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What is already known about this subject
• All inhaled corticosteroids are absorbed into the systemic

circulation and hence have the potential to cause adverse
systemic effects.

• Plasma drug concentrations following inhalation of
1000 mg fluticasone are considerably lower in people with
airflow obstruction than in healthy volunteers but this is
not the case for budesonide.

What this study adds
• This is the first study to determine whether changes in airflow

obstruction within an individual affect the systemic absorption
of inhaled fluticasone and budesonide;

• Plasma concentrations of fluticasone and, to a lesser extent,
those of budesonide were lower when the drugs were
inhaled following induced bronchoconstriction;

• The lower plasma concentrations of corticosteroids seen
when the drugs were inhaled following induced
bronchoconstriction is likely to reflect variations that will occur
with fluctuations in airway caliber in asthma.
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Aims
To determine whether and to what extent bronchoconstriction affects plasma
concentrations of fluticasone and budesonide following inhalation.

Methods
Twenty people with mild asthma inhaled 1000 mg fluticasone (Accuhaler®) plus
800 mg budesonide (Turbohaler®) on two visits. On one occasion, prior to drug
inhalation, FEV1 was decreased by at least 25% using inhaled methacholine. Plasma
drug concentrations were measured for each drug over 5 h and area under the plasma
concentration-time curve (AUC(0,5 h)) compared between visits.

Results
The mean difference in FEV1 prior to drug inhalation on the 2 days was 33%.
AUC(0,5 h) values for fluticasone and budesonide were lower by a median of 60%
(IQR 36–75) and 29% (IQR 2–44), respectively, when administered following
bronchoconstriction; the reduction was greater for fluticasone than for budesonide,
P = 0.007.

Conclusions
The lower plasma concentrations of fluticasone and, to a lesser extent, budesonide
seen when the drugs were inhaled following induced bronchoconstriction, is likely to
reflect variations that will occur with fluctuations in airway caliber in asthma.
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Introduction
Adverse systemic effects from inhaled corticosteroids
have been recognized increasingly over recent years and
include adrenal suppression [1], reduced bone mineral
density [2, 3] and an increase in fractures [4], cataracts
[5] and bruising [6]. With about 5% of the population
in more economically developed countries being pre-
scribed an inhaled corticosteroid, often for many
decades, an understanding of the factors that determine
these adverse effects may help to improve their use.

All currently available inhaled corticosteroids are
absorbed into the systemic circulation and hence have
the potential to cause adverse systemic effects. However,
the risk may differ between inhaled corticosteroids, due
to their different physicochemical and pharmacokinetic
properties [7], and there is evidence that these drug-
related differences interact with patient factors such as
airflow obstruction. Plasma drug concentrations follow-
ing inhalation of 1000 mg fluticasone are considerably
lower in people with airflow obstruction than in healthy
subjects [8–10], but this is not the case for budesonide
[9]. These differences between fluticasone and budes-
onide were attributed to differences in lipophilicity [9].
Whether changes in airflow obstruction within an indi-
vidual affect systemic absorption in the same way is
unknown, but of relevance in view of the fluctuations in
airway caliber seen in asthma. The aim of this study
was to compare the plasma concentrations of fluti-
casone and budesonide following inhalation of a single
dose, with and without prior methacholine-induced
bronchoconstriction.

Methods
Subjects
Twenty nonsmoking subjects with asthma aged between
18 and 70 years were recruited from our volunteer data-
base. To be included subjects had to have a forced expi-
ratory volume in one second (FEV1) of at least 80%
predicted [11] and 1.5 l, a provocative dose of metha-
choline causing a 20% fall in FEV1 (PD20) below 8 mm,
and stable asthma, defined as no change in asthma symp-
toms or treatment for 2 months. Subjects were excluded
if they had significant comorbidity, were taking any
medication known to alter the metabolism of corticos-
teroids, were pregnant or lactating, or had a greater than
20 pack year smoking history. The study was approved
by Nottingham Research Ethics Committee and written
informed consent was obtained from all subjects.

