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ABSTRACT:  We assessed the bronchodilating effect of glycopyrrolate (GP) and
compared it with that of metaproterenol (MP), alone and in combination (GP+MP),
in patients with chronic obstructive pulmonary disease (COPD).

In a double-blind study, 11 patients (aged (mean±SD) 69±6 yrs; forced expira-
tory volume in one second (FEV1) 1.2±0.4 L) with stable COPD inhaled nebulized
GP 1.0 mg, MP 15 mg, or GP 1.0 mg + MP 15 mg.  Spirometry was performed
before inhalation and at hourly intervals for 8 h after inhalation.

It was found that GP produced a bronchodilating effect that was about equal to
that of MP but lasted longer (8 vs 5 h).  The combination of GP and MP produced
a bronchodilating effect that was greater than that of either drug alone and was
evident mostly during the effect of MP.  The mean peak percentage improvement
in FEV1 over baseline was 35% for GP+MP and 25% for either drug alone.

These data suggest that nebulized glycopyrrolate is an effective bronchodilator
in some patients with chronic obstructive pulmonary disease.  Concurrent admini-
stration of glycopyrrolate and metaproterenol produces additional bronchodilation
that is primarily apparent during the bronchodilator effect of metaproterenol.
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Glycopyrrolate (GP),  a quarternary ammonium com-
pound, is an anticholinergic agent that has primarily
been used with anaesthesia to reduce gastric acidity and
salivary secretions or to reverse neuromuscular blockade
[1].  Recently, GP has been used as a bronchodilator in
patients with asthma [2–5].  This study was designed to
investigate the bronchodilator effect of GP in patients
with stable chronic obstructive pulmonary disease (COPD)
and compare it with that of another commonly used bron-
chodilator, the β-adrenergic agonist metaproterenol (MP).
In addition,  we examined whether the concurrent adminis-
tration of GP and MP provided any further bronchodi-
lation than GP alone in this group of patients.

Methods

Eleven men with diagnoses of chronic bronchitis,
emphysema, or both [6] were recruited from out-patient
pulmonary clinics to participate in the study (table 1).
Stability of their disease was defined as no hospitaliza-
tions or change in therapy over a 6 month period prior
to the study.  All patients had a forced expiratory vol-
ume in one second/forced vital capacity ratio (FEV1/FVC)
of less than 70%, and a history of cigarette smoking. A
positive bronchodilator response following inhalation of
metaproterenol, as defined by the American Thoracic
Society (ATS) criteria [6], was documented during pre-
vious pulmonary function testing.  None of the subjects

had a history of bronchial asthma or were on oral steroids.
The study was approved by the institutional review com-
mittee and informed consent was obtained from all pat-
ients.

Measurements of FVC and FEV1 were performed on
a Collins Eagle One spirometer (Braintree, MA, USA).
The medications were mixed with normal saline to a total
volume of 7.5 mL and aerosolized using a Misty-Neb
nebulizer (Airlife) with a flow rate of 10 L·min-1 deliv-
ered over 15 min.  GP, MP, or both were administered
randomly and in double-blind fashion.  Theophylline
preparations and beta-agonists were discontinued 24 and
12 h prior to each study day, respectively.  The subjects
were studied in the pulmonary function laboratory on
three separate days, at least three days apart.  On each
study day, baseline measurements of FEV1 and FVC
were obtained followed by inhalation of one of the fol-
lowing aerosols: 1) GP 1.0 mg; 2) MP 15 mg; or 3) GP
1.0 mg and MP 15 mg.  Measurements of FVC and FEV1
were subsequently performed at hourly intervals for 8 h.
Blood pressure and pulse rate were measured before treat-
ment and at the time of spirometry.  Subjects were also
questioned about any side-effects.

The largest FVC and FEV1 of at least three repro-
ducible values, as measured according to ATS standards
[6], were analysed.  The FEV1 and FVC data were sub-
jected to analysis of covariance (ANCOVA), where the
drug regimen (drug) and time were within-subject vari-
ables and baseline performance was a covariate that was
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constant across time but changing across drug.  Since
the sphericity hypothesis was rejected (for both depen-
dent variables), Greenhouse-Geisser probabilities are report-
ed where appropriate. In addition, repeated measures
analysis of variance (ANOVA) for single within-subject
variable (drug) at each interval was performed for both
FEV1 and FVC data.  A p-value <0.05 was considered
to be statistically significant.  All analyses were perfor-
med using the BMDP statistical program (Los Angeles,
CA, USA) [7].

