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ABSTRACT: Salmeterol is approximately eight times as potent as salbutamol for sys-
temic effects. This may be because the drug is eight times more potent on receptors or
there may be differences in systemic bioavailability. The systemic effects of salbuta-
mol are limited by its fairly high first-pass metabolism, but the oral bioavailability of
salmeterol is unknown. The contribution of the swallowed fraction of an inhaled dose
of salmeterol to its systemic effects were analysed in a randomized, double-blind,
crossover study.

Twelve healthy subjects were given inhaled salmeterol 400 mg, inhaled salmeterol
400 mg plus oral activated charcoal or inhaled placebo plus oral activated charcoal on
three separate days. Cardiac frequency (fC), Q±T interval corrected for heart rate
(QTc), plasma potassium and glucose concentrations were measured for 4 h following
the inhaled drug.

Salmeterol with and without oral charcoal produced significant changes for all
measures compared to placebo. The magnitude of effect following salmeterol alone
was significantly greater than that following salmeterol plus charcoal for fC and glu-
cose (mean (95% confidence interval) differences 8 (2±13) beats.min-1, 0.59 (0.04,
1.13) mmol.L-1, respectively) and nonsignificantly greater for QTc interval and potas-
sium concentration.

The differences between salmeterol given with and without charcoal suggest that
28±36% of the systemic response to salmeterol administered from a metered-dose
inhaler are due to drug absorbed from the gastrointestinal tract. Thus, most of the
systemic effects are due to the inhaled fraction of the drug.
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In previous studies in which the authors compared b2-
adrenoceptor-mediated systemic effects, salmeterol was
roughly eight-fold more potent than salbutamol, weight for
weight [1±3]. The difference may be due to differences in
potency on b-receptors and/or differences in pharmacoki-
netic properties of the two drugs. There are no published
data on the pharmacokinetic profile of salmeterol and no
data on the extent to which inhaled salmeterol undergoes
first-pass metabolism. Activated charcoal has been shown
to prevent the absorption of oral salmeterol from the gas-
trointestinal tract [4]. The systemic responses following a
high-dose of inhaled salmeterol (400 mg) given with and
without oral activated charcoal were therefore compared to
determine the contribution of the swallowed fraction of an
inhaled dose of salmeterol to its systemic effects.

Methods

Subjects

Twelve healthy subjects (five male) aged between 21
and 47 yrs were recruited. All were healthy as determined
from full medical history, physical examination and lab-
oratory screening tests. Exclusion criteria included a his-
tory of drug abuse, heavy alcohol consumption, active

smoking, regular medication during the four weeks prior to
the study and an inability to use a metered-dose inhaler
satisfactorily. Females of child-bearing age were required
to be using adequate contraception and have a negative
pregnancy test. Subjects gave informed written consent
and the study was approved by the University of Not-
tingham Medical School Ethics Committee.

Measurements

Subjects were semi-recumbent for all pharmacodynamic
measurements. Cardiac frequency (fC) and Q±T interval
corrected for heart rate (QTc) were measured by 12-lead
electrocardiography (Marquette MAC II, Marquette Elec-
tronics Inc., Milwaukee, WI, USA) programmed to cal-
culate fC and QTc interval from the mean of five successive
R±R intervals. fC, systolic and diastolic blood pressure
were measured using a semi-automated sphygmoman-
ometer (Narco Scientific BP203NA) with a standard width
cuff. Venous blood samples were analysed in batches at the
end of the study for plasma potassium concentrations by
flame photometry (Olympus AU5000, Olympus Optical
Co. Ltd, Eastleigh, UK) and plasma glucose concentrations
by a hexokinase assay (Olympus AU800).
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Protocol

Subjects were given inhaled salmeterol 400 mg, inhaled
salmeterol 400 mg plus oral charcoal or inhaled placebo
plus oral charcoal in a randomized three-way crossover
study. The treatments with charcoal were double-blind,
whilst that of salmeterol without charcoal was single-blind.
The principal investigator left the study room when char-
coal was scheduled and an independent investigator gave
charcoal in water or just water to the subjects. Subjects
refrained from strenuous exercise or alcohol for 24 h and
from food and caffeinated beverages from midnight prior
to each visit.

Subjects attended the department at the same time on
three mornings at least 72 h apart. An intravenous cannula
(Butterfly 21G; Abbot, Sligo, Ireland) was inserted into a
forearm vein and maintained patent with heparinized sa-
line, and an automated sphygmomanometer placed on the
opposite arm. Subjects were attached to a 12-lead electro-
cardiograph (ECG). The ECG and blood pressure were
recorded at 5-min intervals until stable baseline values
were attained, defined as three consecutive readings of fC
and blood pressure within 10 beats.min-1 and 10 mmHg,
respectively. Blood was taken on two occasions before
dosing for baseline plasma potassium and glucose con-
centrations.

Subjects swallowed 5 g of activated charcoal suspended
in 50 mL of water or water alone and 2 min later inhaled
eight puffs of salmeterol (50 mg.puff-1) (GlaxoWellcome,
Greenford, Middlesex, UK) or eight puffs of placebo from
a metered-dose inhaler every 20 s. The inhalers had the
same specification as standard 25 mg salmeterol metered-
dose inhalers. Metered-dose inhalers were primed prior to
use and actuated as the patient breathed in from functional
residual capacity (FRC) to vital capacity (VC) followed by
a 10 s breath-hold. Further charcoal (5 g) or water was
given 2 min after the final actuation of the inhaler followed
by 10 g of charcoal in 100 mL of water or water alone at
60, 120 and 180 min post-treatment, administered accord-
ing to the methods of BORGSTROM and NILSSON [5] and

validated for salmeterol by WARD et al. [4]. Timing was
started immediately following the final inhalation and fC,
QTc interval and blood pressure were measured and blood
withdrawn in that order at intervals for the next 4 h.

