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ABSTRACT: While effects of inhaled corticosteroids on serum markers of bone
metabolism in normal and asthmatic subjects have been reported, there are little data
on the direct effects of these corticosteroids on end-organs such as bone. The results
presented here compare the effects of budesonide and its epimers (22S- and 22Rbudesonide), fluticasone and dexamethasone on growth and differentiation of cultured human bone cells.
Osteoblast-like cells were cultured from human foetal bone chips grown to confluence and used at first subculture.
At concentrations of 10-11–10-7 M each corticosteroid (CS) caused a dose-dependent
decrease in [3H]thymidine incorporation into deoxyribonucleic acid (DNA), median
effective concentration (EC50): fluticasone (0.06 nM) >22R (0.26 nM) >22S (0.4 nM)
>budesonide (0.47 nM) >dexamethasone (1.5 nM). Each CS resulted in a dose-dependent increase in alkaline phosphatase activity, EC50: fluticasone (0.14 nM) >22R (0.2
nM)=22S (0.2 nM) >budesonide (0.4 nM) >dexamethasone (1.6 nM). The 1,25 dihydroxyvitamin D3 (1,25(OH)2D3)-stimulated osteocalcin production was decreased in
the presence of each CS, EC50: fluticasone (0.02 nM) >22S (0.1 nM) >22R (0.2 nM)
>budesonide (1.0 nM) >dexamethasone (1.8 nM).
In human bone cells the potencies of fluticasone and budesonide in relation to dexamethasone are not dissimilar to those derived from human lymphocytes in vitro.
Eur Respir J 1998; 12: 1327–1333.

Inhaled anti-inflammatory corticosteroids are now widely
used in the management of asthma and other types of
obstructive airway disease. At higher doses there is systemic absorption, but the biochemical and clinical effects
of this absorption (either short- or long-term) have not
been fully assessed. For the last decade there has been a
tendency to use inhaled corticosteroids at high dosages
(e.g. >2,000 µg) for patients with severe asthma, but there
is now some concern that systemic effects, such as posterior subcapsular cataracts, may manifest themselves after
patients have used these higher doses for several years [1,
2]. Bruising or thinning of the skin is now recognized as a
phenomenon associated with high-doses of inhaled corticosteroids [3] and more recent studies have investigated
the effects of inhaled corticosteroids on indirect indices of
bone metabolism such as serum osteocalcin [4] and procollagen concentrations [5].
It has been assumed that the relative potencies of different corticosteroids are constant for all biological effects.
Thus, if the ratio for anti-inflammatory activity for two
corticosteroids is 3:1 then it is presumed that the same
ratio will also pertain to the unwanted systemic effects on
bone, skin and glucose metabolism.
There are several ways in which differences between the
various inhaled corticosteroids could modify the ratio of
systemic effects of inhaled corticosteroids. These include

Depts of *Physiology and Institute for
Biomedical Research, **Pharmacology and
***Pharmacy, University of Sydney, Australia.
Correspondence: R.S. Mason
Dept of Physiology and Institute for Biomedical Research
University of Sydney
NSW 2006
Australia
Fax: 61 293512058
Keywords: Alkaline phosphatase
bioactivity
bone-derived cells
corticosteroids
osteocalcin
proliferation
Received: December 29 1997
Accepted after revision August 9 1998

