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ABSTRACT: High retention of inhaled glucocorticoids in the airways means pro-
longed anti-inflammatory action and low delivery into the serum. The objective of
this study was to investigate the retention in and distribution of inhaled fluticas-
one propionate (FP) between central and peripheral human lung tissue and serum
in vivo.

In 17 patients undergoing lung resection surgery, a single 1.0 mg dose of FP was
inhaled at varying time-points (range 2.8-21.7 h) preoperatively. Peripheral and
central lung tissue was obtained, and blood was drawn simultaneously.

FP concentrations in central lung tissue were approximately three to four times
higher than peripheral lung tissue concentrations, which in turn, exceeded those
found in serum by 10 times. FP was detectable up to 21 and 16 h, respectively,
after inhalation, with drug levels falling almost in parallel in peripheral lung tis-
sue and in serum.

The results of this study demonstrate that fluticasone propionate is retained in
lung tissue for a long time. Serum concentrations after a single inhaled dose are
low. Retention of high concentrations of fluticasone propionate in the airways may
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promote high topical anti-inflammatory activity.
Eur Respir J 1997; 10: 1496—1499.

The ideal corticosteroid for use by inhalation in the
treatment of asthma should act effectively in the airways
and produce a minimum of systemic effects within its
dose range [1]. To achieve this, the compound should
have a high intrinsic topical activity (anti-inflammatory
potency) combined with low oral systemic bioavaila-
bility [2]. It is favourable for a corticosteroid to display
high retention in the airways and low delivery into plas-
ma after inhalation. Therefore, it is of interest to inves-
tigate the distribution of glucocorticoids between lung
tissue and blood.

Potent glucocorticoids have a high affinity for the glu-
cocorticoid receptor. Of all corticosteroids tested, fluti-
casone propionate (FP) has the highest in vitro affinity
for the glucocorticoid receptor in human lung [3, 4].
Binding and retention studies in human lung in vitro
have demonstrated high tissue concentrations for FP
(similar to beclomethasone dipropionate and its active
metabolite, but greater than budesonide, flunisolide and
hydrocortisone), compared with blood plasma concen-
trations [5-7].

To demonstrate the clinical relevance of these data,
we present the first investigation of the tissue-plas-
ma distribution of FP in humans. In this study, the
distribution of a single 1.0 mg dose of FP between
human lung tissue and blood plasma was studied in
vivo.

Materials and methods

Patients and study design

The study was approved by the local Ethics Committee.
Informed consent to participate in the study was obtained
from 17 patients (16 males and 1 female) with bronchial
carcinoma, who were referred for pneumectomy or lobe
resection. Their mean (+£sp) age was 58+6 yrs (range
48—-67 yrs). Squamous cell carcinomas were found in
11 patients, five patients had adenocarcinoma, and one
patient had a carcinoid tumour. Vital capacity ranged
2.7-6.1 L, and forced expiratory volume in one second
(FEV1) 58-115% of predicted (table 1).

At varying times before surgery (range 2.8-21.6 h),
1.0 mg FP was administered via a large volume spacer,
Volumatic™ (four puffs each of 250 pg), and the time
of administration was recorded. Thirty to 45 min be-
fore intubation, 0.5 mg atropine sulphate and an anal-
gesic were given to patients as premedication. Peripheral
and central lung tissue free of tumour was obtained for
analysis of FP. A blood sample was drawn intraopera-
tively at the time-point of ligation of the pulmonary
artery for analysis. Whole blood was centrifuged and
serum samples were frozen and stored until analysed at
-20°C. The time after inhalation, identical with time



