Society criteria [ 12]. At the time 
of the study, all pmjent~ were in a clinically stable state. 
Therapy (aerosolized P~-agonists and ipmrropium bromide) 
was withheld 12 h before the study. No patient exhib­
ited a >10% increase in forced expiratory volume in one 
second (FEV1) after inhalation of a P2-agonist broncho­
dilator agent (400 Jlg of fenoterol). Functional data of 
an age-matched normal con1rol group represent the stand­
ard of our laboratory. 1l1is comrol group did not receive 
any treatment. Informed consent was obtained from each 
subject before the start of the study. All subjects were 
accustomed to the equipment and procedure and we were 
confident about their volitional participation. 

Functional evaluation 

Routine spirometry, obtained with subjects in a seated 
position, and arterial blood gas values were measured as 
described previously [13]. The normal values for lung 
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volumes are those proposed by the European Community 
for Coal and Steel [14). Maximal static inspiratory and 
expiratory pressures (MIP and MEP) at functional residual 
capacity (FRC) and total lung capacity (TLC), respec­
tively, against an obsn·ucted mouthpiece, with a small leak 
to minimize oral pressure artifacts, were measured using 
a differential pressure transducer (Statham SC 1001). 
Subjects performed maxin1al inspiratory and expiratory ef­
forts and were instructed to maintain maximal pressures 
for at least 1 s. The mean of three reproducible and sat­
isfactory measurements was calculated, the variability 
among the three measurements being <3%. 

After baseline routine testing during room-air breath­
ing, the ventilatory pattern, respiratory drive, and mouth 
occlusion pressure were evaluated with subjects in a com­
fortable supine position. In the apparatus we used, the 
inspiratory line was separated from the expiratory one by 
a one-way valve (Hans-Rudolph) connected to a Fleisch 
No.3 pneumotachograph. The flow signal was integrated 
into volume. From the spirogram we derived: inspira­
tory time (TI), expiratory time (TE), total time of the res­
piratory cycle (Ttot), tidal volume (YT). Mean inspiratory 
flow (YT/TI), duty cycle (T1/ftot), respiratory frequency 
(R.f=l/ftotx60) and instantaneous ventilation cVE=YTXR.f) 
were also calculated. Mouth pressure during YT man­
oeuvres was measured using a pressure transducer 
(Statham P23TD). Mouth occlusion pressure 0.1 s 
after the beginning of inspiration (P0•1) [ 15) was recorded 
as described previously [16-19]. Expired end-tidal C02 
(PETco2) was sampled continuously at the mouth by an 
infra-red C02 meter. The values for dead space and 
resistance of the system up to a flow of 4 I were 178 
ml and 0.09 k:Pa·f·1·s), respectively. 

The electromyographic activity (EMG) of the respira­
tory muscles was recorded as described previously [16-
19]. The EMG of the chest wall muscles was recorded 
from the second parasternal intercostal (EMGp), and dia­
phragm (EMGd) muscles via large surface electrodes. 
The EMGd was recorded from the lower anterolateral rib 
cage as described by GRoss et al. [20]. 

Muscle action potentials ("raw") were differentially 
amplified, ftltered between 100 and 1,000 Hz, to re­
move as much electrocardiographic activity (ECG) a<:; pos­
sible, without significantly filtering EMG. The filtered 
EMG signal, along with mouth pressure recording, were 
displayed on a single-beam storage oscilloscope 
(Tektronix 5115). EMG activity was full-wave rectified 
and integrated over time (time constant 100 ms) using a 
third-order, low-pass filter to provide a measurement of 
change in average electrical activity as a function of time, 
refen-ed to as "moving time average" (X) [21, 22). In­
spiratory activity was quantified both as peak of activity 
and as rate of rise of activity (slope). The former (Xp) 
was directly measured in arbitrary units and the latter 
(Xp/TI) was obtained by dividing Xp by the inspiratory 
time. 

