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ABSTRACT: Studies using dry powder devices have suggested that fluticasone pro-
pionate (FP) has a greater systemic effect than budesonide (BUD). The aim of the
present study was to investigate and compare the relative systemic potency of FP
and BUD from their respective pressurized metered-dose inhalers (pMDIs).

A placebo-controlled, open, randomized, cross-over study was conducted in 21
healthy male volunteers. Placebo, BUD (200, 400 and 1,000 µg b.i.d.) and FP (200,
375 and 1,000 µg b.i.d.) were inhaled for 4 days, with a wash-out period of at least
3 days between treatments. Blood samples for cortisol analysis were drawn during
the last 24 h of each treatment period.

Cortisol levels, measured as 24 h pooled plasma cortisol, were statistically sig-
nificantly lower (p=0.0001) for all dose levels during FP pMDI treatment (21, 39
and 84% suppression from placebo) than during BUD pMDI treatment (1, 3 and
27% suppression from placebo). The relative systemic potency FP:BUD was 3.7:1
(95% confidence interval (95% CI) 2.9–4.8)). The relative systemic potency based
on the single 08:00 h samples was 5.2:1 (95% CI 3.0–9.3).

In conclusion, in healthy male volunteers using pressurized metered-dose inhalers,
fluticasone propionate was shown to have a stronger systemic effect than budes-
onide.
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It is now well-accepted that inhaled glucocortico-
steroid (GCS) therapy should be introduced as soon as
asthma patients regularly use β2-agonists [1, 2]. GCS
therapy is being introduced successfully with increasing
frequency in mild symptomatic asthma patients and also
at an earlier stage after diagnosis [3, 4]. Since GCS ther-
apy is chronic, this increased exposure in patients with
mild to moderate asthma puts demands on the safety pro-
file of GCS [5, 6], as determined by the therapeutic effi-
cacy and the systemic activity.

Fluticasone propionate (FP) is a recently introduced,
highly potent GCS [7], and is available in aerosol (pres-
surized metered-dose inhaler (pMDI)) and dry powder
(Diskhaler®, (DH)) formulations. In patient population
studies with mild and moderate [8, 9] or severe [10, 11]
asthmatics, it has been suggested that FP may be clini-
cally twice as effective as beclomethasone dipropionate
(BDP pMDI [10]) and budesonide (BUD pMDI [8, 11];
Turbuhaler®, (TBH) [9]). Similar differences were found
by ENGLISH et al. [12] in the human vasoconstrictor test,
an assay used to determine the rank order of steroid acti-
vity. ANDERSSON et al. [13], however, demonstrated equi-
potency of FP and BUD using a similar methodology.

FP pMDI has also been reported to have systemic
activity similar to or less than BDP pMDI, as reflected
by morning cortisol samples taken during clinical use in
an out-patient setting [14, 15]. However, three recent
controlled studies have suggested that FP may have a
greater systemic activity than BUD (DH vs TBH [16, 17],

pMDIs [18]). In order to make a correct assessment of
the relative systemic activity on a milligram for milli-
gram nominal dose basis, dose-responses of both drugs
should be established, using sensitive parameters to deter-
mine systemic activity.

Due to the large inter- and intrasubject variability in
a single plasma cortisol sample, single morning sampl-
ing is considered less sensitive than determining the cor-
tisol production over a day. This can be accomplished by
taking multiple blood samples over, for example, a 20–
24 h period or by measuring cortisol excretion in urine.

The aim of the present study was to determine the rela-
tive systemic potency of FP pMDI and BUD pMDI on
a milligram for milligram nominal dose basis in healthy
volunteers, under standardized conditions.

Subjects and methods

Ethical considerations

The study was conducted according to Good Clinical
Practice at Pharma Bio Research, Zuidlaren, The Nether-
lands, and was approved by an independent Medical
Ethics Committee. All volunteers gave written informed
consent following a verbal and written explanation of the
study.



Subjects

Twenty one healthy male subjects were included in
this study. Their ages ranged from 19–28 (mean 24) yrs.
All had a body weight within 15% of normal (1983
Metropolitan) body weight range relative to height and
frame size. One week prior to, and just after, the study,
the subjects underwent a physical examination. Vital
signs and electro cardiographic activity (ECG) were
recorded and routine haematological and biochemical
tests were performed at these examinations.