N. ESMAILPOUR ET AL.

1497

Table 1. — Patient characteristics, lung function parameters and medical data
Pt Age Sex Smoking Type of Histology vC FEV1 Time between = Comments
No. yIs status operation L % pred  inhalation and
resection h
1 60 M Smoker PN AC 3.6 80 4.7 -
2 61 M Smoker PN AC 3.8 80 3.7 -
3 67 M Ex PN AC 33 79 2.8 -
4 50 F Smoker LR Carcinoid 2.7 61 14.0 Plasma only
5 51 M Ex PN SC 52 104 33 -
6 59 M Ex PN SC 4.7 94 12.3 -
7 61 M Smoker LR AC 4.1 87 3.7 -
8 62 M Smoker PN SC 4.4 93 12.7 Viscous mucus
9 60 M Smoker PN SC 6.1 105 133 -
10 57 M Smoker PN SC 32 58 17.5 -
11 50 M Smoker PN SC 4.1 101 11.1 Viscous mucus
12 56 M Ex PN SC 5.6 98 12.1 Viscous mucus
13 64 M Ex PN SC 55 115 21.2 -
14 51 M Smoker PN AC 4.2 70 16.3 -
15 58 M Smoker PN SC 5.1 83 17.2 -
16 48 M Smoker PN SC 3.5 67 13.3 -
17 66 M Smoker PN SC 4.1 68 16.9 -

Pt: patient; M: male; F: female; Ex: ex-smoker; PN: pneumonectomy; LR: lobe resection; AC: adenocarcinoma; SC: squamous
cell carcinoma; VC: vital capacity; FEV1: forced expiratory volume in one second; % pred: percentage of predicted value. FEV1
% pred for males: FEV1/(4.3 x (height/100))-(0.029 x age)-2.49) x 100. FEV1 % pred for females: FEV1/(3.95 x (height/100))-

(0.025 x age)-2.6) x 100.

between inhalation and resection, has been defined as
the time between inhalation and the ligation of the pul-
monary artery.

Materials

Chemicals were purchased from Sigma (Deisenhofen,
Germany) or Merck (Darmstadt, Germany), activated
charcoal Norit Gsx was from BDH (Wesel, Germany).
Fluticasone-17-propionate (FP), tritiated FP (specific ac-
tivity 55.4 Ci-mmol-!) and FP antiserum [8] were a gen-
erous gift from Glaxo Wellcome (Greenford, UK). Solid
phase extraction cartridges, C,g-SPE-columns, were ob-
tained from J.T. Baker (Philipsburg, USA), scintillation
cocktail Aquasafe 500 Plus and 4 mL polyethylene vials
were from Zinsser (Frankfurt, Germany), and 2 mL incu-
bation tubes were obtained from Eppendorf (Hamburg,
Germany).

Assay buffer (pH 7.4 at 4°C) consisted of 100 mM
tricine, 150 mM sodium chloride, and 15 mM sodium
azide. Tricine-ethanol buffer contained 5% (v/v) ethanol
in assay buffer, and tricine-gelatine buffer contained
0.1% gelatine (w/v) in assay buffer. Dextran-coated char-
coal suspension consisted of 0.5% (w/v) Norit Gsx and
0.05% (w/v) dextran. The working dilution of [3H]-FP
was 532.4 pmol-L-!, and the working solution of FP
antiserum resulted in 50% binding of [3H]-FP.

Quantification of FP in lung tissue

Tissue was pulverized and one part tissue was homog-
enized (Ultra-turrax, Jahnke Kunkel, Germany; Potter
S, Braun Melsungen, Germany) with three parts of assay
buffer. An aliquot (2.0 g) of the tissue suspension was
frozen in liquid nitrogen and lyophilized. The pellet was
extracted twice with 5.0 mL methanol, and an aliquot
of the extract was evaporated at 50°C under a gentle
nitrogen flow. Dry extracts were reconstituted in 0.1 mL

tricine-ethanol buffer and 0.1 mL tricine-gelatine buffer.
Samples were mixed with 0.1 mL of FP antiserum solu-
tion and incubated at 0°C for 30 min. For determination
of nonspecific binding, antiserum solution was replaced
by assay buffer. After 30 min, 0.1 mL of [3H]-FP was
added and incubation was continued for another 30 min
at 0°C. The reaction was stopped by addition of 1.0 mL
dextran-coated charcoal suspension. Samples were incub-
ated for 10 min on ice and centrifuged. A 1.0 mL aliquot
of the supernatant was counted for radioactivity. Mean
(£sp) recovery was 90+3% (n=8) for tissue samples.
Calibration curves were prepared with blank tissue (swine
lungs). Specific binding was 75+4% for human lung tis-
sue (n=8) and 80+2% for swine tissue (n=8). Thus, spe-
cific binding was not statistically significantly different
between human and swine lung tissue. There was no
detectable difference in calibration curves obtained with
swine tissue compared to calibration curves obtained
with blank human lung tissue. Curves were linear, the
coefficient of correlation was r=0.99+£0.01 (n=5). The
lower limit of quantification was 1 pg-mg-l.