Owing to the variability of the impedance between 
diaphragm and electrodes, absolute values (m V) are not 
comparable among different subjects. To overcome this 
problem and to obtain a reference value, EMG activity 
was measured while the subject connected to the pneu-

motachograph, performed an inspiratory capacity (IC) 
manoeuvre, breathing in up to the TLC [19]. This 
manoeuvre was repeated at least three times, and in each 
subject both IC and the intensi ty of the recorded 
diaphragmatic EMG was closely reproducible (<5% vari­
ability). The mean level of this EMG activity was taken 
as a reference; all successive measurements have been 
expressed as a percentage of this reference value obtained 
at TLC. As EMG activity of an inspiratory muscle may 
include cardiac muscle activity, we studied cardiac arti­
facts to manually gate ECG, when necessary, so that it 
would not contJibute to the EMG. 

The output of the C02 meter, the flow signal, the 
integrated flow signal, the mouth pressure, and the mov­
ing time average were recorded continuously on a multi­
channel chart recorder. After a 10 min adaptation period, 
baseline evaluation began. Respiratory cycles, occlusions 
and EMG were continuously recorded over a 10 min time 
period and the cycles following occlusions discarded. 
Average values for each subject are presented. To as­
sess the coupling of the inspiratory neural drive to force 
output of the inspiratory muscles, Po.1 value was plotted 
against the rate of rise of EMG (Xp/TI) [16, 17, 22). 

Data are presented ac; the mean±standard deviation (so). 
Results were compared by the Mann Whimey U-test for 
unpaired samples and Wilcoxon test for paired samples; 
analysis of the variance (ANOV A) was also employed. 
A value of p<0.05 was considered to be significant. 

Protocol 

A randomized, double-blind, cross-over, placebo­
controlled study was performed. After ba~eline functional 
evaluation, breathing pattern, P0_1 and EMG assessment 
were performed. Patients were then randomly allocated 
to either saline, or 200 llg of broxaterol in 100 ml of 
0.9% NaCl solution, both infused in 10 min. With intra­
venous administration, the mean apparent elimination half­
life is 1.5 h (Ferrandes B., "Pharmacokinetics of 
broxaterol in man". Data on file Zambon Research, 
199 1). Thus, at 15, 30, 60 and 120 m in after infusion, 
breathing pattern, P0•1 and EMG were repeated. Spirom­
etry, MlP and MEP were also reassessed at 120 min 
after infusion, as described previously. After 48 h the 
same protocol was repeated with alternate infusion. 

No adverse effects were recorded after either infusion. 

Results 

Table 1 summarizes pulmonary function data of the 
patients before and at 120 min after broxatcrol infusion. 
Under control conditions, patients exhibited definite 
airway obstruction, decreased forced expiratory volume in 
one second (FEY J and FEY 1/ vital capacity (VC), 
hyperinflation increased (FRC) as well as mild hypoxia 
(arterial oxygen tension (Pao2) 9.2±0.86 kPa) and 
normocapnia (arterial carbon dioxide tension (Paco2) 

5.4±0.4 kPa). Respiratory muscle strength (MlP, MEP) 
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was reduced (p<O.OOl for both) compared with the 
normal control group (mean age 62±9 yrs, MIP 9.8±0.8 
kPa MEP 16.6±0.84 kPa). At 120 min after the infu­
sion, significant increase in MlP (0.9±0.6 kPa, p<0.02) 
and slight, but consistent, increase in VC (p<0.005), and 
FEV1 (p<0.02), and decrease in FRC (p<0.05) were ob­
served. 

Heart rate (HR), PETCOl, ventilatory pattern, EMG ac­
tivity and P0 1/EMGd ratio, an index of neuromuscular 
coupling [16-19, 22] under control conditions (C) and at 
15, 30, 60 and 120 min after broxaterol infusion, are 
shown in Table 2. In C, patients exhibited EMGd and 
EMGp values markedly greater (p<O.OI for both), and 
P0•1/EMGd ratio lower (p<O.OOJ), than that of the normal 
control group EMGd 3.6±2.3 %TLGs·'; EMGp 0.9±0.2 
%TLC-s· 1, P0•1 /EMGd 0.05±0.01 kPa·%TLC·' ·s). 

