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Early bioavailability of inhaled salbutamol reflects
lung dose in children
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A large number of inhalation devices are used for delivery
of asthma medication in children, and it is well known that
the delivery device plays an essential role in lung dose of
drug [1]. Therefore, there is a need for valid methods to
estimate lung dose from different delivery devices to
ensure evidence-based drug prescription in children. Rec-
ommendations cannot be based on surrogate measures of
lung dose such as the fine particle mass, since these may
not be valid measures of lung dose in vivo.

In adults it has been shown that early bioavailability of
inhaled salbutamol can be used as an index of lung dose
[2]. This is based on the fact that oropharyngeal and gas-
trointestinal absorption of salbutamol is negligible in the
first 20 min after inhalation,and early systemic levels there-
fore reflect absorption from the lungs only [3]. However,
the same may not be true for children, who often have
faster absorption rates of drugs compared with adults [4].

We therefore performed a study to validate the 20-min
pharmacokinetic profile as a measure of lung dose in chil-
dren. The significance of oropharyngeal and early gas-
trointestinal absorption was investigated by actuating the
pressurized metered-dose inhaler (pMDI) directly into the
mouth after maximal inspiration to ensure oropharyngeal
deposition only. The resultant serum profile after oropha-
ryngeal deposition was then compared with the profile
after inhalation measured in a previous study [5]. The two
studies were similar regarding inclusion criteria, inhaled
dose, study drug, delivery device, method of drug analysis
and laboratory. The serum profiles between studies could
therefore be compared.

Children aged 4–6 or 11–16 years, with a history of mild
to moderate asthma in stable phase, were invited to par-
ticipate in this study, which was approved by the Danish
Medicines Agency (2612–1071) and the Ethics Committee
of Copenhagen (KF. 02-079/99).

Rac-Salbutamol (Airomir; 3M Health Care, St Paul, MN,
USA) was administered as an aerosol via a hydrofluoroal-
kanes pMDI with a non-electrostatic metal spacer attached
[6]. The pMDI was actuated directly into the mouth after
maximal inspiration to ensure oropharyngeal absorption.

Children held their breath for as long as possible before
exhaling.The pMDI was primed before inhalation, by firing
four puffs into a plastic bag, and was shaken thoroughly
immediately before each actuation. A total nominal dose
of 400 mg salbutamol was administered as four separate
doses of 0.1 mg. Blood samples were collected before and
10, 20, 30, 40 and 60 min after actuation of the pMDI. Blood
sampling after 20 min (in contrast to the inhalation study)
was performed to provide evidence that drug was actually
deposited in the oropharynx and subsequently absorbed
from the gastrointestinal tract after swallowing. Handling
of blood samples and methods of serum analyses have
been previously described [5].The linear range for salbuta-
mol detection in serum was 25.4–5070 pg ml-1.

Salbutamol concentrations were calculated as average
(Cav) over 10–20 min. Mean Cav after oropharyngeal depo-
sition and inhalation was compared in matched age-
groups (4–6 years and 11–16 years, respectively). Mean
values for groups were calculated as geometrics. Ratios of
mean Cav after oropharyngeal deposition and inhalation
were determined by Student’s t-test of log-transformed
values of Cav. A test not assuming variance homogeneity
was appropriate for the young children, and an asymptotic
95% confidence interval (CI) was constructed.

Four patients aged 4–6 years and four patients aged
11–16 years participated. These were compared with 18
patients aged 4–6 years and 22 patients aged 11–16
years in the previous inhalation study. Four samples
(11–16 years) with salbutamol levels below the linear
range of quantification (25.4 pg ml-1) were given the value
25.4 pg ml-1.

The serum profile after oropharyngeal deposition
showed a prolonged absorption phase in accordance with
that seen after gastrointestinal absorption in adults [7]
(Figure 1).

Cav after oropharyngeal deposition was 4.5% (95% CI
1.9, 10.7) of Cav after inhalation in children aged 4–6 years
(absolute values 107 vs. 2360 pg ml-1) and 2.4% (95% CI
1.5, 3.9) in children aged 11–16 years (absolute values 38
vs. 1542 pg ml-1).
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Early bioavailability after oropharyngeal deposition
was <5% of bioavailability after inhalation for both
younger and older children. This is probably an overesti-
mation of the oropharyngeal contribution to bioavaila-
bility after inhalation, since our method includes the pro-
portion of the emitted dose that is normally deposited in
the spacer and the lungs.

Therefore, also in children the contribution of oropha-
ryngeal and gastrointestinal absorption to early bioavail-
ability after inhalation is minimal, and early bioavailability
reflects absorption of drug deposited in the lungs. This
means that the 20-min pharmacokinetic profile can be
used to compare lung dose of delivery devices in children.
We recommend that this method is used to test the per-
formance of new salbutamol delivery devices instead of
in vitro measures of lung dose, which may not be reliable
measures of lung dose in vivo.
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Supplementary material

The following supplementary material is available for this
article online:

Figure S1
Individual salbutamol concentrations after oral deposition
(60-min profile)

This material is available as part of the online article from
http://www.blackwell-synergy.com

Please note: Blackwell Publishing is not responsible for the
content or functionality of any supplementary materials
supplied by the authors. Any queries (other than missing
material) should be directed to the corresponding author
for the article.
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Figure 1
Salbutamol serum concentrations (geometric mean values) after oropha-
ryngeal deposition or inhalation in different age groups (Inhalation
4–6 yr, (�); Inhalation 11–16 yr, (�); Oral deposition 4–6 yr, (�); Oral depo-
sition 11–16 yr, (�))
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