different rates of absorption across the lung epithelium,
metabolic degradation and differences in end-organ sensitivity. Deposition within the lung and subsequent systemic
absorption will depend on particle size and the consequent
site of deposition within the respiratory tree. Smaller particle size will be associated with more peripheral distribution in the lung and with a greater likelihood of systemic
absorption. Physicochemical characteristics of the drug will
also be relevant. Recent evidence has suggested that transpulmonary administration of these drugs via the inhaled
route is a significant source of detectable plasma corticosteroid [6].
The relative sensitivity of target organs such as bone
and skin to unwanted effects of inhaled corticosteroids may
also modify the systemic effects of inhaled corticosteroids.
Long-term systemic administration of corticosteroids, such
as prednisolone, results in osteoporosis and several studies
have indicated that osteoporosis may result from treatment
with higher doses of inhaled corticosteroids [7, 8]. There
are, however, no data on the relative potencies of the
various inhaled corticosteroids in terms of their effects on
bone or skin. The newer inhaled corticosteroids such as
fluticasone and budesonide, which have more potent antiinflammatory activity than reference steroids such as dexamethasone, may also be more potent with respect to their
unwanted effects on bone.
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The current study investigated the relative potencies of
fluticasone, budesonide and its epimers (22R- and
22S-bu-desonide) and dexamethasone in several functional assays of human bone-derived osteoblast-like cells
in vitro, using a well characterized model [9, 10].
Methods
Human bone-derived cells were prepared as described
previously [9, 10]. In brief, trabecular ends of long bones
were obtained from several different donors of human
foetal tissue between 17 and 20 weeks' gestation. The experimental protocol conformed to the guidelines of the
National Health and Medical Research Council of Australia for the use of human foetal tissue and was approved
by the Sydney University Medical Ethics Review Committee. The bones were dissected, scraped clean of adherent tissue and separated from their periosteum. The whole
bone end was minced using scissors and washed extensively using primary growth medium before being plated out on to 25-cm2 flasks (Nunc. Inter. Med., Roskilde,
Copenhagen, Denmark) in BGJ medium (Fitton-Jackson
Modification; Sigma Chemical Co., St. Louis, MO, USA)
containing 10% (v/v) foetal calf serum (FCS) and 44 mg·
mL-1 phosphoascorbate, and supplemented with 30 µg·
mL-1 penicillin and 40 µg·mL-1 streptomycin (Commonwealth Serum Laboratories, Parkville, Australia). Cells
grown from the explanted chips reached confluence after
3–4 weeks and were subcultured into 24-well plates (Becton-Dickinson, Rutherford, NJ, USA). Cells were plated
at a concentration of 50,000–80,000 cells·cm-2, maintained in BGJ without antibiotics and supplemented with 10%
(v/v) FCS overnight. The cells were maintained in this
medium for the duration of the study with medium changes every 48 h. Serum-containing medium was used for
assays of [3H]thymidine incorporation and alkaline phosphatase activity due to poor development of osteoblasts
and the high level of osteoblast apoptosis in serum-free
medium [11, 12].
The stock solutions of fluticasone (GlaxoWellcome,
Boronia, Victoria, Australia), budesonide and its epimers
(Astra, Lund, Sweden) and dexamethasone (Sigma Chemical Co.) were added to spectroscopic grade ethanol so
that the final concentration of vehicle did not exceed
0.1%. In previous studies this concentration of ethanol
had no effect on normal osteoblast-like cell function or
proliferation. Dilutions of 10-7 –10-11 M for all steroids
were prepared. All steroid treatment commenced 24 h
after subculture into 24-well plates and continued for the
duration of the study as follows: 24 or 72 h for [3H]thymidine incorporation, 48 or 72 h for assay of alkaline phosphatase (AP) activity, 48 h for 1,25-dihydroxyvitamin D3
(1,25(OH)2D3)-stimulated AP assay and 24 or 72 h for
1,25(OH)2D3-stimulated osteocalcin assay. The 1,25(OH)2
D3 (Roche, Sydney, Australia) was prepared in the same
manner.
Measurement of proliferation
Cell numbers. The cells for counting from multiwell plates were harvested using 0.25% trypsin in Hank's buffered
salt solution. The trypsinization was stopped by the addi-