EMGd (ANOV A, F==7 .24; p<0.005) and EMGp 
(ANOVA, F==4.2; p<O.Ol) (table 2) was found. Fig­
ure I is a schematic representation of percentage changes 
in EMGd at the various measurement times. Changes in 
P0 1/EMGd ratio did not attain statistical significance af­
ter broxaterol administration. However, in five of the 
nine subjects, increase in P0•1/EMGd ratio, expressed as 
percentage of the control value, was observed at each 
time after the infusion (fig. 2); in each of these five 
cases, variance was found to be significant, with p rang­
ing from <0.01 to <0.0001, in terms of the studied vari­
ables. In these five patients, increase in MIP was found 
to significantly relate to the increase in P0jEMGd ratio 
(p<0.05); in the same five patients, FRC was found to 
decrease consistently, while changes in FRC were trivial 
in the remaining four patients. 

Table 1. - Baseline pulmonary function data under control conditions and 120 min after broxaterol infusion in 
nine patients with COPD 

Conditions Age VC RV FRC TLC FEV
1 FEY/VC M lP MEP 

yrs % pred % pred % pred % prcd % pred % kPa kPa 

Control 65 77.7 153 144.1 106.2 38.9 37.3 5.4 12.4 
(6) (19) (51. 9) (26.3) ( 11.2) (19.2) (14) (1.7) (1.4) 

Broxaterol 80.4· 148 134.3* 106 40.4* 38.0 6.3§ 13.1 
(15.5) (50.8) (25.1) (15.3) (19.9) (14.6) (1.8) (1.6) 

Values are mean±lso. VC: vital capacity; FRC: functional residual capacity; RV: residual volume; FEY,: forced expirator)' 
volume in one second; MIP: maximal inspiratory pressure; MEP: maxi.mal expiratory pressure. *: p<0.05; §: p<0.02; : 
p<0.005. 
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fig. I . - Average change in EMGd, expressed as percentage of 
control (C), at 15, 30, 60 and 120 min a(ler broxaterol infusion. 
EMGd: clectromyographic activity of the diaphragm. 

Broxaterol resuJted in a slight, but significant, (ANOV A, 
F=l0.88; p<O.OOI) increase in HR which reached a maxi­
mum at 15 min after infusion, then progressively de­
creased. No significant changes were observed in PETco2, 

ventilatory pauem (YE, Rf, VT, Tt, TE, Ttot, VT/Tt, T1/ 
Ttot) and P0.1. Conversely, a significant decrease in both 
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fig. 2. - Individual changes in P0 1/EMGd ratio, expressed as 
percentage of control (C), at 15, 30, 60, and 120 min after 
broxaterol infusion in 5 cases showing an increase. P01 : mouth 
occlusion pressure; EMGd: electromyographic activity of the 
diaphragm. 

No significant differences were observed between 
pre-broxaterol and pre-saline control conditions. At 120 
min after saline, spirometric values and MIP and MEP 
did not significantly differ from baseline values, neither 
did ventilatory parameters, P0 , and EMG at each time 
after the infusion (table 3). 



Table 2 - Heart rate, PETC02, ventilatory pattern, P0., and electromyographic activity of the diaphragm (EMGd) and parasternal intercostals (EMGp) under 
V) 
-...) 

control conditions (C) and after broxaterol infusion (B) 
.j>. 

HR PETC02 V£ Rf VT TI T£ Ttot VT{fl TI{ftot PO. I Xp{f1d Xptrip PO ,/(Xp{fJd) 
b·min·• kPa l·min·' br·min·' I s s s l·s., kPa %TLC·s·' %TLC·s·• kPa/(% TLC·s·') 

c 70.3 5.7 10.8 15.6 0.69 1.43 2.48 3.9 0.49 0.37 0.19 19.2 14.0 0.015 
(10.3) (0.9) (2.7) (2.1) (0.15) (0.22) (0.41) (0.6) (0.13) (0.02) (0.07) (12.7) (9.6) (0.011) 

B 15' 79.8 5.6 I 1.2 16.2 0.70 1.43 2.4 3.8 0.49 0.38 0.23 14.4 9.7 0.024 
(12.9) (0.94) (2.8) (3.0) (0.16) (0.18) (0.48) (0.67) (0.09) (0.03) (0.08) ( 11.3) (5.0) (0.021) 

B 30' 76.9 5.6 11.4 15.9 0.73 1.44 2.45 3.88 0.50 0.37 0.20 12.1 9.2 0.020 
(13.6) (0.9) (3.4) (2.6) (0.18) (0.25) (0.47) (0.71) (0.11) (0.05) (0.06) (7.6) (3.6) (0.007) 

