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RETENTION OF FLUNISOLIDE IN RAT LUNGS AFTER SINGLE INHALATION
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Flunisolide (6a-fluorine 11p, 16a, 17a, 21-tetrahydroxypregna-1, 4-diene-3.20-dione 16.17 acetonide)
is a potent inhaled corticosteroid, as demonstrated by its anti-inflammatory activities. Clinical data have
widely demonstrated that inhaled flunisolide administered twice daily is effective for the treatment of
bronchial asthma. However, pharmacokinetic studies suggest that the high solubility rate offlunisolde in
bronchial fluid reduces the residence time ofthe drug in the lungs to a few minutes. The aim ofthis study
is to determine the concentration of flunisolide in lung tissue of rats after administration by inhalation
at varying time periods. Male Wistar rats weighing approximately 300 g were divided into four groups
and administered a single dose of 1 mg flunisolide via inhalation. Rats were sacrificed with the exposure
to CO

2
either immediately or 3,6, 12 hours after inhalation. The whole lung was then surgically removed

and analysed for flunisolide concentration using gas chromatography. The mean concentration (2
standard deviation) of flunisolide detected in the lung tissue at 0, 3, 6 hours after inhalation were 66.4
(11.9),48.6 (5.9), 42.7 (8.1) ng/mg of proteins, respectively. No flunisolide was detected after 12 hours in
lung tissue. We conclude that flunisolide is retained for long duration (more than 6 hours) in lung tissue.
This finding partially explains the mechanisms of action of the drug.

The mechanism of the anti-inflammatory
action of endogenous or exogenous corticosteroids
administeredeither systemically orthrough the inhaled
route is similar. However, the pharmacokinetic and
pharmacodynamic properties of the corticosteroid
formulations determine the effectiveness, onset and
duration of action. These properties are utilised to
maximise the clinical benefit with minimal adverse
systemic effects (I). Altering the basic structure
modifies the properties of corticosteroids, resulting
in significant variation in clinical anti-inflammatory
potency and adverse effects (2).

Adrug that is retained in the lung for longer periods

should have higher therapeutic index. Flunisolide
(FLU) is a synthetic corticosteroid with a potent anti­
inflammatory activity and is highly soluble in water
(l40flg/ml) (3). FLU has low lipophilicity therefore
dissolves quickly in human bronchial fluid (4). In
addition, high solubility rate reduces tissue retention
and increases body elimination, reducing the risk
of systemic effects (5). FLU's receptor affinity is
relatively low; however this can be overcome by
increasing the drug dose (6). The bioavailablity after
oral administration is poor (6.7%) (7), with a rapid
and extensive first pass metabolism through the
liver after gastrointestinal absorption, resulting in
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an inactive 6~-hydroxylatedmetabolite. The plasma
half-life is estimated to be between 3.9 and 4.6 hours.
FLU has a low distribution volume rate at steady
state (96 litres) and a succinct terminal half-life after
inhalation (1.6 hours) (8). FLU, like Budesonide
(BUD), is characterized by a short pulmonary
residence time and it is hypothesized that, inside the
cell, it might be subjected to esterification due to the
presence of a free C-2l hydroxyl group. Clinical data
have widely demonstrated that inhaled f1unisolide
administered twice-daily is effective for treatment of
bronchial asthma (9). The intrapulmonary retention
time offlunisolide is not known; therefore we aimed
to assess the concentration offlunisolide in rat lungs
after inhalation using gas chromatography. The
dose of FLU investigated corresponds to the current
amount administered to children by nebulisation (9).

MATERIALS AND METHODS

All reagents were characterised by a pure analytical
grade and purchased from Sigma (Milan Italy).

Animals
Male Wistar rats from Harlan, Italy (S. Pietro al

Natisone, Italy), weighing about 300 g, were used. The
rodents were placed in plastic cages (five rats per cage) in
a temperature (21±5°C) and light-controlled room (12:12
h light-dark cycle), with free access to water and food.
The experiments were approved by Camerino University
Joint Ethics Committee.

Flunisolide Inhalation
The animals were divided into four groups (5 rodents

per group) and all rats were administered with a single dose
of I mg FLU (Lunibron, YALEASJoint-Stock Company,
Milan, Italy) via inhalation using a jet nebuliser (Nebula
Markos-Mefar, Bovezzo, Italy). The dose of FLU in the
study corresponds to the amount currently administered
to children by nebulisation (9). Each group of rats was
sacrificed with the exposure to CO

2
after inhalation at

varying periods, i.e. either immediately or after 3, 6, and
12 hours. The lungs were surgically removed.

Extraction ofFl.U'from the lungs
Each lung was minced and homogenized in Phosphate

Buffered Saline. In this homogenized substance, the
protein concentration was determined according to the
Lowry method (10). Then, it was put in a separatory
funnel and was extracted thrice with 15 ml of chloroform.
The chlorofonn fractions were collected and dried under

a nitrogen flux. The samples were kept at -20°C before
being analysed.

Determination ojjlunisolide via gas chromatography
The dried samples were dissolved in 50 III of

chloroform, and I III was analysed via gas chromatography
using a Shimadzu A17 apparatus fitted with a split­
injection system and equipped with a flame-ionization
detector and an Agilent HP-5MS column (30m x 0.251lm

x Oi lum thickness). Nitrogen was the carrier gas. The
programmed column was kept at 150°C for I minute.
Soon after injection, the temperature was increased at a
rate of 30°C/min. until 275°C, then at 20°C/min. until
310°C and the column was held at this temperature for
10 min. Injector and detector were both at 280°C (II, 12).
FLU concentration was determined through a comparison
with commercial standard FLU provided by Sigma (Milan
Italy).