Protocol
This was a randomized open label cross-over study. Sub-
jects were screened to assess suitability and to measure

FEV1 and PD20 methacholine. Subjects familiarized
themselves with the two dry powder inhalers (Accu-
haler®, Glaxo-Wellcome and Turbohaler®, Astra-
Zeneca) to ensure optimal inhaler technique during the
study, and those taking fluticasone or budesonide were
changed to an equivalent dose of beclomethasone dipro-
pionate for 4 days before and until the completion of the
study. Subjects were asked to avoid short and long acting
b2-adrenoceptor agonists for 12 h, and to avoid exercise
and caffeine on the morning of the study.

Subjects attended for two study visits at the same time
of day � 1 h, 7 � 3 days apart. A venous cannula was
inserted and after 10 min rest, FEV1 was measured. One
thousand mg fluticasone (Accuhaler®), given as two
500 mg doses, and 800 mg budesonide (Turbohaler®),
given as two 400 mg doses, were then inhaled in random
order. After each drug the subjects rinsed their mouths
with water, which was discarded. Venous blood samples
were drawn into heparinized tubes at intervals over the
next 5 h (0, 5, 15, 30, 60, and 90 min, 2, 3, 4 and 5 h),
centrifuged at 1500 rev min-1 for 10 min, and the result-
ing plasma was frozen at -70°C. The protocol for the
two study visits was identical except that on one occa-
sion prior to inhalation of the drugs, a methacholine
challenge was carried out to induce a fall in FEV1 of at
least 25% from baseline. The two studies were carried
out in random order according to a computer generated
code.

Power calculations showed that 20 patients would
give 90% power to detect a 0.7 SD difference in the area
under the plasma concentration time curve over 5 h, the
primary outcome, between the two study visits.

Measurements

Spirometry FEV1 and forced vital capacity (FVC) were
measured with a dry bellows spirometer (Vitalograph,
Buckingham, UK) as the higher of two successive read-
ings within 100 ml of each other.

Methacholine inhalation challenge Subjects inhaled
three puffs of normal saline followed by doses of metha-
choline doubled from 0.048 mm to a maximum of
24.5 mm using a DeVilbiss nebulizer, and FEV1 was
measured 1 min after each dose [12]. The test was
stopped once FEV1 had fallen by 20% from the postsa-
line value during screening, for calculation of PD20 by
interpolation, and once FEV1 had fallen by 25% in the
study itself.

Drug analysis Plasma concentrations of fluticasone
propionate and budesonide were quantified with previ-
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ously validated high performance liquid chroma-
tography/tandem mass spectrometry methods [13, 14]
using a Micromass Quattro LC-A triple quadrupole
mass spectrometer (Beverley, MA) at the College of
Pharmacy, Department of Pharmaceutics, University of
Florida, USA. The lower limits of detection for the
assays were 15 pg ml-1 for fluticasone propionate and
50 pg ml-1 for budesonide. The intra- and interassay
coefficients of variation were below 13.6% for both
fluticasone and budesonide at concentrations between
0.015 and 0.75 ng ml-1 for fluticasone and between 0.15
and 2.5 ng ml-1 for budesonide.

Data analysis
Plasma fluticasone and budesonide concentrations were
plotted against time for each subject and the maximum
plasma concentration (Cmax), time to maximum plasma
concentration (tmax) and area under the curve up to 5 h
(AUC(0,5 h) were calculated using standard software
(WinNonlin® Professional Version 3.1, Pharsight Corpo-
ration, Mountain View, CA). Cmax, tmax and AUC(0,5 h)
values for the two study visits were compared for each
drug using a paired t-test and 95% confidence intervals
for the differences were calculated. To allow for the
differences in concentrations of the two drugs the ratio

of the AUC(0,5 h) values on the days with and without
bronchoconstriction was calculated for each subject and
for each drug and the between-drug values were ana-
lyzed by a Wilcoxon signed rank test. This analysis was
repeated for Cmax values.

Results
All 20 subjects (mean age 48 years, 12 males) com-
pleted the study and their baseline characteristics are
shown in Table 1. All were nonsmokers and only two
had ever smoked.