B 60' 74.7 5.65 10.5 15.0 0.72 1.55 2.59 4.18 0.47 0.38 0.182 12.5 7.2 0.016 
(10.1) (0.86) (2.1) (3.2) (0.18) (0.33) (0.77) (1.06) (0.09) (0.03) (0.056) (7.1) (3.1) (0.005) 

B 120' 73.4 5.7 10.4 16.0 0.67 1.47 2.46 3.92 0.46 0.38 0.15 11.6 10.3 0.016 
(11.3) (0.94) (2.9) (3.6) (0.19) (0.29) (0.63) (0.9) (0.11) (0.02) (0.05) (6.8) (6.1) (0.007) :n 

Values are mean±so. C: control; B15', 30', 60', 120': at 15, 30, 60 and 120 min after broxaterol infusion; HR: heart rate; PETco2: end-tidal tension of C02; VE: minute 
C) 

Ci 
ventilation; Rf respiratory frequency; Vr: tidal volume; T1: inspiratory time; TE: expiratory time; Ttot: total time of the respiratory cycle; VTtrJ mean inspiratory flow; Tt/ c 
Ttot: duty cycle; P

0
_
1

: mouth occlusion pressure. EMG was quantified as slope (Xp!f1) obtained by dividing peak of inspiratory activity (Xp) by T1. ~ 
Table 3. - Heart rate, PErco~, ventilatory pattern, P 

0 1 
and electromyographic activity of the diaphragm (EMGd) and parasternal intercostals (EMGp) under !:1 

control conditions and after salme infusion (S) > r-
HR PETC02 V£ Rf VT TI T£ Ttot VT{fl T1trtot PO. I Xptrid Xp{f1p P

0
) (Xp{fid) 

b·min·' kPa l·min·' br·min·• l s s l·s·• kPa %TLC·s·' %TLC·s·' kPa/(%TLC·s· ') 

c 75.3 6.0 9.8 16.3 0.60 I .43 2.30 3.71 0.42 0.39 0.18 18.9 14.2 0.01 
(10.1) (0.73) ( 1.9) (1.2) (0.15) (0.07) (0.20) (0.3) (0.10) (0.01) (0.06) (6.6) (7.6) (0.009) 

s 15' 76.1 6.05 10.0 16.0 0.64 1.47 2.37 3.8 0.43 0.38 0.19 16.5 12.2 0.013 
(9.8) (0.83) (2.1) (1.2) (0.14) (0.10) (0.17) (0.30) (0.10) (0.01 ) (0.02) (5.3) (3.5) (0.003) 

s 30' 74.9 6.1 10.0 14.7 0.67 1.50 2.37 4.1 0.44 0.37 0.18 15.9 12.3 0.013 
(11.1) (0.88) (2.5) (1.6) (0.14) (0.15) (0.21) (0.70) (0.10) (0.03) (0.03) (5.6) (2.8) (0.004) 

s 60' 75.7 6.1 9.7 15.6 0.62 1.44 2.42 3.85 0.43 0.38 0.18 18.1 13.1 0.013 
(10.2) (0.98) (1.9) (1 .5) (0.16) (0.09) (0.27) (0.34) (0.10) (0.02) (0.02) (4.4) (5.0) (0.004) 

s 120' 75.4 6.1 9.6 15.7 0.61 1.47 2.35 3.84 0.42 0.39 0.18 17.7 12.9 0.014 
(10.0) (0.9) (1.7) (1.2) (0.12) (0.10) (0.21) (0.3) (0.08) (0.01 ) (0.02) (4.5) (4.6) (0.005) 

Values are mean±lso. For abbreviations see legend to table 2. 
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Discussion 

Our data show that broxaterol slightly, but significantly, 
modifies pulmonary volumes and maximal inspiratory 
pressure (MIP), and decreases respiratory drive, assessed 
in terms of EMG activity of the respiratory muscles. 
Chest wall neuromuscular coupling, assessed by P0,1/ 

EMGd ratio, did not consistently change. However, in 
5 patients P0 .!EMGd ratio was significantly increased. 
These patients showed the greatest improvement in FRC 
and a significant relationship between MIP and P0 1/EMGd 
ratio. 