tion of a double volume of medium containing 10% FCS.
Cell numbers were counted using a haemocytometer or
Coulter counter.
[3H]Thymidine incorporation. To quantify the incorporation of [3H]thymidine into deoxyribonucleic acid (DNA),
human foetal bone-derived cells were incubated for 4 h at
37°C in a medium containing 37 kBq·mL-1 (1 µCi·mL-1)
[3H]thymidine. At the end of the incubation, the monolayer was washed two or three times with ice-cold phosphate-buffered saline (PBS), followed by three 5-min rinses
in ice-cold 10% trichloroacetic acid. The monolayer was
then washed three times with ethanol at room temperature and allowed to dry before solubilization by incubation
with 1 M NaOH with 1% Triton X-100 overnight at room
temperature. The 800-µL aliquots from the solubilized
monolayer were added to 5 mL of scintillant liquid.
[3H]Thymidine incorporation into DNA was measured
using a β-counter [13].
Measurement of differentiated functions
Alkaline phosphatase assay. Alkaline phosphatase was
measured in the culture wells using a modification of
the LOWRY [14] method with p-nitrophenol phosphate as a
substrate. Media from cells were aspirated and the cell
monolayer was washed three times at 37°C with PBS.
One millilitre of reagent was added to each well at 10 s
intervals [14]. The wells were incubated at 37°C for 30
min and the reaction was stopped by the addition of 800
µL of reagent/cell mixture to test tubes containing 1 mL 1
M NaOH. Tubes were vortexed and the absorbance was
measured at 405 nm. Standard curves were prepared using
serial dilutions of a p-nitrophenol solution. One unit of
alkaline phosphatase hydrolyses 1 µmol p-nitrophenyl
phosphate to p-nitrophenol and inorganic phosphate per
minute at 37°C and pH 7.4.
Assay of osteocalcin secretion. Measurements of osteocalcin in serum-free conditioned medium were made with a
commercially available radioimmunoassay kit as described
previously [15]. Since the corticosteroids have no detectable effect on osteocalcin secretion, measured by immunoassay, under basal conditions, their effect on osteocalcin
secretion stimulated by 1,25(OH)2D3 (10-8 M) was examined.
Expression of results
The median effective concentration (EC50) for each corticosteroid in each assay was obtained from a curve for
each compound, which was derived by an iterative leastsquares nonlinear method (Sigma Plot 4.0, Jandel Scientific; SPSS Inc., Chicago, IL, USA) [16] using the following
equation: x=[(ymax-ymin)/2]+ymin, where x=corticosteroid
concentration (nM) producing half maximal effective doses (EC50), ymax=maximum degree of response and ymin=
minimum degree of response. From this single-fitted
curve a single value for EC50 was obtained for each corticosteroid in that experiment.
The results were reported in two ways. 1) An average
EC50 for the steroid in relation to any one of the functional
end-points was calculated by taking a mean of the EC50
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Fig. 1. – Effect of the corticosteroids, fluticasone (flut; ■), budesonide
(bud; ▲), its epimers (22R, ▼ ; 22S, ◆) and dexamethasone (dex; ●) on
[3H]Thymidine incorporation in human bone-derived osteoblast-like cells
from FBC02046B. Results represent the mean±SEM of triplicate determinations. The following points were significantly different from vehicletreated cultures. *: p<0.05; p<0.01: dex (0.1–100 nM); bud, 22R and
22S (1–100 nM); flut (0.01–100 nM).

for each experiment. 2) The second method took into account the observation that cell strains from different donors
varied in their responsiveness to corticosteroids and not
all corticosteroids were tested with each cell strain. In this
method, the EC50 for each corticosteroid was expressed as
a ratio of the EC50 for dexamethasone for that experiment.
This ratio indicated the relative potency of the steroid
compared to that of dexamethasone for these cells from
this donor. The average of these values for the particular
corticosteroid was then calculated using values from individual assays and was termed the average potency.
Data were analysed for differences between groups by
analysis of variance (ANOVA).
Results
Characteristics of human foetal bone-derived osteoblastlike cells
The explanted bone chips produced cells within 24 h of
seeding. These cells, which reached confluence between 3
and 4 weeks after seeding, displayed osteoblast-like characteristics, such as increases in osteocalcin production
and AP activity in response to 1,25(OH)2D3, and increases
in cyclic adenosine monophosphate (cAMP) production
after treatment with parathyroid hormone [9].