Statistical analysis
Statistical analysis was performed using

SPSS version 14 (SPSS Inc., Chicago, IL).
The data (ng FLUlmg proteins) is presented as mean ±
standard deviation. Comparisons between FLU content
analysed immediately after the treatment and those
analysed 3, 6, and 12 h afterwards were made via One
Way ANaYA followed by Student Newman Keuls test.
P<0.05 was considered statistically significant.

RESULTS

Rodents treated with 1 mg FLU showed a 0.5%
deposit in the lung immediately after inhalation.
The mean concentration (2 standard deviation)
of f1unisolide detected in the lung tissue at 0, 3, 6
hours after inhalation were 66.4 (11.9), 48.6 (5.9),
42.7 (8.1) ng/mg of proteins respectively (Fig. 1).
There was a reduction in FLU concentration at 3 and
6 hours (p<0.05) in comparison with that measured
immediately after inhalation. The FLU was
undetectable after 12 hours, suggesting retention of
FLU in the lungs is between 6-12 hours.

DISCUSSION

This is the first study to demonstrate the prolonged
retention of inhaled f1unisolide in rat lung tissue.
The pharmacokinetic and pharmacodynamic profile
of Inhaled Corticosteroids (ICS) is important for its
clinical effectiveness and is influenced by many of its
physiochemical properties. In particular, retention in
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the lung would enhance the therapeutic index, either
due to slow dissolution or the ability to form esters in
the airways. The pharmacokinetic properties of ICS
determine how much of the drug reaches the target
cells, as well as the fraction that reaches the systemic
circulation, producing side effects. The poor oral
absorption and rapid systematic clearance properties
of ICS contribute to favourable therapeutic index.

Esterification of sterols, such as cholesterol,
with fatty acids in the body is a well-documented
phenomenon (13). The properties that make synthetic
alkyl esters of steroids useful as pharmacological
agents have been widely recognised (14, IS). A
recent study reported that acetates of corticoids
at C-21 are formed biosynthetically during the
incubation of [3H] cortisol with newborn rat
homogenized brain (16). The enzyme responsible
was an acyl-Coenzyme-A-transferase. However,
the identification of the biosynthetic esters as
acetates was probably incorrect. Similar studies in
rat mammary glands and other tissues, including
brain, using modem chromatographic and analytic
techniques have definitely identified the non-polar
hydrolysable corticoid metabolites as fatty acid
esters and not acetates (17, 18).

Among the naturally occurring steroids, it has

been demonstrated that only corticosterone and
5-dihydrocorticosterone form C-21 esters. Data
suggest that this mechanism is relatively stereo­
selective. Biochemical and kinetic studies have
shown that a significant portion of BUD, and to a
smaller extent Triamcinolone acetonide (TAA), is
esterified intracellularly (I, 19). Corticosteroids that
lack a free C-21 hydroxy group, such as Fluticasone
propionate (FP) and Beclometasone dipropionate
(BOP), do not form free fatty acid esters. It has been
suggested that this reversible esterification slows
down the release of active drug at the targeted site
of activity, providing the observed level of airway
specificity (20). As TAA, FLU and Ciclesonide all
contain a free C-21 hydroxyl group; it is possible
that they might all be. esterified as well. This has
been confirmed by some recent data regarding
Ciclenoside and TAA, but not FLU (8, 21).

Although the mechanism is yet to be defined,
several hypotheses regarding this observation are
to be considered. It is likely that several unspecific
cellular binding sites exist with both different
capacities and affinities. In this context, reversible
fatty acid esterification is a newly discovered way
of intracellular ICS storing. Moreover, it should be
borne in mind that in the steady-state treatment a
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Fig. 1. Concentration ofFlunisolide (ng/mg proteins) obtained by gas chromatography analysis ofchloroform extract
oflung obtainedfrom Wistar rats treated with 1 mg ofinhaledflunisolide and sacrificed after 0, 3, 6 and 12 h from the
treatment. *p<0.05 compared to 0 hour.
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real equilibrium is never reached; instead, a series
of drug concentration gradients, depending on
absolute doses and dosing frequencies are obtained.
The free drug will thus continuously flow between
different intracellular compartments and between
intracellular and extracellular sites. The pulmonary
absorption of FLU is faster than the one of BUD,
although FLU is an effective drug (9). The rapid
pulmonary absorption combined with a significant
retention within the airways and lung parenchyma,
shown in the mid- and late 1980s (22), remained
unexplained for about lO years. From relatively
recent kinetic and biochemical studies, it became
clear that a significant portion of BUD, and to a
smaller extent TAA, are intracellularly esterified
(23). After 6-hour incubation of normal human
bronchial epithelial cells with 3H-budesonide, 93%
ofthe total cellular BUD was in the form offatty acid
esters (24). Hydrocortisone appears to follow the
same biotransformation pathway, but here hydrolysis
is much more prompt and only a small quantity of
ester is therefore detected in tissue samples. FP,
BDP and probably other corticosteroids lacking the
C-21 hydroxyl group do not form fatty acid esters
(23). FLU, like BUD, has a short pulmonary deposit
time and it is hypothesized that it might as well
be subjected to esterification in the cell, due to the
presence of a free C-21 hydroxyl group.

In conclusion, our study demonstrates retention
of FLU in rat lungs. This may be attributed to non­
specific binding processes, esterification, or gradient
formation in the cell. Further exploratory studies are
now in progress in our laboratories to shed light on
the handling of FLU in rat lung.
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