The small, but significant, increase in MIP (p<0.02) 
obse1ved after broxaterol administration is not consistent 
with previous observations [5, 11]; therefore, the present 
results deserve some comments. In COPD patients 
changes in static maximal inspiratory pressure may 
depend on changes in length-tension and geometric char­
acteristics (P=T/r) of the respiratory muscles. Increase in 
inspiratory muscle fibre length, by a reduction in end­
expiratory lung volume (FRC), improves diaphragmatic 
ability to generate pressure (increase in MIP) in response 
to a given neural input from the respiratory centre [23, 
24]. In the conditions of the present study, measurement 
of MIP was performed at f'RC, which did slightly but 
significantly decrease. On the other hand, mouth pres­
sure generated during static MIP is a voluntary manoeu­
vre, and factors, such as individual motivation and 
experience with tests of respiratory muscle performance, 
could explain the increase in MlP that we noted after 
broxaterol. However, aU subjects were accustomed to the 
equipment and procedure; in addition, if increase in MIP 
were due to learning effect a similar increase would have 
been noticed after saline infusion. 

Before broxaterol, patients exhibited a greater neural 
respiratory drive, assessed in terms of electromyographic 
activity (EMG) compared to the normal control group. 
EMG of the respiratory muscles (diaphragm and paraster­
nal intercostals) is considered a useful tool in assessing 
spinal respiratory output [16-25). However, this method 
warrants some criticism. 

i) Several studies have demonstrated that the slope of 
the moving time average of the EMGd (Xp/TJ) allows the 
assessment of neural inspiratory drive [16-18, 21, 22, 26, 
27). However, the employment of surface electrodes for 
studying the electrical activity of the diaphragm may be 
criticized, since other chest wall muscles (external inter­
costal and/or abdominal) may interfere with the recorded 
signal. We cannot exclude the possibility of an external 
intercostal component on surface EMGd signal. In this 
regard, however, two of the nine patients had participated 
in a previous study [28) where EMGd was recorded si­
multaneously by means of surface (EMGds) and bipolar 
oesophageal (EMGdoes) electrodes; these patients had 
shown a good agreement between EMGds and EMGdoes 
[28]. 

Although abdominal EMG activity is well explored by 
needle electrodes, this procedure was not accepted by the 
patients. Nevertheless, the supine position, which is as­
sociated with absence of abdominal muscle action [29], 
and our inability to record any surface EMG activity 

during expiration, may suggest that abdominal muscle 
activity did not substantially interfere with the recorded 
EMGd. Fina!Jy, in the conditions of the present study, 
one could ask whether changes in mechanical and bre.ath­
ing characteristics during broxaterol infusion were such 
as to modify the EMGd signal per se. However, the de­
crease in FRC with broxaterol would increase EMG am­
plitude, by shortening the distance between muscle and 
electrodes thereby underestimating the decrease in EMGd 
activity that we noticed. These observations seem to in­
dicate that, in particular circumstances, the amount of 
EMG does not depend mainly on the proximity of the 
electrodes to the contracting muscles. 

ii) In filtering EMG, a low cut-off at 100 Hz was 
used. However this may be a rather high frequency cut­
off, since spectral analysis has shown diaphragmatic 
power to be down to 25- 30 Hz and, thereby, a part of 
EMGd is probably being lost. Nevertheless, our previ­
ous results [17) showed that the integrated peak EMGd 
signal was not substantially altered by a similar low cut­
off. 

iii) The method of normalization of the EMG at TLC 
was proposed years ago [30], and has been utilized sub­
sequently in clinical settings [31] but so far it has not 
been validated. If one uses maximal EMG activity gen­
erated at TLC as reference activity, its validity depends 
on the subject truly generating maximal effort. Differ­
ences in motivation and volitional participation between 
the two control conditions, preceding either placebo or 
broxaterol infusion, are possible but we are reasonably 
confident about our patient's co-operation and familiarity 
with the techniques. 

iv) In hyperi.nflated patients who exhibit higher EMG 
activity an important question arises with regard to the 
reliability of EMG in assessing an increased neural 
respiratory drive: increase in EMG has been thought of 
as a simple result of change in the orientation of dia­
phragm from hyperinflation. This possibility, however, 
has recently been excluded by BEGLE et al. [26]. 

For all these reasons, we think that the greater EMG 
recorded in our patients is likely to reflect an increased 
neural drive to the respiratory muscles. 