Treatment of human bone-derived cells with fluticasone, budesonide and its epimers (22R and 22S) resulted
in a decrease in [3H]thymidine incorporation. This inhibition was comparable to that seen with dexamethasone (fig.
1). Treatment of cells with fluticasone resulted in a maximum decrease (50±1%) at a concentration of 10-9 M and
less of an inhibitory response at higher doses of 10-8 M
and 10-7 M. A similar result was also seen in cells from a
second donor. The average EC50 and average potencies
for inhi-bition of [3H]thymidine incorporation are shown
in table 1. Fluticasone had a consistently lower EC50 than
bude-sonide or its epimers or dexamethasone. Over the
whole dose–response range, there were no consistent differences between responses to budesonide or its epimers.
Effects of corticosteroids on alkaline phosphatase activity
Treatment of human bone-derived cells with corticosteroids over 48–72 h stimulated AP activity in a dosedependent manner (fig. 2). In all of the five experiments
performed with fluticasone, the stimulatory effect of AP
activity reached a maximum at concentrations of 10-9 M.
At higher concentrations (10-8 M and 10-7 M) stimulation
was reduced compared with the peak stimulatory response.
This bell-shaped dose–response curve remained after correction of AP activity for cell number. A bell-shaped
dose–response curve for stimulation of AP was not observed with dexamethasone, budesonide or its epimers.
Even at maximal stimulatory doses of dexamethasone
or budesonide, in the presence of 10-8 M 1,25(OH)2D3,
there was a further increase in AP activity. This was not
the case at the maximal stimulatory dose of fluticasone
(10-9 M) (fig. 3). The average EC50 and average potencies
of corticosteroids for stimulation of AP activity are shown
in table 2. In the two cell strains which were tested over
the dose range 10-11–10-7 M with all five corticosteroids,
the effects of fluticasone were significantly different from
the other steroids (p<0.001) but there were no consistent
significant differences between budesonide and its epimers.
Effects of glucocorticoids on osteocalcin secretion
Treatment of human bone-derived cells with vehicle, dexamethasone, budesonide and its epimers, or fluticasone
alone did not result in any measurable osteocalcin secretion. The 1,25(OH)2D3-stimulated osteocalcin secretion

Table 1. – Median effective concentration (EC50; nM) and relative potencies of corticosteroids in the inhibition of [3H]thymidine incorporation in human bone-derived osteoblast-like cells
EC50 nM
22S
0.4
(3.3)
0.45 (0.4)
0.37 (5.4)

Cell strain
Flut
22R
Bud
Dex
FBC20105
0.27 (4.8)
0.5
(2.6)
1.3 (1)
FBC13036B
0.1 (2)
0.35 (0.57)
0.2 (1)
0.003
(67)
FBC02046B
0.4 (5)
0.55 (3.6)
2 (1)
0.08
(25)
FBC03075
2.6 (1)
0.09
(29)
EC50 mean±SEM
0.26±0.08
0.4±0.02
0.47±0.06
1.5±0.5
0.06±0.03
4±0.9
2.3±0.9
2.3±0.9
1
40±13
Potency mean±SEM
Values in parentheses indicate relative potency compared with dexamethasone (Dex). Flut: fluticasone; Bud: budesonide; 22R and
22S: epimers of Bud; FBC: foetal bone-derived cells.
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calculated half-life of the fluticasone–receptor complex is
10 h, exceeding that of budesonide (5.1 h), triamcinolone
(3.9 h) and dexamethasone (~0.99 h) [21]. Fluticasone is
a highly lipophilic molecule with good uptake, binding
and retention characteristics in human lung tissue [21, 22].
The high topical activity of fluticasone and its few systemic side-effects are attributed to its structural fluorination
and esterification [23].
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Fig. 2. – Effects of the corticosteroids, fluticasone (flut; ■), budesonide
(bud; ▲), its epimers (22R, ▼; 22S; ◆) and dexamethasone (dex; ●) on
alkaline phosphatase (AP) activity in FBC31071A cells. Results represent the mean±SEM of triplicate determinations. The following points
were significantly different from vehicle-treated cultures: p<0.01: dex
(0.1–100 nM); bud, 22R and 22S (0.01–100 nM); flut (0.01–100 nM).