Subjects had a geometric mean PD20 methacholine of
1.2 mm (range 0.06–6.1). Mean (SD) FEV1 was 2.9
(0.7) l (91% predicted) on screening and 2.8 (0.7) and
2.9 (0.6) l on arrival on the study days. All subjects had
a fall in FEV1 of at least 25% (range 25–47%) following
methacholine, giving an FEV1 of 1.9 (0.5) l (60% pre-
dicted) prior to drug inhalation, and a mean difference in
FEV1 prior to drug inhalation on the 2 days of 0.9 l
(range 0.5–1.35) or 33% (range 20–45%).

Data for budesonide plasma concentrations were lost
for two subjects due to a computer problem during
drug analysis. Therefore, complete data were available
for 20 subjects for fluticasone and 18 subjects for
budesonide.

Table 1
Baseline characteristics of the subjects studied

Subject Gender
Age
(years)

Height
(cm)

Weight
(kg)

FEV1

(l)
FEV1

(% predicted) Usual inhaled corticosteroid

1 M 55 192 78 3.8 91 Beclometasone diproprionate
2 M 50 173 78 2.8 80 None
3 F 50 160 86 2.55 103 Beclometasone diproprionate
4 M 63 174 77 2.8 89 Beclometasone diproprionate
5 F 67 155 68 1.55 84 None
6 M 23 170 79 4 96 None
7 F 39 161 63 3.5 126 Beclometasone diproprionate
8 M 38 189 92 3.8 84 None
9 M 41 182 96 3.8 92 Budesonide

10 M 41 176 87 3.8 98 None
11 M 52 172 88 3.05 90 None
12 F 62 166 105 1.95 81 Beclometasone diproprionate
13 M 66 173 78 2.4 80 Beclometasone diproprionate
14 M 48 166 79 2.75 84 Fluticasone
15 M 49 164 68 2.8 89 Budesonide
16 M 42 179 67 3.55 89 Beclometasone diproprionate
17 F 65 161 64 2 93 None
18 F 27 157 57 2.8 96 Fluticasone
19 F 34 161 71 2.9 100 Fluticasone
20 F 44 166 60 2.35 82 Fluticasone
Mean (SD) 48 (13) 167 (10) 77 (13) 2.9 (0.7) 91 (11)

Plasma concentrations of inhaled steroids
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The shape of the fluticasone and budesonide plasma
concentration-time curves showed marked differences
on the study day without bronchoconstriction. Peak
plasma concentrations of budesonide were 14 times
higher than those of fluticasone and occurred consider-
ably earlier (Figure 1). Mean (SD) time to maximum
concentration (tmax) values were 0.21 (0.24) h and 1.21
(0.91) h for budesonide and fluticasone, respectively.
The shape of the plasma drug concentration-time curves
for each drug was similar on the 2 study days, although
plasma concentrations were lower following
methacholine-induced bronchoconstriction (Figure 1
and Table 2).

Mean Cmax values for both fluticasone and budesonide
were lower when the drugs were inhaled following bron-
choconstriction (Table 2). Cmax values were a median
44% lower (interquartile range (IQR) 21–60) for fluti-
casone and 33% lower (IQR -7–51) for budesonide fol-
lowing bronchoconstriction but the difference between
fluticasone and budesonide did not differ significantly
(P = 0.18).

Mean AUC(0,5 h) values, the primary endpoints, for
both fluticasone and budesonide were lower when the
drugs were inhaled following bronchoconstriction
(Table 2). AUC(0,5 h) values were a median 60% lower
(IQR 36–75) for fluticasone and 29% lower (IQR 2–44)
for budesonide following bronchoconstriction. These
values for fluticasone and budesonide differed signifi-
cantly (P = 0.007).