Results

Subject characteristics and baseline pulmonary func-
tion data are shown in table 1. Reversibility for the
group was 8±3% (mean±SD) of predicted FEV1. The
ANCOVAs revealed significant effects for the covariate,
drug, time, and drug-by-time interaction both for FEV1
(p<0.01) and FVC (p<0.05). Thus, performance follow-
ing treatment was shown to be affected by baseline (pre-
treatment) performance, the drugs administered, and the
time after administration.  Furthermore, though there
were overall drug effects, the magnitude of differences
between drugs varied over time (drug-by-time interac-
tion).

Figure 1 presents mean values for FEV1 measured at
each time interval for all regimens.  In comparing the
overall drug effects, GP was more effective than MP
(p<0.05), and the combination of GP and MP was more
effective than either drug alone (p=0.014 for GP; and
p=0.0016 for MP).  Further analysis at each time peri-
od showed that GP and MP produced similar improve-
ments in FEV1 at 1–5 h;  thereafter, the improvements
in FEV1 were greater with GP (approximately 13% above
baseline)  than with MP (p<0.05).  The combination of
GP and MP produced an improvement in FEV1 that was
significantly higher than that of MP at every time-point
(p<0.05), and than that of GP during the first 5 h after

administration (p<0.05). The mean peak percentage
increase in FEV1 over baseline was approximately 35%
for the combination and 25% for each drug alone.

The spirometric responses for FVC are shown in fig-
ure 2.  Overall,  GP was more effective than MP (p=0.0280),
and the combination of GP and MP was superior to MP
(p=0.0012) but as effective as GP (p=0.197).  Analysis
at each time-point showed that the two drugs produced
essentially similar improvements in FVC during the first
5 h, with the peak effect being about 20% above base-
line; the improvement in FVC was higher at 4 h and
6–8 h with GP than with MP (p<0.05).  The combina-
tion of GP and MP produced a change in FVC that was
greater than that of MP at 2–8 h (p<0.05), and than that
of GP only at 2, 3 and 5 h after administration (p<0.05).

Table 1.  –  Patient characteristics and pulmonary function testing data

Pt Age Smoking Hx FEV1 FEV1 ∆FEV1 ∆FEV1 FVC TLC TLC
No. yrs pack-yrs L % pred % init % pred L L % pred

1 70 56 0.84 21 21 5 1.8 6.4 101
2 60 60 1.26 44 23 10 2.6 6.4 106
3 63 98 0.58 19 15 3 1.3 7.2 115
4 59 120 1.53 46 22 10 3.2 6.3 97
5 68 50 0.81 24 25 6 1.7 6.2 90
6 75 26 1.18 35 33 11 2.1 8.5 118
7 70 92 1.46 46 26 11 2.9 7.2 108
8 72 110 0.87 26 16 4 1.7 6.8 199
9 70 46 1.99 61 19 11 3.3 6.9 96

10 70 92 0.86 32 18 4 1.8 7.9 122
11 80 67 1.82 70 11 9 3.1 6.4 115

Mean 69 74 1.2 38 21 8 2.3 6.9 108
±SD ±6 ±30 ±0.4 ±17 ±6 ±3 ±0.7 ±0.7 ±11

Pt: patient; Hx: history; FEV1: forced expiratory volume in one second; % pred: percentage of predicted normal value; ∆FEV1:
change in FEV1 in response to metaproterenol; % init: percentage of initial FEV1;  FVC: forced vital capacity; TLC: total lung
capacity.
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Fig. 1.  –  Increase in forced expiratory volume in one second (FEV1)
from baseline (B) following inhalation of metaproterenol (MP    ❏    ),
glycopyrrolate (GP     ❍    ), or their combination (MP+GP    ●    ).
Values are mean±SEM. B: baseline; *: p<0.05 when compared with MP;
**: p<0.05 when compared with GP; †: p<0.05 when compared with
GP.