was decreased in the presence of the corticosteroids (fig.
4). The average EC50 and the average potencies of the
corticosteroids are shown in table 3. Again, fluticasone
was significantly more potent than either dexamethasone
or budesonide compounds, but there were no consistent
significant differences between the responses to budesonide and its epimers.
Discussion
The results of this study showed that the human bonederived cell culture system revealed differences in the
relative potencies between the commonly used inhaled
corticosteroids. Qualitatively, the osteoblast-like cell responses to all of the corticosteroids were similar, with each
corticosteroid causing dose-dependent inhibition of cell
proliferation, stimulation of AP activity and inhibition of
1,25(OH)2D3-stimulated osteocalcin secretion. The changes in bone cell activities after corticosteroid treatment are
similar to those reported by KASPERK et al. [17], who examined corticosteroids commonly administered systemically, for possible bone-sparing activity. Although formal
EC50 were not calculated in that study, these authors
showed that agents with less immunosuppressive activity,
prednisolone and deflazacort, also had less activity in
bone cells.
Overall comparison of average EC50 and average potencies of fluticasone, budesonide and its epimers, 22R
and 22S, and dexamethasone are summarized in table 4.
For all three parameters the rank order of potency was fluticasone >22R=budesonide=22S >dexamethasone. These
findings are similar to those seen in other assays, such
as those measuring anti-inflammatory potency [18, 19],
vasoconstriction (skin blanching) [20] or expression of
secretory leukocyte protease inhibitor (SLPI), a prominent
antiprotease produced by airway epithelial cells [16].
Fluticasone propionate has a high affinity and selectivity for the human glucocorticoid receptor compared with
budesonide or dexamethasone, demonstrating a rapid receptor association and a slow receptor dissociation [21]. The
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Fig. 3. – Effect of the corticosteroids, a) dexamethasone (dex), b)
budesonide (bud) and c) fluticasone (flut) on 1,25-dihydroxyvitamin D3
(1,25(OH)2D3)-stimulated alkaline phosphatase (AP) activity. Cells were
incubated in the presence (+) or absence (-) of 10-8 M 1,25(OH)2D3.
Results represent the mean±SEM of triplicate determinations. *: Significantly different from vehicle-treated control cultures, p<0.01; †: significantly different from corticosteroids alone, p<0.01; ‡: significantly
different from 1,25(OH)2D3 alone, p<0.01.
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Table 2. – Median effective concentration (EC50; nM) and relative potencies of corticosteroids in the stimulation of
alkaline phosphatase activity in human bone-derived osteoblast-like cells
Cell strain
FBC27066
FBC31071A
FBC20105

Flut
0.04
0.032

(7.5)
(22)

22R
0.1 (3)
0.2 (3.5)
0.29 (4.8)

EC50 nM
22S
0.065 (4.6)
0.2
(3.5)
0.32 (4.4)

0.18
0.6
0.35
0.38

Bud
(1.7)
(1.2)
(4)
(12.6)#

Dex
0.3 (1)
0.7 (1)
1.4 (1)
4.8 (1)#
0.68 (1)