The study was to be stopped and oral propranolol 10 mg
given if intolerable symptoms occurred or if the fC rose
above 140 beats.min-1. The study had 90% power to detect
a difference of 10 beats.min-1 for fC and 85% power to
detect a difference of 0.20 mmol.L-1 for plasma potassium
between any pair of treatments [1].

Analysis

A time-weighted mean response was calculated for each
measurement. Comparisons were made by multifactorial
analysis of variance using period, treatment and subjects as
dependent variables. For significant effects, contrasts to as-
sess the significance and size (95% confidence intervals
(CI)) of pairwise comparisons were fitted to the analysis of
variance model using a SAS statistical package (SAS
Institute, Cary, NC, USA).

Results

All 12 subjects completed the study. None of the
baseline values showed a significant treatment or period
effect (table 1).

Inhaled salmeterol 400 mg whether given alone or with
activated charcoal produced significant increases in fC,
QTc interval and plasma glucose and a fall in plasma
potassium when compared to placebo with charcoal (table
1, fig. 1). Activated charcoal attenuated the mean increase
in fC and plasma glucose following salmeterol 400 mg by
7.8 beats.min-1 and 0.59 mmol.L-1, respectively, equiva-
lent to 28 and 36% of the total change observed. It also
attenuated the effect of salmeterol on QTc interval by 7.7
ms (30% reduction) but this was not statistically signi-
ficant. Its effects on plasma potassium concentration were
minimal (table 1, fig. 1). No changes in systolic or dia-
stolic blood pressure occurred with any treatment.

Table 1. ± Baseline values (SD), time-weighted mean values (SEM) following each treatment and mean differences (95%
confidence intervals) between treatments for cardiac frequency (fC), Q±T interval corrected for heart rate (QTc), plasma
potassium and glucose concentrations

fC
beats.min-1

QTc
interval

ms

Plasma potassium
concentration

mmol.L-1

Plasma glucose
concentration

mmol.L-1

Baseline values
P and C 68 (6) 404 (15) 3.77 (0.20) 5.11 (0.63)
S 67 (7) 405 (14) 3.74 (0.25) 5.56 (1.43)
S and C 69 (7) 406 (11) 3.74 (0.16) 5.20 (1.24)

Time-weighted mean values following treatment
P and C 63 (1.6) 404 (3.6) 3.74 (0.05) 5.13 (0.17)
S 91 (1.7) 429 (3.5) 3.35 (0.05) 6.75 (0.18)
S and C 84 (1.7) 422 (3.6) 3.39 (0.05) 6.17 (0.17)

Differences between treatment
S and C versus P and C 20.3 17.7 -0.35 1.04

(15±25) (7±29) (-0.50±0.20) (0.52±1.55)
S versus P and C 28.1 25.5 -0.40 1.62

(23±33) (14±37) (-0.54±0.25) (1.06±2.19)
S versus S and C 7.8 7.7 -0.04 0.59

(2±13) (-3±19) (-0.19±0.11) (0.04±1.13)

S: salmeterol; C: activated charcoal; P: placebo.
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Discussion

It was shown that activated charcoal produces sig-
nificant attenuation of the fC and glucose responses to
salmeterol (400 mg) administered by a metered-dose in-
haler. A high-dose of salmeterol was given, four-fold
greater than the highest recommended dose, because it
produced a large systemic effect in a previous study [3] and
thus would enable the determination of the effect of adding
activated charcoal.

Activated charcoal inhibited the fC and glucose response
to inhaled salmeterol by 28 and 36%, respectively. The
reason why activated charcoal had little effect on the
plasma potassium response compared with plasma glucose
and fC following inhaled salmeterol is unclear since all
would be expected to reflect differences in bioavailability.
It may be that the lack of effect on serum potassium con-
centration was a spurious finding or the fall in plasma
potassium concentration may have reached a plateau due to
maximum stimulation of skeletal muscle Na+/K+ adeno-
sine triphosphatase (ATPase) by salmeterol. Similar falls in
plasma potassium concentration have been recorded in
previous b2-agonist studies [1±3, 6±8], but whether a pla-
teau had occurred is uncertain.

Oral activated charcoal has been shown to block gas-
trointestinal absorption of terbutaline [5] and it completely
attenuated the systemic responses to oral salmeterol 500
mg in a study of similar design to the present study [4]. It
is postulated, therefore, that the reduction in fC and glu-
cose responses to salmeterol of 28±36% when salmeterol
was given with activated charcoal, represents the relative

gastrointestinal bioavailability of salmeterol when admi-
nistered by a metered-dose inhaler without a spacer device.
These values compare to a contribution to systemic effects
of roughly 20% for the swallowed fraction of an inhaled
dose of salbutamol delivered by a metered-dose inhaler in
previous studies [6, 9] although there are no direct com-
parisons between the two drugs.

The finding that most of the systemic effects from a
high-dose of inhaled salmeterol are due to the inhaled ra-
ther than the swallowed fraction suggests that differences
in gastrointestinal absorption between salmeterol and sal-
butamol are not a major determinant of differences in sys-
temic effects.
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Fig. 1. ± Mean values of a) cardiac frequency (fC), b) Q±T interval corrected for heart rate (QTc), c) plasma potassium and d) glucose concentrations for
placebo (m), salmeterol (.) and salmeterol with activated charcoal (N) over 4 h.
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