Study design

The study was of a multiple-dose, open, randomized,
seven period, cross-over design. The following treatments
were administered in random order (in blocks of three
subjects), twice daily at 10:00 and 22:00 hrs for 4 days:
Placebo, four puffs; BUD 200 µg, four puffs of 50 µg;
BUD 400 µg, four puffs of 100 µg; BUD 1,000 µg, five
puffs of 200 µg; FP 200 µg, four puffs of 50 µg; FP
375 µg, three puffs of 125 µg; FP 1,000 µg, four puffs
of 250 µg. Placebo and budesonide canisters were manu-
factured by Astra, Sweden; and FP canisters by Glaxo,
UK. A wash-out period of at least 3 days separated each
of the treatment periods. No large volume spacers were
used. The canisters were shaken before each dose and
the puffs were inhaled with intervals of 30 s. The sub-
jects were trained prior to each treatment period in an
optimal inhalation technique using placebo inhalers con-
nected to a modified Vitalograph Compact (Vitalograph
Ltd, Buckingham, UK). After slow, complete exhalation,
full inspiration was achieved at an inspiratory flow of
approximately 0.5 L·s-1. The metered-dose inhaler was
actuated after approximately 0.5 s and the subjects were
asked to hold their breath for 10 s following each inhala-
tion. After completing the last inhalation, the subjects
rinsed their mouth with 200 mL water and spat the water
out to minimize the swallowed portion of the steroids.

For the first six doses of each treatment period, the
subjects were ambulant but reported to the clinical research
facility for study drug administration. For the last two
doses, the subjects were admitted to the clinical research
facility and remained there for 36 h. They refrained from
exercise and stress and their diets were standardized.
Inhalation and blood sampling were always performed
with the subjects in the same sequence.

During the last 24 h of each treatment period, repeated
blood sampling (3 mL per sample) was performed using
an indwelling catheter. Samples were collected every
other hour from 22:00 h (immediately prior to dosing)
up to 22:00 h the next day. Additional samples were
drawn at 07:00 and 09:00 h. The sample at 10:00 h was
taken just before the last dose. The subjects were not
allowed to lie down during the first 10 min after inhala-
tion and were instructed to stay in bed from 24:00 to
07:30 h. Blood samples were immediately cooled at 0°C
and centrifuged within 30 min. Plasma was immediately
frozen at -20°C until analysed. 

Plasma cortisol analysis 

The plasma cortisol content was determined by radioim-
munoassay (RIA) (DPC, Apeldoorn, The Netherlands).

Initially, the samples taken over a 24 h period were pooled
per subject for each treatment. Pooling was performed
with equal volumes of plasma except for halved vol-
umes for the 22:00, 07:00, 08.00, 09:00, 10:00 and 22:00
h samples and the average 24 h cortisol level determined.
In addition, 08:00 h plasma cortisol was determined for
each subject and treatment.

At a later stage, all individual samples were analysed
and plasma cortisol profiles were established. The aver-
age cortisol concentration over 24 h was then calculated
from the 15 samples per subject and treatment using the
trapezoidal method.

As an additional exploratory analysis, plasma cortisol
samples were pooled from all subjects for each time-
point per treatment in order to examine the pooled plas-
ma cortisol profile.

One RIA batch was used for all analyses. The lower
limit of detection for cortisol with this kit is 11 nmol·L-1.
The coefficient of variation of the assay method was 4%
at a concentration of 548 nmol·L-1 and 7% at 69 nmol·L-1.
Normal morning cortisol concentrations in healthy sub-
jects are ≥170 nmol·L-1.

Statistical analysis 

The number of subjects to be used in this study was
estimated using historical 20 h mean plasma cortisol data
[16]. With 21 subjects, a difference in plasma cortisol
suppression from placebo of 13% between FP and BUD
could be detected, with 80% power at the 0.05 level.
The primary variables were the cortisol level in the 24 h
pooled samples and in the 08:00 h samples. The results
were analysed by analysis of variance (ANOVA) with
subject, treatment and period as factors. Cortisol values
after GCS treatment were compared with those after
placebo and between FP and BUD for each of the three
dose levels. Two-sided p-values below 0.05 were regard-
ed as statistically significant. An additional ANOVA was
performed with previous treatments as a factor to inves-
tigate a possible carry-over effect. Cortisol values in the
pooled sample were compared with the calculated aver-
age level by correlation characteristics.