Quantification of FP in serum

Frozen serum samples were thawed. Solid phase ex-
traction cartridges were equilibrated with 1 mL methanol,
and subsequently with 1 mL assay buffer. A 1.0 mL
aliquot of serum samples was applied to the column.
The cartridges were washed with 1 mL assay buffer and
1 mL distilled water, and dried for 2 min under vacu-
um. FP was eluted with 1.0 mL methanol, and the elu-
ate was evaporated at 50°C under a gentle nitrogen flow.
Radioimmunoassay (RIA) was performed as described
for tissue samples. Recovery was 95£0.8% (n=8) for
serum samples. Calibration curves were prepared with
blank human serum. Curves were linear and the coeffi-
cient of correlation was r1=0.99+£0.01 (n=6). The lower
limit of quantification was 25 pg-mL-!.
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Results

FP concentrations of 0-6 ng-g-! (0—12 nmol-kg-!) found
in peripheral lung tissue, were approximately 100 times
greater than the FP concentrations of 0-0.11 ng-mL-!
(0-0.22 nmol-L-1) in serum, (figs. 1 and 2). Levels of
FP in peripheral lung and serum fell almost in parallel
with time after inhalation. Regression analysis of the
two sets of data revealed high coefficients of correla-
tion between concentration and time: r=0.70, p<0.01;
and r=0.79, p<0.01, respectively.

The serum concentration of FP was generally below
0.1 ng-mL-!, with the exception of one data point con-
tributed by a patient with viscous airway mucus (this
outlier was not used for regression analysis). Peripheral
lung tissue concentrations of FP could be detected up
to 16.3 h, and serum concentrations up to 13.3 h after
inhalation. Concentrations of FP were generally higher
(by three to four times) in central tissue, compared with
concentrations in peripheral lung tissue (fig. 1), although
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Fig. 1. — Concentration of fluticasone propionate (FP) in central and

peripheral lung tissue after inhalation of 1 mg. Symbols represent sin-
gle patient data. ©: FP concentration in central lung tissue; &: FP con-
centration in peripheral lung tissue
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Fig. 2. — Concentration of fluticasone propionate (FP) in human
serum after inhalation of 1 mg. Symbols represent single patient data.
®: FP concentration in serum.

interindividual variation in central lung tissue drug con-
centrations was high (range <1 ng-g-! to 23 ng-g'!).
Concentrations of FP in central lung tissue persisted at
a high level up to 17 h, with the exception of one pati-
ent.

Discussion

This study showed that FP concentrations in central
lung tissue were about three to four times higher than
in peripheral lung tissue, which in turn exceeded those
found in serum by 100 times. No relevant information
can be drawn from serum levels of inhaled steroids about
the concentrations in the target organ. The present inves-
tigation gives more useful information than pharmaco-
kinetic studies analysing serum levels only, because drug
concentrations in the lung became directly available.
The study design allowed the time course of drug con-
centrations to be described by combining single data
from a sufficiently high number of patients.

Human in vivo data for the tissue-serum distribution
of inhaled glucocorticoids and drug deposition in cen-
tral and peripheral lung has not previously been inves-
tigated. Only the distribution of a glucocorticoid between
the peripheral lung tissue and plasma of patients was
studied after inhalation of 1.6 mg budesonide [9].