The reasons for the increase in respiratory drive in pa­
tients with COPD have been considered previously by 
ourselves and others [J6, 18, 19, 23- 25, 32, 33]. Basi­
cally, nervous outflow from chemoreceptors and from 
lung and/or chest wall mechanoreceptors could be 
involved in the observed increase in neural inspiratory 
drive [32-35]. The mechanical disadvantage due to the 
shortening of muscle fibre length could contribute to this 
increased drive [26, 36]. 

In this connection, decrease in mechanical loading 
(decreased FRC, increased VC and FEY,) and possibly 
a better configw·ation of the inspiratory muscles might ex­
plain, at least in part, the reduction in EMG with 
broxaterol. One has also to consider that improvement 
in respiratory muscle force has been proved to be asso­
ciated with a decrease in respiratory centre output [25]. 
Similar patterns, increase in MIP and decrease in EMG 
with minimal changes in lung volume, have also been 
observed with ventilatory muscle rest [18]. In addition, 
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intravenous broxaterol has been proved to slightly, but 
significantly, increase Pao2 in COPD patients [37]; if this 
applies to our study increase in Pao2 could have played 
a role in decreasing EMG. 

Nevertheless, we feel that none of these factors is 
unique in explaining the decrease in EMG, but a combi­
nation of them could account for it. 

Simultaneous recording of EMG activity and P0•1 has 
been proposed in patients with COPD as a simple and 
suitable, even if rather generic, measurement of in­
spiratory neuromuscular coupling, i.e. the ratio of 
transformation of neural output from the respiratory cen­
tres (EMG) into total inspiratory muscle output (P0 1) 

[16, 18, 19, 22]. At least two major reasons could ac­
count for a low P0.1 relative to EMGd in patients with 
COPD. Firstly, increase in end-expiratory lung volume 
impairs ventilatory muscle efficiency, and limits the pro­
duction of P0.1 in conditions of increased neural inspira­
tory drive [16, 18, 19, 38], thereby decreasing P0..fEMGd 
ratio [16, 19]. Secondly, the inability of P0 1 to reflect 
the total amount of respiratory neural drive (EMGd) could 
depend on intrinsic positive end-expiratory pressure 
(PEEPi). PEEPi represents an extra burden for res­
piratory muscles, which they must offset before inflating 
the lung [39). 

The effects of ~2-agonists on the diaphragm contractility 
remains controversial [1~]. Terbutaline and fenoterol [2, 
4], but not salbutamol [1, 3], have both been proved to 
increase contractility of the fatigued canine diaphragm, 
without any effect on the non-fatigued muscle. On 
the other hand, broxaterol is known to improve skeletal 
muscle contractility by several mechanisms. In vitro 
studies on fresh isolated diaphragm strips from dogs dem­
onstrated an inotropic effect of broxaterol [6]. A further 
in vivo study in a dog showed that the drug significantly 
increased both the strength of fatigued diaphragm, as 
assessed by Pdi [7), and the diaphragmatic blood flow at 
a given Pdi [8]. Also, broxaterol seems to enhance the 
endurance tin1e of the respiratory muscles and Pao2 in 
non-hypercapnic COPD patients during fatiguing respira­
tory load; a better muscle perfusion has been thought to 
play a role in these observations [ 11 ]. Increase in car­
diac output and Pao2 and decrease in vascular resistance 
after infusion of broxaterol in spontaneously breathing 
COPD patients [37] may substantiate an increased mus­
cle perfusion. Thus one could speculate that a 
better 0 2 supply to the respiratory muscles might have 
played a role in the increased P0..fEMGd ratio found in 
5/9 patients after broxaterol injection. However, the 
effect of a decrease in FRC and increase in MIP on 
P0 .JEMGd ratio have mostly to be considered (see 
Results). 

In conclusion, broxaterol seems to partially unload the 
respiratory muscles, and this results in decreased EMG 
activity in obstructed normoxic COPD patients. Increase 
in chest wall neuromuscular coupling (P0jEMGd) was 
found to be inconsistent, even if significant in half of the 
patients. 

Further studies are warranted in order to control the 
effects of broxaterol in hypercapnic, hypoxic COPD 
patients with respiratory muscle pump failure. 