Cortisol levels are described both as geometric and arith-
metic mean values. The percentage reduction was calcu-
lated for each individual subject relative to the value after
placebo and expressed as arithmetic mean values. Cortisol
values below the lower limit of detection (11 nmol·L-1)
were arbitrarily set at 5.5 nmol·L-1 for statistical analy-
ses. The relative systemic activity was calculated by fit-
ting a nonlinear curve model for the 24 h pooled and the
08:00 h values. Two parallel sigmoidal curves were fit-
ted to the individual data using the following equation:

1
Response = Emax 1 - 

1 + e - b (- ai + ln (dose))

where response is the cortisol value as percentage of the
value after placebo in the 24 h pooled and the 08:00 h
sample, with i = 1 for BUD and 2 for FP. A nonlinear
mixed effect model approach was used, which means
that maximum effect (Emax), b, a1 and a2 were assumed
to be individual parameters, normally distributed in the
population. A numerical algorithm was used to estimate
the mean parameters and the relative systemic potency
was estimated as exp (a1 - a2)
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Results

All 21 volunteers completed the study as planned, but
one subject needed a 2 week wash-out after his second
treatment period because of pharyngitis. The routine tests
at entry and after the study revealed no clinically sig-
nificant abnormalities.

Period and carry-over effects 

For the 24 h pooled sample, no statistically significant
period or carry-over effects were detected. For the 08:00
h sample, no statistically significant carry-over effect was
detected, but there was a statistically significant period
effect, with the lowest values observed during period 3
and highest values during period 2. However, since the
study was completely balanced with respect to periods,
a period effect will not affect the differences between
treatments.

24 h pooled plasma cortisol sample 

The mean 24 h pooled plasma cortisol samples (Cav,
pooled) were compared. The difference between FP pMDI
and BUD pMDI in the measured cortisol levels was sta-
tistically significant for all three dose levels (p=0.0001).
Mean plasma cortisol values are reported in table 1, and
the mean reduction in plasma cortisol as a percentage
of the value after placebo treatment is shown in figure
1. For FP, a dose-dependent reduction in the plasma cor-
tisol values was observed, increasing from a mean value
of 21% after FP 200 µg b.i.d. to 39% after FP 400 µg
b.i.d. and 84% after FP 1,000 µg. b.i.d. The cortisol sup-
pression after FP, as compared with placebo, was statis-
tically significant (p=0.0001) for all three doses. The low
and middle doses of BUD did not cause a statistically
significant cortisol suppression (1.2 and 3.4%, respecti-
vely), but BUD 1,000 µg b.i.d. resulted in a mean corti-
sol suppression of 27% relative to the placebo treatment
(p=0.0001).

The individual dose-responses and fitted curves are
shown in figure 2. From the nonlinear curve fitting, the
relative systemic potency was estimated to be 3.7 (95%
confidence interval (95% CI) 2.9–4.8), i.e. 3.7 times as
much BUD pMDI was required to suppress plasma cor-
tisol to the same extent as did FP pMDI.

In 11 pooled plasma samples, the cortisol level was
below the detection limit (<11 nmol·L-1); in 10 subjects
during FP 1,000 µg b.i.d. treatment and in one of them
also during FP 375 µg b.i.d. treatment.

Single morning 08:00 h samples

The mean 08:00 h plasma cortisol samples (C08:00 h)
were compared. The low and middle BUD dose did not
result in statistically significant changes in 08:00 plas-
ma cortisol as compared with placebo (7.1% suppres-
sion and 0.7% increase, respectively). The highest dose
(1,000 µg b.i.d.) induced a small (11%) but statistically
significant suppression (p<0.05) as compared with place-
bo. In contrast, FP treatment induced a dose-dependent
suppression from 18% at the low dose, 30% at the mid-
dle dose and increasing to 89% at the highest dose. The
suppression from placebo was statistically significant
(p<0.0005) for all three doses. Mean values are shown in
figure 1. From the curve-fitting, the relative systemic
activity was estimated to be 5.2 (95% CI 3.0–9.3).