0.16
(30)#
0.27
(2.5)
0.18
(3.7)#
EC50 mean±SEM
0.2±0.05
0.2±0.07
0.14±0.05
0.4±0.09
1.6±0.8
3.8±0.5
4.2±0.34
13±5.4
4.9±2.6
1
Potency mean±SEM
Values in parentheses indicate relative potency compared with dexamethasone (Dex). Flut: fluticasone; Bud: budesonide; 22R and
22S: epimers of Bud; FBC: foetal bone-derived cells. #: second experiment with same cell stain.
FBC03035

In the current study budesonide exerted a greater overall potency than dexamethasone. These findings are in
agreement with the results seen in other in vitro models
derived from immune systems [24–26]. The more potent
effect of budesonide compared with dexamethasone is
also seen in their anti-inflammatory effects and clinical
efficacy [20]. A higher potency of budesonide than dexamethasone in human bone-derived cells is also proposed
to be associated with its slower receptor dissociation [21].
The potency of the two epimers of budesonide, 22R and
22S, have been compared by evaluating their anti-inflammatory effect [27]. In the human vasoconstriction test,
22R has been shown to have a two-fold increased topical
anti-inflammatory potency compared with 22S [27]. In vivo,
the relative potencies of budesonide and its epimers, 22R
and 22S, were 13, 9.3 and 8.2 compared with dexamethasone [1] in terms of their effect on the inhibition of rat ear
oedema after topical administration. This rank order of
potency among steroids is again consistent with their
affinity for glucocorticoid receptors. Budesonide and its
epimers, 22R and 22S, are bound to the same binding site
as dexamethasone or triamcinolone 16α, 17α-acetonide
(TA), but with even higher affinity than dexamethasone or
TA [28]. The affinity of 22R for the glucocorticoid recep-
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Fig. 4. – Effects of the corticosteroids, fluticasone (flut; ■), budesonide
(bud; ▲), its epimers (22R, ▼; 22S, ◆) and dexamethasone (dex; ●) on
1,25-dihydroxyvitamin D3 (1,25(OH)2D3)-stimulated osteocalcin production in the conditioned medium from human bone-derived cells. Results represent the mean±SEM of triplicate determinations. The following
points were significantly different from 1,25(OH)2D3-stimulated osteocalcin production: p<0.01: dex (0.01–100 nM); bud, 22R and 22S (0.1–
100 nM); flut (0.001–100 nM).

tor was twice as high as that of 22S, four times higher than
TA and 14 times higher than dexamethasone [28]. The
observed inconsistencies in the relative potencies of 22R
and 22S on the parameters tested in human bone-derived
cells may be the result of as yet unknown differences in
the donors tested for each parameter. The fixed dose–
response range and the limited number of donors may
have impeded the demonstration of consistent, relatively
small differences in potencies between the budesonide
compounds.
The bell-shaped dose–response curve of AP activity in
response to fluticasone remained even after correction of
AP activity for cell number, indicating that this effect was
not caused by a decrease in cell number due to fluticasone.
Similar biphasic effects of glucocorticoids have also been
reported by QUIRK et al. [29]. The highly selective type II
glucocorticoid ligand RU28362 showed a clear biphasic
effect on α-lactalbumin production when mouse mammary explants are cultured in the presence of insulin and
prolactin, with a peak at 1 nM and a return to basal levels
at 30–300 nM [29]. Dexamethasone and corticosterone
also had a similar biphasic effect in some experiments in
that study. A similar biphasic response to dexamethasone
was observed for aromatase activity in fibroblasts [30]. In
cultured hepatoma cells, continued exposure to dexamethasone increased glucocorticoid receptor messenger ribonucleic acid (mRNA) initially, followed by inhibition and a
subsequent return to control levels [31].
It has been suggested that this pattern may be the result
of the existence of both "turn-on" and "turn-off" acceptor
sites in the promotor region of the gene [29]. Therefore, if
a particular glucocorticoid system is responsive to two
(or more) glucocorticoid regulatory elements (GRE), one
turn-on and one turn-off, a bell-shaped dose–response
curve can be generated.
There has been increasing evidence of adverse effects
of inhaled corticosteroids on parameters related to bone
formation, such as serum osteocalcin [32] and procollagen
concentrations [33], as well as on concentrations of sex
steroids, such as androgens [34], in asthmatic subjects.
Bone resorption-related parameters have been reported to
be increased [35], unchanged [34, 36] or decreased [5]. A
decrease in bone density has also been observed in asthmatic subjects treated with inhaled corticosteroids [37].
In vivo, several factors may influence systemic endorgan activity, including the absorption, distribution, biotransformation and excretion of a drug. Potency is also
determined by the compound's inherent ability to combine