References 

I. Javaheri S, Smith JT, Thomas JP, Guilfoile TD, Dono­
van EF. - Albuterol has no effect on diaphragmatic 
contractility in humans. Am Rev Respir Dis 1988; 137: 197-
201. 
2. Suzuki S, Numata H, Sano F, et al. - Effect and mecha­
nism of fenoterol on fatigued canine diaphragm. Am Rev 
Respir Dis 1988; 137: 1048-1054. 
3. Howell S, Fitzgerald RS, Roussos C. - Effects of 
neostigmine and salbutamol on diaphragmatic fatigue. Respir 
Physiol 1985; 62: 15-29. 
4. Aubier M, Viires N, Murciano D, et al. - Effects and 
mechanisms of action of terbutalinc on diaphragmatic con­
tractility and fatigue. J Appl Physiol: Respirat Environ Exer­
cise Physiol 1984; 56: 922- 929. 
5. Stoller JK, Wiedemann HP, Loke J, et al. - Terbutaline 
and diaphragm function in chronic obstructive pulmonary dis­
ease: a double-blind, randomized clinical trial. Br J Dis Chest 
1988; 82: 242-249. 
6. Derom E, Jansen S, Gurrieri G, Decramer M. - Brox­
aterol increases force production of fresh and fatigued canine 
diaphragm in vitro but decreases endurance. F ASEB J 1990; 
4: A1069. 
7. Dccramer M, Derom E, Jansen S, Gurrieri G. - Effect 
of broxaterol and theophylline on low frequency fatigue in 
canine diaphragm. FASEB J 1990; 4: A1069. 
8. Decramer M. - Role of P2-agonists in respiratory mus­
cle pham1acotherapy. International Meeting on Bronchial 
Asthma, Florence, 7th-9th March, 1991, Book of abstracts, 
p. 35. 
9. Perruchoud AP, Brundles M, Godly R, lnhof E, Herzog 
H. - Broxaterol, a new oral P2-agonist compared with 
salbutamol. Respiration 1987; 51: 113-118. 
10. AI-Jeboory AA, Marshall RJ. - Correlation between 
the effects of salbutamol on contractions and cyclic AMP con­
tent of isolated fast and slow contracting muscles of the guinea­
pig. Naunyn-Schmiedeberg's Arch Pharmacal I 978; 305: 
201-206. 
11. Nava S, Crotti P, Gurrieri G, Fracchia C, Rampulla C. -
Effect of a ~2-agonist (broxaterol) on respiratory muscle 
strength and endurance in COPD patients with irreversible air­
way obstruction (personal communication) Chest (in press). 
12. American Thoracic Society. - Chronic bronchitis, asthma 
and pulmonary emphysema. A statement by the committee on 
diagnostic standards for non-tuberculous respiratory disease. 
Am Rev Respir Dis 1962; 85: 762-768. 
13. Scano G, Garcia Herreros P, Stendardi D, et al. - Car­
diopulmonary adaptation to exercise in coal miners. Arch 
Environ Health 1980; 35: 360-366. 
14. European Community for Coal and Steel. - Standardi­
zation of lung function tests. Bull Eur Physiopathol Respir 
1983; 19: 1- 95. 
15. Whitelaw WA, Derenne JP, Milic-Emili J. - Occlusion 
pressure as a measure of respiratory centcr output in conscious 
man. Respir Physio/ 1975; 23: 181- 199. 
16. Scano G, Duranti R, Spinelli A, et al. - Control of 
breathing in nom1al subjects and in patients with chronic air­
flow obstruction. Bull Eur Physiopathol Re~pir 1987; 23: 209-
216. 
17. Gorini M, Ginanni R, Spinelli A, Duranti R, Scano G. -
Inspiratory muscle strength and respiratory drive in patients 
with rheumatoid arthritis. Am Rev Respir Dis 1990; 142: 289-
294. 
18. Scano G, Gig1iotti F, Duranti R, et al. - Changes in 
ventilatory muscle function with negative pressure ventilation 
in patients with severe COPD. Chest 1990; 97: 322-327. 