No significant changes in blood pressure or pulse rate
were noted.  One patient reported tremors after inhala-
tion of MP.

Discussion

In this study, clinically stable patients with COPD,
some still having marked reversibility, were given neb-
ulized GP, MP, or a combination of the two drugs. We
found that GP produced a bronchodilating effect simi-
lar to that of MP, but of considerably longer duration.
When inhaled concurrently, the two drugs produced an
additive bronchodilating effect that was mainly apparent
during the effect of MP.

The bronchodilating effects of GP were first noted in
normal volunteers.  GAL et al. [1] showed that GP,  given
intravenously or as an aerosol, produced a significant
increase in FEV1 which lasted up to 6 h.  Subsequent
studies confirmed the prolonged bronchodilating effect
of GP in asthma, some studies [3, 5] demonstrating a
bronchodilator effect up to 12 h.  GILMAN et al. [2] also
showed that the increase in FEV1 produced by GP was
comparable to that of MP.  The present study extends
these previous observations to patients with stable COPD.
As in studies with asthmatic patients, we found that
the peak bronchodilating response of GP occurred with-
in 1–2 h, and the duration of action was 2–8 h.

The dose of GP used in the present study was selected
on the basis of our own experience and also on studies
in normals and in patients with asthma. In a prelimi-
nary study in COPD patients [8], we found that inhala-
tion of 0.5 mg of GP produced a significant bronchodilation,
yet smaller than that of 15 mg of MP.  SCHROECKENSTEIN

et al. [5] found that GP dosages of 0.5 or 1.0 mg pro-
duced equivalent bronchodilation.  In a study comparing
dose-response curves in normals, GAL et al. [1] found
that the greater the dosage of GP the more sustained the

bronchodilating effect.  However, the duration of bron-
chodilation produced by GP dosages greater than 1.5 mg
was marginally better than that produced by a dose of
0.8 mg.  Furthermore, the higher dosages were asso-
ciated with more side-effects.  GAL et al. [1], therefore,
concluded that GP dosages of 1.0 mg could be used eff-
ectively with virtually no side-effects.

Unlike previous studies in asthmatics, we evaluated
whether the bronchodilator effects of GP could be poten-
tiated by a beta-agonist.  We found that the concurrent
inhalation of GP and MP enhanced the bronchodilating
effect produced by either agent alone by an additional
10% improvement over baseline. This additive effect was
evident only during the first 5 h after administration, an
interval equal to the duration of action of MP.

The effects of concurrent administration of anticholin-
ergic and adrenergic agents have been extensively eval-
uated and the results are controversial. Some studies
have found synergistic effect [9–15], whereas others have
not [16–19].  The additive effect of the two agents could
be explained on the basis of differences in the mecha-
nism of bronchodilation; anticholinergics act through
the parasympathetic system whereas beta-agonists act
through the sympathetic system.  An alternative expla-
nation for the additive effects may be related to submaxi-
mal dosages used rather than to enhanced effectiveness
of the combined treatment.   In patients with stable COPD,
GROSS and SKORODIN [20] showed that addition of a beta-
agonist to large dosages of an anticholinergic agent did
not augment bronchodilation produced by the anti-
cholinergic agent alone.  In another study, EASTON et al.
[21] found that addition of a second agent does not
improve bronchodilation if large dosages of either adren-
ergic or anticholinergic agent are used.  A potential advan-
tage of the combined regimen is that it may reduce toxicity
caused by each agent.

In the present study, all patients had partially rever-
sible obstruction as measured following inhalation of a
beta-adrenergic agonist.  The question then arises as to
whether GP is effective in patients not responding to
beta-agonists.  Previous studies have shown that COPD
patients who do not respond to beta-agonists usually
respond to anticholinergic bronchodilators, such as atro-
pine or ipratropium bromide [9, 22]. Thus, as with atropine
or ipratropium, a therapeutic trial of GP might be use-
ful in patients with irreversible obstruction.

In conclusion, we found that glycopyrrolate achieved
the same degree of bronchodilation as metaproterenol
and had a duration of action that was longer than that of
metaproterenol alone.  Further studies involving larger
numbers of patients are needed to establish the bron-
chodilator efficacy, safety and optimal dosage of gly-
copyrrolate in COPD.
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