1332

H. NAMKUNG-MATTHÄI ET AL.

Table 3. – Median effective concentration (EC50; nM) and relative potencies of corticosteroids in the inhibition of 1,25dihydroxyvitamin D3-stimulated osteocalcin secretion by human bone-derived osteoblast-like cells
EC50 nM
Cell strain
Flut
22R
22S
Bud
Dex
FBC21066
0.006
(85)
0.28 (1.8)
0.14 (3.6)
0.23 (2.2)
0.5 (1)
FBC02046A
0.015
(27)
0.12 (3.3)
0.06 (6.7)
0.5
(0.8)
0.4 (1)
FBC01125A
0.03
(70)
2.8
(0.8)
2.1 (1)
FBC15095
0.4
(10)
4 (1)
EC50 mean±SEM
1.0±0.6
1.8±0.8
0.02±0.007
0.2±0.08
0.1±0.04
3.5±2.2
1
Potency mean±SEM
61±17.5
2.6±0.8
5.2±1.6
Values in parentheses indicate relative potency compared with dexamethasone (Dex). Flut: fluticasone; Bud: budesonide; 22R and
22S: epimers of Bud; FBC: foetal bone-derived cells.

with its receptors and the functional relationship between
the receptor and the effector system [38]. Fluorination of a
drug [27], lipophilicity and structural variation via esterification also enhance the potency of topical steroids. The
relative importance of these factors has, however, not yet
been fully evaluated.
The histomorphometric picture of corticosteroid-induced osteoporosis is characterized primarily by impaired
osteoblastic activity, exacerbated by enhanced activation
frequency of bone remodelling units [39]. Impaired osteoblastic activity may be the result of reduced numbers of
mature osteoblasts or decreased function of each mature
bone cell. The results shown here and by others [17] are
consistent with the proposal that corticosteroids, by inducing early termination of cell proliferation in vitro and presumably in vivo, favour the differentiation of osteoblasts,
resulting in smaller numbers of more mature cells. These
highly mature cells would display high AP activity. The
net effect of corticosteroids is a reduction in the total
number of cells which are capable of bone replacement.
Thus, the relative potencies of the inhaled corticosteroids
in terms of their antiproliferative activity in human bonederived osteoblast-like cells may be the most relevant with
respect to their unwanted systemic effects on bone in vivo.
Other possible mechanisms contributing to reduced numbers of mature osteoblasts for bone replacement in the
presence of pharmacological concentrations of corticosteroids include a corticosteroid-induced increase in osteoblast apoptosis [40, 41] and a tendency for mesenchymal
progenitors to differentiate along an adipocytic rather than
osteoblastic lineage under some conditions in the pres-

ence of corticosteroids [42]. The reduction in osteocalcin
secretion per cell indicates that at least some functions
of mature cells are also reduced by corticosteroids. It was
recently reported that osteocalcin-deficient mice had a
gre-ater nonmaturing mineral content across the bone cortices than that in wild-type mice [43]. A corticosteroid-induced reduction in osteocalcin secretion may
contribute to im-paired mineral maturation [43] and, thus,
to increased risk of fractures.
The current study provides evidence that in bone cells,
the trend of relative potencies of the steroids in producing
these potentially adverse effects seems to be similar to the
results derived from immune cell models [44].
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