BROXATEROL IN COPD 377 

19. Gorini. M, Spinelli A, Ginanni R, et al. - Neural respi­
ratory drive and neuromuscular coupling in patients with 
chronic obstructive pulmonary disease (COPD). Chest 1990; 
98: 1179-1186. 
20. Gross D, Grassino AE, Ross WR, Macklem ?r. - Elec­
tromyogram pallem of diaphragmatic fatigue. J Appl Physiol: 
Respirat Environ Exercise Physiol 1979; 46: 1- 7. 
21. Evanich MJ, Lopata M, Lourenyo RV. - Analytical 
methods for the study of electrical activity in respiratory nerves 
and muscles. Chest 1976; 70 (Suppl.): 158- 162. 
22. Lopata M, Zubillaga G, Evanich MJ, Louren~o RV. -
Diaphragmatic EMG response to isocapnic hypoxia and 
hyperoxic hypercapnia in humans. J Lab Cl in Med 1978; 91: 
698-709. 
23. Sharp IT. - The respiratory muscles in chronic obstruc­
tive pulmonary disease. Am Rev Respir Dis 1986; 134: 1089-
1091. 
24. Sharp JT, Druz W, Danon J. Mi Ja K.im. - Use of res­
piratory muscle electromyography in the evaluation of respira­
tory regulation. Chest 1976; 70: 15~153. 
25. Druz WS, Sharp JT. - Electrical and mechanical activ­
ity of the diaphragm accompanying body position in severe 
chronic obstructive pulmonary disease. Am Rev Respir Dis 
1982; 125: 275- 280. 
26. Begle RL, Skatrud JB, Dempsey JA. - Ventilatory com­
pensation for changes in functional residual capacity during 
sleep. J Appl Physiol 1987; 62: 1299-1306. 
27. Belman MJ, Sieck GC. The ventilatory mus­
cles; fatigue, endurance and training. Chest 1982; 82: 761-
766. 
28. Gigliotti F, Duranti R, Fabiani A, Schiavina M, Scano G. 
- Suppression of ventilatory muscle activity in healthy sub­
jects and COPD patients with negative pressure ventilation. 
Chest 1991; 99: 1186-1192. 
29. Martin JG, De Troyer A. - The behaviour of the 

abdominal muscles during inspiratory mechanical loading. 
Respir Physiol 1982; 50: 63-73. 
30. Evanich MJ, Bruce E, Eldridge FL, et al. - Conference 
report. Workshop on assessment of respiratory control in 
humans. IV. Measurement of the electrical activity in respira­
tory muscles. Am Rev Respir Dis 1977; I 15: 541-548. 
31. Grassino A, Goldman MD, Mead J, Sears TA. 
Mechanics of the human diaphragm during voluntary contrac­
tion: statics. J Appl Physiol: Respirat Environ Exercise Physiol 
1978; 44: 829- 839. 
32. Roussos C, Macklem PT. - The respiratory muscles. N 
Engl J Med 1982; 23: 786-797. 
33. Roussos C. - Ventilatory muscl.e fatigue governs breath­
ing frequency. Bull Eur Physiopathol Respir 1984; 20: 445-
451. 
34. Sorli J, Grassino A, Lorange G, Milic Emili J. - Con­
trol of breathing in patients with chronic obstructive lung 
disease. Clin Sci Mol Med 1978; 54: 295-305. 
35. Cherniack NS, Kelsen S. Allose MD. - Prolonged 
alveolar hypoventilation in patients with lung disease. Bull Eur 
Physiopathol Respir 1979; 15: 31-41. 
36. Green M, Mead J, Sears TA. - Muscle activity during 
che.~t wall restriction and positive pressure breathing in man. 
Respir Physiol 1978; 35: 283-300. 
37. Mori G, Marchioni CF, Cacciani GC, et al. - Hemo­
dynamic effects of a new ~2-agonist: broxaterol. Data on file. 
Zambon Research, 1991. 
38. Gribbin HR, Gardiner IT, Heinz ill GJ, Gibson GJ, Pride 
NB. - Role of impaired inspiratory muscle function in 
limiting the ventilatory re.~ponse to carbon dioxide in chronic 
airflow obstruction. Clin Sci 1983; 64: 487-495. 
39. Dal Vecchio L, Polese G, Poggi R, Rossi A. - "Intrin­
sic" positive end-expiratory pressure in stable patients with 
chronic obstructive pulmonary disease. Eur Respir J 1990, 3: 
74-80. 