Discussion
This is the first study to explore the effect of change in
airflow obstruction within an individual on plasma con-
centrations of fluticasone and budesonide following
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Figure 1
Mean (SEM) plasma drug concentrations following inhalation of

1000 mg fluticasone via an Accuhaler® (n = 20) and 800 mg budesonide

via a Turbohaler® (n = 18) in subjects with asthma with (�) and without

(�) prior methacholine-induced bronchoconstriction (note y axes have

different scales)

Table 2
Mean (SD) values for maximum plasma concentration (Cmax), time to maximum plasma concentration (tmax) and area under
the curve (AUC(0,5 h)) for fluticasone and budesonide when inhaled with and without prior methacholine-induced
bronchoconstriction

Without
bronchoconstriction

With
bronchoconstriction

Difference
(95% CI) P value

Fluticasone
Cmax (ng ml-1) 0.12 (0.07) 0.06 (0.04) 0.06 (0.03, 0.08) <0.001
tmax (h) 1.21 (0.91) 0.78 (0.62) 0.43 (-0.01, 0.87) 0.05
AUC(0,5 h) (ng ml-1 h) 0.40 (0.23) 0.16 (0.10) 0.23 (0.14, 0.33) <0.001

Budesonide
Cmax (ng ml-1) 1.67 (0.82) 1.16 (0.48) 0.51 (0.16, 0.85) 0.007
tmax (h) 0.21 (0.24) 0.23 (0.24) -0.02 (-0.15, 0.12)
AUC(0,5 h) (ng ml-1 h) 2.87 (1.19) 2.28 (0.90) 0.6 (0.02, 1.17) 0.04
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their inhalation. There was an average 33% difference in
FEV1 prior to drug inhalation on the two study visits as
a result of methacholine challenge. Plasma concentra-
tions of both fluticasone and budesonide were lower
when FEV1 was decreased but the magnitude of this
effect was greater for fluticasone.

The greater effect of bronchoconstriction on plasma
concentrations of fluticasone compared with budesonide
is similar to the findings in patients with and without
airflow obstruction [8–10], and is probably due to dif-
ferences in lipophilicity [16]. Bronchoconstriction will
cause a greater proportion of both drugs to be deposited
in more central airways, where mucociliary clearance is
better able to remove them [15]. This would be expected
to affect fluticasone more than budesonide because the
former, being more lipophilic, dissolves more slowly in
airway lining fluid and hence is available to be cleared
for longer [16]. Furthermore, little of the fluticasone that
is removed by mucociliary clearance will reach the sys-
temic circulation due to its low oral bioavailability (<1%
compared with about 10% for budesonide) [16].

Peak plasma drug concentrations occurred earlier and
were considerably higher following inhalation of budes-
onide than fluticasone, which is in keeping with previous
data [9]. These differences are likely to reflect high
pulmonary deposition of budesonide from the Turbo-
haler® [17], its higher oral bioavailability [16], greater
water solubility [16], and lower volume of distribution
[7].

We gave fluticasone and budesonide at the same
time to ensure that they were studied under identical
conditions. This approach was validated by Agertoft
& Pederson who found similar plasma fluticasone
and budesonide concentrations following inhalation,
whether the drugs were given separately or together
[18]. Drug concentrations were measured over 5 h since
our previous study showed that the major differences in
plasma concentrations between subjects with and
without airflow obstruction occurred during this time
[9]. We did not determine pharmacokinetic parameters
other than Cmax and tmax, since these data are already
available [7], and a longer sampling period would have
been required. We believe our findings are due to
decreased rather than delayed drug absorption, in view
of the shape of the plasma concentration-time curves,
and the observation that the changes within subjects in
the present study are very similar to the differences seen
over 8 and 12 h between subjects with and without
airflow obstruction [8–10].

By using a methacholine challenge we were able to
study the effect of changes in lung function within an
individual on plasma concentrations of fluticasone and

budesonide under controlled conditions. This is likely to
be a reasonable model to study changes in airflow that
occur as asthma control deteriorates. A 33% reduction
in FEV1 in our study caused a 60% reduction in
AUC(0,5 h) for fluticasone, suggesting a 60% reduction
in systemic exposure. Equally, as FEV1 increases with
treatment, systemic exposure would be expected to
increase in a similar way. Therefore, the risk of adverse
systemic effects from inhaled fluticasone is likely to
vary considerably in relation to lung function within an
individual, whereas that from budesonide is unlikely to
be affected to the same extent. These findings re-enforce
the importance of reviewing the need for higher doses of
inhaled corticosteroids and particularly fluticasone, as
lung function improves and in patients with relatively
normal lung function.

We thank the 20 volunteers who took part in the study,
Sarah Pacey (Senior Pharmacist at Nottingham City
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