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Abstract Objectives: To compare the systemic exposure
for intranasal mometasone furoate (MF) and fluticasone
propionate (FP) aqueous nasal sprays (ANS) in terms of
serum and urinary cortisol parameters and plasma
pharmacokinetics.
Methods: Twelve healthy subjects completed this three-
way, cross-over study. They received FPANS (50 lg/
spray), MFANS (50 lg/spray) or placebo ANS, eight
sprays per nostril every 8 h for 4 days. Cortisol mea-
surements were made at baseline and day 4. FP and MF
plasma concentrations were also measured on day 4.
Results: MFANS produced similar mean plasma AUC
(123 pmol/l h) to FPANS (112 pmol/l h). Despite the
use of high doses, necessary to generate adequate
pharmacokinetic data, only minor reductions in cortisol
parameters were found, with no difference between
FPANS and MFANS.
Conclusions: FP and MF have similar and very low
systemic bioavailability when administered intranasally
using a high-dose regimen. It is therefore unlikely that
therapeutic doses of intranasal FP or MF will produce
dissimilar or significant degrees of systemic exposure or
systemic effects.
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Introduction

Fluticasone propionate (FP) and mometasone furoate
(MF) are potent topical corticosteroids available as
aqueous nasal sprays (ANS) and are extremely effective
in reducing nasal symptoms associated with rhinitis [1, 2,
3, 4]. Although the efficacy and safety of topical corti-
costeroids for the management of rhinitis are well
established, concern remains that these agents may reach
the systemic circulation in sufficient concentrations to
produce side effects. Intranasal FP has been shown to
have negligible systemic bioavailability [5]. However,
comparative data are not available for MF.

The normal daily dose regimen of FPANS and
MFANS (200 lg/day) has been shown not to produce
readily detectable plasma drug concentrations [6, 7].
Therefore, the two formulations were compared using a
high-dose regimen, previously shown for FPANS to
produce measurable plasma concentrations of FP [5].
This provided a means of comparing their systemic
exposure in terms of pharmacokinetic and pharmaco-
dynamic end points and, thereby, the relative potential
for systemic side effects.

Methods

This was a randomised, single-blind, placebo-controlled,
three-way cross-over study, with a 4-day treatment
period and a 1-week washout period. To ensure subjects
were blinded to treatment allocation, study drugs were
re-labelled and spray bottle caps removed at the time of
dosing. The study protocol was approved by the inves-
tigational centre’s ethics committee, and informed con-
sent was obtained from each subject before enrolment in
the study.

Fifteen healthy subjects (13 males and 2 females) with
a mean age of 32.3±9.1 years and a body mass index of
25.85±2.26 kg/m2 were randomised to treatment. Based
on data from a previous study with an intra-subject
variability of 0.15, twelve subjects were required for 90%
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power to detect a 20% change in 24-h serum cortisol
AUC (area under the plasma concentration–time curve).
Twelve volunteers completed the study. The allocated
treatments were administered for 4 days as eight sprays
per nostril every 8 h: FPANS (Flonase, 50 lg per spray),
MFANS (Nasonex, 50 lg per spray) and placebo ANS
(matching Beconase AQ).

On the day before the first dose, baseline measure-
ments were made for 24-h urinary cortisol excretion, and
blood samples (2 ml) were drawn for measurement of
serum cortisol concentrations at 0, 1, 2, 3, 4, 6, 8, 12, 16,
20 and 24 h. On days 1–4, medication was taken three
times daily at 0800, 1600 and 2400 hours. Subjects were
housed in the research unit for five days and six evenings
during each treatment period. Following the 0800-hours
dose on day 4, the 24-h urinary and serial serum cortisol
measurements were repeated. Blood (5 ml) was also
drawn to measure FP and MF plasma concentrations at
pre-dose, 5 min, 15 min and 30 min, and 1, 1.5, 2, 3, 4, 6
and 8 h post the 0800-hours dose. Plasma samples were
analysed for FP and MF using a liquid-chromatography
tandem mass-spectrometry (LC-MS-MS) assay with a
detection limit of 20 pg/ml [8]. Cortisol in both urine
and serum was assayed using a competitive radioim-
munoassay (Chiron ACS:180SE Automated Chemilu-
minescence System) with a detection limit of 6 nmol/l.

Urinary and serum cortisol parameters were
log-transformed and analysed using an analysis of
covariance with mean baseline values as covariate,
allowing for effects due to subject, period and treatment.
Pharmacokinetic parameters for FP and MF were
estimated using WinNonlin Professional (version 1.5).
These included area under the plasma concentration–
time curve over the 8-h dose interval (AUCs), maximum
observed plasma concentration (Cmax) and time of Cmax

(tmax). Values for tmax and log-transformed values of
AUCs and Cmax were analysed using the Wilcoxon
signed-rank method. To provide an estimate of the
absolute systemic bioavailability, previously reported
intravenous pharmacokinetic parameters for FP and
MF in healthy subjects were used [5, 9].

Results

Table 1 summarises AUCs, Cmax and tmax after dosing
with FPANS and MFANS. There were no significant

differences between FP and MF in the rate or extent of
systemic absorption. Of the twelve evaluable subjects,
two and three subjects for FP and MF, respectively, had
all plasma samples below the lower limit of quantifica-
tion (<20 pg/ml). The estimated absolute intranasal
bioavailabilities of FP and MF were very similar (0.42%
and 0.46%, respectively) (Table 1).