The higher FP concentrations in central lung tissue
compared with peripheral lung tissue is not unexpect-
ed, since deposition of an inhaled drug is likely to
decrease with greater distance from the trachea. This
may also explain differences in drug deposition found
in central lung tissue between patients where tissue sam-
ples were obtained from bronchi of different diameter.
No close correlation was found for FP concentrations
in the central airways and FEV1, vital capacity or the
presence of mucus. However, in two of the three patients
having viscous mucus in the upper airways, we found
high FP concentrations of about 20 ng-g-!, and another
patient with 22 ng-g-! FP in central lung tissue presented
the lowest FEV1.

Systematic investigations of drug deposition and dis-
tribution to tissue in the central airways are needed, to
obtain a better understanding of drug deposition as a
function of the distance from the trachea as well as a
function of airway diameter. The higher FP concentra-
tions in central lung tissue persisted for more than 17
h, in contrast to the steadily declining concentrations in
peripheral lung tissue. There are two probable reasons
for this difference. Firstly, FP particles deposited in cen-
tral lung tissue are likely to be of bigger mean size than
those deposited in peripheral lung tissue. Secondly, the
density of blood capillaries is higher in peripheral than
in central tissue, so that the tissue-plasma exchange rate
is higher in peripheral tissue and FP tissue concentra-
tions decrease faster.

The lung tissue concentration of FP found in this study
is estimated to be approximately 10-100 times higher
than the concentration of FP previously calculated to
occupy 50% of human glucocorticoid receptor in vitro
[4]. This means that the tissue receptor binding sites
should be 100% saturated with FP, still leaving a non-
(receptor)-bound excess. Thus, FP can exhibit its anti-
inflammatory action over a longer period of time, since
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it is stored in lung tissue for a prolonged period in suf-
ficiently high concentrations. The prolonged presence
of FP in lung tissue, together with the high relative
receptor affinity to the glucocorticoid receptor, helps to
explain the high clinical efficacy of FP.

Under steady-state conditions it is to be expected that
FP concentrations in lung tissue and plasma are higher
than in the present study after a single dose, because
plasma concentrations of FP under steady-state condi-
tions are about 50% higher compared to single dosing
[10].

In the present study, the FP concentrations in periph-
eral lung tissue following inhalation of a 1.0 mg dose
were twice as high as those found for budesonide in a
similar study [9]. Whereas linear regression analysis
showed a statistically significant correlation between FP
concentration and time in peripheral lung tissue (r=0.74;
p>0.001), a significant correlation was not demonstra-
ble with budesonide concentrations in lung parenchyma
(r=0.37; p=ns). This might be due to high variation of
data, or to the fact that lung tissue and serum concen-
trations were measured up to 4 h only. In contrast to
tissue concentrations, VAN DEN BoscH et al. [9] found
that budesonide concentrations in plasma were consid-
erably higher than FP serum concentrations.

The results of the present study and of the study with
budesonide [9] confirm our in vitro data with human
lung tissue [5—7]. After saturation of human lung tissue
in vitro with glucocorticoids and subsequent incubation
in serum, the total concentration of FP remaining in the
human lung tissue was about three times higher than for
budesonide after 1 h in vitro, whereas FP concentra-
tions in vivo were twice as high as for budesonide.

The parallel decline of FP concentrations in periph-
eral lung tissue and serum indicates that the delivery of
FP from tissue to serum is the rate-limiting step for the
elimination of FP.

Whereas the correlation of in vitro with in vivo data
was high if the study was performed with human lung
tissue [5-7], in vitro data obtained with rat tissue [10]
did not correspond with the results of this FP in vivo
study or with the budesonide in vivo study [9], since
MILLER-LARSSON et al. [11] found that 40-50% of budes-
onide and only 30-40% of FP was left in the trachea
in vitro 2 h after administration of the glucocorticoid.

The preclinical results that we obtained with flutica-
sone propionate, such as its affinity to the human glu-
cocorticoid receptor [3], the receptor kinetics [4], and

the binding to and retention in human lung tissue in
vitro [5-T7] concurrently proved that fluticasone propi-
onate is a long-acting and very potent glucocorticoid.
The in vivo study presented here is in good accordance
with these previous findings.
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