A statistically significant difference was found be-
tween the morning cortisol concentrations after FP and
BUD at the two highest dose levels (p=0.001). Individual
and geometric mean data are shown in figure 3. During
FP treatment at the highest dose (1,000 µg b.i.d.), only
two of the 21 cortisol concentrations were within the nor-
mal range. In 16 of the 08:00 h samples, cortisol levels
were below the limit of detection: in three samples after
FP 375 µg b.i.d. and in 13 samples after FP 1,000 µg
b.i.d.
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Table 1.  –  Cortisol levels after treatment for 4 days with
placebo, fluticasone propionate and budesonide in 21
healthy subjects

Treatment Cav, pooled C08:00

nmol·L-1 nmol·L-1

Placebo 161/164 (37) 323/334 (91)
Fluticasone propionate

200 µg b.i.d. 123/129 (42) 247/274 (120)
375 µg b.i.d. 86/100 (37) 137/230 (119)

1000 µg b.i.d. 15/25 (27) 14/38 (65)
Budesonide

200 µg b.i.d. 156/160 (35) 288/309 (108)
400 µg b.i.d. 151/156 (35) 295/322 (109)

1000 µg b.i.d. 112/121 (42) 253/292 (117)

Values are presented as geometric/arithmetic mean, and SD in
parenthesis.  Cav, pooled: 24 h pooled cortisol sample; C08:00h:
08.00 h plasma cortisol sample.
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Fig. 1.  –  Dose response for the percentage change from placebo cor-
tisol levels: a) in the 24 h pooled sample (Cav, pooled); and b) at 08:00
h (C08:00h) as observed on the last day of treatment with inhaled fluti-
casone propionate (FP) and budesonide (BUD).  Values are presented
as mean±SEM.  *: p<0.05; **: p<0.005; ***: p<0.0001, compared to
placebo.



Plasma cortisol time profile

The mean cortisol levels, determined from individual
time points throughout the 24 h dosing interval, are shown
in figure 4.

As compared with placebo, a lower cortisol curve was
obvious for all three FP treatments and for the highest
BUD dose. Inspection of individual data (not shown)
revealed that in eight cases, all during FP 1,000 µg b.i.d.
treatment, cortisol levels were below the level of detec-
tion throughout the 24 h sampling period.

Feasibility of pooling

There was a close correlation (r=0.965) between the
24 h mean cortisol level determined from a single pooled
sample and the 24 h mean cortisol level calculated from
the 15 separate time-points (147 data points (21 subjects

× 7 periods)) (fig. 5). Pooling per time-point also yielded
very similar data as compared with the mean of the indi-
vidual samples per time-point (not shown), with a corre-
lation coefficient of 0.997 for the 105 data points (15 time
points × 7 periods).

Discussion

In this study, statistically significant systemic effects
of inhaled FP were found, reaching a plasma cortisol
suppression, as compared with placebo, of more than
80% at the highest dose tested. The relative systemic
potency of FP pMDI as compared with BUD pMDI was
estimated to be 3.7, based on the 24 h pooled data, and
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Fig. 2.  –  Individual dose-responses for a) budesonide; and b) fluticasone; and c) fitted mean curves for the 24 h pooled plasma cortisol values
(Cav,pooled), expressed as percentage change from placebo during budesonide and fluticasone treatment. : fluticasone;           : budesonide.
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5.2, based on the 08:00 h samples. Both for the 24 h
pooled plasma data and the 08:00 h plasma data, the
steep part of the dose-response curve appears to have
been reached even with the lowest dose of FP pMDI.
This is not the case for BUD pMDI.

The main determinant of systemic availability, and
thus also of systemic effects, both of FP and BUD is
the fraction of the dose absorbed through the lung [19],
since no biotransformation of either of these drugs takes
place in the lung. Thus, the lung deposition character-
istics of the inhaler will play an important role in the
degree of systemic activity observed. However, no com-
parative data on the lung deposition of the two aerosols
used in the present study are available. Aerosols from
different manufacturers, with different drugs, combina-
tions of freon and surface active agents, may not have
the same lung deposition characteristics. Nevertheless,
all pMDIs require the same inhalation technique and, in
the present study, an optimal inhalation technique was
trained and used. The results confirm the suggested stron-
ger systemic effect of FP as compared with BUD seen in
previous studies [16, 17] using dry powder inhalers.

In many clinical studies, single morning plasma cor-
tisol samples are usually drawn between 08:00 and 10:00
h. In these out-patient clinical studies, an effect on the
hypothalamic pituitary-adrenocortical (HPA)-axis of
inhaled GCS is difficult to detect, since the exact time
of blood sampling (and dosing) is less stringently con-
trolled than in a clinical pharmacological study. In the
present study, the 95% CIs for the relative systemic
potency are wider for the single 08:00 h samples than
for the 24 h pooled data. Thus, even under controlled
conditions, with standardized dosing in the evening and
rising at 07:30 h, a single morning assessment at 08:00
h is more variable than an integrated measurement. Using
methods of integrated cortisol concentrations, either by
multiple and frequent blood sampling, or by determin-
ing the 24 h urinary excretion of cortisol, suppressive
effects of GCS are easier to detect, even at low doses of
inhaled steroids [20–24].