Neither FPANS nor MFANS produced significant
decreases in 24-h serum cortisol concentrations (Fig. 1).
Geometric mean post/pre-treatment ratios of serum
cortisol AUC24 (95% confidence intervals) were 0.89
(0.79, 1.01), 0.94 (0.85, 1.04) and 1.03 (0.94, 1.14) for
FPANS, MFANS and placebo, respectively (Fig. 1).
The geometric mean post/pre-treatment ratios of serum
cortisol Cmin (95% confidence intervals) were 0.85 (0.60,
1.20), 0.84 (0.67, 1.05) and 1.18 (0.81, 1.70) for FPANS,
MFANS and placebo, respectively (Fig. 1). FPANS and
MFANS did not significantly reduce 24-h urinary cor-
tisol excretion (Fig. 1). The post/pre-treatment ratios
(95% confidence intervals) were 0.83 (0.44, 1.56) for FP,
0.81 (0.59, 1.10) for MF and 1.21 (0.81, 1.82) for
placebo.

Discussion

This study showed that both FP and MF have similar
and very low systemic bioavailability when administered
intranasally using a high-dose regimen and a sensitive
LC-MS-MS assay. Previous attempts to assess the
bioavailability of MFANS and FPANS were not reliable
as a relatively insensitive assay and/or low-dose regi-
mens were used [6, 7, 10]. However, the estimates of
absolute bioavailability for FPANS in the present study
(0.46%) were in agreement with the value reported
previously (0.51%) where a similar high-dose study de-
sign was used [5].

Our findings confirmed the technical difficulty in
measuring the plasma concentrations of FP and MF
following intranasal administration, as even the high
doses used in this study produced mean peak plasma
concentrations just above the assay limit of detection. In
designing this study, consideration was given to the
possibility that administering multiples of the recom-
mended clinical dose may not be representative of the
nasal deposition and absorption that occurs following

Table 1 Pharmacokinetic parameters for fluticasone propionate (FP) and mometasone furoate (MF) in 12 healthy subjects after
intranasal administration. Values are expressed as the mean±standard error

Drug Nasal spray *Absolute bioavailability
relative to IV—%F

(800 lg t.i.d.)

AUCs (fmol/ml h) AUCs (pg/ml h) Cmax (fmol/ml) Cmax (pg/ml) tmax (h)

FP 111.6±37.1 55.9 55.4±9.8 27.7 0.92±0.2 0.42
MF 122.7±51.6 64.0 48.9±10.0 25.5 0.75±0.2 0.46

*Absolute bioavailabilities calculated relative to intravenous plasma AUC0–¥ data reported elsewhere of 4159 pg h/ml for FP (250-lg
dose) [5] and 17557 pg h/ml for MF (1000-lg dose) [13]
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the standard clinical dose. For this reason, the daily dose
was divided into three administrations, and approxi-
mately 1 min was allowed to elapse between sprays to
the same nostril to minimise run-off. In addition, studies
with intranasal beclomethasone dipropionate (BDP)
ANS (400, 800 and 1600 lg) [11] and triamcinolone
acetonide (TAA) ANS (110, 220 and 440 lg) [12]
showed approximately dose-proportional increases in
plasma concentrations and therefore provide reassur-
ance that our study design was reasonable. The nasal
bioavailability of budesonide (BUD) ANS has also been
estimated using doses above those used therapeutically
(800 lg) [13]. Therefore, it is likely that the present study
can be extrapolated to clinical dose regimen in adults.
Furthermore, use of healthy subjects is justified in this
cross-over study as a means of reducing variability, since
it has also been shown that the systemic exposure to
intranasal corticosteroids is not appreciably different in
healthy subjects relative to subjects with rhinitis [14].

The cortisol endpoints were included in the study as
an additional means of quantifying the systemic expo-
sure to the two intranasal corticosteroids. Following
administration of 12 times the clinical dose, serum and
urinary cortisol concentrations following both FPANS
and MFANS were lower than pre-dose values. However,
mean differences were all within 20% of pre-treatment
values and 95% confidence intervals included unity.
These results are consistent with previous findings
showing a lack of systemic effects at higher than
recommended doses of FPANS orMFANS administered
for longer periods than used in this study [15, 16, 17, 18].

The low intranasal bioavailability of FP and MF is
most likely explained by their very poor aqueous solu-
bilities (�0.1 lg/ml) and high first-pass metabolism.
Both formulations are administered as aqueous sus-
pensions that need to dissolve before absorption can
occur across the nasal mucosa. However, nasal ciliary
clearance is likely to remove most of the drug prior to
significant dissolution and absorption, resulting in the
major part of the dose being swallowed. Subsequently,
extensive first-pass metabolism of the swallowed drug
results in negligible bioavailability [19]. In contrast

intranasal corticosteroids with higher aqueous solubility
and/or significant oral absorption have greater bio-
availability via the nasal route: 44%, 31% and 46% for
BDP, BUD and TAA, respectively [11, 13, 20].
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