In most clinical studies with FP, only single morning
plasma cortisol concentrations have been reported, with

geometric mean values within the normal range [14, 15].
However, other systemic effects have been observed [22,
23, 25, 26]. In a dose-response study, CHERVINSKY et al.
[22] showed morning cortisol to be unaltered by FP treat-
ment, but adrenocorticotrophic hormone (ACTH) tests and
urinary cortisol excretion tests were abnormal in about a
quarter of the patients treated with FP 500 µg b.i.d.

Three design aspects of the present study require some
consideration. Firstly, the study was of an open design.
However, the subjects were trained in optimal pMDI
inhalation technique and they used the same technique
for both drugs. In addition, the primary variable, plas-
ma cortisol, is an objective measurement. Thus, the non-
blinding of the study is of little relevance.

Secondly, cross-over studies carry an inherent risk of
carry-over effects. No such effects were detected in the
analysis of the data. However, due to the design of the
study (multiple 24 h blood sampling and seven way
cross-over), it was not feasible to add a baseline 24 h
sampling period at the start of each treatment period
(blood volume considerations). Thus, a carry-over effect
cannot be categorically excluded. However, if present,
a carry-over effect would most likely be associated with
the periods after those in which a large cortisol sup-
pression was observed and would lead to an underesti-
mation of the actual differences between treatments.

Thirdly, the use of healthy subjects must be consi-
dered. The degree of cortisol suppression seen in this
study appears to be greater than that presented in some,
but not all, studies in asthmatic patients [11, 14, 15, 18,
22, 25]. This may be explained by the use, in this study,
of a sensitive measure of HPA-axis, effects i.e. repeat-
ed plasma cortisol sampling. However, differences betw-
een healthy subjects and asthmatic patients with respect
to lung drug deposition and/or sensitivity to GCS cannot
be excluded. Nevertheless, any such difference between
subject and patient populations is the same for both drugs
and cannot explain the differences between drugs seen
in this study.

A possible explanation for the observed difference in
magnitude of the systemic effect between drugs in the
present study might be the difference in pharmacoki-
netic properties of FP and BUD. Both GCS are reported
to have a low bioavailability of the swallowed fraction:
10% for BUD and 1% for FP [7, 27], whilst the fraction
deposited in the lungs will be fully bioavailable, since
neither of the two GCS are locally biotransformed. Thus,
although the inhaled fraction is smaller than the fraction
which is swallowed, it provides the major contribution
to the total bioavailability of the inhaled GCS. The ter-
minal half-lives (t1/2) of FP and BUD are known to dif-
fer markedly; t1/2 for BUD is 2.3 h [28], whilst t1/2 for
FP has recently been reported to be 7.8 h [29]. With a
longer t 1/2, accumulation may occur. Indeed, this has
been suggested by data from a previous study [16], in
which pronounced cortisol suppression was observed
after repeated dosing with FP-DH 1,000 µg b.i.d. as
compared with a single dose of 1,000 µg.

Furthermore, pharmacodynamic differences may play
a role. The reported strong binding of FP to the gluco-
corticosteroid receptor may add to the observed greater
systemic activity [7].

Thus, even with a suggested twofold difference in clini-
cal effect using pMDIs [8, 11], the observed fourfold
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stronger systemic effect would give rise to a smaller
efficacy/safety ratio for FP pMDI as compared with BUD
pMDI.

A secondary aim of the study was to investigate aspects
of pooling of plasma samples prior to measuring the cor-
tisol concentrations, instead of firstly performing all the
analyses and then calculating their mean value. Differences
between the calculated mean and the pooled mean were
very small. Thus, using pooled data, the same informa-
tion on the dose-response relationship was obtained with
a 15 fold smaller number of cortisol analyses. By addi-
tionally pooling the samples per time-point within each
treatment for all subjects, a time profile could be obtained.
Though missing an estimate of the interindividual varia-
tion, the means of pooled samples per time-point give
relevant information about the time course of any effects
and were almost identical to the calculated profile values.

In conclusion, in healthy male volunteers, fluticasone
propionate pressurized metered-dose inhaler was shown
to have a stronger systemic effect than budesonide pres-
surized metered-dose inhaler.

Acknowledgement: The authors would like to acknowledge
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